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Abstract
Objective—To assess systemic inflammation in relation to fecundability and anovulation.

Design—~Prospective cohort study among participants in the Effects of Aspirin in Gestation and
Reproduction (EAGeR) trial who were assigned to the placebo.

Setting—Four US academic medical centers, 2007-2012.

Participants—Healthy, eumenorrheic women (n=572), 18-40 years, with 1-2 prior pregnancy
losses, attempting spontaneous pregnancy.

Intervention—Baseline serum high-sensitivity C-reactive protein (hsCRP) values<10 mg/L were
categorized into tertiles.

Main Outcome Measures—Discrete Cox proportional hazards models estimated the
fecundability odds ratio (FOR) and 95% confidence interval (Cl) and adjusted for potential
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confounders. Log-binomial regression estimated the risk ratio (RR) and 95% CI of anovulation.
The algorithm to define anovulation used data on urinary concentrations of human chorionic
gonadotropin, pregnanediol-3-glucuronide, and luteinizing hormone; and fertility monitor
readings.

Results—Higher hsCRP was associated with reduced fecundability (adjusted FOR=0.74, 95% ClI
0.56-1.00; adiposity-adjusted FOR=0.87, 95% CI 0.61-1.24), but not with an increased risk of
anovulation (adjusted RR=1.27, 95% CI 0.84-1.93; adiposity-adjusted RR=1.05, 95% ClI
0.62-1.76).

Conclusions—Among healthy women attempting pregnancy after 1-2 pregnancy losses, we
found preliminary evidence that systemic inflammation is associated with reduced fecundability,
but not independently from adiposity. Sporadic anovulation did not appear to drive this
association.

Keywords
C-reactive protein; inflammation; anovulation; fertility; prospective studies

Introduction

Appropriate regulation of inflammation is critical for successful ovulation (1, 2) and
implantation (3). Peripheral pro-inflammatory cytokines and endometrial inflammation have
been shown to be increased among women with recurrent /7 vitro fertilization implantation
failure (4), and aberrant inflammation is involved in the complex pathophysiology and
associated infertility of endometriosis (5) and polycystic ovary syndrome (PCOS) (6).
Women with PCOS have chronic, increased inflammation independent of obesity (7), and
this is thought to contribute to PCOS-associated ovarian dysfunction (2). Recently, we found
that, among women with higher systemic inflammation in the Effects of Aspirin in Gestation
and Reproduction (EAGeR) Trial, low-dose aspirin (LDA) taken daily while attempting
pregnancy restored pregnancy and live birth rates to the levels found among women with
lower pre-treatment inflammation (8). Among women with higher pre-treatment hsCRP, the
effect of LDA was somewhat stronger among women with body mass index (BMI)
<25kg/m? than BMI>25 kg/m?, as well as lower versus higher waist-to-hip ratio (8). Given
the known positive relationship between adiposity and inflammation (9), these initial
findings indicated a potentially complex relationship between adiposity-associated vs. non
adiposity-associated inflammation and reproduction.

Further, these prior results suggest that increased inflammation may contribute to subfertility
among women without a frank reproductive disorder, since study participants had regular
menstrual cycles, no history of infertility, and demonstrated fecundity with a history of only
1-2 pregnancy losses (10). Outside of studies enrolling women treated for endometriosis (5),
PCOS (2), or infertility (4, 11), there is scarce evidence from prospective studies on the
extent to which sub-acute, systemic inflammation may contribute to subfertility.

In this study, we assessed the association of low-grade inflammation, measured by hsCRP,
with fecundability among EAGeR participants. We focused on women assigned to placebo,
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given the known impact of LDA on pregnancy incidence in women with increased hsCRP,
and accounted for adiposity. Because an effect of inflammation on fecundability could be
driven by effects on anovulation, we also assessed its association with sporadic anovulation.

