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Abstract

Problem—Effects of HIV infection on ovarian function and aging are unclear.

Method of Study—Anti-Müllerian Hormone (AMH) levels were analyzed in 2621 HIV-

infected and 941 uninfected participants using left-censored longitudinal models.

Results—Age-adjusted AMH levels were 16% lower in women with undetectable viremia and 

26% lower in detectable viremia, relative to uninfected women. Current CD4 count associated 

with higher AMH in both HIV-infected and HIV-uninfected women. After controlling for current 

and nadir CD4, AMH was ~15% higher in HIV-infected relative to uninfected women, regardless 
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of HIV viremia. Gravidity, amenorrhea, and nadir total lymphocyte counts associated with higher 

AMH; hormonal contraceptive use and past weight loss associated with lower AMH.

Conclusions—CD4+ lymphocyte counts were associated with AMH in both HIV-infected and 

uninfected women. After adjustment for CD4 counts and age, HIV infection was associated with 

higher AMH. CD4 T cells and cellular activation may influence ovarian granulosa cell function.
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Introduction

Anti-Müllerian Hormone (AMH, also known as Müllerian Inhibiting Substance, MIS) 

provides a measure of ovarian follicle mass that is stable through the ovulatory cycle, and 

proposed as a biomarker of ovarian reserve 1-6 and gonadal aging 7-10. The potential utility 

of AMH as an indicator of gonadal aging in women was recently reflected in the Stages of 

Reproductive Aging Workshop +10 that provided updated bleeding and endocrine criteria 

for staging reproductive aging, including low AMH as a supportive criterion for the late 

reproductive stage 11.

Determination of ovarian reserve and menopausal status in women with chronic illness is 

important for reproductive decision making and for researchers who seek to examine 

immunological and metabolic factors that may be influenced by gonadal function. Because 

clinical indicators of ovarian function, such as menstrual pattern, menopausal symptoms (for 

example, hot flashes, sleep disturbance) may be altered in chronic illness they are likely to 

be relatively non- specific in this setting. The ovulatory cycle phase must be considered for 

interpretation of the commonly used biomarkers of ovarian reserve, including FSH, estradiol 

and inhibin B, limiting the utility of these measures among women with amenorrhea or 

irregular cycles. Because AMH does not vary substantially during the ovulatory cycle, it can 

be used to assess ovarian reserve in women in whom commonly used measures are not well 

suited. AMH has been identified as a useful tool for the assessment of ovarian reserve after 

cancer chemotherapy in both women and girls 12-14.

We previously investigated the relationship between AMH and early follicular phase levels 

of inhibin B, FSH and estradiol in a cross-sectional study involving 263 participants (187 

HIV-infected) of the Women's Interagency HIV Study (WIHS) who reported having regular 

menstrual cycles 15. Early follicular and random AMH levels were closely correlated with 

the other ovarian function markers assessed in early follicular phase. We also reported that 

African American women had 25% lower AMH levels ( 95%CI: −43.0 to −1.9, p=0.037) 

and faster rates of decline compared with Caucasian women16 in this subset of WIHS 

participants. We now present the results of a more extensive evaluation of AMH levels that 

were measured over time in a sample of 2621 HIV-infected and 941 uninfected WIHS 

participants who were not selected based on menstrual cycle characteristics. Using this 

larger representative sample, we examined the effects on AMH of factors related to both 

reproductive health and HIV morbidity.
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Materials and Methods

Study Population

The WIHS is a longitudinal observational cohort study of HIV infection and related 

conditions in women. In brief, 3,766 women (2,791 HIV-infected and 975 HIV-uninfected) 

were enrolled in either 1994-1995 (n=2,623) or 2001-2002 (n=1,143) from 6 U.S. sites 

(Bronx/Manhattan, Brooklyn, Chicago, Los Angeles, San Francisco, and Washington, 

DC). 17 HIV-infected participants are representative of HIV-infected women in each 

community. 17 HIV-uninfected women were recruited based on exposures that put them at 

risk for HIV infection. Participants are interviewed and examined every six months. Women 

who contributed data to this report were enrolled in the first or second wave of WIHS.

Written informed consent was provided by all participants after approval of the human 

subjects protocols by internal review committees at each of the WIHS institutions. Study 

interviews included queries regarding menstrual periods, obstetrical history, gynecological 

surgery, tobacco and illicit drug use, use of exogenous steroids, use of other medications and 

medical conditions. HIV serology was performed at baseline and prospectively on women 

with negative results previously. Quantification of HIV RNA copy numbers (“viral load”) 

was performed on plasma and lymphocyte subsets (including determination of CD3+CD4+ 

and CD3+CD8+ cell counts) were measured in whole blood semiannually using laboratories 

that participate in the NIAID Division of AIDS Virology and Immunology Laboratory 

Quality Assurance Programs.

