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Abstract

Background—Studies investigating the effects of pain-relieving medication use on conceiving a 

pregnancy have shown conflicting results. Furthermore, no previous study has examined 

medication use around ovulation or implantation, and the associations with the probability of 

conception, fecundability.

Objective—To explore the association between fecundability and analgesic use in three different 

menstrual cycle windows – pre-ovulation, peri-ovulation and implantation – as well as across the 

entire menstrual cycle.

Study Design—We analyzed data from a prospective cohort study of women between 30 to 44 

years of age who were trying to conceive naturally from 2008–2015. Using daily diaries, 

medication usage was classified as acetaminophen, aspirin, or non-aspirin nonsteroidal anti-

inflammatory drug (NSAID), during four time periods of interest - pre-ovulatory, peri-ovulatory 

and implantation – as well as the overall non-menstrual bleeding days of the cycle. Menstrual 

cycles during the prospective attempt to become pregnant were enumerated using daily diary 

menstrual bleeding information. Conception was defined as a positive home pregnancy test. 

Discrete time fecundability models were used to estimate the fecundability ratio (FR) and 95% 

confidence interval (CI) in each of the four time windows of interest and for each pain reliever 

(aspirin use, non-aspirin NSAID use, acetaminophen) compared with no medication use, after 

adjustment for several covariates including age, race, education, body mass index, alcohol and 

caffeine use, frequency of intercourse, and a history of migraines or uterine fibroids.

Results—Medication use was infrequent in the 858 women and 2366 cycles in this analysis. Use 

of non-aspirin NSAIDs or acetaminophen were not associated with fecundability in any of the 

time windows of interest. Although the sample size was small, aspirin use during the implantation 

window was associated with increased fecundability (adjusted FR(CI): 2.05 (1.23, 3.41). This 
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association remained when limiting the analysis to cycles with minimal missing data or when 

adjusting for gravidity. None of the other medications were associated with fecundability.

Conclusion—Aspirin use around implantation was associated with increased fecundability. 

These results expand previous literature to suggest that: 1) implantation may be an important 

target for the effects of aspirin on conception and 2) aspirin may be beneficial regardless of 

pregnancy loss history. These observations should be tested with a clinical trial.

Condensation

Aspirin use during the implantation window was associated with increased probability of 

conception. Use of other NSAIDs or acetaminophen was not associated with probability of 

conception.

Keywords

pain medication; pain reliever; ovulation; implantation; fertility; time to pregnancy; conception; 
NSAID; acetaminophen; aspirin

Introduction

The three most commonly used drugs in the US, based on weekly prevalence of 

consumption, are over-the-counter pain relieving medications, also known as analgesics.1 In 

a study of over 10,000 participants, 60% of pregnant women reported using over-the-counter 

pain-relieving medications three months before conception.2 The most common analgesic 

taken in the 3 months before pregnancy was acetaminophen (48%), followed by ibuprofen 

(21%), a nonsteroidal anti-inflammatory drug (NSAID).2 NSAIDs are a class of pain-

relieving medications that includes ibuprofen, naproxen, and aspirin. NSAIDs act as 

analgesics by inhibiting the enzymes that synthesize prostaglandins (PG).3 Pre-ovulatory 

increases in prostaglandin levels are essential for reproduction as they enable ovulation4 and 

implantation.5 These connections between reproductive function, prostaglandins, and 

NSAIDs provide biologic plausibility for an effect on fecundability.

On the other hand, acetaminophen, the most commonly used non-NSAID analgesic2, does 

not have the anti-inflammatory properties of NSAIDs,6 and does not appear to inhibit any 

COX pathways. Thus, acetaminophen would not be expected to show an association with 

female fecundability. This has been observed in two studies.7,8 In one study,8 women who 

used the NSAID naproxen while trying to conceive had lower fecundability than women 

who did not use any analgesic medications, while other NSAIDs such as aspirin and 

ibuprofen, were not associated with fecundability. This conflicts somewhat with the findings 

of a randomized trial of aspirin which found that preconception-initiated low dose aspirin 

increased fecundability by 28%.9 In this latter study, the association was attributed to the 

beneficial effect of aspirin on vasodilation and increased blood flow to the uterus. The 

difference between the two studies may be due to their underlying populations: the latter 

study only enrolled women with a history of pregnancy loss while the former study enrolled 

women regardless of their pregnancy history.
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Given the conflicting results from the prior two human studies, the large percentage of 

reproductive age women who take over-the-counter pain medications, and the biological 

plausibility of the effects of analgesic medications, further research is needed to investigate 

NSAIDs and other pain-relieving medications and their associations with fecundability. 

