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  Pref ace   

 Primary ovarian insuffi ciency (POI), formerly called “premature ovarian failure,” 
occurs in about 1–2 % of adult women under the age of 40. Its prevalence shows 
some variation across populations of women, but overall represents a condition that 
is neither rare nor common. It is rare enough to make it challenging to study system-
atically, and its rarity is often cited as a reason to consider it a low priority for 
research. It is rare enough that women searching for doctors with extensive knowl-
edge of the condition may be frustrated, depending upon their geographic location. 
Fortunately, it is common enough so that women who suffer from this condition can 
fi nd each other, compare notes on their treatment, and help drive the conversation 
about best practices and treatments for women with POI. 

 This volume was created by those of us who care for women with POI and 
women who have been diagnosed with POI, who have braved the diagnostic hurdles 
and the process of fi nding optimal treatment. Beyond the immediate healthcare 
needs of women with POI lie a number of psychological and social issues that, if 
unattended, threaten to disrupt relationships and harm a woman’s sense of self and 
satisfaction with her life. We have intentionally included these aspects of POI in 
each and every chapter by providing a “patient vignette” to highlight the frustra-
tions, dead ends, and shrugging of shoulders that are so often encountered by 
women with POI who are seeking answers to their many questions. We hope their 
voices are heard, loud and clear, in the pages that follow.  

  Aurora, CO, USA     Nanette     F. Santoro, MD      
 St. Louis, MO, USA      Amber     R. Cooper, MD, MSCI      



     



vii

  Contents 

    1     Defining Menopause: What Is Early, What Is Late? ...........................  1   
    Sarah   Eckhardt     and     Melissa   Wellons    

     2     Etiologies of Primary Ovarian Insufficiency ........................................  19   
    Nastaran   Foyouzi    ,     Lisa   J.   Green    , and     Sally   A.   Camper    

     3     Signs and Symptoms of Primary Ovarian Insufficiency .....................  37   
    Amanda   A.   Allshouse     and     Amy   L.   Semple    

     4     The Genetics of POI ................................................................................  51   
    Violet   Klenov     and     Amber   R.   Cooper    

     5     Mechanisms of Primary Ovarian Insufficiency ...................................  75   
    Nicole   Doyle    ,     Nicole   Kay   Banks    , and     Erin   Foran   Wolff    

     6     Nonreproductive Conditions Associated with Primary Ovarian 
Insufficiency (POI) ..................................................................................  101   
    Nanette   F. Santoro    ,     Margaret   E.   Wierman    , and     Corinne   Canty-Woessner    

     7     Noninvasive Approaches to Enhance Ovarian Function .....................  115   
    Lisa   Marii   Cookingham     and     Laxmi   A.   Kondapalli    

     8     IVF and Egg Donation: Special Considerations ...................................  125   
    Deborah   E.   Ikhena     and     Jared   C.   Robins    

     9     Living with the Uncertainty of Primary Ovarian 
Insufficiency (POI): A Patient Perspective ...........................................  137   
    Christine   Eads    

     10     Primary Ovarian Insufficiency (POI) and Mood Disorders ...............  145   
    Kris   Bevilacqua    



viii

     11     The Rise and Fall of Oogonial Stem Cells Within 
the Historical Context of Adult Stem Cells ...........................................  159   
    Shweta   Nayak    ,     Yu   Ren    , and     Aleksandar   Rajkovic    

     12     Hormone Replacement Therapy in Women with POI: 
A Patient’s Perspective ...........................................................................  179   
    Christine   M.   Joachim     

   Index .................................................................................................................  201    

Contents



ix

  Contributors 

     Amanda     A. Allshouse  ,   MS       Department of Biostatistics and Informatics ,  Colorado 
School of Public Health  ,  Aurora ,  CO ,  USA     

      Nicole     Kay     Banks  ,   MD       Combined NICHD/Federal Fellowship in Reproductive 
Endocrinology  ,  Bethesda ,  MD ,  USA     

      Kris     Bevilacqua  ,   PhD       Department of Ob/Gyn and Women’s Health ,  Albert 
Einstein College of Medicine  ,  Bronx ,  NY ,  USA     

      Sally     A.     Camper  ,   PhD       Department of Human Genetics ,  James V. Neel Professor 
and Chair  ,  Ann Arbor ,  MI ,  USA   

  Department of Internal Medicine ,  James V. Neel Professor and Chair  ,  Ann Arbor , 
 MI ,  USA     

      Corinne     Canty-Woessner          Englewood ,  CO ,  USA     

      Lisa     Marii     Cookingham  ,   MD       Kaiser Permanente Northern California, 
Sacramento  ,  CA   ,  USA     

      Amber     R. Cooper  ,   MD, MSCI       Division of Reproductive Endocrinology and 
Infertility, Department of Obstetrics and Gynecology ,  Washington University  , 
 St. Louis ,  MO ,  USA     

      Nicole     Doyle  ,   MD, PhD       Washington Hospital Center ,  Georgetown University 
Hospital  ,  Washington ,  DC ,  USA     

      Christine     Eads       Rachels Well  ,  McLean ,  VA ,  USA   

  The Duffy House  ,  Burke ,  VA ,  USA     

      Sarah     Eckhardt  ,   MD       Department of Obstetrics and Gynecology  ,  LAC+USC 
Medical Center, Los Angeles ,  CA ,  USA     

      Nastaran     Foyouzi  ,   MD       Division of Reproductive Endocrinology and Infertility 
OB and GYN Department ,  University of Michigan  ,  Ann Arbor ,  MI ,  USA     



x

      Lisa     J.     Green  ,   MD, MPH       Division of Reproductive Endocrinology and Infertility 
OB and GYN Department ,  University of Michigan  ,  Ann Arbor ,  MI ,  USA     

      Deborah     E.     Ikhena  ,   MD       Division of Reproductive Endocrinology ,  Northwestern 
University Feinberg School of Medicine  ,  Chicago ,  IL ,  USA     

      Christine     M.     Joachim       Rachel’s Well  ,  MacLean ,  VA ,  USA     

      Violet     Klenov  ,   MD       Division of Reproductive Endocrinology and Infertility, 
Department of Obstetrics and Gynecology ,  Washington University  ,  St. Louis ,  MO , 
 USA     

      Laxmi     A.     Kondapalli  ,   MD, MSCE       Colorado Center for Reproductive Medicine  , 
 Lone Tree ,  CO ,  USA     

      Shweta     Nayak  ,   MD       Department of Obstetrics, Gynecology, and Reproductive 
Sciences, Magee-Womens Research Institute ,  University of Pittsburgh ,   Pittsburgh , 
 PA ,  USA     

      Aleksandar     Rajkovic  ,   MD, PhD          Department of Obstetrics & Gynecology, Magee 
Womens Research Institute and Foundation and University of Pittsburgh Medical 
Center, Pittsburgh ,  PA ,  USA     

      Yu     Ren  ,   PhD          Department of Obstetrics & Gynecology, Magee Womens Research 
Institute and Foundation and University of Pittsburgh Medical Center, Pittsburgh , 
 PA ,  USA     

      Jared     C.     Robins  ,   MD       Division of Reproductive Endocrinology and Infertility , 
 Northwestern University Feinberg School of Medicine  ,  Chicago ,  IL ,  USA     

      Nanette     F. Santoro  ,   MD       Obstetrics and Gynecology ,  University of Colorado 
School of Medicine  ,  Aurora ,  CO ,  USA     

      Amy     L.     Semple  ,   BS       International Premature Ovarian Failure Association, Inc. 
(IPOFA)  ,  Alexandria ,  VA ,  USA     

      Melissa     Wellons  ,   MD       Medicine-Division of Diabetes, Endocrinology and 
Metabolism ,  Vanderbilt University Medical Center  ,  Nashville ,  TN ,  USA     

      Margaret     E. Wierman  ,   MD        Department of Medicine, Physiology and Biophysics 
and Obstetrics and Gynecology ,  University of Colorado School of Medicine, Chief 
of Endocrinology, Denver Veterans Administration Medical Center, Endocrinology 
MS8106 ,   South Aurora ,  CO ,  USA     

      Erin     Foran     Wolff  ,   MD         Unit on Reproductive and Regenerative Medicine, 
NICHD  ,  Bethesda ,  MD ,  USA      

Contributors



1© Springer International Publishing Switzerland 2016 
N.F. Santoro, A.R. Cooper (eds.), Primary Ovarian Insuffi ciency, 
DOI 10.1007/978-3-319-22491-6_1

    Chapter 1   
 Defi ning Menopause: What Is Early, 
What Is Late?       

       Sarah     Eckhardt       and     Melissa     Wellons     

          Clinical Vignette 

    “When my doctor told me I was in menopause, I almost fell out of my chair! I was only 35 
years old! In addition to thanking God that I had already had my two boys and was done 
with childbearing, I began to wonder what this meant for my future? Since I was being told 
that I had the ovaries of a 50 year old woman, did that mean that the rest of me was 50 years 
old, too?”  

       Defi ning Menopause and Primary Ovarian Insuffi ciency 

 Menopause is  defi ned   as the permanent cessation of menstrual periods for at least a 
12-month period. Age appropriate menopause occurs between 45 and 54 years of 
age, with the median age typically falling between 50 and 52 years [ 1 – 4 ].  Primary 
ovarian insuffi ciency (POI)  , also commonly referred to as  premature ovarian failure 
(POF)   or early menopause, is defi ned as cessation of periods in a woman younger 
than 40. Strictly defi ned, it is 4 or more months of oligomenorrhea in a woman 
<40 years old, associated with at least two  follicle-stimulating hormone (FSH)   
 levels in the menopausal range, obtained more than a month apart [ 5 ]. 

        S.   Eckhardt ,  MD      (*) 
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 The estimated  prevalence of POI   ranges between 1 and 2 % of women [ 6 ,  7 ]. Of 
women with POI, over 80 % of cases are of unknown etiology. Approximately, 5 % 
are of autoimmune origin and approximately 10 % are due to known genetic causes 
[ 6 ,  8 ]. Pelvic radiation therapy, surgery, and chemotherapy are common iatrogenic 
causes of POI but will not be discussed here. Some cases of POI are associated with 
a specifi c syndrome, such as Turner Syndrome, Fragile X, Fanconi’s anemia, or 
galactosemia [ 5 ].  

    Symptoms of Menopause and Primary Ovarian Insuffi ciency 

    Symptoms of      POI are similar to those of menopause; however, it is labeled “insuf-
fi ciency” because some women retain partial ovarian function and can conceive 
despite the diagnosis, while others have fulminant ovarian failure [ 9 – 13 ]. In normal 
menopause, as women age, ovarian follicular reserve decreases with a concomitant 
decrease in estradiol production due to the loss of aromatase containing granulosa 
cells (Fig.  1.1 ). Ovarian  estradiol production   stops altogether with the depletion of 
follicular reserve at menopause (Fig.  1.2 ) [ 5 ]. Symptoms of the menopausal transi-
tion most commonly include hot fl ashes, night sweats, sleep disturbances, and vagi-
nal dryness and in some studies also include sexual dysfunction, urinary incontinence, 
cognitive changes, depression, and somatic and joint pain [ 14 – 22 ]. Because POI 
entails a spectrum of ovarian insuffi ciency, with some women retaining partial 

Oocyte Nucleus
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Testosterone (T)
producing cells
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Estrogen
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T

  Fig. 1.1    Follicular 
estrogen production: 
granulosa cells convert 
testosterone to estrogen via 
the aromatase enzyme in 
the developing secondary 
follicle       

Ovarian Reserve Menopause 

  Fig. 1.2    Ovarian follicular 
reserve declines with age, 
with full loss of ovarian 
reserve occurring at 
menopause       
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ovarian reserve, symptoms are not always as severe as regular menopause [ 5 ]. In 
one study which collected internet surveys from 160 women with POI on POI-
specifi c symptoms, commonly reported symptoms included mood swings and men-
tal fog (75 %); hair loss, dry eyes, cold intolerance, and joint clicking (50 %); 
tingling in limbs and low blood pressure (33 %); hypothyroidism (17 %); hypogly-
cemia (16 %); and gluten allergies (10 %) [ 23 ].

    Aside from the symptomatic effects of decreased estrogen, premature estro-
gen defi ciency has a number of potential long-term consequences including car-
diometabolic derangement and decreased bone mineral density. There is concern 
that women who enter menopause at a younger age, such as those with POI or 
early menopause (ages 40–45), are more burdened by diseases resulting from 
these derangements such as atherosclerotic events and fractures given the earlier 
age of onset.   

    Risk Factors Associated with Early Menopause and POI 

    Smoking      has long  been      associated with an early onset of menopause (1–2 years 
earlier than nonsmokers on average) and has also been connected to POI [ 24 – 29 ]. 
Studies have also demonstrated a possible connection between stress and chronic 
disease and accelerated ovarian aging [ 23 ]. For example, the  Study of Women 
Across the Nation (SWAN)   analyzed cross-sectional data from 16,000 women and 
found statistically signifi cant associations between POI and arthritis, diabetes, 
poorer self‐reported health, higher BMI, osteoporosis, severe disability, single mari-
tal status, lower education level, diffi culty paying for basics, and smoking [ 23 ]. 
Additional studies have found that women with socioeconomic stress, HIV infec-
tion, and drug abuse tend to undergo menopause at earlier ages [ 30 ,  31 ]. A Chinese 
study using data on 31,955 women from the  Shanghai Women’s Health Study   found 
that women who were less than 46 years old at menopause were more likely to be 
current smokers and alcohol consumers, unemployed, single, and of lower socio-
economic status in addition to having fewer live births than women who underwent 
menopause at an older age [ 32 ]. 

 Most women who develop POI have a history of normal puberty and menses, but 
family history of POI in a fi rst-degree relative is fairly common and has been 
reported in 10–15 % of cases [ 33 ]. Data is limited on racial and ethnic differences 
in the development of POI. The SWAN study demonstrated a 1.0 % prevalence of 
POI in Caucasian women, compared to 1.4 % in African American women and 
Hispanics. POI was less common in Japanese (0.1 %) and Chinese women (0.5 %) 
compared to Caucasians, African Americans, and Hispanics; however, this was only 
statistically signifi cant for Japanese women [ 29 ].     

1 Defi ning Menopause: What Is Early, What Is Late?
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    POI and Autoimmune Disease 

   Approximately 5 % of cases of POI can  be      attributed to autoimmune disease, 
60–80 % of which are thought to be of adrenal autoimmune origin [ 6 ]. One of the 
fi rst associations made between autoimmune disease and POI was the discovery that 
POI could precede development of adrenal autoimmune disease (Addison’s) by 
8–14 years [ 34 ]. Addison’s commonly occurs in concurrence with other endocrine 
diseases, collectively named the  polyglandular autoimmune syndrome (PGA)   [ 35 ]. 
Two distinct forms exist. PGA-I includes mucocutaneous candidiasis, hypoparathy-
roidism, and Addison’s, and has co-occurring ovarian failure in approximately 60 % 
of cases in women. PGA-II is the most common immunoendocrinopathy and 
includes Addison’s and hypothyroidism and/or insulin-dependent diabetes mellitus 
(IDDM). Approximately 10 % of women with PGA-II have POI [ 36 ,  37 ]. 

 Two autoantibodies typically associated with Addison’s are adrenal cytoplasmic 
autoantibodies and steroid-cell antibodies [ 38 ]. The steroid-cell antibody found in 
Addison’s is thought to cross-react with the hilar, theca, granulosa, and corpus luteal 
cells in the ovary [ 39 ]. This can be observed histologically in the ovaries as lympho-
cytic and plasma cell infi ltrate concentrated around steroid producing cells [ 6 ]. It is 
estimated that steroid-cell antibodies can be found in 100 % of Addison’s patients 
with primary amenorrhea and 60 % of Addison’s patients with secondary amenor-
rhea [ 36 ,  39 ,  40 ]. Furthermore, 40 % of Addison’s females with positive steroid-cell 
antibodies but normal menses developed ovarian failure within 10–15 years [ 36 ]. 
Positive steroid-cell antibodies are found in 60–80 % of patients with APGS I and 
25–40 % with APGS II, somewhat consistent with the percentage of POI cases 
reported with these syndromes [ 36 ,  37 ]. 

 Strong evidence exists for autoimmune POI in patients with co-existing adrenal 
disease. It is also thought that autoimmunity may play a larger and not yet fully 
understood role in POI, as 10–30 % of women with idiopathic POI have coexisting 
autoimmune disease [ 41 ]. For example, women with POI have been found to have 
a higher prevalence of thyroid disease than the general population (14–27 %), perni-
cious anemia (4 %), Type I diabetes (2–2.5 %) and myasthenia gravis (2 %) [ 42 , 
 43 ]. Antinuclear antibodies, rheumatoid factor, and systemic lupus erythematosus 
(SLE) have also been found to occur with more frequency in POI patients compared 
to the general population. One study found the presence of antiovarian antibodies in 
16 of 19 (84 %) patients with SLE [ 44 ]. Thus, evidence supports a link between POI 
and autoimmune disease, but the relationship has yet to be fully defi ned.    

    POI and Genetics 

   Over 80 % of POI  cases      are idiopathic; however, as yet unidentifi ed genetic causes 
of POI are thought to make up a large portion of spontaneous POI cases [ 12 ]. 
Genetic causes could be chromosomal (involving the X-chromosome or autosomes), 
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multigenic, or the result of a single gene mutation [ 45 ]. Of the known genetic causes 
that make up approximately 10 % of total cases of POI, it is estimated that 
X-chromosome abnormalities such as Turner Syndrome represent 13 % of cases 
[ 46 ,  47 ].   

    Turner Syndrome 

    Turner Syndrome      is a unique form of POI. Classically, it is thought of as the full 
absence of an X-chromosome (45,X); however, it has been established that most 
women have one of several different variants. The most frequent variants are the 
45,X karyotype with an X-isochromosome (a chromosome missing one of its arms, 
which is replaced by an exact copy of the other arm), the mosaic karyotype 
(45,X.46,XX) and karyotype containing all or part of a Y-chromosome. Turner 
Syndrome (including all variants) is estimated to occur in 1/2000–2500 live-born 
Caucasian girls [ 48 ,  49 ]. It is characterized by gonadal dysgenesis and primary 
amenorrhea secondary to accelerated follicular atresia. Other, more rare, forms of 
X-chromosome defects include trisomy X, partial deletions, and X/autosome trans-
locations [ 45 ].    

    Fragile X Syndrome 

   The most  common      genetic mutation in 46,XX females with POI is of the Fragile X 
Mental Retardation 1 (FMR1) gene, located on the X-chromosome. FMR1 contains 
a CGG trinucleotide repeat associated with three phenotypes depending on the 
number of repeats present: fragile X syndrome, fragile X tremor/ataxia syndrome, 
and POI. Fragile X syndrome contains greater than 200 trinucleotide repeats. Both 
POI and Fragile X tremor/ataxia syndrome contain 55–200 repeats, which is defi ned 
as a “premutation”; however, tremor and ataxia rarely affects females [ 50 ,  51 ]. POI 
has been reported to affect as many as 24 % of premutation carriers in Fragile X 
families [ 52 ]. 

 In the general population, FMR1 premutations have been estimated to affect up 
to 10 % of POI cases with a combined prevalence across 16 studies of 4.2 %; how-
ever, these studies only examined women with pre-existing diagnoses of POI and 
infertility and were not population based [ 8 ]. A recent study examined 2135 women 
with natural menopause before age 46 selected from more than 110,000 women in 
the Breakthrough Generations study. The study identifi ed 254 women with POI and 
1881 with early menopause. Two percent of women with POI had FMR1 premuta-
tions compared to 0.7 % with early menopause. Results of this study indicate that 
prevalence of FMR1 mutations may be lower than originally thought, but it likely 
falls between 2 and 5 % [ 8 ]. 

1 Defi ning Menopause: What Is Early, What Is Late?
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  Fragile X Mental Retardation 2 (FMR2)   gene on the X-chromosome has also 
been implicated in POI, as has another sex-linked gene, Bone Morphogenic Protein 
15 (BMP15). Both are very rare [ 53 ]. Autosomal mutations that increase the risk of 
POI include the FSH and LH receptors (FSHR and LHR), the FSH beta subunit 
(FSHβ), estrogen receptors (ERα, ERβ), Inhibin, Alpha (INHA), Forkhead Box L2 
(FOXL2), Splicing Factor 1 (SF1), and Galactose-1-uridyl-transferase (GALT) [ 53 , 
 54 ]. The prevalence of these mutations is largely unknown, but they are thought to 
represent fewer than 5 % of all POI cases [ 8 ].    

    POI and BRCA1/2 Mutations 

   Several studies  have      connected the presence of BRCA1/2 mutations to early meno-
pause. For example, a cross-sectional study of 382 BRCA1/2 positive women found 
these women to have signifi cantly earlier menopause than the unaffected sample of 
765 women (50 vs. 53 years,  p  < 0.001). Excluding women who underwent surgical 
menopause or chemotherapy, the relationship persisted (49 vs. 53 years,  p  < 0.001). 
For BRCA1/2 positive women who were heavy smokers, the median age at natural 
menopause was even younger (46 vs. 49,  p  = 0.027) [ 55 ]. Another study on BRCA1/
BRCA2 positive women found that after ovarian stimulation with letrozole and 
gonadotropins, BRCA1 positive women had signifi cantly lower ovarian response 
rates, indicating what the authors described as an “occult POI” [ 56 ]. The fi nal study, 
which was longitudinal and compared BRCA1/2 positive women with BRCA nega-
tive family members, found no difference in age of menopause between BRCA1/2 
carriers and non-carriers. However, this study was limited in that only 19 % of its 
1840 women entered natural menopause [ 57 ].     

    POI and Cardiovascular Disease 

   Heart disease  is      the number one killer of women, and it has long been thought that 
premature menopause increases the risk of cardiovascular disease [ 58 ]. Studies in 
the 1970s and 1980s linked bilateral oophorectomy at an early age to heart disease 
but found an inconsistent link between natural menopause and heart disease [ 59 –
 61 ]. However, a 2001 analysis of the SWAN cross-sectional survey of 14,620 
women found that self-reported age of natural menopause occurred 1.4 years earlier 
in women with heart disease than in women with no reported heart disease [ 24 ]. 

 Several additional studies have linked early menopause to increased heart disease 
but often these fi ndings were confounded by patient’s smoking status. For example, 
in the  Nurses’ Health Study (NHS)  , there was a signifi cant association between POI 
and myocardial infarction (age-adjusted RR: 1.95; 95 % CI, 1.21–3.13); however, 
the association was attenuated with adjustment for smoking and statistical signifi -
cance was lost altogether when only nonsmokers were included in the analysis 
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(age-adjusted RR: 1.07; 95 % CI, 0.26–4.34) [ 62 ]. A separate study by Løkkegaard 
et al. of a Danish cohort reported that women younger than 40 with natural, nonsur-
gical menopause had a twofold increased risk of CHD (hazard ratio [HR]: 2.2, 95 % 
CI, 1.0–4.9) [ 63 ]. Although they did adjust for smoking in multivariable analyses, 
they did not report analyses stratifi ed by smoking status; thus, it is uncertain whether 
analysis of nonsmokers alone would have affected this association. 

 Most recently, a multicenter cohort study,  Multi-Ethnic Study Atherosclerosis 
(MESA)  , examined 2509 women with no history of cardiovascular disease at base-
line. Of these women, 693 had early menopause (28 %) and were found to have a 
statistically signifi cant increased risk of coronary heart disease, which persisted 
after adjusting for age, race/ethnicity, MESA site, and traditional cardiovascular 
risk factors (HR: 2.08, 95 % CI, 1.17–3.70). Although 247 (36 %) of the women had 
early surgical menopause, adjustment of analysis for type of menopause did not 
signifi cantly alter results [ 64 ]. 

 Data on the relationship between early menopause and cardiovascular disease is 
mixed. Recent evidence suggests there is a link; however, further research is needed.    

    POI and Cardiovascular Mortality 

   Multiple studies  have      examined the relationship between age at menopause and 
cardiovascular mortality. A study of a Norwegian cohort identifi ed a weak inverse 
relationship between age at menopause and cardiovascular mortality, while another 
group from the Netherlands reported a 2 % decrease in cardiovascular mortality risk 
for each year that menopause was delayed [ 65 ,  66 ]. In a study of an American 
Seventh Day Adventist cohort, investigators found increased mortality due to isch-
emic heart disease in women with natural menopause at age less than 40 [ 67 ]. 

 Four large studies since 2005 have examined the relationship between early 
menopause and cardiovascular mortality. Two of these studies found a signifi cant 
association between early menopause and cardiovascular mortality, while two found 
no relationship. The fi rst was a study by Mondul et al., which examined 68,154 
women from the Cancer Prevention Study-II who had experienced natural meno-
pause, were nonsmokers and had no history of hormone replacement therapy [ 68 ]. 
Their group found a small but statistically signifi cant relationship between early 
menopause (age ≤44) and mortality from coronary heart disease after multivariate 
adjustment (RR = 1.09; 95 % CI, 1.00–1.18). The second study was by Hong et al. 
of 2865 Korean women, who found a signifi cant association between menopause 
and cardiovascular mortality after age and multivariate adjustments. This signifi -
cance held for all cardiovascular disease (HR: 1.53, 95 % CI, 1.00–2.39) and coro-
nary heart disease specifi cally (HR: 8.77, 95 % CI, 2.07–37.16) [ 69 ]. 

 A 2006 Japanese study of 37,965 (age ≤44) and 2014 Chinese study of 31,955 
women (age ≤46.64) found no statistically signifi cant association between early 
menopause and cardiovascular disease or mortality [ 32 ,  70 ]. Thus, no consensus 
currently exists on the relationship between early menopause and cardiovascular 
disease and mortality, as large studies continue to produce mixed results.    

1 Defi ning Menopause: What Is Early, What Is Late?
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    POI and Stroke 

   The evidence linking age  at      menopause and increased risk of stroke is currently 
inconclusive. Studies such as the NHS found no relationship between natural meno-
pause and hemorrhagic or ischemic stroke [ 62 ]. A Japanese study by Baba et al. 
found an association between POI and stroke (HR: 2.18, 95 % CI, 1.20–5.49), but 
this fi nding may have had to do with their defi nition of POI, as a large proportion of 
these women had surgical menopause. When women with early natural menopause 
were analyzed independently, there was no statistically signifi cant association with 
stroke (HR: 0.94, 95 % CI, 0.12–7.07) [ 71 ]. A 2009 study of the Framingham cohort 
found that women with natural menopause before age 42 had twice the stroke risk 
compared with women without early menopause after adjustment for multiple con-
founders including smoking (HR: 2.03, 95 % CI, 1.16–3.56). The association per-
sisted in separate analysis of women who never smoked [ 72 ]. The MESA study also 
found that women with early menopause and no history of cardiovascular disease 
had more than twice the risk for stroke compared to women with normal menopause 
(and HR: 2.19, 95 % CI, 1.11–4.32) [ 64 ].    

    POI and Lipids 

   Elevated  total      cholesterol, low-density lipoprotein (LDL), and triglycerides, as well 
as low high-density lipoprotein (HDL) have all been implicated as risk factors for 
cardiovascular disease [ 73 – 75 ]. Normal menopause has been strongly linked to 
changes in lipid levels independent of those that occur with natural aging, placing 
women at increased risk for cardiovascular disease. This is particularly true for 
changes in LDL and total cholesterol [ 76 – 80 ]. 

 Lipid abnormalities are also thought to occur in early menopause. For example, 
one study noted that cholesterol increased by a higher magnitude for women in 
early menopause compared to women in normal menopause. In the postmenopausal 
time period, women with early menopause had cholesterol levels similar to women 
who had gone through menopause at later ages [ 81 ]. Thus, it is possible that early 
menopause results in a more abrupt rise in lipids as well as an increased duration of 
lipid derangement. 

 There is little known about lipid profi les in women with POI. A 2008 cross- 
sectional study of 90 women with POI found elevated triglyceride levels and border-
line low HDL cholesterol in POI women when compared to controls [ 82 ]. However, 
results from two recent cross-sectional studies (with 47 and 43 women with POI, 
respectively) were more consistent with the abnormalities noted in women with 
early menopause. When compared to controls, women with POI had statistically 
signifi cant elevated LDL and total cholesterol, whereas no difference was found in 
triglycerides. One of the studies found HDL-C to actually be signifi cantly higher in 
women with POI, while the other found no relationship [ 83 ,  84 ]. Further research is 
needed to better elucidate the relationship between POI and changes in lipid levels.    
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    POI and Glucose Metabolism 

   Worsening of insulin  resistance      is frequently reported with menopause, but it is dif-
fi cult to tease out metabolic changes associated with aging from changes directly 
attributable to menopause [ 85 ]. The risk of developing metabolic syndrome (central 
obesity, dyslipidemia, and insulin resistance) after menopause is estimated to 
increase by 60 %, independent of age, BMI, income, and physical activity [ 86 ]. 
Worsened insulin resistance is thought to be associated with an increase in visceral 
adiposity during menopause; however, there is no documented association between 
menopause and increased risk of type II diabetes [ 85 ,  87 ]. 

 Some studies haves shown that women with type I and II diabetes undergo meno-
pause at a younger age, although others have refuted this [ 88 – 90 ]. Given the auto-
immune pathogenesis of type I diabetes and its association with PGA-II, women 
with type I diabetes may be at higher risk for autoimmune premature ovarian fail-
ure. Women with POI may also be at increased risk for insulin resistance; however, 
evidence is limited. For example, a 1997 study of 119 women with spontaneous POI 
(46,XX) revealed an increased prevalence of glucose abnormalities (2.5 %) com-
pared to the estimated population prevalence of diabetes for women within the same 
age range [ 43 ,  91 ]. A more recent cross-sectional study of 43 women with POI 
compared to 33 women with normal menses found that women with POI had statis-
tically signifi cantly elevated insulin and glucose [ 84 ]. This suggests that women 
with POI may be slightly more burdened by glucose abnormalities than the general 
population but only mildly so.    

    POI and Bone Mineral Density 

   Ovarian secretion  of      estrogen plays an important role in maintaining bone health 
throughout a woman’s life and women entering menopause lose a signifi cant amount 
of  bone mineral density (BMD)   [ 92 ]. In a cohort study of 862 women followed over 
10 years, the rate of BMD and cumulative loss was greatest during “transmeno-
pause”: 1 year prior to the  fi nal menstrual period (FMP)   through 2 years after the 
FMP. During “postmenopause” (2–5 years after FMP) bone loss persisted but was 
less. Over the 10-year timeframe these women were followed, cumulative BMD 
loss of the lumbar spine was 10.6 %, with 7.38 % lost during transmenopause. Loss 
at the femoral neck was 9.1 % with 5.8 % lost during transmenopause [ 92 ]. Although 
this study was exclusively in women undergoing normal menopause, these fi ndings 
are particularly concerning for women with POI, as accelerated bone loss will begin 
at a much younger age, and despite BMD loss slowing after transmenopause, POI 
women will spend a longer duration of their lifespan with a lower BMD. 

 Multiple studies have demonstrated an association between early menopause 
and lower BMD, and several have focused specifi cally on POI [ 93 – 95 ]. A review 
article by Gallagher found that, overall, the younger that menopause occurs, the 
higher the fracture rate and the lower the bone density will be in later life [ 94 ]. In a 
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study of 357 women with POI, 58 % had evidence of osteopenia or osteoporosis 
[ 96 ]. Another study by Uygur et al. noted that women diagnosed with POI for a 
median of 2 years already demonstrated signifi cantly  lower   BMD when compared 
to age- matched controls. Interestingly, these fi ndings were present despite the fact 
that 91 % of participants had taken estrogen and/or progestin replacement at some 
point prior to the study [ 97 ]. Similarly, in a study by Leite-Silva et al. of 50 women 
with POI who had taken an average of 28 months of hormone replacement therapy, 
BMD of the femoral neck and lumbar spine was signifi cantly lower in women with 
POI [ 98 ]. 

 A larger study by Popat et al. examined 442 women with POI using 70 concur-
rent controls and 353 from the  National Health and Nutrition Examination Survey 
III (NHANES III)   and found that women with POI had 2–3 % lower bone density 
at the spine, hip, and neck [ 99 ]. Modifi able risk factors for accelerated bone loss 
included delay in diagnosis of POI greater than 1-year, nonadherence to estrogen 
replacement, vitamin D and calcium defi ciency, and lack of exercise. Race was also 
a risk factor for low BMD in women with POI. African-American and Asian women 
were 3.18 and 4.34 times more likely to have Z-scores on DEXA bone scan of -2 
[ 97 ]. However, the study by Greendale et al. on BMD in women undergoing normal 
menopause found that African-American and women with larger BMI had slower 
rates of bone loss compared to Caucasians, while Japanese and Chinese women 
experienced accelerated bone loss. Therefore, although African-American women 
may start at a lower BMD, the rate of bone loss during menopause may be slower 
than for other women. In contrast, Japanese and Chinese heritage appears to have 
unfavorable BMD in addition to accelerated loss during menopause [ 92 ]. 

 Thus, there is strong evidence that women with POI are at signifi cant risk for 
accelerated bone loss compared to women undergoing age-appropriate menopause. 
Differences among ethnic groups in BMD and rate of bone loss may exist, but fur-
ther research is needed.    

    POI and Cancer 

   Evidence suggests that  women      with early menopause may be at reduced risk for 
breast and ovarian cancers. The study by Mondul et al. of 68,154 nonsmoking 
women with natural menopause and no history of hormone replacement therapy 
found that women with menopause occurring younger than age 44 had signifi cantly 
reduced risk of breast and ovarian cancers after multivariate adjustments (RR = 0.68, 
95 % CI, 0.56–0.82) [ 68 ]. Later age of menopause is thought to increase the risk of 
breast cancer due to the increased duration of exposure to ovulatory hormones such 
as estrogen and progesterone [ 100 ]. In women with early menopause, lifetime expo-
sure to these hormones is less and therefore breast cancer risk is less. 

 Although risk of breast cancer may be decreased for women with POI and early 
menopause, several studies have demonstrated a positive correlation between POI 
and other types of cancer. For example, the Korean study of 2865 women by Hong 
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et al. found that women with POI had double the risk of mortality from cancer, 
overall, compared to women with age-appropriate menopause (HR: 2.01, 95 % CI, 
1.06–3.82). After multivariate adjustment, women less than 40 had 3.53 times 
higher risk for stomach cancer and 14.26 times higher risk for colon, rectum, and 
anal cancers (95 % CI; 1.30–9.56,  p  = 0.01) and (95 % CI; 2.42–83.96,  p  < 0.01) 
[ 69 ]. The Chinese study by Wu et al. of 31,955 women also found an association 
between early age of menopause and cancer risk [ 32 ]. Risk of gynecologic cancer 
appeared to be lower in women younger than age 46.64 at menopause but was not 
statistically signifi cant (HR: 0.67, 95 % CI, 0.411.11). Risk of digestive system can-
cer and respiratory system cancer was signifi cantly increased (HR: 1.43, 95 % CI, 
1.11–1.84 and HR: 1.49, 95 % CI, 1.01–2.18, respectively). This relationship per-
sisted after multivariate adjustment, which included smoking status.    

    POI and All-Cause Mortality 

   Researchers  have      investigated the association between early age at menopause and 
longevity in multiple large-scale epidemiological studies, primarily in white 
European cohorts. In the late 1980s, Snowden et al. reported a modest increase in 
all-cause mortality in Seventh-Day Adventist women with natural menopause at 
ages less than 40, as compared to women with natural menopause at ages 50–54 
(age-adjusted odds ratio: 1.95; 95 % CI: 1.24–3.07) [ 101 ]. In a separate publication 
using the same data, researchers estimated that each 1-year decrease in age at natu-
ral menopause before age 47 was associated with a 0.47-year earlier age at death 
( p  = 0.04) [ 102 ]. 

 Additional studies in the 1990s compared mortality rates between women with 
early and age-appropriate menopause. While all three of these studies noted an 
association between younger age at menopause and increased mortality, only one 
met statistical signifi cance, demonstrating a 1.6 % decrease in mortality for every 
3-year increase in age at menopause [ 103 – 105 ]. 

 The three most recent studies by Mondul et al., Hong et al., and Wu et al. all 
found a statistically signifi cant relationship between early menopause and all cause 
mortality [ 32 ,  68 ,  69 ]. The U.S. study by Mondul et al. found a small but statistically 
signifi cant 4 % increase in all-cause mortality in women with menopause occurring 
younger than age 44. This association was most heavily infl uenced by increased risk 
of mortality from coronary artery disease, respiratory disease, genitourinary dis-
ease, and external causes. Of external causes, death from falls was most signifi -
cantly associated with younger age at menopause [ 68 ]. The risk for all-cause 
mortality was higher in the Chinese study by Wu et al. for women less than 46 years 
of age and most signifi cantly elevated in Korean study by Hong et al. for women less 
than 40 years of age (HR: 1.16, 95 % CI, 1.04–1.29 and HR: 1.32, 95 % CI, 1.05–
1.66, respectively) [ 32 ,  69 ]. Although the increased risk for mortality with POI var-
ies from very low to quite signifi cant across studies, the most recent evidence seems 
to support at least a small association between POI and all-cause mortality.    
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    Conclusion 

 There are over 156 million females in the United States according to the 2010 
Census [ 106 ]. Based on the current estimates of POI prevalence, approximately 
1 %, or 1.56 million, will have POI, highlighting the importance of understanding 
this disease and its clinical implications. While the primary cause of POI remains 
unknown, research continues to elucidate links between POI and specifi c genetic 
mutations as well as autoimmune disease. 

 Evidence indicates that women with POI are at increased risk for bone loss. 
Many large, well-designed studies have demonstrated signifi cant associations 
between early menopause and all-cause mortality, as well as increased mortality 
secondary to other disease processes. However, between studies, evidence support-
ing the relationship between POI and cancer, cardiovascular disease, cerebrovascu-
lar disease and the associated mortality is mixed. Given the demonstrated link 
between POI and bone health, as well as the possible connection between early 
menopause and cardiometabolic disease and mortality, understanding the epidemi-
ology will continue to play an important role in the care for the patient with POI.  

    Key Points 

•     Menopause is defi ned as the permanent cessation of menstruation for at least a 
12-month period in women aged 45–54.  

•   POI is defi ned as the cessation of menstrual periods in a woman less than 40.  
•   Ninety percent of POI cases are idiopathic; other causes include autoimmunity, 

genetic mutations, and iatrogenic causes.  
•   Smoking is strongly associated with early age at menopause and has been linked 

to POI.  
•   Data elucidating the effect of early menopause on cardiovascular disease/mortal-

ity and cerebrovascular disease/mortality is mixed.  
•   Dyslipidemia in POI and early menopause appear similar to that noted to occur 

in age-appropriate menopause.  
•   Women with early menopause may have increased glucose abnormalities, but 

further research is needed.  
•   Menopause, early menopause, and POI have all been linked to bone mineral 

density loss. POI women spend a longer duration of life with lower BMD and 
possibly also have a lower BMD later in life as compared to normal 
menopause.  

•   POI and early menopause may decrease the risk of ovarian and breast cancer but 
increase risk of other cancers.  

•   POI and early menopause are associated with a small increase in all-cause 
mortality.   
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   “I was so relieved to fi nd out that I hadn’t aged 15 years—only my ovaries had decided to 
shut down early! My doctor explained to me that I will likely be at a higher risk for a frac-
ture later in life, and I will be sure to get regular medical checkups and keep up my exercise 
routine to stay healthy for my children and my grandchildren! And I will certainly never 
smoke!”  
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    Chapter 2   
 Etiologies of Primary Ovarian Insuffi ciency       

       Nastaran     Foyouzi      ,     Lisa     J.     Green      , and     Sally     A.     Camper     

            Clinical Vignette 

   “ I could not stop crying when my doctor told me I was in menopause! I was only 32 years 
old and married less than year ago! I wondered whether I had done anything wrong. Later 
I found out that my grandmother, mother and my aunt went through menopause when they 
were in their 30’s, but we had never talked about these things before. I never expected this 
would happen to me because everyone in my family has had several children. I wish I had 
known about this problem sooner. I really want to understand why this happened.”  

    Primary ovarian insuffi ciency (POI)  , formerly known as premature ovarian failure 
(POF), is defi ned as the cessation of ovarian function before the age of 40, consider-
ing 52.5 years old as an average age of menopause (51–53 years old) in the USA [ 1 ,  2 ]. 
POI can present with infertility and eventually progress to cessation of ovarian func-
tion, which is considered the end point of the disease [ 3 ]. There are many contribu-
tors to POI, including genetics, environmental exposures, autoimmunity, etc. In this 
chapter, we review the major known contributors to POI. 

 A basic understanding of ovarian follicle development and loss provides a foun-
dation for understanding the diversity of processes that can affect ovarian reserve. 
During embryonic development in humans, germ cells initially appear in the genital 
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ridge and migrate to the primitive ovary where they proliferate to more than 3.5 million 
by about 20 weeks of gestation. The majority of these follicles will be lost during 
fetal and postnatal life by atresia [ 4 ,  5 ]. Females begin their reproductive life at 
puberty with only about 300,000 follicles in their ovaries. During each ovulatory 
cycle about 10 or 20 follicles undergo a maturation process that results in the release 
of one mature oocyte [ 6 ]. In sum, about 400–500 follicles are released during cycles 
of ovulation that occur during the childbearing years. Eventually, when the number 
of reserved follicles reaches approximately 1000, cessation of menses, or meno-
pause, occurs [ 4 ,  5 ]. 

 A variety of pathogenic mechanisms lead to the development of POI. These can be 
divided into four major categories: a follicular migration defect early in embryogen-
esis; an initial decrease in the primordial follicle pool; accelerated follicular atresia; or 
altered maturation or recruitment of primordial follicles. The etiologies of POI are 
highly heterogeneous and include genetic, autoimmune, metabolic or enzyme defects, 
infectious, and iatrogenic factors. Taken together, these account for only 10 % of the 
cases and the remaining 90 % are idiopathic, or largely unknown [ 7 ].  

    Genetic Causes 

  The evidence for genetic causes  of POI   comes from cases of chromosome abnor-
malities such as  Turner syndrome   [ 8 – 10 ], familial cases of POI [ 11 – 16 ], and evi-
dence that the timing of natural menopause between sisters, daughters, and mothers 
is heritable [ 14 ,  17 – 20 ]. The most common X chromosomal abnormality is  Turner 
syndrome (TS)   with an incidence of 1:2500. Turner syndrome results when only 
one normal X chromosome is present and the other X chromosome is either missing 
or structurally altered. In 80 % of the cases, the lost X chromosome is paternal in 
origin [ 21 ]. In some cases the affected woman is mosaic for a normal karyotype and 
monosomy X. The missing genetic material in classical TS affects ovarian follicular 
development and function. The ovary begins to develop normally, but ovarian fol-
licles of TS patients degenerate rapidly during prenatal life, often leading to gonadal 
dysgenesis with streak ovaries [ 7 ,  22 ]. Almost all patients require hormone therapy 
to undergo puberty [ 23 ]. 

 Trisomy X and partial X chromosome defects in the form of deletions, isochro-
mosomes, and balanced X autosome translocations can cause POI [ 10 ]. A major 
goal is to identify the genes that are critical for normal ovarian function that are 
disrupted in these chromosomal abnormalities. TS patients who lack only a portion 
of one of the X chromosomes or have an autosomal translocation with an X chro-
mosome are valuable for identifying these critical genes. Cytogenetic analysis of 
these patients reveals that reduced dosage of genes on both the long (q) and short 
(p) arms of the X chromosome contributes to POI [ 23 – 25 ]. Deletions of the short 
arm of the X chromosome usually result in primary amenorrhea, whereas deletions 
of the long arm of the X chromosome result in either primary or secondary ovarian 
 insuffi ciency [ 26 ,  27 ]. The critical region for ovarian development and function on 
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Xq chromosome spans Xq13.3 to q27, but the specifi c genes in this region that 
contribute to the phenotype are not yet known [ 25 ,  28 ,  29 ]. The short stature asso-
ciated with Turner’s syndrome results from reduced dosage of genes on Xp, and 
 SHOX  is a contributing gene [ 9 ,  26 ,  30 – 33 ]. Some chromosomal abnormalities 
may not delete the critical genes but cause “position effects,” or epigenetic changes 
that affect gene expression [ 34 ]. 

 Although many POI patients have genetic defects involving the X chromosome, 
an increasing number of studies have documented autosomal gene involvement in 
the etiology of POI [ 27 ,  35 ,  36 ]. Some familial forms of POI have autosomal domi-
nant sex-limited transmission or X-linked inheritance with incomplete penetrance 
[ 16 ,  36 – 39 ]. Recently, molecular genetic investigations of women with POI and 
experiments in genetically engineered mice have led to the identifi cation of several 
genes that are critical for follicle function and oogenesis, such as BMP15, FOXL2, 
GDF9, NR5A1, NOBOX, LHR, and FSHR. Only a small fraction of POI cases can 
be explained by mutations in these genes, and the molecular pathogenesis remains 
speculative [ 40 – 44 ]. Currently, none of these genes are accepted as clinical genetic 
markers for POI [ 45 ,  46 ]. Much more regarding the genetics of POI is discussed in 
other chapters.  

    FMR (Fragile X Mental Retardation) Gene 

  The FMR1 gene has a clinically signifi cant  association   with POI. The FMR1 gene 
is located on the X chromosome (Xq27.3) and contains an expandable region com-
posed of trinucleotide repeats of CGG in the 5′UTR [ 47 – 50 ]. Three allelic classes 
can be defi ned based on the number of CGG repeats. Normal alleles have 6–55 
CGG repeats, premutated alleles have 55–200 CGG repeats, and a full mutation 
contains 200 or more CGG repeats [ 51 – 54 ]. In males, the consequence of the full 
mutation is fragile X syndrome, the most common inherited cause of mental retar-
dation. However, 2–5 % of women with the premutation allele have a substantially 
increased risk of POI [ 55 – 57 ]. It has been estimated that the FMR premutation 
accounts for about 21 % of familial and 6 % of sporadic forms of POI cases. The 
mutant FMR allele is toxic, possibly because the mutant transcripts sequester CGG 
binding proteins that are important for RNA processing. The  FMR protein (FMRP)   
is highly expressed in fetal germinal cells of the ovary, and the mutant allele leads 
to a decrease of the initial pool of oocytes and increased rate of follicular atresia [ 35 , 
 50 ,  58 ,  59 ]. Nevertheless, in carriers of the premutation who are over the age of 50, 
the toxic effect of the FMR mRNA can cause a neurodegenerative disorder: fragile 
X tremor ataxia syndrome [ 60 ]. 

 Patients with FMR premutation have an unusual inheritance pattern. Affected 
individuals always inherit the expanded repeat from their mothers, and premutation- 
carrying males always pass on premutation alleles to their children [ 61 ,  62 ]. 
Furthermore, affected full mutation males produce sperm with only premutation 
alleles [ 63 ], and although full mutation germ cells are present in developing male 
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fetuses, these are gradually replaced with premutation-bearing germ cells [ 64 ]. 
This could be due to a proliferation advantage of FMR)    protein producing cells or 
to a selection against male germ cells with large trinucleotide repeat expansions 
[ 65 ]. However, in females, selection against germ cells with an expanded full 
mutation allele on the active X chromosome may reduce the germ cell pool, and 
expansion on the inactive X chromosome may allow passage of full mutation 
alleles to offspring [ 61 ]. 

 The co-segregation of POI and premutations in some families and the lack of 
POI in other fragile X families suggest that ovarian function is adversely affected by 
only a subset of premutation alleles. This model could partially account for the dis-
crepant results of the various association studies between POI and fragile X muta-
tions as the various study groups may differ in the proportion of alleles that are 
associated with POI. Differences between the POI and non-POI premutation alleles 
could be due to linkage disequilibrium with a nearby POI-causing mutation or due 
to variations in the structure of the repeat itself, such as AGG interruption pattern or 
length of pure CGG tracts. Such changes may be responsible for subtle, but critical, 
changes in FMRP level. Other confounding factors could include modifying genes, 
perhaps also affecting FMRP levels, as well as the various genetic and environmen-
tal factors known to affect age at menopause. Whatever the mechanism of the asso-
ciation between  FMR1  and ovarian function, the challenges raised by the differing 
results in various populations refl ect the complexity at work in this particular geno-
type–phenotype relationship.    

    Autoimmune Causes 

   Autoimmune disease   accounts for approximately 4 % of POI cases [ 66 ]. The trigger 
for ovarian autoimmunity is unknown, but it might be due to abnormalities in self-
recognition by the immune system, resulting in a loss of tolerance to some compo-
nent of ovarian tissue, and ultimately ovarian tissue damage [ 13 ,  66 ,  67 ]. Animal 
studies suggest involvement of immune-regulatory regions outside the histocompat-
ibility (H-2) locus on mouse chromosome 3 as an associated factor for ovarian dam-
age [ 67 – 70 ]. In humans, HLA-DQB1*0301 and HLADQB1* 0603 are proposed as 
an associated factor with 3b-HSD autoimmunity (adrenal autoantibody) in POI 
subjects [ 71 ,  72 ]. 

 Approximately 3 % of women with POI have an endocrine dysfunction known 
as  autoimmune polyglandular syndrome (APS)  , types I and II [ 73 ]. The type I syn-
drome is a rare autosomal recessive disorder characterized by multiple organ- 
specifi c autoimmunities secondary to a variety of autoantibodies directed against 
key intracellular enzymes. Sixty percent of APS type I patients have POI. APS type 
II is an autosomal dominant disorder, and it is associated with gonadal failure in 4 % 
of patients [ 73 ,  74 ]. Adrenal insuffi ciency is a component of both APS types, and 
2–10 % of POI cases show evidence of autoimmunity against the adrenal gland 
[ 67 ,  75 – 77 ]. In those cases where POI is associated with adrenal autoimmunity, 
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histological examination almost always confi rms the presence of an autoimmune 
oophoritis in which follicles are infi ltrated by lymphocytes, plasma cells, and mac-
rophages that attack mainly steroid-producing cells and eventually result in follicular 
depletion [ 78 ,  79 ]. Lymphocytic infi ltration is more prominent in mature follicles 
suggesting that production of the self-antigen may be gonadotropin dependent. 
The  zona pellucida (ZP)   is an important antigenic determinant of autoimmune POI 
that affects ZP function, which in turn affects follicular development leading to 
infertility in women with POI [ 75 ,  80 ].  Lymphocytic infi ltration   may also be present 
in the ovarian hilum, with an accumulation of lymphocytes around neural tissue. 
POI is more common with APS type I than with APS type II. It has been proposed 
that α-enolase may serve as a candidate target antigen in POI associated with poly-
glandular syndromes [ 80 – 85 ]. 

 Several other autoimmune disorders have been associated with POI. 
 Hypothyroidism   is the most common. In this case, POI subjects will present with 
antithyroid antibodies and either clinical or subclinical hypothyroidism [ 74 ]. The 
other POI associated autoimmune alterations are parietal cell antibodies, acetylcho-
line receptor antibodies in myasthenia gravis, chronic candidiasis, idiopathic throm-
bocytopenic purpura, vitiligo, alopecia, autoimmune hemolytic anemia, systemic 
lupus erythematosus, rheumatoid arthritis, Crohn’s disease, Sjögren’s syndrome, 
primary biliary cirrhosis, and insulin-dependent diabetes (2 %) [ 66 ,  74 ,  75 ,  86 – 89 ]. 
The risk for these diseases in women with POI is higher than in the general popula-
tion, suggesting that there may be a still unknown autoimmune component involved 
[ 90 ,  91 ].   

    Enzyme Defi ciency 

  POI is the most  common   long-term complication experienced by girls and women 
with classic galactosemia.  Galactosemia   is a rare autosomal recessive disorder due 
to a defect in  galactose 1-phosphate uridyltransferase (GALT) enzyme function   
[ 92 ,  93 ]. The prevalence of POI is 80–90 % in patients with galactosemia despite 
neonatal diagnosis and careful lifelong dietary restriction of galactose [ 94 ]. The 
cause of POI in classic galactosemia is not yet understood. The most common cause 
of classical galactosemia is the Q188R mutation, which is followed by the K285N 
in central European populations [ 95 ]. Several other mechanisms also have been 
proposed, like direct toxicity of metabolites (i.e., galactose-1-phosphate) on follicu-
lar structures during fetal life, altered gene expression, or aberrant function of hor-
mones and receptors due to glycosylation abnormalities leading to biological 
inactivity [ 81 ,  94 ,  96 ,  97 ]. Histological fi ndings are consistent with hypoplastic or 
streak ovaries [ 98 ,  99 ] and fewer follicles than expected for the patient’s age to 
almost complete absence of follicles [ 100 – 103 ]. The few follicles present in the 
ovaries of classic galactosemia patients are mainly of the primordial type, and 
maturing follicles are rarely seen [ 104 ,  105 ]. Anecdotal studies in girls at very 
young prepubertal ages suggest that a normal pool of primordial follicles forms 
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early in life, but the follicles undergo very rapid atresia, causing a severe decline in 
the follicular pool and ovarian hypoplasia [ 101 ,  104 ,  106 ]. 

 Studies in animal models also support a link between galactose metabolism and 
ovarian toxicity. For example, adult female rats fed a high galactose diet have dimin-
ished follicular development [ 107 ,  108 ]. Even prenatal exposure to galactose inhib-
its germ cell migration and can cause a reduction in oocyte pools [ 109 ,  110 ]. In 
contrast, the GALT knockout mice have normal fertility, even when challenged with 
a high galactose diet. The basis for this difference between mice and rat ovaries is 
unclear [ 111 ,  112 ]. 

 Aberrant FSH function may occur due to abnormal glycosylation of the hormone 
in women with classic galactosemia. The glycosylation state of  follicle-stimulating 
hormone (FSH)   is directly linked to its bioactivity in vivo, as well as to its rate of 
clearance, potency, and receptor binding and activation; therefore, hypoglycosyl-
ated isoform of FSH may even act as an antagonist [ 113 ,  114 ]. 