The present study was designed to investigate differences between HIV-infected and 

uninfected women and associated factors in levels of AMH. Our a priori hypothesis was that 

HIV infection would not substantially influence AMH level independent of other known 

factors. A total of 3,562 ethnically diverse women (2621 HIV-infected and 941 uninfected) 

provided serum samples for AMH measurement. Participants with history of cancer 

chemotherapy were excluded. The median number of AMH measurements for each 

participant was 2.0 (IQR 1, 4), and median follow-up between first and last AMH measure 

was 5.5 years (IQR 4.0, 7.6) for those with at least two measures.

Biomarker Analysis

Levels of AMH were determined using an ELISA kit purchased from Beckman Coulter Inc. 

(Chaska, MN). Serum samples were frozen at −80°C and not thawed prior to testing, which 

was conducted blind to HIV status. Inter-assay coefficients of variations were 8.2% at a dose 

of 2.8 ng/mL and 9.4% at a dose of 8.5 ng/mL. The lower limit of detection was 0.08 

ng/mL.

Covariates

Candidate covariates of AMH level included age, ethnicity, lifestyle factors (smoking, 

crack/cocaine use), body mass index (BMI), waist circumference, factors related to fertility 

and menopause, and lymphocyte variables. Factors related to fertility and menopause 

included parity, gravidity, hormonal contraceptive use, history of irregular menses reported 

at the visit contributing AMH data, and age at menarche. We controlled for self reported 
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amenorrhea (at the time of the WIHS visit contributing the AMH measurement), which can 

be an indicator both of the menopausal transition and of polycystic ovary syndrome (PCOS). 

HIV-related risk factors included HIV RNA level, history of weight loss (reported at the 

visit contributing AMH measurements), hepatitis C infection (defined by second-generation 

or third-generation enzyme linked immunoassay result on blood at WIHS entry), and use of 

potent combinations of antiretroviral drugs (highly active antiretroviral therapies or 

HAART) that were defined based on the current HIV treatment guidelines18, and CD4 count 

(current and nadir). Nadir cell counts were the lowest values measured at a WIHS visit and 

were identified for both HIV-infected and – uninfected women. Other lymphocyte variables 

included CD8, total lymphocyte, and WBC counts; all were modeled as both current and 

nadir.

Statistical Analysis

We compared baseline demographic and clinical characteristics of HIV-infected and -

uninfected women using Fisher's exact test for categorical variables and the Mann-Whitney 

U test for continuous variables, because several variables were found to be non-normally 

distributed.

We used multivariable linear mixed models with random intercepts and slopes to compare 

levels and rates of change in AMH between HIV-infected and -uninfected women. Because 

the assay has a lower limit of quantification, analysis of AMH is complicated by left-

censoring of level below this limit (0.09 ng/mL). We therefore used a likelihood-based 

method as implemented in Thiébaut and Jacqmin-Gadda19using SAS Proc NLMIXED.

Separate models were constructed for HIV-infected and -uninfected women, adjusting for 

candidate covariates as listed above. We used stepwise backward selection with a 

significance level of α=0.05 to remove candidate covariates. Because of the essential role of 

age in AMH biology, we flexibly modeled and adjusted for age effects using linear splines, 

allowing the effect (per year increase in age) to vary within different age ranges. We 

evaluated interactions that addressed issues of interest and/or that had a priori biological 

plausibility.

All analyses were conducted using the SAS system, version 9.2 (SAS Institute, Inc., Cary, 

NC).

Results

Characteristics of the HIV-infected and -uninfected groups

The baseline (enrollment) characteristics of WIHS participants providing data for this 

analysis are presented in Table 1. The HIV-infected women were slightly older than the 

uninfected women (median 38 vs. 37 years, p<.0001), but the racial distributions (58% 

African American) were similar in the two groups. Current smoking was less common in 

HIV-infected women than in uninfected women. HIV-infected women also had lower BMI, 

and were more likely to report a history of weight loss. The number of pregnancies and 

births were higher in HIV-infected women, while hormonal contraceptive use, history of 

irregular menses, and history of amenorrhea were less often reported by HIV-infected 
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women. Both current and nadir CD4, WBC, and total lymphocyte counts were lower in 

HIV-infected women, while CD8 counts were higher than in uninfected comparison women.