Furthermore, no previous study has examined the timing of medication use during a given 

menstrual cycle, for example around ovulation or implantation, and the corresponding 

associations with fecundability. Analgesic medications may have specific effects on these 

reproductive events. Thus, the primary objective of this study was to explore the association 

between fecundability and analgesic use in three different menstrual cycle windows – pre-

ovulation, peri-ovulation and implantation – as well as the non-bleeding days of the entire 

menstrual cycle.

Materials and Methods

Study population

The Time to Conceive (TTC) study was a prospective cohort study conducted in the Triangle 

area of North Carolina from 2008–2015 of women with no history of infertility, between 30 

to 44 years of age, who were trying to conceive for three months or less at study recruitment.
10 Women reported the amount of time they had been “having regular intercourse without 

doing anything to prevent pregnancy”. Women intending to become pregnant were recruited 

via introductory letters and emails as well as radio and web advertising. Participants 

completed a self-administered baseline questionnaire that elicited information on behavioral 

habits, sociodemographic background, and reproductive and contraceptive history. Women 

were excluded from the study if they reported a history of infertility, polycystic ovarian 

syndrome, or endometriosis, or if they had a partner with infertility, or if they were currently 

breastfeeding. They were also asked to schedule a study visit on days 2–4 of their next 

menses. During the study visit the women provided a blood sample and written informed 

consent. They were also given pregnancy tests and ovulation tests, and instructions to test for 

pregnancy every third day starting on day 28 of the menstrual cycle.

For up to four months, participants kept daily diaries in which they recorded their menstrual 

bleeding, the results of their ovulation and pregnancy tests as well as their medication usage 

(described below). They were withdrawn from the study if they began fertility treatment or 

stopped trying to conceive. There was a total of 2468 cycles from 885 women recorded in 

the daily diaries (Figure 1).

Nineteen women participated in Time to Conceive more than once, and therefore had two 

attempts recorded in the study. Because this number was too small to support a clustered 

analysis, we randomly selected one of the women’s attempts to be included in the analysis 

(excluding 19 observations and 46 cycles, Figure 1).

Study activities were approved by the Institutional Review Board at the University of North 

Carolina (#08–0423).
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Ovulation definition

Ovulation was defined using the participants’ daily diary recording of ovulation test results, 

cervical mucus monitoring, or basal body temperature. Ovulation test kits were distributed to 

the participants starting in 2013 and, prior to this year, if participants voluntarily purchased 

kits they were able to record their test results, however, the kits were not frequently used, 

and ovulation information was often missing for these earlier cycles. If cycles were missing 

ovulation information, ovulation was assigned as day 15 of the cycle, the mode for the entire 

study sample when measured by ovulation predictor kit.

Time windows of exposure

Using the assigned day of ovulation, the “pre-ovulation” window included days −5 to −1 

where 0 is the day of ovulation. This corresponds to the fertile window of the menstrual 

cycle11 excluding day of ovulation. The day of ovulation was excluded from this window 

because ovulation can sometimes cause pain, which may lead to analgesic use. However, 

since ovulation itself may be an important time window to consider, the “peri-ovulatory” 

window was defined to include days 0 to +4. The “implantation” window included days 6 

through 12, corresponding to the previously reported window of implantation.12 Finally, to 

characterize the entire menstrual cycle, the “non-menstrual” time window included all the 

non-menstrual bleeding days of the menstrual cycle. Menstrual bleeding days were excluded 

due to their likely correlation with pain and pain medication use.

Assessment of medication usage

In the daily diary, women reported any vitamins, supplements and/or medications that they 

had taken that day (time of day was not recorded) by entering the drug name or active 

ingredient in a search box. The search box retrieved results from the Cerner Multum drug 

database.13 Participants could then select the correct medication from the retrieved results. 

Two authors (PP and AMZJ) reviewed all the reported medications from each participant 

and identified the active ingredients in each. Pain relieving medications were classified as 

acetaminophen, aspirin, non-aspirin NSAIDs (ibuprofen and naproxen), and opioids. 

