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Psychological Stress in the Workplace and Menstrual Function

Laura Fenster, Kirsten Waller, John Chen, Alan E. Hubbard, Gayle C. Windham, Eric Elkin, and Shanna Swan

The relation between psychological stress at work and menstrual function was examined for 276 healthy,
working, premenopausal women who participated in the California Women's Reproductive Health Study in
1990-1991. Subjects collected daily urine samples and completed a daily diary for an average of five menstrual
cycles. Metabolites of estrogen and progesterone were measured in the urine, and computer algorithms were
developed to characterize each cycle as ovulatory or anovulatory and to select a probable day of ovulation. A
telephone interview collected information about psychological stress at work as well as other occupational,
demographic, lifestyle, and environmental factors. Logistic regression was used to model stressful work and risk
of anovulation (£36 days without ovulating) and measures of within-woman cycle variability. Repeated measures
analyses were performed on other menstrual cycle parameters. Stressful work (high demand in combination with
low control) was not strongly related to an increased risk for anovulation or cycle variability or to any of the
following cycle endpoints: short luteal phase (Si0 days), long follicular phase (£24 days), long menses (£8 days),
or long cycle (£36 days). However, women in stressful jobs had a more than doubled risk for short cycle length
(<24 days) compared with women not working in stressful jobs (adjusted odds ratio = 2.24, 95% confidence
interval 1.09-^.59). Am J Epidemiol 1999; 149:127-34.

estrone; follicular phase; luteal phase; menstrual cycle; menstruation disorders; ovulation; pregnanediol; stress,
psychological

Human studies have demonstrated that psychologi-
cal stress produces physiologic responses, such as acti-
vation of the corticotropin-releasing hormone nervous
system, that might affect menstrual function (1-3).
Stress (measured by life event or perceived stress
scales) has been associated with variation in the length
of the menstrual cycle (4), anovulation (5), and dura-
tion and amount of menstrual bleeding (6). Stress can
also result in increased use of substances such as alco-
hol, tobacco, and caffeine (7), which themselves may
be associated with changes in menstrual function.

Available research on the effects of work-related
psychological stress on menstrual function is extreme-
ly limited (8). Three previous studies found little asso-
ciation between perceived work-related stress and
menstrual function (9-11). A fourth study (12) found a
relation between work stress and menstrual "abnor-
mality"; the definition of menstrual abnormality was
based on combining the following endpoints: lack of a
menstrual period, short or long cycle length, and short
or long menses.

The current study describes the relation between
psychological job stress and menstrual function seen in
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the Women's Reproductive Health Study, which was
designed to use urine biomarkers of sex steroids to
explore the associations of several environmental and
lifestyle exposures with menstrual function in healthy
premenopausal women. It was conducted by the
California Department of Health Services in collabora-
tion with the Division of Research of the Kaiser
Permanente Medical Care Program of Northern
California.

MATERIALS AND METHODS

Subject recruitment

The study population and materials and methods
have been previously described in detail (13). Married
women between 18 and 39 years of age who belonged
to the Kaiser Permanente Medical Care Program and
who had zip codes located near the study's field office
were screened by telephone for eligibility. Eligibility
criteria were intended to identify women at some risk
for pregnancy, since another goal of the study was to
examine fetal loss and time to conception. Women
were not eligible if they 1) did not speak English; 2)
had not had a menstrual period in 6 weeks; 3) were
currently pregnant; 4) had been surgically sterilized or
were using oral contraceptives, intrauterine devices, or
hormonal medications; 5) had been having unprotected
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intercourse for more than 3 months without becoming
pregnant; or 6) were anticipating travel that would sep-
arate them from their husbands. Of the 6,481 women
successfully screened, a total of 83.2 percent were
ineligible (using oral contraceptives or intrauterine
devices, or they or their partner had been surgically
sterilized, 53.2 percent; no longer a member of the
health plan, 12.8 percent; pregnant or last menses > 6
weeks ago, 12.1 percent; not pregnant after 3 months
of unprotected intercourse, 9.9 percent; not married,
7.7 percent; other, 4.3 percent). Of the 1,092 women
eligible for recruitment, 553 agreed to begin the study,
89 dropped out during urine collection, and 61 became
ineligible (e.g., beginning oral contraceptives or sepa-
ration from husband), leaving a total of 403 women
who completed the study.

