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Abstract

Background: Women who experience pregnancy loss are especially prone to high stress, though
the effects of stress on reproductive outcomes in this vulnerable population are unknown. We
assessed relationships between perceived stress and hormones, anovulation, and fecundability
among women with prior loss.

Methods: One thousand two hundred fourteen women with 1-2 prior losses were followed for <6
cycles while attempting pregnancy and completed end-of-cycle stress assessments. For cycles 1
and 2, women also collected daily urine and completed daily perceived stress assessments. We
assessed anovulation via. an algorithm based on human chorionic gonadotropin (hCG),
pregnanediol-3-glucuronide (PdG), luteinizing hormone (LH), and fertility monitor readings.
Pregnancy was determined via. hCG. Adjusted weighted linear mixed models estimated the effect
of prospective phase-varying (menses, follicular, periovulatory, and luteal) perceived stress
quartiles on estrone-1-glucuronide (E1G), PdG, and LH concentrations. Marginal structural
models accounted for time-varying confounding by hormones and lifestyle factors affected by
prior stress. Poisson and Cox regression estimated risk ratios and fecundability odds ratios of
cycle-varying stress quartiles on anovulation and fecundability. Models were adjusted for age,
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race, body mass index (BMI), parity, and time-varying caffeine, alcohol, smoking, intercourse, and
pelvic pain.

Results: Women in the highest versus lowest stress quartile had lower E1G and PdG
concentrations, a marginally higher risk of anovulation [1.28; 95% confidence interval (CI) = 1.00,
1.63], and lower fecundability (0.71; 95% CI = 0.55, 0.90).

Conclusion: Preconception perceived stress appears to adversely affect sex steroid synthesis and
time to pregnancy. Mechanisms likely include the effects of stress on ovulatory function, but
additional mechanisms, potentially during implantation, may also exist.

According to the most recent American Psychological Association poll, more Americans
report symptoms of stress than ever before, with women consistently reporting higher levels
of stress than men.! In the wake of an emerging epidemic, it is essential to understand the
associated effects of stress on health outcomes. Reproduction is an especially vulnerable
time period where stress may play a critical role. Moreover, women who experience
pregnancy loss are especially prone to high stress,2~# and given the high prevalence of loss
among reproductive-age women, estimated to be 15% of clinically recognized pregnancies
and up to 30% of all conceptions,® it is important to understand the role of stress in this
susceptible population.

Stress is a broad concept ranging from induced physical stress used in experimental studies
to better understand pathophysiological mechanisms of stress to recording of life stressors in
observational studies to better understand how human health is affected by various stress
types. The effect of perceived stressors, defined as challenges that individuals view as taxing
or exceeding their coping abilities,! on risk of adverse health outcomes is particularly useful
as it can account for an individual’s biological vulnerability, psychosocial resources, and
learned patterns of coping.” While animal models show links between severe stress and
adverse effects on female reproductive function,8-10 human studies are less clear!1-14 and
have focused on healthy populations. There are no studies evaluating the role of stress
among women with prior pregnancy loss, and the mechanisms remain elusive. Moreover,
given that stress may change on a daily basis and influence fecundity and that a longer time
to conception may in turn increase stress levels, approaches to account for time-dependent
confounding are needed to disentangle these effects.

Accordingly, the objective of this study was to assess the effect of daily preconception stress
on reproductive hormones, ovulatory function, and time to pregnancy in a prospective cohort
of women experiencing prior pregnancy loss.

METHODS
Study Population

The Effects of Aspirin in Gestation and Reproduction (EAGeR) trial (2006-2012) was a
multicenter, block-randomized, double-blinded, placebo-controlled trial to evaluate the
effect of preconception-initiated daily low-dose aspirin on reproductive outcomes in 1228
women, 18-40 years of age, with 1-2 prior pregnancy losses. Fourteen women withdrew on
the day of randomization leaving a total of 1214 women. Details of the study protocol have
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been published previously.15 Briefly, women were included if they had regular menstrual

cycles (21-42 days), no known history of infertility, and intended to conceive. The study

was approved by the Institutional Review Board at each site. All participants gave written
informed consent before randomization.

