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study question: Are women’s stress levels prospectively associated with fecundity and infertility?

summaryanswer: Higher levels of stress as measured bysalivaryalpha-amylase areassociated with a longer time-to-pregnancy (TTP) and
an increased risk of infertility.

what is known already: Data suggest that stress and reproduction are interrelated; however, the directionality of that association is
unclear.

study design, size, duration: In 2005–2009, weenrolled 501 couples in a prospective cohort study with preconceptionenrollment
at two research sites (Michigan and Texas, USA). Couples were followed for up to 12 months as they tried to conceive and through pregnancy if it
occurred. A total of 401 (80%) couples completed the study protocol and 373 (93%) had complete data available for this analysis.

participants/materials, setting, methods: Enrolled womencollected saliva themorning following enrollment and then the
morning following their first observed study menses for the measurement of cortisol and alpha-amylase, which are biomarkers of stress. TTP was
measured in cycles. Covariate data were captured on both a baseline questionnaire and daily journals.

main results and the role of chance: Among the 401 (80%) women who completed the protocol, 347 (87%) became preg-
nant and 54 (13%) did not. After adjustment for female age, race, income, and use of alcohol, caffeine and cigarettes while trying to conceive,
women in the highest tertile of alpha-amylase exhibited a 29% reduction in fecundity (longer TTP) compared with women in the lowest tertile
[fecundability odds ratios (FORs) ¼ 0.71; 95% confidence interval (CI) ¼ (0.51, 1.00); P , 0.05]. This reduction in fecundity translated into a
.2-fold increased risk of infertility among these women [relative risk (RR) ¼ 2.07; 95% CI ¼ (1.04, 4.11)]. In contrast, we found no association
between salivary cortisol and fecundability.

limitations, reasons for caution: Due to fiscal and logistical concerns, we were unable to collect repeated saliva samples and
perceived stress questionnaire data throughout the duration of follow-up. Therefore, we were unable to examine whether stress levels increased
as women continued to fail to get pregnant. Our ability to control for potential confounders using time-varying data from the daily journals,
however, minimizes residual confounding.

wider implications of the findings: This is the first US study to demonstrate a prospective association between salivary stress
biomarkers and TTP, and the first in the world to observe an association with infertility.
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Introduction
The role that stress plays in infertility remains controversial, largely
because despite medical advances a large percentage of infertility
remains unexplained (Kamath and Bhattacharya, 2012). While the
causes of infertility have become arguably less relevant in many ways re-
cently given thatassistedreproduction technologies (ART) are successful
in overcoming many fertility problems, continuing to elucidate the factors
associated with optimizing natural fertility is extremely important as such
knowledge could potentially lead to lower cost lifestyle modifications
that could be recommended to patients experiencing conception delay
prior to referring them for reproductive endocrinology analyses. Such
interventions could have a major health impact as the use of ART is
not without risk to the women and their offspring (Finnstrom et al.,
2011; Zollner and Dietl, 2012).

Basic science has elucidated the linkages between the hypothalamic–
pituitary axis (HPA) and hypothalamic–pituitary gonadal axis such that it
is now accepted that physical stressors can perturb women’s menstrual
cycles (Chrousos et al., 1998). What is less clear is whether psychological
stress can have the same effect. There are many reports in the literature
of unassisted conception following adoption (Rock et al., 1965; Weir and
Weir, 1966; Mai, 1971). Domar et al. (2000, 2011) have found higher
pregnancy rates among IVF patients randomized to structured cognitive
behavioral therapy groups and those randomized to a mind–body inter-
vention program than women receiving usual care. Other investigators
have reported increased pregnancy rates among women randomized
to treatment with an antidepressant and psychotherapy compared
with untreated women (Ramezanzadeh et al., 2011).

How does one measure the body’s response to stressors objectively?
First, one must understand the physiology of the human stress response
(Fig. 1). When a stimulus is perceived as stressful, signals are sent to the
hypothalamus, which then activates the sympathetic adrenomedullary
(SAM) pathway; if the stress becomes chronic, the SAM can remain
hyperactive and the HPA becomes activated as well. For the SAM
system, norepinephrine is secreted into the bloodstream, which eventu-
ally results in an increase in salivary alpha-amylase production by the
parotid gland. For the HPA axis, blood cortisol levels increase which

subsequently results in an increase in salivary cortisol. The fact that
both of these biomarkers can be detected in saliva makes them ideal
for use in population-based studies (Rockett et al., 2004). Recent work
suggests that psychological stressors produce a more pronounced
alpha-amylase response than physical stressors (van Stegeren et al.,
2008).