  Duarte galactosemia   is a mild variant of  galactose-1-P-uridy-lyltransferase 
(GALT) defi ciency  , characterized by the N314D mutation and additional intron and 
promoter sequence variations [ 95 ]. Patients with classic galactosemia have ≤1 % 
normal GALT activity in hemolysates, and patients with Duarte galactosemia have 
on average 25 % of the normal GALT enzyme activity levels [ 115 – 118 ]. The inci-
dence of  Duarte galactosemia   in newborns is 10 times higher than classical galacto-
semia [ 117 ,  119 ,  120 ]. Whether girls or women with Duarte galactosemia are at 
increased risk for POI is not completely clear. Small studies of girls with Duarte 
galactosemia and heterozygous carriers for classic galactosemia, which would be 
expected to have 50 % the normal level of GALT, did not fi nd any abnormalities in 
FSH, inhibin B, anti-Müllerian hormone (AMH), or sonographic antral follicle 
count [ 121 ,  122 ]. The mean age of menopause of classic galactosemia carriers is not 
different from normal controls. Larger studies are warranted to understand the 
impact of Duarte galactosemia on risk for POI.   

    Infectious Causes 

  The autoimmune  assault   of ovarian tissue can be triggered by various agents like 
viruses, bacteria, or self-ovarian antigens. The mumps and rubella viruses are well- 
known triggers of autoantibody production.  Mumps oophoritis   may cause POI with 
an incidence of 3–7 % in patients who contracted mumps during epidemic episodes 
[ 80 ,  81 ,  123 ]. However, the true incidence of post-oopheritis ovarian failure is 
unknown. Fortunately, a vast majority of affected women regain their ovarian func-
tion following recovery from the disease [ 124 ,  125 ]. There are also anecdotal reports 
of other viral and microbial infection followed by POI, such as tuberculosis, 
varicella, cytomegalovirus in immune-compromised patients, malaria, and shigella 
[ 7 ,  124 ,  126 ], but a cause and effect relationship has not been established and evidence 
is inconclusive [ 123 – 125 ].   
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    Latrogenic Causes 

    Environment and Lifestyle 

   Environmental factors  can      signifi cantly affect ovarian function. There are numerous 
epidemiologic studies confi rming the negative impact of cigarette smoking on natu-
ral age of menopause. Cigarette  smoke   is a complex mixture of alkaloids (nicotine), 
polycyclic aromatic hydrocarbons (PAHs), nitroso compounds, aromatic amines, 
and protein pyrolysates, which are reactive and carcinogenic [ 127 ]. Women who are 
current smokers have been found to enter menopause, on average, 1–2 years earlier 
than nonsmokers [ 128 – 130 ]. Current smokers also have decreased follicle density 
[ 131 ] compared to nonsmokers, and therefore, lower age-related AMH [ 132 ] and 
increased FSH levels [ 133 ]. It is thought that the negative effect of cigarette smok-
ing is dose dependent. In one retrospective cohort study, 656 naturally postmeno-
pausal women were found to have a declining mean age of menopause with 
increasing number of cigarettes smoked [ 134 ]. In another study of women aged 
44– 53 years, there was a trend toward declining of age of menopause when com-
paring nonsmokers to current >½ to 1 pack/day smokers [ 135 ]. The mechanism of 
these effects is unknown; however, there are multiple animal and in vitro studies 
that demonstrate the ovotoxicity of PAH [ 136 – 138 ] through inducing accelerated 
oocyte atresia, follicle depletion, or dysregulation of the hypothalamic–pituitary–
ovarian axis [ 128 ,  136 ,  139 – 141 ]. PAH was found to bind the aromatic hydrocarbon 
receptor of oocytes and granulosa cells, activating transcription of the proapoptotic 
gene  Bax  and consequently exerting its toxicity effect by triggering female germ 
cell death [ 142 – 146 ]. Taken together, animal studies strongly support the correla-
tion between smoking and early onset of menopause in women. 

 The effect of nutrition and other endocrine disruptors such as 
 2,3,7,8-teterachlorodibenzo- para-dioxin (TCDD)   or  Bisphenol A (BPA)   on sex hor-
mone levels and reproductive span has been studied in animal models although large 
prospective studies in humans are lacking [ 147 – 149 ]. Caloric restriction, particularly 
during early childhood, decreases the age at natural menopause as evidenced by the 
famous 1944–1945 Dutch famine [ 150 ]. However, studies on dietary factors and age 
of menopause are confl icting and need further investigation. 

 The presence of seizures has been reported as a risk factor for developing POI in 
a small study. Klein et al. [ 151 ] reported 14 % incidence of POI in women with 
epilepsy, irrespective of antiepileptic medication. Nevertheless, due to the small 
sample size this association needs more investigation.    

    Radiation 

   It is estimated that  approximately      one in 50 women will have a diagnosis of cancer 
before the age of 40 [ 152 ], and with recent advances in success of childhood cancer 
treatments the prevalence of iatrogenic POI has been increased [ 153 ]. Numerous 
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clinical studies, reviews, and meta-analyses have examined the effects of anticancer 
treatments (i.e., radiation and chemotherapy) on female reproductive function. 
In general, these treatments frequently result in irreversible loss of ovarian function 
depending on the type and dose of radiation [ 154 ,  155 ]. Women who are exposed to 
total body irradiation or irradiation of the abdomen or pelvic area are more likely to 
suffer irreversible ovarian damage and amenorrhea than those exposed in other 
places [ 156 – 158 ]. Additionally, radiotherapy that has given in a fractionated proto-
col is safer than a single protocol with a higher exposure [ 159 ]. Although the median 
lethal dose (LD50) of primordial follicles has been reported to be between 2 and 
6–18 Gray (Gy) [ 160 ,  161 ], it is estimated that as little as 2 Gy is able to cause loss 
of the half of human follicles [ 162 ]. At birth, the effective dose of fractionated 
radiotherapy at which POI ensures is 20.3 Gy; however, at 10 years the dose 
decreases to 18.4, at 20 years 16.5, and at 30 years 14.3 Gy [ 162 ,  163 ]. One study 
concluded that 26 % of women with total abdominal radiation for approximately 
3.5 years developed POI by the age of 23 [ 164 ]. Patients who receive a stem cell 
transplant with total body irradiation are at the greatest risk of developing 
POI. Virtually 100 % of patients who undergo a marrow transplant with total body 
irradiation after age 10 will develop acute ovarian failure, whereas 50 % of girls 
who received total body irradiation before the age of 10 will suffer from acute loss 
of ovarian function [ 158 ]. Therefore, risk of ovarian failure is dependent on the age 
at exposure (younger girls or women are more resistant), the dose, whether or not 
the pelvic area is being exposed, and the fractionation of doses [ 162 ,  165 ,  166 ].    

    Chemotherapy 

   POI is an unfortunate sequel of  cytotoxic      chemotherapy [ 167 ]. The gonadotoxic 
effect of chemotherapy on ovarian function can be transient, with the most impor-
tant predictive factors of ovarian damage being age, dose, type of chemotherapeutic 
agent, and the number of cycles/exposure [ 158 ,  168 ]. Higher doses and older age at 
treatment are both associated with greater damage [ 169 ,  170 ]. 

 Of the various chemotherapeutic drug classes, alkylating agents are thought to be 
the most cytotoxic [ 156 ,  171 ]. Examples of commonly cited alkylating agents asso-
ciated with POI include cyclophosphamide, melphalan, busulfan, chlorambucil, and 
nitrogen mustard [ 155 ,  158 ,  172 – 174 ]. After chemotherapy, patients have signifi -
cantly decreased primordial follicle counts, and this effect is greater for those who 
were treated with alkylating agents [ 175 ]. In rodent models, cyclophosphamide 
causes a dose-dependent loss in primordial follicles even at doses as low as 20  mg/
kg [ 176 ]. However, in a mouse model, a single dose of 200 mg/kg of cyclophospha-
mide results in an 87 % reduction in primordial follicle count 72 h after intraperito-
neal administration [ 177 ,  178 ]. This effect is consistent with observations in humans 
[ 175 ]. The presence of amenorrhea soon after treatments also suggests a direct 
impact of chemotherapy on growing and antral follicles [ 158 ]. Byrne et al. have 
assessed the risk of early menopause in a cohort of 1067 childhood cancer patients 
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between 1945 and 1976 and found a 9.2-fold increased relative risk for those treated 
with alkylating agents and 27-fold for women who received a combination of 
abdomino-pelvic radiation and alkylating agents [ 179 ]. Additionally, adolescent 
cancer survivors who were diagnosed between the ages of 13–19 have four times 
greater risk of menopause than controls [ 179 ]. In addition to the effect of chemo-
therapy agents on primordial follicles, most regimens, regardless of whether they 
include an alkylating agent, may have detrimental effects on ovarian stromal func-
tion [ 175 ]. Therefore, considering static follicle counts as the sole measure of 
gonadotoxicity may lead to an underestimation of ovarian damage, as these stromal 
alterations may culminate in POI.    

    Surgery 

   Almost any  pelvic surgery      has the potential to damage the ovary by affecting its 
blood supply or causing infl ammation in the area. Hysterectomy without bilateral 
oophorectomy, whether laparoscopic or abdominal, decreases ovarian reserve and 
causes a nearly twofold increased risk of POI [ 180 – 183 ]. While FSH levels in 
women with hysterectomies and controls provide compelling evidence to support 
the increased incidence of POI following hysterectomy, the mechanistic pathway is 
still unknown [ 183 ,  184 ]. 

  Uterine artery embolization (UAE)  , an interventional technique used to manage 
various gynecological disorders, has the potential to cause POI by compromising 
the vascular supply to the ovary [ 185 ,  186 ]. In a randomized controlled trial of 
women undergoing either hysterectomy or UAE, both groups were found to have a 
signifi cant increase in FSH compared to baseline and a signifi cant reduction in 
AMH levels compared to the age expected levels at the end of the 24-month follow-
 up [ 186 ]. The effect of  UAE   on ovarian reserve has been found to be equal to that of 
hysterectomy and myomectomy [ 186 – 189 ]. POI can occur following surgery for 
bilateral endometriomas [ 190 – 192 ]. The frequency of this complication is estimated 
to be 2.4 %, but further confi rmation is warranted. It is not known whether postsur-
gical ovarian dysfunction is attributable to the underlying clinical problem that 
prompted the cystectomy or endometrioma or whether surgery itself is a contributing 
factor. More studies are necessary to resolve this.     

    Conclusion 

 The etiology of POI is clearly heterogeneous and often largely unknown. The advances 
in genomic, environmental, and biomarker research will give us a better mechanistic 
understanding of the basic regulation of ovarian development and function as well as 
pathologic decline in the ovarian reserve. The future holds great promise for having 
a deeper understanding of the origins of POI. 
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    Chapter 3   
 Signs and Symptoms of Primary Ovarian 
Insuffi ciency       

       Amanda     A.     Allshouse       and     Amy     L.     Semple     

            Vignettes 

      1.     Before I was diagnosed with POF, I would have hot fl ashes—I remember them as early 
as 21, sitting in my college class. I really didn't think anything of it. Throughout my early 
20s, I would have ovarian cysts “rupture,” which were very painful, and at times, 
I would faint from the pain. I was diagnosed with endometriosis and had several surger-
ies. When I was in my late 20s, I went to a fertility doctor because I could not get preg-
nant. My FSH level was over 100, and I was told there would be no way for me to have 
my own children. I felt like an old woman. I decided that I would not let this defeat me. 
I lost 70 lbs. by running, lifting weights, and eating healthy. I thought that by doing this 
I would restore my fertility; however, I was wrong. Eventually, I used donor eggs and 
had my daughter this past October. Actually, fi nding out that I had POF made me 
reevaluate my life and realize that there are things I can control and things I cannot. 
I don't believe I would have ever lost the weight or starting running if I didn't fi nd out I 
had POF, so as strange as it may sound, I am thankful for it.  

  —Rachel, age 35 (6 years since diagnosis)    

  2.     Prior to my POI diagnosis, my symptoms were both physical and emotional. 
My periods were never regular. I started to have issues with an anxiety disor-
der at 19. At 27, I was diagnosed with hypoglycemia. In my mid-thirties I was 
diagnosed with low blood pressure, and night sweats and hot fl ashes began 
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when I was 34. Coinciding with the vasomotor symptoms were mental fog, 
increased attention defi cit disorder, clicking and clunking in my hip joints, 
muscle tightness throughout my body, and exhaustion. I was in therapy for 
most of my twenties to deal with the anxiety disorder, which was quite helpful. 
I am an avid gym-goer, which kept me physically and mentally strong through-
out. I keep a strict diet of high protein and carbs to balance the hypoglycemia, 
and I drink way too much coffee to counteract the low blood pressure.  

  I was diagnosed with POI at 36. At that time, I started hormone replace-
ment therapy. I take 1 mg/day estrogen, 2.5 mg/day progesterone, and 2 
drops/day testosterone. With HT, the night sweats, hot fl ashes, and exhaus-
tion went away; however, the clicking and clunking in my hip joints and the 
muscle tightness throughout body persist; mental fog has decreased, ADD is 
back to my “normal,” hypoglycemia diminished, and the anxiety disorder 
greatly lessened.  

  It was a great challenge to be told not only that I was in menopause in my 
mid- thirties, making me feel much older than I actually was, but to make mat-
ters worse, told “…you will never have your own children.” As I had yet to 
start a family, it was quite devastating to hear this. I did not fi nd much sympa-
thy from friends or family and now still fi nd odd reactions from people when 
they fi nd out I don’t have children. Sometimes, I tell them I can’t, while other 
times I just let them go ahead and judge me almost as if asking “what kind of 
woman doesn’t want children?” Being involved with POI support organiza-
tions and doing what I can to help the cause for POI make me feel that at least 
I can see that some good comes from this diagnosis. Being fi t and active has 
been a huge benefi t to me throughout. Now, I’m old enough to pretend I’ve 
raised my kids and am living the life people lead when this happens.  

  Pre-POI was awful, the process of diagnosis of POI was horrendous, but 
now the post POI…not so terrible, all things considered.  

  —Amy      

       Introduction 

 The symptoms of age-appropriate menopause are well documented [ 1 ] and appear 
to diminish appreciably within several years of the fi nal menses [ 2 ]. Women with 
POF/POI often exhibit evidence of sporadic ovarian function and pregnancy, some-
times long after the diagnosis is established [ 3 ]. The nature and length of additional 
symptoms specifi c to POF/POI are less widely understood. POF/POI is associated 
with anxiety, depression, stress, irritability, nervousness, decreased libido, lack of 
concentration, hot fl ushes, weight gain, dry skin, vaginal dryness, and increased 
autoimmunity disruption [ 4 – 6 ]. A prospective, longitudinal cohort of women stud-
ied both before and after a POF/POI diagnosis, with comparison groups of age-
similar women without POF/POI and women traversing age-appropriate menopause, 
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would be the gold standard method of tracking and attributing symptoms of POF/
POI; however, such a cohort would be diffi cult to construct because of the low 
prevalence of POF/POI and the diffi culty in identifying women who are at greater 
risk, making a retrospective study design more feasible [ 7 ]. Asking women to recall 
symptoms that occurred in the past could potentially be an unreliable method of 
collecting data, due to the known diffi culties of recall bias. Comparing current 
symptoms across women with varying numbers of years since POF/POI diagnosis 
allows for a comparison of the nature of differences in POF/POI symptom preva-
lence over time since diagnosis between women. 

 The body of this chapter references  our cohort , where 160 women diagnosed 
with POF on average 10 years before taking the survey were asked about current 
symptoms [ 8 ]. In our cohort, respondents were recruited through an online support 
group facilitated by The  International Premature Ovarian Failure Association 
(IPOFA)   organization and asked to complete an online anonymous survey designed 
to further illuminate the symptoms associated with POF/POI. In addition to the 
inclusion of validated instruments [ 9 ,  10 ] and additional specifi c symptoms, multi-
ple opportunities to write-in responses were offered. Responses from many of such 
write-in opportunities are included in this chapter. Symptom prevalence generally 
did not greatly decline with time since diagnosis. 

 The consequence of infertility is perceived differently by women diagnosed with 
POF/POI, depending on whether their family planning goals had been achieved 
prior to diagnosis. For some, the diffi culty of infertility outweighs any independent 
physical or mental symptoms and could be a source of additional anxiety or depres-
sion. Mood, symptom, and fertility questions specifi c for women with POF/POI 
could better articulate the burden brought on by this diagnosis.  

    Diagnosis 

  While a POF/POI  diagnosis   in a woman under age 30 is rare (0.1 %), case reports 
featuring these diagnoses share a similar trend, that the change in menstruation from 
regular to irregular cycles [ 11 ,  12 ] prompts the diagnosis. In general, women who 
experience early amenorrhea due to POF/POI do not report prodromal symptoms 
[ 13 ]. As the diagnostic process can involve ruling out other conditions and running 
multiple tests [ 14 ], a POF/POI diagnosis can take time and input from a team of 
providers. 

 Among women in our cohort, the number of types of providers seen for treat-
ment and/or management of POF/POI exceeded 9 for some, with half of women 
requiring four or more health-care providers. A gynecologist was seen most com-
monly for POF/POI (89 %), followed by a reproductive endocrinologist (79 %). 
Alternative medicine was utilized by several women as indicated by 34 % who 
visited an acupuncturist, 17 % who frequented massage therapists, and 11 % who 
visited a chiropractor. The duration of time between the onset of symptoms and the 
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diagnosis of POF/POI was not associated with a different number of providers seen 
for treatment. 

 Some women report dissatisfaction with the experience of how they were 
informed of the diagnosis [ 6 ], and a multidisciplinary management team of provid-
ers could help a patient with management of this chronic condition [ 15 ].   

    Management of Symptoms 

   Although   some menopausal symptoms have been found to persist or worsen over 
time, many women in our cohort reported feeling that they had adequate management 
of symptoms. Women who were diagnosed more recently reported a lower rate of 
satisfactory symptom management (60 %) than women diagnosed more than 5 years 
ago (75 %). When asked how long before symptoms were adequately managed, 
50–75 % of women were able to control symptoms within 0.5–2 years. Even though 
27 years after a diagnosis, one woman reported that her symptoms were not ade-
quately managed, the overwhelming majority of women diagnosed 10 years or more 
felt symptoms were adequately managed. Women taking hormonal therapy reported 
having achieved symptom management at a greater rate (71 % for 1 hormone, 81 % 
for 2 hormones, 83 % for 3 hormones) than those reporting no HT usage (47 % 
reported satisfactory symptom management). When symptoms persist over time, the 
right combination of treatments to manage symptoms is attainable for many.   

    Menopause-Like Symptoms 

   Age-appropriate menopause  occurs   between ages 45–54, with a median age of 51.4 
at the fi nal menses [ 16 ]. Age-appropriate menopause  is   often accompanied by hot 
fl ashes, night sweats, sleep problems, mood changes, and vaginal dryness [ 1 ]. POF/
POI is also associated with these symptoms. POF/POI occurs earlier in life and is 
more likely to be marked by a return of menses, ovulation, and possibly pregnancy 
[ 17 – 21 ]. In contrast with age-appropriate menopause, women with POF/POI have 
frequent evidence of sporadic ovarian function and pregnancy, sometimes long after 
the diagnosis is established [ 3 ]. This can lead to both unexpected hormonal fl uctua-
tions, a lingering hope for a treatment-free resolution to fertility challenges, and 
also to repeated episodes of hormonal withdrawal when ovarian function stops. 
While age-appropriate menopause is traversed by an age cohort together, increased 
isolation from peers in managing the symptoms and consequences is reported by 
women with a POF/POI diagnosis. 

 The  Menopause-Specifi c Quality of Life Questionnaire (MENQOL)   is a validated 
instrument used to assess health-related quality of life in the postmenopausal period 
and consists of 29 Likert-scale formatted items. Each item assesses the impact of one 

A.A. Allshouse and A.L. Semple



41

of four domains of menopausal symptoms, as experienced over the last month in the 
following order: vasomotor (3), psychosocial (7), physical (16), and sexual (3). Items 
pertaining to a specifi c symptom are rated as not present (score = 1) or present 
(score = 2) and if present, how bothersome on a zero (not bothersome) to six 
(extremely bothersome) scale. The resulting total score on any one item ranges from 
one to eight. Means are computed for each subscale by dividing the sum of the domain 
item scores by the number of items within that domain. A higher score indicates 
poorer quality of life. 

  From   MENQOL responses in our cohort, 46 % of women reported currently 
experiencing hot fl ushes, 40 % experience night sweats, and 34 % reported sweat-
ing (43 % of whom were bothered to some degree by sweating). Additional write-
in responses from our cohort along the line of vasomotor symptoms included 
attributing the following symptoms to POF/POI: body odor from sweat and heat 
intolerance. 

 In our cohort, time since diagnosis in years was weakly negatively correlated 
with  the   MENQOL vasomotor domain indicating that, with time, these symptoms 
did not improve and in fact worsened. Comparing women who were diagnosed 
within the past 5 years to women who were diagnosed longer ago, more recently 
diagnosed women had a higher menopause-related quality of life for both vasomo-
tor and psychosocial symptoms. These results indicate that with time and age, 
symptoms of POF/POI may persist and/or increase, in contrast with the experience 
of age-appropriate menopause [ 16 ].    

    Weight and GI Symptoms 

    As age-appropriate  menopause   occurs in tandem with  the   aging process, it is also 
associated with weight gain,  slowed   metabolism, and increased cardiovascular 
risk—related primarily to the aging process. An increase in trunk and leg fat with 
POF/POI among women undergoing chemotherapy for breast cancer [ 22 ] and 
increased risk of weight gain among premenopausal women undergoing hysterec-
tomy, even without bilateral oophorectomy [ 23 ], have demonstrated increases in 
weight among women undergoing surgical processes similar to primary POF/POI. 

 Several women in our cohort reported turning to exercise to manage symptoms, 
which is refl ected in the distribution of current weight in our cohort, with 56 % in 
the normal BMI category. Pre-obesity (BMI 25–<30) was the current state of 25 % 
of our cohort, and obesity was observed in classes I (9 %), II (3 %), or III (3 %), with 
the remaining 4 % being underweight. When asked for a target weight, 85 % of 
women successfully identifi ed a weight that would place their BMI in the normal 
range. From the MENQOL, 46 % of our cohort reported weight gain in the past 
month, and 50 % report feeling bloated. 

 Women in our cohort reported attributing weight-related symptoms to POF/POI: 
irregular appetite, increase in appetite, diffi culty losing weight, weight gain, mid-
section weight gain, increased breast size, and weight changes. Some women 
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reported symptoms of weight loss, in some cases concurrent with a decrease in 
breast size. Additionally some women in our cohort report experiencing symptoms 
related to digestion: abdominal bloating, gastrointestinal issues, and constipation. 
Additional research would help better document these symptoms on a wider scale 
in this population. From the MENQOL, 50 % of our cohort reported fl atulence or 
gas pains in the past month.     

    Mindfulness and Mental Fog 

    Women who have  undergone   surgical menopause including oophorectomy may 
have short-term poorer cognitive function [ 24 ]. Nearly half of the women (48 %) in 
our cohort reported “mental fog” in the past 30 days, 69 % of  whom   found the men-
tal fog to  be   moderate or severe. From  the   MENQOL, 69 % reported experiencing 
poor memory. Additionally, other variations of cognitive impairment were provided 
in a write-in opportunity: brain fog, aphasia, diffi culty concentrating, forgetfulness, 
memory issues/loss, and losing train of thought. 

 Using a validated instrument, the  Cognitive and Affective Mindfulness Scale- 
Revised (CAMS-R)   [ 10 ] to assess mindfulness of thoughts and feelings, we further 
assessed attention, present-moment focus, awareness, and acceptance/nonjudgment 
in our cohort.  Each   CAMS-R domain score and time since POF/POI diagnosis were 
shown to be poorly correlated, indicating that there is little difference in mindful-
ness between women diagnosed recently and women diagnosed more than 20 years 
ago. This suggests that similarly to women who undergo surgical menopause, 
women with POF/POI could suffer cognitively and these symptoms could persist 
over time. 

 A synergistic effect of physical symptoms and mindfulness is plausible. Women 
who experienced more severe symptoms demonstrated lower levels of mindfulness 
as measured by the CAMS-R in each domain and overall. 

 Additionally, women reporting mental fog in the past 30 days reported lower 
levels of mindfulness than women not reporting mental fog. Increased physical 
symptoms and mental fogginess can decrease a woman’s mindfulness. This constel-
lation of symptoms can be diffi cult to articulate for patients, in part because of the 
feeling of fogginess and in part because of the lack of specifi city of the term. 
Attentiveness to the need to ask probing questions regarding symptoms of mindful-
ness and mental fog could improve patient/clinician communication.     

    Depression 

   A history  of   depression is  highly   prevalent among women with POF/POI, as dem-
onstrated by our cohort where 43 % of women reported a history including a diag-
nosis of depression and a previous work [ 25 ] where 67 % of women with POF/POI 
had a lifetime history of either major (55 %) or minor (13 %) depression. Among 
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women with a history of a diagnosis of depression, the diagnosis of depression pre-
ceded the POF/POI diagnosis for many, 43 % [ 8 ] and 68 % [ 25 ]. For the 43 % of 
women in our cohort with depression for whom the depression came fi rst, it was 
diagnosed within 5 years prior to POF/POI for 40 % and more than 5 years before 
POF/POI for 60 %. From MENQOL responses in our cohort, 51 % reported feeling 
depressed in the past month, and 50 % reported feeling dissatisfi ed with their 
personal life in the past month. The association between POF/POI and depression 
has been suggested to be overlapping pathophysiology [ 25 ] or bidirectional in our 
cohort, as opposed to causal. 

 When comparing women with a history of depression to those without, years 
since diagnosis, current age, and age at diagnosis were similar in our cohort. Women 
with a history of depression reported worse quality of life via the MENQOL in each 
of 4 domains, more symptoms overall in the past 30 days, and twice as many severe 
symptoms in the past 30 days and had worse mindful qualities as measured by the 
CAMS-R overall and in all of the 4 domains. Depression could exacerbate symp-
toms associated with POF/POI.    

    Skin and Hair 

     Lower levels of  estrogen   impact skin tissue resulting  in   dryness, atrophy, fi ne wrinkling, 
and poor healing [ 26 ]; however, exogenous estrogen administered through hormone 
therapy can help manage these symptoms. Women in our cohort reported associat-
ing many such symptoms with their POF/POI diagnosis: acne, enlarged pores, 
saggy skin, itchy skin, and brittle nails with the addition of nasal dryness/nose 
bleeds, vocal loss/dryness/nodules, and of course vaginal dryness. Women in our 
cohort also attributed changes in hair, gray hair, and dulling of the color of their hair 
to POF/POI. 

 In our cohort, 24 % of  women   reported hair loss in the  past   30 days; an additional 
24 % reported hair loss prior to the past 30 days. From the MENQOL, 56 % of 
women in our cohort reported drying skin in the past 30 days, 30 % reported 
increased facial hair, and 42 % reported changes in texture and or tone of skin.      

    Thyroid Disorder and Eye Dryness 

      Hypothyroidism   was reported by 17 % of our cohort, over  three   times the  rate 
  observed at  the   national level.  Some   studies have noted a higher prevalence of thy-
roid disease in women with POF/POI that did not greatly decline with time since 
diagnosis [ 14 ,  15 ], in contrast with other work suggesting that the rate of hypothy-
roidism is not greater in women with POF/POI [ 27 ,  28 ] compared to the general 
population. The interaction of thyroid replacement and exogenous estrogen has 
been examined in postmenopausal women [ 29 ], however not specifi cally in a 
younger cohort with POF/POI. 
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 When asked about having ever had dry eyes, 54 % of our cohort had experienced 
the symptom; of these women, 68 % experienced the symptom in the past 30 days, 
and 34 % reported some relief with HT.      

    Sexual and Urinary Health 

     The most  common   sexual  health   problems affecting women relate to desire, arousal, 
orgasm, and pain [ 30 ]. Many women report concerns in these areas both after the 
hormonal changes associated with menopause, in addition to earlier in life [ 31 ]. 
In our cohort, responses to the MENQOL regarding experiences in the past 30 days 
indicate that 58 % of women had changes in sexual desire in the past 30 days, 69 % 
of whom were moderately to severely bothered by the changes; vaginal dryness dur-
ing intercourse was reported by 55 %, with 65 % moderately to severely bothered 
by the symptom; and 54 % report avoiding intimacy, with 67 % moderately to 
severely bothered by avoiding intimacy. 

  Urinary incontinence is   associated  with   menopause; however, among women 
who have had a hysterectomy, removal of the ovaries has not been shown to increase 
the odds of incontinence [ 32 ]. One case study has demonstrated the co-occurrence 
of POF/POI and incontinence [ 33 ]. Within our cohort, responses to the MENQOL 
regarding the past 30 days indicate that 31 % experienced involuntary urination 
when laughing or coughing, and 31 % report frequent urination. 

 Write-in responses from our cohort included concerns about anorgasmia, coital 
incontinence, low/absent libido, pain during intercourse (dyspareunia), urge incon-
tinence, vaginal atrophy, pelvic prolapse, and bladder oversensitivity to dehydra-
tion. Recurrence of bacterial vaginosis, urinary tract infections, and yeast infections 
were reported by some, as well as uterine polyps, lower abdominal pain, and lower 
abdominal tingling.      

    Neurological Symptoms 

   Fluctuations in sex hormones  may   be associated  with   the tendency to develop 
benign paroxysmal positional vertigo (a cause of dizziness) [ 34 ]. Migraine has been 
associated with drops in endogenous estrogen levels [ 35 ], migraine onset has report-
edly occurred during the hormonally instable period of perimenopause [ 36 ], and 
prolonged amenorrhea may trigger migraines as well [ 37 ]. 

 Tingling in legs and feet was reported by 38 % of our cohort, 66 % of whom 
experienced the symptom in the past 30 days. Write-in responses from our cohort 
included concerns about electric shock sensations, headaches/migraines, hearing 
phantom sounds/tinnitus, dizziness, and peripheral neuropathy (tingling/numbness 
in limb).    
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    Physical Strength/Weakness and Pain 

         Bone mineral density   is expected to be lower  in   women with POF/POI than women 
without such a diagnosis [ 38 ]. The mechanism  of   bone mass loss has been attributed 
 to   low estrogen and high FSH concentrations [ 39 ]. Preventatively monitoring and 
treating women with POF/POI to prevent fracture is merited [ 40 ]. 

 Write-in responses from our cohort included concerns attributing the following 
symptoms to POF/POI: osteopenia/osteoporosis, low vitamin D, fi bromyalgia, body 
aches, muscle pain (myalgia), tight ligaments around hips, weakness, hand arthritis, 
and joint pain (arthralgia). 

 Responses in our cohort regarding experience in the past 30 days on several 
MenQOL items related to physical pain and strength included 43 % with low back-
ache, 58 % with aches in muscle and joints, 56 % with aches in back of neck or 
head, and 46 % reporting decrease in physical strength.         

    Circulatory and Metabolic Symptoms 

     While  cardiovascular disease (CVD)   remains the leading cause of death of women 
in the USA, women with POF/POI are at a greater risk of CVD [ 41 ]. However,    they 
 may   only be  at   increased risk of  overall   CVD and heart attack but not stroke [ 42 ]. 
Write-in responses from our cohort indicated concerns with heart rhythms and the 
POF/POI diagnosis, specifi cally chest pain, tachycardia, rapid pulse/heart racing, 
and premature ventricular contractions. 

 Among women experiencing age-appropriate menopause, there is an association 
with an atherogenic lipid profi le compared to premenopausal younger women [ 43 ]. 
Higher total cholesterol among women with POF/POI compared to age-similar con-
trols has suggested that estrogen deprivation in women with POF leads to unfavor-
able lipid changes [ 44 ]. 

  Cold intolerance   was reported by 52 % of our cohort, with 64 % experiencing the 
symptom in the past 30 days and only 20 % noting improvement with 
HT. Hypoglycemia was reported by 16 % of our cohort, 65 % of whom experienced 
the symptom in the past 30 days. Low blood pressure was reported by 34 % of our 
cohort, with 45 % experiencing the symptom in the past 30 days and only 18 % 
reporting improvement with HT. Write-in responses from our cohort included con-
cerns attributing high cholesterol to the POF/POI diagnosis. High blood pressure, 
infl ammation of veins (phlebitis), varicose veins, and edema (swelling in hands/
feet) were also written in as suspected to be associated with POF/POI by respon-
dents in our cohort.      
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    Allergies and Immune System 

     An autoimmune process  is   hypothesized by some to be  a   cause  or   consequence of 
POF/POI [ 45 ]. In one  retrospective   study, women with POF/POI were diagnosed 
with allergies on average 10 years before women with surgically induced meno-
pause [ 7 ].  Gluten allergies   were reported by 10 % of our cohort, with 86 % experi-
encing the symptom in the past 30 days. Write-in responses from our cohort 
attributed allergies, weak immune system, fevers, and ear/sinus infections to a 
woman’s POF/POI diagnosis.      

    Infertility and the Consequence of a Traumatic Diagnosis 

  The   physical symptoms attributable to POF/POI involve  one   route of treatment and 
management.  The   consequence of infertility and  for   some women the traumatic 
news that goals of family planning will likely be attained through assisted reproduc-
tion with donor oocytes or by adoption will require additional attention and man-
agement of anger, depression, anxiety, loss, and sadness [ 46 ]. Although there are 
instances of pregnancy after a POF/POI diagnosis [ 3 ,  18 ,  20 ,  21 ,  47 ], the diagnosis 
can mean insurmountable fertility challenges. In agreement with previous work 
[ 48 ], some women in our cohort reported anger, rage, and grief. Additionally, infer-
tility has been associated with stress and a feeling of life being disrupted [ 49 ]. In 
order to begin the process of coping, attention should be directed explicitly to the 
consequence of infertility for a woman who desires to have a child or the option of 
having a child in the future. The physical symptoms of POF/POI should not be con-
sidered in isolation of the emotional stress of infertility, as the two can potentially 
be equally debilitating.  

    Energy, Sleep, and Mood 

  Higher levels of FSH have been  associated   with mood sleep disturbances and night-
time wakefulness in perimenopausal women [ 50 – 52 ]. Wakefulness and sleep distur-
bances can lead to an impact on daytime mood. Mood swings were reported by 
65 % of our cohort, with severe mood swings reported by 15 % of respondents. 
Responses from our cohort to MENQOL items indicate diffi culty sleeping in the 
past 30 days by 52 % of our cohort, lack of energy by 74 %, 84 % feeling tired or 
worn out, 54 % experiencing a decrease in stamina, and 48 % reported feeling like 
she accomplished less than she used to. From the MENQOL, 64 % of women in our 
cohort reported feeling anxious or nervous in the past month, 47 % reported wanting 
to be alone, and 65 % reported feeling impatient with other people.   
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    Summary 

 The stress of a traumatic diagnosis and a potential resulting struggle with fertility 
options could lead to a deep need for support that many women cannot fi nd from 
their peers similar in age who are not met with the same challenges. A long road to 
an accurate diagnosis can postpone the time until symptoms can be properly man-
aged. Symptom checklists created for the age-appropriate menopausal woman 
would not adequately capture the scope of symptoms experienced by women with 
POF/POI. Specifi cally the fertility challenges experienced by women with a POF/POI 
diagnosis prior to meeting family planning goals are different from the experience 
of women who anticipate menopause as the age of 50 approaches. Like those who 
experience age-appropriate menopause, women with a POF/POI diagnosis experience 
elevated FSH, lack of menstrual cycles, and hypoestrogenic symptoms. Additional 
symptoms and comorbidities associated with POF/POI include hypothyroidism, 
higher rates of depression, and all that accompanies the consequence of unexpected 
infertility for women who had not yet achieved family planning goals. Time since 
diagnosis was similar between women who reported each symptom recently vs. 
otherwise, again indicating a similar pattern of symptoms regardless of duration 
past diagnosis with POF/POI. Women report relief from POF/POI symptoms with 
physical fi tness, hormonal therapy, and physical adjustments from massage, 
acupuncture, and visiting a chiropractor. Additional health risks in time that could 
be associated with POF/POI remain an important question to study.     
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    Chapter 4   
 The Genetics of POI       

       Violet     Klenov      and     Amber     R.     Cooper     

      Abbreviation 

   AIRE    Autoimmune regulator   
  AMH    Anti-Mullerian hormone   
  APECED    Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy   
  APS1    Autoimmune polyglandular syndrome type I   
  ATM    Ataxia telangiectasia mutated   
  BMP15    Bone morphogenetic protein 15   
  BPES    Blepharophimosis-ptosis-epicanthus inversus syndrome   
  BRCA1    Breast cancer susceptibility gene 1   
  CLPP    Caseinolytic mitochondrial matrix peptidase proteolytic subunit   
  CYP17A1    17α-hydroxylase   
  CYP19A1    Aromatase   
  DACH2    Dachshund, Drosophila, Homolog Of, 2   
  DIAPH2    Diaphanous homolog 2 (Drosophila)   
  eIF    Eukaryotic translation initiation factor   
  ESR    Estrogen receptor   
  FMR1    Fragile X mental retardation 1   
  FMR2    Fragile X mental retardation 2   
  FMRP    Fragile X mental retardation protein   
  FOXL2    Forkhead box transcription factor   
  FSH    Follicle-stimulating hormone   
  FSHR    FSH receptor   
  FXS    Fragile X syndrome   
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  FXTAS    Fragile X-associated tremor/ataxia syndrome   
  GALT    Galactose-1-phosphate uridyltransferase   
  GDF9    Growth differentiation factor 9   
  GnRH    Gonadotropin-releasing hormone   
  GnRHR    GnRH receptor   
  GPCR    G-protein-coupled receptor   
  HARS2    Histidyl-tRNA synthetase 2, mitochondrial   
  HCG    Human chorionic gonadotropin   
  HSD17B4    17-Beta-hydroxysteroid dehydrogenase 4, 17-beta-HSD 4   
  INHA    Inhibin, alpha   
  IVF    In vitro fertilization   
  LH    Luteinizing hormone   
  LHR    LH receptor   
  MRI    Magnetic resonance imaging   
  OHSS    Ovarian hyperstimulation syndrome   
  PEO    Progressive external ophthalmoplegia   
  PGRMC1    Progesterone receptor membrane component 1   
  POF1    Premature ovarian failure 1   
  POF2    Premature ovarian failure 2   
  POI    Primary ovarian insuffi ciency   
  POLG    Polymerase (DNA-directed) gamma   
  STAR    Steroidogenic acute regulatory protein   
  TGFβ    Transforming growth factor β   
  TSH    Thyroid-stimulating hormone   
  USP9X    Ubiquitin-specifi c protease 9   
  USP9X    Ubiquitin-specifi c protease 9   
  WRN    Werner   
  XPNPEP2    X-Prolyl aminopeptidase 2   
  ZFX    Zinc fi nger X   
  ZFX    Zinc fi nger protein, X-linked   

          Patient Vignette 

    Emily, a 23-year-old budding journalist who had never been pregnant, nor found 
“Mr. Right,” sat down in her physician’s consult room with trepidation, waiting for him to 
come in. It couldn’t possibly be worse news, she thought to herself, than when she was here 
six weeks prior. She was told then what she suspected, that her ovaries were no longer work-
ing and she had POI. Since then she had initiated hormone therapy and felt better but was 
still grappling with the diagnosis. She decided to move forward with some genetic testing 
because more than anything she wanted to understand why this was happening to her. She 
wondered why her doctor hadn’t given her the results over the phone and this worried her. 
Her physician entered the room with a warm hello followed by small talk and discussion of 
the medications she had started; then she heard the dreaded empathetic sigh and pause. 
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“Emily, I may have discovered why your ovaries are no longer working” her physician said. 
“There is an abnormality with your X chromosome.” “What does that mean?” Emily asked. 
“Well, that’s the diffi cult part,” he continued “It is only in a small portion of your cells, at 
least based on the blood test, and we should probably do more follow-up tests because it 
could have more health implications.” Great! More bad news! Emily just shook her head. 
He continued, “It could mean you have a mosaic form of something called Turner syn-
drome. Such a syndrome has been associated with heart and blood vessel concerns, abnor-
malities in hearing and/or vision, and other things. It could also mean there is a risk to even 
carrying a pregnancy in the future even using a donor egg.” Emily stopped processing the 
news. She no longer wanted to know why, she just wanted to leave….  

       Introduction 

 As previous chapters have described, the etiology of primary ovarian insuffi ciency 
(POI) is complex and largely unknown. Especially once iatrogenic causes of POI 
are excluded (i.e., chemotherapy, surgery, and radiation), the vast majority of cases 
throughout the world are spontaneous and idiopathic. Many researchers have 
sought to uncover genetic etiologies of POI, often without as much success as 
expected. Much of this may be due to limited genomic technologies in the past, 
cost, and smaller studies that lack power to detect genes with smaller effect sizes. 
Furthermore, understanding both normal and pathologic ovarian aging is diffi cult 
because it is likely polygenic and multifactorial. As with many complex traits, there 
may be both a genetic or heritable component and an environmental role (i.e., 
smoking, oxidative stress, blood fl ow, endocrine disrupting chemicals, and toxins) 
[ 1 ]. There are likely thousands of genes throughout the genome involved in ovarian 
function [ 2 ]. With recent expansion of genetic testing, lowered cost, and increased 
awareness, more genes of interest have been uncovered. However, even with exist-
ing testing, over 90 % of idiopathic, spontaneous POI has an unknown etiology 
[ 3 – 5 ]. At present, recommended genetic testing for women with spontaneous POI 
includes a karyotype and  FMR1  (fragile X mental retardation 1) gene testing, 
though many other ongoing studies could add to the testing armamentarium in the 
near future [ 3 ,  6 ]. 

  Meiosis                                                               is  critical                                                               to oocyte development and endowment. Anything that inhibits 
the initial meiotic steps of gamete formation can lead to POI early in life. While 
only approximately 10 % of young girls or women who will be given a diagnosis of 
POI present with primary amenorrhea, they are more apt to have an abnormal fi nd-
ing on karyotype testing (50–60 %) [ 7 ,  8 ]. Women with secondary amenorrhea have 
an abnormal karyotype 10–15 % of the time [ 9 ]. Only 10–20 % of the time there is 
thought to be a familial component to POI, and mode of inheritance is largely 
unknown and varied due to small pedigrees and past studies [ 4 ]. A thorough history 
and physical exam is warranted because there are both syndromic (Table  4.1 ), albeit 
rare, and non-syndromic (Table  4.2 ) etiologies of POI which will be discussed in 
detail in this chapter.

4 The Genetics of POI
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   Table 4.1    Syndromes associated with  POI     

 Syndrome  Candidate POI genes  Location  Associated fi ndings 

 Turner syndrome  USP9X, ZFX, BMP15  X 
chromosome 

 Short stature, webbed 
neck, low-set ears, widely 
spaced nipples, cardiac 
anomalies 

 BPES 
(blepharophimosis-
ptosis- epicanthus 
inversus syndrome) 

 FOXL2  3q23  Eye malformations, broad 
nasal bridge 

 Galactosemia  GALT  9p13  Buildup of 
galactose→jaundice, 
vomiting, failure to thrive, 
hepatomegaly, intellectual 
disability 

 Ataxia telangiectasia  ATM  11q22  Cerebellar ataxia, ocular 
telangiectasia, immune 
defi ciency, predisposition 
to cancer 

 PEO (progressive 
external 
ophthalmoplegia) 

 POLG  15q24  Weakness of ocular 
muscles, fatigue 

 Perrault syndrome  HSD17B4, HARS2, 
CLPP 

 5q2, 5q31.3, 
19p13.3 

 Sensorineural hearing 
loss, intellectual disability 

 APECED (autoimmune 
polyendocrinopathy-
candidiasis- ectodermal 
dystrophy) 

 AIRE  21q22.3  Mucocutaneous 
candidiasis, 
hypoparathyroidism, 
Addison’s disease, 
predisposition to 
autoimmune disease 

 Ovarian leukodystrophy  EIF2B2, EIF3B4, 
EIF2B5 

 14q24.3, 
2p23.3, 3q27 

 Progressive neurological 
degeneration 

 Lipoid congenital 
adrenal hyperplasia 

 StAR  8p11.2  Cholesterol 
accumulation→ 
congenital adrenal 
insuffi ciency 

 Congenital adrenal 
hyperplasia 

 CYP17A1  10q24.3  Hypertension, 
hypokalemia, ambiguous 
genitalia 

 Aromatase defi ciency  CYP19A1  15q21.1  Ambiguous genitalia, 
maternal virilization 
during pregnancy 

 Werner’s syndrome  WRN  8p12  Accelerated aging, 
predisposition to cancer 

 Fanconi’s anemia  FA (Fanconi's anemia 
complementation 
groups) 

 Most 
prevalent 
mutations on 
16q24.3, 
Xp22.31, 
9q22.3 

 Short stature, 
developmental disability, 
bone marrow failure, and 
predisposition to 
malignancy 
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   Table 4.2    Non-syndromic genes associated with  POI     

 Candidate gene  Location  Proposed mechanism leading to POI 

 FMR1 premutation  Xq27.3  ?Accelerated follicular atresia 
 FMR2  Xq28  Unknown 
 BMP15  Xp11.2  ?Follicular atresia 
 GDF9  5q31.1  Unknown 
 INHA  2q33-36  Signal defect 
 FSHB  11p13  Signal defect 
 FSHR  2p21-p16  Signal defect 
 LH  19q13-32  Signal defect 
 LHR  2p21  Signal defect 
 GnRH  8p21-11.2  Signal defect 
 GnRHR  4q21.2  Signal defect 
 ESR1, ESR2  6q25.1, 14q23.3  Signal defect 
 PGRMC1  Xp22-24  ?Follicular depletion 
 DIAPH2  Xq21.33  Unknown 
 XPNPEP2  Xq25  Unknown 
 CHM  Xq21.1  Unknown 
 DACH2  Xq21.3  Unknown 
 POF1B  Xq21.2  Unknown 
 USP9X  Xp11  Unknown 
 ZFX  Xp22.1-21.3  Unknown 
 BRCA1 (breast cancer 
susceptibility gene 1) 

 17q21  Accelerated apoptosis and follicular 
depletion 

        Syndromic Causes 

    Turner Syndrome 

   Turner syndrome has an incidence of 1 in 2500 females and accounts for 4–5 % of 
all cases of POI [ 10 ,  11 ]. Reproductive disorders in women with Turner syndrome 
(45,X) arise from the loss of all or part of the X chromosome. Unlike most cells in 
the body, oocytes require two active X chromosomes to function properly. 
Haploinsuffi ciency of many critical X-linked genes in fetuses with Turner syndrome 
results in accelerated follicular atresia, with oocyte depletion usually occurring 
within the fi rst 10 years of life [ 5 ]. Candidate critical genes responsible for POI in 
Turner syndrome patients include  USP9X  (ubiquitin-specifi c protease 9),  ZFX  (zinc 
fi nger protein, X-linked), and  BMP15  (bone morphogenetic protein 15) [ 12 ]. These 
genes will be described in further detail later in the chapter. 

 If not recognized by phenotype (short stature, webbed neck, low-set ear, widely 
spaced nipples) during childhood, patients with Turner syndrome generally present 
near the time of expected puberty with primary amenorrhea and absent secondary 
sexual development [ 13 ]. Approximately 50 % of women with Turner syndrome 
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exhibit mosaicism, where the second X chromosome is present in some cells of the 
body—45,X/46XX [ 14 ]. In these patients, menarche can take place and menstrua-
tion can continue for several years before developing complete POI [ 5 ]. 40 % of 
mosaic Turner syndrome patients will reach menarche and menstruate as compared 
to 10 % of 45,X patients [ 15 ]. Although rare, 1–2 % of menstrual Turner syndrome 
patients can become pregnant spontaneously [ 16 ]. IVF (in vitro fertilization) with 
donor oocytes increases pregnancy rates substantially and must be carefully consid-
ered as the cardiovascular demands of pregnancy pose potentially serious risks to 
patients with Turner syndrome [ 17 ,  18 ]. 

 There remains some debate with regard to a diagnosis of low-level mosaicism. If 
a karyotype is performed and only two of 20 cells reveal 45,X, does this woman 
have mosaic Turner syndrome? General genetic textbooks suggest a diagnosis of 
mosaic Turner syndrome if 10 % or more of cells exhibit the 45,X cell line. However, 
each organ may be different [ 19 ,  20 ]. Research suggests there is enhanced X allele 
dropout in white blood cells, which is what a blood karyotype is analyzing, with 
increasing age [ 21 ]. What if other organs do not express mosaicism? What if on 
follow-up 200-cell karyotype she only has 5 % of cells as 45,X and the rest normal? 
What if she has no clinical stigmata of Turner syndrome, does she warrant the diag-
nosis? Research is desperately lacking in this area, especially for the woman with 
POI who desires future pregnancy. Studies suggest increased mortality due to aortic 
and vascular insuffi ciency and rupture for women who are pregnant with Turner 
syndrome [ 22 ,  23 ]. Does that apply to the woman with a POI diagnosis, no clinical 
stigmata, a normal cardiac echo and MRI (magnetic resonance imaging), and only 
5 % mosaicism on testing? Data in this area is still lacking.    

    Blepharophimosis-Ptosis-Epicanthus Inversus Syndrome 

   The blepharophimosis-ptosis-epicanthus inversus syndrome ( BPES)   is an autoso-
mal dominant disorder characterized by malformation of the eyelids, small palpe-
bral fi ssures (blepharophimosis), drooping eyelids (ptosis), small skinfold running 
inward from the lower lid (epicanthus inversus), and a broad nasal bridge (tele-
canthus). In BPES type I, these craniofacial abnormalities are associated with 
POI, while BPES II is associated with normal fertility [ 24 ]. The two forms of 
BPES are caused by a variety of mutations in the gene encoding a forkhead box 
transcription factor ( FOXL2)  required for normal granulosa cell function [ 24 – 26 ]. 
These ovarian somatic cells surround and nourish the oocyte and play an impor-
tant role in follicle formation and activation. More recent research suggests that 
the   FOXL2  gene   product may play a role in maintaining primordial follicles in a 
quiescent state by regulating granulosa cell proliferation [ 27 ]. In type I BPES, 
mutations create stop codons in the   FOXL2  gene  , which produce a truncated 
protein product with signifi cant loss of function. In type II BPES, point muta-
tions, frameshifts, and most importantly, duplications, result in decreased activity 
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of the gene product [ 14 ,  27 ,  28 ]. The clinical presentation of infertility associated 
with BPES ranges from primary amenorrhea to irregular menses followed by POI 
[ 24 ]. Ovarian appearance can vary from essentially normal to streak gonads [ 29 ]. 
Pregnancy has been achieved using IVF in patients affected with BPES [ 30 ].    

    Galactosemia 

   Galactosemia is an autosomal recessive disease caused by a defi ciency in  galactose-
1- phosphate uridyltransferase (GALT)   as a result of mutations on the  GALT  gene 
located on chromosome 9p13 [ 31 ]. The disease affects approximately 1 in 60,000 
newborns [ 5 ]. GALT is responsible for converting galactose to glucose, and its 
defi ciency leads to a buildup of galactose in tissues that typically have high  GALT  
expression such as the liver, kidney, ovary, and heart [ 14 ]. More than 180 mutations 
in the  GALT  gene have been associated with classical galactosemia, but two com-
mon missense mutations account for more than 70 % cases—Q188R and K285N 
[ 32 ]. POI occurs in >80 % of all women homozygous for mutations in the  GALT  
gene [ 10 ,  33 ]. The mechanism causing POI in galactosemia is not well understood, 
although several hypotheses have been proposed. The prevailing hypothesis is that 
toxic galactose metabolites induce apoptosis of oocytes and ovarian stromal cells 
[ 5 ,  31 ]. Diagnosis of galactosemia is made in the fi rst few days of life with jaun-
dice, vomiting, and failure to thrive. A galactose-restricted diet quickly resolves 
the early signs but cannot prevent the development of later-onset complications 
such as cognitive, motor, and speech delays in addition to POI with subsequent 
infertility [ 31 ,  33 ]. Galactosemia is routinely tested for in newborn screens. 
Spontaneous pregnancy has been reported in patients with galactosemia, and fertil-
ity preservation remains an option although ovarian tissue has likely already been 
damaged at the time of consultation [ 31 ].    

    Ataxia Telangiectasia 

   Ataxia telangiectasia is an autosomal recessive neurodegenerative disorder charac-
terized by uncoordinated movements, ocular telangiectasia, chromosomal instabil-
ity, immune defi ciency, predisposition to cancer, and POI [ 10 ]. The  ATM  (ataxia 
telangiectasia mutated)  gene   encodes a protein kinase involved in cell cycle regula-
tion. This protein is required for cellular response to DNA damage and has down-
stream effects on tumor suppressor proteins p53 and BRCA1 [ 25 ]. Mutations in the 
  ATM  gene   generally result in a total loss of the protein [ 34 ]. The exact pathophysiol-
ogy of POI in patients with ataxia telangiectasia is unknown, but animal models 
suggest that  ATM  mutants lack primordial and mature follicles, likely secondary to 
a disruption of meiosis [ 14 ].    
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    Progressive External Ophthalmoplegia 

   Progressive external ophthalmoplegia ( PEO)   is an autosomal dominant or autosomal 
recessive disease characterized by weakness of the ocular muscles and fatigue 
secondary to mitochondrial tissue depletion [ 14 ,  35 ]. The  POLG  ((polymerase 
(DNA-directed) gamma)  gene   is located on chromosome 15q24 and encodes the 
DNA polymerase γ, the sole enzyme that replicates human mitochondrial DNA 
and whose mutation results in PEO [ 15 ]. In 2004, Luoma et al. described cosegre-
gation of PEO with parkinsonism and POI in three large families with  POLG  muta-
tions. The study demonstrated that dominant  POLG  mutations tend to cluster in the 
polymerase part of the protein and recessive ones affect the proofreading part of 
the enzyme [ 36 ]. The  POLG  mutations most associated with POI occur in the poly-
merase part of the protein and therefore tend to be autosomal dominant. After 
evaluating extended male family members, Luoma et al. noted testicular atrophy, 
suggesting a defect in steroidogenesis, in which mitochondria have a gatekeeper 
role [ 36 ]. A follow-up study described dominantly maternally inherited POI 
associated with PEO and parkinsonism carrying a Y955C mutation [ 37 ].    

