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Reserve: A Role for Psychological Factors in Ovarian Aging?
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4Department of Obstetrics, Gynecology, and Reproductive Sciences, University of California San
Francisco, San Francisco, CA 94143, USA

Abstract
Objective—To examine psychological factors in relation to antral follicle count (AFC), a marker
of ovarian reserve, in a multiethnic sample of 683 pre-menopausal women in the Ovarian Aging
(OVA) Study.

Methods—In cross-sectional analyses, linear regression was performed to determine whether
AFC decline across women varied over levels of depression as well as depression in combination
with psychological stress. The total and subscale scores of the Center for Epidemiological Studies
Depression Scale (CESD) were used to measure depression and the Perceived Stress Scale was
used to measure psychological stress.

Results—Following covariate-adjustment, the 2-way interaction of age-x-positive affect and the
3-way interaction of age-x-positive affect-x-stress were related to AFC (b = 0.047, p = .036; b =
0.012, p = .099, respectively). In stratified analyses, stress was related to AFC in women with low
positive affect (b = −.070, p = .021) but not in women with high positive affect (b = .018, p = .54).
AFC decline across women was progressively higher in women with low positive affect who
reported low (−0.747 follicles/year), mid (−0.920 follicles/year), and high (−1.112 follicles/year)
levels of stress. Results examining the CESD total and remaining subscale scores were all non-
significant (p’s > .05).

Conclusions—Cross-sectional evidence suggests that 1) women with low positive affect may
experience accelerated AFC decline and 2) low positive affect may be a vulnerability factor, or,
alternatively, high positive affect may be a protective factor, in moderating the negative effects of
psychological stress on AFC decline.

Keywords
depression; psychological stress; reproductive aging; ovarian aging; ovarian reserve; antral follicle
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Recent models of depression have proposed that major depressive disorder (MDD) may
accelerate biological aging,1–2 citing associations between depression and markers of
cellular aging.3–6 Whether depression may be linked to aspects of reproductive biology
underlying ovarian aging in particular, however, is not known. At present, epidemiological
support for a connection between depression and ovarian aging stems primarily from The
Harvard Study of Moods and Cycles in which women with a history of MDD compared to
women with no current or prior history of MDD experienced a 20% increased rate of entry
into peri-menopause, independently of confounding factors (e.g., cigarette smoking).7 In
addition, women with more severe depressive symptomatology (assessed by a score of 8+
on the Hamilton Rating Scale for Depression) and women with more severe depressive
symptomatology who were also taking anti-depressant medications had 2 and 3 times,
respectively, the risk of entering peri-menopause earlier than their never-depressed
counterparts.

An abundant literature shows depression and psychological stress are strongly interrelated.
In vulnerable individuals, psychosocial stressors can trigger the onset of depression and once
depression has developed, influence its severity, course, and probability of recurrence.8–13

Moreover, being depressed may itself increase one’s sensitivity to stress making the ill
effects of subsequent (even minor) stressors more potent.14–15 It has been hypothesized that
the connection between stress and depression may partially explain the 2-fold increased risk
of depression in women compared to men.16 Women are disproportionately exposed to
stress and/or respond to stress more intensely17–18; women report higher levels of perceived
stress19; and women are more likely to have experienced significant life stress prior to the
onset of depression.20 The commonness of experiencing psychological stress highlights the
importance of understanding its putative role in promoting and exacerbating depression
outcomes as well as depression-related sequelae such as potential biological alterations
underlying mechanisms of somatic aging.