Until recently, much of the data regarding the association between
stress and infertility have been derived from cross-sectional studies of
couples seeking infertility treatment, in which the directionality of the as-
sociation could not be determined. There have been very few prospect-
ive cohort studies to examine this issue due to the complexities
associated with identifying the at-risk population (e.g. couples trying to
become pregnant) (Buck et al., 2004). Recently, we published a series
of papers from a study that we conducted in the UK, in which we pro-
spectively examined stress in relation to time-to-pregnancy (TTP)
among women who were followed for up to 6 months as they tried to
conceive. In that study, we found no association between self-reported
stress and TTP (Lynch et al., 2012). We did, however, report lower day-
specific probabilities of conception among thosewith the highest levels of
alpha-amylase in comparison with women with the lowest levels; yet, this
effect did not translate into a longer TTP for these women, possibly due
to the short 6 month follow-up period (Louis et al., 2011). In an attempt
to furtheraddress this critical data gap, we introduced a novel stress com-
ponent into the Longitudinal Investigation of Fertility and the Environ-
ment (LIFE) study’s overall protocol in keeping with its focus on
environmental and lifestyle factors and human fecundity and fertility.
The intent was to provide a first look at the prospective association
between stress and TTP and infertility in a cohort of US women.

Materials and Methods

Population and eligibility
This study was conducted using data collected from 2005 to 2009 as part of
the LIFE study (Buck Louis et al., 2011). In brief, we enrolled 501 couples in
two states who were discontinuing contraception for purposes of becoming
pregnant. The primary aim was to assess the association between environ-
mental chemicals in the context of lifestyle including stress and couple fecund-
ity. Given the absence of established sampling frameworks for identifying
couples planning a pregnancy in the near future, we utilized a marketing
and fish/hunting license registry in 16 counties in Michigan and Texas, re-
spectively, for recruitment and observed few differences in the characteristics
of couples by sampling framework (Buck Louis et al., 2011). Eligibility included
the following: (1) non-pregnant females aged 18–40 years; (2) married or in a
committed relationship; (3) male partner age 18+ years; (4) self-reported
menstrual cycle length of 21–42 days (to comply with the fertility monitor
specifications); (5) ability to communicate in English or Spanish; (6) and no
use of hormonal birth control injections in the prior 12 months; (7)
woman and her partner have never been told by a healthcare provider that
they could not get pregnant without medical help and (8) actively trying to
get pregnant and off contraception for ≤2 months at study entry. We
chose to exclude women with a history of hormonal birth control injections
given the uncertainty regarding the time required for return to normal fertil-
ity. Identified couples were followed for up to 12 months or through preg-
nancy if pregnancy occurred.

Data collection
Once an eligible and interested couple was identified via telephone screen,
the study team visited the couple’s home. The research team enrolled and

Figure 1 Measuring the human stress response.
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interviewed both partners of the couple separately using standardized base-
line questionnaires and trained the couple in the use of their daily journals and
other study elements such as the study-provided fertility monitor (Clear-
bluew Fertility Monitor, SPD Development Co.) and pregnancy tests. Add-
itional information regarding LIFE study procedures can be found
elsewhere (Buck Louis et al., 2011). The protocol was approved by the Insti-
tutional Review Boards at each participating institution and all participants
provided written informed consent before enrollment.

Exposure assessment
To objectively assess stress, females collected a first morning (basal) saliva
sample using a Salivettew collection device at two time points: (i) the
morning following enrollment and (ii) the morning following their first
observed menses in the study. Women were told to collect the sample im-
mediately upon awakening before eating, drinking, smoking or brushing
their teeth. Samples were returned via prepaid overnight shipping and
stored at 2208C until analyzed.

Salivary cortisol and alpha-amylase were quantified in a laboratory with ex-
tensive expertise in this area (Salimetrics, LLC, State College, PA, USA), as
biomarkers of stress using established protocols inclusive of quality control
procedures. Cortisol (mg/dl) was measured using a highly sensitive
enzyme immunoassay (Raff et al., 2003). Salivary alpha-amylase (U/ml)
was quantified using a commercially available kinetic reaction assay
(Granger et al., 2007). Only salivary specimens collected prior to pregnancy
were considered for this analysis.