    Perrault Syndrome 

   Perrault syndrome is an autosomal recessive disorder defi ned by gonadal dysgenesis 
and sensorineural hearing loss in 46,XX women [ 15 ]. The syndrome is genetically 
heterogeneous, with mutations in  HSD17B4  (encoding 17-beta-hydroxysteroid dehy-
drogenase 4),  HARS2  (encoding mitochondrial histidyl-tRNA synthetase), and  CLPP  
(encoding mitochondrial ATP-dependent chambered protease) all demonstrated to 
cause POI in Perrault syndrome patients [ 38 ]. The disease is extremely rare, and 
although clinical presentation varies, typically girls present with hearing loss, primary 
amenorrhea, neurological symptoms, and mild mental retardation [ 39 ,  40 ].    

    Autoimmune Polyendocrinopathy-Candidiasis-Ectodermal 
Dystrophy 

   Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED) 
also known as autoimmune polyglandular syndrome type I (APS1) is an autosomal 
recessive disorder characterized by the presence of two of several conditions—
mucocutaneous candidiasis, hypoparathyroidism, and Addison’s disease [ 41 ]. 
Mutations in the  AIRE  (autoimmune regulator)  gene  , located on 21q22.3, cause the 
syndrome [ 42 ]. The gene product is a regulator protein expressed in the thymic 
medulla [ 15 ]. Loss of this regulatory protein can lead to many autoimmune dis-
eases and affected patients are at risk for multiple additional autoimmune diseases 
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over time including POI, diabetes, pernicious anemia, and keratitis [ 41 ]. Over 60 
mutations of the   AIRE  gene   have been discovered; these are distributed throughout 
the coding region and are either nonsense or frameshift mutations that produce 
truncated polypeptides [ 42 ]. In one study, more than half of affected individuals 
presented with POI [ 43 ]. An autoimmune response to steroidogenic enzymes and 
ovarian steroid cells appears to mediate destruction of ovarian function [ 44 ,  45 ].    

    Ovarian Leukodystrophy 

   Ovarian leukodystrophy is an autosomal recessive disease of degenerating white 
matter associated with POI [ 46 ]. The disease is phenotypically variable but typi-
cally presents in childhood with progressive neurological degeneration [ 47 ]. POI 
may present as either primary or secondary amenorrhea and the age of onset of 
neurological symptoms predicts the severity of ovarian dysfunction [ 14 ]. Ovarian 
leukodystrophy is caused by mutations in any of the fi ve genes encoding eIF2B 
(eukaryotic translation initiation factors 2B), particularly  EIF2B2, EIF3B4,  and 
 EIF2B5,  which ultimately allow for protein translation initiation [ 48 ]. Authors have 
speculated that   EIF2B  mutations   (majority missense) may increase apoptosis of 
ovarian follicles and cause a defect in glial cell development [ 48 ]. A recent case 
report of a patient with ovarian leukodystrophy and no  EIF2B  mutations suggests 
other genes may be associated with the disorder; additional research is needed [ 49 ].    

    Steroidogenic Enzyme Defects 

   Rare steroidogenic enzyme defects that block follicular development may result in 
hypergonadotropic hypogonadism due to functional ovarian failure [ 13 ]. Mutations 
in the genes encoding the  steroidogenic acute regulatory (StAR) enzyme   ( STAR ), 
the 17α-hydroxylase enzyme ( CYP17A1 ), and the aromatase enzyme ( CYP19A1 ) 
are examples. The StAR enzyme facilitates conversion of cholesterol into pregneno-
lone, the fi rst and rate-limiting step of in steroid biosynthesis [ 15 ]. StAR mutations 
are inherited in an autosomal recessive fashion and result in impaired synthesis of 
all adrenal and gonadal steroid hormones and cholesterol accumulation (termed 
lipoid congenital adrenal hyperplasia) that leads to POI [ 50 ,  51 ].  CYP17A1  encodes 
17α-hydroxylase, an enzyme in the cytochrome P450 superfamily that converts 
21-carbon progestins to 19-carbon androgens [ 13 ,  15 ]. Its defi ciency causes 
congenital adrenal hyperplasia, an autosomal recessive disease wherein females 
usually present at birth with ambiguous genitalia or around the time of expected 
puberty with primary amenorrhea and sexual infantilism [ 10 ]. The diversion to min-
eralocorticoid production also leads to hypertension and hypokalemia which may 
be life threatening [ 3 ,  13 ]. The   CYP19A1  gene  , also a member of the P450 super-
family, encodes for aromatase—the enzyme responsible for converting androgens 
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into estrogens. Aromatase defi ciency syndrome is an autosomal recessive and rare 
disorder characterized by ambiguous genitalia, elevated androgens, undetectable 
estrogens, and complete lack of breast development at puberty [ 52 ,  53 ]. During 
pregnancy, fetal androgens cannot be aromatized to estrogen in the placenta result-
ing in masculinization of both the fetus and the mother [ 52 ,  53 ].    

    Werner’s Syndrome 

   Werner’s syndrome is an autosomal recessive disorder characterized by premature 
aging leading to deterioration of many body systems including nervous, immune, 
connective tissue, and the endocrine system. Worldwide, the syndrome is found in 
less than 1/100,000 live births but is higher in countries with strong founder effect 
such as Japan and Sardinia [ 54 ,  55 ]. The syndrome is caused by a mutation in the 
 WRN  (Werner) gene, located on chromosome 8p12 [ 56 ]. The gene encodes a RecQ 
helicase that plays an important role in DNA repair, replication, and telomere main-
tenance [ 57 ]. More than 70  WRN  mutations have been identifi ed that lead to the 
syndrome [ 58 ]. Most mutations create a truncated protein that does not function 
properly [ 57 ]. 

 Werner’s syndrome patients typically lack a pubertal growth spurt but then 
develop normally until they reach their late 20s and early 30s. At that time, patients 
begin to manifest skin atrophy, graying and loss of hair, osteoporosis, poor wound 
healing, and pronounced hypogonadism [ 59 ]. The mechanism for POI is likely 
accelerated follicular atresia, but the exact mechanism is unknown. Approximately 
80 % of Werner’s syndrome patients have hypogonadism. Despite the bleak progno-
sis, some patients are still able to become pregnant, although some literature reports 
increased risk of preterm delivery and miscarriage [ 59 ,  60 ]. Werner’s syndrome 
patients are also at increased risk for various malignancies and have a shortened life 
expectancy [ 57 ].    

    Fanconi’s Anemia 

   Fanconi’s anemia is an autosomal and X-linked disorder characterized by bone 
marrow failure, acute myelogenous leukemia, solid tumors, and developmental 
abnormalities such as short stature, developmental disability, and abnormalities of 
the skin, arms, head, eyes, ears, and kidneys [ 61 ,  62 ]. There are 13 genes involved 
in the disorder, and the proteins they encode are responsible for the recognition and 
repair of damaged DNA. The genes are inactivated in patients with Fanconi’s 
anemia, leading to the abnormalities mentioned above. Females with Fanconi’s 
anemia often have menstrual irregularities, secondary amenorrhea, increased risk 
of gynecologic malignancies, and premature menopause [ 63 ]. A recent publication 
demonstrated decreased levels of serum AMH (anti-Mullerian hormone) in all 
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patients with the disorder—with all patients older than 25 years being diagnosed 
with POI [ 64 ]. Fortunately, the disorder is rare (1–5/1 million), and AMH screening 
at the time of diagnosis may allow fertility preservation options [ 61 ].     

    Non-syndromic Causes 

    Fragile X (FMR1) Premutations 

   A spectrum of clinically important disorders, including POI, involves a dynamic 
trinucleotide (CGG) repeat sequence mutation in the X-linked  FMR1  (fragile X 
mental retardation 1)  gene  , located near the terminal end of the long arm of the X 
chromosome (Xq27.3) [ 13 ]. The  FMR1  gene encodes the FMRP (fragile X mental 
retardation protein) which is present in neurons, primordial germ cells, and granu-
losa cells of developing ovarian follicles [ 65 ]. The normal  FMR1  gene contains 
approximately 30 CGC repeats. The fully expanded form of the mutation, defi ned 
by more than 200 repeats, results in fragile X syndrome (FXS)—the most common 
genetic cause of mental retardation—affecting 1 in 4000–8000 females [ 66 ]. The 
premutation is characterized by 55–200 repeats and is associated with two disorders 
distinct from FXS [ 13 ,  67 ]. One is the  fragile X-associated tremor/ataxia syndrome 
(FXTAS)  , a neurologic disorder that primarily affects males. The other is POI, 
affecting approximately 13–26 % of women who carry the premutation [ 66 ]. 

 Premutation carriers have been identifi ed in approximately 15 % of women with 
familial POI and 1–7 % in sporadic POI, making it one of the most well-known 
causes of POI [ 14 ,  15 ]. In the full mutation, the expanded number of repeats in the 
5′ untranslated region of the gene results in hypermethylation that extends into the 
promoter region and silences the gene. As a result, little or no FMRP is produced. 
FMRP is a translational suppressor that binds to approximately 4 % of mRNA in 
mammalian brains and appears to suppress translation of those messages, especially 
in the brain. Decreased FMRP may result in overexpression of mRNAs that may 
lead to the characteristic fragile X phenotype [ 65 ,  66 ]. In the premutation, the tri-
nucleotide repeat sequence is not methylated, the gene functions, and FMRP is 
produced in variable amounts [ 13 ]. It has also been suggested that the risk for POI 
increases with the number of repeats and is highest between 80 and 100 but decreases 
with more than 100 [ 68 ,  69 ]. Patients with the full  FMR1  mutation are almost 
universally spared from POI [ 65 ]. The mechanism of POI in patients with the  FMR1  
premutation is unclear [ 66 ]. Suggested mechanisms include gain of function toxicity, 
due to overexpression of mRNAs, resulting in an accelerated rate of follicular atresia, 
but further research is needed [ 14 ,  65 ,  66 ]. 

 Because  FMR1  is located on the X chromosome, it follows the basic pattern of 
X-linked inheritance. Women who carry the mutation transmit it to 50 % of their 
offspring and men who carry the mutation transmit it to all their daughters and none 
of their sons. The pattern of inheritance is further complicated by the meiotic insta-
bility of the repeat sequence, which tends to expand when passed from the mother 
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to her progeny, increasing the risk for FXS and associated disorders with each 
generation, a phenomenon known as “anticipation” [ 66 ]. The risk for expansion 
increases with the number of repeats, and expansions do not typically occur until the 
number of repeats reaches 40–50 [ 13 ,  66 ]. When the premutation repeat sequence is 
transmitted from fathers to daughters, it remains relatively stable—rarely expanding 
to the full mutation [ 13 ]. This may be because large repeat sequences are highly 
unstable in developing sperm and only smaller premutations can be transmitted. 

 The   FMR2  gene   (fragile X mental retardation 2) is located near the FMR1 gene 
and has also been associated with mental retardation and POI [ 5 ,  15 ]. Microdeletions 
in this gene, which is also X-linked, are associated with 1.5 % of cases of POI [ 70 ]. 
Additional research is necessary to elucidate the function of the  FMR2  product as 
well as the mechanisms leading to POI in affected patients. 

 Women with the FMR1 premutation often present with signs of early reproduc-
tive aging. Their cycle lengths are shorter (secondary to a shorter follicular phase), 
follicle-stimulating hormone (FSH) levels are higher, and inhibin levels are lower 
when compared to normal women [ 71 ]. Due to the complexity of inheritance of 
FMR1 premutations, all carriers should be offered genetic counseling. Up to 5–10 % 
of women who with POI who carry the FMR1 premutation will achieve pregnancy 
spontaneously [ 72 ]. The only fertility treatment with proven effi cacy in this group 
of patients remains IVF with oocyte donation [ 13 ].    

    TGFβ (Transforming Growth Factor β) Superfamily 

   The TGFβ superfamily is a large family of structurally related cell regulatory pro-
teins that was named after its fi rst member, TGFβ1. The family includes many 
ligands involved in organ specifi cation, patterning, proliferation, and differentiation 
[ 73 ]. Several of these ligands have been shown to be necessary for correct folliculo-
genesis, and their mutations are associated with POI [ 14 ]. 

   BMP15    (bone morphogenetic protein 15) is located on the short arm of chromosome 
X (Xp11.2), within a critical region for proper ovarian development and function [ 14 , 
 15 ]. The gene encodes an oocyte-derived growth and differentiation factor, which 
is involved in follicular development as a critical regulator of many granulosa cell 
processes [ 74 ]. The main roles of BMP15 are to promote folliculogenesis, regu-
late granulosa cell sensitivity to FSH, prevent granulosa cell apoptosis, promote 
oocyte competence, and regulate ovulation quota [ 14 ]. The fi rst mutation in 
human BMP15 was reported in two 46,XX Italian sisters with primary amenor-
rhea and ovarian dysgenesis, who inherited the trait from their hemizygous father 
[ 75 ]. Mutations in the BMP15 gene are inherited in an X-linked fashion and are 
found in 1.5–12 % of patients with POI [ 14 ]. Almost all of these mutations are 
missense and found in the heterozygous state [ 76 ]. The mechanism by which 
BMP15 variants lead to POI is unknown, but most authors favor follicle atresia 
[ 11 ,  76 ]. 
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 The  GDF9  (growth differentiation factor 9)  gene   also encodes a protein member 
of the TGFβ superfamily located on chromosome 5 (5q31.1), which interacts closely 
with BMP15 to regulate folliculogenesis and ovulation [ 76 – 78 ].  GDF9  is expressed 
in oocytes and stimulates follicular growth and granulosa cell proliferation and 
increases oocyte developmental competence [ 76 ]. Animal models initially suggested 
a biological cooperation between BMP15 and GDF9, and the formation of a 
heterodimer between the proteins has been demonstrated, although the signaling 
pathway has yet to be elucidated [ 78 ]. Mutations have been detected in 1.4 % of 
Indian, Chinese, and Caucasian women with POI [ 14 ]. Most authors hypothesize 
that GDF9 may have a spectrum of mutations in various ethnicities rather than a 
common causative mutation [ 79 ]. 

 The  INHA  (inhibin, alpha)  gene  , located on chromosome 2 (2q33-36), encodes 
the inhibin α subunit, which also belongs to the TGFβ superfamily [ 11 ,  80 ]. Inhibin 
consists of two peptides (known as α and β subunits) linked by disulfi de bonds. Two 
forms of inhibin (inhibin A or inhibin B) have been purifi ed, and each contains an 
identical α subunit and distinct but related β subunits. Inhibin A levels rise late in the 
follicular phase to reach a peak level at the mid-luteal phase, whereas inhibin B levels 
peak in the early and midfollicular phase. Both inhibins negatively regulate FSH 
production to allow the ovulation of one mature follicle [ 11 ,  13 ]. One can imagine 
that if this negative feedback on the pituitary were removed, FSH levels would 
increase and result in POI from premature follicular depletion. The fi rst evidence of 
a genetic link between inhibin and POI was established with the cytogenetic analysis 
of a POI patient with a translocation between chromosomes 2 and 15: 46,XX,t (2;15) 
(q32.3;13.3) [ 81 ]. Further investigation led to the discovery of a missense mutation 
 INHA  G769A (aka A257T), which was present in 7 % of POI patients sampled in 
New Zealand [ 81 ]. The mutation was subsequently found to be present in up to 11 % 
of women with POI, with rates varying depending on ethnicity [ 14 ]. Similarly to 
aforementioned genes, mutation of  INHA  may serve as a susceptibility factor, 
increasing the likelihood for POI, rather than being the sole cause for the condition.    

    Gonadotropins and Their Receptors 

   FSH and luteinizing hormone (LH) are glycoprotein hormones secreted from the 
anterior pituitary in response to pulsatile gonadotropin-releasing hormone (GnRH) 
released from the hypothalamus [ 13 ]. Both FSH and LH consist of two subunits, α 
and β. LH, FSH, human chorionic gonadotropin (HCG), and thyroid-stimulating 
hormone (TSH) have a common α subunit but unique β subunits. The common α 
subunit is encoded by the  GPHA1  gene located on chromosome 6 (6q12-21) and has 
no known mutations [ 25 ]. FSH and LH are responsible for follicular maturation and 
ovulation and act through glycoprotein hormone receptors belonging to the G-protein-
coupled receptor (GPCR) family [ 82 ]. Together with their binding hormones, FSH 
and LH, these receptors are essential for normal reproductive function [ 14 ].    
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    FSH and FSH Receptor 

   The gene encoding the FSHβ subunit ( FSHB ) is located on chromosome 11 (11p13) 
[ 25 ]. Four different   FSHB  gene   mutations have been published, all causing an 
inactivation of the protein—likely by impairing binding with the α subunit and 
with the FSH receptor (FSHR) [ 82 ]. Women with  FSHB  mutations present with 
absent breast development, primary amenorrhea, undetectable serum FSH, and 
increased LH. Women have a large number of undeveloped follicles and are infertile 
[ 82 ]. Theoretically, if an affected woman has normal FSH receptors, exogenous 
FSH administration would restore fertility. 

 The FSHR is encoded by the  FSHR  gene and is located on chromosome 2 (2p21- 16). 
The expression of FSHR is greatest on granulosa cells and is essential for follicular 
recruitment and development [ 13 ]. A homozygous missense inactivating mutation, 
Ala189Val, in the FSHR gene has been identifi ed and reported to be present in 30 % 
Finnish women with POI but is uncommon in other populations [ 83 ,  84 ]. Altogether 
9 inactivating mutations are known in the human  FHSR  gene [ 82 ,  85 ]. These muta-
tions produce a spectrum of delayed or absent puberty, hypoplastic ovaries, follicu-
lar arrest, and elevated gonadotropins [ 86 ]. Affected patients may demonstrate a 
poor response to exogenous FSH administration although studies have been incon-
clusive given the relative rarity of inactivating mutations worldwide [ 87 ]. Gene 
therapy using adenovirus expressing the correct copy of the  FSHR  gene has proven 
successful in restoring folliculogenesis in mice and holds promise for affected 
patients [ 88 ]. Interestingly, activating  FSHR  mutations have been discovered and 
linked to an increased susceptibility to ovarian hyperstimulation syndrome (OHSS) 
during assisted reproduction technology (ART) [ 89 ].    

    LH and LH Receptor 

   The gene encoding the LHβ subunit is located on chromosome 19 (19q13-32) [ 2 ]. 
Although some polymorphisms of the  LHB  gene have been associated with 
polycystic ovarian syndrome (PCOS), none have been associated with POI [ 25 ,  90 ]. 

 Alternatively, inactivating mutations in the LH receptor ( LHR ) gene, located on 
chromosome 2p21, have been discovered and are associated with POI [ 14 ,  15 ,  25 ]. 
Mutations on the gene are variable and include deletions, nonsense, and truncation 
mutations [ 82 ]. Women with inactivating  LHR  mutations have normal external 
genitalia, spontaneous breast and pubic hair development at puberty, normal or late 
menarche followed by oligomenorrhea, and infertility [ 91 ]. Serum LH levels are 
high and pelvic ultrasounds usually demonstrate normal or enlarged cystic ovaries. 
Ovarian biopsy in one affected patient demonstrated all stages of follicular develop-
ment until the preovulatory stage, suggesting no ovulation occurred [ 91 ].    
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    GnRH (Gonadotropin-Releasing Hormone) 
and GnRH Receptor 

   GnRH is a neurohormone secreted by the hypothalamus in a pulsatile manner and 
controls gonadotropin secretion from the anterior pituitary [ 13 ,  92 ]. The   GnRH  gene  , 
located on chromosome 8p21-11.2, is an attractive candidate gene for POI in patients 
with idiopathic hypogonadotropic hypogonadism—but no mutations have been iden-
tifi ed in humans [ 93 ]. Mutations in the gene encoding the GnRH receptor ( GnRHR ), 
located on chromosome 4q21.2, have been discovered in a woman POI [ 94 ]. The 
GnRHR is also in the GRPC family. The identifi ed mutations are missense, and 
affected women present with delayed puberty, low levels of gonadotropins, and 
variable responses to exogenous GnRH [ 93 ].    

    Estrogen Receptor 

   Estrogen acts on various tissues in the body through estrogen receptors. There are 
two subtypes of estrogen receptors in human tissues, ERα and ERβ, coded respec-
tively by  ESR1  (located on 6q25.1) and  ESR2  (located on 14q23.3) [ 11 ]. Depending 
on the time in the menstrual cycle, estrogen exerts either a negative or positive effect 
on hypothalamic axis to regulate the secretion of gonadotropins, thereby regulating 
folliculogenesis and ovulation [ 11 ,  13 ]. Polymorphisms in the   ESR1  gene   have been 
associated with altered hormonal profi les, the onset of menarche, and the onset of 
menopause [ 11 ,  95 ]. Several studies have confi rmed polymorphisms in the  ESR1  
gene to be associated with POI [ 96 – 98 ]. The mechanisms through which  ESR1  
polymorphisms may lead to POI are yet to be completely elucidated.    

    Progesterone Receptor Membrane Component 1 (PGRMC1) 

   Progesterone acts on the female reproductive system via progesterone receptors. 
 PGRMC1  encodes a broadly expressed and highly conserved transmembrane 
protein that is part of a progesterone-binding complex and is located on the X chro-
mosome (Xp22-24) [ 2 ,  99 ]. PGRMC1 not only regulates cell viability and sex hor-
mone steroid biosynthesis but also can prevent cells from apoptosis and maintain 
survival of granulosa cells in the absence of progesterone [ 100 ]. An X autosome 
translocation t (x;11) (q24;q13.4) in a mother and daughter with POI has been iden-
tifi ed [ 99 ]. The translocation occurred in a “critical region” for normal ovarian 
development on the X chromosome. The observed downregulation of PGRMC1 
mRNA and protein levels in the translocation carriers led investigators to perform a 
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mutational screening for in a cohort of women with POI. The screening revealed 
one patient who was heterozygous for a single missense mutation that was shown to 
increase the rate of granulosa cell apoptosis in animal models [ 99 ]. Authors hypoth-
esize that both the translocation and missense mutations lead to downregulation of 
PGRMC1, therefore increasing the rate of granulosa cell apoptosis, leading to 
follicular depletion and POI [ 99 ].    

    BRCA1 (Breast Cancer Susceptibility Gene 1) 

   The BRCA1 gene is located on 17q21 and encodes a double-strand DNA repair 
protein [ 2 ]. Mutations in this gene lead to a predisposition to breast and ovarian 
cancer and have recently been suggested to be associated with POI. Mutations in 
BRCA1 are associated with earlier menopause, fewer oocytes retrieved after gonad-
otropin stimulation, and decreased AMH levels [ 101 ,  102 ]. Animal studies suggest 
that BRCA1 heterozygous mutant mice have a reduced primordial follicular pool, 
increasing the chance for POI [ 103 ]. Although the exact mechanism is still under 
investigation, it is likely that impaired ability to repair DNA damage in oocytes may 
lead to accelerated oocyte apoptosis and depletion.    

    X Chromosome and POI 

   X chromosome abnormalities can present with syndromic POI or non-syndromic 
POI as noted above dependent on the severity and location of the abnormality. 
In extreme cases such as classic Turner syndrome, there are ovarian dysgenesis 
and failure of the oocyte pool or ovarian structure to form. However, there seem 
to be critical regions of both the long and short arm of the X chromosome that, 
when interrupted, present with enhanced ovarian aging and oocyte depletion, 
likely from imperfect pairing triggering apoptosis. Two POI critical regions on 
the long arm of the X chromosome, called POF1 (premature ovarian failure 1) 
and POF2 (premature ovarian failure 2), have been identifi ed using breakpoint 
mapping and are located at Xq21.3-27 and Xq13.3-21.1, respectively [ 2 ,  104 ]. 
Deletions distal to Xq21 usually present with secondary amenorrhea and 
POI. When deletions are distal to Xq27-28, the phenotype may be less severe 
and women may present with early menopause (40–45 years of age) rather than 
POI prior to age 40 [ 105 ]. Characterization of breakpoints led to the identifi ca-
tion of fi ve genes found to be interrupted in patients with POI—the  DIAPH2  
gene (Xq21.33),  XPNPEP2  (Xq25),  CHM  (Xq21.1),  DACH2,  and  POF1B  (both 
in Xq21.1) [ 106 ]. While breakpoints are often in regions of gene deserts, over 
80 % of X chromosome breakpoints associated with POI interrupted Xq21 
[ 106 ]. 
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 On the short arm of the X chromosome, the region between Xp11.1 and Xp21 is 
the most critical [ 12 ]. Women with deletions in this region usually present with POI, 
whereas women with mutations distal to this region menstruate more often [ 12 ]. 
There are several candidate genes for POI that map within this critical region. 
 USP9X  (located on Xp11) escapes X inactivation and is expressed in multiple 
tissues including the ovary [ 107 ]. It is a candidate gene for POI observed in patients 
with Turner syndrome.  ZFX  (located on Xp22.1-21.3) encodes a ubiquitously 
expressed zinc fi nger transcription factor of unknown function [ 2 ]. Given its loca-
tion in the critical region, the gene is a candidate gene for POI seen in Turner 
syndrome as well. A mouse study demonstrated oocyte depletion, diminished fertility, 
and shortened reproductive life span in ZFX mutants [ 108 ]. 

 While many gene expression studies have not been able to tell the complete 
story, some have postulated that it could be that a position effect or epigenetic 
mechanism regulating X chromosome gene expression that is involved in the 
phenotype. Several of the candidate genes noted above are located on the X chro-
mosome. The X chromosome has also been noted to be diffi cult to study due to its 
palindromic and ampliconic nature.     

    Conclusion 

 We may just be on the tip of the iceberg with regard to the our understanding of the 
complex role genomics has in normal ovarian function and the genetic pathologic 
mechanisms involved in POI, let alone early menopause or diminished ovarian 
reserve. We need further genetic studies with advanced technology, subsequent 
translational and functional studies, and ultimately larger and more complete patient 
databases. Not all women with POI are the same. We need to be able to differentiate 
between underlying mechanisms of ovarian insuffi ciency such as impaired initial 
endowment, more rapid depletion, or follicular dysfunction. More importantly, we 
need better tools to determine which women still have a remaining primordial and/
or primary oocyte pool and who could benefi t from therapies to assist in achieving 
pregnancy with their own oocytes. Further, if we can identify and stratify women, 
we may be able to intervene and preserve fertility before the oocyte pool is depleted. 
An accurate genetic diagnosis also offers important information about future health 
risks. Following an accurate diagnosis, genetic counseling is essential to provide 
risk of transmitting genetic abnormalities to offspring should conception occur. 
With continued advances in PGD (preimplantation genetic diagnosis), this risk can 
be mitigated. Research related to the most severe phenotype, POI, may ultimately 
aid future therapeutics for women with diminished ovarian reserve and unexplained 
infertility and others who fail assisted reproductive technologies. The vast majority 
of women with POI not only want to understand  why  this diagnosis happened to 
them but more importantly their individualized prognosis, chance of pregnancy, and 
future health implications.
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   Emily left the physician’s offi ce feeling unsettled. Did the genetic testing help her? She 
wondered if she was better off without the results. Should she pursue all the medical testing 
related to Turner syndrome her doctor suggested? Better yet, should she go home and 
research the condition? She could tell that the diagnosis was not defi nitive. First she likely 
wouldn’t be able to have a biologic child, and now she could possibly be risking her life if 
she decided to carry a pregnancy using a donor oocyte. She didn’t think the news could be 
worse. As with many genetic tests, she left, unfortunately, with many more questions than 
answers. In reality, she could tell that her physician did too…  
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    Chapter 5   
 Mechanisms of Primary Ovarian Insuffi ciency       

       Nicole     Doyle      ,     Nicole     Kay     Banks      , and     Erin     Foran     Wolff     

            Vignette 

    “I never would have thought twice about my irregular periods, except then my sister was 
diagnosed with POI, and we all knew that our mother had gone through menopause in her 
30s. Sure enough, the doctor tested my FSH level and it was too high. Age 28, and I was 
learning that I probably would never have my own kids. After discussing it with my boy-
friend, we decided to stop using condoms and just see what happened, and hope.”  

       Introduction 

 While the etiology is identifi ed for some forms of primary ovarian insuffi ciency (POI), 
the majority of women (90 %) have spontaneous idiopathic POI [ 1 ]. Although our 
understanding of POI has increased in the age of molecular medicine, the  underlying 
mechanism of many forms of POI remains largely unknown. Our understanding is 
limited, in part, due to restricted availability of human ovarian tissue for study. Shedding 
light on the mechanisms underlying POI is essential for accurate stratifi cation of 
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affected women and to allow for the most effective treatment of the different forms of 
POI. An increasing understanding of the etiologic basis of POI will undoubtedly 
expand treatment options beyond the limited therapies currently available. 

 Although different classifi cation systems have been described, here we will 
frame a discussion of the mechanisms that underlie the pathogenesis of POI based 
on anatomic location and follicular development. For a comprehensive summary, 
please refer to Table  5.1 .

     1.    Disorders of primordial follicle endowment/genetic causes   
   2.    Depletion/destruction of ovarian follicles   
   3.    Dysfunction of ovarian follicles    

      Disorders of Primordial Follicle Endowment 

  Approximately, 15 % of  POI   is familial, an observation that fi rst suggested the 
role of genetics in the pathophysiology of POI [ 1 ,  2 ]. The majority of described 
genetic causes involve the X chromosome, though there is increasing evidence 
also implicating autosomal genes. Although the list of discovered genetic muta-
tions is extensive, the precise pathophysiologic mechanisms upon which these 
mutations exert their negative effect on folliculogenesis and oogenesis are still 
poorly understood. In general, most causative single gene mutations are extremely 
rare with few published descriptions. 

 The following represents a selection of known genetic causes of POI, including 
chromosomal and single gene mutations that potentially play a role in POI via 
impaired folliculogenesis or oogenesis.  

    The X Chromosome and POI 

  Structural or  numerical   abnormalities of the X chromosome constitute the largest 
proportion of identifi ed genetic causes of POI, including deletions, trisomy X, 
X chromosome mosaicism, monosomy X (Turner syndrome), and balanced translo-
cations between the X and autosomal chromosomes.  

    Monosomy X (45,X) Turner Syndrome 

   Turner  syndrome      is due to partial or complete loss of the second sex chromosome and 
affects 1 in 2500 live-born female infants [ 3 ]. Approximately, 50 % of Turner syn-
drome females have a classic 45,X karyotype, while the remaining affected females 
demonstrate mosaic karyotypes or structural abnormalities of the second X chromo-
some [ 4 ]. The two most prominent phenotypic fi ndings are short stature and primordial 
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   Table 5.1    Summary of  mechanisms   that underlie the pathogenesis of POI based on anatomic 
location and follicular development   

 Disorder of primordial follicle endowment 

 X chromosome dysfunction  Monosomy (Haploinsuffi ciency) 
 Trisomy or polysomy X, or mosaic variants 
 Autosomal/X translocations 
 Macrodeletion Xp or Xq 
   Xq (long arm) 
    Basic helix–loop–helix protein (BHLHB9) 
    Fragile X mental retardation (FMR1) syndrome 
    X-linked mental retardation 
    XIST and X-inactivation 
    DIAPH2 
    DACH2 
    POF1B 
   Xp (short arm) 
    X-propyl aminopeptidase 2 (XPNPEP2) 
    USP9X (Ubiquitin-Specifi c Protease 9) 
    Zf (Zink Finger X) 
    Bone Morphogenic Protein (BMP 15) 
    Transforming Growth Factor-Beta (TGFb) 

 Autosomal mutations  Autoimmune regulator (AIRE) 
 Deleted in azoospermia-like (DAZL) 
 Homologue of yeast disrupted meiotic cDB + NA 1(DMC 1) 
 Eukaryotic translation initiation factor 5B (EIF5B) 
 Estrogen receptor 1 (ESR1) 
 Homologue of murine factor in germline α (FIGLA) 
 Forkhead transcription factor (FOXL2) 
 β chain of follicle-stimulating hormone (FSHB) 
 Follicle-stimulating hormone receptor (FSHR) 
 Galactose 1-phosphate uridyltransferase (GALT) 
 Growth differentiation factor 9 (GDF9) 
 G protein-coupled receptor 3 (GPR3) 
 Type II 3-β-hydroxysteroid dehydrogenase defi ciency 
(HSD3B2) 
 Inhibin alpha (INHA) 
 Luteinizing hormone, β polypeptide (LHB) 
 LIM homeobox gene 8 (LHX8) 
 Homologue of  Escherichia coli  MutS, 5 (MSH5) 
 Homologue of murine newborn ovary homeobox (NOBOX) 
 Homologue of murine noggin (NOG) 
 Nuclear receptor subfamily 5, group A member 1 (NR5A1) 
 Progesterone receptor membrane component 1 (PGRMC1) 
 DNA polymerase γ (POLG) 
 Transforming growth factor-β receptor, type 3 (TGFBR3) 
 γ box-binding protein 2 (γBX2) 
 Breast Cancer BRCA1, BRCA 2 
 NANOS 

(continued)
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follicle depletion [ 5 ]. Normal ovarian development occurs in the fetus, but accelerated 
follicular atresia leads to the development of gonadal dysgenesis and infertility [ 6 ]. 
One possible explanation for the increased rate of oocyte attrition is haploinsuffi ciency 
for multiple loci on the X chromosome [ 7 ]. Alternatively, oocyte depletion may be 
secondary to dysfunctional meiosis caused by errors in homologous pairing, as the 
solitary X is lacking an appropriate homologue [ 8 ,  9 ]. Despite this, spontaneous 
puberty and even pregnancy are reported in approximately 15 % and 3 % of Turner 
syndrome patients, respectively, with higher rates found in mosaic females [ 10 ].    

    Trisomy or Polysomy X 

    Trisomy X      is caused by nondisjunction of the X chromosome during meiosis. The 
incidence in the newborn population is estimated to be 1 in 1000 live-born females 
[ 11 ]. Although the association of trisomy X and POI has been reported in the 
 literature, the prevalence of POI in this group is unknown. Several case reports have 
documented the association of trisomy X with POI in patients presenting with 
 primary amenorrhea, secondary amenorrhea, or oligomenorrhea and hypergonado-
trophic hypogonadism [ 12 ,  13 ].    

    X Chromosome Long Arm (Xq) 

  Two critical regions  for   ovarian function have been identifi ed on the long arm 
of the X chromosome, termed premature ovarian failure 1 (POF1) (Xq21 . 3-qter) 
and  premature ovarian failure 2 (POF2) (Xq13.3-q21.1) [ 14 ,  15 ]. Deletions or rear-
rangements involving these two regions have been described with primary and sec-
ondary amenorrhea possibly due to haploinsuffi ciency or disrupted regulation of 

Table 5.1 (continued)

 Enzyme defi ciencies  CYP17 A1 
 Aromatase CYP19 
 Carbohydrate-defi cient glycoprotein (PMM1 mutation) 
 Galactosemia (GALT) 

 Depletion/destruction of ovarian follicles 
 Spontaneous follicle loss  Ovarian autoimmunity 

 Infectious 
 Toxins environment lifestyle 

 Treatment-associated 
follicle loss 

 Surgery 
 Chemotherapy 
 Radiation 

 Dysfunction of ovarian follicles 
 Signaling defect  FSHb, FSHR, LHb, LHR mutations 

 GNAS (Pseudohypoparathyroidism type 1a) 
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transcription of critical genes, or failure of meiotic pairing in pachytene, leading to 
apoptosis [ 16 ,  17 ]. Balanced X-autosome translocations have been shown in some 
instances to result in the downregulation of autosomal genes important in oogenesis 
due to epigenetic effects via chromatin modifi cations [ 18 ]. 

 Investigation into candidate genes within the  POF1   and  POF2   regions has been 
mixed, with a number of genes interrupted by translocations in affected families; 
however, the majority of balanced translocations occur in gene-poor regions [ 19 , 
 20 ]. Bione et al. presented a POI family with an X; 12 balanced translocation 
that caused interruption of  DIAPH2 . The  DIAPH2 protein   is a member of a protein 
family important to cytokinesis and other actin-mediated processes critical to early 
development [ 21 ]. Mutations in the  Drosophila  homologue  dia  are known to cause 
sterility in male and female fruit fl ies [ 22 ]. The authors proposed that  DIAPH2  plays 
an important role in oogenesis, however, corroborating evidence in humans is 
 lacking [ 21 ]. 

 Fragile X mental retardation 1 ( FMR1 ) premutation is the most common single 
gene cause of POI and is found in 11–14 % of familial POI and 2–3 % of sporadic 
POI [ 23 ,  24 ] The   FMR1  gene  , located at Xq27.3, is associated with three distinct 
phenotypes, Fragile X syndrome, Fragile-X associated tremor/ataxia syndrome 
(FXTAS), and FMR1 related POI. All three conditions are X-linked dominant with 
incomplete penetrance and are related to a CGG trinucleotide repeat in the 5′ 
untranslated region of  FMR1.  Repeat numbers greater than 200 lead to silencing of 
  FMR1  gene   expression and Fragile X syndrome in males and approximately half 
of females. Females with 55–200 CGG repeats are considered premutation carriers 
and are at risk of having a child with Fragile X syndrome due to anticipation. 
Additionally, 15–20 % of FMR1 premutation carrier females develop POI [ 25 ]. 
Risk of ovarian failure does not appear to be completely linear with regard to repeat 
length, where the risk increases to lengths of around 99, but then plateaus [ 24 ] 
(Fig.  5.1 ). While the absence of gene expression clearly explains the Fragile X 

Full mutation 
(CGG) < 45 55 - 200(CGG)

(Premutation-specific  disorders)   Fragile X syndrome 
Premature ovarian failure (POF) 
Tremor/ataxia syndrome (FXTAS) 

mRNA

FMRP

Clinical

Expression of the Fragile X Gene

> 200 (CGG)

Typical

Typical Premutation

  Fig. 5.1    Expression of   FMR1    in normal women, premutation carriers, and full mutation carriers. 
Figure adapted from Hagerman and Hagerman [ 24 ]. Wittenberger. FMR1 premutation. Fertil Steril 
2007       
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 syndrome phenotype, the underlying mechanism(s) of FMR1 related POI are less 
certain. It is hypothesized that RNA-mediated toxicity may affect ovarian follicle 
dynamics, as mRNA is overproduced in the premutation carrier [ 26 ]. 

       X Chromosome Short Arm (Xp) 

  The proximal region of  the   short arm of the X chromosome (Xp11.1–Xp21) is 
essential for ovarian germ cell function; deletions in this region result in primary 
amenorrhea or secondary amenorrhea in approximately equal proportions [ 16 ,  27 ]. 
 Bone Morphogenic Protein-15 ( BMP15 )   is located at Xp11.2 and is an  oocyte- specifi c 
growth/differentiation factor known to play an important role in the regulation of 
folliculogenesis and granulosa cell proliferation, although the precise underlying 
mechanism remains incompletely characterized [ 28 ]. Additionally, BMP15 effects 
are likely signifi cantly infl uenced by the actions of  growth and differentiation factor 
9 (GDF9)  , due to the formation of biologically active BMP15: GDF9 heterodimers 
[ 28 ]. The fi rst  BMP15  mutation associated with POI was detected in two sisters with 
gonadal dysgenesis with a heterozygous mutation in  BMP15  inherited from their 
hemizygous unaffected father. This mutated  BMP15  likely exerted a dominant neg-
ative effect on the wild-type BMP15, possibly by producing an antagonistic effect 
on granulosa cells [ 29 ]. Many other  BMP15  mutations have since been identifi ed in 
women with POI [ 30 ].    

    Autosomal Mutations and POI 

  The advent of  molecular   technologies signifi cantly advanced our knowledge of 
single gene mutations associated with POI. Despite this, the introduction of clinical 
genetic testing for most single gene causes has only recently been introduced. This 
at least in part stems from the incomplete understanding of the underlying 
 mechanism of many mutations and the relative rarity of identifi able single gene 
causes of syndromic or isolated POI. The following section discusses some selected 
autosomal genes involved in POI, but is far from comprehensive. Additionally, 
other genetic causes with delineated mechanisms are described later under their 
appropriate categorizations (Fig.  5.2 ). 

      Blepharophimosis–Ptosis–Epicanthus Inversus Syndrome 

   Blepharophimosis–Ptosis–Epicanthus Inversus Syndrome (BPES)   is an autosomal 
dominant disorder characterized by distinct eyelid dysmorphology and, in BPES 
type I, POI. BPES is caused by mutations in  FOXL2 , which is highly expressed in 
the developing eyelid and ovaries, as well as in adult human ovaries [ 31 ]   FOXL2    is 
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one of over a hundred Forkhead Box transcription factors and plays a critical role in 
granulosa cell differentiation and ovary maintenance. Primordial cells consist of a 
single layer of squamous granulosa cells surrounding the oocyte which then develop 
into mature follicles during folliculogenesis. Mature follicles then produce 
activin-βA and AMH, inhibiting the remaining primordial follicle pool. In a murine 
model of  Foxl2  homozygous mutants, the granulosa cell differentiation was blocked 
at the squamous follicle to mature cuboidal follicle transition. Consequentially, 
activin-βA and AMH are not produced and almost all primordial follicles are acti-
vated and undergo apoptosis. This results in premature depletion of the primordial 
follicle pool and may explain the underlying mechanism of POI in BPES [ 32 ]. 

 Other isolated autosomal defects include transcription factor mutation such as 
 BRCA , newborn ovary homeobox protein ( NOBOX ), growth factor mutations ( GDF9 ), 
LIM homeobox ( LHX8 ), and RNA binding protein ( NANOS3 ) gene mutations.   

    BRCA Mutations 

  While overt POI does  not   appear to be associated with   BRCA1    and   BRCA2    carrier 
status, Oktay et al. in 2010 found that in a cohort of women undergoing ovarian 
 stimulation for fertility preservation, low ovarian response was signifi cantly more 
common in mutation carriers than noncarriers, which the authors termed occult 
POI. This relationship was strongest for  BRCA1  carriers, who showed decreased 
oocyte yield when compared to noncarriers [ 33 ,  34 ]   BRCA1    is one of many genes 
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involved in the repair of DNA double-strand breaks. Titus et al. showed in a murine 
model that  Brca1 -defi cient mice showed impaired reproductive function, with 
decreased total number of primordial follicles and increased DNA double-strand 
breaks in existing primordial follicles [ 35 ]. Therefore, oocytes may be more prone 
to DNA damage because of defective DNA repair mechanisms associated with 
BRCA mutations [ 34 ].   

    Newborn Ovary Homeobox 

    NOBOX    is a homeobox transcription factor highly expressed in the oocyte and known 
to play a role in primordial to primary follicle development [ 36 ]. A mouse knockout 
model for  NOBOX  was consistent with a human POI phenotype [ 37 ]. Sequencing of 
 NOBOX  in POI cohorts has revealed mutation rates of 5–6 %, suggesting that  NOBOX  
may be the most common autosomal gene implicated in POI [ 38 ,  39 ].   

   LHX8 and NANOS 

    LHX8   is a germ cell specifi c regulator of oogenesis through transcription factors 
NOBOX and FIGLA. These may then function as determinants of oocyte-specifi c gene 
expression throughout the remainder of folliculogenesis.  NANOS   is involved in the 
maintenance of primordial germ cells by supporting their proliferation and/or by sup-
pression of cell death. Female knockout mice for either gene lack germ cells [ 40 ,  41 ].    

   GDF9 Mutations 

  An important autosomal  gene   affecting folliculogenesis is growth differentiating 
factor 9 ( GDF9 ). GDF9 is an oocyte-secreted growth factor that belongs to the TGF 
family and plays a pivotal role in differentiation of the oocyte, granulosa, and theca 
cells.  GDF9  is located on chromosome 5 (5q31.1), expressed in oocytes, and 
believed to infl uence differentiation of the layers of the follicle compartments 
(oocyte, granulosa, and theca cells) [ 42 ].  Gdf9  null mouse models have provided 
new insight into the role of  GDF9  in ovarian function. While a complete loss of 
 Gdf9  in homozygous males showed that it is not required for male fertility, homo-
zygous null females were infertile and had signifi cantly smaller ovaries compared 
to the wild type. Furthermore, a loss of granulosa mitotic ability in the primary fol-
licle stage appears to result in the absence of normal follicular development beyond 
the primary stage in homozygous null females. Aromatase and LH-receptor expres-
sion is also lacking in  Gdf9  null ovaries and consequently theca cell recruitment is 
impaired [ 43 ]. Further evidence for the pivotal paracrine role of GDF9 in folliculo-
genesis comes from studies in ewes either homozygous for  GDF9  mutations or 
immunized against GDF9, with all animals exhibiting a block in follicle growth at 
the primary stage [ 44 ,  45 ]. While not a common cause, variants in  GDF9  thought to 
be likely causative have been reported in women with POI [ 46 ,  47 ].   
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   Enzyme Defi ciencies 

  A number of inherited  enzymatic   pathway disorders have been associated with 
ovarian follicle dysfunction leading to POI. Among the fi rst described disorders is 
 galactose 1-phosphate uridyltransferase (GALT) enzyme defi ciency   causing 
galactosemia, a rare autosomal recessive disorder. The GALT gene encoding this 
enzyme is located at 9p13. Almost all women with homozygous mutations in the 
 GALT gene   eventually present with POI, but fl uctuating POI course and sponta-
neous pregnancies have been observed in girls with classic galactosemia [ 48 ]. 
FSH is often elevated even in early childhood. Neonatal ovaries have normal 
morphology and folliculogenesis. However, histological examination of adoles-
cent women with galactosemia shows hypoplastic, streak-like ovaries containing 
severely decreased primordial follicles without any mature follicles [ 49 ,  50 ]. 
Although the mechanism underlying POI in women with galactosemia is still 
unknown, possibilities include the accumulation of toxic metabolites after birth 
leading to direct ovarian insult. Other possibilities involve FSH dysfunction 
through hypoglycosylation of glycoproteins or glycolipids, oxidative stress, and 
activation of oocyte apoptosis. Autoimmune mechanisms have also been dis-
cussed; however, no antibodies have been identifi ed to date [ 51 ,  52 ]. Despite early 
diagnosis and treatment with newborn screening, development of POI is the most 
common long-term complication in affected females and appears to be treatment 
independent [ 50 ,  53 ,  54 ]. 

  PMM2-CDG   is an autosomal recessive congenital disorder of glycosylation 
characterized by abnormal glycosylation of N-linked oligosaccharides and multi-
system involvement. Females with the syndrome have early-onset hypergonado-
trophic hypogonadism, and the underlying mechanism is poorly characterized, 
but likely related to the global dysfunction of glycoproteins and glycolipids seen 
in the disorder [ 55 ]. 

  Aromatase   ( CYP19A1 ) catalyzes the conversion of androgens to estrogens, 
thereby playing a key role in intact ovarian follicle function.   CYP19A1  mutation  s 
have been reported in two 46,XX women with cystic ovaries and primary amenor-
rhea. Compound heterozygosity existed for two different point mutations on exon 
10 in both women, resulting in a mutant protein without enzymatic activity [ 56 ,  57 ].     

    Depletion/Destruction of Ovarian Follicles 

    Ovarian Autoimmunity 

  Approximately, 10–30 % of  women   with POI have a concurrent autoimmune 
 disease, with autoimmune thyroid disease being most frequently associated. Other 
autoimmune associations described include systemic lupus erythematosus (SLE), 
Crohn’s disease, myasthenia gravis, type I diabetes mellitus, pernicious anemia, 
vitiligo, alopecia areata, ulcerative colitis, celiac disease, glomerulonephritis, 
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 rheumatoid arthritis, primary biliary cirrhosis, multiple sclerosis, autoimmune 
hemolytic anemia, idiopathic thrombocytopenic purpura, pernicious anemia, vitiligo, 
and hypoadrenalism [ 1 ]. 

 There are multiple fi ndings supporting an autoimmune-mediated destruction in 
patients with suspected autoimmune oophoritis and subsequent progressive decrease 
in ovarian function. These fi ndings include autoantibodies to steroid producing cells 
such as the adrenal cortex, testis, placenta, and the ovary, which can be isolated in 
the sera of 60–80 % of these women. Increased lymphatic and plasma cell infi ltration 
of the theca cells of the growing follicle and T-cell CD4+ and CD8+ activation have 
also been described [ 58 ,  59 ]. Interestingly, infl ammatory processes appear to spare 
early primordial and primary follicles and affect mostly later stages of folliculogenesis 
(pre-ovulatory follicles and corpora lutea) [ 60 ]. 

 There are three categories that have been used to describe autoimmune ovarian 
insuffi ciency: those associated with adrenal autoimmunity, non-adrenal autoimmu-
nity, and isolated idiopathic POI [ 61 ]. In cases where POI is associated with either 
non-adrenal immunity or idiopathic, the prevalence of autoantibodies directed 
against several types of steroid-producing cells such as the adrenal cortex, testis, 
placenta, and ovary is signifi cantly lower (approximately 10 %). This compares 
with up to 80 % of women with adrenal autoimmunity and POI. Autoimmunity of 
the ovary and the presence of  anti-ovarian antibodies (AOA)   have also been associ-
ated with the outcome of in vitro fertilization. It has been suggested that the presence 
of AOA could potentially reduce fertilization rates, generate a poor response to 
gonadotropin stimulation, decrease pregnancy rates, affect egg and embryo develop-
ment, and could be responsible for implantation failures [ 62 ]. In implantation failure, 
anti-ooplasm antibodies or antizonal antibodies can be isolated in up to 25 % of 
women, with even higher prevalence rates with fertilization failures. It has been pro-
posed in the past to test women for the presence of AOA prior to initiation of assisted 
reproductive therapy programs as a prognostic factor for reproductive outcomes, and 
to help counsel patients accordingly [ 63 ,  64 ], though these are not currently standard 
of care because of lack of effective treatments which can address these and the high 
success rates of IVF/ICSI regardless of antibody status. 

 There is still little known about the exact antigenic targets within the ovary; 
however, ongoing research has identifi ed  AOA   against various components and 
compartments of the ovary which can be subdivided into the germinal component, 
including autoantigens directed to the oocyte and the surrounding zona pellucida, 
and the somatic component, encompassing autoantigens to steroid producing cells, 
such as the corpus luteum, granulosa cells, and theca cells. 

  Anti-oocyte antibodies   were fi rst described in the hallmark study by Vallotton 
and Forbes in 1966 [ 65 ]. Since then, a number of studies have successfully 
 demonstrated the presence of anti-oocyte antibodies in the cytoplasm of IVF 
patients and women with POI [ 66 ,  67 ]. The literature investigating the identity of 
the corresponding antigens in human ovaries is sparse, though mouse models in 
development have provided some rich information. POI appears to develop in 
mice after neonatal thymectomy. Tong and Nelson demonstrated that these mice 
develop anti-oocyte cytoplasm antibodies against an oocyte-specifi c protein 
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termed OP1  (ooplasm- specifi c protein 1) and, therefore, proposed that OP1 as an 
antigen may play a role in murine autoimmune POI [ 68 ]. Antigen-heat shock pro-
tein 90-beta (HSP90β)    is a second antigen that was demonstrated predominantly 
in the oocyte cytoplasm, but could also be identifi ed in theca and corpus luteum 
cells of women with infertility. It has been suggested to use antibodies against 
HSP90 for diagnostic markers of ovarian failure [ 69 ]. 

 The  zona pellucida (ZP)  , which is also a part of the germinal component 
 surrounding the oocyte, is another important ovarian antigen in autoimmune POI. 
It has been suggested that anti-ZP antibodies correlate with lower fertilization rates 
in IVF patients and have been successfully isolated from sera of POI patients [ 70 , 
 71 ]. However, further research is needed to investigate the role of anti-ZP antibod-
ies in the pathophysiology of ovarian autoimmunity, as current research consists of 
studies with small samples sizes and questionable specifi city of the methodology. 
The clinical signifi cance of these antibodies is questionable in part due to a broad 
range of anti-ZP antibody prevalence (between 2.4 and 68 %) as well as positive 
reactions in healthy females and male patients [ 72 – 75 ]. 

 Among AOA, autoantibodies directed to  steroid producing cells (SCA)   are rec-
ognized as the best markers for autoimmune POI [ 76 ,  77 ]. These antibodies are 
predominantly found in patients with Addison’s disease and to a lesser degree in 
non-adrenal or idiopathic POI [ 16 ,  78 ]. SCA are believed to target cytoplasmatic 
steroid enzymes, specifi cally anti-3β-hydroxysteroid dehydrogenase, anti-17 
hydroxylase, and anti-side chain cleavage enzyme [ 79 ,  80 ]. It has furthermore been 
suggested that gonadotropins themselves and their corresponding receptors could 
potentially function as autoantigens. The concept of anti-gonadotropin and anti- 
gonadotropin receptor antibodies has been investigated, with evidence suggesting 
that circulating anti-FSH and anti-LH antibodies in sera of women undergoing IVF 
were associated with poorer reproductive outcomes [ 81 ,  82 ]. 

 Moving forward, the detection of multiple antibodies in women with POI would 
likely prove to be most valuable in predicting reproductive outcomes. However, cur-
rent ovarian antibody assays have a poor specifi city and the association between the 
aforementioned antibodies with autoimmune POI has not been consistently confi rmed. 
Therefore, testing for these antibodies is not recommended at this time. Furthermore, 
with regression of autoimmune disease, recovery of ovarian function may occur.   

    Infectious 

  The evidence whether or not viral infections such as mumps oophoritis, herpes 
 zoster, varicella, HIV, or  cytomegalovirus   could trigger POI remains controversial. 
The true incidence of post-mumps oophoritis-related POI is unknown, but it has 
been reported in up to 7 % of cases, with return of ovarian function in the majority 
of patients following resolution of the disease. There have also been reports 
 describing microbial infections such as shigella and malaria associated with POI, 
though a causative link has not been confi rmed [ 83 ]. 
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 Recent studies have focused on POI in patients with HIV. In 2010 a prospective 
study evaluated 78 HIV-seropositive women for four markers of ovarian function 
and found that all women showed abnormalities in antral follicle counts, FSH, 
inhibin B, and anti-Müllerian hormone. These results imply that HIV infection may 
impair fertility, have a negative effect on ovarian function, and consequently lead to 
POI. A multicenter cohort study with 1139 HIV-seropositive women found that 
these women were approximately three times more likely to have prolonged 
 amenorrhea, defi ned as no vaginal bleeding for at least 1 year, compared to sero-
negative women. However, elucidating whether the underlying cause of the pro-
longed amenorrhea was of ovarian origin proved to be problematic and remains to 
be investigated. At any rate, the data highlight the importance of monitoring this 
population early for signs and symptoms of POI [ 16 ,  84 – 88 ].   