To date, most investigations of depression and ovarian function have examined reproductive
hormones as indicators of ovarian age (e.g.,21–23). Because such markers (e.g., follicular-
phase levels of FSH) are widely variable in aging and do not appreciably change until a
woman has already experienced a significant loss in ovarian function,24–25 their use remains
limited. Alternatively, advances in transvaginal ultrasonography (TVUS) in infertile women
have recently been applied in healthy women to evaluate antral follicle count (AFC), an
indirect measure of the number of primordial follicles remaining in the ovary.26–28 Validity
for the use of AFC as a marker of ovarian reserve is supported by studies showing AFC to
covary with chronological age, correlate with ovarian response in treatments using Assisted
Reproductive Technologies (ARTs), and, in statistical models, predict menopause
onset.2729–37 In contrast to hormonal indicators, AFC is stable across consecutive menstrual
cycles and across follicular and luteal phases of the menstrual cycle.3338–39 Taken together,
evidence supports the value of utilizing AFC as a tool in studying ovarian follicle loss and
the factors that may influence this process.

The goals of the current study were to examine depression as well as depression in
combination with psychological stress in relation to ovarian aging in a multi-ethnic cross-
sectional sample of 683 pre-menopausal women. In accordance with the present literature,
we sought to determine whether 1) AFC decline across women would be greater among
women reporting higher levels of depression; and 2) whether there would be an exacerbating
effect of stress whereby AFC decline across women would be greater among women
reporting higher levels depression and higher levels psychological stress. These hypotheses
were tested via 2-(age-x-depression) and 3-way (age-x-depression-x-stress) interactions in
relation to AFC. On an a priori basis, depression levels were evaluated by the total score of
the Center for Epidemiological Studies Depression Scale (CESD) as well as its subscale
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scores which represent particular types of depressive symptoms (e.g., depressed affect);
psychological stress was measured by the Perceived Stress Scale. All analyses included
statistical adjustment for possible confounding factors (i.e., race/ethnicity, SES, menarcheal
age, use of hormone-containing medication for birth control, parity, cigarette smoking, and
BMI). For conceptual clarity, throughout the current report we use the term decline to
describe AFC differences across women to reflect the age-related phenomenon that the
number of ovarian antral follicles decreases with advancing chronological age; however, we
emphasize that the current study is cross-sectional and these differences are reported across
and not within individuals.

Methods
Participants

The current sample was comprised of participants in the Ovarian Aging (OVA) Study, an
investigation of the correlates of reproductive aging, including women belonging to Kaiser
Permanente (KP) of Northern California, a large, integrated health care delivery system that
provides medical care to approximately one third of the population of Northern California.
The KP membership compared to the population of Northern California is generally
representative in its socio-demographic and health-related characteristics, especially when
the comparison is limited to those with health insurance.40 Women were included in the
OVA Study if they were between 25–45 years of age, had regular menses, had their uterus
and both ovaries intact, self-identified as white, African-American, Latina, Chinese, or
Filipina, and were able to speak/read English, Spanish, or Cantonese. Exclusions included
the self-report of major medical illnesses, use of medications affecting the menstrual cycle
in the 3 months prior to study enrollment, and current pregnancy or breastfeeding.

The OVA Study protocol required women to participate in an in-person interview and
anthropometric assessment at the first study visit and a transvaginal ultrasound (TVUS) at
the second study visit. In addition, a questionnaire packet of self-report measures was added
to the OVA Study protocol 7 months following the initiation of the study. Participants were
provided the questionnaire packet at the first study visit and asked to return it by regular
mail. The average interval between questionnaire administration and completion was 2.6
(4.9) weeks with 68% of women completing the questionnaires within 2 weeks and the
average interval between the completion of the questionnaires and the TVUS was 5.9 (6.7)
weeks. The participants included in the current analysis were those women who had
complete TVUS and questionnaire data. Of the 1019 women who completed the OVA
Study, 879 women participated in the study in the timeframe in which the questionnaire
packet was added to the study protocol. Of these women, 683 (77.7%) women had complete
TVUS and questionnaire data. Missing data were because 39 women had missing TVUS
data and 157 women did not return the questionnaire packet. Missing TVUS data were due
to (1) the presence of ovarian cyst >30 mm on either ovary invalidating AFC measurement
(n = 24), (2) the presence of other masses (e.g., fibroid) obstructing view of either ovary (n =
9), (3) obesity or anatomical anomalies preventing visualization of either ovary (n = 4), and
(4) the loss of ultrasound images due to technical error (n = 2). The study protocol was
approved by the University of California San Francisco Committee on Human Research as
well as the Kaiser Permanente of Northern California Institutional Review Board. Informed,
written consent was obtained from all study participants.