Interviewing

Questions were included in the baseline question-
naire on the following: demographics; reproductive
and medical history; lifestyle factors, such as con-
sumption of alcohol, tobacco, and caffeinated bever-
ages and recreational exercise; occupation-, industry-,
and job-related exposures including psychological
stress at work; social support at work; physical exer-
tion at work; and additional sources of stress, such as
life events. Information on job changes during the data
collection period was also recorded at an exit inter-
view. A total of 15 women who were working at the
time of the baseline questionnaire were not working by
the time of the exit interview; we excluded nonwork
cycles from all analyses. Nine women missing infor-
mation on dates of employment changes were includ-
ed. We performed one set of analyses excluding these
nine women to determine any differences in results.

Assessment of exposure

Psychological job stress and social support at work
were assessed for the woman's job at the time of the
interview using an abbreviated version of the instru-
ment developed by Karasek et al. (14). This instrument
is based on the concepts that job stress results from
high psychological demands in combination with low
control over those demands (15) and that social sup-
port at work can ameliorate the effects of stressful
work (16). Job demand represents a job's pace and
pressure. Job control represents both the skill and cre-
ativity necessary to perform a job, as well as the free-
dom to make decisions about the way in which work is
accomplished. Of 13 questions that concerned stress-
related job characteristics, four were combined to mea-
sure job demand, five were combined to measure job
control, and four were combined to measure social

support at work. Our abbreviated scales maintained
reliabilities between 0.60 and 0.88 (Carl Pieper, Duke
University Medical Center, personal communication,
1994) compared with those from the entire instrument
applied to data from working men and women in New
York City (16). Karasek et al. (16) studied iob stress
dichotomizing demand and control at the median to
define each demand/control quadrant. Women in the
quadrant with high demands and low control are
hypothesized to be at highest risk. For the remainder of
this paper, these women will be described as working
in "stressful jobs" or as experiencing "job stress." In
addition, we also directly asked the woman whether
her job was stressful; this question was rated on a
4-point scale.

The occurrence of stressful life events over the
3-month period preceding the interview was assessed
using 11 life event items compiled from two standard-
ized questionnaires (17, 18). Work-related physical
exertion was assessed by interviewing women about a
number of characteristics of their jobs; examples
include information on the number of hours per week
they worked, their work schedule, the noise level at
work, and their rating of the frequency (if any) of
overexertion at work. A number of questions were also
asked about household physical exertion. The exercise
level was categorized by assigning all exercises a
metabolic equivalent score based on the typical rate of
energy expenditure for that exercise (19) and multiply-
ing by the amount of time spent doing the exercise;
scores were summed over all exercises to obtain a total
metabolic equivalent value. The independent relation
of stressful life events, physical exertion at work, and
exercise to menstrual function will be explored at
another time; we examined these variables as potential
confounders and as effect modifiers for stress at work.

Definition of menstrual endpoints

A sample of first morning urine was collected by
each subject every day. Vaginal bleeding and other
information were recorded in a daily diary. Urine sam-
ples were analyzed for creatinine and for metabolites
of the sex steroid hormones, estrone (estrone conju-
gates) and progesterone (pregnanediol-3-glucuronide),
by enzyme-linked immunoassay (20). Despite varia-
tions due to individual differences in metabolism, uri-
nary measures of estrone conjugates and pregnanediol-
3-glucuronide are reliable enough to enable
assignment of the day of ovulation and estimation of
luteal length (21). Hormone values below the detection
limit of the assays (pregnanediol-3-glucuronide, <0.15
|ig/ml; estrone conjugates, <7.8 ng/ml) were set to the
minimum detection limits. In order to adjust for varia-
tions in urine volume, daily hormone levels were
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Workplace Stress and Menstrual Function 129

divided by the creatinine level. Hormone levels from
very dilute urine samples (creatinine, <0.2 mg/ml) and
levels that were extremely high (pregnanediol-3-
glucuronide, >25 |ig/ml; estrone conjugates, >250
ng/ml) were set to missing.