Outcomes assessment
The first outcome of interest was fecundity as measured by TTP (Joffe, 1997).
We used study journals supplemented with fertility monitors to define men-
strual cycles distinct from episodic bleeding. Specifically, a menstrual cycle
denoted the interval (in days) from the onset of bleeding that increased in in-
tensity and lasted ≥2 days to the onset of the next similar bleeding episode. A
unique feature of the study design was the ability to capture couples enrolling
mid-cycle who immediately became pregnant. We define this as cycle 0 to
differentiate it from cycle 1, which denotes one fully observed menstrual
cycle. Pregnancy was defined as a positive study-provided home pregnancy
test, which is sensitive for 25 mIU/ml hCG.

The second outcome of interest was the day-specific probabilities of preg-
nancy during the fertile window. The fertile window for each menstrual cycle
was defined as 25 to +1 days from the peak day of LH as detected by the
fertility monitor (Lynch et al., 2006).

The final outcome that we considered was clinical infertility, which was
defined as a failure to achieve pregnancy despite 12 months of regular appro-
priately timed unprotected intercourse consistent with American Society of
Reproductive Medicine guidelines (The Practice Committee of the American
Society of Reproductive Medicine, 2012).

Covariate information
Covariate data were captured via the baseline interviews that collected infor-
mation regarding general and reproductive health, lifestyle and demograph-
ics. Of note, the 4-item Cohen’s perceived stress scale (PSS-4) was also
administered as part of the baseline interview (Cohen and Williamson,
1998). Time-varying covariate data were collected via the daily journals.
The women’s journal recorded bleeding, intercourse, periodic use of contra-
ception, fertility monitor results, pregnancy test results and other lifestyle
data, such as smoking, drinking and consumption of caffeinated beverages.
Periodic use of contraception was quantified as the authors’ previous work
has suggested that some couples who are trying to conceive use contracep-
tion on occasion (e.g. in March in an effort to avoid a holiday baby). We did
not, however, observe this phenomenon in the LIFE study. There was one
daily stress question on the journal which read, ‘Please tell us your overall

stress level each day: ‘1’ ¼ almost no stress; ‘2’ ¼ relatively little stress;
‘3’ ¼ a moderate amount of stress and ‘4’ a lot of stress.’

Statistical analysis
To assess differences in exposure and covariates by outcome we used x2

tests and t-tests for categorical and continuous variables, respectively.
Given the lack of statistically significant within-woman variation in the
stress biomarker levels between the first and second saliva collection, the
values were averaged. For women who had only one available saliva
sample (n ¼ 2), the biomarker levels from that sample were used. Cortisol
and alpha-amylase values were then divided into tertiles based on the distri-
butions of data among study participants. We used discrete-time survival
analysis to estimate the association between the biomarkers and TTP
while adjusting for relevant covariates that were chosen based on the
review of the literature and analysis of a directed acyclic graph (see Supple-
mentary data, Fig. S1). Care was taken to ensure that the lifestyle factors
for which we adjusted were in fact confounders and not in the causal
pathway. We calculated fecundability odds ratio (FORs) and 95% confidence
intervals (CIs) with estimates below one denoting decreased fecundability
(longer TTP) and those above one indicative of increased fecundability
(shorter TTP). To examine the association between cortisol and salivary
alpha-amylase and the day-specific probabilities of pregnancy, we used a sur-
vival analysis-based fecundity model (Sundaram et al., 2012). We also
assessed the RR for infertility using Poisson regression with robust standard
errors (Zou, 2004). For that model, our analysis was restricted to women for
whom the outcome of interest (i.e. TTP . 12 months or not) was known. All
models were adjusted for time off contraception prior to enrollment (left
truncation in survival analysis). Analyses were conducted using SAS software
(version 9.2) and R software (version 2.12.1). Statistical significance was set at
P , 0.05.

Results
Among the 501 couples who were enrolled into the LIFE study, 100
(20%) withdrew over the course of the study, most commonly due to
a lack of continued interest in participation (Buck Louis et al., 2011).
Among the 401 (80%) women who completed the protocol, 347
(87%) became pregnant and 54 (13%) did not. Among those 401
women, 373 women (93%) had complete saliva data for this analysis.
As mentioned previously, there were no statistically significant differ-
ences in the salivary stress biomarkers over those first two cycles. The
mean cortisol values were 0.41 mg/dl in cycle 1 and 0.50 mg/dL in
cycle 2, while for alpha-amylase, the mean values were 24.7 and
25.6 U/ml, respectively.