Materials and Methods

Study Population

The EAGeR Trial was a multicenter, block-randomized, double-blind, placebo-controlled
trial to evaluate the effect of preconception-initiated daily LDA on reproductive outcomes in
US women with a history of pregnancy loss, 2007-2012 (10). Participants were attempting
pregnancy without the use of fertility treatments, were 18-40 years old, had regular
menstrual cycles lasting 21-42 days, and had 1-2 prior pregnancy losses, up to 2 live births,
and no known major medical conditions or infertility. Recruitment efforts targeted patients at
the four study sites and affiliated medical practices as well as local media outlets. Of 5,485
women assessed for eligibility, 1,228 women were randomized (Supplemental Figure 1). To
investigate the relation of systemic inflammation with fecundability and with anovulation,
we analyzed data from 572 women assigned to receive placebo after excluding those
assigned to receive LDA (n=615), those with hsCRP =10 mg/L (n=34), a range which
generally indicates acute infection or injury rather than chronic inflammation (12), and those
who withdrew before the first follow-up visit (n=7). The institutional review board at each
clinical center approved the study protocol, and participants gave informed consent.

Exposure and covariate assessment

Baseline data collection and randomization occurred at a study visit on menstrual cycle day
2-4. Participants provided a blood sample; responded to questionnaires eliciting
demographic data, lifestyle habits, reproductive and medical histories; and underwent
measurement for height and weight; waist, hip, and upper-arm circumferences; and skinfold
measurements (subscapular, suprailiac, and triceps).

Serum concentrations of hsCRP were quantified with an immunoturbidimetric assay using
the Roche COBAS 6000 autoanalyzer with a limit of detection (LOD) of 0.15 mg/L (Roche
Diagnostics, Indianapolis, IN). hsCRP values below the limit of detection were set equal to
LOD/2 (1.6% of women). Coefficients of variation (CV) were 5.1% at 1.05 mg/L and 6.7%
at 3.12 mg/L. Serum leptin concentration was measured with a Quantikine enzyme-linked
immunosorbent assay (R&D Systems, Minneapolis, MN) with a LOD=7.8 pg/mL and CV of
3.3% at 64.5 pg/mL and 3.2% at 621 pg/mL.

Outcome assessment

Follow-up lasted for up to six menstrual cycles while attempting pregnancy. Participants
were instructed on the use of the study-issued fertility monitor (Clearblue™, SPD Swiss
Precision Diagnostics GMBH, Geneva, Switzerland) and urine pregnancy tests
(QuickVue™, Quidel, San Diego, CA). Follow-up clinic visits occurred twice per cycle
during the first two cycles of follow-up, and once per cycle thereafter (10).
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Anovulation—In cycles 1 and 2, participants collected and froze first-morning urine
specimens daily for analysis of hormones. Procedures to select urine specimens timed to the
menstrual cycle phase are described in the Supplemental Materials and Methods. Urinary
pregnanediol-3-glucuronide (PdG) was measured in urine by competitive
chemiluminescence duplex assay that also measured estrone-1-gluconuride and had
LOD=45 ng/mL for PdG (Quansys Biosciences, Logan, UT). The interassay laboratory CVs
for PAG were 23.2% at 4060 ng/mL and 20.2% at 1604 ng/mL, using an in-house urine
control. Urinary luteinizing hormone (LH) was measured via reagent/sandwich
immunoassay (Roche Diagnostics, Indianapolis, IN) with an interassay CV of 1.6%. To
reduce potential measurement error, hormones were not adjusted for creatinine (13).

After evaluating the phase-specific hormone concentrations, anovulation was determined
based on the following step-based algorithm: 1) cycles resulting in pregnancy (n=214 cycles
from women eligible for the present analysis) were considered ovulatory; 2) cycles with
maximum luteal phase PdG = 5 pg/mL (n=520) were considered ovulatory, while PdG <5
pg/mL were considered anovulatory (n=125) (14); 3) in the absence of an available luteal-
phase specimen, cycles were considered ovulatory if the fertility monitor LH concentration
was at least 2.5 times the average of the previous 5 days (n=67) and anovulatory if <2.5
times the average (n=11) (15); 4) if adequate sequential LH data were unavailable from the
fertility monitor for step #3, a peak fertility reading on the monitor was considered ovulatory
(n=3) (16), and cycles with no peak fertility reading were considered to have missing
ovulatory status (n=79; see Missing Data, below).

Pregnancy—Human chorionic gonadotropin (hCG)-positive pregnancies were identified
by urine pregnancy tests. Some pregnancies ended very early and were identified using
assays for free beta-hCG from urine samples collected at-home and in-clinic (initial test:
BioVendor, Asheville, NC, USA, confirmatory test: Diagnostic Automation Inc., Calabasas,
CA, USA) (17).

