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Objectives This study assessed whether job stress alters menstrual patterns among nurses working in 2 different
settings: a tertiary care hospital in New York (99 nurses) and a university hospital in Rome (25 nurses).

Methods Data on menstrual patterns were collected by a daily diary in which the nurses recorded their basal body
temperature (BBT) and their menstrual bleeding status for a 3-month period. The BBT curves were used to classify
cycles as biphasic or monophasic, and as adequate or inadequate with respect to the luteal phase. Job stress was
evaluated by both objective (environmental and work characteristics) and subjective (perceived stress) criteria.
Results The American nurses, especially those assigned to high stress units, had an increased risk for long and
monophasic cycles [relative risk (RR) 4.3, 95% confidence interval (95% CI) 1.1—16.2and RR 5.5,95% CI 1.2—
25.5, respectively]. Among those who perceived their stress at work to be high or reported strenuous work activity,
the risk for longer cycles was also raised (RR 2.3, 95% CI 0.6—8.0 and RR 1.6, 95% CI 0.7—4.2, respectively).
Luteal phase inadequacy followed the same pattern. Similar trends were observed in the Italian data. In addition,
the rotating shiftwork pattern prevalent in the Italian group was possibly associated with higher rates of short cycles

and inadequate luteal phases when compared with those of nurses working fixed shifts either day or night.
Conclusions Menstrual function may be affected by stressful work conditions.
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Various types of environmental stress may interfere with
endocrine function and produce menstrual cycle disor-
ders (1, 2). Clinicians have long described stress-related
menstrual problems with a variety of endocrine profiles,
especially a lowering of gonadotropin and estrogen se-
cretion suggestive of hypothalamic involvement (3). Giv-
en the proximity of the neural cortex and the hypothala-
mus, interactions between hormones on the central nerv-
ous system and reproductive hormones should not be
unexpected. While such interactions have occurred in sit-
uations of extreme stress, whether disturbances in men-
strual pattern can be caused by situations of everyday life
is still open to question. A recent study of nurses in Swe-
den (4) observed an association between perceived job
strain and an elevation in plasma prolactin. Menstrual
function was not assessed, but, typically, as prolactin lev-
els progressively increase, so does luteal phase inadequa-
¢y, anovulation, and, ultimately, amenorrhea (5). Shift
work, which alters the natural circadian rhythms

governing hormone secretion and the synchronization of
ovulatory events, has been found to modify menstrual
profiles (6).

Only a few studies have examined the effects of work
conditions on menstrual function. In a large survey of
American nurses (7), job stress was associated with a 3-
fold increase in amenorrhea and other menstrual abnor-
malities. Perimenstrual symptoms (especially lower ab-
dominal pain) have been found among nurses in Cana-
da, specifically associated with the lifting of weights (8).
Two other studies — of female industrial workers in Can-
ada (9) and China (10) — observed an association be-
tween unfavorable work conditions, self-reported job
stress, and menstrual dysfunction. In Europe, 2 recent
studies found reduced fecundability among women on
shift work (11, 12) but no clear effect on menstrual func-
tion.

Empirical data on occupational stress and the men-
strual cycle are still limited, in part because measurement
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difficulties, subjective factors, and cultural attitudes have
hampered the assessment of both putative work stressors
and the type and severity of menstrual dysfunction. In
order to address these problems, we undertook a longi-
tudinal study in which both stress and menstrual abnor-
malities were evaluated by more detailed and objective
methods than those used in previous occupational stud-
ies.

The study population consisted of nurses — a group
with exposure to a variety of stressful work conditions,
including strenuous physical activity, psychological
stress, and irregular and inconvenient work schedules. In
the United States, the National Institute for Occupation-
al Safety and Health has identified nurses as a group
whose levels of job stress are elevated to above occupa-
tional norms (13, 14). Apart from exposure, nurses’ train-
ing and experience help to assure adherence to research
protocols, in this case involving daily diaries and basal
body temperature charts. The goal of the study was to
determine whether the levels of stress the women expe-
rienced on the job would lead to measurable alterations
in menstrual function.