Table I presents selected characteristics of couples by study outcome.
Non-Hispanic black and Hispanic women were more likely to withdraw
from the study than non-Hispanic white women. Women who became
pregnant were more likely to be parous, have higher educational attain-
ment, have a higher family income and to be a non-smoker (or smoke less
on average if they did smoke) when compared with women who did not
get pregnant.Therewere no important differences by pregnancystatus in
the average number of acts of intercourse during the fertile window, sal-
ivary cortisol, salivary alpha-amylase or number of months trying to con-
ceive prior to enrollment.

Table II presents the FORs for the salivary stress biomarkers and TTP,
first with the biomarkers modeled continuously and next with them
modeled in tertiles. All of the FORs are ,1 indicative of reduced
couple fecundity. We found that women in the highest tertile of salivary
alpha-amylase had a 29% decreased odds of pregnancy (longer TTP)
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.............................................................................................................................................................................................

Table I Selected female and male characteristics by study outcome (n 5 373).

Pregnant, n (%), 247 (66) Not pregnant, n (%), 51 (14) Withdrew, n (%), 75 (20)

Female age (years)a,b 29.9 (3.9) 30.2 (4.0) 30.6 (4.7)

Male age (years)a,b 31.7 (4.4) 32.0 (5.2) 32.3 (5.6)

Female race/ethnicity**

Non-Hispanic white 204 (83.3) 38 (74.5) 52 (69.3)

Non-Hispanic black 5 (2.0) 3 (5.9) 8 (10.7)

Hispanic 20 (8.2) 8 (15.7) 10 (13.3)

Other 16 (6.5) 2 (3.9) 5 (6.7)

Graviditya,**,b 1.1 (1.3) 0.8 (1.4) 1.3 (1.6)

Nulligravid 101 (41.2) 33 (64.7) 31 (41.3)

1 71 (29.0) 8 (15.7) 18 (24.0)

2+ 73 (29.8) 10 (19.6) 26 (34.7)

Parity a,b** 0.7 (0.8) 0.2 (0.5) 0.7 (0.9)

Nulliparous 117 (48.0) 44 (86.3) 44 (58.7)

1 89 (36.5) 5 (9.8) 16 (21.3)

2+ 38 (15.6) 2 (3.9) 15 (20.0)

Female BMIb

Underweight 3 (1.2) 1 (2.0) 0 (0.0)

Healthy 117 (47.4) 22 (43.1) 24 (32.0)

Overweight 64 (25.9) 11 (21.6) 23 (30.7)

Obese 63 (25.5) 17 (33.3) 28 (37.3)

Educational attainment**,b

High school or less 13 (5.3) 2 (3.9) 7 (9.3)

Some college 29 (11.9) 11 (21.6) 23 (30.7)

College graduate 202 (82.8) 38 (74.5) 45 (60.0)

Income level**,b

,$29 999 6 (2.5) 3 (5.9) 7 (9.5)

$30 000–$49 999 20 (8.3) 13 (25.5) 11 (14.9)

$50 000–$69 999 36 (14.9) 7 (13.7) 14 (18.9)

At least $70 000 179 (74.3) 28 (54.9) 42 (56.8)

Average cigarettes per cycle**,c 14.7 (66.9) 55.7 (153.9) 62.7 (188.9)

None 201 (81.4) 32 (62.7) 52 (70.3)

0 , Cigarettes , 11 22 (8.9) 8 (15.7) 7 (9.5)

11 ≤ Cigarettes , 41 8 (3.2) 2 (3.9) 1 (1.4)

41 ≤ Cigarettes 16 (6.5) 9 (17.6) 14 (18.9)

Average alcoholic beverages per cyclec 12.1 (15.1) 12.1 (20.7) 13.3 (18.2)

None 30 (12.1) 4 (7.8) 8 (10.8)

0 , Alcohol , 4 73 (29.6) 16 (31.4) 21 (28.4)

4 ≤ Alcohol , 21 90 (36.4) 26 (51.0) 31 (41.9)

21 ≤ Alcohol 54 (21.9) 5 (9.8) 14 (18.9)

Average caffeinated beverages per cyclec 37.4 (27.1) 32.6 (26.1) 41.8 (32.9)

None 4 (1.6) 1 (2.0) 2 (2.7)