    Toxins, Environmental, and Lifestyle Factors 

    Studies  examining         the association of chemical substances and POI in humans are 
rare; however, the plausibility of a causal relationship was illustrated in a group of 
Korean women exposed from 4 to 16 months to 2-promopropane (2BP or isopropyl-
bromide), which is used as a solvent for cleaning electrical components. Sixteen out 
of 26 women were subsequently found to develop POI, with FSH values correspond-
ing to menopausal levels. Regular menses ceased in the majority of women with only 
13 % resuming menstruation later [ 89 ,  90 ]. A large, case–control study of 443 cases 
and 508 controls in 2009 demonstrated that hairdressers who are regularly exposed 
to chemicals may be at a higher risk for POI compared to other occupational groups 
[ 91 ]. With the assistance of animal models, further light has been shed on the effect 
of various other environmental and occupational factors, such as  polycyclic aromatic 
hydrocarbons (PAH)  , whose corresponding receptor can be isolated in oocytes as 
well as male spermatozoa, thereby potentially contributing to male infertility. The 
impact of these toxins has been shown to range from decreased ovarian function to 
induction of POI [ 92 – 94 ]. 

  Smoking   is a known cause of ovarian follicle damage, decreasing the age of 
menopause by up to 4 years in large epidemiologic studies, though the exact 
mechanisms and toxins are unclear [ 95 – 99 ].  PAH   is one of the toxins found in 
tobacco and may affect the ovarian follicle pool by accelerating follicular atrophy 
and atresia via increased apoptosis in primordial germ cells [ 100 ].  Nicotine   also 
inhibits aromatase, which results in decreased estradiol levels and downstream 
negative effects on fertility [ 101 ]. A causal relationship of smoking and POI is 
supported by a dose- dependent effect of cigarettes on the reproductive life span, 
starting at one half pack per day. 

  4-Vinylcyclohexene diepoxide (VCD)   has also been reported to be an ovotoxic 
occupational chemical and is produced during the manufacture of rubber tires, 
fl ame retardants, insecticides, plasticizers, and antioxidants. Similarly to PAH, it 
targets ovarian primordial follicles and accelerates ovarian failure in rodents via 
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cell death by apoptosis and altered expression of specifi c genes. Women exposed 
to  VCD   are, therefore, at a higher risk for POI and should be monitored carefully 
[ 102 – 107 ]. 

 A number of additional ovotoxins have been described in the literature, but it 
has been challenging to illustrate the underlying mechanisms leading to POI and 
 confl icting results regarding the effect of these toxins on the human ovary have been 
reported [ 108 ]. Different mechanisms involved in chemical-induced POI have been 
postulated. First, a follicular ovarian pool that is initially normal is destroyed by an 
ovotoxic external agent, thereby inducing POI. Multiple chemical agents associated 
with increased apoptosis or atresia of the primary or primordial follicles have been 
identifi ed and at least four of these toxins [ethylene glycol methyl ether, 2,2-bis 
(bromomethyl)-1,3-propanediol, benzo[a] pyrene, and dimethylbenzanthracene] 
are potentially capable of inducing POI in the next generation after prenatal expo-
sure in rodents [ 94 ,  109 ,  110 ]. 

 Another theoretical pathway leading to POI by follicular destruction is  ovarian 
hypoxia, as chronic hypoxia in men is already a known cause for  oligoastheno-
spermia   and in women  ovarian torsion   with subsequent ovarian hypoxia and 
necrosis may result in subfertility [ 111 ,  112 ]. Furthermore, it has been postulated 
that the follicular pool is prematurely depleted via increased follicular recruit-
ment, either by agents acting on hormonal regulation of follicular recruitment or 
inhibiting mechanisms that maintain follicle dormancy. Two synthetic organic 
compounds have been associated with increased follicular recruitment:  methoxy-
chlor  , which is an organochlorine insecticide, and bisphenol A [ 113 ,  114 ]. Yet 
another mechanism hypothesizes that chemical agents may not interfere with 
follicle pool quantity but infl uence follicle quality by impairing follicle maturation 
in the setting of normal follicle counts. Chemical agents that match this  mechanism 
have been only hypothetically described in the literature. 

 Body composition and adiposity have also been evaluated in relation to 
 reproductive life span. Interestingly, POI is  not  associated with weight gain and 
affected patients are usually less likely to be obese than unaffected controls [ 115 ]. 
Overall, environmental and lifestyle factors are thought to be the minor causes of 
POI at this time, but further research is needed to evaluate circumstances, dose, 
and frequency of exposure to ovotoxic agents in order to accurately assess 
 occupational risks.     

    Treatment (Iatrogenic) Associated Accelerated Follicle Loss 

   Surgery 

   Surgical menopause and POI   can result from bilateral oophorectomy for ovar-
ian disease, prophylactic bilateral oophorectomy, such as in cases of BRCA-
positive women, excessive laparoscopic drilling in women with  polycystic 
ovary syndrome (PCOS)  , or ovarian damage during the removal of large ovarian 
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cysts or endometriomas. Hysterectomy, salpingectomy for ectopic pregnancies or 
hydrosalpinx, and almost any other pelvic surgery have been theorized to compro-
mise blood supply to the ovaries and induce local infl ammation, thereby placing 
women at a higher risk for POI [ 116 ]. This theory is supported by the observation 
that the average age of menopause in women who had previously undergone hyster-
ectomies is signifi cantly earlier (by approximately 4 years) than the average age at 
 menopause for women who retained their uteri [ 117 ,  118 ]. Similarly, uterine artery 
embolization has the potential to induce POI by affecting the vascular supply to the 
ovaries [ 16 ]. While excision of endometriomas prior to assisted reproductive thera-
pies is not recommended in order to improve reproductive outcomes, it can provide 
other benefi ts, such as decreasing pelvic pain. Laparoscopic removal of endometrio-
mas carries a risk of POI of about 2.4 % [ 119 ]. The negative effect of surgery on 
ovarian reserve has been illustrated in a meta-analysis of 237 patients by Raffi  et al. 
in 2012, in which a signifi cant postsurgical decrease in AMH levels was observed 
after  ovarian endometrioma excision [ 120 ]. 

 Even though some studies suggest that ovarian reserve is diminished in women 
with PCOS who undergo laparoscopic ovarian drilling (refl ected by postsurgical 
changes of hormonal levels), it has been alternatively postulated that the changes in 
ovarian reserve markers such as FSH, inhibin B, and AMH levels after ovarian drill-
ing represent a normalization of ovarian function and do not refl ect diminished 
ovarian reserve [ 121 ]. There is a general consensus that in women who desire to 
preserve their fertility, recurrent pelvic surgery for benign causes should be limited, 
care should be taken to avoid iatrogenic ischemia to the ovaries, and PCOS drilling 
needs to be appropriately and conservatively applied to restore normal ovary 
 morphology and normalize endocrinologic properties.   

   Chemotherapy 

  Due to  advanced   treatment regimens for malignant diseases, survival rates for many 
childhood cancers treated with chemotherapy have continued to improve over time. 
However, one of the long-term consequences for female survivors exposed to 
 chemotherapy is POI, which signifi cantly impacts quality of life and the ability to 
have biological offspring. The main predictive factors for the development of POI 
 following chemotherapy include the age of the individual, the drug type, higher 
cumulative dosage, and the addition of radiation to the treatment [ 122 ]. Alkylating 
agents, such as cyclophosphamide, used for the treatment of some cancers and auto-
immune disorders, are considered to be highly gonadotoxic. This is presumably 
because the drugs are not cell cycle specifi c and therefore both resting and growing 
primordial follicles can be damaged. Alkylating agent cause POI in 42 % of women 
and even up to 80 % of women if additional chemotherapeutics are concomitantly 
used [ 123 ,  124 ]. Cell cycle specifi c agents such as methotrexate, 5-fl uouracil, 
 bleomycin, and vinca alkaloids are associated with mild gonadotoxicity, whereas 
cisplatin and  adriamycin are moderately toxic. Several studies have demonstrated a 
dose- dependent relationship between chemotherapy and the onset of POI, though 
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the effect of duration of treatment is not well understood [ 125 ]. Rodents treated 
with cyclophosphamide had primordial follicle destruction in a dose-dependent 
 relationship [ 126 ,  127 ]. 

 Interestingly, prepubertal girls are relatively resistant to the gonadotoxic effect of 
chemotherapy, while older women have a much higher incidence of POI following 
treatment [ 128 ]. Women between ages 21–25 years have a 27-fold increased risk for 
POI after chemotherapy, compared to an approximately fourfold risk in the adoles-
cent group. Women aged 35–40 years are at highest risk for POI following chemo-
therapy, although it is diffi cult to ascertain to what extent this is attributable to 
ovotoxic effects of the treatment or a naturally smaller primordial follicle pool in this 
age group at the time of therapy [ 16 ,  129 ]. The impact of chemotherapy on the ovary 
is similar to the physiologic changes during normal ovarian aging and includes fol-
licular apoptosis, premature atresia, blood vasculature compromise, and cortical 
fi brosis leading to a reduced follicle pool and eventually to morphologic changes of 
the ovary [ 130 – 132 ]. Furthermore, administration of chemotherapy has been shown 
to have both transient and permanent effects on ovarian function. Transient effects 
result from the growing follicle pool being destroyed by the treatment, resulting in 
transient amenorrhea, though recruitment from an intact primordial follicle pool is 
subsequently initiated and the population of growing follicles can be restored. 
Permanent effects and POI result if the primordial follicle pool itself is suffi ciently 
impacted and diminished. Whether POI occurs immediately after treatment or years 
later depends on whether the primordial pool has been completely or partially 
depleted. This hypothesis is supported by a prospective study in 2006 that aimed to 
investigate ovarian function as refl ected by monthly menses in premenopausal 
women undergoing breast cancer treatment. Five hundred and ninety fi ve women 
received predominantly cyclophosphamide, doxorubicin, paclitaxel, fl uorouracil, 
methotrexate, and docetaxel resulting in rapid decrease of monthly menses through-
out all age groups after the fi rst dose of adjuvant therapy was given. Thereafter, 
menstrual cycling recovered rapidly in 85 % of women younger than 35 years, within 
6 months after the end of treatment. Recovery was less pronounced in older women, 
with only 61 % of 35 to 40-year-old women resuming normal menses 6 months after 
treatment [ 133 ]. However, permanent ovarian dysfunction arises not only from direct 
cytotoxic effects of chemotherapy on primordial cells, but also by repetitive loss 
of activated growing follicles occurring with repeated chemotherapy. Ultimate 
 exhaustion of the primordial cells from repetitive treatment has been referred to as 
“burn-out” or “second-hit” hypothesis, where the presence of less than a thousand 
primordial follicles is associated with menopause [ 134 ]. Therefore, both indirect and 
direct mechanisms are capable of reducing the size of the primordial pool, thereby 
leading to permanent ovarian follicle depletion and POI [ 131 ]. These fi ndings lead to 
the question of whether certain stages and associated cell types involved in folliculo-
genesis are more susceptible to the ovotoxic effects of chemotherapy than others. 
Unfortunately, there is little data available regarding the relative sensitivities of the 
processes of follicle initiation, growth, selection, and maturation to chemotherapy 
and resultant effects on primordial, primary, secondary, pre-antral, early antral, 
and pre-ovulatory follicles. A decrease in number of primordial follicles is well 
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established in both human and experimental rodent models following chemotherapy 
[ 135 ,  136 ]. Petrillo et al. exposed mice ovaries to phosphoramide mustard, a 
 metabolite of cyclophosphamide, and demonstrated an induction of primordial and 
small primary follicle depletion in >90 % as early as 24 h following treatment [ 137 ]; 
 however, whether this is a primary or secondary effect remains to be determined. 
 Doxorubicin   seems to affect secondary follicles, where changes in ovarian reserve 
markers during chemotherapy suggest declining numbers of pre- antral and early 
antral stages. The current data, however, does not allow defi nitive conclusions 
regarding the stage of folliculogenesis that is more susceptible to chemotherapy 
damage [ 138 ,  139 ]. 

 On a cellular level, chemotherapeutic agents are capable of inducing oocyte 
death via two different pathways. They may damage the oocyte directly or act on 
somatic cells that surround oocytes, thereby indirectly causing oocyte cell death and 
germ cell loss. It is likely that somatic cells such as granulosa cell are particularly 
sensitive to chemotherapeutic agents that are designed to work on rapidly proliferat-
ing cells. Ben-Aharon et al. recently evaluated ovarian size,  Doppler-fl ow velocity   
indices, and hormonal profi les before and after neoadjuvant and adjuvant treatment 
with anthracycline and taxane-based chemotherapy in young breast cancer patients. 
They established a correlation between chemotherapy-induced acute ovarian 
 vascular insult and alteration in ovarian blood fl ow, size, and function refl ected by 
decreased AMH, increased FSH levels, and postmenopausal symptoms. Interestingly, 
the observed pattern of acute ovarian failure was similar in all patients regardless of 
patient age (34 ± 5.24), years, and chemotherapy regimen [ 140 ].   

   Radiation 

  Oocytes are exquisitely sensitive to  radiation therapy   and 26 % of patients who 
received whole abdominal irradiation in early childhood develop POI before they 
are 25 years old [ 141 ]. Radiation induces cell DNA damage, causing apotosis and 
subsequent cell death. Direct radiation damages the ovaries via a similar anatomic 
mechanism as chemotherapy, including increased activation of follicles and 
 resultant accelerated atresia [ 131 ]. Similar to chemotherapy, the patient’s age, 
cumulative dose, type, and number of treatments are crucially important predictive 
factors for POI. Understanding and predicting the extent of radiation-induced dam-
age to the ovary helps in counseling patients regarding their risk for POI. As a 
general rule, a single high dose is more ovotoxic compared to several fractionated 
radiotherapy doses over time [ 142 ]. In 2005, Wallace calculated the dose of radia-
tion required to destroy 50 % of oocytes (LD50) to be <2 Gy and developed a model 
to reliably predict the age of POI onset after treatment with 3, 6, 9, and 12 Gy of 
radiotherapy for patients between birth and 50 years. As expected, with increasing 
radiation dose, the age when POI occurred decreased considerably. Prepubertal 
oocytes appeared to be more resistant to radiation compared to adolescent and adult 
oocytes. According to their model, treatment of a 10-year-old girl with 3 Gy resulted 
in POI at age 33, thereby allowing for a longer reproductive window compared to 
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20- and 30-year- old patients treated with the same dose who were predicted to 
undergo POI at ages 39 and 42 years, respectively. The effective sterilizing dose 
(defi ned as the dose of fractionated radiotherapy after which POI occurs  immediately 
in 97.5 % of patients) also follows an age-dependent correlation. At birth, the 
 effective sterilizing dose is 23.0 Gy. This decreases to 14.3 Gy by 30 years, and 
doses >6 Gy produce ovarian failure in virtually all individuals over 40 years [ 143 –
 145 ]. Radiation therapy not only exerts its negative effects on reproductive function 
through follicular DNA damage and subsequent development of POI, but also 
through various other mechanisms, such as interference with the hypothalamic–
pituitary–ovarian axis, uterine damage resulting in increased rates of spontaneous 
abortion, and intrauterine growth restriction. Adverse uterine effects for women 
who have been treated with high- dose radiation are thought to arise from insults to 
the uterine vasculature, muscle, and endometrium, with resulting reduced elasticity 
and impaired uterine development, leading to a signifi cantly reduced uterine 
 volume and associated spontaneous miscarriage [ 146 ,  147 ]. As with chemotherapy, 
a dose-dependent relationship between irradiation and POI has been described 
[ 148 ]. Although efforts are made to protect gonads from radiation during cancer 
therapy, it is challenging to preserve ovarian function by shielding the ovaries in 
some clinical circumstances. However, patients with one or both ovaries outside the 
radiation fi eld have a signifi cantly lower risk for POI upon conclusion of pelvic 
irradiation. A study of the risk of ovarian failure as related to the location of ovaries 
during radiation showed that the odds for ovarian failure in patients with both 
 ovaries in the radiation fi eld were 19.7 higher than if at least one ovary is outside the 
fi eld. Ovarian failure occurred in 68 % of women with both ovaries in the radiation 
fi eld, 14 % with ovaries at the edge of abdominal radiotherapy fi elds, and none of 
122 with one or both ovaries outside of an abdominal treatment fi eld [ 149 ]. 
Ovariopexy (the lateral transposition of the ovaries outside the radiation fi eld) in 
reproductive aged women has been shown to improve the preservation of ovarian 
function in the majority of patients [ 88 ].     

    Dysfunction of Ovarian Follicles 

    Signaling Defects 

  In rare cases, there is  no   defect in follicle maturation and suffi cient follicles at all 
stages are present within the ovary; however, they do not function properly sec-
ondary to  signaling defects within the hypothalamic–pituitary–ovarian axis. There 
are a number of studies investigating mutations in gonadotropin genes and 
their corresponding receptors, although these defects are a rare mechanism for 
POI. Gonadotropins play a key role in normal follicular growth and maturation; 
the FSH receptor is crucial for recruitment of ovarian follicles and maturation 
beyond the pre-antral stage. A rare but well-described cause of POI is mutations 
in  FSHR , which encodes the FSH receptor [ 150 ,  151 ]. 
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   FSHR    maps to 2p21-p16. A missense mutation C566T resulting in the substitution 
of valine for alanine at residue 189 was found in six Finnish families with hypergo-
nadotropic hypogonadism. Although binding affi nity seemed unaffected by the 
mutation, binding capacity and cAMP signal transduction were signifi cantly reduced 
after FSH stimulation [ 150 ]. Other multiple inactivation mutations of  FSHR  have 
been described, but overall, these  FSHR  mutations likely account for a minority of 
women affected by POI [ 2 ,  9 ,  152 ,  153 ]. 

   FSHβ  subunit mutation  s are rare but have been previously reported in two 
women with primary amenorrhea. It was fi rst described by Matthews et al. in 
1993 in a woman homozygous for a deletion mutation resulting in a truncated 
FSH beta- subunit peptide and consequent binding and activation impairment of 
the FSH receptor [ 154 ]. Layman et al. later reported a compound heterozygous 
mutation preventing the effi cient combination of the α and β subunits to form an 
intact FSH [ 153 ]. 

 The transmembrane  LH receptor ( LHR )   is another important component for 
 successful signaling between gonadotropins and associated target cells on ovaries. 
It maps to 2p21 in humans close to the  FSHR  gene [ 27 ].  LHR  mutations, usually 
detected in the transmembrane domain, can manifest in POI or gonadal dysgenesis 
in 46, XX women. Male 46, XY siblings of all reported women with  LHR  mutations 
have Leydig cell hypoplasia and exhibit a female phenotype with streak gonads. 
Latronico et al. examined the genomic DNA of two siblings with gonadal LH 
 resistance: a 46, XY pseudohermaphrodite with female phenotype and a 46, XX 
sibling with oligomenorrhea and infertility. Sequencing revealed a deletion muta-
tion for both individuals within the seventh transmembrane helix resulting in an 
intracellular retention of the majority of the mutant receptor and very little cell 
surface expression. Equilibrium binding assays showed normal hCG binding 
 affi nity for the small fraction of mutant receptor that was expressed on the cell 
 surface; however, there was a reduction in downstream stimulation of cAMP. They, 
therefore, concluded that the ovarian and testicular unresponsiveness to LH was 
secondary to both decreased availability of the LH receptor on the cell surface and 
impairment of Gs activation [ 155 ]. Lofrano-Porto identifi ed a homozygous  LH-β  
mutation in a Brazilian woman as well as her two hypogonadal male siblings. The 
female underwent pubertal development but subsequently experienced secondary 
amenorrhea [ 156 ]. 

  Pseudohypoparathyroidism type 1a  , also termed Albright hereditary osteodystro-
phy, is an autosomal dominant disorder caused by mutations in  GNAS1  and is 
 characterized by parathyroid hormone resistance and resultant skeletal manifestations. 
Affected females may also present with menstrual irregularities and hypergonado-
tropic hypogonadism. The underlying mechanism likely involves defi cient expression 
or function of the guanine nucleotide regulatory protein (G sα ) that stimulates adenylyl 
cyclase. This leads to partial resistance to FSH and LH in the granulosa and theca cells 
of the ovary and therefore profound effects on reproductive function in these women. 
 GNAS1  mutation, however, does not result in complete reproductive dysfunction and 
women with normal menstrual cycles and even full- term pregnancies have been 
reported [ 157 ].    

N. Doyle et al.



93

    Conclusion 

 A wide array of pathogenic mechanisms may lead to the development of POI. These 
include chromosomal, genetic, autoimmune, infectious, and iatrogenic causes, as 
well as signaling defects and enzyme defi ciencies, which impact fertility through 
interference with ovarian follicle endowment, depletion, destruction, and dysfunc-
tion. However, in the majority of cases no cause for POI is found and further research 
is needed to shed more light on the mechanisms that cause cessation of ovarian 
function before the age of 40. A large proportion of our current knowledge stems 
from animal studies. An understanding of basic pathogenic mechanisms underlying 
POI in humans would be essential to allow clinicians to apply current treatments 
and develop new innovative therapies for their patients.

   “I wish I knew why. I was lucky; my son is now 6 weeks old. But what if someday he has a 
daughter? Will she be at risk? Maybe by then, the scientists will know better what causes 
POI, and how to fi x it.”  
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    Chapter 6   
 Nonreproductive Conditions Associated 
with Primary Ovarian Insuffi ciency (POI)       

       Nanette    F.    Santoro      ,     Margaret     E.     Wierman      , and     Corinne     Canty-Woessner    

            Part I: A Patient’s Perspective 

   Imagine this:  You wake up each morning, feeling like you are dragging yourself through 
the motions. You push yourself through the fog that is in your head. You fi nd the energy 
you need to get through what is expected of you, even though your body just wants to 
be still to try to minimize the physical achiness. Frequently, you fi nd yourself wonder-
ing about what other people are saying and thinking about you, and you fi nd yourself 
wondering why you bother going through the motions every day. You do your best to 
burst through the curtain of pervasive sadness and fatigue that surrounds you.  

  Now imagine that you are going through all of this as a teen, and that this is the 
only life that you have ever experienced. Being a teenager is hard to begin with, but 
something else is very wrong—yet you look normal, and your doctors’ appoint-
ments have only resulted in the typical childhood illnesses—chicken pox, allergies 
and braces. Maybe this is just how life is? The people that you read about who talk 
about joy must be stronger than you, better than you. Now you feel worse. So you 
keep trying, and you keep pushing yourself through the fog.  
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 When I was 14, I had a brown discharge that lasted about a day, and then stopped. 
I told my mom I started my period, and she brought me pads. Two or three months 
later, it happened again — brown discharge for about a half a day. That was it. No 
more ‘periods’ after that. I wondered what was wrong with me. I remember staying 
up at night wondering if I had cancer. Could someone have come in my bedroom 
and raped me while I was sleeping, and I was actually pregnant? I cried myself to 
sleep many, many nights. I fought through the fog, every day, terrifi ed of this proof 
that there was something wrong with me. In a word, I was:  wrong . 

 After about a year, I stopped crying. I decided that if it was cancer, I would have 
symptoms by now. If I was pregnant, I would have defi nitely known by now. I threw 
myself into school and activities, and tried to prove to the world — and myself — that 
I was better than the constant self-doubt that surrounded me. 

 When I was 19, my Mom took me to our pediatrician to get a physical before 
going away to college. He asked when my last period was. My answer: Five years 
ago. He looked at my mom. My mom looked at me. I shrugged. No one had asked 
me before.  The   doctor wanted to do tests, and I just wanted to get away. I knew 
something was wrong with me, but I had avoided confronting the wrong for a long 
time. I had resigned myself to life as a hard, sad, and exhausting journey. He did a 
few blood tests and I left the state to go to college. 

 In college, a friend told me that if I didn’t get a period, I could get endometriosis. 
That sounded so awful, I went to the college health clinic. The health care profes-
sional told me that I couldn’t get endometriosis, but I could get osteoporosis. 
They gave me a progesterone test, and I still didn’t get a period. They gave me birth 
control pills, “since I was in college anyhow.” 

 That worked! I got my period! Surprisingly, I also grew two inches in height and 
grew breasts! The weeks that I took the placebos were awful. I continued to wonder 
and worry about what was wrong with me. Even after restarting the birth control 
pills, it would take several days before I felt strong again. I continued to push 
through the fog. And every time I stopped taking the Pill completely, my periods 
would stop completely. 

 I graduated college, although there were some really rough patches when the 
curtain of sadness and fatigue got the better of me. I started teaching and got mar-
ried when I was 26. I remember telling my husband, when we were planning out our 
lives, that it would probably take a few years for me to get pregnant. “I don’t get my 
period on my own, and I think that’s related to getting pregnant, but medical science 
has advanced quite a lot these days, so I might need a few years of treatment before 
we could actually get pregnant.” 

 I went off the pill. Fatigue and depression swept in brutally. I tried to get a refer-
ral to see a specialist, but we hadn’t been trying to get pregnant for 12 months yet. I 
fi nally got an appointment to see an OB/GYN, and told him I hadn’t had my period 
in about nine months. He did some blood work. Maybe it’s your prolactin? Take 
Parlodel, that might help. Nope. The OB/GYN told me this was beyond his level of 
expertise and sent me to an REI specialist. 

 The RE took blood, including my FSH level, which came back at 99. I was 27 
years old. She told me I had POF, and would never get pregnant on my own. She 
gave me a prescription for menopausal hormone therapy and told me to come back 
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in a year to get my levels checked again. I was devastated. My body is that old? Life 
as I know it is already hard, sad, physically achy, and exhausting, and now I am 
being told that I’m menopausal? My OB/GYN told me I was only the second person 
he had ever met with POF, the fi rst being when he was in med school years and 
years ago. 

 I researched POF and discovered that the NIH was doing clinical trials. At the 
NIH, the doctors discovered that my thyroid hormone was very abnormal. I have 
Hashimoto’s Thyroiditis, and that needed to be addressed when I got back home. I had 
an MRI and they discovered a microadenoma (small tumor) on my pituitary gland. 
I had a bone density scan and yes, in fact, I did have osteopenia in my bones as a 
result of lack of estrogen for most of my life. They did an ovarian biopsy and found 
white blood cells all over my ovary. I was told that I had autoimmune POF.  No periods 
since you were 14? Were those even really periods? Failed the progesterone tests? 
You must have had POF all your life.  

 It took several years of doctor visits, experimenting with different forms of HRT 
and different dosages of Synthroid, but then — at some point when I was around 
29 — I realized that I felt GOOD! The fog had mostly cleared out. My energy level 
soared! Constant self-doubt and worry wasn’t constant anymore! Is this what life is 
supposed to feel like? WHO KNEW? And now that I had tasted this life, I never 
wanted to give it up. 

 My husband is amazing. He notices when I start slipping back into gloom. If I 
stay there for more than a few weeks, he asks if I need to get my hormone levels 
checked. My HRT has not stayed constant over the past 15 years, but needs to be 
adjusted every few years. I’ve learned how to read my body, my aches and pains, my 
energy levels and overall mood. When I can’t attribute a decline to anything obvious, 
I get my hormones checked and meds adjusted. 

 I am now in a position where  I   frequently know more about my health conditions 
than the health care professionals who treat me. I am patient and explain what I 
understand about my health. I give them websites and references in order to mini-
mize their panic when I tell them I’ve been on HRT for almost 20 years and I am not 
worried about breast cancer or blood clots in my legs. 

 I know that I will deal with these issues for the rest of my life. I know that there 
is the potential for some severe and scary implications from some of these autoim-
mune diseases. I also know that I can feel good and energetic, and that I can live my 
life without the fog. So until those autoimmune diseases get scary, I am going to 
keep listening to my body so that I feel as good as I can with what I have.    

    Part II: Thyroid Disorders Associated with POI 

    Epidemiology of Autoimmune Thyroid Disease      Autoimmune thyroid disease 
(AITD)   is the  most   common autoimmune disorder in which the immune system 
attacks the thyroid to produce antibodies that  either   destroy the thyroid and result in 
loss of hormone production, hypothyroidism (Hashimoto’s disease, HD) or, less 
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commonly, activate thyroid hormone production causing  hyperthyroidism   (Grave’s 
disease, GD) [ 1 ,  2 ]. AITD is reported to occur in 2–5 % of the general population, 
but the prevalence is more realistically estimated at 5–10 % because of unrecog-
nized disease [ 3 ,  4 ]. The disorders have a female predominance (5–10:1), familial 
clustering, and an increased incidence with age [ 1 ,  5 ]. Both genetic and environ-
mental factors contribute to the onset of AITD. Twin studies show concordance of 
about 35 % in Grave’s disease in monozygotic twins compared to 0–7 % in dizy-
gotic twins [ 6 ,  7 ]. Twin studies underestimate the true genetic component, and most 
suggest that genetic susceptibility infl uences 80 % of the risk, with important envi-
ronmental triggers playing a role in 20 % [ 7 ]. These environmental components 
include smoking, stress, infection and dietary iodine, and selenium intake (reviewed 
in [ 8 ,  9 ]). New advances in  genome wide association studies (GWAS)   of large 
patient populations are attempting to dissect the multiple genetic contributions to 
AITD [ 8 ], with the ultimate goal to understand clustering of disease onset, progres-
sion, and potential targeted treatment options.   

   Pathophysiology of Autoimmune Thyroid Disease     Recent research suggests that 
AITD results from a common underlying set of  disordered   components of immune 
function, including altered T cell central tolerance, antigen monitoring, and periph-
eral immune tolerance in the onset of the disease [ 10 ,  11 ]. GD and HD have both 
common and unique genetic susceptibility loci. Common genetic factors include 
alterations in HLA-DRB1-Arg74, CTLA-4, PTPN22 Thyroglobulin, and the 
AT-rich interaction domain-58 (ARID58). In Graves’s disease, antibodies to the 
TSH receptor, CD40, and CD25 have been identifi ed. In contrast, in Hashimoto’s 
disease there are no responses to the  thyrotropin-stimulating hormone receptor 
(TSHR)  , but  instead   to a chromosomal region 12q containing the antiproliferative 
BTG1 gene locus. Further characterization of the function of the genes in these 
regions may lead to a better understanding of the genetic susceptibility and indi-
vidualized treatment.   

   Studies Linking Autoimmune Thyroid Disease to POI     Research has shown that 
patients with POI have a higher incidence  of   autoimmune disorders compared to the 
general population. Betterle and coworkers noted that in 50 women with POI, 18 % 
had autoimmune thyroid disease and an additional 10 % had thyroid autoantibodies 
[ 12 ]. In a population of 37 women from India, there was a 22 % prevalence of thy-
roid abnormalities [ 13 ]. The prevalence of  thyroid autoimmunity   was observed to 
be 24 % based upon clinical parameters and 21 % based on thyroid antibodies in a 
consecutive series of 58 patients with POI [ 14 ]. Together, these data confi rm that 
AITD is signifi cantly more common in women with POI compared to the general 
population. Of interest, genetic forms of POI due to alterations in the X chromo-
some, such as Turner Syndrome, also have a higher incidence of AITD, suggesting 
the role of genes on the X chromosome in the pathogenesis [ 15 ].   

    Evaluation and Management of Autoimmune Thyroid Disease in Women with 
POI     Clinically, patients with AITD have high serum concentrations  of    antibodies 
  against one or more thyroid antigens that precede the development of clinical dis-
ease [ 4 ,  16 ]. Practically, thyroid antibodies often come together as a single test 
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including antithyroid peroxidase (TPO) and antithyroglobulin (TG) with a TSH 
level as a screen for autoimmune thyroid disease [ 1 ]. Patients with HD have detect-
able thyroid autoantibodies in about 85 % of cases and one or both are also detected 
in 65 % of patients with GD.  TSHR   and  thyroid stimulating immunoglobulin (TSI)   
antibodies are specifi c for GD, with the TSI used to confi rm Grave’s eye disease. 
Rarely, patients with POI will develop Grave’s disease, which may be treated with 
antithyroid drugs and/or radioactive iodine therapy and resultant hypothyroidism 
necessitating thyroid hormone replacement similar to those with HD [ 1 ]. The major-
ity of POI patients have HD and the goal is to treat hypothyroidism when the TSH 
level is elevated above the normal range, with an ultimate treatment goal of TSH 
levels of 1–2 μU/ml [ 1 ].  Thyroid hormone   is given as levothyroxine (T4), which has 
a long half-life of 7 days and produces stable, steady-state levels in the circulation. 
The medication must be taken away from calcium or iron containing food or supple-
ments for optimal absorption. Dose adjustments are needed with changes in weight, 
estrogen status (e.g., oral contraceptives, pregnancy, and estrogen defi ciency) and 
with some medications (e.g., seizure medications, some atypical antipsychotics, 
etc.). Because autoimmune disorders cluster in families, routine screening for vita-
min D and B12 defi ciency is routinely obtained in all patients with POI and AITD.      

    Part III: Other Nonreproductive Medical Conditions 
Associated with POI 

  Other Types of Autoimmunity and POI     In addition to autoimmune thyroid disease, 
women with POI may develop a number of other autoimmune syndromes. The 
likely underpinning for these processes is a generalized autoimmune diathesis 
brought about by an overactive immune system that tends to recognize self-antigens 
as foreign. In support of this notion, mutations in the autoimmune regulator gene, 
 Aire , which is located on chromosome 21, have been associated with POI [ 17 ].  The 
   Aire  gene codes for a 545 amino acid glycoprotein that regulates central immune 
tolerance. Mutations are inherited in an autosomal recessive manner.  Aire  defi cient 
mice that had normal ovaries transplanted under the kidney capsule exhibited pre-
mature senescence of the transplanted ovary, indicating that the source of the 
immune attack is extrinsic to the ovary [ 18 ]. In some studies, HLA typing of women 
with POI has revealed a subset with common alleles associated with autoimmunity 
[ 19 ]. In contrast, others have not found a relationship between specifi c HLA haplo-
types and ovarian failure [ 20 ]. Jaroudi et al. compared 37 women with POI to a 
control series of organ donors and did not fi nd any relationship between HLA sub-
types and POI. Because women with POI are not likely to undergo HLA subtyping 
as part of their workup, it is recommended that periodic screening for autoimmune 
disorders based upon history, exam, and relevant laboratory testing be performed on 
a lifelong basis. 

  Polyglandular failure syndromes   (Table  6.1 ). Table  6.1  indicates the spectrum of 
endocrine disruption that has been reported in association with POI and their 
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prevalence. Many of these conditions are rare. Fortunately for the clinician, they are 
easily diagnosed with simple screening blood tests such as a complete metabolic 
panel and blood count.  The   best-known condition associated with POI is primary 
adrenal failure due to autoantibodies (Addison’s Disease). When there is concomi-
tant autoimmune hypothyroidism, the name, Schmidt’s syndrome, has been applied 
[ 23 ]. Clinical vigilance for  Addison’s Disease   must be present at all times, as it can 
be a life-threatening condition. Although some investigators have recommended 
routine adrenal challenge testing with ACTH in women diagnosed with POI, cur-
rent guidelines stop short of this recommendation but include an assessment for 
anti-adrenal antibodies [ 24 ].

   A common antigenic target found in autoimmune adrenal failure is the 
21- hydroxylase enzyme; however, women with autoimmune POI are more likely to 
demonstrate antibodies against 17-alpha hydroxylase or P450scc enzymes [ 25 ]. 
Anti-adrenal antibodies, detectable using indirect immunofl uorescence, provide the 
clinician with a relatively straightforward assessment for the presence of autoim-
mune adrenal failure. However, clinical disease may not be evident in all individuals 
with a positive test. Some of the adrenal antibodies detected in women with POI 
who have adrenal autoimmunity target the ovary as well, yet the ovary does not 
always fail in women with adrenal autoimmunity. Patients with anti-adrenal anti-
bodies should carry notifi cation on their person that they are potentially susceptible 
to an adrenal crisis should a sudden stress occur. A Medic-Alert bracelet or wallet 
card is recommended. 

  Physical signs of    primary adrenal failure   include hyperpigmentation of the 
mucous membranes, particularly the gums and skin, salt cravings (since mineralo-

     Table 6.1     The   APS (autoimmune polyglandular syndromes)   

 Affected organ  APS-1  APS-2  APS-3 

 Adrenal gland  Addison’s Disease  Addison’s Disease  – 
 Parathyroid gland  Hypoparathyroidism  –  – 

 Mucocutaneous candidiasis  –  – 
 Pancreas  Rare  Type 1 Diabetes 

mellitus 
 – 

 Liver  Hepatitis  Rare  – 
 Gastric parietal cells  Pernicious anemia  Rare  – 
 Ovary or testis  Hypogonadism  Hypogonadism  – 
 Thyroid  Rare  Autoimmune 

thyroiditis 
 Autoimmune 
thyroiditis 

 Acetylcholine 
receptor 

 –  –  Myasthenia gravis 

 Other non-organ 
specifi c diseases 

 –  Celiac disease 
(rare) 

 Sjogren Syndrome 
 Rheumatoid arthritis 
 Sarcoidosis 
 Celiac disease 

  In women with POI,  various   combinations of these syndromes have been reported. From [ 21 ,  22 ]. 
More information  about   APS can be found in Chap.   4      
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corticoid production is impaired along with glucocorticoid production), hypoten-
sion, excessive fatigue, and in extreme cases, acute nausea and vomiting. Clinicians 
should have a low threshold for emergent treatment with stress doses of corticoste-
roids for women with known POI who exhibit signs and symptoms of adrenal insuf-
fi ciency, such as dehydration, hypotension, hyponatremia, hyperkalemia, fever, 
abdominal pain, or hypoglycemia. In nonacute situations, clinical suspicion can be 
confi rmed with a 250 mg cortrosyn stimulation test—considered the ‘gold standard’ 
for diagnosis. A 250 mcg dose of corticotropin is administered after obtaining a 
blood sample for ACTH.  Corticotropin   is then administered as an IV bolus and 
serum cortisol is measured 30 min afterward. A cortisol response that is below 
500–550 nmol/L (18–20 mcg/dl) is suggestive of adrenal insuffi ciency [ 26 ,  27 ]. 
A  baseline plasma ACTH> twice the upper limit of the normal reference range is 
also consistent with adrenal insuffi ciency [ 28 ]. 

 Whereas adrenal antibody testing is sensitive and specifi c for adrenal autoim-
munity [ 24 ], the same is not true for antiovarian antibody testing, with the latter 
having many false positive and negative tests. Antibodies against the ovary in 
women with premature menopause were fi rst demonstrated in 1966 using indirect 
immunofl uorescence in rabbit ovaries [ 29 ]. Testing was facilitated by the develop-
ment of an ELISA assay that used human instead of rabbit ovarian tissue [ 30 ], but 
its usefulness remains limited because of a high rate of false positive tests when 
applied to a broader population of women [ 31 ]. There are many more antigens 
beyond steroidogenic enzymes that lead to ovarian autoimmunity, including zona 
pellucida proteins, LH and FSH receptors, and numerous oocyte plasma proteins 
[ 32 ]. Because the human ovary releases an oocyte into the peritoneal cavity (along 
with some blood and granulosa cells) approximately monthly in a normal woman’s 
reproductive life span, there is an opportunity to sensitize a woman over time to 
products of her own ovaries. One group has found that albumin is a common non-
specifi c target for antiovarian antibody testing, and a measurement protocol that 
involved blocking for albumin resulted in a reduced rate of false positive tests [ 33 ]. 
It is hoped that further refi nement of these methods will be able to be applied to this 
problem, allowing for accurate clinical testing for autoantibodies directed against 
the ovary. 

 Virtually all of the other polyglandular endocrine failure syndromes have been 
reported in at least one woman with POI. A woman diagnosed with POI can have 
concomitant or eventual beta cell failure or any of the other organ failures identifi ed 
in Table  6.1 . A hemoglobin A1c is recommended to rule out the former and a com-
plete metabolic panel can screen for parathyroid failure resulting in hypocalcemia 
and other autoimmune conditions such as hepatitis [ 34 ]. Other screening should be 
targeted to symptoms [ 35 ]. A recommended workup for women with a diagnosis of 
POI/POF is provided in Table  6.2 .

   In addition to thyroid and adrenal autoimmunity, there are numerous case reports 
and case series of systemic lupus erythematosus, Sjogren Syndrome, pernicious 
anemia, celiac disease, vitiligo, and autoimmune hepatitis in association with POI 
and/or APS type I [ 37 ,  38 ]. Unexplained vitamin defi ciencies may be a harbinger of 
undiagnosed celiac disease.  
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   Genetic Conditions Associated with POI and Their Manifestations (More 
Information About the Genetics of POI Can Be Found in Chaps.   4     and   5    )     X chro-
mosome defects of various types, which account for about 15 % of  all   cases of POI/
POF [ 39 ]. The associated stigmata of  Turner Syndrome   can be manifest to a variable 
degree, depending upon the extent of loss of the second X chromosome [ 40 ,  41 ]. 
Karyotype is routinely recommended in the diagnostic workup of women with POI 
by some authors [ 42 ,  43 ]. Others suggest assessing for X chromosome mosaicism 
or X microdeletions in women with a family history. Commercial laboratory karyo-
type analysis provides data on 20 cells. The clinician must specify that at least 
30–50 cells are counted if X chromosome mosaicism is being sought [ 41 ]. If there 
is a clinical concern that a Y chromosome fragment might be present, a karyotype 
can be obtained; alternatively Y chromosome markers can be assessed. 

   Table 6.2     Workup for women diagnosed with POI  /POF   

 Test  Indication  Comment 

 Genetics 
 FMR1 premutation  Procreative 

counseling/risk 
assessment 

 Fragile X associated tremor-ataxia 
syndrome (FXTAS has been reported 
in FMR1 premutation carriers) [ 36 ] 

 Karyotype  Rule out X 
chromosome anomaly 

 Clinician should weight expense 
against benefi t (i.e., suspicion for 
fi nding a Y chromosome or familial 
chromosomal defect) 

 Endocrine 
 Anti-adrenal antibodies  r/o autoimmune 

adrenal failure 
 21-Hydroxylase antibodies by ELISA 
or indirect immunofl uorescence are 
most common; other steroid enzyme 
antibodies may be available 

 Antithyroid antibodies  r/o autoimmune 
thyroid failure 

 Routine 

 Thyroid function tests 
(minimum=TSH) 

 r/o autoimmune 
thyroid failure 

 Routine 

 HgbA1c  r/o autoimmune type 1 
diabetes 

 Routine 

 Radiology 
 DEXA Bone mineral density  r/o osteopenia or 

osteoporosis 
 Clinical judgment should be used: 
duration of amenorrhea or menstrual 
irregularity should be considered 

 Pelvic ultrasound  Assess ovarian reserve  Clinical judgment 
 General 
 Complete metabolic panel  r/o impending rare 

autoimmune disorders 
 Routine 

 Complete blood count  r/o impending rare 
autoimmune disorders 

 Routine 

  Criteria for diagnosis include amenorrhea of at least 4 months duration with elevated FSH levels 
on more than one occasion  

N.F. Santoro et al.

http://dx.doi.org/10.1007/978-3-319-23449-6_4
http://dx.doi.org/10.1007/978-3-319-23449-6_5


109

 There are now several known genetic conditions other than X chromosome 
defects that are associated with POI. The forkhead transcription factor, FOXL2, has 
been found to be mutated rarely in POI [ 44 ]. This syndrome is associated with 
blepharophimosis, ptosis, and epicanthus inversus. POI has also been found in asso-
ciation with other syndromes that have additional phenotypic features beyond the 
ovary. These include deafness due to  Perrault Syndrome  , which has been linked to 
a specifi c mutation in the gene encoding mitochondrial leucyl-tRNA synthetase 
[ 45 ], and autosomal recessive disorders such as galactosemia are associated with an 
increased risk of premature menopause, hypothesized to be due to aberrant FSH 
glycosylation [ 43 ]. Genes associated with autoimmunity, as described above, have 
additional phenotypic manifestations specifi c to the disease. Genome wide associa-
tion  studies   have identifi ed polymorphisms of the activin receptor [ 46 ] and the para-
thyroid hormone B1 gene (PTHB1) [ 47 ] to be related to POI/POF. These conditions 
may or may not have a somatic phenotype. 

 Other genetic mutations that appear to have a specifi c ovarian phenotype but no 
somatic phenotype; these include members of the  transforming growth factor-beta 
(TGF-beta)   family, such as  bone morphogenetic protein-15 (BMP15)   [ 48 ], growth 
differentiation factor-9 (GDF9), inhibins and activins [ 49 – 52 ], and FSH, LH, and 
their receptors [ 49 ].   

   Psychiatric Conditions Associated with POI     A linkage between ovarian failure and 
depression has been noted for many years. It had been assumed that this linkage was 
due to the negative impact of a diagnosis of POI on a woman’s reproductive poten-
tial, resulting in  a   reactive depression. While this is true for some women, it is clear 
that such a relationship is an oversimplifi cation and that newer paradigms need to be 
sought to understand this relationship more fully. 

 In 2001, Orshan described the life experience of women with POI [ 53 ]. Although 
the sample was small and the data were qualitative, women described relatively 
severe depressive symptoms that they attributed to the devastating impact the POI 
diagnosis had upon their reproductive potential and life plans. Further exploration 
of the relationship between POI and depression indicated that most women undergo 
some degree of reactive depression in response to the diagnosis, because of its nega-
tive impact on their expectations of fertility. Women with the greatest goal fl exibil-
ity were less likely to report depression and anxiety in response to the emotional 
distress caused by POI. Conversely, those with greater illness uncertainty were 
more likely to report anxiety [ 54 ]. 

 Investigation of the time course of the relationship between ovarian failure and 
depression indicated that a prior episode of medically treated depression predicted 
future risk of POI [ 55 ]. A role for the hypothalamic–pituitary–adrenal axis or a role 
of antidepressants in the onset of POI was hypothesized. Nonetheless, the character-
ization of POF/POI in the aforementioned studies was made by self-report, and it 
could not be defi nitively answered whether or not there was reproductive dysfunc-
tion that preceded prolonged hypergonadotropic amenorrhea to contribute to the 
psychiatric symptoms. 

 In 2011, Schmidt et al. undertook a detailed study of 274 women that sought to 
defi ne these relationships more clearly [ 56 ]. They examined 174 women with POI 
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and compared them to 100 women with Turner Syndrome with a structured clinical 
interview for psychiatric diagnosis. Women were interviewed to determine the onset 
of menstrual cycle irregularity in relation to the onset of depression. In many cases, 
menstrual cycle irregularity preceded the depression. In other cases, the depression 
was found to precede the menstrual irregularity. This study confi rmed that the rela-
tionship between depression and ovarian failure is not unilateral and may be 
bidirectional. 

 Taken together, the available data provide two possible time windows when 
depression may appear in association with POI: 

     (a)     Depression   may precede POI, and a past episode of major depression increases 
a woman’s risk of POI.   

   (b)     Depression   may occur concurrent with or subsequent to a diagnosis of POI, and 
may represent a reaction to the devastating effect of POI on a woman’s repro-
ductive life plan.        

    Part IV: Summary 

 It is important that the clinician recognizes  the   broad spectrum of additional disor-
ders that a woman diagnosed with POI may acquire. Without this knowledge, an 
excessive amount of time may be spent on adjusting ovarian hormone replacement, 
to no avail. A high index of suspicion remains the clinician’s best tool in caring for 
women with POI. Periodic testing in the absence of overt symptoms makes sense 
when the testing is not unduly burdensome or expensive.  

    Part I (reprise) 

  When I kept getting sick in my mid-30s, I knew something was wrong. My hormone 
levels were checked and they were fi ne, but something was still wrong. After seeing 
several different doctors, a friend (who happens to be an MD/PhD) suggested I see 
an allergist. I ended up seeing an allergy and asthma specialist, which was the per-
fect doctor for me to see. My childhood allergies were almost gone, but my asthma 
was moderate to severe and fairly out of control. In my case, he suspected I had 
autoimmune asthma. I am now on several meds to balance that out, and started feel-
ing GREAT again! 

 …That is, until the skin on my face started burning and peeling, and the fatigue 
came back. Hormones are fi ne. Check. Asthma meds are working. Check.  You 
already have three autoimmune diseases. What are those spots on your legs? That 
looks like vitiligo—an autoimmune disease, but that wouldn’t cause your face to 
burn and peel. Four autoimmune diseases? Off to a rheumotologist for more tests. 
Your rho levels are way off. You have Sjogren’s Syndrome. This autoimmune disease 
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attacks your moisture producing cells, which explains why your skin is fl aking and 
peeling off, why you wake up three times a night wanting to drink more water, and 
your increased dental problems. The treatment for that is steroids, which you cannot 
be on long term. But you can treat the symptoms, so off to a dermatologist for a 
medication that will be a safe, long-term solution for burning, peeling skin.  

 When I got a  chance   to read up on Sjogren’s online, it was terrifying. Kidney and 
liver failure? Mortality? Organ transplants? Wow. I wish someone would have fully 
explained Sjogren’s to me instead of just giving me the label and sending me on my 
way. Fortunately, I survived my POF/POI diagnosis back in the mid-1990s, so I took 
advantage of my hard-won internet skills and took time to fi nd more information 
and support for Sjogren’s. It was easier for me to make peace with Sjogren’s than it 
was to make peace with POF/POI, which I attribute to having stable hormones during 
my Sjogren’s diagnosis, as well as having gone through a life-changing diagnosis 
with POF. I’ve made the best of bad news before, and I can do it again. 

 I am now up to fi ve chronic autoimmune issues, and POF/POI is only one of 
them. If I were to rank them in order of the level of impact they have on my life, 
I would probably put Sjogren’s at the top and then POF/POI and Hashimoto’s 
Thyroiditis due to the fl uctuation and constant monitoring of hormones that is 
required. My asthma is pretty well controlled now, and honestly I forget I even have 
vitiligo most of the time. I tell people that when everything in my body is balanced, 
I am a very healthy sick person. I’ve run eight half-marathons in the past two years, 
and just fi nished my fi rst full marathon! I have learned to listen to my body and read 
the signs that tell me that something is off. I’ve found medical professionals who 
will listen to my interpretation of my symptoms in addition to the results of blood 
work, and help adjust my meds based on how I feel.      
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    Chapter 7   
 Noninvasive Approaches to Enhance Ovarian 
Function       

       Lisa     Marii     Cookingham       and     Laxmi     A.     Kondapalli     

          Clinical Vignette 

   “I had always imagined that I’d have 2 or 3 kids someday. When my doctor told me that 
I should consider starting that process now, instead of ‘someday,’ I was shocked. Considering 
I was only 28 years old, recently married and starting a new career, I was not mentally pre-
pared to fi nd out that my ovaries had plans of their own! Part of me immediately thought the 
worst, and after reading all the internet blogs of women suffering from premature ovarian 
failure, my fears were only heightened. Even though I never thought I’d have to consider 
fertility treatments, especially at my age, I knew that I couldn’t put myself or my body through 
aggressive or invasive therapies. My general Ob/Gyn told me she thought that IVF with donor 
eggs would be my only chance at having a family, but there has to be other options, right?”    

    Introduction 

 Depending on the severity of premature ovarian insuffi ciency (POI), the options 
available for treatment can vary widely. Generally,  in vitro fertilization (IVF)   using 
donor oocytes is the recommended treatment for women with POI [ 1 ]; however, 
some evidence suggests that POI can be treated with less invasive therapy, espe-
cially in the earlier stages of diagnosis. This chapter will highlight several noninva-
sive methods for potentially improving ovarian function and introduce emerging 
therapies that may be worth consideration prior to more aggressive treatment.  
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    Ovulation Induction 

  Irregular and infrequent  ovulation   is common in women with POI; however, it is 
estimated that 25–50 % of patients will ovulate intermittently even after the diagno-
sis is made and continue to do so for many years [ 2 ,  3 ]. Despite the correlation with 
elevated follicle-stimulating hormone (FSH) and reduced estrogen levels, anovula-
tion may be overpowered by transient fl uctuations in ovarian function and appropri-
ate hormone production, leading to spontaneous pregnancy [ 2 ]. The unpredictability 
of ovarian function certainly adds to the diffi culty in treating these patients, and one 
method of improving functionality (in terms of fertility) is by induction of ovulation 
with exogenous hormones.  

    Estrogen Priming 

  Several cases of  ovulation   and inadvertent pregnancy have been reported following 
the introduction of  hormone replacement therapy (HRT)  , in the form of conjugated 
estrogens or combined oral contraceptive pills, in patients with POI [ 4 – 6 ]. This has 
prompted the suggestion that exogenous estrogen treatment may be benefi cial for 
improving ovulation and overall fertility, though the exact mechanism is not well 
understood. One possibility is that exogenous estrogen may lead to suppression of 
endogenous gonadotropins by downregulation of the luteinizing hormone and 
follicle- stimulating hormone receptors (LHRs and FSHRs, respectively) [ 7 ]. 
Another proposed mechanism suggests that suppression of endogenous gonadotro-
pins allows synchronization of follicular growth and removal of the suppressing 
agent leads to rapid follicular development of the follicle with subsequent ovulation 
[ 8 ]. Others have proposed that exogenous estrogen acts by sensitizing granulosa 
cells to the effects of FSH, thereby leading to ovulation and possible pregnancy [ 4 ]. 

 There are many case studies, and few prospective trials, that have utilized exog-
enous estrogen as fertility therapy for patients with POI [ 4 ,  8 – 11 ]. One notable 
 randomized controlled trial (RCT)   found that physiologic doses of estrogen replace-
ment did not improve the rate of folliculogenesis, ovulation, or pregnancy in patients 
with POI [ 12 ]. Despite these fi ndings, the small sample size and short duration of 
the study cannot exclude the possibility that estrogen therapy may be of benefi t to 
some patients. The outcome of an earlier retrospective study by Kreiner et al. sug-
gested that a trial of estrogen replacement with close monitoring was warranted 
prior to moving onto more aggressive therapy, particularly in the setting of second-
ary amenorrhea and POI [ 13 ]. In patients who are interested in pursuing the least 
invasive method of improving ovarian response, exogenous estrogen treatment in a 
physiologic dose is a reasonable approach with minimal risk of harm, albeit incon-
sistent evidence for benefi t.   
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    GnRH Analogues 

  Few studies have attempted  to   suppress endogenous gonadotropin secretion in 
patients with POI using GnRH analogues. A small trial using a GnRH antagonist 
was able to effectively reduce FSH to normal, non-menopausal levels; however, fol-
licular growth was not demonstrated, and gonadotropin levels returned to pretreat-
ment levels following cessation of the therapy, suggesting that POI was not reversed 
utilizing this method [ 14 ]. Another small study investigated the use of GnRH ago-
nist therapy to suppress endogenous gonadotropin secretion; despite concomitant 
use of exogenous gonadotropins for follicular stimulation, this study failed to pro-
duce increased rates of ovulation or pregnancy, despite demonstration of gonadotro-
pin suppression [ 15 ]. While limited data exists on the use of these agents for patients 
with POI, the potential harm of GnRH analogues on overall health, particularly 
bone health, in this already-hypoestrogenic population suggests they should be used 
with caution and only in carefully selected patients.   