At baseline, the majority of HIV-infected women had detectable HIV RNA in plasma (using 

an assay sensitive to 80 copies of RNA per ml). Of note, 43% had RNA levels of 10,000 

copies or greater. 32% of HIV-infected participants reported taking a HAART regimen at 

the time of enrollment; the majority of these women were enrolled in the second WIHS 

enrollment wave since HAART regimens were not in use during the initial wave of WIHS 

enrollment.

AMH levels in HIV-infected and -uninfected women

Figure 1 illustrates observed AMH levels by age according to HIV infection status. HIV-

infected and -uninfected women showed a similar rate of change in AMH over time, with a 

consistent increasing rate of decline after 35 years of age. However, AMH levels were 

consistently lower at all ages among the HIV-infected women compared with -uninfected 

women. For example, the estimated geometric mean level of AMH at age 40 was 0.42 

ng/mL in HIV-infected women (95% CI 0.39 to 0.47) and 0.63 ng/mL in -uninfected women 

(95% CI 0.53 to 0.74).

HIV infection was associated with lower levels of AMH in women with both detectable and 

undetectable plasma HIV RNA (Table 2) in a model that adjusted only for age. Being HIV-

infected and having undetectable plasma HIV RNA was associated with 15.7% lower levels 

of AMH (95%CI: −25.3 to −4.8, p=0.0058) than being HIV-uninfected. Being HIV-infected 

and having detectable plasma HIV RNA was associated with 25.6% lower levels of AMH 

(95%CI: −33.5 to −16.8, p<.0001). Multivariable analysis was conducted controlling for 

age, race, current smoking, current hormonal contraceptive use, history of amenorrhea, 

history of weight loss, current CD4 count, nadir CD4 count, nadir CD8 count, and nadir T 

lymphocyte count (Table 2). In fully adjusted analysis, the association of HIV infection with 

lower AMH levels was reversed: among HIV-infected women, both those with undetectable 

HIV RNA and those with detectable HIV RNA had ~30% higher levels of AMH compared 

with uninfected women. Being HIV seropositive with undetectable HIV RNA was 

associated with 27.7% higher levels of AMH (95%CI: 10.4 to 47.9, p=0.0010), and having 

detectable HIV RNA was associated with 31.2% higher levels of AMH (95%CI: 13.5 to 

51.6, p=0.0002) compared with -uninfected women.

Additional analysis revealed that the HIV-related decrease in AMH levels appeared to be 

due primarily to the depletion of CD4 lymphocytes (Supplemental Table 1). When we 

controlled only for age, current CD4 cell count, and nadir CD4 cell count, we found that 

HIV infection was associated with 15-16% higher AMH levels, regardless of whether HIV 

viral load was detectable or not. This finding is estimating how AMH levels would differ 

between HIV-infected and uninfected women who have identical CD4 counts, as illustrated 

in Figure 2. When we removed the lymphocyte variables from the model, HIV infection 

was again associated with lower AMH levels in those with both undetectable (−19.7, 

95%CI: −28.8, −9.4) and detectable viremia (−26.5, 95%CI: −34.3, −17.9).
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We also investigated whether participants who experienced large increases in CD4 cell 

count during the course of the study (usually associated with use of antiretroviral treatment 

regimens) had a smaller age-related decline in AMH levels over the period of increase than 

women who did not have a large increase in CD4 cell count. Among the 478 HIV-infected 

participants with increases in CD4 cell count of 200 cells/μl or more, we observed an age-

adjusted increase of 21% (95%CI 9.1, 34.8, p=0.0004) in AMH levels that coincided with 

the period of the CD4 cell count increase. This increase appeared to be larger in Caucasians 

(29%, 95%CI 4.2, 60.0, p=0.020) than in African-Americans (15%, 95%CI −0.03, 32.4, 

p=0.050), but this difference was not statistically significant (p=0.38). We observed an age-

adjusted AMH decline of 13% (95% CI −24.3, −0.91, p=0.036) among 515 HIV-infected 

participants with an increase in CD4 cell count of 100-199 cells/μl but who never had an 

increase of 200 or more cells. Thus the extent of treatment related increases in CD4 cell 

counts appears have influenced AMH levels adding further support to our finding that CD4 

cell counts are a important influence on AMH production. We also investigated whether 

there was a period effect due to recruitment cohort. 68% of the participants in our analysis 

were in the original cohort (1994-95), and 32% were in the 2001-02 recruitment cohort. 

When tested in our model, the effect of being in the original cohort was associated with 

3.1% lower AMH levels, but the association was not statistically significant (95%CI: −13.4, 

8.4, p=0.58).