0 , Caffeine , 14 42 (17.0) 14 (27.5) 15 (20.3)

14 ≤ Caffeine , 41 102 (41.3) 24 (47.1) 24 (32.4)

41 ≤ Caffeine 99 (40.1) 12 (23.5) 33 (44.6)

Average acts of intercourse during the fertile window**,c 2.8 (1.4) 2.6 (1.6) 2.6 (1.2)

None 0 (0.0) 0 (0.0) 2 (3.1)

0 , Intercourse , 4 191 (81.3) 47 (94.0) 54 (83.1)

Continued

1070 Lynch et al.



after adjustment for covariates compared with women in the lowest
tertile [FOR ¼ 0.71; 95% CI ¼ (0.51, 1.00)]. Women in the middle
tertile of salivary alpha-amylase had a 7% decreased odds of pregnancy
after adjustment [FOR ¼ 0.93; 95% CI ¼ (0.68, 1.29)]. The magnitude
of the differences in TTP among women in the various tertiles of salivary
alpha-amylase is depicted in Fig. 2. Women had similar TTP until around
cycle 5 at which time women in the highest tertile of alpha-amylase began
to demonstrate lower probabilities of pregnancy. We also examined the
adjusted association between alpha-amylase and the FOR using a
five knot spline and the results were similar (see Supplementary data,
Fig. S2).

The presence of time-varying covariates in the model presented in
Table II allows the odds function to vary in a non-proportional way
with respect to the baseline odds function over time. So, the overall pro-
portionality assumption cannot be tested. However, we did inspect the
functional form for assessing the effect of the stress markers by looking at
the regression coefficients against the tertiles of the stress biomarkers,
and the direction of the coefficients did not change indicating that the
linear form for the stress biomarker effect was reasonable.

We assessed the differential effect of the alpha-amylase after cycle 5 by
introducing a separate coefficient after cycle 5. We found the effect to be
significant when alpha-amylase was modeled as a continuous covariate

.............................................................................................................................................................................................

Table I Continued

Pregnant, n (%), 247 (66) Not pregnant, n (%), 51 (14) Withdrew, n (%), 75 (20)

4 ≤ Intercourse 44 (18.7) 3 (6.0) 9 (13.8)

Cortisol (mg/dl)*,c 0.4 (0.6) 0.3 (0.2) 0.4 (0.3)

Alpha-amylase (U/ml)a,c 22.7 (29.5) 32.9 (34.1) 25.4 (33.5)

Female average total of daily stress per cyclea,c 54.8 (13.7) 54.3 (15.6) 56.5 (14.7)

Number of months trying prior to study entryb

0 188 (76.1) 32 (62.7) 51 (68.0)

1 24 (9.7) 5 (9.8) 9 (12.0)

2 35 (14.2) 14 (27.5) 15 (20.0)

Form of contraception used at study entry

None 158 (64.0) 39 (76.5) 54 (72.0)

Barrier method 48 (19.4) 7 (13.7) 15 (20.0)

Hormonal method 15 (6.1) 1 (2.0) 1 (1.3)

Natural method 22 (8.9) 4 (7.8) 5 (6.7)

Intrauterine device 3 (1.2) 0 (0.0) 0 (0.0)

Spermicide 1 (0.4) 0 (0.0) 0 (0.0)

Note: variable totals do not always equal the column totals due to missing values.
aMean (SD).
bAt baseline.
cDuring the study.
**P , 0.05.

........................................................................................................................................................................................

Table II Association between average stress biomarker level among females in the first two cycles of participation and
time to pregnancy (n 5 373).

FOR 95% CI Adjusted FORb 95% CI

Alpha-amylasea 0.92 [0.79, 1.07] 0.87 [0.75, 1.02]

Lowest — — — —

Middle 0.99 [0.73, 1.36] 0.93 [0.68, 1.29]

Highest 0.82 [0.59, 1.13] 0.71 [0.51, 1.00]‡

Cortisola 0.89 [0.41, 1.91] 0.96 [0.43, 2.12]

Lowest — — — —

Middle 0.86 [0.63, 1.19] 0.77 [0.56, 1.07]

Highest 0.97 [0.71, 1.33] 0.95 [0.69, 1.30]

FOR, fecundability odds ratio.
aModeled as a continuous variable then in tertiles (separate models).
bAdjusted for age of female, difference in age between male and female, income of female (dichotomized), race of female (dichotomized), female’s cigarette use, female’s caffeine use
and female’s alcohol use.
‡P , 0.05.
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with FOR (95%CI) as follows: for cycles ≤5, the effect of alpha-amylase
was: FOR ¼ 0.94 [95% CI ¼ (0.78, 1.14)] and for cycles .5: FOR ¼
0.72 [95% CI ¼ (0.54, 0.97)] after adjusting for the rest of the covariates
as in the adjusted model for Table II.