    Oral Ovulation Induction Agents 

  There are even fewer studies analyzing  the   utility of oral ovulation induction agents 
for patients with POI. As previously noted, ovulation is intermittent and irregular, 
though not entirely absent. Utilizing a similar approach to other patient populations 
with anovulatory cycles, it is theoretically possible to induce ovulation with the 
same agents. Successful pregnancy has been reported with the use of clomiphene 
citrate alone [ 16 ] or in high doses combined with prednisone and estrogen therapy 
[ 17 ]. There are no reports in the literature on other commonly used oral ovulation 
induction agents, such as letrozole, for patients with POI that have resulted in suc-
cessful ovulation induction and subsequent pregnancy. Similarly, there are no pro-
spective studies or RCTs evaluating the effi cacy of oral ovulation induction agents 
of any kind for patients with POI. Although there is a paucity of data, these agents 
do not pose any theoretical harm to this patient population and may be considered 
on a limited basis, though no overall benefi t has been demonstrated.    

    Superovulation 

    Gonadotropins 

  A more commonly  used   approach in patients with POI desiring alternate therapy to 
IVF with donor eggs is to use exogenous gonadotropins, in combination with other 
therapies or alone. Multiple studies have investigated the use of human menopausal 
gonadotropins (hMG) following suppression by cyclic estrogen +/– progesterone 
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HRT, GnRH analogues, or placebo, with minimal success [ 15 ,  18 ,  19 ]. Though few 
studies exist demonstrating improvement in ovulation and pregnancy rates, anteced-
ent use of estrogen for suppression followed by hMG for ovarian stimulation has 
been reported to be a successful treatment in case series from a single center [ 20 , 
 21 ]. A more recent double-blinded RCT observed signifi cantly higher rates of ovu-
lation and pregnancy with pretreatment using ethinyl estradiol versus placebo before 
ovarian stimulation with  recombinant FSH (rFSH)   [ 22 ]. This study was notable in 
that those receiving pretreatment had an ovulation rate of 32 % vs. 0 % in those 
receiving placebo, suggesting to the authors that a threshold of FSH ≤15 mIU/mL 
(induced by the pretreatment of ethinyl estradiol) was necessary to stimulate fol-
licular development by rFSH. These fi ndings suggest that this approach is a reason-
able option in POI patients desiring alternatives to IVF.    

    Alternative Medical Therapies 

    Corticosteroids 

  Another proposed  approach   to improve ovulation and pregnancy rates in POI is 
through the use of corticosteroids, either alone or in combination with exogenous 
gonadotropins. Though there have been reports of successful induction of ovulation 
[ 23 ,  24 ] and pregnancy [ 25 ] using corticosteroids alone, these cases are limited to 
patients with autoimmune-related POI. In one nonrandomized prospective study, a 
short course of high-dose prednisone (25 mg four times daily for 2 weeks) was 
shown to normalize endogenous gonadotropin levels, increase serum estradiol levels, 
induce follicular growth, and result in subsequent pregnancy in a small proportion of 
patients [ 26 ]. Similar to previous studies, the authors noted that the treatment was 
most useful in POI patients with autoimmune disease [ 26 ]. In a much larger, placebo-
controlled, double-blinded RCT investigating the use of dexamethasone along with 
exogenous gonadotropins for idiopathic POI, the authors found that corticosteroids 
had no impact on ovarian responsiveness to gonadotropin therapy and that ovulation 
was not induced in any of the 36 patients enrolled in the study [ 27 ]. Due to fi ndings 
from one case report identifying potential complications that could arise from this 
therapy, including iatrogenic Cushing syndrome and osteonecrosis of the knee [ 28 ], 
corticosteroid therapy is probably best reserved for those with confi rmed or highly 
suspected autoimmune POI, only after carefully weighing the risks and benefi ts.   

    Growth Hormone-Releasing Hormone 

  Evidence from growth hormone  supplementation   to human and rat granulosa cell 
cultures has demonstrated enhanced production of estradiol and LH receptor forma-
tion [ 29 – 31 ]. These fi ndings have prompted some investigators to consider the 
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clinical utility of this option in patients with POI. One case study revealed that the 
addition of growth hormone-releasing hormone (GHRH) to a regimen consisting of 
a GnRH analogue and exogenous gonadotropins was able to successfully produce 
multiple mature follicles in women with POI [ 32 ]. Though ovulation may be 
induced in this manner, no improvement in the pregnancy rate was observed in this 
study of 42 women. Based on the theoretically plausible potential of growth hor-
mone and GHRH to induce ovulation, this approach may be considered in a research 
setting, as further studies are warranted.   

    Dehydroepiandrosterone 

 Supplemental  dehydroepiandrosterone (DHEA)   was initially reported for use in 
IVF poor responders with unexplained infertility by Casson et al. after demonstrat-
ing increased follicle number and estradiol level with administration [ 33 ]. 
Subsequent studies investigating the use of DHEA in IVF cycles for patients with 
diminished ovarian reserve have shown increased oocyte yield [ 34 ], increased num-
ber of fertilized oocytes and higher-quality embryos [ 35 ], and increased clinical 
pregnancy rates [ 36 ]. Although the data are limited for DHEA supplementation as a 
noninvasive fertility treatment for POI, a preliminary study published in 2009 
showed signifi cant posttreatment reduction in FSH, increased serum estrogen, and 
achievement of clinical pregnancy in all fi ve patients [ 37 ]. Since that time, the same 
investigators have published an updated report with additional pregnancy success 
attributed to DHEA, suggesting that supplementation should be given serious con-
sideration in patients with POI, given its low short-term risk and low cost [ 38 ].   

    Lifestyle Modifi cations 

    Diet and Exercise 

   Modifi cations in lifestyle  should      be considered when counseling patients with 
POI. Diminished fertility has been well documented in obese and underweight 
patients, with time to conception increasing twofold and fourfold, respectively [ 39 ]. 
Despite these fi ndings, there is minimal evidence to recommend specifi c dietary 
variations to improve overall fertility [ 40 ]. Recent animal studies have shown that a 
high-fat diet may actually accelerate ovarian follicle development and subsequent 
follicle loss, leading to POI in rats [ 41 ]. Though this has yet to be demonstrated in 
humans, it seems prudent to recommend a low-fat diet to all patients attempting 
conception. Similarly, regular exercise to maintain a healthy weight and maintain 
bone health should be encouraged.    
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    Over-the-Counter Supplementation 

 Signifi cant research has focused on the use of  vitamins   and  antioxidants   to improve 
clinical pregnancy and live birth rates in women with subfertility and infertility, as 
reported by a recent Cochrane review [ 42 ]. In this review of 28 randomized con-
trolled trials involving 3548 women, the authors compared oral antioxidants, includ-
ing combinations of antioxidants, pentoxifylline,  N -acetyl-cysteine, melatonin, 
 l -arginine, vitamin E, myoinositol, vitamin C, vitamin D plus calcium, and omega- 
3- polyunsaturated fatty acids, against placebo, no treatment/standard treatment, or 
another antioxidant [ 42 ]. Though these data were not specifi c to women with POI, 
there was no association of increased live birth or clinical pregnancy rates with 
vitamin and/or antioxidant use [ 42 ]. 

 While there is no clear evidence to suggest that  vitamin   and/or  antioxidant   use is 
of proven benefi t in patients with existing POI, there are some small human and 
animal studies suggesting that melatonin may help to prevent POI in selected cases. 
Coadministration of melatonin with certain types of chemotherapeutic agents and/
or ionizing radiation has been shown to counteract the cytotoxic effect of these 
treatments [ 43 ]. Additionally, research in mice has shown that melatonin adminis-
tration was protective against autoimmune ovarian failure through restoration of 
meiotic maturation and oocyte survival, thought to be due to melatonin’s anti- 
infl ammatory and antiapoptotic effects [ 44 ]. The potential use of melatonin in these 
special circumstances should be under the guidance of the primary provider.  

    Smoking Cessation 

  It is widely accepted that  smoking   is harmful to overall health; however, public 
knowledge of the reproductive risks associated with smoking, such as early meno-
pause, often remain unrecognized [ 45 ]. Multiple studies have suggested that tobacco 
use accelerates follicular depletion in the ovary, leading to menopause occurring 
1–4 years earlier than in nonsmokers [ 46 – 48 ]. Anti-mullerian hormone (AMH), one 
clinical tool used to help defi ne POI, has also been shown to be decreased in the 
later reproductive years in women who smoke [ 49 ]. Fortunately, more recent data 
suggests that the risk of early menopause in women who quit smoking is similar to 
those women who never smoked, suggesting that cessation may actually nullify the 
previous impact on the ovaries [ 50 ]. 

 While POI is a separately defi ned entity from early menopause, it is reasonable 
to apply the same principles when with respect to smoking cessation. Although the 
available medical literature does not specifi cally state that smoking cessation is a 
treatment for POI, we believe that the recommendation should be made to all 
patients for improvement in overall health. Rather than further diminishing ovarian 
follicular depletion, immediate cessation of smoking may lead to slower progres-
sion of POI.   

L.M. Cookingham and L.A. Kondapalli



121

    Coital Frequency 

  A fi nal suggestion that  may   enhance fertility for patients with POI, though not by 
enhancing ovarian function, is to increase coital frequency. As previously men-
tioned, spontaneous ovulation can occur intermittently and unpredictably in patients 
with POI. Some investigators recommend routine coitus approximately two to three 
times per week, allowing sperm to be readily available should the unexpected ovula-
tory event occur [ 3 ].    

    Conclusion 

 The highest success rates in patients with POI have been achieved using donor 
oocyte IVF, making it the treatment of choice for most patients [ 51 ]. However, there 
are several noninvasive alternatives that may also be considered in patients unable 
or unwilling to undergo more aggressive therapy. The data presented in this chapter 
highlight various methods for potentially improving ovarian function in patients 
with POI, although the studies have been limited by size and methodology. Further 
research in this fi eld is imperative for fi nding alternative treatment options that 
allow patients with POI to build their family using their own oocytes.

  Key Points 

•   Donor oocyte IVF is the most reliable, evidence-based treatment for patients 
with POI desiring pregnancy.  

•   It is reasonable to attempt noninvasive methods of fertility treatment if the patient 
is unable or unwilling to undergo donor oocyte IVF.  

•   Ovulation induction, superovulation, supplemental hormone therapy, and life-
style changes may be considered as noninvasive methods to improve ovarian 
function, although the evidence is limited by size and methodology.  

•   Lifestyle changes can potentially slow further damage to ovarian function and 
improve overall fertility.  

•   Further research is needed to improve the options for fertility treatment in 
patients with POI.     

    Clinical Vignette 

   “Thank goodness I was referred to a fertility specialist! After talking to her I learned that, 
although IVF with donor eggs is my best option, it isn’t my only option. I also never real-
ized how much the simple things, like taking over the counter medications or changing my 
daily habits, could help improve the way my ovaries function. Now that the initial shock has 
gone away, I feel so much relief knowing that there are milder treatments available. Being 
diagnosed with POI has been a huge eye-opener for me and my husband, and we plan to 
take advantage of her recommendations soon instead of ‘someday!’” 

7 Noninvasive Approaches to Enhance Ovarian Function
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    Chapter 8   
 IVF and Egg Donation: Special Considerations       

       Deborah     E.     Ikhena       and     Jared     C.     Robins    

            Clinical Vignette 

   Deanna is 33 years old and has been married for 3 years. She and her husband have been 
trying unsuccessfully to conceive since their wedding. Her husband had a semen analysis 
6 months ago which was normal. She has always had regular periods until the past year 
when her periods started getting shorter and closer together. Furthermore, in the past few 
months, her period has skipped a month and these changes were beginning to worry her. 
She saw a fertility specialist who told her that her ovaries are aging faster than expected and 
are acting more like a 43-year-old woman’s ovaries. She is overwhelmed and distraught. 
How is she ever going to start a family? What are her options? She feels alone and has no 
idea where to begin. 

       Introduction 

 The terms premature ovarian failure (POF) and primary ovarian  insuffi ciency   have 
been used synonymously. They are defi ned as the presence of amenorrhea accom-
panied by menopausal levels of  follicle-stimulating hormone (FSH)   and low estra-
diol levels on two serum samples obtained at least one month apart in a woman 
under the age of 40 [ 1 ,  2 ]. 

 The  term   POI, fi rst introduced by Fuller Albright in 1942, is a more appropriate 
descriptor because it communicates that this process is a continuum [ 3 ,  4 ]. Research 
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demonstrates that 16–46 % of women with primary ovarian insuffi ciency will 
ovulate spontaneously [ 1 ,  5 ] and 5 % will achieve spontaneous pregnancy [ 2 ]. In 
contrast, a poor response to gonadotropins has been associated with a three times 
higher chance of undergoing the menopausal transition in the following year [ 6 – 8 ]. 

 Although our goal in this chapter is to discuss  in vitro fertilization (IVF)   in 
 women   with POI, most of the research has been done in women described as “poor 
responders” or having decreased ovarian reserve. 

 In clinical practice, the most common tests to evaluate egg reserve are FSH on 
the third day of the menstrual cycles, serum anti-Müllerian hormone (AMH) levels, 
or  antral follicle count (AFC)   on ultrasound.    AMH had been shown to not vary over 
the course of the menstrual cycle and can be obtained at any time [ 9 – 11 ]. Although 
there is minimal variation  in   AFC over the course of the cycle, it is preferable to 
obtain it between days 2 and 4 of the cycle [ 12 ]. 

 According to the  American Society for Reproductive Medicine (ASRM)  , a 
woman with regular periods whose fecundity and response to ovarian stimulation is 
lower than women of similar age is categorized as having decreased ovarian reserve. 
Unfortunately, the ambiguity of this defi nition has allowed for varying defi nitions of 
the terms decreased ovarian reserve or poor responder by study [ 13 ]. The  European 
Society of Human Reproduction and Embryology (ESHRE)   recently proposed a 
universal defi nition of poor responder to improve uniformity in reporting research 
outcomes. They defi ne a poor responder as someone who meets at least two of the 
following criteria: (i) advanced maternal age or any other risk factor, (ii) previous 
poor response defi ned as canceled cycles or ≤3 oocytes, or (iii) an abnormal ovarian 
reserve test defi ned as AFC <5–7 or AMH <0.5–1.1 ng/ml [ 14 ]. Although women 
with POI may fi t into this category, it is important to note that they are a unique 
entity, when compared to women who are poor responders due to an appropriate 
age-dependent decline in fertility.  

    IVF in Primary Ovarian Insuffi ciency 

 Patients with  primary   ovarian  insuffi ciency   present a unique challenge as they have 
a poor response to gonadotropin stimulation which is pathognomonic of POI/
POF. Although they may possess the appropriate age-related egg quality, which is 
usually an advantage in these young women, they are very hard to stimulate due to 
their decreased ovarian reserve [ 15 ]. 

 Various IVF protocols have been employed to improve ovarian response to 
gonadotropin stimulation as measured by the number of oocytes retrieved, ongo-
ing pregnancy, and live birth rate; however, many of these techniques have proven 
to be marginally benefi cial at best. The goal when selecting an IVF protocol in 
women with POI is to maximize both the number and quality of oocytes retrieved 
and optimize clinical pregnancy and live birth rate. Over the past 20 years, various 
interventions have been proposed for improving pregnancy outcomes in poor 
responders. 
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    Microdose GnRH Agonist Flare Protocol 

     The microdose GnRH agonist (GnRH-a)    fl are involves a 3-week course  of   oral 
contraceptives, followed  by   small doses of GnRH-a beginning 1–3 days after 
discontinuation of the oral contraceptives or the start of menses. Gonadotropins for 
ovarian stimulation are then begun on cycle day 5 or given concomitantly with 
GnRH-a. This  protocol   takes advantage of the burst of gonadotropin release imme-
diately following onset of GnRH-a administration and the subsequent suppression 
of endogenous gonadotropins. Pretreatment with oral contraceptives or  progester-
one   when using the microdose fl are protocol optimizes the subsequent suppressive 
effect of GnRH-a by decreasing the likelihood of corpus luteum rescue and prema-
ture ovulation [ 16 ,  17 ]. In 1994, Scott and colleagues performed a prospective 
cohort study of 34 patients with a prior failed IVF cycle. They were treated with 20 
mcg of leuprolide every 12 h, followed by initiation of gonadotropins on cycle day 5. 
As hypothesized, higher-peak estradiol levels, increased number of oocytes 
retrieved, and decreased gonadotropin requirement were observed in groups of 
patients compared to their previous cycles. However, they failed to show any differ-
ence in fertilization rates, and pregnancy data was not reported [ 18 ]. Another study 
by Schoolcraft and colleagues, also using patients as their own historic controls, 
involved administration of 40 μg of leuprolide acetate every 12 h beginning on cycle 
day 3 with initiation of gonadotropin on cycle day 5. They also defi ned poor 
responders as patients with a prior canceled cycle. They reported a 50 % ongoing 
pregnancy rate and decrease in cancelation rate from 100 % to 12.5 % [ 19 ]. Of note, 
patients in this study also received growth hormone, which is an important con-
founder that cannot be ignored. Despite Schoolcraft’s fi ndings, other studies report 
continued low birth rates even in the presence of improvement of other cycle param-
eters [ 20 ,  21 ]. It is possible that these low live birth rates are also a refl ection of the 
increased aneuploidy rate with increasing age, an egg quality issue which is unfor-
tunately not improved by this protocol. Unfortunately, there is a paucity of data with 
regard to use of the microdose protocol in women with POI.      

    GnRH Agonist Stop Protocol 

    There has  been   concern that continued administration of GnRH agonist in the 
follicular phase following luteal-phase GnRH agonist administration has a detri-
mental effect on ovarian response. The stop protocol was introduced  to   resolve this 
quandary, by preserving  the   downregulatory effects of luteal-phase GnRH agonist 
while not incurring any of the detriments of follicular administration. GnRH agonist 
is administered in the mid-luteal phase and discontinued when menses begin. 
Gonadotropins are then initiated on cycle day 3. A randomized controlled trial eval-
uating this protocol observed a decrease in gonadotropin requirement and increase 
in number of mature follicles retrieved when compared to the long protocol [ 22 ]. 
However, both study arms showed similar cancelation rates, implantation, and 
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pregnancy rates. Another randomized controlled trial showed higher cancelation 
rates and also failed to show any difference in stimulation protocols and clinical 
pregnancy rates [ 23 ]. The GnRH agonist stop protocol has not been shown to confer 
additional benefi t and is thus not recommended for POI patients or other poor 
responders [ 22 – 24 ].     

    Antagonist Protocol 

    The  GnRH antagonist protocol   involves  direct   blockade of the pituitary gonadotrope 
receptors without any of the stimulatory effect which  usually   accompanies initiation 
of GnRH agonist. The GnRH antagonist is introduced a few days after gonadotro-
pins have already been initiated and prevents undesirable LH surges and subsequent 
premature ovulation. 

 Craft and colleagues evaluated 18 poor responders with 23 prior failed cycles 
and observed a decrease in the cancelation rate from 57 to 29 % and increase in the 
average number of oocytes retrieved from 4.7 to 6.4 [ 25 ]. Unfortunately, they also 
observed low live birth rates at 11.8 % [ 25 ]. Similar fi ndings were observed in a 
retrospective study by Dragisic in 2005 which studied 68 poor responders in 80 IVF 
cycles. Subjects underwent an estrogen priming as well as GnRH antagonist proto-
col. These patients showed a signifi cant decrease in cycle cancelations and an 
increase in number of oocytes retrieved (6.4 vs. 8.3) when compared to prior cycles. 
They observed an ongoing pregnancy rate of 26.2 %; however, live birth rate was 
not reported [ 26 ]. Takahashi et al. in 2004 described 40 women treated with the 
GnRH antagonist protocol following failed cycles on the GnRH agonist long proto-
col. They observed no difference on ovarian response, but demonstrated an increased 
number of women with expanded blastocyst on day 5 and a markedly improved 
ongoing pregnancy rate of 42.1 % [ 27 ]. Data from a randomized trial comparing 
GnRH antagonist cycles to cycles with neither GnRH agonist nor antagonist showed 
a trend toward signifi cance for lower pregnancy and implantation rates [ 28 ]. Overall, 
the data show improvement in cycle parameters, namely, decreased cancelation 
rates and a modest improvement in ongoing pregnancy in poor responders on GnRH 
antagonist protocols when compared to the GnRH agonist protocols.     

    Clomiphene Citrate and Gonadotropin Protocol 

    The use of  clomiphene citrate   (Clomid) during IVF was  fi rst    introduced   to decrease 
the gonadotropin requirement, as well as physical and fi nancial burden to patients 
undergoing in vitro fertilization. Also known as the mixed gonadotropin protocol, it 
involves administration of the tablets from cycle days 3 to 7 followed by adminis-
tration of gonadotropins (usually FSH). Although clomiphene citrate has been 
thought to adversely impact uterine receptivity, the concomitant use of 
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gonadotropins is believed to attenuate the negative effect. A randomized con-
trolled trial by Ghont et al. in 1995 showed signifi cantly lower pregnancy rates per 
cycle with this protocol when compared to the agonist protocol: 24.5 vs. 36.8 %; 
 p  < 0.02 [ 29 ]. Contrary to this, a prospective randomized trial by Weigert and col-
leagues demonstrated a nonsignifi cant increase in pregnancy rate per embryo trans-
ferred and per oocyte retrieved (42.95 % vs. 36.6 % and 42.2 % vs. 34.7 %, 
respectively) comparing clomiphene citrate-gonadotropin protocol to the long ago-
nist protocol [ 30 ]. Weigert et al. also observed signifi cantly lower FSH and LH 
requirements in women on the combined protocol; however, this was confounded 
by a signifi cantly lower number of oocytes retrieved (7.7 ± 3.6 vs. 8.7 ± 5;  p  
value = 0.02) [ 30 ]. A subsequent case–control study found that the clomiphene 
citrate-gonadotropin protocol, compared to the long GnRH agonist protocol, 
resulted in a fewer number of oocytes retrieved (3.7 ± 2.0 vs.13.1 ± 6.0,  p  value < 0.05) 
and this difference persisted in the women >35 years (3.9 ± 2.2 vs. 12.5 ± 4.5) [ 31 ]. 
However, the pregnancy rates per embryo transfer were similar. 

 Although the mixed gonadotropin protocol confers the benefi t of decreased 
gonadotropin requirement, there is no evidence to suggest improvement in cycle 
parameters, particularly pregnancy rate. On the contrary, studies have demonstrated 
a lower number of retrieved oocytes. Therefore, we do not recommend routine use 
of the mixed gonadotropin cycle in women with decreased ovarian reserve or pri-
mary ovarian insuffi ciency.     

    Estrogen Priming 

    Administration of  luteal-phase estrogen   has been proposed to combat the  early 
   follicular   recruitment in  the   luteal phase that is frequently seen in poor responders 
[ 26 ]. Treating patients with estrogen in the luteal phase has been shown to signifi -
cantly decrease follicle size discrepancies, which in turn has led to an increase in the 
number of follicles > 16 mm in mean diameter, mature oocytes retrieved, and 
embryos available for transfer [ 26 ,  32 ]. Unfortunately, there are no prospective 
randomized trials to provide level 1 evidence for this protocol. 

 Shastri et al. performed a retrospective analysis of 186 young (<35 yo) patients 
with POI comparing the estrogen priming antagonist protocol to the microdose leu-
prolide protocol. Women in the estrogen priming arm had greater gonadotropin 
requirement, without a concurrent increase in number of oocytes retrieved and fer-
tilized. However, they also showed a higher implantation rate in the estrogen prim-
ing arm, although this difference failed to achieve statistical signifi cance (30.5 vs. 
21.1;  p  value 0.09) [ 33 ]. Another retrospective chart review performed by Chang 
et al. reported lower cancelation rate and higher number of oocytes retrieved in the 
estrogen priming group. A higher number of good-quality embryos were also seen 
in the estrogen priming group, although this difference was not signifi cant [ 34 ]. 
Another retrospective study done by Cakmak et al. evaluated the response of 30 
patients who responded poorly and did not achieve pregnancy in a prior cycle and 
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compared it to a subsequent estrogen priming cycle. They reported a higher number 
of dominant follicles in the estrogen priming arm (4.2 ± 2.7 vs. 2.4 ± 1.3), shorter 
length of ovarian stimulation, higher number of mature oocytes retrieved (4.9 ± 2.0 vs. 
2.2 ± 1.1), and lower total gonadotropin requirement when compared to the patients’ 
prior cycle. The clinical pregnancy rate was 22.2 % compared to no pregnancy in 
the previous cycle [ 35 ].     

    IVF and Growth Hormone 

     Growth hormone (GH)   is a polypeptide that is made, stored,  and   secreted into the 
 bloodstream   by somatotrophs in the anterior pituitary. The use of growth hormone 
to improve IVF outcomes in women is based on the premise that GH augments 
ovarian response to gonadotropins, as fi rst described by Homburg in 1988 [ 36 ]. It 
has been shown to augment the action of FSH on granulosa cells by upregulating 
ovarian synthesis of  insulin-like growth factor 1 (IGF-1)  .    IGF-1 in turn amplifi es the 
action of gonadotropins on both the theca and granulosa cells [ 37 ]. Additionally, 
GH has been observed to upregulate DNA repair genes in liver cells, establishing 
the potential for a similar effect on the oocyte [ 38 ]. This may ameliorate some of the 
increased meiotic nondisjunction characteristic of oocyte aging [ 39 ]. 

 A recent Cochrane review examined randomized control trials (RCTs) evaluat-
ing the role of growth hormone for in vitro fertilization. They identifi ed eight 
RCTs that looked at the role of GH in women classifi ed as poor responders, 
although the defi nition of poor responders differed depending on the study. They 
concluded that growth hormone signifi cantly improved the live birth rates (OR 
5.39, 95 % CI [1.89, 15.35]) and pregnancy rates (OR 3.28, 95 % CI [1.74, 6.20]) 
in women considered poor responders. However, given the varied defi nitions of 
poor responders, further study is needed to identify which subgroup of poor 
responders will benefi t the most from GH. Given the fi ndings from the Cochrane 
review meta-analysis, GH should be considered in women with POI [ 40 ].     

    IVF and Dehydroepiandrosterone 

     Androgen receptors   were fi rst described in the pre-antral and antral follicles of rhe-
sus monkeys, and androgen was noted to increase the expression of FSH receptors 
in the granulosa cells of these follicles [ 41 – 43 ]. In humans, androgen receptor 
mRNA and androgen levels in follicular fl uid were found to correlate to FSH recep-
tor mRNA [ 44 ]. This led to the suggestion that androgen action  on   pre-antral  and 
  antral follicles augments FSH receptor expression, which in turn leads  to   increased 
response to controlled ovarian hyperstimulation (COH). It has, therefore, been theo-
rized that treatment with an androgen, such as dehydroepiandrosterone (DHEA), 
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may confer a benefi cial effect. Casson et al. fi rst looked at this in 2000; a case series 
of fi ve women who were poor responders were treated with 80 mg/day of micron-
ized DHEA for 2 months and underwent COH while still on DHEA. They observed 
improvement in peak estradiol and peak estradiol/ampule of gonadotropin. Only 
one of the fi ve women achieved pregnancy; this was a twin pregnancy [ 45 ]. 
Following this, multiple studies have been done to further evaluate the effect on 
DHEA on IVF parameters and outcomes, and the data remains inconclusive [ 46 – 48 ]. 
Given this, there is insuffi cient data to support the routine use of DHEA in IVF 
cycles for POI.     

    IVF and Coenzyme Q10 

     Coenzyme Q10 (CoQ 10)   is synthesized in the mitochondria  and   is necessary for 
defense against antioxidant stress. It  is   known that there is a slow decline in tissue 
levels of CoQ 10 with age [ 49 ]. Quinzi et al. observed that fi broblast cells with 
30–45 % of normal CoQ 10 levels exhibited increased reactive oxygen species 
(ROS), lipid oxidation, and cell death in fi broblasts [ 50 ]. This effect was normalized by 
CoQ 10 supplementation [ 50 ]. Although Turi et al. showed higher CoQ 10/protein 
levels in follicles that yielded mature vs. dysmorphic oocytes and in grades 1–2 vs. 
grades 3–4 embryos, an RCT by Bentov et al. did not show a signifi cant difference 
in aneuploidy rates and clinical pregnancy rates in women supplemented with CoQ 
10 vs. placebo; however, this study was underpowered to detect such a difference 
[ 51 ,  52 ]. Further study needs to be done to better elucidate the role of CoQ 10 in 
women who are poor responders, but the data is currently inconsistent.      

    Laboratory Techniques 

    In Vitro Maturation 

    In vitro maturation (IVM)   involves retrieval of immature oocytes which usually 
have not been exposed to FSH prior to retrieval [ 53 ].  Although   IVM techniques 
have been successfully developed in rodents and primates, it is still an emerging 
technology in humans because of the complicated nature of developing optimal 
media for growth, development, and maturation of an oocyte [ 54 ,  55 ]. Nonetheless, 
   IVM has been successfully used for women with high numbers of antral follicles 
resulting in excellent pregnancy rates and low risk of ovarian hyperstimulation syn-
drome [ 56 ,  57 ] (Vitek et al., Trounson et al.). There are theoretic benefi ts to the use 
of IVM in patients with POI because the lack of gonadotropin use may improve 
endometrial receptivity. Since few eggs are obtained, despite high-dose gonadotro-
pin use, IVM may not compromise the cycle outcome. Further, the elimination of 
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gonadotropin would signifi cantly reduce the cost of the cycle. Although we believe 
IVM may be a viable option for the treatment of POI, further research needs to be 
performed to improve these techniques and demonstrate their safety. Therefore, we 
do not recommend the use of IVM outside of a research protocol.     

    Oocyte Donation 

   According  to   ASRM (American Society of Reproductive Medicine), the use of donor 
oocyte in women with premature ovarian insuffi ciency or POI falls into the realm of 
medical treatment [ 53 ].  Oocyte donation   can be either from an egg bank or a known or 
anonymous donor. Most IVF clinics have third-party reproduction programs that work 
closely with donor agencies that help with recruitment and screening of donors. 

 ASRM recommends that oocyte donors be between the ages of 21 and 34 and 
have proven fertility. They must also undergo extensive sexually transmitted 
infection screening and genetic counseling. Both parties should have indepen-
dent legal counsel, if applicable, to avoid confl ict of interest. It is also recom-
mended that the donor and recipient be under the care of different physicians for 
the same reason [ 58 ]. 

 In addition to a complete medical evaluation, ASRM also recommends that all 
potential donor oocyte recipients and their partners undergo psychological counsel-
ing. The aim of this is not only psychological evaluation but also counseling about 
the impact of the oocyte donation on future offspring and the myriad of implications 
of the relationship between the donor and recipient. 

 Oocyte donation should be considered and presented as a viable option in women 
with primary ovarian insuffi ciency and decreased ovarian reserve. It is usually con-
sidered by patients as a last resort. Physicians should be aware of and sensitive to 
the complex emotions involved in a patient making the decision to consider and 
then proceed with oocyte donation.    

    Conclusion 

 Overall pregnancy success rates are low in women with POI attempting to use their 
own oocytes despite a variety of assisted reproductive technology protocols and 
other supplements and adjuncts available for use. Women with POI should be 
assessed individually as some may benefi t from the protocols discussed above. 
However, women should be counseled appropriately with regard to expectations 
and success rates and offered psychological counseling and support services as 
well. Oocyte donation does offer women with POI a high success rate in most cases 
if they choose to pursue it, but such decisions are often fraught with emotional and 
personal challenges. Continued research is warranted to further understand and 
advance IVF success in women with POI. 
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    Chapter 9   
 Living with the Uncertainty of Primary 
Ovarian Insuffi ciency (POI): A Patient 
Perspective       

       Christine     Eads    

           “Interview with a Woman Who Overcame Two Traumas and Now Helps Others” 

      By the time she was 31 years old, Christine Eads faced two blows to her reproductive and 
mental health. First, in her early 20s, she was violently sexually assaulted. Her attacker was 
never found. Then, a few years later, she was told she would never be able to have children 
due to primary ovarian insuffi ciency (POI). Despite this devastation, Christine uses her 
inner strength and past experiences to help others. Read her triumphant story and how she 
believes in family support and being a patient advocate.  

   When I fi rst  saw      this headline, I didn’t realize they were talking about me. 
I had done the interview, but I guess when you see it in print, it becomes even 
more real. It was true; I had not been dealt the best hand in life by the time my 
30s rolled around. But I compared my heartache to others going through much 
worse situations, and I would tell myself I was still pretty lucky. After all, I had 
a great supportive family; my career was going well, but inside I was falling 
apart, and the sadness of what was being taken away from me was sometimes 
more than I could bear. 

 When I was a teenager, my menstrual cycle was never regular. I got my fi rst 
period late in my teens. Then in my twenties, my period completely stopped, and it 
took six years to get a diagnosis. At fi rst, my period would come every three to four 
months, and it was really light. Finally, when I was 25, it just stopped coming all 
together. Over the next 5 years, I saw a dozen doctors who diagnosed me with 
everything from depression to a sexually transmitted infection (STI). Some told me 
I was too skinny. Others told me I was too fat. Some doctors said I needed to take 
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birth control pills, and others told me to stop taking birth control pills. Of course the 
diagnoses were wrong or without an understanding of the underlying problem, and 
that just brought me back to square one. 

 Due to the side effects of the antidepressants I was taking, another “solution” 
the doctors recommended, I had terrible mood swings during the day, and in the 
 mornings I would wake up in pools of sweat. When I was 29, my boyfriend was 
working for Newt Gingrich. Newt knew of my struggles and wanted to help me as 
much as I wanted to fi nd help, so he made some calls to the National Institutes of 
Health (NIH) on my behalf. This 6-year struggle was spilling over into every aspect 
of my life. I couldn’t sleep, I was moody, and it was affecting all the relationships 
in my life including my personal life. It turns out the phone calls paid off. I was 
connected with Dr. Lawrence Nelson who had led a research effort on primary ovar-
ian insuffi ciency, a condition that causes infertility and symptoms of menopause in 
young women. Dr. Nelson immediately recognized that I had this uncommon 
 condition called POI. I qualifi ed for the protocol and was hoping that this would 
lead me to the answers I had spent the better part of a decade looking for.

 Primary ovarian insuffi ciency, or POI, affects 
 1 in 10,000 women by age 20 
 1 in 1000 by age 30 
 1 in 100 by age 40 

   Source :  Lawrence Nelson, National Institute of 
Child Health and Human Development  

    While getting this diagnosis was not great news, at least it had a name. It was 
something I could read about, learn about, and try to better understand what was 
going on with me and why. I was so lucky to have a great roommate at NIH who 
had been diagnosed with POI a few years earlier. She was a comfort to me when 
I just needed to vent and a rock when I had questions. It wasn’t easy to hear the 
harsh truth, “kids are probably not possible.” I was 30 now and yes of course I 
wanted kids. I, like most girls, dreamed of a family, the white picket fence, and 
the perfect husband. Someday. I didn’t realize that my “someday” was now never 
going to come. How was this possible? I was so angry at the dozens of doctors 
who had misled me for the last 6 years. All they had to do was ask the right ques-
tions and order a simple blood test. How did they miss this? I blamed each and 
every one of them for my loss and what they had robbed me of. So while I began 
to spiral into an even greater depression, blaming everyone who had wronged me, 
I also had other major health issues to work through. Because I had gone so long 
without estrogen, I now had osteopenia. Everyone at NIH was amazing, and they 
literally helped me from head to toe. I had eye exams which reveled I had “dry eye 
syndrome.” 

   Dry eye syndrome     is a little - known symptom of menopause. About 61 percent of 
premenopausal and menopausal women suffer from dry , itchy eyes—but only 16 
percent of them realize menopause is to blame, according to the Society for Women’s 
Health Research. It's time to change all that and start working our baby blues (and 
browns and greens…)! 
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  “Many women going through menopause experience dry eye syndrome or 
 exacerbation of their pre-existing symptoms,” says Dr. Sol Shaftel, M.D., Ph.D., an 
ophthalmologist and ophthalmic plastic and reconstructive surgery fellow at the 
University of Washington.  

 This diagnosis sent me reeling. I was so devastated, but I had hope that by  enrolling 
as a participant in the study would lead to answers and help other women and girls 
escape similar fates. Several months into the study, I went into NIH to get my blood 
drawn, which was routine. I received a call the next day asking me to come back in 
and repeat the blood draw. They just wanted to double check a few things that looked 
off. They just wanted to be sure. I thought nothing of it and went back in. The next day, 
Dr. Nelson called me and I immediately thought something was terribly wrong. What 
could it possibly be? What now? “Are you sitting down? You’re not going to believe 
this. I’ve got some great news.” The reason my hormone levels needed to be double 
checked was because I was pregnant! I didn’t believe him. A part of me thought this 
is a mistake; they mixed my blood with another patient. How is this possible? I was 
so happy, but I was also scared to be happy. I was so scared that I didn’t tell anyone 
for a long time. Once I fi nally did tell, everyone was as shocked as I was but also so 
very happy for me. It was a beautiful gift I was given; it was a miracle. My son 
Aidan’s conception, and a few others in women in this study, spurred Dr. Nelson to 
study further the fertility potential in POI patients .  

  In research posted online last month by the journal Fertility and Sterility, Nelson 
and his coauthors compared the ovaries and hormone levels of 97 primary ovarian 
insuffi ciency patients and 47 women with normal periods. FSH elevation isn’t the 
main issue. Using ultrasound, the researchers were surprised to fi nd that 
 three- fourths of the POI patients had follicles—the fl uid-fi lled sacs in the ovary that 
contain eggs and have the capability of producing ovarian hormones. Though while 
the patients' pituitary glands were releasing plenty of follicle-stimulating hormone, 
or FSH, which causes follicles to grow, the glands also were releasing excessively 
high levels of luteinizing hormone or LH. LH normally surges once a month, signal-
ing a follicle to break open and release an egg. Those constantly high LH levels in 
women with POI cause follicles to try to break open and release an egg too soon. 
“These women are getting the signal to ovulate all the time,” before their follicles 
are mature enough, Nelson says. The next step: See if estrogen therapy might sup-
press LH in POI patients and improve their ovulation rate, says Nelson, who's ready 
to start such a study as soon as he fi nds a company that will provide the estrogen 
and a placebo.  

 So now what? I was given this amazing gift, and I certainly wasn’t going to take 
it for granted or squander the beauty of it. I had a beautiful pregnancy; I had never 
felt better or healthier. I didn’t experience any complications the entire pregnancy, 
other than his 15-inch head which was just too big to drop, so I had a C-section. I 
felt so unbelievably lucky and at the same time, a little guilty. There were so many 
other women and girls in the world that would not have this experience. I knew at 
that moment that I would do what I could to make that realization easier or help 
science fi nd a way towards a cure so nobody would ever have to hear the words 
“children are most likely not possible for you.” I wanted to raise awareness and 
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spread the word to increase research, so when Dr. Nelson asked me to tell my story 
to research students, I was honored. I did whatever I could to help, and Aidan and 
I would attend meetings and conferences at the NIH whenever possible. I also had 
the ability to spread the word on this rare disease via my talk show on SiriusXM. 
I would meet patients and interview them, as well as doctors and researchers, to 
hopefully reach that fi nal goal of a cure. Through Dr. Nelson and my radio connec-
tions, I had the opportunity to meet a fellow patient, Nicole Witt. She is also in the 
protocol and has dedicated her life to helping others in the same situation with her 
two companies, The Adoptions Consultancy and Beyond Infertility. I am so 
impressed with how she overcame her situation and made it into a positive for her-
self and hundreds of others to come. I have interviewed Nicole many times, and 
I asked her for a quote for this book to help doctors, researchers, and patients alike. 

  “Being diagnosed with POI changed my life in more ways than I could have imag-
ined. At fi rst, of course, it shattered my expectations of what my entire family building 
experience would be. My husband and I went through a grieving process about not 
being able to have biological children. We also grieved a lot of our other expecta-
tions—how fun it would be to fi nd out we were pregnant and to surprise family and 
friends with that news. We then decided to pursue IVF with an egg donor and ended 
up having two amazing children that way. We got to have an incredible pregnancy 
experience and now have two kids, the joys of our lives, that we never would have 
had the privilege of raising had we gotten pregnant on our own. But the ramifi cations 
of my diagnosis stretched much wider than just our family building efforts. I was 
working in Brand Management/Strategic Marketing for large consumer packaged 
goods fi rms at the time of my infertility process. I was quite successful, but also quite 
miserable at the job. After my personal battle with infertility, I just couldn’t go back 
to something that seemed so meaningless. And I couldn’t justify all the hours away 
from my kids and the lack of fl exibility solely for a paycheck. So I completely changed 
my career and launched The Adoption Consultancy helping other infertile couples 
and singles to build their families. I basically serve as a “wedding planner” for 
adoption helping my clients to navigate the maze and avoid the pitfalls of adoption. 
Now, I do something every single day that honors my personal struggle, that truly 
makes a difference for others, and that allows me the fl exibility and lifestyle that I 
desire as a working mom. All benefi ts that I never would have achieved in my life 
were it not for the disguised blessing of POI!”  

 How right she is: the “disguised blessing” of POI. What a wonderful way to look 
at this unimaginable challenge. When I fi rst started having real symptoms and knew 
something was wrong, it was the mid-1990s. There was no Google for me to turn to 
or a WebMD for me to put my symptoms into and receive ten possible diagnoses so 
I could then have a better understanding of what was going on with me. I had to rely 
on the doctors I was seeing and believe they had my best interests in mind, but that 
often turned out not to be the case. I felt like they were just immediately checking off 
the boxes on their sheets so they could get paid and hoped that they were right. So in 
2013, when Dr. Nelson from NIH the very doctor that gave me such a piece of mind 
with the correct diagnosis asked me if I would become the Executive Director of 
Rachel’s Well, a nonprofi t organization whose mission is to empower and  connect a 
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community of women and girls with POI to receive integrated health care, I jumped 
at the offer. This was a chance to give back to a group who needed my help and who 
deserved the same level of respect and care I received while in the protocol at NIH. It 
has since been my personal mission to make sure no other woman or girl and their 
family ever go through what I did. It should not take six plus years for a diagnosis 
that a simple blood test can help resolve. We have made great strides in these past 
two years towards our vision of “a world in which all women and girls receive inte-
grated health care.” We still have a long way to go, but with the genetic testing going 
on with NIH and Washington University, thanks to Dr. Amber Cooper, I feel more 
optimistic than ever before that we can fi nd a cure. But until then, these women and 
girls need to get an early enough diagnosis to make educated and important decisions 
about their health care and their future. I know the fi rst thing I thought of, and I would 
say 99 % of the other women I speak to immediately think of when given this diag-
nosis, is having a baby. That is extremely important but so is our overall health. By 
the time I was fi nally diagnosed, I had osteopenia. It is so important that we fi nd a 
doctor in our community that we trust with our continued overall health care. Our 
bones, eyes, and overall bodies are also important. We will be living with this condi-
tion our whole life, and we need to take that into consideration as we also focus on 
the other important aspects of managing this disease. If a baby is the main goal, don’t 
you want to be the healthiest mom you can be once you get there? I know I did, but 
I didn’t always make the best decisions. Women always put everyone and everything 
above themselves. I always think that is our best attribute and our worst. What 
 happens if you don’t take care of yourself because you are  taking care of everyone 
else? They are not going to benefi t if you are gone because you took care of everyone 
else fi rst. If we want to be the best for everyone else, then we need to be the best  us  
we can be, and that starts with taking care of ourselves fi rst and foremost. I will admit 
this is an ongoing challenge, but it is a challenge I take very seriously. 

 I fi nally found a doctor I trust who I speak with openly and honestly about how 
I am feeling. She listens and works with me, not talking at me or trying to make 
decisions for me. We make decisions together after discussing the options and what-
ever might be going on at the time, whether it be back pain or depression, she makes 
me feel like we will work it out together. POI can take a toll on you in every aspect 
of your life; remembering that but not letting it own you is important. I went to 
many doctors when I left the NIH. Some I had seen for years and trusted before my 
diagnosis, but I still didn’t feel like they wanted to go the extra mile to learn about 
my rare disease to be the best physician they could have been for me. When I met 
my current primary care doctor, that all changed. She had never heard of POI but 
wanted to know all about it. She even asked if she could reach out to Dr. Nelson at 
NIH to ask further questions and receive the latest research he may be working on 
now or in the future. I didn’t realize until that moment exactly what I had been 
 missing. I guess I just assumed we all need to settle if we found a decent doctor, and 
I was satisfi ed if they asked further questions about POI. But I realized that no, that 
is not enough. Don’t ever settle when it comes to your health. This is your health 
and  nothing, nothing, nothing is more important. When she asked me to be more 
involved because she wanted to be educated for me and hopefully to help other 
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patients that came to her in the future, I wanted to cry. My eyes literally welled up, 
and she saw it and just said we will manage this together. I was no longer alone on 
this long road. Yes I had support of my family; I had amazing care at the NIH. I had 
so many blessing that I know other people don’t have, but at that moment, I really 
felt that I had help for as long as I needed it. To be silly, if you are a child of the 70s, 
then you remember wonder twin powers. That is what I wanted to do. Tap my ring 
against her and we could become the wonder twin’s powers of POI helping and 
fi ghting for the women and girls with this rare disease. I guess when I look back 
now over the past two decades of my life and I read that interview “A women who 
overcame two traumas,” I really do believe life (God) or whatever your beliefs 
doesn’t hand you more than you can handle. It may sometimes feel like more, but it 
isn’t. Just like Nicole Witt who turned this part of her life into her life’s mission, 
what a beautiful gift. If I didn’t have these two events in my life, who or where 
would I be today? I can’t even imagine. I would probably be self-centered and 
absorbed in something with no meaning. So who do I thank for these great 
 challenges? Ok let’s not go too far. My point being that there is nothing we can’t 
handle and it is ok if when you fi rst get some devastating news like POI that you go 
a little crazy. You may make some poor initial decisions and feel sorry for yourself 
longer than the people around you think you should. That’s ok. The important thing 
is to give yourself that time to go through the stages of grief. Those stages apply 
here too; they aren’t just for death or dying. This is a loss no matter how you look 
at it. You may get a miracle or they may fi nd a cure, but any way you look at this, it 
is a loss and a loss needs time to be dealt with. Surround yourself with those who 
understand it in some way if possible. That is one of our goals with Rachel’s Well, 
to be a comfort or sense of support so you can deal with the obstacles in front of 
you. You will feel them all: denial and isolations (“the tests are wrong, the doctors 
are wrong, nobody understands”), anger (I blamed everyone including God for my 
situation as well as the doctors who misdiagnosed me for six years), bargaining (after 
I apologized to God for blaming him, I said I will do anything, anything at all if you 
just make this go away, if you just give me a baby), depression (I slept a lot and drank 
too much, friends didn’t know what to do for me), and acceptance (this in my opinion 
will go on forever). I accept my situation for what it is; I am so blessed to have my 
son and to be working for a nonprofi t who wants to better the world for women and 
girls like me. But I did want more for my life, and some days I have to continuously 
remind myself that mourning what you had is all part of this but not to let it take over 
again. I know I am stronger and better than anything life throws at me, and now I am 
here to make sure you feel the same about yourself. How lucky am I?      

   Bibliography 

   1.   5 stages.   http://psychcentral.com/lib/the-5-stages-of-loss-and-grief/000617      
   2.   Depression.   http://www.womenshealth.gov/glossary/#depression      
   3.   STI.   http://www.womenshealth.gov/glossary/#sti      

C. Eads

http://psychcentral.com/lib/the-5-stages-of-loss-and-grief/000617
http://www.womenshealth.gov/glossary/#depression
http://www.womenshealth.gov/glossary/#sti


143

   4.   Birth Control Pill.   http://www.womenshealth.gov/publications/our-publications/fact-sheet/
birth-control-methods.html      

   5.   Dry Eye Syndrome, Society for Women’s Health Research.   http://www.tele-management.
ca/2013/09/dry-eye-is-a-symptom-of-menopause/      

   6.   National Institutes of Health.   http://www.nih.gov/      
   7.   Lawrence Nelson, National Institute of Child Health and Human Development.   http://

clinicalstudies.info.nih.gov/cgi/detail.cgi?B_1991-CH-0127.html      
   8.   Rachels Well.   www.rachelswell.org      
   9.   Wonder Twins.   http://en.wikipedia.org/wiki/Wonder_Twins      
   10.   The Adoption Consultancy.   http://www.theadoptionconsultancy.com/      
   11.   Beyond Infertility.   http://www.beyondinfertility.com/        

9 Living with the Uncertainty of Primary Ovarian Insuffi ciency (POI): A Patient…

http://www.womenshealth.gov/publications/our-publications/fact-sheet/birth-control-methods.html
http://www.womenshealth.gov/publications/our-publications/fact-sheet/birth-control-methods.html
http://www.tele-management.ca/2013/09/dry-eye-is-a-symptom-of-menopause/
http://www.tele-management.ca/2013/09/dry-eye-is-a-symptom-of-menopause/
http://www.nih.gov/
http://clinicalstudies.info.nih.gov/cgi/detail.cgi?B_1991-CH-0127.html
http://clinicalstudies.info.nih.gov/cgi/detail.cgi?B_1991-CH-0127.html
http://www.rachelswell.org/
http://en.wikipedia.org/wiki/Wonder_Twins
http://www.theadoptionconsultancy.com/
http://www.beyondinfertility.com/


145© Springer International Publishing Switzerland 2016 
N.F. Santoro, A.R. Cooper (eds.), Primary Ovarian Insuffi ciency, 
DOI 10.1007/978-3-319-22491-6_10

    Chapter 10   
 Primary Ovarian Insuffi ciency (POI) 
and Mood Disorders       

       Kris     Bevilacqua     

         Assessing  mood disorders   that arise from POI is not always clear-cut. Emotional 
adjustment reactions to medical conditions as well as other diagnoses that contribute 
to ovarian dysfunction such as hypothyroidism produce similar symptoms. As with 
 other   mood  disorders   related to reproductive function such as premenstrual disorders 
and postpartum depression, some women have more pronounced mood responses to 
hormonal changes than others. This variation in patient response makes it easy for 
the clinician to overlook mood dysregulation related to POI. The most common 
mood disorders observed in POI patients are various forms of  anxiety   and  depression  . 
Within these categories are major and minor depression, dysphoria, obsessive-com-
pulsive disorder, post-traumatic stress disorder, and social phobia [ 1 ]. 

 Understandably, the reaction to receiving a diagnosis of POI while trying to conceive 
could precipitate a depressive episode. However,  mood dysregulation   has been shown to 
be present in POI patients when women are not trying to conceive [ 2 ]. Signifi cant mood 
fl uctuations may be symptomatic even before reproductive changes are detected. Some 
women, especially those with slower, earlier onset, may not  notice   emotional shifts as 
 follicle-stimulating hormone (FSH)   levels gradually increase, while others, especially 
those with POI due to surgical onset, may feel plunged into a deep abyss of unshakable 
dysphoria. 

 When a patient is unaware of POI due to the slow progression of FSH levels, or 
is not planning to conceive, the symptoms related to mood may be present. At a 
subclinical level, these symptoms may subtly impact the daily quality of life but  not 
  create an overall inability to function within social situations or at work to the 
degree that is required to receive a psychiatric diagnostic code. Energy levels may 
be lower; enthusiasm for previously enjoyed activities may be less, but these changes 
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are easy to rationalize for women with busy lives that require multitasking and have 
constant distractions. Like the menopausal transition that occurs in older women, 
most POI is a process that occurs over a number of years [ 3 ]. Symptoms may be 
masked by years of oral contraception use which keeps amenorrhea and hypoestro-
genic symptoms at bay until hormonal contraception is discontinued. 

 Retrospectively, POI patients often remember details that seemed unusual to 
them at the time. Some have reported that their hair began graying sooner than that 
of their peers, or they noticed skin changes such as age spots, and vaginal dryness 
occurring before their peers. The common use of hair color may mask the symptom, 
but women are often acutely aware of their graying well ahead of their peers. 
Lubricants solve the problem of uncomfortable intercourse. Other early symptoms 
that didn’t make sense at the time include sleep diffi culties, hot fl ashes, and memory 
issues that are typical menopausal symptoms. Patients will report that their doctors 
have dismissed these concerns as situationally based and told the patient “not to 
worry.” This leaves the patient feeling frustrated and isolated. It is not unusual for a 
patient to have consulted with several doctors before a diagnosis of POI with the 
attending explanation of their symptoms is made [ 3 ]. 

 There is evidence that women with  long-term depression   undergo menopause at 
an earlier age than women who have never been depressed [ 4 ]. However, there is no 
evidence that depression directly causes POI. Unlike women with age-appropriate 
menopause, women with POI are unique in that their depressive symptoms do not 
seem to be limited to the time they transition through perimenopause [ 5 ]. Depressive 
 symptoms   may have been experienced well before there is a disruption to the men-
strual cycle, perhaps because of underlying changes in the hormonal milieu [ 6 ]. In 
their survey of POI women in a non-clinic-based sample, Allshouse et al. found that 
49 % of the women were using antidepressant medication before they were diag-
nosed with POI. This is signifi cantly higher than the 16.2 % reported in a population- 
based norm of women. Davis et al. [ 7 ] found that women with POI had an increased 
prevalence of both depression and anxiety. 

 Depressive and  anxiety disorders   have an overlapping symptom base. Both 
impact daily life; both include diffi culty concentrating, irritability, sleep distur-
bances, and disordered eating [ 1 ]. Symptoms of  depression   or  dysthymic disorder   
are sadness, poor appetite or overeating, low energy, poor concentration, insom-
nia, feelings of hopelessness, and self-criticism [ 1 ]. The difference between 
depression and dysthymia is the chronicity and duration of the symptoms. Women 
experiencing dysthymia may have had the symptoms for so long that they don’t 
recognize them as abnormal. In addition to some of the above depressive symp-
toms, a diagnosis of anxiety may include restlessness, exaggerated worrying, and 
muscle tension. 