Participant Follow-up

Participants were followed for up to 6 menstrual cycles while attempting pregnancy. During
the preconception period, women underwent active follow-up during the first 2 menstrual
cycles, which included daily completion of a diary, fertility monitor (Clearblue; SPD Swiss
Precision Diagnostics GmbH, Geneva, Switzerland), and urine samples. Follow-up clinic
visits occurred twice per cycle during active follow-up. If women did not achieve pregnancy
in the first 2 menstrual cycles, they entered passive follow-up. During passive follow-up
(cycles 3-6), women continued to use fertility monitors and completed end-of-cycle clinic
visits including providing a urine and blood sample.

Perceived Stress Assessment

At study enrollment, participants were provided with a daily diary and instructed in its use.
As part of the daily diary recording during active preconception follow-up (cycles 1 and 2),
participants were asked to record their average daily stress levels via. a Likert scale: 0 = no
stress, 1 = little stress, 2 = moderate stress, and 3 = a lot of stress. Additionally, at the end-
of-cycle clinic visits during passive preconception follow-up (i.e., cycles 3-6), participants
were asked to rate their average daily perceived stress during their last menstrual cycle on a
scale from 0 (no stress) to 10 (maximum stress). Among the total cohort of 1214 women,
1034 (85%) women recorded perceived stress in the first 2 menstrual cycles, while 1135
(93%) women recorded perceived stress in the first 6 menstrual cycles.

Reproductive Outcomes

Reproductive Hormones—Urinary reproductive hormones [estrone-1-glucuronide
(E1G), estradiol (E2), pregnanediol-3-glucuronide (PdG), follicle-stimulating hormone
(FSH), and luteinizing hormone (LH)] were assayed at four time points during each of the
first 2 preconception cycles. We selected urine specimens corresponding to relevant phases
of the menstrual cycle including menses (day 2), estimated day of ovulation (LH peak + 1
day), peri-implantation (LH peak + 9 days), and one random luteal sample between 4 days
after LH peak and 2 days before the start of the next menses. Urinary E1G, E2, and PdG
were measured by competitive chemiluminescence duplex assay. Limits of detection were
0.40 ng/ml for E1G, 0.04 ng/ml for E2, and 45 ng/ml for PdG (Quansys Biosciences, Logan,
UT). The interassay laboratory coefficients of variability (CVs) were 17% at 36.3 ng/ml and
20% at 1.9 ng/ml for E1G, 14% at 2.0 ng/ml and 19% at 0.3 ng/ml for E2, and 23% at 4060
ng/ ml and 20% at 1604 ng/ml for PdG, using an in-house urine control. Urinary LH and
FSH were measured via. reagent/ sandwich immunoassay (Roche Diagnostics, Indianapolis,
IN) with an interassay CV of 1.6% and 1.8%, respectively, and intra-assay CVs of <10%.
Hormones were not adjusted for creatinine given our hypothesis.16
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Ovulation was detected using fertility monitors for all 6 cycles of preconception follow-up,
with cycles with a lack of a peak reading or daily luteinizing hormone concentrations <2.5
times the average of the previous 5 days considered anovulatory. Urinary luteal PdG
measurements were used to improve the sensitivity of ovulation detection in the first 2
cycles of study participation, with cycles with PdG <5 pg/ml considered anovulatory.17-19
Any cycle with a verified conception was defined as ovulatory. For fertility monitor criteria
to apply, data must have been available on the 15th day before the end of the cycle to
classify a lack of peak, and for the moving average method, tests on at least two of the
previous five days with at least one in the immediate two previous days; otherwise the cycle
was unable to be categorized by the fertility monitor criteria. Among cycles with complete
data (n = 3,785), 496 (13%) were deemed anovulatory.