Measures
Ovarian Aging—In accordance with a standardized protocol,41 ovaries were imaged using
trans-vaginal ultrasonography (TVUS) performed by one of two reproductive
endocrinologists (M.I.C., M.P.R.) between menstrual cycle days 2–4. A Shimadzu
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SDU-450XL machine with a variable 4- to 8-mHz vaginal transducer was used to measure
the transverse, longitudinal, and anteroposterior diameters of each ovary. Follicles (defined
as all echo-free structures in the ovaries) with a mean diameter across two dimensions of 2–
10 mm were counted by the reproductive endocrinologist. Each measurement was taken
twice and averaged. The total number of follicles was then summed across the right and left
ovary to determine AFC. In a sub-sample of 50 OVA Study participants, review of TVUS
exams showed inter-rater reliability between the two reproductive endocrinologists was
excellent (r = .92) as was test-re-retest reliability for each reproductive endocrinologist
measured over two consecutive months (average r = .91).

Depressive Symptoms—Depressive symptoms were measured using the Center for
Epidemiological Studies Depression Scale (CESD).42–43 The CESD is a 20-item, self-report
questionnaire assessing depressive symptoms over the past week. Each item is scored on a
0–3 point scale. Response choices indicate the frequency with which each symptom (or
item) is experienced, ranging from “rarely or none of the time (< 1 day)” scored 0 to “most
or all of the time (5–7 days)” scored 3. Following the reversal of scores on 4 questions
measuring positive affect, items are summed to produce a total score (ranging from 0 to 60)
with higher values reflecting more depressive symptoms. In addition, 4 subscale scores are
derived including (1) depressed affect, (2) positive affect, (3) somatic and retarded activity,
and (4) interpersonal difficulties with higher values reflecting more depressed affect, more
positive affect (utilizing non-reversed items), more somatic symptoms, and more
interpersonal problems, respectively. Confirmatory factor analyses support use of the sub-
scales, showing a second-order factor solution with first order factors representing the
individual CESD subscales and a second order depressive symptoms factor.44 Internal
reliability for the CESD is high in psychiatric (α = .90) and non-psychiatric samples (α = .
85).45–46 Validity of the CESD is supported by its ability to distinguish patient from non-
patient samples, to correlate with clinician ratings of depression, to fluctuate in accordance
with treatment for depression, and to correlate with other measures of depression.4346–50

The individual CESD items included in each subscale score are listed in the following. The
depressed affect subscale included items: 1) I felt that I could not shake off the blues even
with help from my family or friends; 2) I felt depressed; 3) I thought my life had been a
failure; 4) I felt tearful; 5) I felt lonely; 6) I had crying spells; and 7) I felt sad. The positive
affect subscale included items: 1) I felt that I was just as good as other people; 2) I felt
hopeful about the future; 3) I was happy; and 4) I enjoyed life. The somatic and retarded
activity subscale included items: 1) I was bothered by things that usually don’t bother me; 2)
I did not feel like eating; my appetite was poor; 3) I had trouble keeping my mind on what I
was doing; 4) I felt that everything that I did was an effort; 5) My sleep was restless; 6) I
talked less than usual; and 7) I could not “get going”. The interpersonal difficulties subscale
included items: 1) People were unfriendly; and 2) I felt that people disliked me.

In the present sample, internal reliability was high for the CESD total score (α = .88) as well
as the depressed affect (α = .86) and positive affect (α = .76) subscales but was lower for
the somatic and retarded activity (α = .66), and interpersonal difficulties (α = .55) subscales.
Results of factor analysis with oblique rotation replicated the original CESD 4-factor
solution. Factor loadings were as follows: depressed affect (.401 – .795); positive affect (.
514 – .797); somatic and retarded activity (.338 – .697); and interpersonal difficulties (0.623
– 0.572). Pearson correlation coefficients among the subscales (range −.296 – .678) were all
statistically significant at p <.001.