The ovulatory status for all cycles was first deter-
mined on the rise in pregnanediol-3-glucuronide levels
using a method described by Waller et al. (13). The day
of ovulation was estimated in ovulatory cycles using a
modification of an algorithm designed by Baird et al.
(22). In a sample of 146 cycles that were reassayed, 69
percent of nonovulatory cycles were categorized as
ovulatory on reassay, and 41 percent of ovulatory
cycles with an abnormal day of ovulation were desig-
nated as normal on reassay. In contrast, over 90 per-
cent of ovulatory cycles with a "normal" day of ovula-
tion were unchanged on reassay. We discovered that
the pregnanediol-3-glucuronide analyte would occa-
sionally precipitate prior to assay, resulting in spurious
cycle "abnormalities." Because of this and because of
cost constraints, we chose to reassay only nonovulato-
ry cycles and cycles with an "abnormal" day of ovula-
tion. Cycles were chosen for reassay without regard to
exposure status. In addition, changes in ovulatory sta-
tus and day of ovulation upon reassay were not related
to work stress category. Of a total of 2,240 cycles, 533
potentially abnormal cycles were reanalyzed; of these,
the abnormal pattern was confirmed in 243 (45.6 per-
cent). In reassayed cycles with discordant results, the
more "normal" assays were used (13).

We defined the following menstrual cycle-based
endpoints: length of menses, cycle length, follicular
phase length, and luteal phase length. Length of
menses was defined as the number of days the woman
reported as bleed days on her diary. Cycle length was
defined as the number of days from the cycle start date
to the day before the next cycle start date. Follicular
phase length was defined as the number of days from
the cycle start date up to and including the day of ovu-
lation. Luteal phase length was defined as the differ-
ence between the segment length and follicular phase
length. The fifth and 95th percentiles of cycle length
were used to define short and long cycles. The 95th
percentile was used to define long follicular phase
length and long menses, and the fifth percentile was
used to define short luteal phase length. Analysis of
each outcome was restricted to cycles with adequate
data (13).

Within-woman ranges in length of menses, cycle
length, follicular phase length, and luteal phase length
were calculated by subtracting minimum from maxi-
mum values for each outcome. Ranges were then
dichotomized at the 75th percentile because of the
skewness of this measure. The odds of having a large

range in women with stressful work were compared
with those of women with nonstressful work. Within-
woman standard deviations for length of menses, cycle
length, follicular phase length, and luteal phase length
were also calculated.

Statistical analyses

The analyses were confined to women who worked
at the time of the baseline questionnaire and for whom
we had data on workplace psychological stress {n =
276). We examined several outcomes at both the
woman and the cycle levels. Woman-level outcomes
included anovulation and range (a measure of within-
woman cycle variability). We analyzed anovulation at
the woman level (rather than at the cycle level),
because examination of the hormone graphs revealed
that a single anovulatory episode could contain sever-
al or no anovulatory segments. The number of anovu-
latory segments depended on whether or not the
woman had any breakthrough bleeding and if the
bleeding was considered to be a menstrual period.
Midcycle spotting was perceived as menstrual bleed-
ing by a few women, who in error divided an ovulato-
ry cycle into a short anovulatory episode and a cycle
without a follicular phase. Logistic regression was
used to model risk for the following woman-level out-
comes: anovulation (£36 days without ovulation),
large range for menses length (>3 days), large range
for cycle length (>7 days), large range for follicular
phase length (>7 days), and large range for luteal phase
length (>3 days). Multiple linear regression was used
to examine the within-woman standard deviation for
the following outcomes: menses length, cycle length,
follicular phase length, and luteal phase length.
Analyses of within-woman standard deviations and
ranges were restricted to women with two or more
cycles.