For this analysis, we defined pregnancy as a human chorionic gonadotropin (hCG)-detected
pregnancy, determined by two methods.20 The first was a positive result on a “real-time”
urine pregnancy test (Quidel Quickvue; Quidel Corporation, San Diego, CA), sensitive to 25
mlU/ml hCG, conducted each time participants reported missing menses on any end-cycle
visit. Additionally, batched augmented daily urine hCG testing was performed later in the
laboratory on the last 10 days of each woman’s first and second cycle of study participation
(using daily first morning urine collected at home) and on spot urine samples collected at all
end-cycle visits.20

Covariate Assessment

Baseline data collection and randomization occurred at a study visit on menstrual cycle days
2-4. Women completed questionnaires capturing self and partner demographic background
including age and race, education, marital status, income, employment, physical activity
(International Physical Activity Questionnaire),2! and reproductive history including
whether they had ever tried for >12 months to conceive (subfertility), prior use of oral
contraceptives, and age of menarche.1® Physical measurements including height and weight
[used to calculate body mass index (BMI)] were also captured during the baseline visit.1®
Time-varying covariates including intercourse (times/day); pelvic pain/cramping (0 = none,
1 =mild, 2 = moderate, 3 = severe); and alcohol (drinks/day), caffeine (drinks/day), and
tobacco (yes/no) consumption were captured via. the preconception daily diaries.

Statistical Analysis

Descriptive statistics (including daily diary compliance, preconception perceived stress
central tendency and variability, and participant characteristics by stress quartile) were
calculated. We used linear mixed models to evaluate the prospective association between the
first two menstrual cycle’s time-varying perceived stress quartile and phase-specific
geometric mean urine concentrations of E1G, E2, PdG, FSH, and LH. There were 1033 and
773 women who completed daily diary stress assessment for cycles 1 and 2, respectively
(307 women became pregnant in the first cycle and moved to pregnancy follow-up protocol).
As has been done by prior studies,1422 perceived stress was allowed to vary by phase,
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including “menses” (daily stress averaged up to the day of each woman’s hormone
assessment during menses); “follicular” (average from “menses” through 1 day after fertility
monitor peak); “periovulatory” (day after fertility monitor peak); and “luteal” (average from
day after ovulation through start of next menses).23.24 Stress quartiles were calculated for
each menstrual cycle phase. Results were adjusted for age, race, BMI, and parity. Race was
considered because previous research has shown that reproductive hormone metabolism and
perceived stress vary by race.2526 |n addition, because hormone concentrations change over
the cycle in response to complex feedback mechanisms with other hormones, and because
that fluctuation may change stress vulnerability,2” we also conducted analyses using
marginal structural models with stabilized inverse-probability-of-exposure weights?8.29 to
appropriately account for time-varying confounding by hormones and lifestyle factors
affected by prior stress levels (eFigure 1; http://links.lww.com/EDE/B572). Weighted linear
mixed-effects models with random intercepts were used to estimate the parameters of the
marginal structural models adjusting for age, race, BMI, parity, and time-varying, phase-
average caffeine, alcohol, smoking, intercourse frequency, and pelvic pain/cramping. Tests
for trend were calculated, to inform specific patterns,30 by specifying a continuous variable
for the median of each stress quartile.

Relative risks (RRs) were calculated to assess the risk of anovulation per menstrual cycle by
perceived stress quartile and also by high (quartile 4) versus low (quartile 1-3) stress for
comparability with other studies.22 The menstrual cycle was the unit of analysis, with 1-6
menstrual cycles per participant, and multiple cycles addressed by using log-binomial
Poisson regression models with generalized estimating equations.18 Models were adjusted
for age, race, BMI, parity, and cycle-average caffeine, alcohol, smoking, intercourse
frequency, and pelvic pain, and they were weighted to account for the number of contributed
cycles as women who are more fertile have fewer observed cycles during the study.

We used discrete Cox proportional hazard regression models, accounting for right censoring,
to estimate the impact of cycle-averaged, time-varying perceived stress on time to
pregnancy.3! Fecundability odds ratios denote the cycle-specific odds of pregnancy in the
exposed relative to the unexposed, and a fecundability odds ratio <1.0 corresponds to a
longer time to pregnancy among the exposed group. Results were adjusted for age, race,
BMI, parity, and time-varying cycle-average caffeine, alcohol, smoking, intercourse
frequency, and pelvic pain/cramping.