Subjects and methods

Subjects

The principal study site was a tertiary care hospital in
New York City, chosen because of the high role demands
on nurses. With the prospect of extending the range of
stressful work conditions and sociocultural perceptions
of stress, the protocol was also applied to a small sample
of nurses from the University Hospital in Rome, Italy.
Information was obtained from 99 nurses recruited in
New York City, and 30 nurses recruited in Rome. In the
latter group, the final number of subjects who adhered
to the protocol was 25, and it was impossible to increase
the number of participants because of limited resources.
Virtually all the subjects were Caucasian. Restriction to
one ethnic group seemed advisable in light of evidence
suggesting ethnic differences in the circulating levels of
steroid hormones (5).

We targeted recruitment at particular units that were
judged from record-based data at each hospital to repre-
sent relatively high or low stress environments. Once the
target units were identified, introductory letters were left
in the office mailboxes of all the nurses who were em-
ployed there and under 50 years of age. The letter invit-
ed them to participate in a screening questionnaire to
determine eligibility. The study was presented to the
nurses as a study of life-style factors, hormonal patterns,
and menstrual function. Nurse managers, instructors, and
nurse researchers were approached along with registered
staff nurses; licensed practical nurses were not enrolled.
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Eligible women were those still menstruating, not
using or planning to use oral contraceptives or
intrauterine devices, with no diagnosis of diabetes, poly-
cystic ovarian disease, endometriosis, thyroid disease,
adrenal or pituitary hormone disorder, and with no cur-
rent anemia or clotting problems. Sixty percent of those
screened in New York and 54% in Rome proved to be
eligible. Because we could not be sure whether the nurs-
es actually received our introductory letters, it is diffi-
cult to calculate accurate response rates. To be conserv-
ative, we assumed that all the distributed letters reached
their targets and have estimated participation according-
ly. Thus, among the eligible women, the participation
rates were 61.3% in New York and 62% in Rome. The
time and inconvenience of the daily protocol were the
usual reasons given for refusal.

Overall, the New York nurses were older than the
Italian nurses (34 years and 32 years, respectively) (ta-
ble 1). They were less likely to be current smokers (16%
versus 50%) and more likely to drink alcohol (81% ver-
sus 27%); the levels of smoking and drinking in the study
population were moderate, however.

Study instruments

A base-line interview was administered to all the partic-
ipants to obtain data on social, demographic, and repro-
ductive characteristics, work history, current work con-
ditions and exposures, and general health status. Begin-
ning on day 1 of menses following the intake interview,
menstrual function was monitored by 2 tools: (i) basal
body temperature (BBT) and (it) menstrual records. The
daily diary, where BBT and menstrual bleeding status
were recorded, consisted of a core set of 19 questions,
including a question about the perceived level of work
stress. Every 7th day the diary also included additional
questions (eg, level of job activity). Still more items were
added to form a cycle diary, completed on day 1 of the

Table 1. Selected sociodemographic characteristics of the New
York and Roman nurses.

Characteristic New York Rome
(N=99) (N=25)
Mean age (years) 342 320
Married (%) 40 36
Parity (%)
None 59 68
One 12 8
Two or more 29 24
Life-style factors (%)
Current smokers 16 50
Never smokers 61 40
Ex-smokets 23 10
Coffee drinkers (some coffee) 75 90
Alcohot drinkers (some alcohol) 81 27

@ Standard deviation 6.6.
b Standard deviation 8.1.
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next menstrual cycle. Altogether 8835 diaries were
compiled by the 99 New York nurses (corresponding to
297 completed menstrual cycles), and 1924 daily diaries
were compiled by the 25 Roman nurses (corresponding
to 72 completed cycles).

Definition of variables

Menstrual function. The intraindividual cycle lengths
varied little and were therefore averaged over the 3 cy-
cles studied. Women were classified as having short cy-
cles when the mean duration of the cycles was equal to
or shorter than 25 days and as having long cycles when
the mean cycle length was equal to or longer than 33
days.