Outcomes analyzed at the cycle level included
length of menses, cycle length, follicular phase length,
and luteal phase length. Repeated measures analyses
were used for cycle-level outcomes to account for the
potential correlation of within-woman measurements.
Cycle-level outcomes were analyzed as binary out-
comes (23) as follows: long menses length (>7 days)
versus not long (^7 days short); short (<25 days) ver-
sus normal (25-35 days) cycle length; long (>35 days)
versus normal cycle length; long follicular phase
length (>24 days) versus not long (<24 days); and
short luteal phase length (<10 days) versus not short
(>10 days). Cycle-level outcomes were also analyzed
as continuous variables (24); these results are not pre-
sented.

With the exception of anovulation as described
below, all potential confounders were included in ini-
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tial models. Covariates were identified as potential
confounders on the basis of the literature and on
whether they were related to stress at work in univari-
ate analyses. The change-in-estimate method (25) was
used to examine confounding. All covariates that
(upon removal from any model) altered the effect esti-
mate for work stress by more than 5 percent were
retained. Alcohol, tobacco, and caffeine consumptions
were retained in the models because of their relation to
stress in previous research (26). The following set of
covariates (categorical unless noted) was included in
all final models (with the exception of anovulation):
age (continuous), race, cigarettes smoked per day
(continuous), weekly alcohol consumption, caffeine
intake per day, number of life events, noise level at
work, and frequency of overexertion at work. Because
of the small number of anovulatory episodes in = 14),
we assessed confounding for each covariate singly;
race was the only covariate that seemed to confound
the relation between stressful work and risk for anovu-
lation.

Covariates that were examined as potential effect
modifiers for stress at work were as follows: age, race,
cigarettes smoked per day, weekly alcohol intake, life
events, social support at work, hours worked per week,
physical exertion at work, and noise level at work.
Interactions were explored singly by both univariate
analyses and entering an interaction term in the final
models. "Cycles" encompassing anovulatory episodes
were excluded from a set of exploratory models,
because they tended to be longer and more variable
than ovulatory cycles (13). We also examined these
measures of menstrual function in relation to the sum-
mary of work stress as assessed by a single question.

RESULTS

Table 1 compares the characteristics of women
working in stressful jobs with those of women work-
ing in all other jobs. Women who worked in stressful
jobs were more likely to have had elective abortions
and to report low social support at work, more life
events, noisy work environments, and more frequent
physical exertion at work. The number of urine sam-
ples collected or number of cycles available for analy-
ses did not differ appreciably between these groups.

Women whose work was classified as stressful were
twice as likely to experience short cycles as those
working in other jobs (table 2). This relation was also
seen when cycle length was examined as a continuous
variable; stressful work was associated with a decrease
in mean cycle length of almost 1 day (adjusted coeffi-
cient = -0.91 (standard error, 0.43) day; p value =
0.04). This decrease was accounted for by a decrease
in the follicular phase length, albeit of borderline sig-

TABLE 1. Distribution of potential confounders among
women working in stressful jobs versus women working In all
other jobs, California Women's Reproductive Health Study.
1990-1991

Variable*

Age (years)
<30
30-34
£35

Education
No college
Some college
College graduate

Race
White
Asian
Other

Body mass index (kg/m1)
<19.1
19.1-27.3
>27.3

Gravidity
None
1-2
£3

History of spontaneous
abortion

None
1
£2

Previous elective abortion
None
1
£2

Caffeine intake (mg/day)4:
None
0-150
151-300
>300

Exercise (MET§
score/week)

0
<26
226

Smoking (cigarettes/day)
0
1-10
>10

Women In
stressful Jobsf

No.