Statistical analysis

For the primary statistical analyses, hsCRP was categorized by tertile, and we estimated the
respective associations of the second and third tertiles of hsCRP with the outcome, relative
to the first tertile. Categorizing hsCRP into tertiles enhanced precision, whereas the
relevance of hsCRP cut-points established for cardiovascular disease risk (18) to
reproductive function is uncertain. Additionally, we explored the possibly non-linear relation
of hsCRP with fecundability and anovulation non-parametrically by fitting a restricted cubic
spline regression (19) with the LGTPHCURV9 macro (20). We conducted additional
analyses that stratified the placebo group by BMI<25 vs. =225 because of our prior findings
that the effect of LDA on pregnancy and live birth rates was stronger among women with
BMI<25 and higher pre-treatment inflammation (8). SAS version 9.4 was used for all
analyses (SAS Institute, Cary, NC).

Analysis of fecundability—Discrete Cox proportional hazards models estimated the
fecundability odds ratio (FOR) and 95% confidence interval (CI) for up to six menstrual
cycles while attempting pregnancy, accounting for left truncation (cycles trying before
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enrollment) and adjusted for potential confounders. The FOR shows the cycle-specific odds
of hCG-detected pregnancy in the exposed relative to the unexposed group. A FOR<1.0
indicates that the exposed group has decreased odds of pregnancy.

We employed three adjustment strategies to address the complex relationship of
inflammation and adiposity (21). Model 1 accounted for reported cycles attempting
pregnancy at baseline; Model 2 additionally adjusted for potential confounders other than
adiposity--age at baseline (linear variable), race (white (reference), non-white), marital
status (married (reference) vs. living as married/other), and time since last loss (<3 months
(reference), =3 months); and Model 3 additionally adjusted for body mass index (BMI)
(linear variable). As there was no difference in the FOR after further adjustment for number
of losses, random glucose, and current regular smoking, these variables were dropped from
the final model. Potential confounders were identified through review of published data and
causal-graph analysis. To aid interpretation of the observed FORs, we plotted the estimated
cumulative percent pregnant by cycles attempting pregnancy in each tertile, adjusted for
confounders, by using the BASELINE statement in PROC PHREG and specifying covariate
values.

Analysis of anovulation—A potential effect of hsCRP on fecundability may be driven
by an increase in sporadic anovulation. Thus, the primary analysis estimated the risk ratio
(RR) and 95% confidence interval (CI) of anovulation per cycle. The menstrual cycle was
the unit of analysis, with 1-2 menstrual cycles per participant, and multiple cycles addressed
by using log-binomial regression models with the generalized estimating equation method.

Model A adjusted for the number of cycles a participant contributed to the analysis to
account for the fact that women who became pregnant sooner contributed fewer cycles.
Model B additionally adjusted for age (categorized as 18-24 years, 25-34 years (reference),
and 35-40 years because anovulation was more common at either end of the age
distribution), marital status, and time since last loss, and Model C additionally adjusted for
BMI.

Sensitivity analyses—We assessed the robustness of our Model 3 (adiposity-adjusted)
results by adjusting for alternative measures of adiposity: predicted percent body fat
(Supplemental Materials and Methods), serum leptin concentration, waist circumference,
and waist-to-hip ratio. Each adiposity variable was modeled as a linear variable and, if
needed, as a restricted cubic spline variable (19) by using the EFFECT statement in PROC
PHREG. Similarly, sensitivity analyses for the effect modification of hsCRP by adiposity
stratified by waist circumference and waist-to-hip ratio, instead of BMI. Also, we assessed
how our results changed when we instead categorized hsCRP by cut-points for
cardiovascular disease risk defined by the American Heart Association (AHA) (hsCRP <1
mg/L, 1-2.99 mg/L, 3-9.99 mg/L). A sensitivity analysis of hsCRP and anovulation
restricted to cycles with outcome determined by PdG or pregnancy (22). A further sensitivity
analysis of hsCRP and anovulation included women assigned to LDA because we previously
found that LDA did not affect sporadic anovulation (23) (Supplemental Materials and
Methods).
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Missing data—Anovulation data were missing for 7.8% of cycles due to mistimed sample
collection and missing fertility monitor data. hsCRP values were missing for 2.0% of
women due to lack of an analyzable specimen. Height and/or weight were missing for 1.7%
of women. A multiple imputation procedure created 20 datasets with imputed missing values
(24). The primary analyses of hsCRP tertiles used PROC MIANALY ZE to calculate
appropriate effect estimates and standard errors. The analyses that included only women
with complete data were: the restricted cubic spline regression models, the distribution of
baseline characteristics by hsCRP tertile, and the Pearson correlation coefficients with linear
hsCRP. Furthermore, we assessed the sensitivity of our main results to imputed data in sub-
analyses restricted women with complete data.