Psychological Stress—Psychological stress was evaluated using the 4-item Perceived
Stress Scale (PSS), a self-report questionnaire assessing the extent to which individuals
appraise their lives as being stressful over the past month.1951 Two positively-worded items
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(reversed scored) and two negatively-worded items are scored on a 5-point scale (0=never,
1=almost never, 2=sometimes, 3=fairly often, 4=very often) and summed to produce a total
score (ranging from 0–16). Higher scores indicate greater perceived stress. The PSS has
been used widely and its internal reliability and construct validity are well-
established.1951–52 In the present sample, internal reliability was high for the PSS (α = .75).

Statistical Analyses
Using linear regression, 2-way interactions of age by depression in relation to AFC were
assessed to determine whether AFC decline across women varied over levels of depression.
Covariates, main effects (age, depression), and the 2-way interaction term (age-x-
depression) were entered as explanatory variables in predicting AFC. In accordance with
recommendations by Aiken and West,53 mean-centering was used for variables included in
the interaction terms. Separate analyses (represented by Models 1–5 of Table 2) were
performed to examine depression as measured by the CESD total score as well as each of
four CESD subscale scores: CESD depressed affect subscale, CESD positive affect subscale,
CESD somatic and retarded activity subscale, and CESD interpersonal subscale. Covariates
included race, individual-level socioeconomic status (SES), menarcheal age (in years), use
of hormone-containing medication for birth control (0=no history of use; 1=positive history
of use), parity (0=no live births; 1=1+ live births), cigarette smoking (0=never smoked;
1=current/past smoking), and body mass index (BMI) (weight in kg/height in m2). Race/
ethnicity was represented by four dummy variables with white as the reference group.
Individual-level SES was computed by adding standardized education and household
income variables. Education was coded 1=<HS/some HS; 2=HS grad/GED; 3=some
college/AA/vocational school; 4=college graduate; 5=graduate school (PhD, MS);
6=professional degree (MD, JD, DDS, MBA). Household income was coded 1=<$5,000; 2=
$5,000–$15,999; 3=$16,000–$24,999; 4=$25,000–$34,999; 5=$35,000–$49,999; 6=
$50,000–$74,999; 7=$75,000–$99,999; 8=$100,000–$149,999; 9=$150,000–$199,999; 10=
$200,000+ and divided by the number of individuals in the household who were dependent
on the reported income. For two individuals who reported not knowing their household
income, only education contributed to the individual-level SES composite. The BMI
distribution was normalized using a logarithmic transformation.

Also using linear regression, 3-way interactions of age by depression by psychological stress
in relation to AFC were assessed to determine whether AFC decline across women varied
over levels of depression and psychological stress. Covariates, main effects (age, depression,
stress), 2-way interaction terms (age-x-depression, age-x-stress, depression-x-stress), and the
3-way interaction term (age-x-depression-x-stress) were entered as explanatory variables in
predicting AFC. Again, separate analyses (represented by Models 1–5 of Table 3) were
performed to examine depression as measured by the CESD total score as well as each of
four CESD subscale scores. The covariates were the same as those listed above.

Results
Sample Characteristics

Information related to the sociodemographic, reproductive, general health, and
psychological characteristics of the current sample (N = 683) as well as women excluded
due to not having returned the questionnaire packet (n = 157) are reported in Table 1.
Women were ethnically diverse (24.3% white, 22.5% African-American, 20.9% Latina,
27.5% Chinese, 4.7% Filipina) and ranged in age from 25 to 45, M = 35.1 [5.6]). Sixty
percent had a college degree or greater and 57.0% reported an annual household income of
$50,000 or greater. The majority of women (67.3%) had a history of hormone-containing
medication use for birth control and 41.9% had one or more live births. A minority of
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women reported current (6.6%) and past (14.5%) cigarette smoking while the sample on
average was overweight (BMI: M = 26.53 [6.6]). Compared to the 683 participants, the 157
women who did not complete the questionnaires differed on race/ethnicity (χ2 = 64.02, p < .
001), had lower levels of education (t = 5.44, p < .001) and income (t = 4.64, p < .001), and
had higher BMIs (t = 4.60, p < .001).