Interactions between race and HIV status were evident in both age-adjusted and fully 

adjusted analyses. In age-adjusted analysis, HIV infection was associated with 8.6% lower 

levels of AMH in Caucasians and 28.8% lower in African-Americans (test for HIV by race 

interaction: p=0.022). In fully adjusted analysis, HIV infection was associated with 50.8% 

higher levels of AMH (95% CI: 14.6, 98.5, p=0.0035) in Caucasians and 7.6% higher in 

African-Americans (95% CI: −12.0, 31.5, p=0.48), although the test interaction for the effect 

HIV status by race on AMH level did not reach statistical significance (p=0.15).

Factors associated with AMH in HIV-infected and -uninfected women Among HIV-infected 

women, factors independently associated with lower levels of AMH (Table 3) included 

African American race, older age, increasing waist circumference, current hormonal 

contraceptive use, and a history of weight loss (which may be related to HIV infection). 

Greater BMI, gravidity, history of amenorrhea, and higher current CD4 and higher nadir 

CD4 counts were independently associated with higher levels of AMH in HIV-infected 

women.

In sensitivity analyses that replaced current hormonal contraceptive use with any history of 

use, we found little association of any history of hormonal contraception with AMH levels 

(−5% 95%CI: −15.8, 7.2, p=0.40 in age-adjusted analysis and −8.2% 95%CI: −19.9, 5.3, 

p=0.22 in fully-adjusted analysis). We also examined the interaction of age with current 

hormonal contraceptive use on AMH levels. This analysis found that in women over 40 

years of age, current hormonal contraception was associated with even lower levels of AMH 

(−32.6%, 95%CI: −48.8, −11.2; p=0.0050).

Among HIV-uninfected women, age, Caucasian ethnicity, and greater BMI were 

independently associated with lower levels of AMH, while higher current CD4 counts were 
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independently associated with higher levels of AMH (Table 3). History of amenorrhea was 

associated with 25% higher levels of AMH, but the association did not reach statistical 

significance (p=0.053). Among HIV-uninfected women aged greater than 40, current 

hormonal use was associated with 19% lower levels of AMH, although the association did 

not reach statistical significance (95%CI: −53.0, 40.7; p=0.46).

We found little evidence of an association of current CD8 counts with levels of AMH in 

fully adjusted analysis in either HIV-infected (−1.0, 95%CI: −7.4, 5.8; p=0.76) or -

uninfected women (−5.4, 95%CI: −15.3, 5.5, p=0.32). The association of BMI with AMH 

weakened when waist circumference was removed from the model in both uninfected 

(−0.68, 95%CI: −1.64, 0.28, p=0.17) and infected (+0.89, 95%CI: 0.19, 1.60, p=0.013) 

women.

Discussion

In both HIV-infected and -uninfected WIHS participants, current CD4+ lymphocyte count 

was a strong and independent predictor of serum AMH level. This finding was unexpected, 

and appeared to explain the association of HIV infection with lower AMH levels seen in the 

comparisons that were adjusted only for age. In our analyses, the interaction between AMH 

and leukocyte counts was focused upon CD3+/CD4+ lymphocyte subset and total 

lymphocyte count nadir values in HIV-infected women. It should be noted that in both 

untreated and treated HIV infection, CD4 cell counts can range widely, and occur within the 

normal range. The normal range for CD4 cell counts is broad, roughly from 450 cells to 

1500 cells/ml and our results indicate that variation within the normal range is associated 

with AMH level; our findings are not limited to profoundly depleted CD4 cells. There was 

no substantial effect of CD3+/CD8+ lymphocyte counts on AMH levels in fully adjusted 

analyses. Among HIV infected participants who had AMH measures during an antiretroviral 

treatment-related expansion of CD4+ cell counts (i.e., increases in CD4 cell count of 200 

cells/μl or more), the age related decline in AMH level was slowed during the expansion. 

These findings indicate that CD4+ lymphocytes may have a role in the ovarian follicle, more 

specifically in the function of granulosa cells that are the exclusive source of AMH in 

females5.

The idea that leukocytes play an important role in the physiology of ovarian follicles is not 

new20, 21. A range of studies indicate that interactions between leukocytes and ovarian 

follicles and inflammatory responses are important for ovulation and the fertilization of 

oocytes22-26. A large number of studies have shown that HIV infection results in a 

significant depletion of CD4 lymphocytes in tissues, which is partially reversed by the long 

term administration of effective antiretroviral therapy. Early studies of leukocytes in the 

ovary found that CD4+ cells were major constituents of lymphocytes in the corpus luteum, 

and tend to be located surrounding the granulosa cell layer27. Luteinizing granulosa cells 

produce stromal cell-derived factor −1 (SDF-1 or CXCL12), which reduces early apoptosis 

of these cells28 and improves the quality of embryos. CD4+ lymphocytes are recruited to the 

follicle by ovarian granulosa cells. When evaluated via follicular aspirates, CD4+ and CD8+ 

lymphocytes migrate towards ovarian granulosa cells, whereas other lymphocytes do not. 

