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Work schedule and physically demanding work in relation to menstrual
function: the Nurses’ Health Study 3

by Christina C Lawson, PhD,” Candice Y Johnson, PhD,"2 Jorge E Chavarro, MD,? % Eileen N Lividoti
Hibert, MA,* Elizabeth A Whelan, PhD," Carissa M Rocheleau, PhD," Barbara Grajewski, PhD,” Eva S
Schernhammer, MD,*® Janet W Rich-Edwards, ScD 4 56

Lawson GG, Johnson CY, Chavarro JE, Lividoti Hibert EN, Whelan EA, Rocheleau CM, Grajewski B, Schernhammer
ES, Rich-Edwards JW. Work schedule and physically demanding work in relation to menstrual function: the
Nurses’ Health Study 3. Scand J Work Environ Health. 2015;41(2):194-203. doi:10.5271/sjweh.3482

Objectives This study aimed to evaluate occupational exposures and menstrual cycle characteristics among nurses.

Methods Using cross-sectional data collected in 2010-2012 from 6309 nurses aged 21-45 years, we investigated
nurses’ menstrual function in the Nurses’ Health Study 3. We used multivariable regression modeling to analyze the
associations between occupational exposures and prevalence of irregular cycles and long and short cycle lengths.

Results The cohort reported cycle length as <21 (1.5%), 21-25 (15.6%), 26-31 (69.7%), and 32-50 (13.2%) days.
In addition, 19% of participants reported irregular cycles. Working >41 hours/week was associated with a 16%
[95% confidence interval (95% CI): 4-29%] higher prevalence of irregular cycles and a higher prevalence of very
short (<21-day) cycles [prevalence odds ratio (OR) 1.93, 95% CI 1.24-3.01] in adjusted models. Irregular menstrual
cycles were more prevalent among women working nights only (32% higher; 95% CI 15-51%) or rotating nights
(27% higher, 95% CI 10-47%), and was associated with the number of night shifts per month (P for trend <0.0001).
Rotating night schedule was associated with long (3250 day) cycles (OR 1.28, 95% CI 1.03-1.61). Heavy lifting
was associated with a higher prevalence of irregular cycles (34% higher), and the prevalence of cycles <21 days and
21-25 day cycles increased with increasing heavy lifting at work (P for trend <0.02 for each endpoint).

Conclusion Night work, long hours, and physically demanding work might relate to menstrual disturbances.

Key terms circadian rhythm; heavy lifting; long work hours; menstrual cycle variation; night shift work; night
work; prolonged standing; rotating night shift work; shift work.

The menstrual cycle, defined by cyclical patterns of
circulating reproductive hormones [luteinizing hormone
(LH), follicle-stimulating hormone (FSH), estrogen,
and progesterone], is regulated by the hypothalamo —
pituitary — ovarian axis (1). Measured by its length and
regularity, the menstrual cycle is considered a marker
of general reproductive health (2) and has previously
been associated with subfertility (3—7). We hypothesize
that shifts in the circadian rhythms, either through sleep
disturbances or altered melatonin production, may play a
role in regulating the reproductive hormones that control
the menstrual cycle. Produced in the pineal gland dur-
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ing dark hours, melatonin is thought to regulate several
physiologic mechanisms (8, 9).

Shift work is prevalent in the United States; accord-
ing to the Bureau of Labor Statistics (10), nearly 15
million workers (comprising approximately 15% of
full-time US workers) work evenings, nights, or rotat-
ing shifts. Shift work is even more prevalent among
healthcare workers, 24-28% of whom work evenings,
nights, or rotating shifts (11). Long working hours are
also commonly reported in the US; approximately 25%
of those who are currently employed work >40 hours per
week [www.bls.gov/cps/cpsaat19.htm].
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Most previous studies examining the relationship
between shift work and menstrual cycle characteristics
support an association between working at night and
menstrual function, though many of these studies were
limited by their small sample sizes or small proportion
of women exposed to shift work (12-21). The largest of
these studies included 71 077 women from the Nurses’
Health Study II (NHS II) and showed dose-dependent
associations between the number of months perform-
ing rotating shift work in the prior 24-month period and
higher risk of irregular cycles, and cycles that were short
(<21 days) or long (>40 days) (18). No previous studies
have evaluated whether permanent night work is as dis-
ruptive to menstrual function as rotating night shift work.