The ovulatory pattern of each subject was evaluated
using the basal body temperature (BBT) technique de-
scribed by McCarthy & Rockette in 1983 (15). The tech-
nique involves smoothing the BBT curve by replacing
the temperature at the ith point with the average of the 3
temperatures at points I, I-1, I+1. A running average tends
to eliminate date-to-day variability and presents a more
stable point from which to measure the thermal shift. We
considered a graph to be biphasic if the smoothed curve
showed a shift in BBT from a lower to a higher phase by
transecting the average cycle temperature for at least 7
days. Biphasic graphs were presumed to be ovulatory. If
no temperature shift could be seen, the BBT graph was
classified as monophasic and the cycle was considered
anovulatory. For the purposes of this study women with
all biphasic cycles were classified as having a normal
ovulatory pattern, while those with only monophasic
cycles were considered to have an anovulatory pattern;

Table 2. Selected work characteristics and attitudes toward work
reported by the New York and Roman nurses.

Characteristic New York Rome
(N=99) (N=25)

Type of shift (%)

8 hours 29 100

9—10 hours 21

12 hours 51

Day shift only 81

Night shift only 19

Rotating shift - 100
Overtime work {mean weekly hours) 3 10
Level of job activity

Reporting strenuous

physical activity

>50% of the time (%) 53 72
Perceived stress?

High (%) 46 48
Job satisfaction (%)

High 35 32

Medium 56 36

Low 10 32

aStress levels were based on the responses to a 1- to 5-point stress
scale recorded in the daily dairy for a 3-month period. Women whose
overall mean score was >3.0 were classified as “high” stress.
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those with some biphasic and some monophasic cycles
were classified as having an irregular ovulatory pattern.

The adequacy of the luteal phase was defined by the
elapsed time between the occurrence of ovulation and the
first day of the next menstrual cycle, with ovulation iden-
tified as the day the BBT graph registered the thermal
shift. Cycles where the luteal phase lasted for at least 7
days were defined as “adequate”, and cycles of shorter
duration were considered “inadequate”. Women having
some adequate and some inadequate luteal phase cycles
were classified as “irregular” in respect to the luteal
phase.

Job stress. Work-related stress was examined using 4
indicators. The primary measure presented in this report
is environmental work stress, based on objective ratings
of the immediate work environment developed using the
following 3 dimensions: (i) patient care demands, such
as average acuity (deaths, orders not to resuscitate),
number of boarders and difficult cases, psychiatric con-
sults and prevalence of emergency admissions; (ii) sys-
tem issues, including overtime work required, frequency
of unplanned changes of schedule, staff vacancies and
new policies and procedures; (iii) milieu indicators, such
as staff rotation and turnover and staff relationships.
Judgments about stressful environments were made a
priori, by a panel of nurse managers and nurse clinicians;
these judgments were primarily based on archival mate-
rials. Although workplace conditions such as violence or
threats of violence (16) may affect nurses in other set-
tings, these conditions were not present at our study sites.
Examples of units rated high on stress were neurosurgery
and pediatric oncology. Since the measure of environ-
mental work stress omits the effect of individual apprais-
al, we also analyzed a measure of perceived stress de-
rived from the subjects’ self-reports. Perceived job stress
was defined as high if the woman's score on a 5-point
scale was above the mean for all the subjects. Physical
job stress was assessed by the subjects’ responses to a
question about the amount of work time spent in strenu-
ous activity; more than 50% was deemed high physical
stress.

All of the Italian nurses worked a rotating shift, while
all of the New York nurses worked a fixed shift. The
Roman nurses worked the equivalent of one extra shift
per week in overtime (mean 9.8 hours) compared with
an average of 2.7 hours of overtime in New York. Ro-
man nurses were more likely than the New York nurses
to report strenuous work activity (72% and 53%, respec-
tively). Both groups found work to be a greater source
of stress than life outside work. The proportion of nurses
with high work stress scores was close to 50% in both
settings, but the nurses in Rome were 4 times as likely
to report low job satisfaction (43% and 10%, respective-
Iy) (table 2).




Data analysis

All the data were coded, entered, and analyzed using
SPSS (statistical package for the social sciences) (17).
We computed the overall frequency of short and long
cycles, of monophasic cycles, and of luteal phase inade-
quacy in the various subgroups (New York versus Rome,
high versus low stress, etc), adjusting for the effect of
age on cycle characteristics using the direct standardiza-
tion method. Differences in the frequency of menstrual
cycle characteristics were tested for statistical signifi-
cance by computing the standard error of the difference
of 2 proportions. Multivariate analyses of work-related
stress and menstrual patterns were conducted, with the
results expressed as relative risks (RR) and their 95%
confidence intervals (95% CI). We evaluated the role of
possible confounders other than age — in particular
smoking and drinking habits — by conducting stratified
analyses, but the results did not differ between the sub-
jects reporting some smoking or drinking and those re-
porting no smoking or alcohol consumption.