Because some medications contain more than one active ingredient, these are overlapping 

categories. Medication use was assessed as any or none in the four previously described time 

windows of interest. Opioid use was rare in this cohort; it could not be examined as an 

independent exposure. Thus, 31 cycles and 3 women who reported opioid use were excluded 

from further analyses.

The three drug exposures of interest (acetaminophen, aspirin, and non-aspirin NSAIDs) 

were analyzed in each of the four time windows of interest (pre-ovulatory, peri-ovulatory, 

implantation and the non-menstrual bleeding days of the cycle) to make 12 dichotomous 

exposure variables (use versus non-use in each time window). We could not calculate the 

exact dosage taken per day because the diary records did not include the number of pills 

taken at a time or the number of times the medication was taken per day. Additionally, 19 

cycles were missing analgesic use information and were also excluded. This left 882 women 

and 2418 cycles eligible for analysis.
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Assessment of pregnancy and attempt time

Pregnancy was defined as a positive home pregnancy test and women were instructed to 

inform study staff of a positive test. Women were offered a free early ultrasound to 

encourage notification of pregnancy results. The cycle of attempt at enrollment was 

determined using answers from the self-administered baseline questionnaire. Time since 

discontinuation of contraception was divided by the reported usual cycle length to quantify 

the cycle of attempt at enrollment. While women self-reported the amount of time they had 

been trying to conceive on the phone screen, this quantity was not always equivalent to our 

assessment of the cycle of attempt at enrollment because, 1) months and cycles are not the 

same, 2) the women’s reports may differ from our exact quantification based on these 

reported dates, and 3) women may call to join the study, but then not fully enroll for another 

1–2 cycles. Women who had tried to conceive for more than 6 menstrual cycles at study 

entry according to the baseline questionnaire were excluded. Menses information from daily 

diaries was used to enumerate subsequent menstrual cycles from enrollment until either a 

positive pregnancy test or four months had elapsed whichever came first.

Covariates

Variables examined as potential confounders included age at the beginning of each 

menstrual cycle and several self-reported variables: race (Caucasian, African-American, 

other), gravidity (yes/no), body mass index, education, a self-reported history of migraines 

(yes/no), and a self-reported history of uterine fibroids (yes/no). Prospective monthly reports 

of average daily caffeine intake (drinks per day) and average alcohol intake (drinks per 

month) were matched with menstrual cycles to characterize behavior during each menstrual 

cycle. If a monthly report was missing an adjacent report was used, with preference for a 

previous report. If no monthly reports were available, the values reported on the baseline 

questionnaire were used. The estimated day of ovulation was used to define the fertile 

window as previously described (see “Ovulation definition”). We used this information in 

conjunction with sexual intercourse information from the daily diary to calculate the 

frequency of sexual intercourse during the fertile window (the 6-day window up to and 

including ovulation).

Statistical analysis

We examined the unadjusted associations between pain medication use in each time window 

of the first menstrual cycle of observation and characteristics of the women using a 

frequency table (Table 1). Discrete-time, time-to-event models were used to estimate the 

associations between medication variables and covariates with fecundability. Log-binomial 

regression with conception as the outcome, and the attempt cycle number as a predictor, was 

used to estimate fecundability ratios (FR) and 95% confidence intervals (CI).

We independently evaluated the associations between several parameterizations of the 

continuous variables: age, body mass index, caffeine and alcohol with fecundability after 

adjustment for age, race, and education. We used the Akaike information criterion (AIC) to 

choose the best-fitting parameterization of each variable. This led to using linear, continuous 

variables for age and alcohol while BMI was categorized as obese or non-obese and caffeine 

was divided into four categories.
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We examined the associations between fecundability and use of each pain reliever (aspirin 

use, non-aspirin NSAID, and acetaminophen) in each of the four time windows (pre-

ovulatory, peri-ovulatory, implantation and non-menstrual days) using separate multivariable 

models for each time window, all three medication variables were mutually adjusted for 

within a given time window. We present models with two different adjustment sets. One 

adjustment set (“minimal adjustment) included age, race, and education, and the second 

adjustment set (“full adjustment”) included age, race, education, obesity, alcohol, caffeine, 

frequency of intercourse in the fertile window, a history of migraines, and history of uterine 

fibroids. Observations missing covariate information were excluded. To address confounding 

by indication, the full adjustment set includes self-reported conditions that might cause pain 

(history of migraines and history of uterine fibroids). Additionally, we adjusted for 

frequency of intercourse in the fertile window which may also be the result of the underlying 

pathology that causes pain. Frequency of intercourse may be either a confounder or a causal 

mediator and thus we present models with and without this adjustment.