Linear Regression: Is AFC decline across women greater among women with higher levels
of depression?

Results of linear regression analyses performed to determine whether AFC decline across
women varied over levels of depression are reported in Table 2. In Model 3 in which the
CESD positive affect subscale was examined, explanatory variables accounted for 27.3% of
the variance in AFC following backward elimination of independent variables with p-values
>.20. Among the covariates, having a history of using hormone-containing medication for
birth control was related significantly to lower AFC (b = − 1.631, p = .02). The main effect
of age on AFC was statistically significant with greater chronological age related to lower
AFC (b = − 0.876, p < .001); in this model, the effect of age on AFC was estimated at the
sample mean of positive affect. In addition, the 2-way interaction term (age-x-positive
affect) was related to AFC significantly (b = 0.047, p = .036), demonstrating that the relation
between age and AFC varied over levels of positive affect. Results from the remaining
Models 1, 2, 4, and 5 examining the CESD total score and the CESD depressed affect,
somatic, and interpersonal subscale scores, respectively, showed the 2-way interaction terms
were all non-significant (p’s > .05).

To illustrate the significant age-x-positive affect interaction term, the distribution of the
positive affect subscale was divided at the median and separate regression equations were
performed examining the relation between age and AFC in the women with low positive
affect (n = 335) and in the women with high positive affect (n = 348). The slopes
(unstandardized coefficients), plotted in Figure 1, showed AFC decline across women was
higher (− 0.990 follicles/year) in the women with low positive affect than in the women with
high positive affect (− 0.773 follicles/year). That is, AFC decline was 28% faster in the
women reporting low versus high positive affect. The x-intercepts reflecting the ages at
which AFC is projected to reach zero (or the estimated ages at menopause) were 50.7 for
women with low positive affect and 54.3 for women with high positive affect.

Linear Regression: Is AFC decline across women greater among women with higher levels
of depression and higher levels of psychological stress?

Results of linear regression analyses performed to determine whether AFC decline across
women varied over levels of depression and psychological stress are reported in Table 3. In
Model 3 in which the CESD positive affect subscale was examined, explanatory variables
accounted for 28.0% of the variance in AFC following backward elimination of independent
variables with p-values >.20. Among the covariates, having a history of using hormone-
containing medication for birth control was related significantly to lower AFC (b = − 1.624,
p = .02). The main effect of age on AFC was statistically significant with greater
chronological age related to lower AFC (b = − 0.828, p < .001); in this model, the effect of
age on AFC was estimated at the sample means of positive affect and psychological stress.
In addition, albeit a statistical trend, the 3-way interaction term (age-x-positive affect-x-
stress) was also related to AFC (b = 0.012, p = .099), demonstrating that the relation
between age and AFC varied over levels of positive affect and psychological stress. Results
from the remaining Models 1, 2, 4, and 5 examining the CESD total score and the CESD
depressed affect, somatic, and interpersonal subscale scores, respectively, showed the 3-way
interaction terms were all non-significant (p’s > .05).
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In stratified analyses, additional linear regression models were evaluated in the low (n =
335) versus high (n = 348) positive affect women (defined by dividing the distribution of
positive affect at the median) in which AFC decline across women was examined over
levels of psychological stress to determine whether women with low positive affect were
more vulnerable to the effects of stress. First, among women with low positive affect (n =
335), results from analyses in which covariates, main effects (age, stress), and the 2-way
interaction term (age-X-stress) were entered, explanatory variables accounted for 31.4% of
the variance in AFC following backward elimination of independent variables with p-values
>.20. The main effect of age on AFC was statistically significant with greater chronological
age related to lower AFC (b = − 0.898, p < .001) and the main effect of stress on AFC was
statistically significant with greater stress related to higher AFC (b = 0.340, p = .044); in this
model, the effect of age on AFC was estimated at the sample mean of stress and the effect of
stress on AFC was estimated at the sample mean of age. In addition, the 2-way age-x-stress
interaction term (b = −.070, p = .021) was related to AFC significantly, demonstrating a
moderating effect of psychological stress on AFC decline among women with low positive
affect. Next, among women with high positive affect (n = 348), results from analyses using
the same analytical strategy for variable entry showed the explanatory variables to account
for 23.3% of the variance in AFC. Here, however, the 2-way age-x-stress interaction term
was non-significant (b = .018, p = .54), demonstrating there to be no moderating effect of
psychological stress on AFC decline among women with high positive affect.