Restilts

Menstrual patterns

The overall mean cycle lengths among the New York and
Roman nurses were 29 and 28 days (table 3). In the New
York group, the age-adjusted frequency of long cycles
was approximately 10%, while 20% of the subjects were
estimated to have short cycles. Among the Roman nurs-
es almost a third (29%) qualified as having short cycles
according to the study definition.

Nine percent of the New York nurses and 16% of the
Roman nurses appeared to have been anovulatory in all
the study cycles. The frequency of presumed luteal phase
inadequacy was 6% among the New York nurses and
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12% among the Roman nurses; in both groups luteal de-
fects were concentrated in the older age groups.

We also examined the interrelationships among cy-
cle length, ovulatory patterns, and luteal phase adequa-
cy (data not shown). Among the New York nurses whose
BBT profile suggested irregular ovulation, most (66%)
also had abnormal cycle lengths. In the Roman group,
this proportion reached 90%. A similar overlap was ob-
served for the association between luteal phase inadequa-
cies and cycle length.

Relation of work stress to menstrual patterns

Compared with nurses working in hospital units classi-
fied as low stress environments, those in high stress units
showed a 4- to 5-fold risk of long cycles and monopha-
sic cycles (RR 4.3,95% CI 1.1—16.2, and RR 5.5, 95%
CI 1.2—25.5, respectively) (table 4). Among those who
perceived their stress at work to be high, the risk for long
cycles was also raised (RR 2.3. 95% CI 0.6—8.0) (table
4). Among nurses reporting strenuous job activity, long

Table 3. Age-adjusted prevalence of menstrual irregularities
among the New York and Roman nurses.

Type of irregularity New York Rome
(N=99) (N=25)
Cycle length
Mean {days) 292 28>
Short cycles® (%) 20 29
Long cycles® (%) 10 6
Ovulatory pattern
Monophasic (%) 9 16
Irregular (%) 37 16
luteal phase
Inadequate (%) 6 12
Irregular (%) 37 49

2 Standard deviation 2.2,
b Standard deviation 2.3.
¢ <25 days.
4>33 days.

Table 4. Prevalence (%), rate ratios (RR), and 95% confidence intervals (95% Cl) for menstrual irregularities among the New York
nurses (N=99) exposed to high environmental work stress? and the prevalence (%), RR, and 95% C! for menstrual irregularities in

nurses reporting high perceived job stress.

Type of irregularity Environmental stress

Perceived stress

High Low RR® 95% Ci High Low RRP 95% Cl

Cycle length

Short (%) 8 11 0.7 0.2—27.7 7 16 0.4 0.1—17

Long (%) 20 5 4.3 1.1—16.2 18 8 2.3 0.6—0.8
Ovulatory pattern

Monophasic (%) 26 5 55 1.2—25.5 6 9 0.7 0.2—2

Irregular (%) 37 28 1.4 0.5—3.0 34 36 0.9 0.4—22
Luteal phase

Inadequate (%) 8 8 1.0 0.2—4.3 2 8 1.0 0.0—2.3

Irregular (%) 22 28 0.8 0.3—2.0 34 43 0.8 0.4—1.8

@ The work units were classified as high or low stress according to criteria described in the Methods section of the text.

® The RR values were adjusted for age.
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Table 5. Prevalence (%), rate ratios (RR), and 95% confidence
intervals (95% Cl) for menstrual irregularities among the New
York nurses reporting “high” and “low” job activity levels.

Type of irregularity Job activity level RR*  85% CI
High  Low
(N=50) (N=49)
Cycle length
Short (%) 8 15 05 02—13
Long (%) 15 10 16 07—4.2
Ovulatory pattern
Monophasic (%) 8 10 08 0336
Irregular (%) 38 40 09 05—24
Inadequate
luteal adequacy (%) 4 7 05 03-32
Irregular luteal phase (%) 40 29 14 0535

aAdjusted for age.