We then assessed the association between the stress biomarkers and
the day-specific probabilities of pregnancy (data not shown). We found
an association between alpha-amylase and fecundity with women in the
highest tertile having 5–6% lower daily probabilities of pregnancy across
the fertile window in the first cycle when compared with women in the
lowest tertile after adjustment for confounders. We again did not find
an association between salivary cortisol and fecundity.

Finally, to assess whether the observed decreases in fecundity were
clinically relevant, we calculated the RR of infertility as a function of
alpha-amylase and cortisol while adjusting for covariates. As shown in
Table III, women in the highest tertile of alpha-amylase had a .2-fold
increased risk of infertility in comparison with women in the lowest
tertile [RR ¼ 2.07; 95% CI ¼ (1.04, 4.11)]. Women in the middle
tertile of alpha-amylase had no increased risk of infertility in comparison
with women in the lowest tertile [RR ¼ 1.02; 95% CI ¼ (0.47, 2.19)].
We again found no association with cortisol.

Among the 1708 cycles among 373 women in this analysis, 146 (8.5%)
did not indicate an act of intercourse during the fertilewindow. However,
we performed a standard discrete time survival analysis, in which TTP
was defined as the number of cycles until pregnancy regardless of
whether the monitor and daily journal data indicated the cycle was
at risk. We performed a sensitivity analysis to assess what impact, if

any, including all cycles had on our analyses. Specifically, we examined
Kaplan–Meier survival curves for TTP as calculated above versus TTP
as calculated using only the cycles at risk. The log-rank test for the com-
parison of these curveswasnot significant (P ¼ 0.32). So, in both the TTP
and infertility analysis, we used the TTP in cycles regardless of whether
they were calculated to be at risk.

Discussion
To our knowledge, this is the first US cohort study to demonstrate a pro-
spective temporal association between a SAM biomarker of stress and
both TTP and infertility. After adjustment, we found a 29% decrease in
fecundity among women in the highest tertile of alpha-amylase when
compared with women in the lowest tertile. We also found a .2-fold
increased risk of infertility among those women. We found no associ-
ation between salivary cortisol and either measure of fecundity.

This work corroborates and extends our previous work in which we
reported a prospective association between increased alpha-amylase
and a 12% reduction in the day-specific probabilities of pregnancy in
the first cycle among UK women (Louis et al., 2011). This effect,
however, did not translate into a longer TTP among stressed women
likely due to our limited sample size (n ¼ 274) and short six cycle follow-
up period (Louis et al., 2011). Consistent with the present study, no as-
sociation between salivary cortisol and fecundity was observed.

The current study differed from our UK study in several ways. First,
women in the current study collected their saliva the morning following
enrollment and then on the morning of their first study-observed menses
in contrast to collection on Day 6 of each cycle in the UK study (Louis
et al., 2011). Moreover, we followed women for a full 12 months in
this study, in contrast to only six cycles in the UK study, which allowed
us to examine the impact of stress throughout the full spectrum of
fecundity.

While cortisol is thought to be the classical biomarker of stress, we did
not see any association between salivary cortisol and fecundity in this
study. Cortisol has a marked circadian rhythm with levels peaking in
the morning and decreasing throughout the day (Weitzman et al.,
1971). While it has been suggested that a single basal saliva sample is suf-
ficient (Yehuda et al., 2003), others have argued that cortisol reactivity

........................................................................................

Table III RR of infertility by average stress biomarker
level in the first two cycles of participation (n 5 299).

RR 95% CI Adjusted RRb 95% CI

Alpha-amylasea 1.41 [1.04, 1.90] 1.46 [1.08, 1.98]

Lowest — — — —

Middle 0.92 [0.44, 1.93] 1.02 [0.47, 2.19]

Highest 1.75 [0.91, 3.35] 2.07 [1.04, 4.11]

Cortisola 0.24 [0.03, 2.20] 0.36 [0.05, 2.77]

Lowest — — — —

Middle 1.12 [0.60, 2.08] 1.33 [0.69, 2.55]

Highest 0.72 [0.36, 1.43] 0.84 [0.40, 1.76]

aModeled as a continuous variable then in tertiles (separate models).
bAdjusted for age of female, difference in age between male and female, income of
female (dichotomized), race of female (dichotomized), female’s cigarette use, female’s
caffeine use and female’s alcohol use.