 In contrast, patients with surgical onset of POI are often quite articulate when 
describing the difference between how they feel after surgery compared to what 
they felt like prior to treatment that left them with depleted estrogen levels. Not 
all patients who have oophorectomies, such as BRCA1 and BRCA2 carriers doing 
it as a prophylactic measure, require ongoing treatment, and HRT will help those 
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women maintain mood quality. For those who have had oophorectomies due to 
cancer, the psychological changes experienced during chemotherapy [ 8 ] have 
been well  documented. The treatments themselves can cause memory loss, 
depression, lack of energy, and sexual dysfunction even in patients who are not 
being treated for reproductively related cancers. POI patients may describe 
decreased mental energy, a lack of enthusiasm for things they previously enjoyed, 
being  in   a “mental fog” [ 5 ], memory loss, and irritability. In this case the symp-
toms may be severe enough to meet the diagnostic criteria for  depression  . When 
patients try to discuss these emotional and cognitive shifts, the feedback they 
often receive is that the symptoms are normal for someone who has just had sur-
gery or has undergone subsequent chemo- or radiation therapy. It is easier to 
ascribe these psychological changes to the medical condition and the need to 
adjust to life after treatment, rather than to lasting endocrinological variations. 
However, the endocrinological and reproductive link should not be overlooked 
posttreatment. Patients need to be assessed for  mood disorders   after cancer treat-
ment is completed. Offering hormonal as well as emotional or psychiatric support 
when normal psychological function is diminished is an important component of 
restoring the quality of life. Fertility rates after chemotherapy or radiation therapy 
are highly dependent upon age [ 9 ]; patients are commonly told they will require 
donor eggs to conceive. 

 At its most extreme end of the emotional spectrum, sudden-onset POI, whether 
surgical or receiving an unexpected diagnosis of sterility, can precipitate  post- 
traumatic stress disorder (PTSD)   symptoms. PTSD is well known to be present in 
patients who have experienced myocardial infarctions [ 10 ] and advanced-stage 
breast cancer [ 11 ]. An  anxiety disorder  ,    PTSD needs to be distinguished from tran-
sient, reactive stress that is often observed in POI patients. Among the characteristic 
symptoms are physiological reactivity when exposed to cues that symbolize the 
trauma, a sense of a foreshortened future, efforts to avoid thoughts and activities 
that arouse thoughts of the trauma, diffi culty concentrating, and a restricted range of 
affect [ 1 ]. In a world where motherhood is celebrated as a rite of passage into adult-
hood and babies are present in many aspects of life, avoidance of cues is almost 
impossible. For POI patients,  loss of fertility   can be a reproductive trauma and crisis 
of identity stemming from fear of a compromised future. Women most at risk for 
 PTSD   symptoms after receiving a diagnosis of POI are those who have a history of 
borderline personality, a long history of depression, a cancer diagnosis preceding 
POI, or are single but actively trying to partner with the distinct purpose of having 
children. For these patients the psychological issues can cause more distress than 
the endocrinological ones. Referral to a mental health professional familiar with 
reproductive issues is recommended. For patients with PTSD postsurgical POI, 
psychotherapy to address  the   PTSD is best done after the medical treatment is 
complete, when the patient can adequately process the emotional content. 
Collaborative treatment between the reproductive specialist and the mental health 
professional for hormonal support and psychotropic medications is in order. Most 
important is to take the distress of these patients seriously. 
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    Loss and Grief 

   Whether   from a slow onset or sudden surgical onset, a common initial reaction to 
the diagnosis of POI is some form of grief, most notably for women who are trying 
to conceive. The loss of reproductive capacity is the loss of a signifi cant anchor in 
personal identity [ 7 ]. Women have been socialized from the time they were given 
baby dolls as toddlers to expect to become mothers. They have grown up to believe 
it is so easy to conceive they must guard against unwanted pregnancy. When they 
receive the POI diagnosis, the choice they have protected is gone. When women 
have successfully led lives that followed the social agenda of “go to school, get 
an education, fi nd the right partner and/or get married, establish fi nancial stability, 
then try to begin a family” and are diagnosed with POI, they feel cheated, angry, 
sad, and misled. No one told them this could happen. Their own body has betrayed 
what they thought was true about how the world worked. 

 The  loss of fertility   has signifi cance in that it is about unspoken fantasies. As with 
the loss of any loved one, the process of mourning with POI is one of letting go of 
some of the psychological bonds that have linked the patient to the imaginary future 
child who would possess the best qualities of both parents. If there were an actual 
baby, there would be a ritual with social support. Instead, receiving and processing 
the diagnosis that those imaginary children are gone can be a lonely process. It may 
also cause feelings of shame and being defective as a woman. Not only does the 
patient mourn her children that will never be born, she must mourn the loss of a 
bodily function that helped defi ne her. 

 Since by defi nition POI occurs in younger women, receiving the diagnosis may 
be the fi rst medical crisis the patient and her partner have encountered together. It 
can be disruptive to a relationship as well as to self-identity. As most POI cases are 
idiopathic, a patient may not have any reference or support system. She may feel 
less feminine, less worthy of marriage, and less sexually desirable. If single and 
wanting to marry, she may be afraid that no one will want her as a marriage partner. 
Negative ideation about the future may fuel depression that, in some women, is 
exacerbated by depletion or fl uctuation of previously normal hormone levels. 

 For the majority of women diagnosed with POI, the process of emotionally coming 
to terms with the implications for childbearing and their future health takes time. 
Depending on individual coping style, the initial response may be denial. A patient 
may spend large amounts of time on the internet looking for hope and a cure. She may 
leave the facility that fi rst diagnosed POI searching to fi nd a doctor who promises her 
a pregnancy created with her own eggs. There are patients who will need to do failed 
IUI or IVF cycles for emotional closure, mourning each failed cycle while facing their 
ovarian limitation. From a strictly medical perspective, a patient doing an expensive 
treatment cycle with little chance of success may seem futile. However, failed cycles 
can be psychologically therapeutic even when emotionally painful to help establish the 
new reality one month at a time. A reaction that began with denial or anger or depres-
sion can evolve into acceptance. Knowing that she has done everything possible to get 
her own ovaries to cooperate, a patient may be ready to move on to using donor egg, 
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adopting a child, or remaining childless. For some women acceptance takes months, 
for others years, and for a few, acceptance never arrives. 

 Ideally, clinicians would like patients to accept the situation before moving on to 
 donor egg cycles   but that may not always be possible. Due to age, fi nances, or other 
circumstances, there are times when the mourning will coexist with a donor egg 
cycle, and the donor egg pregnancy itself becomes the therapeutic process that helps 
the patient’s mood move from despair to one with hope. 

 Medical management of some symptoms is straightforward.  Hormone replace-
ment therapy   is known to improve mood in some patients [ 12 ,  13 ]. It also improves 
disrupted sleep, relieves hot fl ushes, improves skin quality, restores libido, and creates 
menstrual cycles if not ovulation. Although not fully understood at this time, it is 
hypothesized that the improvement in mood is due to the infl uence of estrogen on the 
modulation of neurotransmitter activities. The presence of estrogen in the brain 
increases synaptic effi cacy and long-term potentiation [ 12 ]. By improving serotoner-
gic activities, estrogen may be infl uencing mood [ 14 ]. Antidepressants, particularly 
the  selective serotonin reuptake inhibitors (SSRIs)  , have been found to be effective in 
treating depression and anxiety in POI patients. Research has shown that estrogen can 
enhance the response to SSRIs in women who are perimenopausal. For younger 
women with POI who are experiencing mood symptoms of depression or anxiety, the 
combination of HRT and SSRIs may be more effective than either medication alone 
in relieving “ mental fog”   and symptoms that mimic depression. Once women are 
functioning at a level that feels more normal to them, it is easier to make decisions 
about going forward with other aspects of their lives. 

 For women with POI,  hormone replacement therapy   has been recommended until 
the age of natural menopause. For women who are cautious about using estrogens 
due to family history of cancer or media coverage of the various postmenopausal 
studies warning about the risks of HRT,    SSRIs alone may be a less controversial 
approach to symptom alleviation.   

    Cases 

 The degree of mood alteration observed in POI patients may stem from how long 
the patient has known about their diagnosis, the time of onset, and individual varia-
tion to hormonal fl uctuations. Some of the more common presentations exhibit 
forms of anxiety and depression. 

    Teenage Onset 

  Women diagnosed  with   POI long before they are ready to look for a partner as in the 
case of Turner’s syndrome (45X), or primary amenorrhea, have time to process the 
implications for future childbearing in a gradual way. There is limited immediate 
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impact on the quality of life at the time of diagnosis. The creation of cyclic menses 
with  hormone replacement therapy   lets the teenager to fi t in with their peer group 
while allowing time for refl ection and acceptance. Having emotionally processed 
the diagnosis and having it as common knowledge within the patient’s family, the 
issue of POI can be discussed early in a relationship before marriage or before preg-
nancy is desired. 

    Maureen 

   Maureen had her fi rst and last menstrual period at age 16. Diagnosed with POI as a teen-
ager, she was prescribed oral contraceptives to provide her with cyclic menses that 
allowed her to feel ‘normal’. Because she learned that she would need to use donor eggs 
at a time when neither she nor anyone in her peer group was trying to conceive, she didn’t 
experience a reactive depression. On her fi rst date with Mike, the man who became her 
husband, she was open about her inability to have children with her own eggs. At that 
time the couple was in their early 20’s and not close to the point in their lives when they 
were considering starting a family and the information became a footnote in their rela-
tionship. During their years together, Maureen decided several times to discontinue her 
OCPs. Each time, Maureen felt a malaise she couldn’t explain. Her husband, Mike, 
concurred that there was a noticeable difference in her mood; without her usual oral 
contraceptives she was more irritable, less cheerful. She always went back to OCP use. 
Nine years after their fi rst date, Maureen and Mike married. They immediately sought a 
reproductive endocrinology facility that offered donor egg cycles. They chose a fresh 
donor cycle that produced enough good quality embryos for several pregnancies. They 
conceived with a single embryo transfer and are now deciding how long to wait between 
children. Postpartum, Maureen immediately returned to her oral contraceptives. She was 
concerned that without her hormonal support she might experience signifi cant postpar-
tum depression. 

         Turner Syndrome 

   Women with  TS   often know about their reproductive challenges from the  time 
  they began hormonally induced puberty. Although infertility is only one feature of 
the condition, many TS women believe that their  loss of fertility   sets them apart 
from other women more than any other [ 15 ]. Women with TS tend to engage in 
less sexual activity and to marry at a signifi cantly lower rate than the general 
population [ 16 ]. It is not clear whether compromised fertility or other factors such 
as increased social phobia [ 17 ] or cognitive limitations [ 18 ] cause this lower rate 
of marriage.  Psychological features of TS   are similar to those of other women 
with POI such as increased levels of anxiety, lowered self-esteem, and depression 
which are higher than levels seen in a community-based sample of same-age 
women [ 18 ]. Women with TS may not have the opportunity to have donor egg 
pregnancy because of the frequency of aortic abnormalities and possible cata-
strophic pregnancy outcomes. 
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    Sophie: Social Anxiety 

      Sophie   was  diagnosed   with Turner Syndrome soon after birth. She began HRT at age 12 to 
stimulate age appropriate pubertal development. A shy child protected by her mother and 
grandmother, she was able to graduate from high school and fi nd a job as a teacher’s aide in 
the local preschool. Sophie’s short stature helped children relate to her and they never knew 
of the academic diffi culties she had encountered during her own years in school. Her social 
network was limited to extended family and coworkers. At age 32, Sophie caught the eye of 
Luis, a local postal worker. He was patient with her social caution. Their relationship slowly 
blossomed, Sophie became sexually active, and the couple married. Sophie was well aware 
of her infertility and they intended use donor eggs. However, an extensive preconception 
assessment revealed that Sophie would be at signifi cant risk for a cardiac event during 
pregnancy. Rather than risk their newly found happiness, Sophie and Luis decided to forego 
pregnancy. Several years later they were able to adopt a baby born to a teenage relative. 

            Childhood Cancers 

   Similar to  women   diagnosed with POI as teenagers are patients who have  been 
  diagnosed with childhood cancers which compromised their ovarian function before 
puberty. Women who have undergone treatment for cancers as children appear to 
have the best chance of regaining some ovarian function [ 9 ]. 

    Louise 

   Louise was survivor of childhood leukemia. Diagnosed at age 9, she underwent chemo-
therapy. Her family was told that it meant she would not be able to have biological children 
but she would be able use donor eggs. At the time, her parents were interested in their 
daughter’s survival far more than grandchildren. Cryopreservation of eggs or ovarian tissue 
was not an option at the time of her diagnosis. As a teenager, she began using estrogen to 
encourage normal pubertal development. When Louise married and decided to have chil-
dren, she was in her late 20s. Like many women who have known long before marriage that 
they couldn’t have children naturally, Louise took the information in stride as did her hus-
band. It was just a fact of their relationship. She conceived with a donor egg cycle and had 
an uneventful pregnancy. While still on maternity Louise spontaneously conceived the fi rst 
time she resumed intercourse. Her reaction to a second pregnancy was both surprise and 
embarrassment because she would have to ask her boss for maternity leave twice within one 
year. Louise’s spontaneous second pregnancy was also uneventful and postpartum she 
began to use barrier contraception as well as hormone replacement therapy. 

          Adult-Onset POI 

    The more typical POI  patient   is the woman who is diagnosed while she  is   trying to 
conceive.  She   may have already had a child and is experiencing secondary infertil-
ity. Accepting the diagnosis is often the biggest hurdle for a patient to face and the 
one that impacts mood most intensely. 
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    Eileen: Family Secrets 

   Eileen was a 28 year-old college graduate with a husband and plans for her future. 
Working for an animal rights organization, she knew she could do more if she had legal 
training. An unexpected pregnancy was welcomed but ended in miscarriage at 11 weeks. 
She reported that within a few months after her D&C, she knew there was something dif-
ferent physiologically. She couldn’t quite describe it. Sometimes she would feel unex-
pectedly hot, her periods became less regular. She longed to replace the lost pregnancy 
and actively tried to conceive without success. Simultaneously, when she studied for the 
legal school entry test, she found she had diffi culty retaining what she read even with 
fl ash cards, outlines, and other supports. There were no other stressors in her life that 
could have explained her inability to focus. She had always been good in school, now she 
felt that she couldn’t remember anything. Her test scores were so low that she was not 
accepted into any graduate school. Her attempts to conceive led her to a REI who found 
that her FSH level was 69 although she was still cycling. Not wanting to believe she 
couldn’t conceive again, she tried numerous cycles of COH/IUI which allowed her time 
to process the reality of POI and to realize she had done everything possible to conceive 
with her own eggs. Family history indicated that a similar event had happened to her 
paternal aunt. Put on hormone replacement therapy, Eileen began to feel like herself 
again. Her mood improved. She was able to successfully retain test prep information, 
pass the law school entrance exam and attend graduate school. A year later Eileen was 
still not the cheerful person she remembered being when she was younger. She began a 
trial of SSRIs and about 6 weeks later felt that she had regained the emotional qualities 
she had before her miscarriage. Eileen went on to have children with donor eggs. She has 
remained on hormone replacement and the SSRIs, noticing an uncomfortable difference 
in her mood if she discontinues either of her medications. She has shared her experience 
with her nieces who may also be at risk for POI. 

       Cathy: The Unfairness of Life 

   Cathy and her partner, Joe, were both police personnel who lived to keep order and fi x 
problems. Cathy and Joe met while they were rookies, married 3 years later, and were able 
to buy their fi rst home when Cathy was 29. They both maintained a skeptical attitude, with 
a matter of fact outlook toward life. Established in their careers, they were ready to begin 
their family when after a year of trying to conceive, they came for help. Cathy had regular 
menstrual cycles but her FSH level was 42. No one else in her family had ever had trouble 
conceiving. Medical history revealed that she had several abdominal surgeries: an appen-
dectomy as a teenager, and surgery after receiving a gunshot wound on the job. Cathy was 
angry about the diagnosis. Joe remained stoic. The diagnosis of POI was one that they 
couldn’t fi x. Cathy insisted the results were wrong because no one else in her family had 
diffi culty conceiving. A second opinion was suggested. Cathy refused to consider donor 
egg as a family building option and left the practice convinced that the physicians didn’t 
know what they were doing. 

 Adding to Cathy’s rage about the POI diagnosis was that although her medical insur-
ance was excellent and covered IVF, it would not cover donor egg cycles. Because there 
was no way to substantiate that Cathy’s POI was related to injury on the job fi ve years 
earlier, she did not have a way to pay for a donor egg cycle. Cathy was lost to 
follow-up. 
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           Fragile X 

    Research    has   shown that women who carry the  fragile X mental retardation 1 (FMR1)   
permutation allele have a signifi cant risk of POI [ 3 ]. Women who have their children 
earlier in life, often while they are in their 20s, are unlikely to be aware that they 
carry this permutation unless they have a child affected with fragile X and are tested 
after the fact. For women who delay childbearing until they are in their 30s, the onset 
of irregular menses and elevated FSH levels may come unexpectedly. They rarely 
know they are FMR1 carriers until they, or someone in their family, try to conceive, 
and genetic testing is part of the workup. Twenty-fi ve percent of FMR1 carriers 
experience POI (FXPOI) compared to a rate of 1 % in the general population [ 19 ]. 
They also have an increased incidence of depressive and anxiety disorders [ 20 ,  21 ]. 
Although the pathophysiological mechanism linking mood disorders with reproduc-
tive dysfunction is not clear at this time, research by Kenna et al. [ 22 ] indicates that 
FMR1 carriers are at greater risk for mood disorders. 

 Increased levels of psychiatric vulnerability have been found to exist in FMR1 
carrier women without children, those with unaffected children, and those with 
FX-affected children [ 23 ]. Thus, this vulnerability cannot be attributed to the addi-
tional stressors of what parenting a fragile X-affected child adds to a mother’s life, 
or a reaction to the diagnosis, but is a feature of the condition. Women with the 
permutation should be advised that this is a common aspect of the condition and a 
mental health history obtained. When anxiety and depressive symptoms are present, 
they should not be interpreted as an overreaction by the patient to discovering that 
they are FMR1 carriers. Women with the FMR1 gene have higher rates of obsessive- 
compulsive symptoms [ 20 ] than the general population, and 38 % meet criteria for 
social phobia [ 2 ,  17 ]. Lifetime prevalence of major depressive disorder in FMR1 
carriers is 78 % [ 24 ] compared with 60 % in the general female population [ 25 ]. 

 This background illustrates why it is important for a clinician to inquire about 
mood as well as physical symptoms with the FXPOI patient. Anxiety or depressive 
symptoms can be addressed and treated as well as the typical physical symptoms 
of POI. For some patients their normally elevated anxiety or depressive outlook on 
life may be so syntonic with their personalities that it is impossible to distinguish 
symptom from style. Patients may not remember being any different in the past. If 
the affective symptoms appear to be preventing the patient from participating fully 
in an aspect of daily living, a clinical interview by a mental health professional 
may be advised. 

 For many patients who fi nd out they are FMR1 carriers when they are trying to 
conceive, the unexpected diagnosis comes with information that needs explanation, 
often from a genetics counselor. The mood component is only one aspect of what 
these patients must confront. What began as a private medical issue due to infertility 
may become the window through which extended family members learn about their 
own futures. In addition to being at increased risk for anxiety and depressive symptoms, 
the pressure of being a bearer of bad news may create more emotional stressors for 
FMR1 patient. Psychological and genetic counseling support needs to be available 
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to patients after the diagnosis of being FMR1 carriers. As these patients make 
decisions about future children and informing their extended family of their carrier 
status, support and availability from the clinician is a valuable resource. 

 As with other patients who are given a diagnosis of POI, the initial reaction may 
be grief. These patients confront the frustration of infertility, as well as carrying the 
risk of having a child affected with fragile X if they do conceive. After emotionally 
processing the  loss of fertility   and comprehending the impact that a fragile X child 
could have on their lives, a FMR1 patient may react with “thanks for letting me 
know, I can’t imagine raising a special needs child” or “I can avoid this problem 
with donor eggs.” 

    Lisa 

   Lisa and Steve came for help conceiving after more than a year of trying on their own. She 
cycled almost regularly but was found to have an elevated FSH level. Lisa was a 32 year-old 
high school principal. Steve worked in the information technology fi eld. They were 
organized, and direct in their approach to life. In fact, it was her obsessive-compulsive traits 
that made Lisa organized and good at her job. It also made her an impatient patient, deter-
mined to get what she wanted. Her anxiety about overcoming her infertility made clinical 
staff dread getting three or four emails per day from her as she demanded answers to her 
repetitive questions. 

 Routine genetic testing revealed that Lisa was a FMR1 carrier with an intermediate 
repeat range. She denied any history of signifi cant mood disorder such as depression or 
anxiety that lasted for two weeks or more. Her obsessive-compulsive tendencies were more 
of a style than pathology. The increased anxiety may have been a reaction to the infertility 
diagnosis and remained unaddressed. 

 Lisa was a practical woman. Two weeks after receiving her diagnosis, she arranged to 
begin a donor egg cycle. She denied any emotional reaction to her diagnosis other than she 
was glad she wouldn’t be passing her ‘fl awed gene’ onto her child. As a former teacher, she 
knew what Fragile X affected children endured. When answers weren’t forthcoming fast 
enough, Lisa switched medical practices and conceived with donor eggs at another 
facility. 

      Ann 

   Successful artist Ann was diagnosed with POI due to FMR1 when she began trying to create 
her own family. She had a long relationship with her husband prior to their marriage and he 
was supportive of her. Long before marriage and trying to conceive, Ann began seeing a 
psychologist regularly for depressive symptoms and took fl uoxetine to help her maintain 
her mood at a fully functional level. Ann was fortunate to have a 21 year-old sister, Carrie, 
who volunteered to become her egg donor even before the FMR1 diagnosis was known. 
This couple experienced the emotional relief of having a label for their infertility as well as 
a potential solution, but they were faced with the dilemma of what to do with the informa-
tion that could impact other members of Ann’s family. Consultation with a genetic coun-
selor about the risks and related disorders such as ataxia gave Ann a perspective that helped 
her face her family. Ann discussed the situation with her mother prior to sharing it with 
other members of her family. What was the best course of action: Should the sister freeze 
her eggs fi rst, should they split the egg cohort? Testing revealed that Carrie was not a FMR1 
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carrier. She proceeded to successfully donate eggs to Ann. Because Carrie knew that she 
was not a FMR1 carrier she chose to not cryopreserve eggs by doing an additional COH/ 
egg cryopreservation cycle. 

          Adult Cancer and Surgical Patients 

  For  cancer   and some surgical patients, POI may be an outcome of treatment, the 
ramifi cations of which patients may not be able to fully process when they are diag-
nosed, recovering from surgery, or undergoing follow-up treatment. At the time of 
diagnosis, many cancer patients present as emotionally numb to psychologically 
protect themselves from the overwhelming demands of medical treatment. The 
focus becomes one of getting through the treatment and remaining alive, while rede-
fi ning the future on a short-term basis. Expected to be glad they are alive, the issues 
of compromised fertility and POI may be neglected at the time and put off indefi -
nitely. POI is a common result of treatment for adult cancers that involve chemo-
therapy or radiation that cannot avoid exposing the ovaries to tissue damage. For 
women who are fortunate enough to be referred to facilities where eggs, embryos, 
or ovarian tissue can be cryopreserved ahead of treatment, the POI may be an 
expected outcome, but there is still hope for future fertility, either utilizing their own 
uterus or that of a gestational carrier. This practical approach signals a belief in the 
future, a positive sign that cancer is a treatable condition. Hope may be the most 
potent component in recovery after life-altering treatment. 

 Typically, the POI aspect of cancer counseling for women who desire fertility 
preservation is minimized to “you can always adopt” with the underlying message 
of “be glad you’re still alive.” More recently, egg cryopreservation in advance of 
chemotherapy has been suggested by progressive oncologists. Because POI is not 
life threatening, it is taken less seriously than tumor reduction. To the patient who is 
told that she cannot have children, POI is a threat to the life she imagined, the one 
that has sustained her to this point and encouraged her to look forward to having a 
family of her own. Although oncologists may continue to see patients to monitor 
their cancer status, family building for these patients is generally not a focus in 
follow-up monitoring. Therefore, it is often not known if former cancer patients 
attempted to have children or create families through adoption. 

 When referred to the reproductive endocrinology setting, the cancer patient may 
appear emotionally numb, the emotional numbing that may be necessary as a cop-
ing mechanism to endure the invasive medical treatments. Often these patients need 
to be fast-tracked for egg retrieval before they undergo surgery, have radiation treat-
ment, or are exposed to chemotherapy. The immediate danger of cancer is far more 
life threatening to the quality of life than future infertility. When suggested by the 
oncologist, women are often glad to have the option but not able to focus on the 
process. Contact with the reproductive endocrinology and infertility facility is time 
limited with little follow-up until pregnancy is desired, often 5 years or more post-
treatment when the patient is cleared for pregnancy or feels emotionally safe enough 
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to become a parent. As successful oocyte or ovarian tissue cryopreservation has 
only recently become available, it will be a subject of future research to determine 
how successful the technique is to provide cancer survivors with their own genetic 
families. 

 Depression, denial, or “going through the motions” from cancer treatment is a 
common reaction. Because the reproductive endocrinology service is often adjunctive 
to the cancer treatment, mood fl uctuations are most effectively treated in conjunction 
with psychology providers of the oncology department. Psychological follow-up can 
be coordinated with the oncology resources or publicly available support groups. 

   Connie 

   Connie and her husband Ed were the parents of a 3 year-old and sought help conceiving 
their second child. A mammogram, part of the requested testing, revealed breast cancer. 
Connie had an optimistic outlook on life, as well as a husband and extended family who 
were her best cheerleaders. Although emotionally stunned by the cancer diagnosis, the 
emotional support she received allowed her to imagine her future with more children and 
keep her moving forward towards the goal. Prior to a double mastectomy and chemother-
apy, Connie underwent IVF and cryopreserved seven embryos. She began using SSRIs to 
help with the symptoms of irritability and anxiety when she was coping with the aftermath 
of the cancer treatment. Still bald from her early chemotherapy and tolerating the side 
effects of anti-estrogenic maintenance chemotherapy, Connie came for consultation about 
using a gestational carrier. Soon afterwards, a gestational carrier was found, two embryos 
were transferred which resulted in a twin pregnancy and delivery. As well as being moni-
tored regularly by her oncologist, Connie remains part of an online support group for breast 
cancer survivors. She reports that she feels at her best when she is taking SSRIs but doesn’t 
believe she has any reason to be depressed at this point in her life. 

          Summary 

 The mood component of POI is often overlooked or ascribed to other causes and 
remains unaddressed. The higher frequency of mood disorders in this patient popu-
lation suggests that there is an underlying pathophysiological mechanism infl uenc-
ing the neuropsychologic functioning in POI patients. Whether present at a 
subclinical level or more overt, a mood disorder can impact the quality of life just as 
the physical symptoms of POI. 

 The cases in this chapter provide examples of the interaction of physical and psy-
chological aspects of this biopsychosocial disorder. Treatment can be addressed with 
both psychiatric and hormonal medications to help POI patients function more suc-
cessfully. In some cases psychotherapy may be needed to augment medical treatment 
for symptoms that appear to be environmentally infl uenced. Future research will 
undoubtedly fi nd the neural pathways that link mental and reproductive functioning. 
Until then, POI treatment needs to be thought about as a potentially collaborative 
endeavor between physicians and mental health professionals who can both acknowl-
edge the psychological aspects and the physical problems that are POI.     
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    Chapter 11   
 The Rise and Fall of Oogonial Stem 
Cells Within the Historical Context 
of Adult Stem Cells       

       Shweta     Nayak      ,     Yu     Ren      , and     Aleksandar     Rajkovic     

            Clinical Vignette 

    Sarah, a 29-year-old married woman who was given the diagnosis of primary ovarian 
insuffi ciency two years prior, moved her cursor toward the X in the upper right corner after 
her exhaustive Google search. She had desperately typed every keyword she could think of 
in a frustrating attempt to fi nd an experimental therapy capable of renewing her egg pool 
or to understand why she could not have children with her own eggs. Did her egg pool never 
establish suffi cient numbers when she was a fetus? Was it an early, in utero event, or a more 
recent, rapid loss due to genetics or her environment as an adolescent or young woman? 
Were there still   any   eggs there to retrieve? If she did an ovarian biopsy, would there be stem 
cells that could make more eggs, or could a scientist create more from a skin biopsy? Surely, 
this kind of technology should exist somewhere. Stem cells were everywhere these days! 
Should she have an ovary removed and analyzed for stem cells, or should it be frozen? She 
shut down the computer and rubbed her temples. She realized she was left with a lingering 
controversy in the scientifi c literature surrounding the complexity of ovarian function and, 
for now, more questions than answers….  

       Introduction 

 For decades, it has been believed that adult human female reproductive potential 
was determined by a fi nite number of primordial follicles, established before or 
at birth. The production of a mature, meiotically competent  oocyte   requires the 
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devotion of energy, growth factors, and critical molecular signaling pathways by the 
ovary, and as such, oogenesis has evolved to form an end product that favors quality 
over quantity. Unlike males, in whom spermatogonial  stem cells   are continually 
mitotically active while meiotic divisions are reserved only for the postpubertal 
state, the primordial germ  cells   in females divide and immediately enter meiosis, 
rendering a fi xed pool of cells destined to become mature gametes long before 
 sexual maturity is reached. However, the discovery of adult  stem cells   in many 
organs, including brain and heart, has challenged dogmas and naturally led to the 
exploration of “stemness” in the mammalian ovary.  

    The History of Adult Human Stem Cells and Regenerative 
Medicine 

    The  concept   of the  stem    cell   dates back to the late nineteenth century, when 
Darwinist and Zoology professor Ernst Haeckel coined the term “stammzelle” to 
describe primordial cells harboring the ability to evolve into all cells, as well as 
multicellular organisms [ 1 ,  2 ]. The belief that the stamzelle formed the evolutionary 
basis of all plants and animals was in alignment with Haeckel’s analogy of embryo-
logical development from a single  oocyte  , and the name only fi tting, as this origin 
cell would give rise to countless generations of cells from which multicellular 
organisms are composed [ 3 ,  4 ]. This distinction, between origin cell and daughter 
cell, was especially important according to Haeckel—the  fertilized oocyte   was 
entirely different from the original oocyte and represented the whole future child. 

 This notion was investigated in embryological studies by August Weismann, 
Theodor Boveri, and Valentin Haecker in the early 1890s. Parent cells not only give 
rise to both the germ cells and the somatic cells that comprised the different layers 
(endoderm, mesoderm, and ectoderm) of the embryo, but they also passed along the 
hereditary material, chromatin, from one generation to the next through the “germ 
plasm, the organized substance within the cell’s nucleus that allowed continuity of 
hereditary characteristics” [ 1 ,  5 ,  6 ]. Boveri further developed the role and relation-
ship of the stem cells to all other cells in a multicellular organism: in the earliest 
generations, the  stem cells   divided into two daughter cells, one of which maintained 
the character of the parent stem cell while the other divided into the precursor of 
other somatic cells [ 7 ,  8 ]. This basic concept would later give birth to the ideas of 
chromatin diminution leading to cell differentiation, the chromosome theory of 
heredity, phenogenetics, and pluripotency, and ultimately these philosophies gradu-
ally established the fi elds of embryology and cytology [ 7 – 11 ]. 

 Beyond the fi eld of  embryology  , the concept of stem cells boomed among hema-
tologic researchers and by the twentieth century became a well-established fi eld. 
Researchers Artur Pappenheim, Wera Dantaschakoff, Alexander Maximow, and 
Ernst Neumann observed that many blood cell lineages were derived from common 
red and white blood cell precursors [ 12 – 16 ]. This led to clinical and pathological 
work on different forms of leukemia, as well as the divergent “Unitarian” versus 
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“Dualist” concepts of the  hematopoietic   stem  cell  . The Unitarian dogma held that 
lymphocytes and myelocytes originated from the same stem cell within the bone 
marrow, while the dualist principle held that these daughter cells originated from 
very different precursor cells in different organs [ 15 – 17 ]. From these doctrines of 
cell origin, growing interests in tissue culture and the study of cell growth differen-
tiation fl ourished. 

 The essential linking characteristic of  stem cells   amongst all fi elds, be it 
 embryology, hematology, or histology, is their capacity for self-renewal and differen-
tiation into specifi c somatic or germ cells. The phenomenon that safeguards this 
ability is “asymmetric division.” In asymmetric cell division,  stem cells   divide 
 asymmetrically to give rise to two distinct daughter cells with different cellular fates. 
One daughter cell is a copy of the original stem cell, while the second  daughter cell 
is programmed to differentiate [ 18 ]. The “ immortal DNA strand hypothesis”   is a 
 leading theory as to how stem cells maintain asymmetry [ 18 ]. In this theory, one 
daughter cell keeps the old “DNA template” strand and maintains stem cell function, 
while the other daughter cell inherits the new DNA strand  containing mutations aris-
ing from errors in DNA replication and becomes  differentiated and eventually dies 
[ 19 – 21 ]. The immortal strand hypothesis explained the emergence of cancer as a rare 
event, whereby differentiated daughter cell  accumulates mutation(s) that lead to 
faulty cell cycle check points and unregulated growth, and, ultimately, tumorigene-
sis. Yet, another hypothesis of how stem cells could maintain this phenotype centered 
around the idea of a stem cell “ subniche.” First introduced by Schofi eld in 1978, 
control of cell proliferation and differentiation was believed to be secondary to mol-
ecules secreted by specifi c cells which altered the microenvironment [ 22 – 26 ]. This 
concept was validated by studies  investigating germ cell development in 
  Caenorhabditis elegans    as well as in   Drosophila melanogaster    [ 27 – 30 ] .  

 It was the isolation and culture of  embryonic stem cells (ESCs)   which led to the 
discovery of the stem cell’s remarkable characteristics of self-renewal and 
 pluripotency. The fi rst major breakthrough was the generation of living mice entirely 
from ESCs in 1993 [ 31 ]. The mouse  ESCs   met the basic criteria for pluripotency: 
the cell must itself originate from a  pluripotent cell   population, must maintain a 
normal karyotype, must retain the ability to expand indefi nitely in the immortal 
state, and must have the ability to spontaneously differentiate into both extraembry-
onic tissue and cells of all embryonic germ cell layers [ 32 ]. In vitro, pluripotent stem 
cells have been derived by culturing the inner cell mass (to create embryonic stem 
cells),   primordial   germ cells (PGCs; to make embryonic germ cells), and tumor cells 
(to make embryonal carcinoma cells) [ 33 ]. A short time later, American scientist 
James Thomson isolated human ESCs, opening the door for an exciting new poten-
tial for these pluripotent cells—a new source for human tissue [ 34 ]. However, the 
use  of   ESCs in regenerative medicine requires access to embryos, would be still 
subject to host versus donor rejection, and ESCs have a propensity to form tumors. 

 The many disadvantages posed with the use  of   ESCs in regenerative medicine 
led to the search for stem cells within various adult organs in the early 2000s. Many 
studies were published claiming the existence of adult stem cells in many tissues, 
including brain and heart, two tissues not previously thought to have regenerative 
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capacity.  Adult stem cells  , outside of certain organs such as testes and bone marrow, 
are relatively rare, and located in specifi c areas, called “stem cell niches.” Adult 
stem cells do not have the capability to differentiate into every cell type and, due to 
their rarity, are diffi cult to harness and grow. Adult stem cells hold much promise, 
but have yet to make a signifi cant clinical impact. Skepticism persists whether adult 
stem cells are distinct pluripotent cells or simply regular cells that have reverted to 
a more dedifferentiated state. In the background of the adult stem cell frenzy that 
was sweeping every human organ, it was not surprising that reproductive biologists 
began to search for stem cells in their favorite tissues.     

    Germline Stem Cells in Lower Invertebrates 

  Evidence for  ovarian   germline stem cells exists in few species, mainly invertebrates 
and fi sh; their presence in “higher” taxa is admittedly diffi cult to document [ 35 ]. 
Much has been learned about germline stem cells from the studies of the 
 Caenorhabditis elegans  ( C. elegans ) gonad and  Drosophila  ovary. In these lower 
vertebrates, germline stem cells (GSCs) reside in a special microenvironment, or 
stem cell niche, maintained by somatic support cells [ 35 ]. 

  C. elegans  exist as either males or self-fertile hermaphrodites; in the latter, 
the organism will produce sperm only briefl y before switching to oogenesis in 
 adulthood [ 36 ]. The gonad contains two U-shaped arms of identical structure. Germ 
cell numbers exponentially grow from two precursor cells during embryogenesis to 
roughly 1000 cells per arm in early adulthood, at which time cell proliferation is 
restricted to the distal portion of the arm in a region known as the “mitotic region” 
[ 37 ]. The mitotic region is maintained via the  distal tip cell (DTC)  , a large somatic 
cell located at the distal tip of each arm of the gonad, which creates the necessary 
niche that harbors the intricate regulatory environment, ultimately allowing for the 
proliferation of germ cells. Within this niche, expression of key conserved stem cell 
regulators and cell cycle properties further defi nes the cells that maintain stem cell 
function and those that enter the path toward terminal differentiation; commitment 
to differentiation is regulated by the distance of the cell relative to  the   DTC [ 38 ]. 
While cells close to  the   DTC maintain “stemness,” those farther away, that have 
escaped continued signaling from the niche, commit to differentiation. 

 The structure of  Drosophila  ovarioles is very similar to that of the  C. elegans  gonad 
[ 39 ]. Somatic cells at the distal tip of the gonad provide a niche from which germ cell 
proliferation is regulated; however, differentiation commitment differs between the 
two species. In the female  Drosophila  germ line, daughter stem cells destined for 
differentiation fi rst go through cytoblast and cystocyte stages, then four rounds of 
meiosis, and eventually produce a 16-cell egg chamber [ 40 ]. One of the cells within 
the chamber differentiates into the  oocyte  , while the others serve as nurse cells. Cells 
that undergo all but one of the 4 mitoses before gamete formation may break up and 
have the ability to contribute cells that replenish the stem cell pool; this unique ability 
may be secondary to an abnormally maintained close affi liation to the stem cell niche, 
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although the true mechanism has not yet been identifi ed. Additionally, the number of 
mitotic divisions the stem cell progeny undergo varies amongst species, functioning 
to help control progression to meiosis [ 36 ]. 

 When considering the germlines of other species in regard to organ structure, 
signaling, and creation of a stem cell niche,  C. elegans  serves as an important model 
[ 36 ].  DTC   of   C elegans    shares a common ancestor with mammalian and fi sh testis, 
Sertoli cells, as well as epithelial cells in  Cnidarians . However, very little is known 
regarding similar events for female germ cells in vertebrates. In all species, early 
precursors of female gametes  are   primordial germ cells (PGCs) which are set aside 
from somatic lineages early in the embryo before being enclosed in the gonad [ 41 ]. 
Gonadal cells will ultimately give rise to the follicular/granulosa cells of the follicle, 
a process highly conserved amongst most vertebrates, with the exception of some 
species [ 42 ]. In mice, the germ cell line originates from pluripotent epiblasts prior 
to gastrulation in response to BMPs and WNTs [ 41 ].  Prdm1  and  Prdm14  are two 
additional inductive external signals critical to determining germ cell fate by 
 leading to repression of somatic cell transcriptional programs and re-expression of 
pluripotency genes [ 43 ,  44 ].   

    Mammalian Folliculogenesis Is a Complex Process that 
Involves Maintenance of Meiotic Arrest and Exquisite 
Signaling Between the Germline and Soma 

 In 1870, German anatomists Gottfried and Waldeyer-Hartz were the fi rst to suggest 
that oogenesis occurs before birth in  female   mammals, and postnatally the ovary 
 contains the total number of oocytes she will ever possess—that is, the number of 
oocytes is fi nite. Their fi ndings rested on the process of counting follicle structures 
that encase egg cells inside the ovary over the course of the animal’s life. Using simi-
lar techniques, an English professor, Solomon Zuckerman, corroborated these fi nd-
ings in 1950 and cemented the current dogma that reproductive potential is fi nite [ 45 ]. 
He examined over 50 years of reports in multiple species, including the rat, rhesus 
monkey, rabbit, dog, guinea pig, and human, at different ages. His conclusions 
 supported the fi ndings of Gottfriend and Waaldeyer-Hartz that the number of oocytes 
declined over time. For over half a century these beliefs remained unchallenged. 

 Ovarian  folliculogenesis   is a highly dynamic process that involves both extrago-
nadal and intragonadal regulations. The basic unit, the ovarian follicle, is composed of 
an oocyte with surrounding somatic cells, including granulosa and theca cells. The 
primary role of the follicle is to nurture the oocyte, and three types of small follicles can 
be defi ned in primates: primordial follicles, intermediate follicles ( containing mixed 
cuboidal and squamous granulosa cells), and primary follicles. According to the previ-
ous dogma, primordial follicles represent the reservoir of follicles that are continuously 
recruited over the individual’s reproductive life span. Primordial   follicle   formation in 
primates occurs in utero and is initially observed at 18–22 weeks of human gestation 
[ 46 – 48 ]. This is also the time the female ovary contains the peak number of follicles 

11 The Rise and Fall of Oogonial Stem Cells Within the Historical Context…



164

(between six and seven million) [ 49 ]. During fetal ovarian  development, oocytes are 
maintained within germ cell clusters that contain eight or more germ cells and intercel-
lular bridges connecting some of the  oocytes   [ 50 ]. It is important to remember that 
these oocytes become arrested in meiosis I and remain arrested in meiosis I for the 
duration of their reproductive life span. Any theory of neo-oogenesis has to prove that 
postnatal entry and arrest in meiosis I occur in such cells. During primordial follicle 
formation, somatic cell projections invade the germ cell clusters, ultimately constrict-
ing the intercellular bridges and eventually enclosing the oocyte with somatic cells 
[ 51 ,  52 ]. More than 50 % of all oocytes are lost during the formation of primordial fol-
licles, and the reasons for such a loss are unclear. The primordial follicles contain 
immature oocytes surrounded by squamous granulosa cells that are separated from the 
rest of the ovary by a basal lamina. Although the processes by which primordial follicle 
formation occurs are still being defi ned, several pathways have been identifi ed that 
may regulate initial primordial follicle assembly, including maternal steroid hormone 
 signaling, notch signaling, factor in the germline alpha ( Figla ), Newborn homeobox 
gene ( Nobox ), Spermatogenesis and Oogenesis Helix–Loop–Helix Transcriptional 
Regulators 1 and 2 ( Sohlh1  and  Sohlh2 ), LIM homeobox protein 8 ( Lhx8 ), and Zinc 
Finger GATA-like protein ( Zglp1 ) [ 53 ] (Fig.  11.1 ).  Neither    primordial follicle 
 formation nor  activation is gonadotropin dependent (Fig.  11.2 ). Primordial follicle 

  Fig. 11.1     Early    folliculogenesis   . Germ cell cysts break down after birth and primordial follicles 
form in mouse. In humans, these events occur in utero. Germ cell specifi c factors considered part 
of the same pathway are labeled in  red. LIF  leukemia inhibitory factor,  KITL  kit ligand,  FGF2  
fi broblast growth factor,  AMH  anti-Mullerian hormone,  FGF7  fi broblast growth factor 7,  NGF  
nerve growth factor,  NT4/5  nerve growth factor receptors,  NOBOX  newborn ovary homeobox 
gene,  FIGLA  factor in the germline alpha,  FOXL2  forkhead box L2,  GDF9  growth differentiation 
factor 9,  BMP-15  bone morphogenetic protein 15,  BDNF  neurotrophic factor,  NT4/5  neurotrophin 
5,  FOXO3A  forkhead transcription factor,  LHX8  LIM homeodomain 8,  SOHLH1  spematogenesis 
and oogenesis helix loop helix 1,  SOHLH2  spematogenesis and oogenesis helix loop helix 1       
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  Fig. 11.2     Mouse    folliculogenesis     and genes that play critical roles . From  left  to  right , postnatal 
follicle development begins at the primordial stage to the antral stage. Prior to antrum formation, 
follicle growth is independent of pituitary gonadotropins. Corresponding oocyte diameters in 
micrometers for each type are also indicated. A subset of genes implicated at various stages of 
follicular development and their function derived from mouse transgenic models and organ culture 
experiments is also listed       

 activation is defi ned as a recruitment of primordial follicles to grow into more advanced 
follicle types, many of which will die and only a small subset of which will ovulate, and 
is histologically characterized initially by oocyte growth and conversion of the fl at 
granulosa cells to cuboidal granulosa cells to form primary follicles. Primordial follicle 
activation is considered the rate-limiting step of follicle growth and thus a critical bar-
rier that separates the inactive “reserve” pool from the actively growing pool [ 54 ]. The 
regulation of the nongrowing pool of  primordial follicles   is less understood, but has 
been studied in vitro and in vivo (Fig.  11.2 ). Additions of fi broblast growth factor 
(FGF), kit ligand (KITL), leukemia inhibitory factor (LIF), nerve growth factor (NGF), 
or bone morphogenetic protein 4 (BMP4) can increase the number of PGCs that transi-
tion to growing follicles in vitro [ 55 – 59 ]. Other critical signaling pathways include 
PI3K-AKT pathway and Tsc1-mTORC1 pathway. The  PI3K-AKT pathway   was ini-
tially discovered when the transcription factor forkhead box 3 ( Foxo3 ) was deleted in 
mice. FOXO3 is normally localized to the oocyte nucleus during primordial follicle 
assembly and is then shuttled to the cytoplasm during oocyte activation [ 60 ].  FOXO3 
defi ciency   causes global activation of the primordial follicles, followed by premature 
oocyte depletion, elevation of serum gonadotropins, and ultimately, sterility [ 60 – 62 ]. 
Phosphatase and tensin homologue (PTEN) antagonizes PI3K, and its removal 
 activates AKT, which then phosphorylates FOXO3, leading to cytoplasmic sequestra-
tion and degradation. Oocyte-specifi c deletion of  Pten  and  Tsc/mTORC  pathways also 
causes premature activation of the primordial follicle pool [ 63 – 65 ]. The  discovery of 
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the roles that PI3K-AKT-mTOR pathways play in primordial follicle activation has led 
to interesting possibilities of using well-studied inhibitors of this pathway to activate 
oocytes in individuals with diminished  ovarian reserve   or premature ovarian failure 
[ 66 ,  67 ]. Clinical trials are currently under way to evaluate whether these approaches 
will have clinical applicability.

    Primary follicles grow to form larger secondary follicles, which now include a 
somatic layer of theca cells. Theca cells surround the basal lamina and form two 
groups of differentiated cells—the theca interna and theca externa. The advanced sec-
ondary follicle contains a fully grown oocyte surrounded by a zona pellucida, nine 
layers of granulosa cells, a basal lamina, a theca interna, and theca externa. Factors 
critical to advancement to this stage in development include growth  differentiation 
factor 9 and KIT ligand [ 55 ,  68 ]. The development of the antrum, a fl uid- fi lled cavity 
adjacent to the oocyte, marks the transition of the follicle from being gonadotropin 
independent to gonadotropin dependent. Granulosa cells undergo mitosis and further 
differentiation, forming the corona radiata that  surrounds the zona pellucida, the 
corona membrane (which lies interior to the basal lamina), and the cumulus oophorus 
(which connects the membrane and radiata together). Theca cells also undergo mitosis 
at this stage and begin to express  luteinizing (LH) receptor. Factors critical to this 
transition include FSH and FSH receptor, Foxo3, insulin growth factor 1, inhibin 
alpha (inha), G1/S specifi c cyclin D2 (CCDN2), Smad  family member 3 (Smad3), 
and transcription initiation factor 4B (Taf4b) [ 60 ,  69 – 75 ]. In response to FSH, antral 
follicles secrete both estrogen and inhibin, which have a negative feedback effect on 
FSH production. With the decline of FSH, follicles with fewer FSH receptors undergo 
atresia, and a dominant follicle that has gained suffi cient FSH expression emerges. 
The transition to the pre-ovulatory follicle relies on estrogen receptors 1 and 2 ( Esr1  
and  Esr2 ), gap junction protein 4 ( Gja4 ), and activin type receptor 2 ( Acvr2 ) [ 76 – 79 ]. 
A rise in estradiol from the dominant follicle’s granulosa cells stimulates the LH 
surge, ultimately leading to oocyte maturation, follicle rupture, and ovulation. This 
process should remind us that the transcriptional machinery and processes required 
for mammalian folliculogenesis, unlike what is seen in lower taxa, are not straightfor-
ward, and recapitulation of these processes, which demand high levels of cellular 
energy and an overhaul of cellular machinery, is not insignifi cant.  

    Oogonial Stem Cells: Evidence and Pitfalls 

   The idea that  women   are born with a fi nite pool of oocytes has recently been  challenged, 
in  the   historical midst of many other publications proclaiming the discovery of adult 
somatic stem cells in virtually every tissue where they have been sought [ 80 ]. The 
 challenge has been based on the very imprecise science of follicle counting in mouse 
ovaries. The numbers of healthy and degenerating (atretic) primordial, primary, and 
preantral follicles were determined in the ovaries of C57BL/6 mice. This analysis 
revealed that, despite an increased rate of atresia by the 30th day of life, only 
approximately one-third of primordial follicles are lost through the life span. 
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What could account for this apparently slower-than- previously appreciated rate of loss? 
One possibility is a decreased clearance of the atretic  follicles. If the total number of 
oocytes undergoing apoptosis is highest in the  newborn and concurrent with new follicle 
 production, this hypothesis could be tested by comparing the total atretic count to the 
number of healthy-appearing follicles over a brief period shortly after birth [ 51 ]. Authors 
noted that the total atretic count decreased at the end of the observation period, suggest-
ing that many of the degenerating follicles do get cleared. Additionally, given both the 
rate of observed atresia and the initial postnatal count of healthy follicles, it would be 
expected that the follicle pool would be completely depleted by young adulthood, which 
was clearly not the case. Instead, the number of healthy follicles declined by only a 
small fraction in a period of time where follicle atresia was greatest. The authors also 
used chemicals such as DMBA and busulfan, known as germ cell toxicants, to buttress 
the arguments that the low observed oocyte loss in the face of massive atresia has to be 
balanced by neo- oogenesis. The authors concluded that 77 new primordial follicles 
were produced daily, an incredibly precise number for a highly imperfect counting 
methodology. Moreover, the authors claimed that histologic analysis revealed large 
extrafollicular ovoid cells which were double positive for BrdU and VASA homologue 
(MVH, a germ cell marker in vertebrates and invertebrates) and were observed in vari-
ous stages of mitosis following staining with propidium iodide, suggesting that they 
have a germ cell like proliferative ability [ 81 ,  82 ]. These putative oogonial stem cells 
(OSCs) were found in the epithelial layer of the ovary, which also stained positive for 
meiosis-associated gene transcripts,  synaptonemal complex protein 3, endonuclease 
 Spo11 , and recombinase  Dmc1 , suggesting that these cells had the capability not only 
for proliferation but also meiosis. The authors also showed that some oocytes from a 
GFP positive host can become incorporated into the follicles of GFP negative trans-
planted ovaries. Taken together, these fi ndings, in the background of the adult stem cell 
frenzy, were interpreted to mean that oogonial stem cells (OSCs) exist. 

 A number of concerns were raised by several investigators [ 49 ,  83 ]. First, the 
scoring of atretic follicles was highly subjective [ 84 ]. Second, the mathematical 
approach taken to calculate the rate of primordial follicle renewal was also  criticized 
because the rate of egress is not constant with age, and more importantly, follicle 
kinetics vary among mouse strains. The original paper applied the kinetics of a 
mouse strain with an incredibly high rate of follicle depletion (CBA/Ca) to strain 
that loses follicles more slowly (C57BL6) [ 80 ]. A subsequent modeling study 
 challenged the idea of OSCs [ 85 ]. The study was performed to assess the follicle 
count from day 6 to 12 months of life; the investigators fi tted the data to two 
 different models: a fi xed pool model and a stem cell model. Only the fi xed pool 
model correctly predicted the observed decline in the primordial follicle pool. 
Second, the fi ndings of primordial follicle loss following exposure to DMBA don’t 
mean that oocyte stem cells are eliminated, as this chemical selectively targets 
 primordial follicles [ 86 ,  87 ]. Third, the functional signifi cance of the BrdU/MVH 
positive ovoid cells noted in the epithelium is unclear. With the limited number of 
examples provided, the appearance of these cells was consistent with supernumer-
ary germ cells that have been previously noted by confocal microscopy in immature 
mice and human fetuses [ 88 ,  89 ]. Since young animals were used, these relatively 
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rare cells could very well represent oogonia that were not arrested in meiosis, 
 persisted postnatally, and failed to capture somatic cell support. Most importantly, 
few, if any, germ cells are found in this location in the adult mammal. The meiotic 
capability of these cells was also questioned. The presence of various stemness and 
meiotic markers in rare cells could simply represent false-positive signals, or outlier 
population of oocytes that was never arrested in meiosis I. Finally, an alternative 
explanation for the chimeric ovary experiment was offered [ 90 ,  91 ]. Mouse ovaries 
undergo substantial remodeling with follicle growth and ovulation, and it has been 
previously shown that even if broken apart, isolated cells and primordial follicles 
retain the capability of regenerating follicles when transplanted to a recipient ani-
mal, possibly through an exchange of somatic and germ cell components and not 
because of the presence of stem cells [ 90 ,  91 ]. 

 The following year, a claim was made that the origin of oogonial stem cells does 
not derive from the ovary but from the bone marrow [ 49 ]. This was a plausible 
theory, as multiple papers at the time of the adult stem cell frenzy implicated bone 
marrow as seeding multiple organs with stem cells [ 92 ,  93 ]. The rationale behind 
switching the origin of OSCs from ovaries to bone marrow relied on calculations 
that there are too few OSCs in the ovary to explain its extraordinary ability to 
 produce 77 or so new follicles each day, suggesting an extraovarian source for the 
growing primordial pool. The bone marrow was suggested because both primordial 
germ cells and hematopoietic stem cells originate from the same region [ 94 ]. Germ 
cell markers’ ( Oct4 ,  Mvh ,  Dazl ,  Stella , and  Fragilis ) as well as the female germ cell 
specifi c  Nobox  expression has been demonstrated in a small subset of the bone 
 marrow cells. The authors then claimed that bone marrow transplants could rescue 
oocyte production in chemotherapy-sterilized females. This led to the hypothesis 
that bone marrow derived germ cells could travel through the peripheral blood to 
the ovary [ 95 ]. 