The presence of SDF-1 protects granulosa cells from early apoptosis, and this effect is 

Scherzer et al. Page 7

Am J Reprod Immunol. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



eliminated when lymphocytes are not present28. An influx of splenic leukocytes occurs after 

LH surge, indicating hormonal regulation of ovarian leukocyte populations29. In the mouse 

model, ovarian chemokine secretion results in the recruitment of a specialized CD8+ cell 

population to the ovary, an occurrence required for optimal fertility30. The inflammatory 

cells likely participate in both ovulatory follicular rupture and resolution of the corpus 

luteum21.

While this study is unique in assessing the influence of peripheral blood CD4 lymphocyte 

counts on AMH levels, there is some indication that women with iatrogenic leukopenia may 

have reduced AMH levels. AMH levels rapidly decline during cancer chemotherapy14, 

though the individual contributions of ovarian injury and lymphocyte depletion have not 

been assessed. Lawrenz and colleagues compared AMH levels in 33 premenopausal 

systemic lupus erythematosis (SLE) patients with 33 age-matched controls, and found that 

AMH levels were lower in the SLE patients31. Because several of the commonly used 

therapies for SLE cause leukopenia, it is possible that the difference in AMH levels found in 

this study may be explained by the effects of lymphopenia rather than other effects of SLE. 

Indeed, Lawrenz observes that the drugs used to treat SLE are not known to reduce the 

number of ovarian follicles. Several studies have reported the rapid decline in AMH levels 

after initiation of cancer treatment in girls, with recovery among girls who received ovary-

sparing treatments; the specific effect of leukocyte depletion was not examined in these 

studies32, 33}.

Our results indicate that the mechanism underlying the association of HIV infection with 

lower AMH levels is CD4 lymphocyte depletion: HIV causes CD4 cell depletion, which in 

turn causes reduced AMH levels. Unexpectedly, we found that once AMH levels were 

adjusted for CD4 cell count, HIV infection was associated with higher AMH levels, with 

suggestive evidence that this reversed relationship may be stronger in Caucasian women. 

The estimated effect of HIV when controlled for CD4 count is estimating how AMH levels 

would differ between HIV-infected and uninfected women who have identical CD4 counts. 

This association with HIV infection held regardless of the presence of viremia. HIV 

infection is closely associated with lymphocyte activation and increased production of 

inflammatory mediators34-36, which may be involved in ovarian signaling and granulosa cell 

function. Race differences in patterns of immune activation are well recognized, and could 

explain the possible race-based differences we observed in the relationship between HIV 

infection and increased AMH level. Race differences in immune response likely involve 

multiple mechanisms, but result in substantial differences in responses to anti-inflammatory 

treatment37, allograft outcomes in solid organ transplant38, the occurrence of autoimmune 

diseases39 and lymphoma.40

We considered the possibility that CD4 cell counts could have been influenced by both HIV 

(certainly true) and AMH, a so-called “collider stratification bias”. 41 We are not aware of 

any evidence or biological reasoning that supports a causal effect of AMH level on CD4 cell 

counts; this possibility appears to be less likely than the mechanisms noted above. Another 

scenario is that of unknown confounders that influence both CD4 count and AMH. Our 

inability to control for these could influence our estimated effect of CD4 on AMH and 

thereby distort the estimated effect of HIV on AMH when controlled for CD4. We are not 
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aware of any likely candidates for such confounders, but this cannot be ruled out. Based on 

the above considerations, we believe that there is reasonable evidence that most or all of 

HIV's total association with lower AMH is due to its influence on CD4 cell counts and CD4 

cells’ influence on AMH production, while a possible positive influence of HIV on AMH 

via other mechanisms is more speculative. AMH has been considered as a means to 

determine ovarian reserve in the setting of cancer chemotherapy and other treatments that 

may influence fertility.32, 33, 42, 43 Our findings indicate that leukocyte counts may need to 

be considered in the interpretation of AMH levels. For women who experience transient 

leukopenia, such as recipients of cyto-reductive chemotherapies, AMH levels should either 

be adjusted for CD4 cell counts or measured after leukocyte recovery.