Tahle 6. Prevalence (%) of irregularities in cycle length, ovula-
tory patterns, and luteal adequacy by type of work shift.2

Type of irregularity New York Rome
(N=99) (N=25)
Day shift Night shift ~ Rotating shift
(N=83) (N=16)
Cycle length
Short 10 19 29
Normal 76 81 64
L.ong 15 - 6
Ovulatory pattern
Monophasic (%) 10 5 16
Irregular (%) 35 45 29
Biphasic (%) 56 52 55
Luteal phase adequacy
Inadequate (%) 5 5 12
Irregular (%) 33 38 48
Adequate (%) 63 57 40

aThe New York nurses worked fixed day or night shifts. All the Rome
nurses worked rotating shifts.

cycles were somewhat more common (RR 1.6, 95% CI
0.7—4.2) and luteal phase inadequacy somewhat less
common (RR 0.5, 95% CI 0.3—3.2) than for nurses re-
porting less strenuous work (table 5). Finally, the small
number of nurses working a rotating shift had somewhat
higher rates of short cycles and inadequate luteal phases
in comparison with nurses working either fixed day or
fixed night shifts, but the differences were not statisti-
cally significant (table 6).

Discussion

The study was designed to assess whether job stress al-
ters menstrual patterns in otherwise healthy female work-
ers. The menstrual profiles of the nurses studied showed
the same decline in cycle length and variability with
increasing age that has been seen in samples unselected
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for employment (18, 19). In addition we found evidence
that menstrual function was affected by work in a stress-
ful environment. Among the nurses in the United States,
we observed increased risks for long cycles and presumed
anovulatory cycles in those assigned to high-stress work
units, While the Italian data are too sparse for a formal
analysis, the same pattern was present. We also found a
modest association between long cycles and perceived
job stress although the result was not statistically signif-
icant.

The relatively weak association between high per-
ceived job stress and altered menstrual function may be
due in part to random measurement error since we as-
sessed perceived stress with a single question rather than
a multi-item scale. As the question was included in the
daily diary, some degree of habituation may have oc-
curred, a phenomenon that typically leads to underesti-
mation. Given the nature of the study outcomes, any
errors that are present are likely to be nondifferential, bi-
asing results towards the null. In an earlier study of work
conditions among Swedish nurses (4), job strain was per-
ceived to be higher among those working in the emer-
gency room than among those in the child psychiatry and
pediatric outpatient units; this finding suggests that per-
ceptions of job stress tend to be realistic. In summary, in
our data, work stress, measured either in objective or sub-
jective terms, appears to lead to cycle lengthening (RR
4.3 and RR 2.3, respectively).

Preliminary observations by one of us (SS), an occu-
pational health physician trained in the method of organ-
izational congruences (20), indicated that the work of
nurses differed in the 2 study hospitals, both qualitative-
ly and quantitatively. Hospital work in Rome involved
monotonous and repetitive tasks, lack of time for direct
patient care, lack of time for staff to exchange informa-
tion, high physical work load, and limits on professional
growth. In New York, on the contrary, routine tasks were
mostly done by auxiliary personnel, allowing nurses to
dedicate themselves mostly to direct patient care (21).
In addition, New York nurses were required to work
much fewer hours of overtime each week. In spite of
these marked differences, the perception of job stress
among the New York and Roman nurses was similar.
This similarity may help to explain why the measure of
perceived stress shows a weaker association with men-
strual dysfunction than the objective measure. Although
cognitive appraisal is generally thought to be an impor-
tant component of a stress response (22), such a large
discrepancy between external stressors and the percep-
tion of stress raises questions about the utility of the
measure in the Italian sample.

In addition to job stress overall, we evaluated 2 spe-
cific work stressors, strenuous activity and rotating shift
work. A relationship between strenuous activity, longer
cycles, and amenorrhea has been observed consistently



among professional athietes and regular exercisers (23,
24). That activity on the job should also affect the length
of the menstrual cycle is therefore not surprising, partic-
ularly when the job is as physically demanding
as nursing. Nonetheless, a recent study of hospital
employees in Denmark found only weak evidence for a
relationship between tiring physical work and menstrual
dysfunction, although fecundability was reduced (12). It
should be noted that the observed association in our study
between strenuous job activity and long cycles was in-
dependent of perceived job stress. However, this associ-
ation with cycle length was modest and not statistically
significant.