To illustrate the significant 2-way age-x-stress interaction term among the women with low
positive affect, separate regression equations were performed to assess the relation between
age and AFC in the women with low positive affect who reported low (n = 56), mid (n =
117), and high (n = 162) levels of stress defined by dividing the distribution of stress in the
full sample into tertiles. The slopes (unstandardized coefficients), plotted in Figure 2,
showed AFC decline across women was progressively higher in the women with low
positive affect who reported low (− 0.747 follicles/year), mid (− 0.920 follicles/year), and
high (− 1.112 follicles/year) levels of stress. That is, AFC decline was 23% faster in the
women with low positive affect/mid stress versus low positive affect/low stress and 49%
faster in the women with low positive affect/high stress versus low positive affect/low stress.
The x-intercepts reflecting the ages at which AFC is projected to reach zero (or the
estimated ages at menopause) were 53.8, 51.3, and 49.7 for women with low positive affect
who reported low, mid, and high levels of stress, respectively. For comparison purposes, the
x-intercepts were 53.4, 55.3, and 54.1 for women with high positive affect who reported
low, mid and high levels of stress, respectively.

Discussion
The goals of the current study were to examine depression as well as depression in
combination with psychological stress in relation to ovarian aging as indexed by AFC, a
validated marker of ovarian reserve. In cross-sectional analyses of 683 pre-menopausal
women, results indicated that independently of covariates, AFC decline across women was
greater in women with lower positive affect as measured by the positive affect subscale of
the CESD. The average follicle decline across women was − 0.990 follicles per year in
women with low positive affect compared to − 0.773 follicles per year in women with high
positive affect. In addition, among women with low positive affect, AFC decline across
women was greater in women reporting higher levels of psychological stress. That is, the
average follicle decline across women was − 1.112 follicles per year in women with low
positive affect who reported high levels of stress compared to − 0.920 follicles per year and
− 0.747 follicles per year in women with low positive affect who reported mid and low
levels of stress, respectively. Also, there was a significant main effect of greater stress on
higher AFC estimated at the mean age of the sample. In contrast, among women with high
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positive affect, there was no effect of psychological stress on AFC decline. In summary,
cross-sectional evidence suggests that 1) women with low positive affect may experience
accelerated AFC decline and 2) low positive affect may be a vulnerability factor, or,
alternatively, high positive affect may be a protective factor, in moderating the negative
effects of psychological stress on AFC decline.

Among the CESD-derived variables, only low positive affect emerged as a potential
psychological risk factor for accelerated ovarian aging. Depressive symptomatology more
generally (as represented by the total score of the CESD) as well as other depressive
symptom types (i.e., depressed affect, somatic, interpersonal difficulties) were unrelated to
AFC decline. A prior literature suggests that low positive affect or the lack of positive
emotion is a prominent symptom in depression. In a recent review, positive affect, even
compared to DSM-IV symptoms of depression, showed the strongest correlation with
depression diagnoses compared to other types of psychopathology.54 In addition, outside the
depression literature, dimensional variability in positive affect has been shown to predict a
variety of physical health outcomes (for a review see Pressman & Cohen, 2005).55 For
example, among studies that have used the CESD positive affect subscale, low positive
affect has been related prospectively to all-cause mortality,56 incident stroke,57 reduced
survival in AIDS patients,58 and poorer physical functioning following a major health event
(e.g., myocardial infarction).59 Although these studies varied methodologically, results
generally showed positive affect but not the other CESD subscales predicted the indicated
health outcome, supporting the contribution of positive affect uniquely. Lastly, the current
findings are also consistent with models suggesting that individuals with low positive affect
may be especially vulnerable to psychological stress and concomitant physiological
alterations (e.g., autonomic nervous system activation; hypothalamic-pituitary-adrenal axis
activation) commonly implicated in explaining stress effects on health and disease.5560–61