Both the minimal and full adjustment sets included the cycle number of attempt, which 

accounts for left censoring and delayed entry into the risk-sets. The FR is a measure of the 

per-cycle probability of conception when comparing exposed (the drug of interest in the 

window of interest) with unexposed (no medication use in that window). An FR less than 1.0 

indicates reduced fecundability in the exposed group while an FR greater than 1.0 indicates 

increased fecundability.

Sensitivity analyses

First, there may be carryover of an effect of medication use in one window on the outcome 

of another time window, and correlation between the use of a given medication across time 

windows. If an association was found with a given medication and time window, we further 

examined the association after mutually adjusting for that same medication’s use in the other 

time windows. Second, because the medication use variables are calculated across several 

days within a time window, they can be influenced by days women did not complete the 

daily diary. To examine the influence of these missing days, we performed a sensitivity 

analysis limited to cycles in which at least 4 days of each exposure window were recorded. 

For the non-menstrual window, we limited the analysis to cycles in which at least 13 days 

were recorded in the daily diary. Third, we examined the influence of adjusting for gravidity 

and in a separate analysis excluded women who had previously been pregnant, for 

comparison with previous research9. Fourth, we calculated a Bonferroni adjusted confidence 

interval to account for multiple comparisons. Fifth, we adjusted for partner characteristics. 

Sixth, we randomly excluded one attempt from the 19 women who provided more than one 

attempt during the study period. We confirmed with within-cluster resampling14 that this 

exclusion did not alter the findings of our fully adjusted model. And finally, we used 

multiple imputation to determine the sensitivity of our results to missing ovulation data or 

other missing variables (frequency of intercourse, medication use variables, and other 

variables)15. For this imputation we allowed ovulation to be missing instead of assigning day 

15.
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Results

Of the 858 women in our analyses, 596 eventually conceived, 69 were lost to follow-up, 110 

completed 12 cycles of follow-up with no conception, 83 women withdrew either to take 

fertility medications, because they stopped trying to conceive, or they moved. Of the 858 

women, 478 conceived during their daily diary participation and 327 of these conceived in 

their first three cycles of attempt.

Baseline characteristics

Characteristics of the 858 women included in this analysis, stratified by pain medication use 

in the first menstrual cycle of observation, are shown in Table 1. Pain medication use was 

infrequent in the first menstrual cycle of observation, with 78% unexposed to any of the 

medications of interest (acetaminophen, aspirin, non-aspirin NSAID). Acetaminophen was 

taken most often (17%) followed by non-aspirin NSAIDs (3.6%) and aspirin (1.2%). A 

majority of participants were Caucasian and highly educated, with approximately three 

quarters of participants in each medication category having some graduate education or 

higher. One-third of the women were overweight or obese, and aspirin and NSAID users 

were slightly less frequently obese. Half of the participants were nulligravid, and aspirin 

users were more likely to have previously been pregnant. Caffeine and alcohol consumption 

were slightly higher in women who used medications. Medication use was more common 

for women with a history of migraines.

Multivariate Analysis

While the number of cycles was small, aspirin use in the implantation window was 

associated with increased fecundability (FR (95% CI): 2.05 (1.23, 3.40) (Table 2). Aspirin in 

the other time windows was not associated with fecundability. Of the 47 cycles contributed 

by the 26 women who reported using aspirin in at least one time window, only 15 cycles had 

aspirin use in all three time windows. Other NSAIDs were not associated with fecundability 

in any of the time windows of interest. Excluding the 12 cycles to current smokers did not 

alter these results (FR(CI): 1.95 (1.17, 3.25)).

To further investigate whether the association between aspirin and fecundability was specific 

to implantation, we used generalized estimating equations to estimate the association 

between pre-ovulatory aspirin use and ovulation timing based only on ovulation test kit 

information. We did not find associations with either long (>17 days, N=128) or short (<12 

days, N=69) follicular phases, (Risk Ratio (RR) (CI): 1.4 (0.68, 2.8) and 0.58 (0.08, 3.9), 

respectively). There was some suggestion of increased risk of a long follicular phase with 

pre-ovulatory acetaminophen use (RR(CI): 1.5 (1.0, 2.1).