 Again, these fi ndings were met with controversy [ 84 ,  96 – 98 ]. The main and 
 perhaps most obvious dispute stemmed from the fact that the authors still hadn’t 
proved that these putative OSCs were capable of ovulation or production of off-
spring and the group’s fi ndings had yet to be reproduced. They just shifted the origin 
of these putative OSCs from the ovary to the bone marrow. The presence of germ 
cell markers in bone marrow is not surprising, as many germ cell markers, both 
important for male and female gametogenesis, are also expressed in the bone mar-
row. The chemotherapy- treated controls were not adequately supported through 
anemia and existing clinical evidence for continued infertility in adult females 
receiving bone marrow transplants or blood transfusions after ablative chemother-
apy for cancer, added to the ongoing controversy. 

 A defi nitive experiment put the bone marrow origin of OSCs to rest [ 99 ]. 
Parabiotic mouse models were established to assess whether circulating bone 
 marrow cells contribute to ovulated oocytes. The experiments clearly showed that 
circulating cells do not contribute to oogenesis. Cells that traveled to the ovary from 
the bloodstream had characteristics that were in alignment with those of committed 
white blood cells. The parabiotic setup offered a particularly powerful rejection of 
the hypothesis that adult bone marrow contributes to ovarian germ cell pool. 
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 In 2009, a new boost to the theory that OSCs originate within the ovary was 
published. These authors identifi ed a rare population of cells that were stained with 
the germ cell marker DDX4 and were proliferating, as shown by BrdU incorpora-
tion. The DDX4-BrdU positive cells were isolated, cultured, shown to proliferate, 
and fertilized [ 100 ]. These were the fi rst experiments to claim that OSCs give rise 
to healthy offspring. However, many questions remained. What are the characteris-
tics of these cells that are DDX4-BrdU positive? How rare are they? In our own 
experiments, we tested for the presence of DDX4-BrdU cells either in wild-type 
ovaries or ovaries that showed accelerated loss of growing follicles (Fig.  11.3 ). 

  Fig. 11.3     Proliferating germ    cells     cannot be detected in wild type or Lhx8   fl x/fl x   Zp3Cre ovaries . To 
detect existence of putative oogonial stem cells, double immunofl uorescence staining against 
DDX4 (germ cell marker) and BrdU (proliferation maker) was performed in postnatal day 14 
control ( Lhx8   fl x/fl x  ) ( A – D ), and  Lhx8   fl x/fl x   Zp3Cre  ( E – H ), as well as postnatal day 30 control ( Lhx8   fl x/

fl x  ) ( I – L ), and  Lhx8   fl x/fl x   Zp3Cre  ( M – P ) ovaries.  Lhx8   fl x/fl x   Zp3Cre  mice eliminate growing follicle 
pool rapidly, while maintaining primordial follicles. We would expect that elimination of growing 
follicle pool in  Lhx8   fl x/fl x   Zp3Cre  mice will stimulate putative oogonial stem cells to proliferate and 
replenish lost follicles. We didn’t observe DDX4-BrdU positive cells in 10 pairs of ovaries, each 
examined with 20 independent sections. The  insert areas  in  D ,  H ,  L , and  P  were magnifi cations of 
corresponding  boxed areas  in corresponding panels       
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If OSCs exist, then loss of growing follicles should lead to the enhanced prolifera-
tion of OSCs to replenish lost follicles. We did not observe DDX4-BrdU positive 
cells in either a wild-type or accelerated oocyte loss model. If present, DDX4-BrdU 
cells are rare and unlikely to play a signifi cant physiologic role. Moreover, the 
methods for isolating VASA positive cells were met with skepticism because Vasa 
(DDX4) is known to be a  cytoplasmic  RNA helicase; second, DDX4 is expressed 
throughout oogenesis and will not differentiate between different types of oocytes, 
and third, magnetic sorting does not distinguish between viable and damaged cells, 
and the isolate may be contaminated with nontargeted cells [ 101 ,  102 ]. A short time 
later, another group showed that they could use anti-DDX4 antibody and fl uores-
cence activated cell sorting to isolate cells that are stained with germ cell markers 
and that such cells could be fertilized [ 103 ]. However, appropriate controls were 
lacking. For example, isolated DDX4 positive cells were engineered to ubiquitously 
express GFP following retroviral transduction, were injected into ovaries, and 
developing follicles were found to have both GFP positive and negative oocytes. 
Since antibodies in general have a high degree of non-specifi city, it would have 
been more  convincing to perform experiments in parallel with an organ other than 
the ovary, to make sure that DDX4 antibody wasn’t sorting ovarian somatic stem 
cells. The presence of GFP positive cells can simply be explained by non-GFP 
oocytes fusing with GFP cells. Moreover, there was no substantial evidence that 
these cells go through meiotic stages and there was no evidence that the regenerated 
oocytes were functional, and the fate of resultant embryos, both genetically and 
developmentally, was not revealed. If OSCs exist, then alternative scientifi c 
approaches should yield results that support existence of OSCs. Several groups 
have provided evidence to the contrary. Their approaches used sensitive lineage 
labeling systems to determine whether OSCs exist, and whether they are needed 
to compensate for follicular losses. The fi rst approach utilized Rosa26 rbw +; Ddx4-
Cre mice [ 104 ] to drive germline specifi c recombination at the Rainbow cassette 
[ 105 ,  106 ]. Rosa26 rbw + will label all cells green, but in the presence of  Ddx4Cre , 
the germ cells will fl uoresce red, while somatic cells will remain green.  Ddx4  
positive cells were not found to proliferate or to contribute new oocytes during 
folliculogenesis. This led to the conclusion that candidate  Ddx4  expressing female 
germline cells are not OSCs. An alternative approach to perform in vivo lineage 
tracking was also utilized [ 107 ]. Germ cells were identifi ed by using an unbiased 
lineage labeling system in which a general promotor (CAG/chicken b-actin) 
drives  Cre  recombinase and estrogen receptor ( CreER ) in all tissues [ 108 ]. 
Following injection with tamoxifen (tam), excision of a stop cassette within Rosa-
Yellow fl uorescent protein (ROSA-YFP) occurs, activating YFP expression in the 
marked cell along with all of its progeny [ 109 ]. If OSCs were present, the number 
of labeled follicles should not decrease and vice versa. The total primordial fol-
licle pool was generally stable, with individual follicles having a half-life of 
between 10 and 11 months. The lineage tracing experiments provided convincing 
evidence that OSCs do not exist.  
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       Conclusion 

 Placed in the historical context of the adult stem cell bandwagon that swept  biology   
in the early 2000s, one can clearly see the reasons to believe that the long-standing 
dogma that women have a fi nite follicle pool will be overturned. There is little 
 argument that adult somatic stem cells do exist in the ovary. Strong evidence exists 
that stem like somatic cells reside in the ovarian surface epithelium and serve as 
precursors to granulosa and other stromal cells [ 110 ]. These ovarian stem cells have 
the capability to undergo clonal expansion following ovulation and have also been 
found to form the fi rst cohort of follicles in the neonatal ovary [ 110 – 113 ]. However, 
unlike the evidence for the somatic cells in the ovary, defi nitive evidence for oogo-
nial stem cells does not exist. The original counting discrepancy that led to the idea 
of OSCs is fl awed. The rarity of DDX4-BrdU cells within the ovary (Fig.  11.3 ) and 
the lack of appropriate controls argue that these cells do not contribute  signifi cantly 
to ovarian physiology. The elegant lineage-tracing experiments  convincingly 
 contradict the notion that OSCs exist under physiologic conditions. 

 The ability to generate oocytes de novo has huge potential clinical applications 
among which are prolonging reproductive life span, replacing iatrogenic ovary loss 
that may occur during hysterectomy or chemotherapeutic treatments, curing 
 diminished  ovarian reserve  , and reversing premature ovarian failure. Although the 
existence and clinical use of oogonial adult stem cells are highly questionable as dis-
cussed above, exciting discoveries in the last decade have revealed other promising 
approaches. In 2006, successful reprogramming of adult human somatic cells into a 
pluripotent state was accomplished by the transduction of four critical transcription 
factors, Oct3/4, Sox2, Klf4, and c-Myc [ 114 ]. Induced pluripotency has not only 
opened the door for the generation of patient and disease specifi c pluripotent stem 
cells, but it can also be used to correct mutations [ 115 ,  116 ]. Recent studies in mice 
show that pluripotent cells derived from somatic cells can give rise to oocytes [ 117 ]. 
One can imagine a situation where a young woman with premature ovarian failure 
could have the genetic mutation that led to her ovarian failure identifi ed, undergo a 
skin biopsy, convert her cells to a pluripotent state, correct the mutation, and 
differentiate the pluripotent cells into fertilizable oocytes. Until that day, much 
work remains to better understand all the quality controls that nature has 
 instituted to produce quality eggs ready for fertilization and new generations.     
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    Chapter 12   
 Hormone Replacement Therapy in Women 
with POI: A Patient’s Perspective       

       Christine     M.     Joachim    

           Introduction 

 My journey with primary ovarian insuffi ciency (POI) began with missed periods 
soon accompanied by night sweats, severe sleep disturbance, dry eyes, and memory 
loss. Like many other women and girls with this condition, I suffered with these 
physical symptoms for years before being diagnosed [ 1 ]. My diagnosis came in two 
separate clinical circumstances. First, I was told by a reproductive endocrinologist 
that my FSH levels indicated I was in “early menopause,” offering no path forward 
to manage this devastating news. A couple of years later, another reproductive endo-
crinologist (Dr. Lawrence Nelson) shared a formal diagnosis of POI in person, fol-
lowing that with a longer discussion about the physical and emotional effects of the 
disease and the utility of going on  hormone replacement therapy (HRT)  . I started 
HRT within a week of that discussion and have been on it for 4 years since. Within 
a few months, I was sleeping soundly (greatly improving my quality of life), and, 
within a few years, I had regained some of the bone density that I had lost. In addi-
tion to the patient’s experience with HRT, I share in this chapter relevant medical 
fi ndings and the implications for managing the care of women and girls with POI. 

 To provide a more inclusive understanding of the patient experience, I inter-
viewed seven women living with POI in the Washington, DC metro area, whom I 
met through various networks. Most of the women interviewed had participated in 
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the same clinical research protocol that I had at the National Institutes of Health 
(NIH) in Bethesda, Maryland. The largely open-ended questions that I asked each 
of them individually were meant to illuminate each of these women’s individual 
experiences, general patterns among this group, and highlight notable exceptions 
and unique perspectives on HRT. The interviews were conducted in November and 
December of 2014. Four of the women were currently taking HRT, two were either 
breastfeeding or pregnant (and were previously on HRT), and one woman stopped 
HRT 4 years ago at the age of 50. I refer to the women by fi rst name only and 
changed fi rst names in a few cases to ensure their privacy is protected. The inter-
views were personal discussions and do not represent scientifi c research.  

    The Recommended Approach for Treating POI 

 Previous chapters have explored the defi nition, etiology, and health consequences of 
POI extensively. In summary, POI is generally defi ned as the cessation or distur-
bance of normal menses for 4 or more months, accompanied by elevated follicle- 
stimulating hormone (FSH) levels in the menopausal range (the exact menopausal 
range varies depending on the test run and assay). Similar to women with normal 
ovarian function undergoing menopause, women with POI have low estrogen levels 
and suffer resulting symptoms. The condition is chronic and affects 1 % of women 
under 40, with an unknown cause in roughly 90 % of patients [ 2 ]. For women and 
girls with the condition, myself included, it is a shocking and devastating diagnosis 
that requires lifelong management and, for many, forces changes to our life plans 
around creating a family [ 3 ]. Despite the similar indicators and menopausal-like 
symptoms that most women with POI experience, the condition is not “early meno-
pause”: women and girls with POI may still ovulate occasionally, and an estimated 
5–10 % conceive naturally [ 4 ]. 

  Estrogen plays   a critical role in the pubertal development of girls and in a woman’s 
overall health and well-being. Premature estrogen defi ciency, no matter what the 
cause, has signifi cant harmful health consequences, including increased rates of car-
diovascular disease, stroke, total mortality, bone density loss, and vasomotor (when 
blood vessels constrict or dilate) symptoms. [ 5 – 13 ]. Patients with POI face all of these 
concerns. 

 To manage the health implications of estrogen defi ciency, the  American Society 
for Reproductive Medicine (ASRM)   and most clinicians agree that women and girls 
with POI should receive a hormone replacement regimen [ 14 – 17 ]. Moreover, women 
with POI who I interviewed overwhelmingly feel positively about their choice to take 
hormone replacement and even recommend it to others with this diagnosis:

•    “I am generally grateful that [HRT] is there. It has certainly helped me. To the 
extent that it can help others, I think it is a good thing.”—Sarah  

•   “There may be other alternatives that sometimes work…this is really the only 
[treatment] that is medically proven to help alleviate symptoms so I think women 
shouldn’t be scared to take it.”—Michelle  
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•   “It’s good for my bone density, good in general for me. I was tired of having 
irregular periods, or not having periods. It [could] possibly help with spontane-
ous pregnancy…And right now, I would never stop it.”—Golie    

 Hormone replacement is not a cure; rather, it is a palliative approach to treating 
POI’s sequelae and symptoms. 

    Overall Health 

   In many  areas   related to POI, large-scale, long-term studies are lacking. 
Unfortunately,    because of this, a best estimate must frequently be used to try to 
understand the health risks to women with POI. Research into early menopause 
(often defi ned as menopause occurring between age 40 and 45) and normal 
menopause substitute as second best approaches; normal menopause occurs 
between the ages of 45 and 55 [ 18 ]. This includes research into the likely benefi ts 
of estrogen replacement. Cardiovascular disease, stroke, and total mortality all 
increase in women who undergo menopause early [ 5 – 8 ]. For example, a study of 
over 12,000 postmenopausal women in the Netherlands found that longer expo-
sure to estrogen protects against cardiovascular mortality, i.e., an early meno-
pause (defi ned in this study as occurring prior to age 50) increases the chance of 
death by heart disease [ 5 ]. One 2004 study found that women with POI, com-
pared to women in a control group, experienced impaired endothelial function 
(endothelium is the thin layer of cells that lines the heart, blood, and lymphatic 
vessels), a contributing factor to atherosclerosis (hardening of the arteries); 
hormone therapy (in this study oral estrogen in combination with cyclic medroxy-
progesterone) restored endothelial function to normal within 6 months of 
treatment [ 19 ].    

    Bone Health 

   Furthermore,    women’s bodies need estrogen for optimal bone health. Estrogen 
 increases   bone mass acquisition and  bone mineral density (BMD)   by boosting 
calcium absorption while reducing bone resorption, with adequate nutrition key in 
this relationship [ 9 – 11 ]. BMD, a measure of the health of bone tissue, is an impor-
tant indicator of fracture risk [ 20 ]. Women with POI often have low bone mineral 
density. Nearly 60 % showed evidence of osteopenia (low BMD) or osteoporosis 
in one study of 357 women with POI [ 16 ]. This is substantially higher than what 
was found in a review of 223 newly referred patients with POI to clinics in the 
United Kingdom, which still showed roughly 30 % of patients to have osteopenia 
or osteoporosis [ 21 ]. A closer look at HRT’s benefi ts on bone health is discussed 
below.     
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    Vasomotor and Other Menopausal-Like Symptoms 

     Estrogen  defi ciency   can also result in a range of vasomotor (i.e., hot fl ashes and 
night sweats) and other physically uncomfortable and disruptive symptoms, some 
of the most common of which include insomnia and sleep disruption, mood changes, 
and tissue atrophy in the vulvovaginal region resulting in pain during sex [ 12 ,  13 ]. 
These symptoms are commonly experienced by women with POI, similar to women 
in menopause, and can be improved with HRT [ 13 ,  21 ]. 

 According to the women I interviewed, the immediately noticeable vasomotor 
symptoms are the number one reason cited for starting and adhering to a hormone 
replacement regimen: HRT provides relief of hot fl ashes and night sweats within a 
matter of a few months. Michelle commented, “The hot fl ashes were becoming 
unbearable. I was having really bad night sweats [and] a hard time sleeping so I 
fi gured I would try anything to help get rid of it. It took two to three months for all 
of the symptoms to go away.” Sarah shared a similar experience, “The big thing was 
the hot fl ashes. It was to the point where it was affecting my work and my ability to 
cope… I just wanted that to end. That was the primary [driver] in terms of starting 
the conversation [about HRT].” 

 Notably, low estrogen levels reduce vaginal blood fl ow, causing tissue atrophy 
and leading to diminished lubrication and painful intercourse [ 13 ]. Studies of 
postmenopausal women have shown that both lowered vaginal blood fl ow and 
lubrication can be reversed by taking estrogens, including a low-dose estrogen 
transdermal skin patch [ 13 ,  22 – 24 ]. If relief of  vasomotor symptoms   is  the   num-
ber one reason  to   be grateful for HRT, relief of  vaginal   dryness is number two. 
Bobbi explained, “I felt aged, like I got old fast. Things started to slow down…I 
noticed a difference [with HRT]. Not right away, a couple of months into it. I felt 
like I was back to my 25-year old self.” Overall, sexual function and the impact of 
HRT in women with POI reveal a more nuanced story, addressed in a further 
section of this chapter.      

    What About Androgen Replacement? 

  In addition to  low   serum estradiol levels, women with POI also have reduced testos-
terone levels compared to controls [ 25 ]. There is confl icting evidence for the use of 
testosterone in women with POI, or for any woman, and testosterone augmentation 
to hormone therapy is not generally recommended. Testosterone has not been found 
to further benefi t bone mineral density in women with POI [ 26 ]. Nor has testoster-
one been found to improve patient reports of quality of life or self-esteem, though 
mood was found to improve, albeit minimally [ 27 ]. However, ample evidence exists 
for the positive role that androgens (the group of sex hormones that include testos-
terone and that are the precursors to estrogen) play in affecting bone mass, mood, 
and libido in women [ 28 ]. 
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  Dehydroepiandrosterone (DHEA)  , another type of androgen and a precursor of 
natural estrogens, is a supplement some women with POI take in the hopes of 
promoting ovulation and improving the chance of natural conception. Four of the 
seven interviewed women have taken it. In a 2013 study, two ovarian reserve 
markers (antral follicle count and total ovarian volume) improved in women with 
POI after 16 weeks of  taking   DHEA (25 mg three times per day), although there 
was no signifi cant improvement in serum anti-müllerian hormone (AMH) or FSH 
levels [ 29 ]. Further, there are promising studies of the impact  of   DHEA combined 
with estrogen replacement to arrest bone loss and improve bone strength among 
young women with anorexia nervosa, another condition marked by estrogen defi -
ciency [ 30 ,  31 ]. However, DHEA is not FDA regulated nor approved for HRT, and 
most clinicians caution against taking it until long-term safety trials are done. 
Given the inconclusiveness of potential benefi ts and risks of testosterone and 
DHEA supplementation, additional longer-term, randomized studies are war-
ranted for women and girls with POI [ 21 ].   

    Options for Women and Their Clinicians 

  A number  of   hormone replacement options exist for clinicians and patients with 
POI that improve, or even restore, bone density, improve cardiovascular health, and 
lessen or alleviate other physical symptoms [ 26 ,  32 ]. Notwithstanding the choices 
available, there remains a signifi cant need for additional research comparing differ-
ent hormone replacement combinations, dosages, forms, and routes of administra-
tion to determine the safest and most effi cacious regimens. 

 One of the most common  types of HRT   is a combination of estrogen and a pro-
gestogen; progestogen is a form of progesterone, the sex hormone that is secreted in 
the second half of the menstrual cycle after ovulation to prepare for and maintain 
pregnancy. The addition of a progestogen to the regimen helps to coordinate endo-
metrial shedding and therefore reduces the chances of developing endometrial can-
cer and hyperplasia (a thickening of the uterine lining that can lead to cancer), a risk 
of taking estrogen on its own in women with intact uteruses [ 33 – 35 ]. 

  Estrogen   may be taken in many forms: transdermal patches, vaginal rings, pills, 
transmucosal creams, or gels. Using a skin patch or vaginal ring offers advantages 
over oral administration of pill form, mainly by delivering estradiol, which is the 
natural hormone that the ovaries make, without passing through the liver after 
absorption in the gut, thereby avoiding an increase in the production of proteins 
associated with heart disease and stroke [ 36 ]. In addition, the ring and patch release 
estradiol slowly and steadily into the bloodstream, rather than all at once [ 36 ]. 
 Progestogen   also comes in patch, cream, or pill form and can be taken cyclically 
(for 10–14 days every 30 or 60 days) or continuously. Taking progestogen continu-
ously may avoid the need for regular menstrual bleeding to reduce the risk of endo-
metrial cancer but not infrequently results in irregular and unpredictable 
breakthrough bleeding. 
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 In addition to different forms, estrogen and progestogen can come from different 
sources, with different molecular structures. There is animal-derived, conjugated 
estrogen (e.g., Premarin, an estrogen made from pregnant mare’s urine, and the 
estrogen that one interviewee was on) and synthetic progestogens (e.g., medroxy-
progesterone acetate). Alternatively, both estrogen and progestogen may be taken in 
bioidentical forms, produced from plant compounds in identical molecular structure 
as hormones women produce in their bodies [ 37 ].  Bioidentical    estrogens   include 
estrone (E1), estradiol (E2), and estriol (E3), and bioidentical progesterone is 
micronized (fi nely pulverized) progesterone [ 38 ]. Some patients and clinicians may 
prefer bioidentical hormones because these types most closely imitate the hormones 
a woman’s body produces naturally [ 37 ]. Some clinicians prescribe a mix: bioiden-
tical estrogen and a concentrated progestogen. However, no evidence exists com-
paring the two types—bioidentical versus non-bioidentical—to determine overall 
supremacy of one type over the other [ 37 ]. 

 Four of the seven women in the interview group are taking bioidentical estradiol 
transdermally accompanied by cyclic medroxyprogesterone acetate in oral pill 
form—the treatment of choice for many clinicians specializing in POI, including 
those at the NIH at which all of these women had at one time been referred.  Estradiol   
is the most potent natural estrogen produced by the ovaries; its production increases 
during the fi rst half of a woman’s cycle and peaks at ovulation. Medroxyprogesterone 
acetate is a synthetic form of progesterone. In this combination, estradiol is embed-
ded within a patch that adheres to a spot on the skin below the waistline, prescribed 
at 100 μg per day continuously to reach physiologic levels of 50–100 pg/mL [ 38 ]. 
The administration of 10 mg per day of medroxyprogesterone acetate for the fi rst 
twelve (12) days of each calendar month results in secretory endometrium that 
sheds after discontinuation and offers adequate protection against endometrial can-
cer [ 39 ]. The need for monthly cycles as compared to less frequent administration 
of a progestogen has not been well studied in women with POI. 

 Some women and their clinicians prefer doses and forms of replacement hor-
mones that require compounding, in which ingredients are combined in a precise, 
customized potency and form. These regimens may include the bioidentical forms 
mentioned above, or other forms of hormones, e.g., those that are not generally 
available nor approved by federal drug regulators [ 37 ]. Only one woman in the 
interview group is taking compounded hormones and, in taking this alternative 
route with limited research support, has questions about her regimen’s effi cacy, par-
ticularly on the implications for a natural pregnancy. (A 2013 Global Consensus 
Statement on Menopausal Hormone Therapy agreed to by various, international 
menopause societies, the Endocrine Society and the ASRM, does not recommend 
the use of custom-compounded bioidentical hormones [ 17 ]. In addition, in 2012 and 
2013, a compounding pharmacy in New England was linked to multistate cases of 
fungal meningitis, resulting from injections of methylprednisolone acetate in 
patients with musculoskeletal pain [ 40 ].) 

 Some patients favor oral estrogen over a skin patch or vaginal ring [ 36 ]. In a study 
in the United Kingdom, of the 131 women with POI who chose HRT over other treat-
ments (e.g., oral contraceptives), nearly 70 % chose to take estrogen orally rather 
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than wear a patch; eighty-one (81) percent of women in the study age 40 and under 
and 52 % of women over 40 chose the pill form [ 21 ]. Overall, younger women may 
prefer to take regimens that allow for a regular menses and that do not require external 
administration to more closely mimic a “normal” cycle and their peers taking oral 
contraceptives [ 41 ]. 

 It is critical for providers to understand the differences between HRT options and 
the commonly prescribed combined oral contraceptive pill. The primary goal should 
not be to just restore menses, but rather educate patients around the range of health 
implications of POI and empower them in their therapy choices. One internist told 
me to “just go back on the pill” to restore my periods. Oral contraceptives have 
higher doses of a synthetic estrogen than needed for physiologic replacement in 
women and girls with POI, yet estrogen doses in HRT are not high enough to pre-
vent pregnancy [ 36 ]. Further, even in women and adolescents who do not wish to 
become pregnant, oral contraceptives may offer less effective prevention as com-
pared to women without POI taking them especially if utilizing the 7-day pill-free 
week; barrier methods or an intrauterine device may be preferable [ 36 ,  42 ]. 

 If a woman wishes to leave open the possibility of a natural pregnancy, she 
should choose a cyclical hormone regimen, simulating the changes in estrogen and 
progestin levels that occur when ovaries function normally [ 36 ]. Women with POI 
experience occasional ovarian function, with an estimated 4 % possibility of ovulat-
ing in any month [ 43 ]. Estradiol administration lowers follicle-stimulating hormone 
(FSH), and in up to 50 % of women with POI, transdermal estradiol has been shown 
to also achieve normal serum luteinizing hormone (LH) levels, despite the fact that 
LH is chronically high in women with POI [ 38 ]. The LH surge at mid-cycle causes 
the follicle to rupture, releasing the egg and causing a corpus luteum to develop. 
Theoretically, lowering LH levels in women with POI may improve follicle function 
though neither transdermal estradiol nor any other HRT has been proven to increase 
ovulation [ 38 ]. 

 So, what hormone replacement option to choose? In consultation with her clini-
cian, a woman should choose the form that best suits her, considering bone age, 
chronological age, symptoms, and any psychological or social factors [ 44 ]. A 
woman with POI should develop an ongoing individualized monitoring plan for 
HRT in consultation with her clinician, which may include occasional bone scans 
and hormone panels [ 45 ].   

    A Closer Look at Bone Density 

  While one size  of   hormone replacement does not fi t all women, there is signifi cant 
evidence supporting estrogen therapy to increase bone mass and prevent bone loss. 
In an effort to “identify optimal hormone replacement therapy for women with 
POI,” Popat et al. found that patients on a regimen of 100 μg per day estradiol patch 
and 10 mg of medroxyprogesterone acetate for each of the fi rst 12 days of a month 
restored bone density in the femoral neck and lumbar spine to normal in women 
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with POI over the course of 3 years [ 26 ]. In addition to the hormone regimen, 
women took 520 mg of calcium carbonate two times per day. 

 A smaller scale, shorter duration study found increased bone formation and 
decreased bone resorption with physiological hormone replacement in patients with 
POI through transdermal estradiol and oral progestin therapy compared to an oral 
contraceptive (monophasic ethinyl estradiol and norethisterone) [ 46 ]. These authors 
conclude that “the type and profi le of hormone replacement are critical and can have 
considerable effects on the bone health of women with [POI].”([ 46 ], p. 713) (An 
earlier study by this group concluded this same HRT offered benefi cial cardiovascu-
lar impacts, including lower blood pressure and better renal function, compared to 
an oral contraceptive in women with POI [ 32 ].) In sum, there is emerging evidence 
arguing  against  the use of oral contraceptives as a form of HRT for young women 
with POI. 

 Thus, systemic HRT, in conjunction with adequate vitamin D and calcium and 
regular weight-bearing exercise, has been shown to prevent bone density loss and 
even to restore BMD to normal in women with POI [ 26 ]. All of these factors may 
be controlled to some extent by the patient and her clinician and can enhance bone 
health [ 47 ]. A greater than 1-year delay in diagnosis of POI, low vitamin D levels, 
smoking, noncompliance with HRT, inadequate calcium intake, and lack of regular 
exercise all increase the risk of reduced bone density in women with POI [ 47 ]. 
African-American and Asian women were more likely to experience these associ-
ated, modifi able risk factors and have been observed to have lower bone density 
than white women with POI [ 47 ]. One review found that women with POI are twice 
as likely to have reduced BMD when there is a greater than 1-year delay in diagno-
sis from the onset of symptoms [ 21 ]. 

 After two and one-half years on HRT, while exercising regularly and taking 
calcium and vitamin D supplements, my bone density increased. I felt overjoyed 
and empowered by this outcome, which confi rmed for me that these behavioral 
changes would directly enhance my health. Since an initial baseline DEXA scan 
found osteopenia, I have had regular scans roughly every 2 years. There is confu-
sion among the women in the interview group about the recommended frequency of 
bone scans; if bone density is normal at baseline and a woman is on HRT, there is 
likely no need for another measurement until age 65, as generally recommended 
[ 48 ]. If the baseline scan shows signs of osteoporosis, more regular scans are 
warranted.   

    Remaining Questions on Health Impacts 
and Contraindications 

  Research to  date   suggests the benefi ts of HRT in women and girls with POI outweigh 
its potential risks. The reality is no long-term studies exist to evaluate the risks of 
hormone replacement in women and girls with POI. More research is needed, includ-
ing the potential implications for cancer risk, cognitive function, and mood. 
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 The groundbreaking Women’s Health Initiative study and the resulting attention it 
received have led women, including those with POI, to worry about the possibly harm-
ful effects of HRT [ 49 ]. It is critical that women know the Women’s Health Initiative 
study included only healthy postmenopausal women aged 50–79 (the average age was 
63, much older than patients diagnosed with POI) who received combined estrogen 
and progesterone orally [ 50 ]. The HRT regimen described above (transdermal estradiol 
and progestogen) for women with POI aims to achieve normal physiologic levels for 
young women, with delivery of estradiol occurring transdermally or with an estradiol 
vaginal ring, not orally. I use the term HRT when I refer to treating young women with 
POI because these women are replacing hormones they are missing. That is not the 
case for women who enter menopause within the normal age range. For these women, 
the proper term is “hormone therapy,” a regimen under which exposure to ovarian 
hormones is extended beyond the normal occurrence, not replaced. 

 There is a growing body of research into the cognitive implications of hormone 
therapy on women in menopause, but to date its potentially protective or even aver-
sive infl uences on mood, depression and anxiety, and memory in women in meno-
pause remain unclear. A 2014 review of existing observational and clinical trials of 
hormone therapy in women in menopause found confl icting fi ndings on cognitive 
function and mood, owing to signifi cant inconsistencies among the studies; how-
ever, transdermal estradiol and progesterone are generally found to benefi t cogni-
tive function and mood, when initiated at the time of menopause [ 51 ]. A review of 
35 neuroimaging studies on menopause and hormone therapy in 2014 concluded 
estrogen- only and estrogen-progestin therapies alter brain activation patterns, but 
the implications of the alterations on functioning and emotional processing remain 
largely unknown, especially for women with POI [ 52 ]. 

 Dry eyes may also be connected to estrogen defi ciency. A 2004 study by Smith 
et al. found that about 20 % of women with POI have dry eye syndrome and ocular- 
surface disease, a greater prevalence than women in an age-matched control group 
[ 53 ]. However, any benefi cial impact of hormone replacement on alleviating dry 
eyes has not been proven. If a woman with POI experiences dry eyes, she should 
visit an ophthalmologist [ 14 ]. 

 There are women with POI for whom HRT would not generally be recom-
mended. Any woman who has had breast or endometrial cancer, heart disease, a 
history of blood clots, or liver disease ought to discuss with her clinician whether 
HRT is appropriate [ 54 ]. The choice of how hormone replacement gets adminis-
tered may override whether some of these conditions, e.g., liver disease, are contra-
indicated. Administering estradiol transdermally (skin patch) or vaginally (tablet, 
cream, or ring) may be appropriate in certain circumstances when oral estrogen is 
contraindicated. If a woman has one of these disorders, she should discuss her par-
ticular situation with a clinician well versed in how to adapt HRT to her condition. 

 Women should avoid smoking while on HRT. Smoking has been linked to 
increased rates of osteoporosis, and studies indicate that women who smoke  regularly 
have lower estrogen levels than women who do not smoke [ 55 ]. Mueck and Seeger 
conclude that women who continue to smoke on HRT should only use transdermal 
estradiol given the implications of the Women’s Health Initiative study [ 56 ].   
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    A Caring, Empowering Approach 

  Feelings  of   devastation, confusion, and shock commonly set in for women upon 
fi rst hearing the diagnosis of POI [ 3 ,  21 ]. Given that response, the initial discussion 
with one’s clinician is critical in setting the stage for successful delivery of and 
compliance with HRT treatments. Unfortunately, too many women report these 
conversations are not long enough, lack in empathy, and do not lead to thorough 
follow- up [ 3 ]. Referral to a subspecialist with experience treating women with 
POI, such as a reproductive endocrinologist, may be appropriate in such 
situations. 

 Many women with POI struggle with diminished emotional well-being. 
Qualitative and quantitative research has shown that depression and anxiety are 
more pervasive in women with POI relative to women with normal functioning 
ovaries [ 57 ]. These experiences of diminished well-being are linked to uncertainty 
around the condition and stigmatization around infertility [ 58 ]. There is hope, 
however. Clinicians who convey a POI diagnosis have a variety of “best practices” 
available to help manage the response and reduce potentially harmful emotional 
and psychological impacts. These tools include providing thorough and accurate 
information to reduce uncertainty and limit feelings of stigmatization, spending 
ample in-person time with diagnosed patients, assisting women in redefi ning their 
family- building goals or in developing other meaningful plans, and encouraging 
them to sustain a sense of life purpose [ 3 ,  57 ]. 

 Many women fi nd out about the need to go on HRT at the time of their diagno-
sis—70 % of patients recalled their clinicians discussing a plan for hormone 
replacement in a 2005 observational study of 100 women with POI [ 3 ]. Similar 
tools and suggestions for effective communication of a diagnosis of POI also 
likely apply to the discussion around HRT. Sarah shared the disturbing story of 
how she initially came to learn about HRT: “The endocrinologist who told me 
said, ‘Oh, now you will be taking hormone replacement therapy. You have to do 
it because, if you don’t, your bones will fall apart.’ It was not as if I had a choice. 
I said ok.” Had Sarah’s clinician used the tools described above, she may have 
been left feeling cared for and empowered, rather than scared and trapped. From 
a patient perspective, this initial discussion around systemic HRT is a critical 
component to our overall sense of how POI will impact our lives, often for 
decades to come. 

 It is also critical for the clinician and the patient to work together over the duration 
of treatment to understand how HRT relates to the patient’s overall circumstances, 
self-perception, and life goals. Such a mutual understanding will increase the chance 
the patient will start HRT and comply with her regimen. I draw this conclusion from 
my own experience, along with the experience of the women I interviewed who have 
delayed or not fully complied with a hormone replacement regimen. Two women, 
Golie and Erika, shared that they delayed going on HRT, both for nearly a year. Golie 
explained her reasoning, “Initially I was very hesitant. I just didn’t want to take any 
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medication, and I was in denial. I thought maybe by changing my diet, changing my 
stress levels, dealing with this emotionally, that maybe I could control my body to get 
the hormones back in balance… Another reason that I was scared to get on it is 
because I didn’t understand fully if it would reduce my chance of pregnancy.” Erika 
echoed that sense of trying to control, “I was fi ghting. I was trying to fi x [my body].” 
And, in hindsight, Golie relays, “I wish I would have gotten on sooner. I wouldn’t 
have had to deal with the hot fl ashes [and] mood swings…I was miserable, and if I 
could have avoided that, I would have had a better quality of life those years, which 
were some of the worst of my life.” 

 Compliance is an issue even for women who may have started HRT as soon as it 
was prescribed, as it was for me. I used to cut my estradiol patch in half, hoping that 
I was taking the bare minimum of what I needed to protect my overall health. No 
evidence exists for the effi cacy of that approach. Another woman reported stopping 
the progestogen cycle as soon as she started to bleed. There is no evidence for this 
approach either; in fact, Rebar recommends regular transvaginal ultrasounds if 
lower doses of progestogen are taken to ensure there are no signs of endometrial 
hyperplasia [ 15 ]. One study looked at compliance with hormone replacement in 
women requiring HRT after surgical menopause and concluded that compliance 
was high [ 59 ]; however, these fi nding may not apply to women with POI from other 
causes. 

 A range of impacts and potential side effects may affect a woman’s compliance 
with HRT, and thus are important areas for the clinician to discuss and explore 
openly. Although I did not hear from any interviewed women about physical side 
effects, abdominal cramping and breast tenderness would be expected as with any 
natural menstrual cycle. Skin irritation from the adhesive in transdermal patches can 
also occur. One woman in the interview group found changing the patch twice per 
week to be cumbersome. Over one-half of the women interviewed lamented taking 
so much medication, including the oral progestogen and other supplements for bone 
health—another reason continued monitoring by a healthcare provider is important. 
And, as with any medication, cost to the patient may be an issue. Even for Sarah, an 
employed woman with medical insurance, the out-of-pocket expenses with HRT 
were noticeable. Women who choose compounded hormone replacement typically 
do not have their costs covered at all. 

 Evidence suggests that careful refl ection and thorough discussion will empower 
patients and clinicians to receive and deliver the best care. Some key questions 
might include: What are the patient’s goals for building a family? How does she 
categorize her emotional well-being? What are her fears? And what are her values 
when it comes to medication? It is also important to communicate that sometimes 
our best efforts to control our bodies do not lead to optimal health outcomes. 
Given the potential harm from delayed, intermittent, or inadequate hormone 
replacement, future research should be done to understand the approaches that 
will speed a woman’s start of HRT and optimize her compliance with the pre-
scribed regimen.   
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    HRT and Life Stage 

    Age 50 and Over 

   Around  the   age of 50, women with POI typically phase off of HRT. There  is   no 
precision to the timing of phasing off as no data exist to suggest a specifi c age. 
Rather, women with normally functioning ovaries reach menopause on average at 
age 51, and so it is often the practice to take women with POI off of HRT at this age 
as well [ 60 ,  61 ]. 

 Similar to decisions around the form and type of hormone replacement, the 
timing of phasing off HRT needs to be individualized for women with POI, consid-
ering bone age and family history of disease including breast cancer, among other 
factors. In consultation with her clinician, a woman could choose to end HRT before 
age 50, for example, if, based on family history, she is concerned about breast can-
cer implications or not concerned about osteoporosis. On the other hand, women, 
who do not have a family history of breast cancer and have evidence of bone density 
loss, could choose to continue HRT until closer to age 60 [ 17 ]. Just as the age of 
cessation of normal ovarian function with menopause varies widely, women with 
POI can vary the time of cessation of their HRT in consultation with their clinician 
based on their individual situation. 

 Likewise, there are no standard guidelines for how to end HRT, whether gradual 
or “cold turkey.” Janis, who has gone through this transition, shared her story, 
“Coming off HRT, my fi rst doctor took me off cold turkey. He was erring on the side 
of safety because of a family history with breast cancer. I questioned it though and 
went to a different doctor, who said that he wouldn’t have recommended that 
approach. He prescribed medications to help with the transition and ease my physi-
cal discomfort.” Women with POI reaching this milestone would be expected to 
experience some of the same vasomotor and other symptoms of estrogen defi ciency. 
Some, such as painful intercourse, may be helped by prescription or over-the- 
counter vaginal creams. 

 Most of the interviewed women (six of seven) have in the range of 10–20 years 
until reaching this life stage and admitted to giving little thought to that time, with 
the exception of Jennifer, who wondered whether having POI would warrant a 
“faster,” symptom-free menopause, and two other women who expressed hopes for 
safe and easy symptom relief should they have them. Given these women experi-
enced hot fl ashes, night sweats, and other symptoms prior to HRT, it is no wonder 
they hope for a future reprieve! Whenever the time comes to end HRT, women with 
POI ought to be empowered to discuss with their clinicians what makes the most 
sense for them individually and the options available to lessen or alleviate any 
symptoms.  
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    Adolescence 

   POI affects 1 in 10,000 girls, and 10–28 % of  adolescents    with   primary amenorrhea 
have POI [ 2 ]. Primary amenorrhea is defi ned as the absence of menstruation in 
teens by age 15 or the failure to ever experience a spontaneous menses [ 62 ]. 
Secondary amenorrhea is the loss of menses once it has already begun. 

 Most adolescent girls fi nd out they have POI because their bodies do not begin 
to grow and develop secondary sex characteristics—breasts, genital and under 
arm hair, and menstrual periods—do not begin, or begin to develop and then stop. 
Uncertainty around healthy menstrual patterns, including the age range for the 
start of menarche (the fi rst menstrual bleed) and duration between menses, can 
contribute to delays in diagnosis in adolescent girls with POI [ 63 ]. Using the men-
strual cycle as a type of vital sign, discussing normal expectations for teen bleed-
ing and cycles during each girl’s visit can help families and clinicians understand 
when POI or another condition may be the cause of irregular menstruation [ 63 ]. It 
is abnormal for a teenaged girl to have more than 3 months between menstrual 
periods [ 35 ]. 

 HRT in adolescents may be more complicated than in adult women, and girls 
diagnosed with the condition would benefi t from consulting with a specialist in 
growth and development and hormonal therapy for girls [ 35 ]. Similar to adult 
women, there are few controlled studies to provide guidance in prescribing HRT in 
girls diagnosed with POI, and this is another area for which research is needed. 

 For adolescent girls who have primary amenorrhea, puberty and menarche need 
to be induced. In these cases, estrogen therapy may begin between ages 12 and 13 
to mimic normal pubertal development [ 15 ]. A low dosage, e.g., 25 μg of estradiol 
transdermally, is given initially, and increased carefully, until breakthrough bleed-
ing occurs and then is followed by the introduction of a progestogen, e.g., 2.5–5.0 
of medroxyprogesterone acetate, for 12–14 days every 1–2 months to induce regular 
withdrawal bleeding [ 15 ]. The doses then are gradually increased to the same levels 
as in adult women with POI. After puberty, ongoing hormone replacement is neces-
sary, and, as with adults, treatment ought to be individualized [ 15 ,  35 ]. 

 Providing appropriate guidance according to age and maturity level of the girl 
to the patient and her family is a critical component to treating POI, and a family 
systems approach is considered to be most benefi cial [ 64 ]. With young teens, in the 
absence of extenuating circumstance, this means informing the parent(s) fi rst about 
the disorder, its implications, and recommended treatment. Parent(s) are likely to 
experience grief with the news, and it is best to let them grieve fi rst and process the 
information before seeking their guidance on how to best inform their daughter 
with POI. Likewise, robust information needs to be shared about HRT, including 
the differences with oral contraceptives. Given the developmental changes and 
heightened importance of peer groups at this age, it may be even more critical to 
attend to both the physical and emotional needs of girls with POI as they relate to 
both the diagnosis and their hormone replacement treatment [ 45 ,  64 ].    
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    With Pregnancy 

   “I am grateful that I found [HRT].  I   wouldn’t  be   where I am right now: 7 and ½ 
months pregnant, so I feel very blessed.” This anecdote was shared by Bobbi, one of 
two women in the interview group who had conceived naturally. Both women were 
on an estradiol and oral progesterone regimen when they conceived. Bobbi had 
initially been placed on oral contraceptives to treat POI, and after hearing about 
HRT in a support group, sought out a clinician who would prescribe the lower dose 
therapy. 

 Many women and girls with POI grapple with what hormone replacement may 
mean for their hopes of becoming pregnant naturally. As described above, cyclical 
regimens theoretically improve the chance of women with POI getting pregnant by 
reducing LH and FSH levels and should be the preferred treatment to preserve the 
potential for a natural pregnancy. They may also benefi t from consultation with a 
subspecialist who could possibly offer them assistance with fertility therapies, 
though success rates are often low. Overall, there is a critical research need for illu-
minating options to improve ovulatory function and fertility in women and girls 
with POI [ 65 ]. 

 No agreed-upon protocol exists for women on HRT who become pregnant. This 
is a critical need to assure the health and well-being of both mother and child. Bobbi 
shared her experience of what it was fi rst like to be pregnant with POI, “It was a 
scary fi rst trimester because there was no defi nite answer on what I needed to be on 
or not be on [relative to HRT]. So they labeled me high risk.” Sarah, who also con-
ceived naturally, and Bobbi described getting confl icting advice from healthcare 
providers once they became pregnant, and Bobbi and Erika, who got pregnant 
through a donor egg, described having to drive the process of fi guring out what to 
do about their HRT while pregnant. 

 At some point during pregnancy, whether through natural conception or donor 
egg, interviewed women came off HRT altogether and stayed, or are staying, off 
until they wean their babies. Women may discontinue their hormonal support 
around 8–12 weeks of gestation, once the placenta suffi ciently takes over synthesis 
of steroid hormones, though there is no clear consensus when to stop HRT specifi c 
to pregnant women with POI [ 66 ].       

    Associations with Sexual Function and Communicating 
with Partners 

   Despite HRT’s  positive   impacts  on   vaginal tissue and lubrication, women with POI 
report diminished sexual function compared to age-matched women in control 
groups [ 13 ,  67 – 69 ]. De Almeida et al. found women with POI experienced prob-
lems with arousal, lubrication, orgasm, satisfaction, and pain, even among those on 
hormone therapy [ 67 ]. An earlier study found that while sexual function was in the 
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normal range for women with POI, it was less than women in a control group [ 69 ]. 
Interviewed women were candid about their elevated libidos, lubrication, and result-
ing enjoyment in intercourse after having gone on HRT, though almost all noted 
reduced sexual interest and enjoyment compared to the time before having symp-
toms of POI. Clearly, there are factors other than physical impacts at play in the 
sexual function of women with POI. Several researchers have concluded that the 
psychological and social implications of POI have an equivalent or greater impact, 
highlighting the need for additional therapeutic options, including psychological 
and social support [ 67 ,  69 ]. 

 Some women fear how conversations about POI and hormone replacement with 
current or future sexual partners will unfold. The choice to wear a transdermal 
patch, in particular, comes with the awareness that it can be seen when the woman 
is unclothed. Based on my experience, and those of the interviewed women, address-
ing our POI diagnosis and hormone replacement regimen with partners can be an 
empowering experience. (Ultimately, of course, it is entirely up to the individual 
woman to divulge anything about her condition or treatment.) I knew my husband 
was the partner for me when he shared that he loved me unconditionally, even 
though he wanted biological children. Golie shared, “I have been 100 % open about 
[HRT] with my sexual partner, friends and family. I don’t think it is something that 
I should be ashamed of…and everyone has been surprisingly understanding. If [my 
partner does] not understand and accept me, they are not the right partner for me.” 
Bobbi, who alone in the group shared that she faced negative reactions from poten-
tial partners, nevertheless maintained that the diagnosis and regimen ought to be 
shared with partners and it is better to do it early on in the relationship. Three of the 
women went through the diagnosis with their husbands and felt supported; Sarah 
noted, “We have defi nitely been a team on this.” (The experiences of the interviewed 
women are similar to reports from other women with POI; a Groff et al. study exam-
ined the sources of support for 100 women with POI in which 63 % of the married 
women (39 of 62) shared that their husbands were their most important source of 
emotional support and understanding [ 3 ].) The key then to experiencing these con-
versations positively seems to be in being authentic and vulnerable, the latter likely 
a requirement for sharing any chronic medical condition with a loved one.    

    More to Treating POI than HRT 

  Women with POI have  a   broader need for an integrated and collaborative approach 
to their treatment, considering their physical, emotional, and spiritual needs [ 49 ,  65 , 
 69 ,  71 ]. HRT is but one important component of addressing the symptoms of POI 
and sequelae—and, while I have found HRT vastly enhances the patient’s quality of 
life, this treatment does not resolve remaining implications of the disease, most 
especially infertility and the resulting emotional distress that women with POI face. 

 Given POI’s impacts, many clinicians agree with the need to focus on both psy-
chological and social support for women [ 57 ,  58 ,  65 ]. The 2005 Groff et al. study of 
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sources of support found above all the following helped women with POI cope with 
the diagnosis: (1) thorough and accurate information (89 %), (2) sharing the infor-
mation with another woman with POI (80 %), and (3) their spirituality (65 %) [ 3 ]. 
Only 33 % of the women in this group sought out a professional counselor, though 
the majority of those that did found it helpful (78 %) [ 3 ]. Two of the women that I 
interviewed spoke with a counselor, and only one found it a defi nitely positive expe-
rience. Michelle, who characterized her experience as “not negative,” commented 
that the counselor had no familiarity with POI and did not appreciate how the condi-
tion fully affected her. This suggests a need for a more robust support network for 
women with POI, which could include increased outreach and development of 
counselors knowledgeable about the disease. 

 Professionally or peer-facilitated groups may also provide much needed support 
for women and girls with POI. I felt fortunate to participate in a group facilitated by 
a woman who is both a professional counselor and a fellow POI survivor. Her group 
offered a safe space to express grief, and support groups in general can be a powerful 
and effective means to destigmatize POI and empower participating women. Bobbi, 
for example, found out about the indications for HRT for women with POI not from 
a doctor, but from her support group, leading her to stop oral contraceptives, get on 
HRT, and soon become pregnant. 

 Some women in the interview group found additional therapeutic activities helpful 
to coping with the diagnosis, in particular acupuncture. Golie shared her outlook, “I 
do highly recommend yoga, meditation, acupuncture, anything that makes you feel 
good and makes you more at ease will be helpful.” Erika also shared the stress-reducing 
benefi ts of acupuncture. Neither woman currently believes, however, that acupuncture 
will improve their fertility. 

 Following the 2005 Groff et al. study, the same group of researchers found that 
understanding a broader life purpose (a defi ning component of spiritual well-being) 
benefi ts women coping with POI [ 72 ]. I heard this echoed in the interviews when 
women told me they felt grateful for the opportunity to share their experience with 
HRT and, more broadly, with POI, to educate, comfort, and empower other women 
and girls with the condition. My experience as a patient advocate has bestowed this 
same sense of gratitude and larger purpose. 

 Further, an integrated and collaborative treatment approach would bring 
together the several critical disciplines necessary for the care of a woman with 
POI—medical and reproductive endocrinologists, psychological and spiritual 
care counselors, and nutritionists would all be valuable care providers under such 
an approach [ 49 ,  58 ,  73 ,  74 ]. Care providers representing these disciplines and 
others collaborated in the NIH protocol in which I and fi ve of the interviewed 
women participated. The NIH team wove their various perspectives together to 
explain in detail the implications of POI and to provide a rough road map for 
future care [ 74 ]. I found this approach very effective in helping me place HRT 
into the overall landscape of my POI treatment. By understanding the symptoms 
and sequelae of POI, the benefi ts of hormone replacement, and how best to man-
age my overall health, I came to appreciate that, as Sterling and Nelson articu-
lated, “Wellness and disease are not mutually exclusive from the perspective of 
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recovery, self-management, and wellness. One can continue to maintain wellness 
in the midst of disease.” ([ 58 ], p. 354) 

 How best to make an integrated and collaborative model available to more women? 
The opportunity technology offers to distribute the latest research and clinical 
guidance from a range of expertise to women with POI and their clinicians, coupled 
with large-scale genomic testing, has the potential to transform treatment to truly 
personalized care [ 75 ]. Emerging understandings into the genetic and iatrogenic 
(brought on unintentionally by medical treatment) causes of POI offer hope for tai-
lored approaches to HRT and broader approaches to overall health [ 75 ]. Ultimately, as 
a patient, I want to restore my ovulatory function and fertility, and alleviate POI’s 
symptoms and sequelae. In the meantime, patient-centered collaborative care, with 
resources to address physical, emotional and spiritual needs, and delivered in real- 
time would better serve women and girls in this community, facilitating their wellness 
in the midst of disease.   

    Conclusion 

 Most clinicians and patients (based on the small group with whom I spoke) recom-
mend systemic HRT for women and girls with POI to counter the damaging, long- 
term effects of estrogen defi ciency. There are many forms of HRT to choose from, 
and, in consultation with her clinician, a woman should choose the form that best 
suits her physical and emotional needs. Ongoing, individualized monitoring plans, 
which may include bone scans and hormone panels, developed between the woman 
with POI and her clinician will help to ensure the choice of hormone replacement is 
an effective one. 

 Research to date suggests the benefi ts of HRT outweigh its potential risks for 
women with POI. Signifi cant gaps remain in the understanding of HRT and its use 
as a long-term treatment for women and girls with POI, warranting additional 
research on:

•    Comparisons among different hormone replacement regimens to determine 
those that are the safest and most effi cacious over the long term  

•   How to best tailor therapies to the individual patient  
•   Implications for cancer risk, cognitive function, and mood  
•   Appropriate hormone replacement dose for girls diagnosed with POI  
•   Benefi ts and risks of testosterone and DHEA supplementation  
•   Options to improve ovulatory function and fertility  
•   Standard protocols for women on HRT who become pregnant  
•   Approaches to speed a woman’s start of HRT and her regimen compliance  
•   Therapies to improve sexual function    

 Ultimately, wellness in the midst of POI requires a collaborative and integrated 
approach, involving both clinicians and the patient. Women with POI realize they 
need to be empowered over their own care. According to Erika in the interview 
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group, “I am driving the process because it is my life, my body and I can tell if 
something is wrong or not based on the symptoms.” Women are aided in coming to 
terms with the diagnosis and need for hormone replacement by defi ning a broader 
meaning to having POI. These are intensely personal processes, facilitated by 
sources of psychological and social support and her clinician(s) [ 76 ].     

  Acknowledgments   Thank you to the authentic and courageous women living with POI who were 
interviewed and to Dr. Lawrence M. Nelson, Sharon N. Covington, and Dr. Catherine M. Gordon 
who reviewed this chapter and so generously gave of their time and expertise. The author also 
wishes to express gratitude to her loving husband Tim Joachim and friends, Kira Marchenese and 
Derek Walker, who provided moral and editorial support for this chapter.  

