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Abstract

Background: Prior studies among women with impaired fecundity have consistently 

demonstrated a positive association between daily perceived stress and the ability to conceive. 

However, the effects of daily stress on time to pregnancy (TTP) among women with proven 

fertility is not known.

Materials and Methods: One hundred and forty-three women ages 18–35, in a relationship of 

proven fertility, who desired to conceive were included in the analysis. Daily diaries recording 

perceived stress (scale 0–10) were completed for up to 7 menstrual cycles or until pregnancy. Cox 

proportional hazards regression models were used to estimate the association between time-

varying perceived stress tertiles (high [ > 4.1–7.2], moderate [ > 2.7–4.1], and low [0.1–2.7]) and 

adjusted fecundability odds ratio (aFOR), 95% confidence intervals (CI), after taking into account 

age, parity, education, time-varying caffeine and alcohol intake, fertility awareness tracking, and 

cycle intent to conceive.

Results: Among the 111 participants who completed daily diaries, 90 (81.1%) conceived. 

Women reporting high or moderate stress, versus low stress, had no difference in probability of 

achieving pregnancy (aFOR: 1.11 [95% CI: 0.58, 2.14]; and aFOR: 1.37 [0.71, 2.67]), 

respectively. Additional adjustment for intercourse frequency during narrow fertile window, or 

narrowing exposure focus to pre-ovulatory or pre-implantation stress did not appreciably alter the 

estimates.

Conclusion: Daily perceived stress was not adversely associated with TTP among women with 

proven fertility. While a growing body of evidence supports adverse effects of more severe 

stressful life events on female reproductive function, moderate psychological stress, commonly 

referred to as eustress, among relatively healthy women with proven fertility does not appear to 

adversely impact TTP.
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1. Introduction

Psychological stress is the set of physical or mental perceptions and emotional responses 

towards events or stimuli that tax or exceed an individual’s adaptive capacity (Catherino, 

2011; Cohen et al., 2007). In recent years, the role of chronic and acute stress has been a 

critical concern among women of reproductive age (Lynch et al., 2014; Schliep et al., 2015). 

Previous studies have suggested that stress has a negative influence on sex steroid secretion, 

ovulation, and implantation in pre-menopausal women (Chrousos et al., 1998; Ferin, 1999; 

Schliep et al., 2015); however, the mechanism behind the association and populations most 

at risk have not been fully established.

Based on animal models, two biological pathways have been hypothesized to demonstrate 

the effects of stress on reproductive function in women (Lynch et al., 2014). Perceived stress 

may activate the hypothalamic-pituitary-adrenocortical (HPA) axis with consequent 

suppression of hypothalamic–pituitary gonadal (HPG) axis, which may lead to increased 

cortisol production, and interfere with a woman’s menstrual cycles by delaying or inhibiting 

the release of pre-requisite ovulatory hormones (Chrousos et al., 1998; Ferin, 1999). 

Alternatively, hyper-activated sympathetic adrenomedullary (SAM) system due to chronic 

perceived stress stimuli may release the norepinephrine into the bloodstream, increase the 

salivary alpha-amylase secretion by the parotid gland (Lynch et al., 2014), and produce 

adverse influences on conception by affecting the autoimmune conditions of the uterus 

(Makrigiannakis et al., 2001).

Derived from the proposed biological pathway, recent epidemiologic studies have been 

conducted with a preconceptional measurement of stress biomarkers, including salivary 

cortisol and alpha-amylase, to investigate a correlation with reduced fecundity in 

premenopausal women (Lynch et al., 2012, 2014). Results indicate no significant 

relationship between twice-measured preconception salivary cortisol concentration and 

fecundability while the preconception high salivary alpha-amylase tertile has exhibited a 

significant reduction in fecundity compared with the low tertile (Louis et al., 2011; Lynch et 

al., 2012, 2014). While these findings support the effects of stress on the SAM system, other 

recent studies have shown that daily perceived stress significantly reduces probability of 

conception (Akhter et al., 2016) and sex steroid synthesis, and leads to sporadic anovulation 

in regularly menstruating women (Schliep et al., 2015), lending credence to the potential 

effect of stress on the HPA axis.