How similar stress-related mechanisms may be operative in the context of ovarian aging,
however, is not known.

Secondarily, results also indicated that among the covariates, a history of using hormone-
containing medication for birth control was related independently to lower AFC. Findings
from previous studies examining oral contraceptive (OC) use in relation to menopausal
timing have been mixed, showing OC use related to later age at menopause62–63 or showing
no relation at all64–65. The suggestion in the current study that hormone-containing birth
control may actually have an inhibitory effect on antral follicle count was described in a
previous report also from the OVA Study66; however, no other study to our knowledge has
reported such a link. Future studies are necessary to determine whether this association is
reproducible in an independent sample as well as whether OC use is related to AFC decline
over time. Future studies are also necessary to further evaluate the significant main effect
found in the current study in which greater stress was related to higher AFC in the context of
a significant age-x-stress interaction among women with low positive affect. Interestingly,
the possibility that stress may relate to the enhancement of fertility marked by having a
higher AFC is not inconsistent with life history models which have proposed that adverse
environments may promote biological preparation for current versus longer term
reproduction to avert risks associated with a delay in reproduction.67–68

A primary weakness of the current study was the single assessment of depression,
psychological stress, and AFC, limiting analyses to the cross-sectional examination of these
psychological factors in relation to AFC decline across women. Whether depression and
psychological stress relate to intra-individual change in AFC over time remains untested.
The cross-sectional nature of the analyses also precluded characterization of the temporal
relationship between depression and psychological stress. This may be particularly
problematic in light of prior research suggesting the relationship between psychological
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stress and depression may change over time.14–15 A second primary weakness of the current
study concerned the measurement of depression and psychological stress which was limited
to assessments of current, self-reported symptoms of depression and perceptions of stress.
Greater detail regarding depression diagnoses and depression history as well as exposures to
specific psychosocial stressors, their timing, and severity is necessary to begin to more fully
characterize the role of psychological factors in ovarian aging. Finally, the current findings
should be considered preliminary due the relatively large number of analyses performed
from which only results related to positive affect were statistically significant; and due to
limitations in the generalizability of results as evidenced by significant differences on race/
ethnicity, socioeconomic status, and body size between women who completed the self-
report measures and those who did not return the questionnaire packet.

A primary strength of the current study was its novel focus on depression in relation to
ovarian aging. Although prior research has suggested MDD may accelerate biological aging,
there has been a paucity of research investigating the effects of depression on ovarian aging
in particular. In addition, the current study makes an important contribution by assessing
depression as well as psychological stress in connection with ovarian aging in order to begin
to more fully characterize how these commonly inter-related psychological dimensions may
act synergistically to impact AFC decline. Other notable strengths of the current study were
its emphasis on the pre-menopausal period; its assessment of AFC; and its recruitment of a
relatively large and diverse sample. The study’s emphasis on examining risk factors for
ovarian aging among young, pre-menopausal women is important in potentially generating
novel intervention opportunities to prolong ovarian function in women at-risk for
accelerated ovarian aging and early menopause. The study’s use of AFC as a marker of
ovarian reserve is superior to conventional methods of staging reproductive age which rely
on menstrual cycle and hormonal characteristics which do not appreciably change until
reproductive aging is more advanced.69 Lastly, the current sample was relatively large in
size, well-characterized in terms of its reproductive and general health, and unique in its
representation of five, approximately equal, race/ethnic groups.