At baseline, hsCRP was positively associated with older age, and other variables closely
associated with age such as parity and humber of previous pregnancy losses, as well as BMI,
time since last loss, current smoking, and leptin; it was inversely associated with education
(Table 1). We calculated Pearson correlation coefficients between linear hsCRP and: BMI
(r=0.56), WHR (0.30), WC (0.54) and predicted percent body fat (r=0.50) (all ~-
values<0.0001).

Fecundability

In total, 2,022 cycles and 348 pregnancies were observed among 572 women assigned to
placebo (median=3 cycles). Higher hsCRP (i.e., third tertile) was associated with lower
fecundability after adjusting for demographic and reproductive variables (Model 2 FOR=
0.74, 95% CI 0.56-1.00), while further adjustment for BMI weakened the FOR and the 95%
ClI crossed the null (Model 3 FOR=0.87, 95% CI 0.61-1.24) (Figure 2). Similarly, the
median number of cycles to pregnancy among the third tertile of hsCRP was greater than
among the first tertile when adjusted for Model 2 (4 cycles vs. 3 cycles), but not Model 3 (3
cycles versus 3 cycles). The spline regression plot displayed a linear decrease in the FOR
with increasing hsCRP before adjustment for BMI (not shown), and a flat, imprecise relation
after adjustment (Supplemental Figure 2). Noting the linear relation before adjusting for
BMI, we calculated the FOR associated with a 1 mg/L increase in hsCRP: Model 2
FOR=0.94 (95% CI 0.89, 1.00); Model 3 FOR=0.98 (95% CI 0.91, 1.05).

Stratified analyses

In a stratified analysis by BMI category, higher hsCRP was non-significantly associated with
fecundability after adjusting for demographic and reproductive history variables (Model 2:
BMI<25 kg/m?2, FOR=0.85, 95% CI 0.47, 1.54; BMI>25 kg/m2, FOR=0.85, 95% CI 0.51,
1.42; Supplemental Table 1). Further adjustment for linear BMI made a somewhat greater
change in the FOR among women with BMI=25 kg/m? than among women with BMI<25
kg/m2 (Model 3: BMI<25 kg/m2, FOR=0.86, 95% CI 0.47, 1.58; BM1>25 kg/mZ,
FOR=0.96, 95% CI 0.55, 1.67; Supplemental Table 1).

In exploratory analyses stratified by waist and by WHR, there were sporadic associations
observed between higher hsCRP and fecundability (Supplemental Table 1). Sensitivity
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analyses applying AHA categories of hsCRP produced essentially the same results as the
analysis of hsCRP tertiles (data not shown). Adjusting for BMI may not completely control
confounding by adiposity, but sensitivity analyses that adjusted Model 3 for various
alternative adiposity measures produced results consistent with those from the primary
analysis. Of these sensitivity analyses, adjusting for the restricted-cubic spline variable for
WHR produced the strongest association (FOR=0.77, 95% CI 0.57, 1.04), and adjusting for
the restricted cubic spline variable for serum leptin produced the weakest association
(FOR=0.94, 95% CI 0.65, 1.35).

Sensitivity analyses

Women had been attempting pregnancy for 0 to 55 cycles at baseline, with 98% of women
attempting for <12 cycles. Results from the main analysis were essentially unchanged after
excluding 65 women who had been trying for >6 cycles, and who thus had a greater chance
of having an undiagnosed problem with subfertility that was unrelated to hsCRP (3" tertile
vs. 1%t tertile, Model 2 FOR=0.72, 95% CI: 0.53, 0.97; Model 3 FOR=0.89, 95% Cl: 0.61,
1.30). Also, during follow-up, 21 women in our analysis reported at an end-of-cycle study
that they had abstained from sexual intercourse in that cycle, and these women were
disproportionately in tertile 3 (6.9% vs. 2.2% in tertile 1, £=0.02). However, a sensitivity
analysis that excluded menstrual cycles with report of no sexual intercourse found almost no
difference in the results (hsCRP tertile 3, Model 2: FOR=0.75, 95% C1=0.76-1.01; Model 3
FOR=0.88, 95% CI1=0.61-1.26).