Given the evidence to date, researchers propose that further investigation in preconception 

cohorts for which daily perceived stress data was captured will enable us to better 

understand critical windows of exposure and the temporal relationship between stress and 

human reproductive function (Bolger et al., 2003; Schliep et al., 2015; Wesselink et al., 

2018). Additionally, populations most at risk for the adverse effects of stress on reproductive 

function should be clarified so that interventions are targeted appropriately. To address gaps 
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in previous research, we evaluated the relationship between time-varying daily perceived 

stress for the overall menstrual cycle as well as restricted to the peri-ovulatory and peri-

implantation windows, and TTP in a cohort of premenopausal women trying to conceive.

2. Materials and methods

2.1. Study design and eligibility

The Study of Time to Pregnancy in Normal Fertility, conducted in 2003–2006, was a parallel 

randomized trial that followed 143 women from Salt Lake City, Utah for up to 7 cycles. 

Detailed study methods and procedures have been described in a previous publication 

(Stanford et al., 2014). The study was originally designed to assess TTP in couples of proven 

fertility, comparing those who receive instructions for fertility awareness using the Creighton 

Model Fertility Care System™ (CrMS) (n = 71) versus those who receive general 

preconception counseling, including advice to have intercourse 2–3 times per week, but no 

instruction regarding the timing of ovulation (n = 72) (Stanford et al., 2014). The study size 

was based on the power to detect a difference between the groups in cumulative pregnancy 

rates, assuming a 5% of lost to follow-up (Stanford et al., 2014).

Eligibility included women ages 18–35, in a relationship of proven fertility who desired to 

conceive, but had not yet started trying, and had no history of subfecundity. Women were 

excluded if they reported 9 months or more TTP for their most recent pregnancy, had more 

than one menstrual cycle that was less than 24 days or more than 35 days long in the past 

year, had any experience with a method related to the observation of vaginal secretions from 

cervical fluid, or had used a fertility monitor (Stanford et al., 2014). The University of Utah 

Institutional Review Board (IRB) approved the original study protocol and each of the 

women provided written informed consent prior to enrollment. The trial was registered on 

clinicaltrials.gov, NCT00161395.

2.2. Perceived stress and covariate assessment

Data on baseline demographics and social-behavioral characteristics were collected via 

interview-based self-report. All women completed a baseline questionnaire capturing 

demographic characteristics, reproductive and medical history, and lifestyle information 

including smoking, alcohol, and caffeine intake. At the baseline visit women were instructed 

on the use of their daily diary, which included recording bleeding, intercourse, alcohol (yes/

no), tobacco (yes/no/passive), caffeinated coffee (8-oz cups), caffeinated tea (8-oz cups), 

caffeinated soda (8-oz cups), medications, illness, and perceived stress (scale with 0 being 

none and 10 being maximum) (Sullivan and Artino, 2013). Participants were also asked to 

record their intention to conceive or not at the start of each menstrual cycle, for that specific 

cycle. Daily diaries were identical for the intervention and control group, with the exception 

of the intervention group additionally recording their cervical fluid observations as per 

CrMS protocol. Women completed diaries until pregnant or for 7 cycles of follow-up. All 

women completed daily urine testing from cycle day 2 up through the end of the cycle or 

day 31 with a blinded version of the ClearBlue® Fertility Monitor; from this, we obtained 

daily data for urine LH concentration (Stanford et al., 2014).
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2.3. Pregnancy assessment

Our primary outcome of interest was fecundability as measured with TTP, assessed by 

counting the number of cycles until chemical recognition of pregnancy (Stanford et al., 

2014). The pregnancy was recognized based on missed menstruation or clinical symptoms 

and defined as a positive result in urine human chorionic gonadotropin testing at a study 

visit, sensitive to a concentration of 25 mIU/mL or higher (Clearblue® pregnancy tests) 

(Stanford et al., 2014). To assure adequate quality of the daily data collection before 

participants actually started trying to achieve pregnancy, women were asked to continue to 

avoid pregnancy until they had been in the study for one full menstrual cycle. After the study 

enrollment, women were followed until pregnant, beginning of any medical fertility 

treatment, cessation of sexual inter-course, lost to follow-up, or up to 7 full cycles. Women 

who conceived during the study were followed until pregnancy outcome (Stanford et al., 

2014).