Conclusions
The current study provides preliminary evidence that psychological factors may play a role
in promoting ovarian aging during pre-menopause, showing AFC decline across women to
be highest among women in whom positive affect was low and psychological stress was
high. The emergence of low positive affect as a potential psychological risk factor for
ovarian aging is consistent with a large literature supporting its prominence in depression
diagnoses54 and broader relation to risk for poor physical health outcomes.55–59 Findings
also extend previous literatures in which MDD was related to markers of accelerated
biological aging1–5 and earlier onset peri-menopause7 by highlighting the potential of role of
normative (i.e., sub-clinical) variability in depressive symptomatology in understanding
ovarian aging. Future studies should address the weaknesses of the current study by
implementing study designs that are longitudinal and by utilizing assessments of depression
and psychological stress that capture women’s clinical diagnoses of depression and
exposures to psychosocial stressors over the life course. In addition, potential mechanisms
(e.g., health behaviors) explaining links between psychological factors and ovarian aging
need to be investigated to begin to understand how potential stress-related effects on the
body may impact the apparent disproportionate loss of ovarian follicles among women
experiencing higher levels of depression and psychological stress.
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Figure 1.
AFC decline across women (ages 25–45) reporting low versus high positive affect (median
split) on the positive affect subscale of the CESD.
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Figure 2.
AFC decline across women (ages 25–45) reporting low, mid, and high levels of stress
among women with low (n = 335) versus high (n = 348) positive affect.
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Table 1

Sociodemographic, reproductive, general health, and psychological factors in the current sample and in
women excluded because they did not return the self-report questionnaire packet.

Participants (N = 683) Non-Participants (N = 157)

Mean (SD) or % Mean (SD) or % Test Statistic p

Sociodemographics:

 Age 35.05 (5.6) 34.94 (5.7) t = 0.22 .83

 Race/Ethnicity - - χ2 = 64.02 <.001

  White 24.3% 5.1% - -

  AA 22.6% 29.9% - -

  Latina 20.9% 45.9% - -

  Chinese 27.5% 16.6% - -

  Filipina 4.7% 2.5% - -

 Educational Levela 3.61 (1.2) 3.01 (1.3) t = 5.44 <.001

 Income/Dependentsb 3.38 (2.0) 2.54 (1.9) t = 4.64 <.001

Reproductive Factors:

 AFC 15.18 (9.7) 14.62 (9.8) t = 0.66 .51

 Menarcheal Age 12.55 (1.6) 12.71 (1.7) t = 1.17 .24

 BC (% w hx of BC use) 67.3% 71.3% χ2 = 0.93 .33

 Parity (%1+ live births) 41.9% 59.2% χ2 = 15.54 <.001

General Health:

 Smoking (% curr/past) 21.1% 17.8% χ2 = 0.83 .36

 BMI 26.53 (6.6) 29.29 (7.7) t = 4.60 <.001

Psychological Factors:

 CESD (Total Score) 11.38 (8.3) - - -

 CESD (Dep Affect) 3.39 (3.7) - - -

 CESD (Pos Affect) 9.16 (2.6) - - -

 CESD (Somatic) 4.45 (3.1) - - -

 CESD (Interpersonal) 0.72 (1.0) - - -

 PSS (Total Score) 4.27 (2.8) - - -

a
Education was coded 1=<HS/some HS; 2=HS grad/GED; 3=some college/AA/vocational school; 4=college graduate; 5=graduate school (PhD,

MS); 6=professional degree (MD, JD, DDS, MBA).

b
Household income was coded 1=<$5,000; 2=$5,000-$15,999; 3=$16,000-$24,999; 4=$25,000-$34,999; 5=$35,000-$49,999; 6=$50,000-$74,999;

7=$75,000-$99,999; 8=$100,000-$149,999; 9=$150,000-$199,999; 10=$200,000+ and divided by the number of individuals in the household who
were dependent on the reported income.
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