Several sensitivity analyses were conducted to test the robustness of our findings. In regards
to anovulation, we conducted an analysis restricted to cycles with outcome determined by
PdG or pregnancy (hereafter, referred to as restricted anovulation algorithm) given that luteal
progesterone via. biomarker is considered to have better diagnostic accuracy compared with
a fertility monitor.32 To address residual confounding, additional covariates (including
partner’s age, study site, education, marital status, income, employment status, treatment
arm, subfertility, prior oral contraceptive use, and age of menarche) were evaluated in our
adjusted models. Also, to address potential unmeasured residual time-fixed confounding,
such as by underlying genetics or certain environmental exposures, we conducted a case-
crossover analysis restricted to PdG or pregnancy in the first 2 cycles among women
experiencing both an ovulatory cycle and an anovulatory cycle.22
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Finally, given the potential for selection bias by excluding women with missing perceived
stress data or missing pregnancy outcome data (due to early withdrawal), we performed
several sensitivity analyses on our primary outcome of time to pregnancy. We compared
complete case results (N = 1,135) to a multiple imputation analysis to address missing
exposure and covariate data under the rationale that our data were missing at random (i.e.,
probability of missing data depends on observed data). Additionally, because 128 women
did not have complete outcome information due to withdrawal from the study, we performed
several sensitivity analyses to investigate potential selection bias. Potential pregnancy
outcome of women who withdrew was imputed using the following three strategies: (1) the
survival probability of no pregnancy achieved derived from the complete cases using
Kaplan-Meier multiple imputation (600 imputations), (2) achievement of pregnancy in 1
cycle after withdrawal, and (3) no pregnancy achieved after 6 cycles. The Kaplan-Meier-
based imputation is a missing at random-like principled approach that is plausible and
considers covariates,33 while the latter two methods are extreme possibilities of the
influence of potential unobserved outcomes. All analyses were conducted using SAS 9.4.
(SAS Institute Inc., Cary, NC).

RESULTS

Study participants completed daily diaries for an average of 49.0 days during the first 2
cycles of follow-up [standard deviation = 15 days; median = 52 days; interquartile range
(IQR): 38, 58 days]. The 230 women who achieved pregnancy in the first cycle completed
on average 28.6 + 5.6 days (median = 29; IQR: 27, 32) of perceived stress diary entries for
cycle 1. In addition, 171 women achieved pregnancy in the second cycle and completed on
average 27.9 + 6.0 days (median = 27; IQR: 25, 30) of perceived stress diary entries for
cycle 1 and 30.7 = 7.1 days (median = 31; IQR: 28, 34) for cycle 2. Women on average had a
stress level of 0.82 + 0.53 (on the 0 “no stress” to 3 “a lot of stress” scale) for the first 2
cycles (median = 0.77; IQR: 0.37, 1.19; range: 0.0-2.8) with no appreciable difference
between cycle 1 (mean = 0.84; median = 0.80) and cycle 2 (mean = 0.81; median = 0.77).
There also appeared to be no appreciable difference in perceived stress during passive
preconception follow-up (cycle 3: mean = 4.6 + 2.4, median = 4, IQR: 2, 6, range: 1-10;
cycle 4: mean = 4.9 + 2.6, median = 5, IQR: 3, 7, range 1-10; cycle 5: mean = 4.9 + 2.5,
median =5, IQR: 3, 7, range: 1-10; and cycle 6: mean =5.1 + 2.5, median =5, IQR: 3, 7,
range: 1-10).

Based on quartiles of average stress captured in the daily diaries, women had on average
0.20 £ 0.11 for Q1, 0.59 £ 0.12 for Q2, 0.97 £ 0.11 for Q3, and 1.53 + 0.31 for Q4. Women
with higher stress levels tended to have a higher level of education, were married, have
increased pelvic pain, and lower intakes of alcohol and caffeine (Table 1).