Sensitivity Analyses

Simultaneous adjustment for aspirin use in the pre- or peri-ovulatory time windows also did 

not change our interpretation of aspirin in the implantation window (FR (CI): 2.91 (1.55, 

5.44)). When limited to cycles with minimal missing data, aspirin use in the implantation 

window was still strongly associated with fecundability, FR (CI): 1.89 (1.10, 3.26) (Table 

A1). Adjustment for gravidity did not alter our interpretations (FR (CI): 1.73 (1.01, 2.97)) 
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(Table A1). A previous study suggested an association between aspirin use and increased 

fecundability among women with a history of pregnancy loss9. To explore whether our 

observed association was driven by women who had been previously pregnant, we excluded 

women who had previously been pregnant. This exclusion did not alter the observed 

association (FR (CI): 2.63 (1.04, 6.63)), suggesting that aspirin may benefit women who 

have not previously conceived.

Adjusting the confidence interval with a Bonferroni correction for multiple comparisons did 

not alter our interpretation (FR: 2.05, 99.6% CI: 0.97, 4.32). Adjustment for partner age, 

education, obesity, and current smoking did not alter the implantation aspirin results: 

FR(CI): 1.95 (1.17, 3.25).

The results of our analysis based on within-cluster resampling (to account for the 19 women 

with two pregnancy attempts in our study) were consistent with the results presented in 

Table 2, (FR (CI): 2.04 (1.23, 3.39). (Table A2). Further, the results of the multiple 

imputation analysis also support the results in Table 2 (Table A2).

Comment

Principal Findings

In this prospective cohort study of women aged 30–44 years, use of non-aspirin NSAIDs and 

acetaminophen were not appreciably associated with fecundability in any of the windows of 

interest – pre-ovulatory, peri-ovulatory, implantation or the non-menstrual days of the cycle. 

Although medication use was rare, aspirin use in in the implantation window was associated 

with higher fecundability. This association was robust to sensitivity analyses.

Results – what is known?

The NSAID indomethacin, available only by prescription, has been associated with delayed 

ovulation and is used to prevent ovulation during natural in vitro fertilization (IVF) cycles16. 

Ibuprofen on the other hand, which was the most commonly reported non-aspirin NSAID in 

our study, did not cause delayed ovulation or altered luteal progesterone in a small (N=11), 

randomized, placebo-controlled trial.17 It is possible then, that different NSAIDs have 

specific mechanisms of action, and therefore differing associations with ovulation and 

fertility.

The Effects of Aspirin on Gestation and Reproduction (EAGeR) trial explored the 

association between preconception aspirin use and fecundability in women between 18–40 

years old with history of 1 or 2 prior pregnancy losses.9 Women with one early pregnancy 

loss in the previous year who were randomized to low dose aspirin (LDA) treatment had an 

increased rate of positive pregnancy tests, and a shorter time to pregnancy, compared to 

women receiving placebo (FR 1.28, 95% CI: 1.02, 1.62). The EAGeR trial’s study 

population was younger than ours and they had all been previously pregnant, compared to 

the mix of gravidity in the participants in our study. Despite this, the EAGeR trial’s findings 

are consistent with our results.

JUKIC et al. Page 8

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Our aspirin results and those of the EAGeR trial contrast with the findings of McInerney et 

al. who did not find an association between aspirin use and fecundability (FR: 1.00, 95% CI: 

0.80–1.25),).8 However, when limited to women who only took aspirin, there was some 

evidence of increased fecundability FR: 1.27 (95% CI: 0.82–1.97). Thus, the use of more 

than one medication, each with different effects on the likelihood of conception, may 

influence the overall observed associations.

McInerney et al. reported a significant decrease in fecundability among women who used 

the NSAID naproxen (FR 0.71 95% CI: 0.57–0.89).8 However, ibuprofen was not associated 

with fecundability (FR 1.00, 95% CI: 0.89–1.11).8 Naproxen use was rare in our study 

population; thus, we were unable to examine it as a single exposure. In our study, NSAIDs 

other than aspirin were not associated with fecundability. Ibuprofen was the most commonly 

reported non-aspirin NSAID in our population, which would agree with the results from 

McInerney et al. The differing effects on fecundability of each NSAID (aspirin, naproxen, 

ibuprofen) could be because various NSAID medications inhibit prostaglandin synthesizing 

enzymes to differing degrees18. Moreover, aspirin modifies the metabolism of prostaglandin 

precursors such that alternative metabolites are produced18. The biological significance for 

fecundability of these alternative metabolites is unknown.