2.4. Statistical analysis

Descriptive statistics were used to assess women’s characteristics by study-average 

perceived stress tertile (low; ≤2.7, moderate; > 2.7–4.1, and high; > 4.1). To assess perceived 

stress variation across the menstrual cycle and over the study period, we used linear 

regression models and calculated the least square means and 95% confidence intervals (CI).

For the primary analysis, discrete-time survival analysis was used to estimate the effect of 

cycle-average, time-varying perceived stress on TTP (Radin et al., 2015; Powell and 

Bagnell, 2012; Cox, 2018). We calculated fecundability odds ratios (FOR) and 95% CIs with 

Cox proportional hazards regression, accounting for right censoring, where FOR < 1 

indicates reduced fecundability with longer TTP and > 1 indicates increased fecundability 

with shorter TTP. To test the proportional hazard assumption in the Cox model, we 

performed flexible assessment of time-by-covariate interactions by including interaction of 

the predictors and a survival time function in the model. (Crowther and Lambert, 2017; 

Heinzl and Kaider, 1997; Royston and Parmar, 2002).

In addition to modeling time-varying stress exposure across each menstrual cycle, we further 

modeled stress exposure during specific windows: preovulatory window, pre-implantation 

window, broad fertile window, and narrow fertile window. To define the specific windows of 

each cycle, two trained reviewers identified the peak day of LH by manually reviewing each 

woman’s LH level, detected from the fertility monitor, with a third reviewer adjudicating any 

discrepancies. Pre-ovulatory window was defined from cycle start date to the estimated day 

of ovulation (EDO; +1 day from the peak LH surge day) and pre-implantation window was 

defined as EDO to day +8. Furthermore, fertile windows for each menstrual cycle were 

defined to more accurately assess the effects of daily stress on reproductive function during 

windows when women were “at risk” for conception. Broad and narrow fertile windows 

were defined as −6 to +3 days (10 days total) and −3 to +1 days (5 days total) from the peak 

LH surge day, respectively (Lynch et al., 2006). For comparability, we used the study-

average perceived stress tertile cut points (low; ≤2.7, moderate; > 2.7–4.1, and high; > 4.1) 

to categorize stress tertiles across each menstrual cycle and for the specific menstrual cycle 
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windows (i.e., pre-ovulatory window, pre-implantation window, broad fertile window, and 

narrow fertile window).

Potential confounders were determined via directed acyclic graphs. Potential covariates that 

we considered included age (continuously), race/ethnicity (categorically), BMI 

(categorically), parity (one prior pregnancy vs more than one prior pregnancy), education 

(≥college graduate vs < college graduate), income (≥$40,000/year vs < $40,000/year), prior 

use of oral contraceptives (yes/no), time-varying cycle-average caffeine/alcohol intake 

(continuous), prior his-tory of smoking (yes/no), CrMS treatment (yes/no), and cycle intent 

to conceive (yes/no). Age, prior pregnancy history, education level, CrMS intervention, and 

cycle intent to conceive were included in our final multivariate hazard ratios estimation.

To test the robustness of our findings, we conducted several sensitivity analyses. Given that 

time-varying intercourse frequency may additionally affect the relationship between 

perceived stress and fecundability, as has been assessed by others (Louis et al., 2011; Lynch 

et al., 2014), we additionally checked to see if adding this potential confounding factor 

altered our estimates. To address potential selection bias due to missing data (i.e., women 

with higher perceived stress may be less likely to complete their daily diaries and may also 

have lower fecundability), we imputed missing stress values using multiple imputation. To 

assure that our inferences were not changed due to the imputed stress values, we compared 

estimated FORs with only observed stress data to the estimated FORs with full stress data, 

after imputing missing stress values. All statistical analyses were performed using SAS 

software version 9.4 (SAS Institute, Inc., Cary, North Carolina).

3. Results

Of the 143 women randomized, 3 participants randomized to the CrMS group were found 

subsequently to be ineligible. Of the remaining 140 women, 6 became pregnant in cycle 0, 

and 1 in cycle 5 with no daily diary data while the remaining 12 chose to withdraw (n = 6), 

needed medical treatment (n = 1), chose to not get pregnant (n = 4), or were lost to follow up 

(n = 1), also with no daily diary data. Additionally, 6 women were excluded from the 

analysis because they became pregnant at cycle 1 (n = 5), considered as protocol violation, 

or chose to not get pregnant (n = 1). For the analysis pre-ovulatory/pre-implantation stress 

exposure, we further eliminated 4 women with no EDO data because they had no luteinizing 

hormone (LH) data (n = 1) or had no detected peak day of LH (n = 3). The final analytical 

sample included in our primary analyses is 111 (see Supplementary data, Fig. S1).