Women in the highest daily stress quartile had lower E1G concentrations compared with
women in lower stress quartiles [Q4 = 27.3 ng/ml (95% confidence interval [CI] = 25.3,
29.4) versus Q1 = 32.3 (95% CI = 30.0, 34.7), Q2 = 34.8 (95% CI = 32.4, 37.4), Q3 =29.4
(95% CI = 27.5, 31.6), Ptrend <0.001] after adjusting for relevant confounders (Table 2).
Similar adjusted lower concentrations of PdG for high versus lower stress were found: [Q4 =
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5.59 pg/ml (95% CI = 5.15, 6.06) versus Q1 = 6.83 (95% CI = 6.32, 7.36), Q2 = 7.00 (95%
Cl = 6.51, 7.53), Q3 = 5.81 (95% CI = 5.39, 6.27) Ptrend <0.001].

There was a 28% higher risk of anovulation between the highest (Q4) versus lower (Q1-Q3)
perceived stress quartiles when using the full anovulation algorithm [adjusted Risk Ratio
(aRR) = 1.28 (95% CI = 1.00, 1.63)] after full adjustment (Table 3). Sensitivity analyses
using the restricted anovulation algorithm based on PdG and hCG pregnancy did not
appreciably alter the estimates [aRR = 1.39 (95% CI = 1.00, 1.92)]. Among the 24 women
included in the case-crossover sensitivity analysis, a similar estimate, albeit less precise, for
anovulation was found [aRR = 1.40 (95% CI = 0.62, 3.15)].

Time to pregnancy models by cycle-specific stress quartile (i.e., averaging daily stress for
cycles 1 and 2 and using end-of-cycle stress for cycles 3—-6) was consistent across various
adjustment for potential confounding factors. We found that time to pregnancy was longer
among women in the highest versus lowest perceived stress quartile in our complete case
analysis (fecundability odds ratios = 0.67; 95% CI = 0.53, 0.85) after adjusting for age, race,
BMI, and parity and after additionally adjusting for time-varying cycle-average caffeine,
alcohol, smoking, intercourse frequency, and pelvic pain/cramping (fecundability odds ratios
=0.71; 95% CI = 0.55, 0.90) (Figure). Additional adjustment for other potential
confounding factors did not appreciably alter estimates.

Results of our sensitivity analysis, whereby we imputed missing values for perceived stress
and covariates in addition to using three different methods to impute pregnancy during our 6
cycles of follow-up, are shown in eFigure 2; http://links.lww.com/EDE/B573. Multiple
imputation to address missing exposure and covariate data revealed no substantial changes
for the fully adjusted model (fecundability odds ratios = 0.71; 95% CI = 0.56, 0.91).
Additionally, multiple imputation to address missing exposure, covariate, and outcome data
also did not appreciably alter estimates. The results of the Kaplan-Meier-based imputation
(fecundability odds ratios = 0.76; 95% CI = 0.60, 0.97) are similar to the complete case
results for perceived stress implying that plausible outcomes of withdrawals are unlikely to
have substantively changed our results. Moreover, the two extreme cases for potential
outcomes of withdrawals also resulted in largely similar results (pregnancy in the next cycle
after withdrawal fecundability odds ratios = 0.79; 95% CI = 0.62, 1.00; and no pregnancy
achieved after 6 cycles fecundability odds ratios = 0.70; 95% CI = 0.55, 0.90), further
supporting the robustness of our findings.

DISCUSSION

We found that higher preconception perceived stress was associated with lower E1G and
PdG, a higher risk of anovulation, and a longer time to pregnancy. While severe stress under
experimental conditions or among individuals sharing specific stressors has been well
documented to adversely affect female reproductive function, 9 our study indicates that
everyday stress among women with proven fertility but who have experienced a prior
pregnancy loss is linked to alterations in reproductive hormones, ovulatory function, and
longer time to pregnancy.
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Our finding of reduced urinary estrogen and progesterone metabolites with higher perceived
stress supports the hypothesis that stress activates the hypothalamic-pituitary adrenal axis,
leading to a suppression of the hypothalamic-pituitary gonadal axis, and reduces sex steroid
synthesis.3*35 Given prior evidence for a reduction in fecundability with higher urine a.-
amylase concentrations,!! the effect of stress on time to pregnancy may additionally operate
via. the sympathetic adrenal medullary axis leading to implantation failure due to a
potentially direct effect on the endometrium or on the trophoblast-endometrium interface.
Only one prior study has assessed the effects of perceived stress on reproductive hormones
among premenopausal women.22 Similar to our current findings, we previously found higher
daily perceived stress to be associated with lower total and free serum E2 among 259
healthy, premenopausal US women in the BioCycle Study, with stress measured similarly
via. a 3-point Likert scale ranging from not stressful to very stressful.22 The overall lower
progesterone concentrations found in both studies in relation to higher stress levels are also
consistent.22