Anovulation

In the first two cycles of follow-up, the 572 women contributed 1,019 cycles during the first
two cycles of follow-up; 14.5% of cycles were anovulatory. Although higher hsCRP was
associated with lower fecundability in observations described above, higher hsCRP was not
appreciably associated with increased risk of anovulation (Model 2 RR=1.27, 95% CI: 0.84,
1.93; Model 3 RR=1.05, 95% CI: 0.62-1.76). The RR (95% CI) for each mg/L increase in
hsCRP was 1.09 (1.01-1.18) in Model 2 and 1.06 (0.96-1.17) in Model 3. The analysis of
hsCRP in AHA categories produced similar results (data not shown). After restricting the
analyses to 940 cycles with complete data, results remained similar to the analyses with
imputed data (data not shown). Furthermore, results were essentially unchanged when we
restricted the analysis to 859 cycles with observed outcome determined by PdG or
pregnancy (data not shown).

Discussion

In a prospective cohort study of women attempting pregnancy after a history of 1-2
pregnancy losses, we observed reduced fecundability among women with higher pre-
treatment hsCRP after adjusting for potential demographic and reproductive history
confounders. Further adjustment for BMI attenuated the association of inflammation and
fecundability and widened the confidence interval, indicating that BMI is either a
confounder or potentially a mediator of the relationship between low-grade inflammation
and fecundability. Analysis of hsCRP and risk of sporadic anovulation suggested that the
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observed association between hsCRP and fecundability was not attributable to an effect on
anovulation.

The causal relationships linking inflammation, adiposity, and fecundability are complex.
Given that our found associations were attenuated by adjusting for adiposity, our results are
consistent with two potential causal mechanisms: the effect of inflammation on
fecundability may be confounded by adiposity, or it may be mediated by adiposity. First, it is
well established that obesity promotes hepatic CRP production through adipocyte
production of adipokines (25). Also, the adiposity milieu that contributes to elevated hsCRP
may impact fecundability through other pathways besides inflammation. While prior
research implicates female obesity in anovulatory infertility (26), adiposity may additionally
decrease fecundability through altered oocyte morphology, reduced fertilization, impaired
embryo quality, and altered endometrial receptivity (27), all factors that could reduce
fecundability irrespective of an inflammatory milieu. This biological rationale for adiposity
acting as a confounder is illustrated in Figure 3A. The presence of substantial confounding
coupled with the small number of events resulted in imprecision of the adjusted effect
estimate, indicating there were insufficient numbers to detect a potential, small effect of
higher systemic inflammation independent of adiposity. Never the less, a small inverse
association remained after adjustment for various measures of adiposity—such as BMI,
leptin, and waist-to-hip ratio—although the loss of precision with this adjustment varied
with the measure used.

Regarding the second potential mechanism that is consistent with our findings, if BMI
partially mediates the relationship between inflammation and fecundability, as illustrated in
Figure 3B, adjusting for adiposity would also be expected to attenuate the effect. Studies in
experimental models indicate that hsCRP directly impairs leptin signaling, contributing to
leptin resistance and dysregulation of energy balance (28), mechanisms known to underlie
weight gain. Indeed, in mice, adipose tissue gain was induced by experimentally increased
systemic (29) or hypothalamic (30) inflammation and oxidative stress. While prospective
epidemiologic studies of inflammation leading to weight gain are scarce, higher hsCRP at
mid-pregnancy has been associated with greater subsequent gestational weight gain (31),
suggesting that inflammation could be a precursor to excess weight gain. Considering both
of these causal scenarios is paramount for interpreting the complex relations between
inflammation, adiposity, and fecundability. Irrespective of the causal structure, hsCRP
modifies the effect of LDA on live birth, as previously reported (8), and this inflammatory
biomarker is an indicator of women at risk of poorer fecundability.