Among the 111 participants who were included for analysis, a total of 90 (81.1%) conceived 

and 76 (68.5%) achieved a live birth during the average follow-up time of 4.01 cycles 

(standard deviation [SD]: 1.79). Over the study period via the daily diaries, women reported 

an average stress level of 3.5 (SD: 1.5), and mean intercourse frequency of 3.3 (SD: 1.3) 

during broad (10 days) and 2.1 (SD: 0.8) during narrow (5 days) fertile windows, 

respectively. Additionally, over the study period via the daily diaries, 16% of women 

reported consuming coffee (median = 0.36 cups, IQR = 0.10, 0.84 among consumers) while 

5% reported consuming alcohol (median = 0.14 cups, IQR = 0.05, 0.27 among consumers). 

When assessing the mean (95% CI) variation of stress captured in the daily diary, there were 
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no significant differences in daily perceived stress level over the menstrual cycle (Fig. 1a) or 

over the study period (Fig. 1b).

Women who reported higher versus lower stress levels across the study period were more 

likely to be in the control (non-CrMS intervention) group (non-CrMS intervention), obese at 

baseline, and have higher family income (Table 1). Women with higher stress levels were 

also less likely to have intercourse during narrow fertile window compared to women with 

low stress levels. No significant differences were observed in the distribution of age, parity, 

education, prior oral contraceptive use, coffee/alcohol consumption, cycle intent to conceive 

or smoking history by stress tertiles.

Overall, women with moderate or high levels of perceived stress, compared to low-stress 

levels, had no differences in ability to achieve pregnancy (FOR: 1.37, 95% CI: 0.71–2.67 

and FOR: 1.11, 95% CI: 0.58–2.14, respectively) after adjusting for age, parity, education, 

caffeine/alcohol intake, CrMS intervention, and cycle intent to conceive (Table 2). There 

was no appreciable difference in FORs after additionally adjusting for intercourse frequency 

during fertile window. When assessing stress during specific time period of each cycle, high 

versus low levels of pre-ovulatory stress and pre-implantation stress again showed a null 

association (FOR: 1.79, 95% CI: 0.90–3.56 and FOR: 1.08, 95% CI: 0.56–2.10). Further 

adjustment of intercourse frequency during fertile window did not greatly impact FOR. We 

did not observe any significant association between broad/narrow fertile window stress and 

TTP (Supplementary data, Table S1). In sensitivity analysis comparing the estimated FORs 

with only observed stress data to the estimated FORs with imputed stress data, we did not 

observe any notable changes in the estimates. (Fig. 2).

4. Discussion

To our knowledge, this is one of few cohort studies to examine the hypothesized association 

between preconception stress and fecund-ability prospectively among women trying to 

conceive (Louis et al., 2011; Lynch et al., 2012, 2014), and one of only two to measure daily 

self-reported preconception perceived in relation to fecundability (Akhter et al., 2016). After 

adjustment of confounding factors, we found a higher but non-significant association 

between preconception daily perceived stress and fecundability among women with proven 

fertility. These findings held true regardless of whether perceived stress was assessed during 

the pre-ovulatory, pre-implantation, or specific fertile window. Our findings are consistent 

with one prior epidemiologic study that captured perceived stress at each preconception 

cycle (up to 6) via the Cohen’s Perceived Stress Scale (PSS) (Cohen et al., 1983) and found 

no significant association (Lynch et al., 2012).