Even fewer studies have assessed the effect of perceived stress on ovulatory function. In the
BioCycle Study, we found a 2.3-times higher odds of sporadic anovulation (95% CI = 1.0,
4.7) among women with high versus low perceived stress after adjustment for age, race,
percent body fat, daily vigorous exercise, and depression.22 This finding is consistent with
the 1.28 increased risk (95% CI = 1.00, 1.63) we found in the EAGeR trial. The lower effect
estimates in the EAGeR trial compared with the BioCycle Study may be the result of
different populations given that the women enrolled in the EAGeR trial had proven fertility
but one to two prior pregnancy losses, whereas women in the BioCycle Study were
eumenorrheic but included both nulliparous and parous women. Another study assessing
perceived stress and ovulatory function also found a positive, albeit imprecise, relationship
between psychological stress in the workplace and anovulation (odds ratio = 1.34; 95% ClI,
0.35, 4.28) among 276 healthy, premenopausal US women.38 The major limitation of this
study was a single measure of stress at an unspecified time point via. telephone interview.36
While we did not have a single measure of stress in the EAGeR trial to compare our results
to those from the Kaiser study, our prior research within the BioCycle Study has shown poor
agreement between a baseline assessment of stress via the Perceived Stress Scale and
prospectively measured perceived stress over the menstrual cycle.?2

Regarding time to pregnancy, our findings of a positive association between preconception
stress and time to pregnancy are in agreement with two prior prospective studies. Among
274 women with no known infertility participating in the Oxford Conception Study, day 6
a-amylase was associated with reduced fecundability in the first cycle attempting pregnancy
(highest posterior density: —0.284; 95% CI = —0.540, —0.029) for highest versus lowest a.-
amylase quartile.12 Similarly, in the Longitudinal Investigation of Fertility and the
Environment Study of 401 couples who had no known infertility diagnosis, the highest
versus lowest tertile of menstrual cycle day 2 salivary a-amylase concentrations was
associated with lower fecundability (fecundability odds ratios: 0.71; 95% CI = 0.51, 1.00).11
In contrast, there were no clear relationships between psychosocial measures of stress,
captured once every cycle, and time to pregnancy in the Oxford Conception Study.13
Comparisons between the EAGeR trial and the Oxford Conception Study in regards to
perceived stress are difficult given our use of a daily diary, versus once-permenstrual-cycle
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questionnaire via. Cohen’s Perceived Stress Scale, to capture preconception stress during the
first 2 menstrual cycles. Backed by prior research,22:37:38 the assessment of everyday
psychosocial stress captured daily over the course of the entire menstrual cycle may more
accurately reflect how a woman reacts physically to daily stressors compared with a single
baseline or cycle measurement. Additionally, prospective assessment of stress throughout
the study period is preferable to retrospective assessment, as was done at the end of each
cycle for cycles 3—-6 of this secondary data analysis, with the caveat that overly burdensome
study protocol can in itself cause stress. There is the potential for reverse causality. However,
we observed little change in stress over cycles 3-6, suggesting that its impact on our findings
would be small.

While we did not find perceived stress to vary over the cycle (eFigure 3; http://
links.lww.com/EDE/B574) nor did we find differences in phase-specific stress and
fecundability within the EAGeR trial, a recent analysis of the Mount Sinai Study of Women
Office Workers did find that perceived stress that occurred during the follicular phase was
associated with lower fecundability, while stress occurring during the luteal phase was
associated with higher fecundability.14 Due to the paucity of research and inconsistent
findings, more research is needed to look at the effects of perceived stress on fecundability
during critical windows of exposure.