Clinical implications

Women are often advised to avoid NSAIDs in the peri-ovulatory period when trying to 

conceive. Our results suggest that this avoidance may be unnecessary, particularly for 

ibuprofen, but further research of specific NSAIDs is warranted.

The use of aspirin in the implantation window was associated with increased fecundability. 

It has been hypothesized that one of the reasons for higher fecundability in the implantation 

window is due to aspirin’s vasodilatory and anti-inflammatory properties. These properties 

are thought to improve implantation rates in women undergoing IVF19, although IVF studies 

are conflicting regarding aspirin and fecundability20–23. Low dose aspirin was also shown to 

improve fertility in women with polycystic ovary syndrome24.

Our results expand the previous finding to suggest that 1) the implantation window may be 

an important time window for the effects of aspirin on conception and 2) aspirin may also be 

beneficial to women who are nulligravid, and/or have no history of pregnancy loss.

Research implications

Our results suggest no association of non-aspirin NSAIDs with fecundability but given the 

low prevalence of use in our study, further research is warranted of specific NSAIDs and 

their mechanisms of action. Future studies also should investigate the implantation window 

as a target for aspirin’s effects on conception and implantation.

Strengths and Limitations

Medication use was rare in this population leading to small numbers of women and cycles in 

certain strata. The number of pills or the number of times per day that a woman took a 

medication was not recorded. We did not have any information on the reason for taking 
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analgesic medications. To address confounding by indication, we adjusted for self-reported 

conditions that might cause pain (history of migraines and history of uterine fibroids). 

Additionally, we adjusted for frequency of intercourse in the fertile window which may also 

be the result of the underlying pathology that causes pain. These adjustments did not alter 

our results. Our assessment of ovulation may have been misclassified. We would not expect 

any errors in our ovulation assessment to be related to medication use or time to pregnancy, 

and thus are non-differential. Non-differential misclassification may have reduced our ability 

to detect associations. The sensitivity analysis that included multiple imputation of all 

missing variables did not change our conclusions.

There are also strengths of this study. While medication use was rare, the sample size was 

large, including over 800 women and more than 2000 cycles. This is the first study to look at 

analgesic use in specific time windows of interest (pre-ovulatory, peri-ovulatory and 

implantation) with fecundability. Furthermore, having data from daily diaries decreases the 

likelihood of recall bias or exposure misclassification. Having the authors review and 

categorize all reported medications, masked to outcome and based on identified active 

ingredients also helped with proper classification of exposure.

Conclusions

The use of aspirin in the implantation window was associated with increased fecundability. 

Future clinical trials should investigate the implantation window as a target for aspirin’s 

effects on conception and implantation.
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Appendix

Table A1.

Sensitivity analyses of the fully-adjusted associations between analgesic use and 

fecundability in the Time to Conceive cohort, 2008–2016.

Time windows Medications
a

FR
b
 (95% CI) FR

c
 (95% CI)

Pre-ovulatory Acetaminophen 1.03 (0.73, 1.44) 1.09 (0.78, 1.53)

Aspirin 1.04 (0.52, 2.06) 1.02 (0.51, 2.01)
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Time windows Medications
a

FR
b
 (95% CI) FR

c
 (95% CI)

NSAID 1.03 (0.73, 1.44) 0.96 (0.68, 1.37)

Peri-ovulatory Acetaminophen 0.94 (0.66, 1.34) 1.01 (0.71, 1.44)

Aspirin 1.20 (0.62, 2.29) 1.14 (0.60, 2.16)

NSAID 1.14 (0.81, 1.62) 1.09 (0.77, 1.54)

Implantation Acetaminophen 1.15 (0.84, 1.59) 1.27 (0.92, 1.74)

Aspirin 1.89 (1.10, 3.26) 1.73 (1.01, 2.97)

NSAID 1.13 (0.79, 1.64) 1.07 (0.75, 1.51)

Non-Bleeding Days Acetaminophen 1.14 (0.90, 1.44) 1.19 (0.94, 1.51)

Aspirin 1.10 (0.70, 1.75) 1.14 (0.72, 1.80)

NSAID 0.97 (0.74, 1.25) 0.93 (0.71, 1.21)

a
The reference group for each medication are cycles in which none of that medication was reported for that particular 

window.
b
Sensitivity analysis of the full model, limiting each exposure variable to cycles in which at least four days of the 

corresponding time window was observed in the daily diary.
c
Sensitivity analysis of the full model, adjusting for gravidity.