While the PSS (Cohen et al., 1983) has been widely used around the world to study the role 

of chronic psychological stress in the etiology of adverse health outcomes, several 

researchers have been questioning its appropriateness for studies assessing women’s 

menstrual cycle and fecundability (Lynch et al., 2012; Nakamura et al., 2008; Schliep et al., 

2015). Given that reproductive outcomes are known to be sensitive to critical windows of 

exposure, measuring daily perceived stress over the course of the menstrual cycle may more 

precisely capture the physical responses to daily hassles in women compared to measuring a 
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single baseline stress (Akhter et al., 2016; Bolger et al., 2003; Schliep et al., 2015). Indeed, 

one recent study, conducted among 259 premenopausal women found a significant inverse 

relationship between daily perceived stress and total estradiol, luteal progesterone, and 

ovulatory function, whereas there was no association when using the baseline PSS-14 or the 

cycle PSS-4 (Schliep et al., 2015). Furthermore, in another recent study assessing the effect 

of daily perceived stress on fecundability among 400 women from the US (Akhter et al., 

2016), higher stress after ovulation was associated with increased probability of conception 

(FOR:1.63, 95% CI:1.07–2.50) but there was a significantly reduced fecundability among 

women who had higher stress during the estimated ovulatory window. While we did not find 

similar opposing direction of effects as Akhter et al in our study, we did find a stronger 

magnitude of effect of daily stress in the pre-ovulatory versus pre-implantation window, 

highlighting the need to capture stress during critical windows of exposure.

One of the strongest confounding factors that arose from our analysis was the impact of 

cycle intent to conceive. When examining the effect of modifiable risk factors on women’s 

fecundability, many researchers assume that couples enrolled in preconception studies will 

always intend to conceive and consequently engage in intercourse over the entire study 

period. However, as we observed in our study, participant’s intent to conceive can vary by 

cycle and impact the couple’s fecundability (Stanford et al., 2014). While one previous study 

adjusted for an overall intent to conceive (Akhter et al., 2016), in our statistical models, we 

adjusted for cycle intent to conceive, which had a sub-stantial impact on the results of the 

model towards a stronger positive association.

Our study had many strengths including prospective design, repeated measures of stress 

exposure, assessment of many important confounders, and a rigorous application in 

estimating the effect of various critical windows of perceived stress exposure on fertility 

outcome. Despite our limited sample size, our use of the daily diary for our stress exposure 

for up to 6 cycles assisted with precision in our effect estimates. Additionally, our sensitivity 

analyses accounting for missing information on perceived stress and covariates allowed us to 

minimize selection bias. In addition, by recruiting only couples of proven fertility, we were 

able to minimize reverse causality whereby subfertility causes the stress versus the stress 

leading to subfertility. Unlike previous studies that simply used preconception average stress 

levels, our study could evaluate the impact of time-varying stress across cycles on time to 

pregnancy.

Our study has some limitations. First, given that examining the association between stress 

and fecundability was not the primary objective of the study, we may be underpowered to 

detect statistically significant differences. However, given our overall pattern of improved 

fecundability with high versus low perceived stress among women with proven fertility 

(FORs all > 1.0), future studies among a larger cohort with similar characteristics should be 

carried out prior to drawing definitive conclusions. Additionally, we did not have data on 

baseline chronic stress, life stressors, nor on stress biomarkers, which would have given us a 

more detailed picture of how various forms of stress may impact fecundability and on the 

potential mechanism of action. However, epidemiologic research to date suggests that the 

HPA axis and SAM pathway may show an inconsistent reaction to different types of 

stressors (Louis et al., 2011; Lynch et al., 2012, 2014). Further, there is a poor correlation 
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between salivary cortisol levels and scores on the PSS questionnaires (Lynch et al., 2012; 

van Eck et al., 1996), and perceived stress is not the only element that can influence salivary 

alpha-amylase levels (Lynch et al., 2014; Rohleder and Nater, 2009; Stegmann, 2011). 

Hence, further work is warranted looking into an interplay between perceived stress, 

responses to stress, stress biomarkers, and reproductive health.

Our study may have limited generalizability given that our study included healthy women in 

a relationship of proven fertility who were predominantly white, college-educated, with 

higher family income. Additionally, women from our study tended to consume less coffee 

and alcohol compared to other US adults of similar age (Loftfield et al., 2016; Substance 

Abuse and Mental Health Services Administration (SAMHSA, 2015; Daniels et al., 2004). 