The adjusted associations between higher hsCRP and anovulation were weak and highly
imprecise. Even so, we were unable to conclude that hsCRP had no effect on anovulation
because there may have been too few anovulatory events to detect a potential small effect on
anovulation. Urine specimens were collected for hormonal assays during the first two cycles,
out of a possible six cycles of attempting pregnancy. Although an inflammation-anovulation
link has been reported in the pathophysiology of PCOS (2, 6), this may not extend to
healthy, eumenorrheic women. The few studies that have investigated the relation of hsCRP
and ovarian function among eumenorrheic women have shown that peri-ovulatory hsCRP
was positively associated with ovulation (32, 33), and progesterone was positively associated
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with luteal hsCRP after adjusting for BMI (34). These reports may be more indicative of the
transient tissue remodeling and inflammation that accompany ovulation, as opposed to an
effect of systemic inflammation on ovulation. If higher inflammation does not affect
ovulatory function, other potential mechanisms that explain our findings of lower
fecundability include inflammation's impact on embryonic survival or implantation (4).

Our study has numerous strengths for studying the association of hsCRP and fecundability.
One is the standardized timing of hsCRP concentration in the follicular phase and restriction
to hsCRP<10 mg/L, a range that is used clinically to represent chronic inflammation (18).
Available data on covariates included measured waist and hip circumferences; height;
weight; leptin; and predicted percent body fat, enhancing our ability to more completely
examine the role of adiposity in the relationship between inflammation and fecundability.
We used an algorithm for classifying urinary PdG to define anovulation, and urinary PdG
has been shown to have high sensitivity and specificity for defining anovulation (14) relative
to the gold standard, ultrasound detection. Furthermore, we found our results were not
sensitive to the inclusion of cycles in which anovulation was determined by the fertility-
monitor reading (7.9% of cycles) or multiple imputation (6.4%). Time-to-pregnancy was
also measured accurately due to systematic use of clinical pregnancy tests and additional
urinary hCG assay. However, our study was subject to some limitations. Notably, higher
chronic inflammation may have been misclassified due to our use of a single measure of
hsCRP obtained during menses. CRP varies across the menstrual cycle; the mean and
variance are highest during menses (34). Thus, we expect that misclassification of chronic
inflammation would likely take the form of misclassifying women in higher categories when
they have truly low inflammation. Such misclassification would tend to attenuate a true,
harmful effect of higher inflammation on fecundability and anovulation, and would not be
expected to explain our findings. All participants took folic acid supplements, which may
have influenced their inflammatory response (35), and possibly limited the generalizability
of our findings to only women who are taking a prenatal vitamin. Also, participants
predominantly self-identified as white, and this also may limit the generalizability of these
findings. Additionally, while we used a multi-step approach for evaluating anovulation that
took into account pregnancy status via hCG assays, phase-specific urinary PdG and LH
concentrations, and fertility monitor readings, we may have potentially misclassified cycles.
This could be due to urinary PdG and LH cut-offs that may miss a true ovulation.

Conclusions

In summary, among healthy women attempting pregnancy after 1-2 pregnancy losses, we
found preliminary evidence that sub-acute inflammation is associated with reduced
fecundability, but not after adjusting for adiposity. Increased risk of anovulation did not
appear to drive this association. In combination with our prior findings of LDA restoring
pregnancy rates among women with higher inflammation, these collective results indicate
hsCRP is a marker of who would benefit from LDA's effect on pregnancy, even though
hsCRP's causal role is uncertain. The role of adiposity in a potentially causal relationship
between inflammation and fecundability is complex, and further investigation is needed to
disentangle the role of obesity-associated inflammation from inflammation triggered by
other causes and their respective impacts on reproduction.
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Figure 1.