Figure 2 Adjusted* probability of remaining not pregnant by tertile of
salivary alpha-amylase.*Adjusted for age of female, difference in age
between male and female, income of female (dichotomized), race of
female (dichotomized), female’s cigarette use, female’s caffeine use,
and female’s alcohol use.
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(requiring multiple samples per day) might be more important in relation
to human health effects (Pruessner et al., 2003). Indeed, several studies
have failed to find an association between salivary cortisol and self-
reported stress in studies of reproductive outcomes (Harville et al.,
2009; Lynch et al., 2012). Further, we are not the first to demonstrate
an asymmetric response in salivary cortisol and alpha-amylase (Chatter-
ton et al., 1997; O’Donnell et al., 2009). In fact, some authors have
argued that the asymmetry itself is of interest, as chronic stress might
affect the HPA axis and SAM pathway differently, thereby, leading to
asymmetry (Tarullo and Gunnar, 2006; Gordis et al., 2008).

Evidencesuggeststhat stress isnot theonly factor thatmayaffect salivary
alpha-amylase levels (Stegmann, 2011). The current literature suggests
that alpha-amylase levels may be impacted by smoking, caffeine intake,
food consumption and exercise (Rohleder and Nater, 2009). Specifically,
tobacco acutely inhibits salivary alpha-amylase activity, whereas caffeine
intake has been shown to stimulate alpha-amylase activity, as have food
intake and exercise. However, our protocol was designed to minimize
these issues by instructingwomentocollect their saliva samples uponawa-
kening before any cigarette smoking, drinking, eating or teeth brushing.
Further, we adjusted all of our multivariable models for prospectively mea-
sured smoking, caffeine intake and alcohol use. While we did not collect
time-varying information on exercise, alpha-amylase levels are shown to
return to normal within 2.5 h of vigorous physical activity, making con-
founding unlikely given our protocol (Walsh et al., 1999). Smoking in the
day prior to collection has been shown to have no effect on alpha-amylase
levels nor have differences in BMI (Nater et al., 2007). Thus, we believe the
alpha-amylase levels thatwereport areunlikely tohavebeensystematically
affected by known confounders.

So how do the stress levels in our population compare with other
women of reproductive age? First, the mean salivary alpha-amylase level
upon awakening that we report is markedly lower than that reported in
a study of healthy German volunteers despite identical sample collection
procedures, 25.0 versus 106.1 U/ml, respectively (Nater et al., 2007).
Further, the mean score on the 4-item PSS collected at baseline among
the participants in our current study was 3.6 [normative sample of US
women on PSS-4 ¼ 4.7, SD ¼ 3.1]. Therefore, it seems that our popula-
tionwas likely lessstressedthanother studypopulations,whichmayreflect
research findings reporting that stressed women are less likely to partici-
pate in intensive study protocols (Domar et al., 2011).

Could our findings be a result of reverse causality or bias? First, and
most importantly, it is important to establish that couples did not
enter our study because they were worried about their ability to con-
ceive. To examine this issue, we looked at the salivary alpha-amylase
and cortisol levels by the time off contraception prior to study entry. If
the stress biomarker levels were higher among those women who had
been off contraception for 2 months (couples were excluded if they
were trying .2 months), then that would be evidence of potential
reverse causation (i.e. taking longer to conceive prior to study entry
induced stress). When we investigated this issue, however, we found ab-
solutely no evidence of a difference in stress biomarker levels by time off
contraception. The mean salivary alpha-amylase levels were 22.5, 29.7
and 21.0 U/ml for those off contraception 0, 1 or 2 months prior to
study entry, respectively. Another issue of concern is how the stress
levels of individuals who remained under study might have varied from
those who dropped out. As shown in Table I, the stress levels of
women who withdrew were similar to those who remained under

study, thereby, suggesting that differential attrition by exposure status
was not a concern.