Our study had many strengths. Enrolling women before conception and capturing daily
perceived stress along with important confounding factors, both fixed and time-varying, for
up to 6 menstrual cycles, using gold standard assessments for identifying chemical
pregnancies, provided an improvement over prior studies. Additionally, our assessment of
daily perceived stress and up to four timed measurements of reproductive hormones in the
first 2 menstrual cycles helped inform potential biological pathways. Our assessment of
cycle-average stress and use of fertility monitors during passive follow-up (cycles 3-6)
allowed us to extend our analyses of the effect of stress on ovulatory function across more
consecutive menstrual cycles than prior studies.3

Nevertheless, this study was limited in our ability to clearly identify the mechanisms of
stress on fertility due to our sole reliance on self-reported stress versus a combination of
stress biomarkers and perceived stress as used in prior studies.11-13 Also, this study was
conducted in a rather homogenous sample of women, all with one to two prior pregnancy
losses, which may limit generalizability. The effects of perceived stress on non-white women
of lower socioeconomic status are still yet to be fully explored and may show increased
effect estimates for more extreme chronic stress. Additionally, while there was no clear
relationship between women who withdrew or were lost to follow-up in either our primary
exposure or outcome, to minimize concern regarding selection bias, we performed several
sensitivity analyses to account for missingness of our exposure of perceived stress,
confounding factors, and outcome of pregnancy, with no appreciable alterations in our
estimates. Finally, while we were able to assess phase-specific perceived stress levels in
relation to reproductive hormone concentrations, our study was limited in looking at phase-
specific stress in relation to fecundability over the full follow-up period of 6 cycles.
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In summary, among women with proven fertility but one to two prior losses, higher
perceived stress was associated with lower urinary concentrations of sex steroids and a
longer time to pregnancy. Our findings are in agreement with prior adequately powered,
prospective studies.1112.22 The degree to which perceived stress reduces fecundability via.
ovulatory dysfunction versus implantation failure, or other means, has yet to be clearly
outlined.
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FIGURE.
Fecundability odds ratio by preconception (cycles 1 to < 6) perceived stress quartile (Q2—

Q4), relative to first quartile (Q1). Model 1 adjusted for age, race, BMI, and parity. Model 2
adjusted for age, race, BMI, parity, and time-varying cycle-average caffeine, alcohol,
smoking, intercourse frequency, and pelvic pain/cramping. Complete case analysis (N =
1135 women, 3418 cycles).
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Associations Between Preconception Perceived Stress and the Risk of Anovulation

TABLE 3.

Page 18

Perceived Stress

Model 1
RR (95% CI)

Model 2
RR (95% CI)

Anovulation determined using full algorithm (N = 1135 Womena, 3418 cycles)

Quartile
Q1
Q2
Q3
Q4

High versus not high (Q4 versus Q1-3)

1.00
1.13 (0.84, 1.53)
0.98 (0.71, 1.35)
1.31 (0.95, 1.79)
1.26 (0.99, 1.62)

1.00
1.10 (0.81, 1.51)
0.94 (0.67, 1.32)
1.30 (0.94, 1.78)
1.28 (1.00, 1.63)

Anovulation determined using pregnanediol-3-glucuronide < 5 pg/ml and human chorionic gonadotropin pregnancy (N = 1035 womenb; 1698

cycles)
Quartile
Q1
Q2
Q3
Q4

High versus not high (Q4 versus Q1-3)

1.00

1.05 (0.68, 1.62)
0.96 (0.61, 1.52)
1.41 (0.92, 2.16)
1.41 (1.00, 1.98)

1.00

1.01 (0.65, 1.56)
0.94 (0.59, 1.50)
1.36 (0.89, 2.07)
1.39 (1.00, 1.92)

Model 1: Adjusted for number of cycles a participant contributed to the analysis, age, race, BMI, and parity. Model 2: Adjusted for number of
cycles a participant contributed to the analysis, age, race, BMI, parity, and cycle-average caffeine, alcohol, smoking, intercourse frequency, and

pelvic pain/cramping.
a . . )
Included women who recorded perceived stress in the first 6 menstrual cycles (N= 1135 women).

b . . )
Included women who recorded perceived stress in the first 2 menstrual cycles (N= 1034 women).
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