The Fecundability Odds Ratio (FOR) and 95% CI for the second tertile (open circle) and
third tertile (closed circle) of hsCRP relative to the first tertile. Results are restricted to 572
women assigned to placebo. Model 1 is adjusted for cycles trying at enroliment. Model 2 is
adjusted for cycles trying at enrollment, age (linear variable), race (white, non-white),
marital status (married, living as married or other) and the time from last pregnancy loss to
study enrollment (<4 months, 5-8 months, 9-12 months, >12 months). Model 3 is adjusted
for cycles trying at enrollment, age (linear variable), race (white, non-white), marital status
(married, living as married or other) the time from last pregnancy loss to study enrollment
(<4 months, 5-8 months, 9-12 months, >12 months), and BMI (linear variable).
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Figure 2.
The Risk Ratio (RR) and 95% CI for anovulation for the second tertile (open circle) and

third tertile (closed circle) of hsCRP relative to the first tertile. Results are restricted to 572
women assigned to placebo. Model A is adjusted for cycles of follow-up. Model B is
adjusted for cycles of follow-up, age (18-24 years, 25-34, 35-40), marital status (married,
living as married or other) and the time from last pregnancy loss to study enrollment (<4
months, 5-8 months, 9-12 months, >12 months). Model C is adjusted for cycles of follow-
up, age (18-24 years, 25-34, 35-40), marital status (married, living as married or other) the
time from last pregnancy loss to study enrollment (€4 months, 5-8 months, 9-12 months,
>12 months), and BMI (linear variable).
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Figure 3.

Simplified directed acyclic graphs to illustrate the potential causal structure of C-reactive
protein, body mass index, and pregnancy. Figure 3A: Body mass index is a common cause
of C-reactive protein and pregnancy, and therefore can be considered a confounder of the
relationship between inflammation and fecundability. Figure 3B: Body mass index is an
intermediate on the causal path from C-reactive protein to pregnancy, and therefore
adjustment for adiposity would partially obscure the total effect of inflammation on
fecundability.
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Table 1

Baseline characteristics by hsCRP tertile: 572 women, EAGeR Trial, USA, 2007-2012.2

Page 16

Tertiles of hsCRP

Overall Cohort

Tertile 1: <0.70

Tertile 2: 0.70-1.94

Tertile 3: 1.95-9.9

mg/L mg/L mg/L
Number of women, n 572 184 188 188
Category of age, years, %
18-24 22 26 22 19
25-29 41 47 36 38
30-34 25 20 32 24
35-40 12 7 10 19
Category of BMI, kg/m?2, %
Underweight: BMI1<18.5 5 10 4 1
Normal weight: BMI 18.5-24.9 45 69 54 14
Overweight: BMI 25.0-29.9 28 18 28 38
Obese: BMI 230.0 22 3 14 48
Race: white (vs. non-white), % 96 94 96 97
Married or living with partner, % 90 91 92 87
Education: > high school, % 87 92 87 84
Annual household income =$75,0002, % 52 51 54 49
Employed, % 75 74 72 81
Prior live births, %
0 47 45 49 45
1 36 37 35 39
2 17 18 16 16
Previous pregnancy losses, %
1 66 67 68 62
2 34 33 32 38
Time from last loss to randomization?, %
< 4 months 53 54 60 47
5-8 months 19 24 18 17
9-12 months 9 5 8 13
>12 months 19 17 15 26
hormonal contraceptives use in past 3 months, % 4 6 4 4
Sexual intercourse frequency per week, mean (SD) 2.4 (1.8) 2.6 (1.8) 24 (1.7) 24 (18)
Current regular smoker, % 3 4 4 3
Biomarkers, Mean (SD)
Waist circumference, cm 86.9 (14.7) 78.6 (9.5) 84.0 (11.4) 97.3 (15.5)
Waist-to-hip ratio 0.81 (0.070) 0.79 (0.060) 0.80 (0.068) 0.84 (0.075)
Leptin, ng/mL 23.2 (19.6) 12.1(10.2) 20.6 (15.9) 36.9 (22.1)

hsCRP, high-sensitivity C-reactive protein; BMI, body mass index, SD, standard deviation

a R i S .
The number of women with missing data by characteristic was: BMI (n=10), employment (n=18), waist circumference (n=4), leptin (n=19).

Fertil Steril. Author manuscript; available in PMC 2019 February 01.



	Abstract
	Introduction
	Materials and Methods
	Study Population
	Exposure and covariate assessment
	Outcome assessment
	Anovulation
	Pregnancy

	Statistical analysis
	Analysis of fecundability
	Analysis of anovulation
	Sensitivity analyses
	Missing data


	Results
	Fecundability
	Stratified analyses
	Sensitivity analyses
	Anovulation

	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