61

23
22
16

17
27
17

38
8

14

3
47
11

9
29
23

45
12
4

34
15
12

12
26
12
11

26
16
19

53
3
5

%

22

38
36
26

28
44
28

63
13
23

5
77
18

15
48
38

74
20
7

56
25
20

20
43
20
18

43
26
31

87
5
8

Women in
all other |obs

No.

215

76
85
54

44
80
91

154
27
34

21
148
46

37
106
72

168
35
12

146
47
22

54
73
58
30

96
59
59

195
11

9

%

78

35
40
25

20
37
41

72
13
16

10
69
21

17
49
33

78
16
6

68
22
10

25
34
27
14

45
28
28

91
5
4

n

value

0.89

0.12

0.37

0.37

0.80

0.78

0.10

0.38

0.87

0.48H

Table continues

nificance (adjusted coefficient = -0.76 (standard error,
0.46) day; p value = 0.10), while there was little
change in luteal phase length (adjusted coefficient =
-0.16 (standard error, 0.24) day; p value = 0.49).
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TABLE 1. Continued

Variable*

Women In
stressful Jobst

No. %

61 22

Women in
all other jobs

No. %

215 78

value

Alcohol (drinks/week)
0 18 30
<4 36 59
24 7 11

Social support at work
Low 33 54
High 22 36
Missing 6 10

Life events
None 21 34
1-2 events 26 43
23 events 14 23

Standing at work
(hours/day)

:S5 46 75
>5 15 25

Hours worked/week
^40 45 74
>40 16 26

Shift
Day 46 75
Other 15 25

Frequency of
overexertion

at job
Low (rarely or never)
High (sometime or

always)

Noise at work
No
Yes

Serf-reported work stress 0 0
Strongly disagree 4 7
Somewhat disagree 24 39
Somewhat agree 33 54

55 26
140 65
20 9 0.68

71 33
107 50
37 17 0.01

95 44
94 44
26 12 0.09

183
32

85
15 0.08

163 76
52 24 0.75

175 81
40 19 0.31

50 82 194 90

11 18 21 10 0.08

42 69 192 90
19 31 22 10 0.001

40
32
87
56

19
15
40
26 <0.001

* Numbers for some variables may not total because of missing
data. Percentages for some variables may not total 100 because of
rounding errors.

t A woman was classified as doing stressful work if her score on
the job demand scale was above the median and her score on the
control scale was below or equal to the median.

$ Conversion to mg of caffeine based on 107 mg/cup of coffee,
34 mg/cup of tea, and 47 mg/can of soda. (J Am Diet Assoc
1979;74:28-32).

§ MET, metabolic equivalent.
H p value for Fisher's exact test

Women with stressful jobs were slightly more likely to
have an anovulatory episode (table 3), but numbers
were very small and the confidence interval included
unity; in addition, the effect estimate decreased after
adjustment by race. Stressful work was not apprecia-
bly associated with any of the other endpoints exam-

ined (table 4). Stressful work was also not strongly
associated with variability of the menstrual outcomes
as measured by either within-woman standard devia-
tion (table 5) or within-woman range (data not shown
but available upon request).

Neither eliminating the nine women for whom we
had missing data on change dates nor removing all
"cycles" encompassing anovulatory episodes appre-
ciably affected any of our results. None of the interac-
tion terms met the criterion of having a p value of
<0.10 and therefore were not retained in the final mod-
els. Little association was seen between menstrual
function and the summary question on work stress.

DISCUSSION

We found that women working in stressful jobs were
twice as likely to have a short menstrual cycle as
women working in nonstressful jobs. We did not
observe any notable association between work stress
as measured by a single summary question and men-
strual function. Even though these two measures of
work stress were highly correlated, they seem to mea-
sure different dimensions of stress.