This cohort study has many strengths, although it has important limita-
tions given its observational design. First, the outcomes of interest in this
study, TTP and infertility, are highly accurate in that they were measured
prospectively based on longitudinal fertility monitorand daily journal data
required for defining menstrual cycles. In addition, we had sensitive bio-
markers for our stress exposures and study outcome—TTP by home
hCG testing. Further, we were able to reduce the likelihood of residual
confounding by measuring all known potential confounders, most in a
time-varying fashion in the participant journals. With regard to limita-
tions, due to fiscal and logistical concerns, we were unable to obtain
repeated saliva samples and administeradditional psychosocial question-
naires. As such, weare unable to comment on whether failing to get preg-
nant each month increased women’s stress level over time. Moreover,
while parity (nulliparous versus parous) could theoretically modify the as-
sociation between stress and TTP, we were underpowered to examine
effect modification. In an effort to ensure that all participants collected at
least one salivary specimen prior to becoming pregnant, we asked that
women collect their first specimen the morning following enrollment.
Therefore, the first saliva samples were collected at varying points in
time in the women’s menstrual cycles. We are unaware of any data sug-
gesting that salivary alpha-amylase levels differ throughout the menstrual
cycle. Nater et al., (2007) finding of no sex differences in the diurnal pat-
terns of salivary alpha-amylase supports our assumption. Similarly, a
study examining the effects of oral contraceptive use on whole saliva
found no differences in salivary amylase concentrations (Laine et al.,
1991). This was an epidemiologic study looking at factors related to
achieving an unassisted pregnancy in a community-based sample. There-
fore, we did not make any effort to exclude couples based on clinical cri-
teria such as tubal occlusion. Examining factors associated with natural
conception among subfertile couples or thosewith a pre-existing biologic
reason for fertility problems is a different research question and is beyond
the scope of this work. Finally, this was a study conducted among an ap-
parently lower stress population of pregnancy planners and a recent RCT
suggests that women using the fertility monitor that was used in this study
were more likely to get pregnancy within two cycles compared with
those who did not use the monitor (Robinson et al., 2007); as such,
the results might not generalize to all women of reproductive age.

One question that remains unanswered is the biologic mechanism by
which stress might impact fecundity. In the current study, we found no
differences in acts of intercourse during the fertile window between
women who did and did not become pregnant, nor did we see a
decreased coital frequency among women with the highest salivary
alpha-amylase levels (i.e. 2.8, 2.7, and 2.6 acts of intercourse in the
fertile window for women in the low, middle and highest tertiles of
alpha-amylase, respectively). As such, we have no evidence to suggest
that stressed couples have more/less intercourse relative to others.
Another hypothesized mechanism is that high levels of stress could
lead to a delay or inhibition of the LH surge (Ferin, 1999). In fact, in
our study, we did not see a difference in the peak LH day as measured
by the fertility monitor between women with high and low levels of
alpha-amylase (data not shown). Additional theories that we could not
examine include stress-induced alterations in gamete transport or the
development of an autoimmune state unfavorable for implantation
(Schenker et al., 1992; Makrigiannakis et al., 2001).
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We have now shown in two populations, one in the USA and one in
the UK, that stress as measured by increased salivary alpha-amylase is
associated with lower fecundity among affected women. While this
study certainly does not give a definitive answer regarding causation, it
provides further evidence of the independent adverse role that stress
might play. Futurework should focus first on affirming the lackof variation
in salivary alpha-amylase response during the menstrual cycle. It will also
be important to identify a valid and reliable questionnaire measure of
stress (perhaps chronic psychological stress) that is highly correlated
with salivary alpha-amylase levels such that women for whom stress
might be a problem can be quickly identified.

Until such data become available, it seems prudent to consider stress
as a potential factor among couples who have failed to get pregnant
despite 6 months of targeted intercourse (given that the effect of
stress becomes apparent after the fifth cycle). While there is a dearth
of information regarding effective stress reduction techniques among
women of reproductive age who are trying to conceive but have not
yet sought treatment from a reproductive endocrinologist, stress reduc-
tion modalities, such as yoga, meditation and mindfulness, that have been
shown to be helpful in reducing stress in studies of other health out-
comes, might be relevant for further consideration (Carmody and
Baer, 2008; Balaji et al., 2012; Yadav et al., 2012). While one must be
careful to avoid any potential ‘blame’, by pointing out that high levels
of stress are clearly neither the only nor the most important factor pre-
dicting one’s ability to get pregnant, the suggestion that a woman consid-
ers participating in an effort to reduce her stress level is certainly unlikely
to cause harm.
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