Table A2.

Analysis of the associations between analgesic use and fecundability in the Time to 

Conceive cohort (2008–2016), after within-cluster resampling or multiple imputation.

Time windows Medications
a

FR
b
 (95% CI) FR

c
 (95% CI)

Pre-ovulatory Acetaminophen 1.02 (0.73, 1.43) 1.00 (0.68, 1.47)

Aspirin 1.04 (0.52, 2.08) 1.60 (0.94, 2.73)

NSAID 1.05 (0.74, 1.49) 1.11 (0.73, 1.70)

Peri-ovulatory Acetaminophen 0.97 (0.68, 1.37) 1.07 (0.73, 1.56)

Aspirin 1.19 (0.62, 2.28) 1.26 (0.65, 2.46)

NSAID 1.17 (0.83, 1.65) 1.01 (0.64, 1.57)

Implantation Acetaminophen 1.15 (0.84, 1.58) 1.09 (0.72, 1.64)

Aspirin 2.04 (1.23, 3.39) 2.21 (1.33, 3.69)

NSAID 1.16 (0.81, 1.64) 1.04 (0.68, 1.59)

Non-Bleeding Days Acetaminophen 1.13 (0.89, 1.4 1.10 (0.77, 1.57)

Aspirin 1.10 (0.69, 1.74) 1.17 (0.73, 1.87)

NSAID 0.99 (0.76, 1.29) 1.05 (0.74, 1.50)

a
The reference group for each medication are cycles in which none of that medication was reported for that particular 

window.
b
Analysis based on 5 datasets formed from within-cluster resampling to account for 19 women with two attempts in the 

study, fully adjusted model, complete case analysis.
c
Analysis based on 20 multiply imputed datasets, N=2390.
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AJOG at a Glance

Why was the study conducted?

Analgesic medications may influence ovulation or implantation and medication use 

around these events may influence the probability of conception.

What are the key findings?

Aspirin use around the time of implantation was associated with increased fecundability. 

Use of other NSAIDs or acetaminophen was not associated with probability of 

conception.

What does this study add to what is already known?

These results suggest that: 1) implantation may be an important target for the effects of 

aspirin on conception and 2) aspirin may also be beneficial to women who do not have a 

history of pregnancy loss.
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Figure 1. 
Flowchart of women and cycles in the analytical sample.
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Table 1.

Distribution of baseline characteristics stratified by analgesic use in the first menstrual cycle of observation 

among women in the Time to Conceive cohort, 2008–2016 (N=858 
a
).

Medication use in the first observed cycle

Overall Acetaminophen Aspirin NSAID None

N (%) N (%) N (%) N (%) N (%)

150 17 10 1 33 4 684 78

Age (years)

 29 – 30 176 (21) 28 (19) 2 (20) 5 (15) 141 (21)

 31 – 32 262 (31) 46 (31) 3 (30) 13 (39) 200 (30)

 33 – 35 233 (27) 43 (29) 1 (10) 7 (21) 182 (27)

 36 – 40 160 (19) 25 (17) 1 (10) 8 (24) 126 (19)

 >40 27 (3) 5 (3) 3 (30) 0 0 19 (3)

Race

 African-American 79 (9) 7 (5) 1 (10) 0 0 71 (11)

 Caucasian 664 (77) 132 (90) 7 (70) 29 (88) 496 (74)

 Other 115 (13) 8 (5) 2 (20) 4 (12) 101 (15)

Education

 Some college or less 62 (7) 8 (5) 0 0 3 (9) 51 (8)

 College graduate 164 (19) 24 (16) 2 (20) 6 (18) 132 (20)

 Some graduate school or Master’s degree 413 (48) 81 (55) 4 (40) 17 (52) 311 (47)

 Doctoral degree (MD, PhD) 219 (26) 34 (23) 4 (40) 7 (21) 174 (26)

Body mass index (kg/m3)

 <20 103 (12) 15 (10) 1 (10) 3 (9) 84 (13)

 20 – 25 454 (53) 84 (57) 5 (50) 17 (52) 348 (52)