Previous studies of job stress and menstrual function
showed contradictory results. Physical job stress and
mental job stress were not related to ovulatory distur-
bances in 156 Japanese student nurses (9). No associ-
ation between perceived levels of stress due to medical
school and the prevalence of amenorrhea and
oligomenorrhea was found by evaluating question-
naire data in 159 medical students (10). Job stress
measured by a single question or by salary level was
not related to a menstrual dysfunction score in 173
women in nonfacuity university positions; several
items constituted the menstrual dysfunction score
including missed periods, long bleed lengths, and
cycle irregularity (11). Our findings are consistent with
these results in that we did not observe an increased
risk for anovulation, long bleed length, or cycle irreg-
ularity. Job stress and the interaction of job stress and
smoking were significantly associated with menstrual
abnormality in 1,458 nurses handling antineoplastic
drugs (12). For the purposes of that study, menstrual
abnormality was defined as the presence of 1) absence
of periods for 3 or more months, 2) reported menstru-
al cycle frequency of <25 or >31 days, and 3) reported
duration of menstrual flow of <2 days or >7 days. It is
difficult to compare our results with those of
Shortridge et al. (12) as they did not present outcomes
separately.

Our study has several strengths, especially in com-
parison with previous studies. Data were prospective-
ly collected, and the population was relatively large
and non-clinic based. Potential confounders, such as
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TABLE 2. Risk of short cycle length*
Reproductive Health Study, 1990-1991
Stressful

workf

Yes
No

No. of
cycles

235
778

%wfth short
cycle lengths

11.5
7.5

according to psychological stress

Crude 95%
OR* CI*

1.95 1.03-3.69
Referent

at work, California Women's

Adjusted
OR§

2.24
Referent

95%
Ci

1.09-^.59

* £24 days.
t A woman was classified as doing stressful work if her score on the job demand scale was above the median

and her score on the control scale was below or equal to the median.
X OR, odds ratio; CI, confidence interval.
§ The adjusted odds ratio was calculated using a generalized estimating equation analysis adjusting for the

following variables: maternal age, race, cigarettes smoked per day, weekly alcohol consumption, caffeine Intake
per day, number of life events, noise at work, and frequency of overexertion at work.

TABLE 3. Risk of anovulation* according to psychological stress at work, California Women's
Reproductive Hearth Study, 1990-1991

Stressful
wofkt

Yes
No

No. of
women

54
192

% of women with an
anovulatory episode

7.4
5.2

Crude
OR*

1.46
Referent

95%
Clt

0.39-4.56

Adjusted
OR§

1.34

95%
CI

0.35-4.28

• Anovulation episode, 236 days.
t A woman was classified as doing stressful work if her score on the job demand scale was above the median

and her score on the control scale was below or equal to the median.
X OR, odds ratio; CI, confidence Interval.
§ The adjusted odds ratio was calculated using multiple logistic regression, adjusting for race.

TABLE 4. Risk for binary cycle endpoints according to stressful work,* California Women's Health
Study, 1990-1991

Outcome
Total
no.

of cycles

%of
cycles with
abnormality

Adjusted
ORt.t

95%

at
Long menses (28 days) vs. not long 1,131 7.5 1.15 0.49-2.70
Long cycle (236 days) vs. normal length (25-35 days) 1,000 7.2 0.90 0.44-1.84
Long follicular phase (224 days) vs. not long 1,003 5.6 0.67 0.29-1.51
Short luteal phase length ($10 days) vs. not short 942 5.8 1.07 0.45-2.56

* A woman was classified as doing stressful work if her score on the job demand scale was above the median
and her score on the control scale was below or equal to the median.

t OR, odds ratio; CI, confidence interval.
X The adjusted odds ratio was calculated using a generalized estimating equation analysis, adjusting for the

following variables: maternal age, race, cigarettes smoked per day, weekly alcohol consumption, caffeine intake
per day, number of life events, noise at work, and frequency of overexertion at work. Referent group is "no stressful
work.'

physical exertion at work, life events, exercise, and
consumption of alcohol, cigarettes, and caffeine, were
examined. We utilized a well-tested measure of stress
that has previously been related to spontaneous abor-
tion (27); in the previous studies, stress was only mea-
sured by the use of a single question. In addition,
using daily urine metabolites of sex steroid hormones
to determine menstrual parameters allowed us to
obtain detailed menstrual function data. The previous
studies assessed menstrual function using question-
naire data or basal body temperature measurements,
methods which are often inaccurate (28).