The trend we observed between rotating shift work
and menstrual dysfunction has also been seen previous-
ly. Among women in a meat packing plant, work sched-
ule variability was associated with irregular menstrual
cycles and amenorrhea (9). The nurses on shift work in
our study showed an increased risk for short cycles. Since
rotating work between day and night will tend to inter-
fere with circadian rhythms and thereby disrupt hormo-
nal balance (6, 25), alterations in the menstrual cycle are
not surprising. In contrast to food industry workers who
experienced amenorrhea, our nurses on rotating shifts
showed the same proportion of biphasic, presumably ovu-
latory cycles as nurses working a fixed shift; this finding
would argue against decreased levels of estrogen as a
cause of the changes we observed among our shift work-
ers.

In order to interpret the data from this study, several
issues need to be reviewed. First, did selection bias arise
from the relatively low participation rates? Among the
women eligible for the study, time and inconvenience of
data collection were cited as the principal reasons for re-
fusing to enroll; this occurrence suggests that nonpartic-
ipants perceived themselves to be busier and perhaps
more stressed than those who participated. In addition,
the rates of presumptive anovulatory cycles and luteal
phase inadequacy among the participants appeared to be
higher than expected, raising the possibility that subjects
might have been self-selected for fecundability problems.
This is speculative, however, since there are few norma-
tive data on ovulation frequency and luteal phase defects
for women in the age group we studied. Moreover, the
consistency between the findings from this and earlier
studies concerning the relationship of age to cycle length
provides some reassurance that the response rate has not
biased the results.

In addition to selection bias, confounding must be
considered. Smoking was relatively uncommon in this
sample of nurses. The Roman nurses were more often
current smokers, but none of them smoked more than 10
cigarettes a day. Furthermore, we found no clear
association between this level of smoking and menstrual
cycle end points. Thus, while smoking is a stress-related

Hatch et al

behavior that can reduce ovarian reserve (26), it did not
confound the analysis of job stress in this study. Leisure-
time exercise proved to be infrequent among the nurses,
possibly because their level of job activity was fairly
high, and those who did exercise did so only at low-to-
moderate levels. Perhaps as a result, we observed no as-
sociation between exercise and cycle length or variabili-
ty. Body size did not relate to menstrual function either.
Similarly, an earlier study of menstrual function found
stress to be a more important determinant of cycle length
than either weight or physical activity (27).

Some of the analyses presented have used all 3 cy-
cles contributed by each study subject, an approach that
can affect the estimation of variance (28). As a conse-
quence, the confidence intervals may actually be wider
than they appear. In addition, the analysis was cross-sec-
tional in nature and therefore unable to distinguish coin-
cidence from cause. However, reverse causality (eg, long
cycles causing job stress) does not seem a likely expla-
nation.

The internal consistency in our analyses tends to sup-
port the findings. Using several definitions of job stress,
we saw an association between job stress and long cy-
cles. In addition, there were similar trends in the Italian
sample as in the larger group of American nurses, al-
though the 2 groups were exposed to different work con-
ditions. The higher frequency of short cycles and luteal
phase abnormalities among Roman nurses is consistent
with an effect of rotating shift work, to which they were
all exposed and which was not a factor in the American
hospital. The results seem to be biologically consistent
as well, long cycles tending to be associated with ano-
vulation and short cycles relating to a short luteal phase.
In terms of external evidence, the only other study we
know that considers ovarian function in nurses (7) also
found an association with job stress: specifically, an as-
sociation between self-reported job stress and menstrual
dysfunction, defined as amenorrhea, altered cycle length
and altered length of bleed. Associations between men-
strual dysfunction and strenuous activity have also been
reported previously (9).

Our study adds to the evidence concerning factors that
can affect menstrual function among female workers.
Further study will be needed to determine what health
implications the observed alterations in menstrual func-
tion may have, either for conceiving or sustaining a preg-
nancy, or for influencing the risk of certain chronic dis-
eases. In the case of breast cancer, recent research sug-
gests that both short and long menstrual cycles, indica-
tive of anovulation, are associated with a reduction in risk
(30, 31). The data presented, derived from a sample of
nurses, do appear to implicate job stress, strenuous job
activity, and possibly rotating shift work in the
disruption of the menstrual cycle of otherwise healthy
Caucasian workers.
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