Age was independently associated with lower AMH levels among both the HIV-infected 

and HIV -uninfected women in our study, a finding that is consistent with its relationship to 

age related ovarian follicle depletion demonstrated in many previous studies. The issue of 

whether exogenous hormones influence serum AMH levels has been debated in the 

literature, with some studies finding an effect and others not44-46. In our study, current use 

of hormonal contraceptives was independently associated with lower serum AMH levels 

among the larger group of HIV-infected women, while ever-use showed a much weaker 

association. This difference may provide a clue to the nature of the interaction between 

exogenous sex steroid and AMH, because hormonal contraceptives are used to treat some 

perimenopausal symptoms47, 48 such as menorrhagia49. The current users in our study were 

older, and perhaps more likely to be taking hormonal contraceptives to control 

perimenopausal symptoms than they might have been during use earlier in life.

We found that, when adjusted for age and other relevant factors, race altered the relationship 

between HIV infection and AMH. When other key variables were adjusted for, AMH levels 

were 50% higher among HIV-infected Caucasian women compared to HIV-uninfected 

Caucasian women, while HIV-infected African American women had a much more modest 

increase in AMH levels, relative to -uninfected women. Studies of AMH and reproductive 

aging tend to focus on Caucasian women, or do not report the race of participants. Our study 

benefitted from ethnically diverse enrollment, and thus could address how race influenced 

AMH levels. We previously reported the findings of a smaller WIHS study that found AMH 

levels were 25.2% lower in African American (p=0.037) and 24.6% lower in Hispanic 

women (p=0.063) than Caucasian women16 in analyses that controlled for age, body mass, 

HIV status, and smoking but not CD4 lymphocyte counts or hormonal contraception. This 

present study likely provides a more comprehensive picture of the factors that determine 

AMH levels, and supports the finding that women of European ancestry with HIV infection 

have higher AMH levels than other groups of HIV-infected women.

In this study self- reported amenorrhea was associated with 20-25% higher AMH levels, a 

finding which may seem paradoxical since amenorrhea is an indicator of the menopausal 

transition. However, amenorrhea is also commonly reported by women with polycystic 

ovary syndrome (PCOS). High AMH values are characteristic, and perhaps, diagnostic of 

PCOS; AMH levels were found to range from approximately 6-15ng per ml among women 

with diagnosed with PCOS according to standard criteria versus 1-3 ng per ml among 

women without PCOS 50, 51 a cut off AMH value of 5ng/ml has also been proposed52. In 
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our study women who reported amenorrhea had a wide range in AMH values (0.09 to 28.8), 

indicating that some study participants who reported amenorrhea may have had PCOS. Thus 

women who report amenorrhea may be a mixed group including those entering the 

menopausal transition and women with PCOS.

Among the HIV-infected women, a history of weight loss, which is common in women with 

progressive HIV disease, was associated with 16% lower AMH levels. While AMH level 

should be independent of the energy imbalance factors that can influence gonadotropins 

such as FSH, weight loss in HIV is often concurrent with immunologic injury. Thus, the 

association of AMH decline and weight loss in this study may reflect altered but 

unmeasured CD4 cell functions or other factors. The association of BMI with AMH 

weakened when waist circumference was removed from the model in both uninfected and 

infected women. This suggests that BMI may represent overall adiposity beyond what is 

reflected by increased waist circumference, and when controlled for waist circumference it 

represents peripheral (noncentral) adiposity. BMI may be a marker of health in HIV-infected 

women, because depleted fat stores (lipoatrophy) would be associated with lower AMH due 

in part to lower CD4 cell counts. Additionally, increased waist circumference may be and 

indicator of polycystic ovary traits, a condition that is associated with increased AMH 

levels.

Our findings have important limitations. Our sample was primarily midlife, only 8% were 

under age 30 years. Thus our findings do not address younger women, whose ovarian 

function is likely to be more consistently robust. As in all observational cohort studies, there 

may be important unknown confounders for which we did not adjust or incompletely 

captured in our multivariable analysis. Some of the data, such as menstrual and medication 

histories, are self-reported, and thus subject to recall error. Additionally, we were unable to 

fully explain our unexpected finding that HIV-infected women had higher AMH levels than 

uninfected women after controlling for CD4 cell counts. However, a major strength of this 

study is that it utilizes an ethnically diverse sample that was not selected on the basis of 

infertility, menstrual pattern or known fertility. Another strength of the study is the 

availability of extensive data on risk factors and lymphocyte counts that enabled adjustment 

for potential confounders, which was our major aim. Furthermore, we measured AMH at 

multiple visits over time in our participants, which enabled us to compare age-related 

changes in HIV-infected and -uninfected women. Finally, AMH is more stable over the 

ovulatory cycle than other biomarkers of ovarian reserve and can be measured accurately 

even in women with irregular cycles or amenorrhea induced by chronic illness, which 

improves its utility as a biomarker of ovarian reserve and gonadal aging. The WIHS group 

recently reported a positive correlation between levels of Vitamin D and AMH among 

women in a subset of 141 women aged≥40 53, a finding that could shed light on the race 

differences we report in the interactions between AMH, HIV and CD4 cell count. Given the 

high prevalence of vitamin D deficiency in HIV-infected persons, future studies should 

investigate whether this deficiency may mediate the association of CD4 cell count with 

AMH levels.