One possible explanation of why we have failed to confirm our hypothesis of a negative 

impact of perceived stress on fecundability is that high stress among our sample may be 

relatively modest in comparison to other populations who may have higher daily stress due 

to adverse circumstances including poverty, disadvantage, and/or racism (Harville et al., 

2009; Lynch et al., 2012). Aschbacher et al. reported that manageable stress, eustress 

exposure, may lead to beneficial or resilient health effects among individuals who 

experience episodic stress or lower intensity stress compared to the national average 

(Aschbacher et al., 2013). Thus, albeit non-significant, our findings of high/moderate stress 

being associated with increased fecundability among a cohort consisting of mostly white 

women of higher socioeconomic status is plausible. In addition, chronic stress accumulated 

in a woman’s life, in addition to cycle average stress, may be one of the major factors 

affecting the reproductive system that we were not able to measure (Lynch et al., 2012). 

Thus, future research studying the effects of stress on women’s reproductive health should 

be expanded to include women of less privileged backgrounds who may experience more 

severe or alternative forms of psychosocial stress.

5. Conclusions

In summary, among this cohort of predominantly healthy white, college-educated women, 

we found that perceived stress is not adversely associated with reduced fecundability. After 

adjusting for confounding variables, we found a positive but non-significant association 

between cycles with the highest tertile of stress and fecundability compared to cycles with 

the lowest tertiles of stress, most consistently for the pre-ovulatory window. Our findings 

highlight that applying cycle-varying covariates in the multivariable-adjusted models is 

important to assess the association of perceived stress and TTP. Finally, taking into 

consideration if women are actually intending to get pregnant for each cycle is critical when 

estimating the effect of modifiable risk factors on women’s fecundity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Mean (95% CI) variation in daily diary reported perceived stress over the menstrual cycle. 

The variation of repeatedly measured stress level in daily diary was assessed, both across the 

menstrual cycle and between menstrual cycles. Pairwise comparisons of self-reported stress 

exposures were made.
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Fig. 2. 
Mean (95% CI) variation in daily diary reported perceived stress over the study period. The 

variation of repeatedly measured stress level in daily diary was assessed and pairwise 

comparisons of self-reported stress exposures were made.
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Table 1

Characteristics of women trying to conceive by stress tertiles (n = 111).

Total n = 111 Stress tertiles

Low (≤2.7) n = 36 Moderate (> 2.7–4.1) n = 37 High (> 4.1) n = 38

Age (mean ± SD) 28.5 ± 3.1 28.2 ± 2.7 28.9 ± 3.0 28.5 ± 3.5

Race, n (%)

White non-Hispanic 105 (94.6) 34 (94.4) 37 (100.0) 34 (89.5)

White Hispanic 3 (2.7) 0 0 3 (7.9)

Non-white non-Hispanic 3 (2.7) 2 (5.6) 0 1 (2.6)

Partner’s race, n (%)

White non-Hispanic 107 (96.4) 35 (97.2) 36 (97.3) 36 (94.7)

White Hispanic 1 (0.9) 0 0 1 (2.6)

Non-white non-Hispanic 3 (2.7) 1 (2.8) 1 (2.7) 1 (2.6)

Pregnancy history, n (%)

1 50 (45.1) 18 (50.0) 17 (45.9) 15 (39.5)

2+ 61 (55.9) 18 (50.0) 20 (54.1) 23 (60.5)

Education, n (%)

< College graduate 51 (46.0) 19 (52.8) 16 (43.2) 16 (42.1)

≥ College graduate 60 (54.0) 17 (47.2) 21 (56.8) 22 (57.9)

Family income, n (%)

< $ 40,000 per year 39 (35.8) 18 (50.0) 9 (25.0) 12 (32.4)

≥ $ 40,000 per year 70 (64.2) 18 (50.0) 27 (75.0) 25 (67.6)

missing 2 0 1 1

Body Mass Index, n (%)

< 18.5 kg/m2 10 (9.0) 4 (11.1) 3 (8.1) 3 (7.9)

18.5–24.9 kg/m2 68 (61.3) 22 (61.1) 23 (62.2) 23 (60.5)

25–29.9 kg/m2 19 (17.1) 5 (13.9) 8 (21.6) 6 (15.8)

30+ kg/m2 14 (12.6) 5 (13.9) 3 (8.1) 6 (15.8)

Prior use of oral contraceptives, n (%)

No 5 (4.5) 3 (8.3) 1 (2.7) 1 (2.6)

Yes 106 (95.5) 33 (91.7) 36 (97.3) 37 (97.4)

Consumed coffee in the past month, n (%)

No 101 (91.0) 34 (94.4) 34 (91.9) 33 (86.8)