 >25 – 30 174 (20) 26 (18) 3 (30) 10 (30) 135 (20)

 >30 126 (15) 21 (14) 1 (10) 3 (9) 101 (15)

Nulligravid

 No 424 (49) 62 (42) 7 (70) 16 (48) 339 (51)

 Yes 434 (51) 85 (58) 3 (30) 17 (52) 329 (49)

Frequency of intercourse in the fertile window (days)

 0 314 (37) 28 (19) 2 (20) 7 (21) 277 (41)

 1 96 (11) 27 (18) 0 0 7 (21) 62 (9)

 2 172 (20) 36 (24) 2 (20) 7 (21) 127 (19)

 3 143 (17) 28 (19) 3 (30) 6 (18) 106 (16)

 4 70 (8) 14 (10) 1 (10) 5 (15) 50 (7)

 5 or 6 63 (7) 14 (10) 2 (20) 1 (3) 46 (7)

Alcoholic drinks per month

 0 – 1 308 (36) 41 (28) 4 (40) 10 (30) 253 (38)

 2 – 8 274 (32) 54 (37) 2 (20) 9 (27) 209 (31)

 9 – 60 273 (32) 50 (34) 4 (40) 13 (39) 206 (31)
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Medication use in the first observed cycle

Overall Acetaminophen Aspirin NSAID None

N (%) N (%) N (%) N (%) N (%)

150 17 10 1 33 4 684 78

Caffeinated drinks per day

 0 141 (16) 15 (10) 2 (20) 4 (12) 120 (18)

 1 409 (48) 66 (45) 4 (40) 13 (39) 326 (49)

 2 235 (27) 47 (32) 2 (20) 12 (36) 174 (26)

 >2 72 (8) 19 (13) 2 (20) 3 (9) 48 (7)

History of migraines

 Yes 220 (26) 54 (37) 3 (30) 9 (27) 154 (23)

 No 638 (74) 93 (63) 7 (70) 24 (73) 514 (77)

History of fibroids

 Yes 31 (4) 4 (3) 1 (10) 1 (3) 25 (4)

 No 827 (96) 143 (97) 9 (90) 32 (97) 643 (96)

a
Variables that don’t sum to 858 are due to missing values.

NSAID: Nonsteroidal anti-inflammatory drug
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Table 2.

Associations between analgesic medication use at three specific time points of the menstrual cycle and 

fecundability in the Time to Conceive cohort, 2008–2016

Time windows N of cycles
a N of conceptions Medications Minimally adjusted FR 

b
 (95% 

CI)
Fully adjusted FR

c
 (95% CI)

Pre-ovulatory 146 35 Acetaminophen 1.08 (0.77, 1.51) 1.02 (0.73, 1.44)

26 6 Aspirin 1.15 (0.57, 2.32) 1.05 (0.53, 2.09)

145 34 NSAID 1.04 (0.74, 1.46) 1.03 (0.73, 1.46)

1773 370 None 1 1

Peri-ovulatory 148 35 Acetaminophen 1.05 (0.74, 1.49) 0.97 (0.68, 1.37)

30 7 Aspirin 1.18 (0.61, 2.27) 1.20 (0.62, 2.29)

151 36 NSAID 1.08 (0.77, 1.52) 1.15 (0.82, 1.62)

1904 376 None 1 1

Implantation 180 49 Acetaminophen 1.25 (0.92, 1.69) 1.16 (0.85, 1.59)

25 9 Aspirin 1.97 (1.19, 3.27) 2.05 (1.23, 3.41)

146 37 NSAID 1.09 (0.77, 1.54) 1.11 (0.79, 1.57)

2032 377 None 1 1

Non- Menstrual 
Days

405 96 Acetaminophen 1.17 (0.93, 1.48) 1.14 (0.90, 1.44)

58 14 Aspirin 1.14 (0.72, 1.82) 1.11 (0.70, 1.75)

341 74 NSAID 0.93 (0.72, 1.21) 0.96 (0.74, 1.25)

1813 348 None 1 1

a
Categories are not mutually exclusive and do not sum to the total number of cycles

b
Minimally adjusted model contains all medication variables, age, race and education

c
Adjusted model is the minimal model plus frequency of intercourse in the fertile window, body mass index, caffeine intake, alcohol intake, and a 

history of migraines or uterine fibroids.
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