   References 

    1.    Alzubaidi NH, Chapin HL, Vanderhoof VH, Calis KA, Nelson LM. Meeting the needs of 
young women with secondary amenorrhea and spontaneous premature ovarian failure. Obstet 
Gynecol. 2002;99(5 Pt 1):720–5.  

     2.    Coulam CB, Adamson SC, Annegers JF. Incidence of premature ovarian failure. Obstet 
Gynecol. 1986;67(4):604–6.  

           3.    Groff AA, Covington SN, Halverson LR, Fitzgerald OR, Vanderhoof V, Calis K, et al. 
Assessing the emotional needs of women with spontaneous primary ovarian failure. Fertil 
Steril. 2005;83(6):1734–41.  

    4.    van Kasteren YM, Schoemaker J. Premature ovarian failure: a systematic review on therapeutic 
interventions to restore ovarian function and achieve pregnancy. Hum Reprod Update. 1999;
5(5):483–92.  

      5.    van der Schouw YT, van der Graaf Y, Steyerberg EW, Eijkemans JC, Banga JD. Age at meno-
pause as a risk factor for cardiovascular mortality. Lancet. 1996;347(9003):714–8.  

   6.    Jacobsen BK, Knutsen SF, Fraser GE. Age at natural menopause and total mortality and 
mortality from ischemic heart disease: the Adventist health study. J Clin Epidemiol. 1999;52(4):
303–7.  

   7.    Mondul AM, Rodriquez C, Jacobs EJ, Calle EE. Age at natural menopause and cause-specifi c 
mortality. Am J Epidemiol. 2005;162(11):1089–97.  

    8.    Lisabeth LD, Beiser AS, Brown DL, Murabito JM, Kelly-Hayes M, Wolf PA. Age at natural 
menopause and risk of ischemic stroke: the Framingham heart study. Stroke. 2009;40(4):
1044–9.  

    9.    Heaney RP, Recker RR, Stegman MR, Moy AJ. Calcium absorption in women: relationships 
to calcium intake, estrogen status, and age. J Bone Miner Res. 1989;4:469–75.  

   10.    Breslau NA. Calcium, estrogen, and progestin in the treatment of osteoporosis. Rheum Dis 
Clin North Am. 1994;20:691–716.  

    11.    Gallagher JC, Riggs BL, Deluca HF. Effect of estrogen on calcium absorption and serum vitamin 
D metabolites in postmenopausal osteoporosis. J Clin Endocrinol Metab. 1980;51:1359–64.  

    12.    Gold EB, Colvin A, Avis N, Bromberger J, Greendale GA, Powell L, et al. Longitudinal analysis 
of the association between vasomotor symptoms and race/ethnicity across the menopausal tran-
sition: study of women’s health across the nation. Am J Public Health. 2006;96(7):1226–35. 
doi:  10.2105/AJPH.2005.066936    .  

         13.    Semmens JP, Wagner G. Estrogen deprivation and vaginal function in postmenopausal women. 
JAMA. 1982;248(4):445–8.  

     14.    Nelson LM. Clinical practice: primary ovarian insuffi ciency. N Engl J Med. 2009;360:606–14. 
doi:  10.1056/NEJMcp0808697    .  

C.M. Joachim

http://dx.doi.org/10.2105/AJPH.2005.066936
http://dx.doi.org/10.1056/NEJMcp0808697


197

       15.    Rebar R. Premature ovarian “failure” in the adolescent. The menstrual cycle and adolescent 
health. Ann N Y Acad Sci. 2008;1135:138–45.  

    16.    Bachelot A, Rouxel A, Massin N, Dulon J, Courtillot C, Matuchansky C, et al. Phenotyping 
and genetic studies of 357 consecutive patients presenting with premature ovarian failure. Eur 
J Endocrinol. 2009;161(1):179–87.  

      17.    de Villiers TJ, Gass MLS, Haines CJ, Hall JE, Lobo RA, Pierroz DD, et al. Global consensus 
statement on menopausal hormone therapy. Climacteric. 2013;16:203–4.  

    18.   Perimenopausal bleeding and bleeding after menopause. In: Frequently Asked Questions FAQ 
162 Gynecologic problems. American College of Obstetricians and Gynecologists. 2011. 
  http://www.acog.org/-/media/For-Patients/faq162.pdf?dmc=1&ts=20150121T2122434261    . 
Accessed 21 Jan 2015.  

    19.    Kalantaridou SN, Naka KK, Papanikolaou E, Kazakos N, Kravariti M, Calis KA, et al. 
Impaired endothelial function in young women with premature ovarian failure: normalization 
with hormone therapy. J Clin Endocrinol Metab. 2004;89(8):3907–13.  

    20.    Kanis JA. Diagnosis of osteoporosis and assessment of fracture risk. Lancet. 2002;359:1929–36.  
         21.    Mittal M, Kreatsa M, Narvekar N, Savvas M, Hamoda H. Fertility desires, choice of hormone 

replacement and the effect of length of time since menopause on bone density in women with 
premature ovarian insuffi ciency: a review of 223 consecutive new referrals to a tertiary centre. 
Post Reprod Health. 2014;20(3):104–11.  

    22.    Al-Safi  ZA, Santoro N. Menopausal hormone therapy and menopausal symptoms. Fertil Steril. 
2014;101(4):905–15.  

   23.    Santoro N, Komi J. Prevalence and impact of vaginal symptoms among postmenopausal 
women. J Sex Med. 2009;6:2133–42. doi:  10.1111/j.1743-6109.2009.01335    .  

    24.    Gupta P, Ozel B, Stanczyk FZ, Felix JC, Mishell DR. The effect of transdermal and vaginal 
estrogen therapy on markers of postmenopausal estrogen status. Menopause. 2008;15(1):94–7.  

    25.    Kalantaridou SN, Calis KA, Vanderhoof VH, Bakalov VK, Corrigan EC, Troendle JF, et al. 
Testosterone defi ciency in women with 46, XX spontaneous premature ovarian failure. Fertil 
Steril. 2006;86:1475–82.  

       26.    Popat VB, Calis KA, Kalantaridou SN, Vanderhoof VH, Koziol D, Troendle JF, et al. Bone 
mineral density in young women with primary ovarian insuffi ciency: results of a three-year 
randomized controlled trial of physiological transdermal estradiol and testosterone replace-
ment. J Clin Endocrinol Metab. 2014;99(9):3418–26. doi:  10.1210/jc2013-4145    .  

    27.    Guerrieri GM, Martinez PE, Klug SP, Haq NA, Vanderhoof VH, Koziol DE, et al. Effects of 
physiologic testosterone therapy on quality of life, self-esteem, and mood in women with primary 
ovarian insuffi ciency. Menopause. 2014;21(9):952–61. doi:  10.1097/GME.0000000000000195    .  

    28.    Davis SR, McCloud P, Strauss BJ, Burger H. Testosterone enhances estradiol’s effects on 
postmenopausal bone density and sexuality. Maturitas. 2008;61(1–2):17–26.  

    29.    Yeung TW, Li RH, Lee VC, Ho PC, Ng EH. A randomized double-blinded placebo controlled 
trial on the effect of dehydroepiandrosterone for 16 weeks on ovarian response markers in 
women with primary ovarian insuffi ciency. J Clin Endocrinol Metab. 2013;98(1):380–8. 
doi:  10.1210/jc.2012-3071    .  

    30.    DiVasta AD, Feldman HA, Beck TJ, LeBoff MS, Gordon CM. Does hormone replacement 
normalize bone geometry in adolescents with anorexia nervosa? J Bone Miner Res. 2014;29(1):
151–7.  

    31.    DiVasta AD, Feldman HA, Giancaterino C, LeBoff MS, Rosen CJ, Gordon CM. The effect of 
gonadal and adrenal steroid therapy on skeletal health in adolescents and young women with 
anorexia nervosa. Metabolism. 2012;61(7):1010–20.  

     32.    Langrish JP, Mills NL, Bath LE, Warner P, Webb DJ, Kelnar CJ, et al. Cardiovascular effects 
of physiological and standard sex steroid replacement regimens in premature ovarian failure. 
Hypertension. 2009;53(5):805–11. doi:  10.1161/HYPERTENSIONAHA.108.126516    .  

    33.   Gibbons WE, Moyer DL, Lobo RA, Roy S, Mishell DR Jr. Biochemical and histologic effects 
of sequential estrogen/progestin therapy on the endometrium of postmenopausal women. Am 
J Obstet Gynecol. 1986 Feb;154(2):456–61.  

   34.   Bjarnason K, Cerin A, Lindgren R, Weber T. Adverse endometrial effects during long cycle 
hormone replacement therapy. Scandinavian Long Cycle Study Group. Maturitas. 1999 Aug 
16;32(3):161–70.  

12 Hormone Replacement Therapy in Women with POI: A Patient’s Perspective

http://www.acog.org/-/media/For-Patients/faq162.pdf?dmc=1&ts=20150121T2122434261
http://dx.doi.org/10.1111/j.1743-6109.2009.01335
http://dx.doi.org/10.1210/jc2013-4145
http://dx.doi.org/10.1097/GME.0000000000000195
http://dx.doi.org/10.1210/jc.2012-3071
http://dx.doi.org/10.1161/HYPERTENSIONAHA.108.126516


198

       35.   American College of Obstetricians and Gynecologists, Committee on Adolescent Healthcare. 
Primary ovarian insuffi ciency in adolescents and young women. Committee Opinion No. 605. 
Obstet Gynecol. 2014;123:193–7.  

         36.   Nelson LM. Patient information: early menopause (primary ovarian insuffi ciency) (Beyond 
the Basics). In: UpToDate. Wolters Kluwer Health. 2014.   http://www.uptodate.com/contents/
early-menopause-primary-ovarian-insuffi ciency-beyond-the-basics    . Accessed 29 Dec 2014.  

        37.   Harvard Health Publications, Harvard Medical School. What are bioidentical hormones? In: 
Newsweek. Harvard Women’s Health Watch. 2006.   http://www.health.harvard.edu/newsweek/
What-are-bioidentical-hormones.htm    . Accessed 29 Dec 2014.  

      38.    Popat VB, Vanderhoof VH, Calis KA, Troendle JF, Nelson LM. Normalization of serum 
luteinizing hormone levels in women with 46,XX spontaneous primary ovarian insuffi ciency. 
Fertil Steril. 2008;90(2):429–33. doi:  10.1016/j.fertnstert.2007.02.032    .  

    39.    Gibbons WE, Thorneycroft IH. Protecting the endometrium. Opposing the hyperplasia/malig-
nancy potential of ERT. J Reprod Med. 1999;44 Suppl 2:203–8.  

    40.    Smith RM, Schaefer MK, Kainer MA, Wise M, Finks J, Duwve J, et al. Fungal infections 
associated with contaminated methylprednisolone injections. N Engl J Med. 2013;369:1598–
609. doi:  10.1056/NEJMoa1213978    .  

    41.    Goswami D, Conway GS. Premature ovarian failure. Hum Reprod Update. 2005;11(4):391–410.  
    42.    Alper MM, Jolly EE, Garner PR. Pregnancies after premature ovarian failure. Obstet Gynecol. 

1986;67 Suppl 3:59S–62.  
    43.    Nelson LM, Anasti JN, Kimzey LM, Defensor RA, Lipetz KJ, White BJ, et al. Development 

of luteinized graafi an follicles in patients with karyotypically normal spontaneous premature 
ovarian failure. J Clin Endocrinol Metab. 1994;79(5):1470–5.  

    44.    Viswanathan V, Eugster EA. Etiology and treatment of hypogonadism in adolescents. 
Endocrinol Metab Clin North Am. 2009;38:719–38. doi:  10.1016/j.ecl.2009.08.004 endo    .  

     45.    Deligeoroglou E, Athanasopoulos N, Tsimaris P, Dimopoulos KD, Vrachnis N, Creatsas 
G. Evaluation and management of adolescent amenorrhea. Ann N Y Acad Sci. 2010;1205(2010):
23–32.  

     46.    Crofton PM, Evans N, Bath LE, Warner P, Whitehead TJ, Critchley HOD, et al. Physiological 
versus standard sex steroid replacement in young women with premature ovarian failure: 
effects on bone mass acquisition and turnover. Clin Endocrinol (Oxf). 2010;73(6):707–14.  

      47.    Popat VB, Calis KA, Vanderhoof VH, Cizza G, Reynolds JC, Sebring N, et al. Bone mineral 
density in estrogen-defi cient young women. J Clin Endocrinol Metab. 2009;94(7):2277–83.  

    48.   U.S. Preventive Services Task Force. Osteoporosis: screening. 2011.   http://www.uspreventi-
veservicestaskforce.org/uspstf/uspsoste.htm    . Accessed 21 Jan 2015.  

      49.    Panay N, Kalu E. Management of premature ovarian failure. Best Pract Res Clin Obstet 
Gynaecol. 2009;23:129–40.  

    50.    Writing Group for the Women’s Health Initiative Investigators. Risks and benefi ts of estrogen 
plus progestin in healthy postmenopausal women. Principal result from the Women’s Health 
Initiative randomized controlled trial. JAMA. 2002;288(3):321–33.  

    51.    Fischer B, Gleason C, Asthana S. Effects of hormone therapy on cognition and mood. Fertil 
Steril. 2014;101(4):898–904. doi:  10.1016/j.fertnstert.2014.02.025    .  

    52.    Comasco E, Frokjaer VG, Sundström-Poromaa I. Functional and molecular neuroimaging of 
menopause and hormone replacement therapy. Front Neurosci. 2014;8:388. doi:  10.3389/
fnins.2014.00388. eCollection 2014    .  

    53.    Smith JA, Vitale S, Reed GF, Grieshaber SA, Goodman LA, Vanderhoof VH, et al. Dry eye 
signs and symptoms in women with premature ovarian failure. Arch Ophthalmol. 
2004;122(2):151–6.  

    54.   Kaur K, Pitkin J, Singhal H, Menopausal hormone replacement therapy. Medscape. 2014. 
  http://emedicine.medscape.com/article/276104-overview#aw2aab6b7    . Accessed 23 Jan 2015.  

    55.   National Institutes of Health, Osteoporosis and Related Bone Diseases National Resource Center. 
Smoking and bone health. 2012.   http://www.niams.nih.gov/Health_Info/Bone/Osteoporosis/
Conditions_Behaviors/bone_smoking.asp    . Accessed 4 Jan 2015.  

    56.    Mueck AO, Seeger H. Smoking, estradiol metabolism and hormone replacement therapy. Curr 
Med Chem Cardiovasc Hematol Agents. 2005;3(1):45–54.  

C.M. Joachim

http://www.uptodate.com/contents/early-menopause-primary-ovarian-insufficiency-beyond-the-basics
http://www.uptodate.com/contents/early-menopause-primary-ovarian-insufficiency-beyond-the-basics
http://www.health.harvard.edu/newsweek/What-are-bioidentical-hormones.htm
http://www.health.harvard.edu/newsweek/What-are-bioidentical-hormones.htm
http://dx.doi.org/10.1016/j.fertnstert.2007.02.032
http://dx.doi.org/10.1056/NEJMoa1213978
http://dx.doi.org/10.1016/j.ecl.2009.08.004 endo
http://www.uspreventiveservicestaskforce.org/uspstf/uspsoste.htm
http://www.uspreventiveservicestaskforce.org/uspstf/uspsoste.htm
http://dx.doi.org/10.1016/j.fertnstert.2014.02.025
http://dx.doi.org/10.3389/fnins.2014.00388. eCollection 2014
http://dx.doi.org/10.3389/fnins.2014.00388. eCollection 2014
http://emedicine.medscape.com/article/276104-overview#aw2aab6b7
http://www.niams.nih.gov/Health_Info/Bone/Osteoporosis/Conditions_Behaviors/bone_smoking.asp
http://www.niams.nih.gov/Health_Info/Bone/Osteoporosis/Conditions_Behaviors/bone_smoking.asp


199

      57.    Davis M, Ventura JL, Wieners M, Covington SN, Vanderhoof VH, Ryan ME, et al. The psy-
chosocial transition associated with spontaneous 46,XX primary ovarian insuffi ciency: illness 
uncertainty, stigma, goal fl exibility, and purpose in life as factors in emotional health. Fertil 
Steril. 2010;93(7):2321–9. doi:  10.1016/j.fertnstert.2008.12.122    .  

       58.    Sterling EW, Nelson LM. From victim to survivor to thriver: helping women with primary 
ovarian insuffi ciency integrate recovery, self-management, and wellness. Semin Reprod Med. 
2011;29(4):353–61.  

    59.    Read MD, Edey KA, Hapeshi J, Foy C. Compliance with estrogen hormone replacement therapy 
after oophorectomy: a prospective study. Menopause Int. 2010;16(2):60–4. doi:  10.1258/
mi.2010.010023    .  

    60.   National Institutes of Health, National Institute on Aging. Age page: menopause. 2013.   http://
www.nia.nih.gov/health/publication/menopause    . Accessed 3 Jan 2015.  

    61.   Welt CK. Primary ovarian insuffi ciency: a more accurate term for premature ovarian failure. 
Clin Endocrinol. 2008;68:499–509.  

    62.   Welt CK, Barbieri RL. Etiology, diagnosis, and treatment of primary amenorrhea. In: 
UpToDate, Wolters Kluwer Health. 2014.   http://www.uptodate.com/contents/etiology-
diagnosis- and-treatment-of-primary-amenorrhea    . Accessed 20 Jan 2015.  

     63.   American College of Obstetricians and Gynecologists, Committee on Adolescent Healthcare. 
Menstruation in girls and adolescents: using the menstrual cycle as a vital sign. Committee 
Opinion No. 349. Obstet Gynecol. 2006;108(5):1323–8.  

     64.    Covington SN, Hillard PJ, Sterling EW, Nelson LM. Primary Ovarian Insuffi ciency Recovery 
Group. A family systems approach to primary ovarian insuffi ciency. J Pediatr Adolesc 
Gynecol. 2011;24:137–41.  

      65.    Graziottin A. Effect of premature menopause on sexuality. Womens Health. 2007;3(4):455–74. 
doi:  10.2217/17455057.3.4.455    .  

    66.    Csapo AI, Pulkkinen MO, Wiest WG. Effects of luteectomy and progesterone replacement 
therapy in early pregnant patients. Am J Obstet Gynecol. 1973;115(6):759–65.  

     67.    de Almeida DM, Benetti-Pinto CL, Makuch MY. Sexual function of women with premature 
ovarian failure. Menopause. 2011;18(3):262–6.  

    68.    Pacello PCCC, Yela DA, Rabelo S, Giraldo PS, Benetti-Pinto CL. Dyspareunia and lubrication 
in premature ovarian failure using hormonal therapy and vaginal health. Climacteric. 
2014;17(4):342–7. doi:  10.3109/13697137.2013.86011    .  

      69.    Kalantaridou SN, Vanderhoof VH, Calis KA, Corrigan EC, Troendle JF, Nelson LM. Sexual 
function in young women with spontaneous 46,XX primary ovarian insuffi ciency. Fertil Steril. 
2008;90(5):1805–11. doi:  10.1016/j.fertnstert.2007.08.040    .  

    70.    Cooper AR, Baker VL, Sterling EW, Ryan ME, Woodruff TK, Nelson LM. The time is now 
for a new approach to primary ovarian insuffi ciency. Fertil Steril. 2011;95(6):1890–7. 
doi:  10.1016/j.fertnstert.2010.01.016    .  

    71.    Rafi que S, Sterling EW, Nelson LM. A new approach to primary ovarian insuffi ciency. Obstet 
Gynecol Clin North Am. 2012;39(4):567–86. doi:  10.1016/j.ogc.2012.09.007    .  

    72.    Ventura JL, Fitzgerald OR, Koziol DE, Covington SN, Vanderhoof VH, Calis KA, et al. 
Functional well-being is positively correlated with spiritual well-being in women who have 
spontaneous premature ovarian failure. Fertil Steril. 2007;87(3):584–90. doi:  10.1016/j.
fertnstert.2006.07.1523    .  

    73.    Singer D, Hunter M, editors. Premature menopause: a multidisciplinary approach. London: 
Whurr Publishers Ltd; 2000.  

     74.    Joachim CM, Eads CM, Persani L, Yurttas Beim P, Nelson LM. An open letter to the primary 
ovarian insuffi ciency community. Minerva Ginecol. 2014;66(5):519–20.  

     75.    Falorni A, Minarelli V, Eads CM, Joachim CM, Persani L, Rossetti R, et al. A clinical research 
integration special program (CRISP) for young women with primary ovarian insuffi ciency. 
Panminerva Med. 2014;56(4):245–61.  

    76.   Egnew TR. The meaning of healing: transcending suffering. Ann Fam Med. 2005;3(3):
255–62.    

12 Hormone Replacement Therapy in Women with POI: A Patient’s Perspective

http://dx.doi.org/10.1016/j.fertnstert.2008.12.122
http://dx.doi.org/10.1258/mi.2010.010023
http://dx.doi.org/10.1258/mi.2010.010023
http://www.nia.nih.gov/health/publication/menopause
http://www.nia.nih.gov/health/publication/menopause
http://www.uptodate.com/contents/etiology-diagnosis-and-treatment-of-primary-amenorrhea
http://www.uptodate.com/contents/etiology-diagnosis-and-treatment-of-primary-amenorrhea
http://dx.doi.org/10.2217/17455057.3.4.455
http://dx.doi.org/10.3109/13697137.2013.86011
http://dx.doi.org/10.1016/j.fertnstert.2007.08.040
http://dx.doi.org/10.1016/j.fertnstert.2010.01.016
http://dx.doi.org/10.1016/j.ogc.2012.09.007
http://dx.doi.org/10.1016/j.fertnstert.2006.07.1523
http://dx.doi.org/10.1016/j.fertnstert.2006.07.1523


201© Springer International Publishing Switzerland 2016 
N.F. Santoro, A.R. Cooper (eds.), Primary Ovarian Insuffi ciency, 
DOI 10.1007/978-3-319-22491-6

  A 
  Addison’s disease 

 clinical vigilance for  ,   106   
  Adolescents 

 hormone replacement therapy in  ,   191   
  Adrenal failure 

 physical signs of  ,   106   
  Adult human stem cells  ,   160–162   
  Adult-onset POI  ,   151–153   
  Adult stem cells  ,   162   
   AIRE  gene  ,   58   ,   59   
  AITD   . See  Autoimmune thyroid disease (AITD)  
  Albright, F.  ,   125   
  Allergies 

 and primary ovarian insuffi ciency  ,   46   
  Allshouse, A.A.  ,   37–47   
  American Society for Reproductive Medicine 

(ASRM)  ,   126   ,   180  
 oocyte donation  ,   132   

  Androgen receptors  ,   130   
  Antigen-heat shock protein 90-beta 

(HSP90)  ,   85   
  Anti-Müllerian hormone (AMH)  ,   126   
  Anti-oocyte antibodies  ,   84   
  Anti-ovarian antibodies (AOA)  ,   84    
  Antioxidants  ,   120    
  Antral follicle count (AFC)  ,   126    
  Anxiety  ,   145  

 social  ,   151   
  Anxiety disorders  ,   146   ,   147   
  APS   . See  Autoimmune polyglandular 

syndromes (APS)  
  Aromatase  ,   83   
  Ataxia telangiectasia  ,   57   
   ATM  gene  ,   57    

  Autoimmune disease  ,   22–23  
 POI and  ,   4   

  Autoimmune polyendocrinopathy-candidiasis- 
ectodermal dystrophy (APECED)  , 
  58–59   

  Autoimmune polyglandular syndromes (APS)  , 
  22   ,   106    

  Autoimmune process 
 primary ovarian insuffi ciency  ,   46   

  Autoimmune thyroid disease (AITD) 
 epidemiology  ,   103–104  
 evaluation  ,   104–105  
 management  ,   104–105  
 pathophysiology  ,   104  
 studies linking  ,   104   

  Autosomal mutations  ,   80     

 B 
  Baba, Y.  ,   8   
  Banks, N.K.  ,   75–93   
  Ben-Aharon, I.  ,   90   
  Bentov, Y.  ,   131   
  Betterle, C.  ,   104   
  Bevilacqua, K.  ,   145–156   
  Bioidentical estrogens  ,   184   
  Biology  ,   171   
  Bione, S.  ,   79   
  Bisphenol A (BPA)  ,   25   
  Blepharophimosis-ptosis-epicanthus 

inversus syndrome (BPES)  ,   56–57   , 
  80–81   

   BMP15   ,   62   
  Bone health  ,   181   
  Bone mineral density (BMD)  ,   9   ,   10   ,   181  

                         Index 



202

 Bone mineral density (BMD) (cont.) 
 and POI  ,   9–10  
 primary ovarian insuffi ciency  ,   45   

  Bone morphogenetic protein-15 (BMP15)  ,   
80   ,   109   

  Boveri, T.  ,   160   
  BPES   . See  Blepharophimosis-ptosis- epicanthus 

inversus syndrome (BPES)  
   BRCA1   ,   81    
   BRCA2   ,   81   
  BRCA1/2 mutations 

 and POI  ,   6   
  BRCA mutations  ,   81–82   
  Breast cancer susceptibility gene 1 (BRCA1)  ,   66   
  Byrne, J.  ,   26     

 C 
   Caenorhabditis elegans   ,   161  

 distal tip cell  ,   163   
  Cakmak, H.  ,   129   
  Camper, S.A.  ,   19–27   
  Cancer 

 and POI  ,   10–11   
  Canty-Woessner, C.  ,   101–111   
  Cardiovascular disease (CVD)  ,   45  

 and POI  ,   6–7   
  Cardiovascular mortality 

 and POI  ,   7   
  Casson, P.R.  ,   131   
  Chang, E.M.  ,   129   
  Chemotherapy  ,   26–27   ,   88–90   
  Childhood cancers  ,   151   
  Circulatory symptoms 

 primary ovarian insuffi ciency  ,   45   
  Clomiphene citrate 

 gonadotropin protocol  ,   128–129   
  Coenzyme Q10 (CoQ 10) 

 IVF and  ,   131   
  Cognitive and affective mindfulness scale- 

revised (CAMS-R)  ,   42    
  Coital frequency  ,   121   
  Cold intolerance  ,   45   
  Cookingham, L.M.  ,   115–121   
  Cooper, A.R.  ,   51–68   
  Corticosteroids  ,   118   
  Corticotropin  ,   107   
  Craft, I.  ,   128   
   CYP19A1  gene  ,   59   
   CYP19A1  mutation  ,   83     

 D 
  Davis, M.  ,   146   
  De Almeida, D.M.  ,   192   

  Dehydroepiandrosterone (DHEA)  ,   119   ,   183    
 IVF and  ,   130–131   

  Depression  ,   110   ,   145   
 diagnostic criteria  ,   147  
 primary ovarian insuffi ciency  ,   42–43  
 symptoms  ,   146    

  Dhont, M.  ,   129   
  DIAPH2 protein  ,   79   
  Diet 

 and exercise  ,   119   
  Distal tip cell (DTC)  ,   162    

  C elegans   ,   163   
  Donor egg cycles  ,   149   
  Doppler-fl ow velocity  ,   90   
  Doxorubicin  ,   90   
  Doyle, N.  ,   75–93   
   Drosophila melanogaster   ,   161   
  Dry eye syndrome  ,   138   
  Duarte galactosemia  ,   24    
  Dysthymic disorder  ,   146     

 E 
  Eads, C.  ,   137–142   
  Early menopause 

 risk factors  ,   3  
 smoking and  ,   3   

  Eckhardt, S.  ,   1–13   
   EIF2B  mutations  ,   59   
  Embryology  ,   160   
  Embryonic stem cells (ESCs)  ,   161      
  Environmental factors  ,   86–87   
  Environment and lifestyle  ,   25   
  Enzyme defi ciency  ,   23–24   ,   83   
   ESR1  gene  ,   65   
  Estradiol production  ,   2   ,   184   
  Estrogen  ,   183  

 bioidentical  ,   184  
 defi ciency  ,   182  
 plays  ,   180  
 priming, IVF in POI  ,   116   ,   129–130  
 receptor  ,   65   

  European Society of Human Reproduction and 
Embryology (ESHRE)  ,   126   

  Exercise 
 diet and  ,   119   

  Eye dryness 
 primary ovarian insuffi ciency  ,   43–44     

 F 
  Fanconi’s anemia  ,   60–61   
  Final menstrual period (FMP)  ,   9   
   FMR1   ,   79   ,   81   
   FMR1  gene  ,   61   ,   79    

Index



203

   FMR2  gene  ,   62   
  FMR protein (FMRP)  ,   21   ,   22   
  Follicle-stimulating hormone (FSH)  ,   1   ,   24   , 

  125   ,   145   
  Folliculogenesis 

 early  ,   164  
 mammalian  ,   163  
 mouse  ,   165  
 ovarian  ,   163   

  Forbes, A.P.  ,   84   
   FOXL2  gene  ,   56   ,   80    
  FOXO3 defi ciency  ,   165   
  Foyouzi, N.  ,   19–27   
  Fragile X-associated tremor/ataxia syndrome 

(FXTAS)  ,   61   
  Fragile X mental retardation 1 (FMR1)  , 

  61–62   ,   153   
  Fragile X mental retardation 2 (FMR2)  ,   6   
  Fragile X mental retardation (FMR) gene  , 

  21–22   
  Fragile X syndrome 

 and POI  ,   5–6   
  Fragile X  ,   153–155   
  FSH   . See  Follicle-stimulating hormone (FSH)  
  FSH and FSH receptor  ,   64   
   FSHB  gene  ,   64   
   FSHR   ,   92   
   FSHβ  subunit mutation  ,   92     

 G 
  Galactosemia  ,   23   ,   57   
  Galactose 1-phosphate uridyltransferase 

(GALT) enzyme defi ciency  ,   83   
  Galactose 1-phosphate uridyltransferase 

(GALT) enzyme function  ,   23   
  Galactose-1-phosphate uridyltransferase 

(GALT)  ,   57   
  Galactose-1-P-uridy-lyltransferase (GALT) 

defi ciency  ,   24   
  Gallagher, J.C.  ,   9   
   GALT  gene  ,   83   
   GDF9  gene  ,   63   
   GDF9  mutations  ,   82   
  Genetic causes 

 of POI  ,   20–21   
  Genetic conditions associated with POI  , 

  108–109   
  Genetics of POI  ,   4–5  

 ataxia telangiectasia  ,   57  
 autoimmune polyendocrinopathy- 

candidiasis- ectodermal dystrophy  , 
  58–59  

 blepharophimosis-ptosis-epicanthus 
inversus syndrome  ,   56–57  

 breast cancer susceptibility gene 1  ,   66  
 estrogen receptor  ,   65  
 Fanconi’s anemia  ,   60–61  
 Fragile X premutations  ,   61–62  
 FSH and FSH receptor  ,   64  
 galactosemia  ,   57  
 GnRH and GnRH receptor  ,   65  
 gonadotropins and gonadotropin 

receptors  ,   63  
 LH and LH Receptor  ,   64  
 ovarian leukodystrophy  ,   59  
 Perrault syndrome  ,   58  
 progesterone receptor membrane 

component 1 (PGRMC1)  ,   65–66  
 progressive external ophthalmoplegia  ,   58  
 steroidogenic enzyme defects  ,   59–60  
 transforming growth factor β  ,   62–63  
 Turner syndrome  ,   55–56  
 Werner’s syndrome  ,   60  
 X chromosome  ,   66–67   

  Genome wide association studies (GWAS)  , 
  104   ,   109   

  Germ stem cells 
 proliferating  ,   169   

  Germline stem cells (GSCs) 
 in lower invertebrates  ,   162–163   

  GI symptoms 
 primary ovarian insuffi ciency  ,   41–42   

  Glucose metabolism 
 and POI  ,   9   

  Gluten allergies  ,   46   
  GnRH agonist (GnRH-a) 

 microdose fl are protocol  ,   127  
 stop protocol  ,   127–128   

  GnRH analogues  ,   117   
  GnRH antagonist protocol  ,   128   
   GnRH  gene  ,   65   
  Gonadotropin-releasing hormone (GnRH) and 

receptor  ,   65   
  Gonadotropins and gonadotropin receptors  ,   63   
  Gonadotropins  ,   117–118   
  Green, L.J.  ,   19–27   
  Greendale, G.A.  ,   10   
  Grief  ,   148–149   
  Groff, A.A.  ,   193   ,   194   
  Growth and differentiation factor 9 (GDF9)  ,   80   
  Growth hormone (GH) 

 IVF and  ,   130   
  Growth hormone-releasing hormone  ,   118–119     

 H 
  Haeckel, E.  ,   160   
  Haecker, V.  ,   160   
  Hagerman, R.J.  ,   79   

Index



204

  Hair loss 
 primary ovarian insuffi ciency  ,   43   

  Hematopoietic stem cell  ,   161   
  Homburg, R.  ,   130   
  Hong, J.S.  ,   7   ,   11   
  Hormone replacement therapy (HRT)  ,   116   , 

  149   ,   150   ,   179   
 adolescents  ,   191  
 androgen replacement  ,   182–183  
 associations with sexual function  ,   192–193  
 bone density  ,   185–186  
 bone health  ,   181  
 caring  ,   188–189  
 communicating with partners  ,   192–193  
 health impacts and contraindications  , 

  186–187  
 life stage  ,   190–192  
 menopausal-like symptoms  ,   182  
 overall health  ,   181  
 POI and  ,   193–195  
 types of  ,   183  
 vasomotor symptoms  ,   182  
 with pregnancy  ,   192  
 women options and their clinicians  , 

  183–185   
  Hyperthyroidism  ,   104   
  Hypothyroidism  ,   23   ,   43     

 I 
  Ikhena, D.E.  ,   125–132   
  Immortal DNA strand hypothesis  ,   161   
  Infectious  ,   85–86   
  Infectious causes  ,   24   
  Infertility 

 primary ovarian insuffi ciency  ,   45   
   INHA  gene  ,   63   
  Insulin-like growth factor 1 (IGF-1)  ,   130    
  International Premature Ovarian Failure 

Association (IPOFA)  ,   39   
  In vitro fertilization (IVF)  ,   115  

 POI  ,   126   
 clomiphene citrate  ,   128–129  
 coenzyme Q10  ,   131  
 dehydroepiandrosterone  ,   130–131  
 estrogen priming  ,   129–130  
 GnRH agonist stop protocol  ,   127–128  
 GnRH antagonist protocol  ,   128  
 growth hormone  ,   130  
 microdose GnRH-a fl are protocol  ,   127   

  In vitro maturation (IVM) 
 laboratory techniques  ,   131–132   

  IVF   . See  In vitro fertilization (IVF)  
  IVM   . See  In vitro maturation (IVM)    

 J 
  Jaroudi, K.A.  ,   105   
  Joachim, C.M.  ,   179–196     

 K 
  Kenna, H.A.  ,   153   
  Klein, P.  ,   25   
  Klenov, V.  ,   51–68   
  Kondapalli, L.A.  ,   115–121   
  Kreiner, D.  ,   116     

 L 
  Latrogenic causes 

 chemotherapy  ,   26–27  
 environment and lifestyle  ,   25  
 pelvic surgery  ,   27  
 radiation  ,   25–26   

  Latronico, A.C.  ,   92   
  Layman, L.C.  ,   92   
  Leite-Silva, P.  ,   10   
  LH receptor ( LHR )  ,   64   ,   92   
  LHX8  ,   82   
  Life stage 

 hormone replacement therapy  ,   190–192   
  Lifestyle factors  ,   86–87   
  Lipids 

 and POI  ,   8   
  Lofrano-Porto, A.  ,   92   
  Lokkegaard, E.  ,   7   
  Long-term depression 

 women with  ,   146   
  Loss of fertility  ,   147   ,   148   ,   150   ,   154   
  Luoma, P.  ,   58   
  Luteal-phase estrogen 

 administration of  ,   129   
  Lymphocytic infi ltration  ,   23     

 M 
  Matthews, C.H.  ,   92   
  Maximow, A.  ,   160   
  Menopausal-like symptoms  ,   182   
  Menopause 

 defi nition  ,   1  
 symptoms of  ,   2–3   

  Menopause-like symptoms, primary ovarian 
insuffi ciency  ,   40–41   

  Menopause-specifi c quality of life 
questionnaire (MENQOL)  ,   
40–42      

  Mental fog  ,   147   ,   149  
 primary ovarian insuffi ciency  ,   42   

Index



205

  Metabolic symptoms 
 primary ovarian insuffi ciency  ,   45   

  Methoxychlor  ,   87   
  Microdose GnRH-a fl are protocol  ,   127   
  Mindfulness 

 primary ovarian insuffi ciency  ,   42   
  Mondul, A.M.  ,   7   ,   10   ,   11   
  Monosomy X (45,X) Turner syndrome  ,   76–78   
  Mood disorders  ,   145   ,   147  

 adult cancer and surgical patients  ,   155–156  
 adult-onset POI  ,   151–153  
 childhood cancers  ,   151  
 fragile X  ,   153–155  
 reproductive function  ,   145  
 teenage onset  ,   149–150  
 Turner syndrome  ,   150–151   

  Mood dysregulation  ,   145   
  Mortality 

 and POI  ,   11   
  Mueck, A.O.  ,   187   
  Multi-Ethnic Study Atherosclerosis (MESA)  ,   7   
  Mumps oophoritis  ,   24     

 N 
  NANOS  ,   82   
  National Health and Nutrition Examination 

Survey III (NHANES III)  ,   10   
  Nayak, S.  ,   159–171   
  Nelson, L.M.  ,   84   
  Neumann, E.  ,   160   
  Neurological symptoms 

 primary ovarian insuffi ciency  ,   44   
  Nicotine  ,   86   
   NOBOX   ,   82   
  Nonreproductive conditions, POI 

  Aire  gene  ,   105  
 autoimmune thyroid disease  ,   103–105  
 patient’s perspective  ,   101–103   ,   110–111  
 periodic testing  ,   110  
 polyglandular failure syndromes  ,   106   

  Non-syndromic genes, associated with POI  ,   55   
  Nurses’ Health Study (NHS)  ,   6     

 O 
  Oktay, K.  ,   81   
  Oligoasthenospermia  ,   87   
  Oocyte  ,   159   ,   160   ,   162   ,   164  

 fertilized  ,   160   
  Oocyte donation  ,   132   
  Oogonial stem cells (OSCs)  ,   166–171   
  Oral ovulation induction agents  ,   117   
  Orshan, S.A.  ,   109   

  Ovarian autoimmunity  ,   83–85   
  Ovarian leukodystrophy  ,   59   
  Ovarian reserve  ,   166   ,   171   
  Ovarian torsion  ,   87   
  Overall health  ,   181   
  Ovulation induction  ,   116     

 P 
  Pappenheim, A.  ,   160   
  Patient perspective of POI  ,   137–142   
  Pelvic surgery  ,   27   
  PEO   . See  Progressive external 

ophthalmoplegia (PEO)  
  Perrault syndrome  ,   58   ,   109   
  Petrillo, S.K.  ,   90   
  Physical strength/weakness 

 primary ovarian insuffi ciency  ,   45   
  PI3K-AKT pathway  ,   165   
  Pluripotent cell  ,   161   
  PMM2-CDG  ,   83   
   POLG  gene  ,   58   
  Polycyclic aromatic hydrocarbons (PAH)  ,   86    
  Polycystic ovary syndrome (PCOS)  ,   87   
  Polyglandular autoimmune syndrome (PGA)  ,   4   
  Polyglandular failure syndromes  ,   105   
  Polysomy X  ,   78   
  Popat, V.B.  ,   10   ,   187   
  Post-traumatic stress disorder (PTSD)  ,   147      
  Pregnancy 

 HRT with  ,   192   
  Premature ovarian failure (POF)   . See  Primary 

ovarian insuffi ciency (POI)  
  Premature ovarian failure 1 (POF1)  ,   79   
  Premature ovarian failure 2 (POF2)  ,   79   
  Primary adrenal failure 

 physical signs of  ,   106   
  Primary ovarian insuffi ciency (POI)  ,   1   ,   19   , 

  125   ,   127–131          
 adult-onset  ,   151–153  
 allergies and  ,   46  
 and bone mineral density  ,   9–10  
 and cancer  ,   10–11  
 and mortality  ,   11  
 autoimmune disease  ,   4  
 autoimmune process  ,   46  
 BRCA1/2 mutations  ,   6  
 cardiovascular disease  ,   6–7  
 cardiovascular mortality  ,   7  
 circulatory symptoms  ,   45  
 depression  ,   42–43  
 diagnosis  ,   39–40  
 energy, sleep, and mood  ,   46  
 eye dryness  ,   43–44  

Index



206

 Primary ovarian insuffi ciency (POI) (cont.) 
 Fragile X syndrome  ,   5–6  
 genetics  ,   4–5  
 glucose metabolism  ,   9  
 hair loss  ,   43  
 in vitro fertilization  ,   126   

 clomiphene citrate  ,   128–129  
 coenzyme Q10  ,   131  
 dehydroepiandrosterone  ,   130–131  
 estrogen priming  ,   129–130  
 GnRH agonist stop protocol  ,   127–128  
 GnRH antagonist protocol  ,   128  
 growth hormone  ,   130  
 microdose GnRH-a fl are protocol  ,   127  

 in vitro maturation  ,   131–132  
 infertility  ,   45  
 lipids  ,   8  
 management of symptoms  ,   40  
 menopause-like symptoms  ,   40–41  
 metabolic symptoms  ,   45  
 mindfulness and mental fog  ,   42  
 neurological symptoms  ,   44  
 pain  ,   45  
 patient perspective  ,   101–103   ,   137–142  
 physical strength/weakness  ,   45  
 prevalence of  ,   2  
 risk factors  ,   3  
 sexual health problems  ,   44  
 skin tissue impact  ,   43  
 stroke  ,   8  
 symptoms of  ,   2–3  
 thyroid disorder  ,   43–44  
 traumatic diagnosis consequence  ,   45  
 Turner syndrome  ,   5  
 urinary incontinence  ,   44  
 weight and GI symptoms  ,   41–42  
 workup for women diagnosed with  ,   108   

  Primordial follicle endowment  ,   76–78    
  Primordial follicles 

 formation  ,   163   ,   164  
 non-growing pool of  ,   165   

  Primordial germ cells (PGCs)  ,   160   ,   161   ,   163   
  Progesterone receptor membrane component 1 

(PGRMC1)  ,   65–66   
  Progestogen  ,   183   
  Progressive external ophthalmoplegia (PEO)  ,   58   
  Pseudohypoparathyroidism type 1a  ,   92   
  Psychiatric conditions, POI  ,   109–110   
  PTSD   . See  Post-traumatic stress disorder (PTSD)    

 Q 
  Quinzi, C.M.  ,   131     

 R 
  Radiation therapy  ,   25–26   ,   90–91   
  Raffi , F.  ,   88   
  Rajkovic, A.  ,   159–171   
  Randomized controlled trial (RCT)  ,   116   
  Recombinant FSH (rFSH)  ,   118   
  Regenerative medicine  ,   160–162   
  Ren, Y.  ,   159–171   
  Robins, J.C.  ,   125–132     

 S 
  Santoro, N.  ,   101–111   
  Schmidt, M.B.  ,   109   
  Schofi eld, R.  ,   161   
  Schoolcraft, W.B.  ,   127   
  Scott, R.T.  ,   127   
  Seeger, H.  ,   187   
  Selective serotonin reuptake inhibitors 

(SSRIs)  ,   149    
  Semple, A.L.  ,   37–47   
  Sexual health problems 

 primary ovarian insuffi ciency  ,   44   
  Shanghai Women’s Health Study  ,   3   
  Shastri, S.M.  ,   129   
  Signaling defects  ,   91–92   
  Skin tissue impact 

 primary ovarian insuffi ciency  ,   43   
  Smith, J.A.  ,   187   
  Smoking  ,   25   ,   86  

 and early menopause  ,   3   
  Smoking cessation  ,   120   
  Snowdon, D.A.  ,   11   
  Social anxiety  ,   151   
  SSRIs   . See  Selective serotonin reuptake 

inhibitors (SSRIs)  
  Stem cells  ,   160   

 asymmetric division of  ,   161  
 classifi cation  ,   160  
 hematopoietic  ,   161  
 history of  ,   160–162  
 linking characteristic of  ,   161  
 OSCs  ,   166–171   

  Steroidogenic acute regulatory (StAR) 
enzyme  ,   59   

  Steroidogenic enzyme defects  ,   59–60   
  Steroid producing cells (SCA)  ,   85   
  Stroke 

 and POI  ,   8   
  Study of Women Across the Nation 

(SWAN)  ,   3   
  Surgical menopause  ,   87–88   
  Syndromes, associated with POI  ,   54     

Index



207

 T 
  Takahashi, K.  ,   128   
  2,3,7,8-Teterachlorodibenzo-para-dioxin 

(TCDD)  ,   25   
  Thomson, J.A.  ,   161   
  Thyroid autoimmunity 

 prevalence of  ,   104   
  Thyroid disorder 

 primary ovarian insuffi ciency  ,   43–44   
  Thyroid hormone  ,   105   
  Thyroid stimulating immunoglobulin 

(TSI)  ,   105   
  Thyrotropin-stimulating hormone receptor 

(TSHR)  ,   104   ,   105   
  Titus, S.  ,   81   
  Tong, Z.B.  ,   84   
  Toxins  ,   86–87   
  Transforming growth factor β (TGFβ)  ,   62–63   
  Transforming growth factor-beta 

(TGF-beta)  ,   109   
  Traumatic diagnosis 

 primary ovarian insuffi ciency  ,   45   
  Trisomy X  ,   78   
  Trounson, A.O.  ,   131   
  TSHR   . See  Thyrotropin-stimulating hormone 

receptor (TSHR)  
  Turi, A.  ,   131   
  Turner syndrome (TS)  ,   20   ,   55–56   ,   108   , 

  150–151  
 monosomy X  ,   76–78  

 and POI  ,   5  
 psychological features  ,   150     

 U 
  Urinary incontinence 

 primary ovarian insuffi ciency  ,   44   

  Uterine artery embolization (UAE)  ,   27    
  Uygur, D.  ,   10     

 V 
  Vallotton, M.B.  ,   84   
  Vasomotor symptoms  ,   182   
  4-Vinylcyclohexene diepoxide (VCD)  ,   86   ,   87   
  Vitamins  ,   120    
  Vitek, S.W.  ,   131   

       W 
  Wallace, W.H.  ,   90   
  Weigert, M.  ,   129   
  Weismann, A.  ,   160   
  Weight 

 primary ovarian insuffi ciency  ,   41–42   
  Wellons, M.  ,   1–13   
  Werner’s syndrome  ,   60   
  Wierman, M.E.  ,   101–111   
  Witt, N.  ,   142   
  Wittenberger, M.D.  ,   79   ,   81   
  Wolff, E.F.  ,   75–93   
  Wu, X.  ,   11     

 X 
  X chromosome 

 long arm  ,   78–80  
 short arm  ,   80   

  X chromosome and POI  ,   66–67   ,   76     

 Z 
  Zona pellucida (ZP)  ,   23   ,   85   
  Zuckerman, S.  ,   163        

Index


	Preface
	Contents
	Contributors
	Chapter 1: Defining Menopause: What Is Early, What Is Late?
	Clinical Vignette
	 Defining Menopause and Primary Ovarian Insufficiency
	 Symptoms of Menopause and Primary Ovarian Insufficiency
	Risk Factors Associated with Early Menopause and POI

	 POI and Autoimmune Disease
	 POI and Genetics
	Turner Syndrome
	 Fragile X Syndrome
	 POI and BRCA1/2 Mutations

	 POI and Cardiovascular Disease
	 POI and Cardiovascular Mortality
	 POI and Stroke
	 POI and Lipids
	 POI and Glucose Metabolism
	 POI and Bone Mineral Density
	 POI and Cancer
	 POI and All-Cause Mortality
	 Conclusion
	 Key Points
	References

	Chapter 2: Etiologies of Primary Ovarian Insufficiency
	Clinical Vignette
	 Genetic Causes
	FMR (Fragile X Mental Retardation) Gene

	 Autoimmune Causes
	 Enzyme Deficiency
	 Infectious Causes
	 Latrogenic Causes
	Environment and Lifestyle
	 Radiation
	 Chemotherapy
	 Surgery

	 Conclusion
	References

	Chapter 3: Signs and Symptoms of Primary Ovarian Insufficiency
	Vignettes
	 Introduction
	 Diagnosis
	 Management of Symptoms
	 Menopause-Like Symptoms
	 Weight and GI Symptoms
	 Mindfulness and Mental Fog
	 Depression
	 Skin and Hair
	 Thyroid Disorder and Eye Dryness
	 Sexual and Urinary Health
	 Neurological Symptoms
	 Physical Strength/Weakness and Pain
	 Circulatory and Metabolic Symptoms
	 Allergies and Immune System
	 Infertility and the Consequence of a Traumatic Diagnosis
	 Energy, Sleep, and Mood
	 Summary
	References

	Chapter 4: The Genetics of POI
	Patient Vignette
	 Introduction
	 Syndromic Causes
	Turner Syndrome
	 Blepharophimosis-Ptosis-Epicanthus Inversus Syndrome
	 Galactosemia
	 Ataxia Telangiectasia
	 Progressive External Ophthalmoplegia
	 Perrault Syndrome
	 Autoimmune Polyendocrinopathy-Candidiasis-Ectodermal Dystrophy
	 Ovarian Leukodystrophy
	 Steroidogenic Enzyme Defects
	 Werner’s Syndrome
	 Fanconi’s Anemia

	 Non-syndromic Causes
	Fragile X (FMR1) Premutations
	 TGFβ (Transforming Growth Factor β) Superfamily
	 Gonadotropins and Their Receptors
	 FSH and FSH Receptor
	 LH and LH Receptor
	 GnRH (Gonadotropin-Releasing Hormone) and GnRH Receptor
	 Estrogen Receptor
	 Progesterone Receptor Membrane Component 1 (PGRMC1)
	 BRCA1 (Breast Cancer Susceptibility Gene 1)
	 X Chromosome and POI

	 Conclusion
	References

	Chapter 5: Mechanisms of Primary Ovarian Insufficiency
	Vignette
	 Introduction
	 Disorders of Primordial Follicle Endowment
	The X Chromosome and POI
	Monosomy X (45,X) Turner Syndrome
	 Trisomy or Polysomy X
	 X Chromosome Long Arm (Xq)
	 X Chromosome Short Arm (Xp)

	 Autosomal Mutations and POI
	Blepharophimosis–Ptosis–Epicanthus Inversus Syndrome
	 BRCA Mutations
	 Newborn Ovary Homeobox
	LHX8 and NANOS
	GDF9 Mutations
	Enzyme Deficiencies


	 Depletion/Destruction of Ovarian Follicles
	Ovarian Autoimmunity
	 Infectious
	 Toxins, Environmental, and Lifestyle Factors
	 Treatment (Iatrogenic) Associated Accelerated Follicle Loss
	Surgery
	Chemotherapy
	Radiation


	 Dysfunction of Ovarian Follicles
	Signaling Defects

	 Conclusion
	References

	Chapter 6: Nonreproductive Conditions Associated with Primary Ovarian Insufficiency (POI)
	Part I: A Patient’s Perspective
	 Part II: Thyroid Disorders Associated with POI
	 Part III: Other Nonreproductive Medical Conditions Associated with POI
	 Part IV: Summary
	 Part I (reprise)
	References

	Chapter 7: Noninvasive Approaches to Enhance Ovarian Function
	Clinical Vignette
	 Introduction
	 Ovulation Induction
	Estrogen Priming
	 GnRH Analogues
	 Oral Ovulation Induction Agents

	 Superovulation
	Gonadotropins

	 Alternative Medical Therapies
	Corticosteroids
	 Growth Hormone-Releasing Hormone
	 Dehydroepiandrosterone

	 Lifestyle Modifications
	Diet and Exercise
	 Over-the-Counter Supplementation
	 Smoking Cessation
	 Coital Frequency

	 Conclusion
	 Clinical Vignette
	References

	Chapter 8: IVF and Egg Donation: Special Considerations
	Clinical Vignette
	 Introduction
	 IVF in Primary Ovarian Insufficiency
	Microdose GnRH Agonist Flare Protocol
	 GnRH Agonist Stop Protocol
	 Antagonist Protocol
	 Clomiphene Citrate and Gonadotropin Protocol
	 Estrogen Priming
	 IVF and Growth Hormone
	 IVF and Dehydroepiandrosterone
	 IVF and Coenzyme Q10

	 Laboratory Techniques
	In Vitro Maturation

	 Oocyte Donation
	 Conclusion
	References

	Chapter 9: Living with the Uncertainty of Primary Ovarian Insufficiency (POI): A Patient Perspective
	Bibliography

	Chapter 10: Primary Ovarian Insufficiency (POI) and Mood Disorders
	Loss and Grief
	 Cases
	Teenage Onset
	Maureen

	 Turner Syndrome
	Sophie: Social Anxiety

	 Childhood Cancers
	Louise

	 Adult-Onset POI
	Eileen: Family Secrets
	 Cathy: The Unfairness of Life

	 Fragile X
	Lisa
	Ann

	 Adult Cancer and Surgical Patients
	Connie


	 Summary
	References

	Chapter 11: The Rise and Fall of Oogonial Stem Cells Within the Historical Context of Adult Stem Cells
	Clinical Vignette
	 Introduction
	 The History of Adult Human Stem Cells and Regenerative Medicine
	 Germline Stem Cells in Lower Invertebrates
	 Mammalian Folliculogenesis Is a Complex Process that Involves Maintenance of Meiotic Arrest and Exquisite Signaling Between the Germline and Soma
	 Oogonial Stem Cells: Evidence and Pitfalls
	 Conclusion
	References

	Chapter 12: Hormone Replacement Therapy in Women with POI: A Patient’s Perspective
	Introduction
	 The Recommended Approach for Treating POI
	Overall Health
	 Bone Health

	 Vasomotor and Other Menopausal-Like Symptoms
	 What About Androgen Replacement?
	 Options for Women and Their Clinicians
	 A Closer Look at Bone Density
	 Remaining Questions on Health Impacts and Contraindications
	 A Caring, Empowering Approach
	 HRT and Life Stage
	Age 50 and Over
	 Adolescence
	 With Pregnancy

	 Associations with Sexual Function and Communicating with Partners
	 More to Treating POI than HRT
	 Conclusion
	References

	Index