Yes 10 (9.0) 2 (5.6) 3 (8.1) 5 (13.2)

Consumed alcohol in the past month, n (%)

No 96 (86.5) 33 (91.7) 31 (83.8) 32 (84.2)

Yes 15 (13.5) 3 (8.3) 6 (16.2) 6 (15.8)

Any prior history of smoking, n (%)

No 93 (83.8) 31 (86.1) 30 (81.1) 32 (84.2)

Yes 18 (16.2) 5 (13.9) 7 (18.9) 6 (15.8)

CrMS group, n (%)
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Total n = 111 Stress tertiles

Low (≤2.7) n = 36 Moderate (> 2.7–4.1) n = 37 High (> 4.1) n = 38

Intervention 59 (53.2) 25 (69.4) 16 (43.2) 18 (47.4)

Control 52 (46.8) 11 (30.6) 21 (56.8) 20 (52.6)

Perceived stress (mean ± SD) 3.5 ± 1.6 1.7 ± 0.7 3.4 ± 0.4 5.2 ± 0.9

Pregnancy outcome, n (%)

Miscarriage 14 (12.6) 3 (8.3) 5 (13.5) 6 (15.8)

Live birth 76 (68.5) 24 (66.7) 24 (64.9) 28 (73.7)

Not pregnant 21 (18.9) 9 (25.0) 8 (21.6) 4 (10.5)

Intent to conceive, n (%)

Strong 99 (90.0) 34 (94.4) 32 (86.5) 33 (89.2)

Moderate 6 (5.4) 2 (5.6) 2 (5.4) 2 (5.4)

Weak 5 (4.6) 0 3 (8.1) 2 (5.4)

missing 1 0 0 1

Intercourse frequency (mean ± SD)

Broad fertile window 3.3 ± 1.3 3.6 ± 1.3 3.1 ± 1.5 3.0 ± 1.1

Narrow fertile window 2.1 ± 0.8 2.3 ± 0.8 2.0 ± 0.8 2.0 ± 0.7

Perceived stress captured from daily diaries (scale with 0 being none and 10 being maximum) for up to 7 menstrual cycles. Broad fertile window=
−6 to +3 days from the LH peak, Narrow fertile window=−3 to +1 days from the LH peak. SD = Standard deviation, n=Number of participants, 
CrMS = The Creighton Model Fertility Care System™.
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Table 2

Unadjusted and adjusted FORs for overall, pre-ovulatory, and pre-implantation stress among women trying to 

conceive (n = 111).

Unadjusted FOR Adjusted FOR
a

Adjusted FOR
b

FOR 95% CI FOR 95% CI FOR 95% CI

Overall cycle stress

Low (≤2.7) 1.0 1.0 1.0

Moderate (> 2.7–4.1) 1.35 (0.74, 2.46) 1.37 (0.71, 2.67) 1.37 (0.71, 2.67)

High (> 4.1) 0.93 (0.52, 1.66) 1.11 (0.58, 2.14) 1.12 (0.58, 2.15)

Pre-ovulatory stress

Low (≤2.7) 1.0 1.0 1.0

Moderate (> 2.7–4.1) 1.61 (0.88, 2.97) 1.88 (0.93, 3.78) 1.69 (0.83, 3.48)

High (> 4.1) 1.28 (0.71, 2.28) 1.79 (0.90, 3.56) 1.55 (0.75, 3.21)

Pre-implantation stress

Low (≤2.7) 1.0 1.0 1.0

Moderate (> 2.7–4.1) 1.05 (0.56, 1.99) 0.93 (0.44, 1.96) 0.87 (0.40, 1.89)

High (> 4.1) 0.98 (0.56, 1.72) 1.08 (0.56, 2.10) 1.10 (0.55, 2.20)

FOR = Fecundability Odds Ratio, CI = Confidence Interval. FOR < 1 indicates reduced fecundability with longer TTP and FOR > 1 indicates 
improved fecundability with shorter TTP. Pre-ovulatory stress is the stress level from day 0 to EDO of each cycle and pre-implantation stress is the 
stress level from EDO to day +8 of each cycle.

a
Adjusted for age, parity, education, caffeine/alcohol intake, CrMS intervention, and cycle intent to conceive.

b
Additionally adjusted for intercourse frequency during narrow fertile window.
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