In conclusion, we found that circulating numbers of CD4 cells strongly influenced serum 

AMH levels in both HIV-infected and -uninfected women, indicating that T helper cells may 
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have an important role in ovarian granulosa cell function and follicle physiology. CD4 cell 

depletion appeared to explain the lower levels of AMH in HIV-infected versus -uninfected 

women. When adjusted for age and CD4 cell count, AMH levels were actually higher in 

HIV-infected women, particularly Caucasian women. The findings of this study suggest that 

immune factors such as lymphocyte subgroups, immune activation and host immune 

genetics impact ovarian follicle functions, and could lead to new directions of research. 

Serum AMH measurement could be a useful biomarker in chronically ill women, whose 

menstrual pattern may be unreliable. Interpretation of AMH levels and ovarian reserve may 

require measurement of CD4 cell counts in women whose illness or treatment results in 

perturbation of lymphocyte populations.
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Figure 1. Unadjusted association of age with AMH levels by HIV status
Solid lines denotes level of AMH from unadjusted linear piecewise model including left-

censoring, with random intercept and slope to handle repeated AMH measures within a 

subject (red=HIV+, blue=Control). Plotted points include multiple values for individual 

subjects at different timepoints. The test for age by HIV interaction did not reach statistical 

significance (p=0.14).
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Figure 2. Estimated AMH levels at age 40 by HIV status and CD4 count
Solid lines denote estimated level of AMH from linear piecewise model including left-

censoring, with random intercept and slope to handle repeated AMH measures within a 

subject. CD4 ranges shown extend from 5th to 95th percentile for HIV-infected and 

uninfected participants separately. Dotted lines indicate 95% confidence bands. Model 

controls for age, HIV status, and CD4 count.
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Table 1

Baseline characteristics of WIHS participants by HIV Status

Parameter HIV-infected (n=2621
*
) HIV-uninfected (n=941) P-value

Baseline Age (median, range) 38 (19-80) 37 (18-73) <.0001

    Age<30 200 (8%) 194 (21%)

    Age 30-40 1534 (59%) 500 (53%)

    Age 40-50 751 (29%) 217 (23%)

    Age>50 136 (5%) 30 (3%)

Race

    African American 1513 (58%) 539 (57%) 0.97

    Caucasian 604 (23%) 220 (23%)

    Other 498 (19%) 180 (19%)

Cigarette smoking

    Current 1273 (49%) 514 (55%) 0.0049

    Past 548 (21%) 182 (19%)

    Never 800 (31%) 245 (26%)

BMI (kg/m2) 26 (23-31) 28 (24-34) <.0001

Waist Circumference (cm) 89 (80-101) 91 (80-104) 0.063

Parity

    0-1 1010 (39%) 426 (45%) 0.0016

    2 570 (22%) 185 (20%)

    3+ 1037 (40%) 329 (35%)

Gravidity

    0-1 297 (11%) 174 (19%) <.0001

    2-4 822 (31%) 276 (29%)

    5+ 1497 (57%) 489 (52%)

Hormonal Contraceptive Use (current) 176 (7%) 85 (9%) 0.024

Hormonal Contraceptive Use (Ever) 532 (20%) 285 (30%) <.0001

Hx of Irregular Menses 1555 (59%) 643 (68%) <.0001

Hx of Amenorrhea 1752 (67%) 743 (79%) <.0001

Age at Menarche 12 (11-14) 12 (11-13) 0.011

Crack/cocaine use 394 (15%) 177 (19%) 0.0071

Hepatitis C 748 (29%) 156 (17%) <.0001

Hx of Weight Loss 973 (37%) 169 (18%) <.0001

Current CD4 (/ml) 359 (191-564) 1008 (803-1270) <.0001

Nadir CD4 (/ml) 273 (128-423) 850 (651-1069) <.0001

Current CD8 (/ml) 755 (519-1066) 516 (387-664) <.0001

Nadir CD8 (/ml) 589 (394-859) 435 (323-576) <.0001

Current Total WBC (×103/ml) 4.4 (3.4-5.6) 6.4 (5.1-7.9) <.0001

Nadir Total WBC (×103/ml) 3.7 (2.8-4.6) 5.5 (4.5-6.8) <.0001

Current Total Lymphocyte/ml 152 (108-201) 205 (167-255) <.0001

Nadir Total Lymphocyte/ml 122 (85-165) 178 (140-220) <.0001
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Parameter HIV-infected (n=2621
*
) HIV-uninfected (n=941) P-value

Plasma HIV RNA (copies/ml)

    ≤80 619 (24%)

    81-1999 432 (17%)

    2000-9999 421 (16%)

    >10000 1126 (43%)

Current HAART use 829 (32%)

Data are presented as Median (IQR) or numbers (percent).