Despite the size of our study, we had limited power
to investigate rare endpoints such as anovulation. Our
process of reassaying only "abnormal" cycles and
using the more "normal" result may have resulted in

some underestimation of the prevalence of abnormal
cycles. One potential limitation of our study is that we
did not reinterview women about their job stress at the
end of the study unless the woman changed jobs or job
duties. Thus, if a woman held the same job, we
assumed that job stress was stable over the months of
data collection. Misclassification due to change of job
stress category within a job during the study period
would tend to weaken our ability to detect associa-
tions.

In addition, selection bias may have been a factor as
our eligibility criteria prevented women with grossly
abnormal menstrual function from participating. On
the other hand, women with concerns about their
reproductive function may have been more willing to
participate than were women without such concerns.
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Workplace Stress and Menstrual Function 133

TABLE 5. Wrthln-woman standard deviation for cycle
endpolnts according to stressful work,* California Women's
Reproductive Health Study, 1990-1991

Outcome (days) No. of women fJ-Coefficientt p value

Menses length 246 0.09(0.10)4: 0.37
Cycle length 237 0.23 (0.32) 0.48
Folllcular phase length 233 -0.39(0.31) 0.20
Luteal phase length 220 0.08(0.15) 0.57

* A woman was classified as doing stressful work if her score on
the job demand scale was above the median and her score on the
control scale was below or equal to the median.

t The adjusted coefficients represent a change in the mean
outcomes for stressful work versus all other work. They were
calculated using multiple linear regression, adjusting for the
following variables: maternal age, race, cigarettes smoked per day,
weekly alcohol consumption, caffeine intake per day, number of life
events, noise at work, and frequency of overexertion at work.
Referent group is "no stressful work."

$ Numbers in parentheses, standard error.

While we did not have enough information on nonpar-
ticipants to explore the possibility of selection bias,
this was probably not large since the distributions of
menstrual endpoints were comparable with those
found in the literature (5) and another study with sim-
ilar methodology (29).

Exposure to stress has a number of known physio-
logic consequences (1-3). There are plausible mecha-
nisms through which stress could alter hormonal pro-
files and, in turn, menstrual outcomes (2, 3). The
hypothalamic-pituitary-adrenal axis is activated during
stress and can affect the female reproductive system
(2). Stress can increase the levels of corticotropin-
releasing hormone and glucocorticoids (2). The former
suppresses hypothalamic gonadotropin-releasing hor-
mone secretion, which stimulates the production of
follicle-stimulating hormone and luteinizing hormone,
which activate the ovary to secrete estradiol and prog-
esterone (3). Glucocorticoids inhibit pituitary luteiniz-
ing hormone and ovarian estrogen and progesterone
secretion (3). High levels of luteinizing hormone and
high peak levels of luteinizing hormone have been
reported to be associated with long menstrual cycles
(30). One possible explanation of work-related stress
and increased risk for short cycle length is that
luteinizing hormone secretion has been inhibited by an
increase in corticotropin-releasing hormone or gluco-
corticoids.

Menstrual outcomes are important as they may be
intervening mechanisms or markers for other health
outcomes such as fertility, osteoporosis, and breast
cancer (5). For example, breast cancer risk may be
increased among women with shorter menstrual cycle
lengths, because it is thought that breast cancer risk
may be decreased among women with fewer total life-
time ovulatory menstrual cycles (31-33). During the
last 40 years, the proportion of American women in the

labor force has nearly doubled (34). This fact under-
scores the importance of further research on the rela-
tion of work-related stress and menstrual function and
the need to replicate our finding that women working
stressful jobs are twice as likely to have short cycles.
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