Abbreviations: IQR, interquartile range; Hx, history; WBC, white blood cell

*
HIV+ sample size is slightly larger in the longitudinal analyses below due to seroconversion
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Table 2

Association of HIV infection and HIVRNA levels with AMH levels

Model HIV-infected Uninfected Controls (N = 941)

Undetectable HIVRNA (N = 698
*
) Detectable HIVRNA (N =1946)

Unadjusted AMH level
** 0.56 (0.48, 0.65) 0.37 (0.33, 0.42) 0.63 (0.53, 0.74)

% Estimate (95%CI)
‡

% Estimate (95%CI)
‡

Adjusted for age −15.7 (−25.3, −4.8), p=0.0058 −25.6 (−33.5, −16.8), p<.0001 Reference

Multivariable-adjusted
§ 27.7 (10.4, 47.9), p=0.0010 31.2 (13.5, 51.6), p=0.0002 Reference

*
sample size given at baseline. The numbers within each group may change during follow-up as a result of increases or decreases in HIVRNA 

levels, as well as seroconversion among participants who were uninfected at baseline.

**
estimated geometric mean AMH level (ng/mL) at age 40, with 95%CI.

‡
AMH is log-transformed; results are back-transformed to produce estimated percentage differences in AMH attributable to each factor. Estimates 

are from mixed models for left-censored repeated measures.

§
Adjusted for age, race, current smoking, current hormonal contraceptive use, history of amenorrhea, history of weight loss, current CD4 count, 

nadir CD4 count, nadir CD8 count, and nadir T lymphocyte count.

Am J Reprod Immunol. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Scherzer et al. Page 20

Table 3

Multivariable-adjusted associations with level of AMH in HIV-infected and uninfected WIHS participants

Predictor HIV-infected
*

HIV-uninfected
**

% Estimate (95%CI) P-value % Estimate (95%CI) P-value

Age effect per year

within ages <30 −10.5 (−17.0, −3.5) 0.0041 −5.4 (−10.3, −0.18) 0.043

within ages 30-35 −7.9 (−11.8, −3.7) 0.0003 −8.5 (−13.4, −3.2) 0.0018

within ages 35-40 −15.9 (−18.4, −13.3) <.0001 −14.6 (−18.9, −10.1) <.0001

within ages 40-45 −32.3 (−34.2, −30.3) <.0001 −30.2 (−33.4, −26.8) <.0001

within ages 45-50 −51.2 (−53.5, −48.6) <.0001 −47.7 (−51.6, −43.5) <.0001

within ages >50 −25.4 (−32.0, −18.0) <.0001 −32.3 (−39.8, −23.9) <.0001

African American vs. Caucasian −16.5 (−28.8, −1.97) 0.028 29.9 (5.2, 60.4) 0.015

Other vs. Caucasian −13.9 (−29.9, 5.7) 0.15 37.0 (3.1, 81.9) 0.030

BMI (kg/m2) 1.75 (0.60, 2.9) 0.0027 −1.63 (−3.2, −0.016) 0.048

Waist Circ (per 10 cm) −5.1 (−9.9, −0.023) 0.049 3.6 (−3.8, 11.7) 0.35

Gravidity 2.6 (1.20, 4.0) 0.0003 −1.71 (−3.5, 0.16) 0.073

Current hormonal contraceptive use −19.8 (−30.5, −7.5) 0.0025 −5.0 (−22.9, 17.1) 0.63

Hx of amenorrhea 20.2 (6.7, 35.5) 0.0025 25.0 (−0.32, 56.6) 0.053

History of weight loss −16.1 (−24.4, −6.8) 0.0011 −15.0 (−30.2, 3.5) 0.11

Current CD4 (per doubling) 16.7 (12.4, 21.2) <.0001 19.4 (4.2, 36.8) 0.011

Nadir T Lymph (per doubling) 12.5 (3.2, 22.5) 0.0074 9.1 (−8.8, 30.6) 0.34

AMH is log-transformed; results are back-transformed to produce estimated percentage differences in AMH attributable to each factor.

Estimates from mixed models for longitudinal left-censored repeated measures.

*
2624 participants and 7430 observations.

**
941 participants and 2415 observations.
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