Nursing can involve physically and emotionally
demanding work, yet there are few previous studies
of physically demanding work and menstrual function
(15, 16, 22-24). In these studies, the study populations,
statistical modeling, and results vary to the extent that
no clear conclusions can be drawn about what effect,
if any, the physically demanding work might have on
menstrual function.

We examined the associations between work sched-
ule characteristics and physically demanding work and
menstrual cycle length and regularity in the Nurses’
Health Study 3 (NHS3).

Methods

Study population

The NHS3 is a cohort study of US and Canadian female
nurses and nursing students born on or after 1 January
1965. Open recruitment started in 2010 and is ongo-
ing. Female registered nurses (RN), licensed practical/
vocational nurses (LPN/LVN) and nursing students, ages
18—46 years, are eligible to participate. The NHS3 is an
open cohort, and questionnaires are exclusively web-
based; participants are asked to complete questionnaires
on a regular schedule dating from their study enrollment.
The baseline questionnaire includes an assessment of
occupational exposures relevant to nurses, including
characteristics of current and prior work schedule and
physically demanding work. The first follow-up ques-
tionnaire (conducted approximately six months after the
baseline questionnaire is completed) includes questions
on menstrual cycle characteristics.

To be eligible for this analysis, participants had
to have completed the baseline and first follow-up
questionnaires, which, at the time of analysis, included
15 939 participants. Figure 1 describes eligibility and
exclusion criteria. After exclusions, 6309 participants
were available for analysis.

Lawson et al

Data collection

The baseline questionnaire collected information about
current and prior work schedules. Average hours worked
per week in the past year were collected in the following
categories: 0, 1-20, 21-40, 41-60, and >60 hours/week.
For analysis, we considered >40 hours/week to be long
work hours. Information on current usual work schedule
(over the past year) was collected and included days
only, evenings only, nights only, rotating with nights,
and rotating without nights (ie, rotating between day and
evening shifts). For the survey, “night” was defined as
most hours worked falling between 24:00-08:00 hours.
We also collected data on how many night shifts were
worked per month over the past year: 0, 1-2 nights per
month, 3—4 nights per month, 2-3 nights per week, and
>4 nights per week. Women who worked 57 nights per
month had to choose the closest category (3—4 nights per
month or 2-3 nights per week). To assess the history of
night shift work, participants reported the number of
years they had worked rotating night shifts (defined as
at least three nights per month in addition to days or
evenings in the same month) and total number of years
they worked non-rotating night shifts.

To collect information on physical demands, we
asked how many hours per day, on average over the
past month, each participant was on her feet at work
(standing or walking): <1, 1-4, 5-8, or >9 hours/day.
We also asked how many times per day, on average over
the past month, she lifted or moved a physical load of
>25 pounds at work (including repositioning or transfer-
ring patients): 0, 1-5, 615, or >16 times/day.

The data on work schedules and hours were col-
lected at baseline regarding the prior year, and physical
demands data (also collected at baseline) concerned the
prior month. Approximately six months to a year after
baseline, data on menstrual cycle characteristics were
collected in the follow-up questionnaire. Participants
provided the current regularity of their menstrual cycles
in the following categories: “very regular (+/- 3 days),
regular, usually irregular, or always irregular”. For anal-
ysis, we compared “regular” (very regular or regular) to
“irregular” (usually or always irregular).

Participants also reported their current usual menstrual
cycle length, defined as the interval from the first day of
the period to the first day of the next period. Questionnaire
choices included <21, 21-25, 26-31, 32-39, and 40-50
days, and “>50 days or too irregular to estimate.” For
analysis, we defined our reference group as 26-31 days,
very short cycles as <21 days, moderately short cycles as
21-25 days, and long cycles as 32—50 days. Because 96%
of the 316 women who reported that their cycles were
“>50 days or too irregular to estimate” also reported “usu-
ally or always” having irregular cycles, we excluded these
316 women from the analysis of long cycles.

Scand J Work Environ Health 2015, vol 41,n0 2 199
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Completed baseline questionnaire
containing questions on work expo-

Follow-up questionnaire not sent (N = 5884) because
<6 months since enrollment

sures (N =32734)

6 months

Sent 1st follow-up questionnaire
(N= 26 850)

® >6 months (N=4661)
* 3-6 months (N = 1100)
e <3 months (N =5150)

Unreturned (N = 10 911) after:

Ineligible:
o Aged >45 (N = 835)

Completed 1st follow-up
questionnaire containing menstrual
cycle characteristics (N= 15 939)

® Prior hysterectomy (N=523)

® Prior oophorectomy (N = 167)

® Current use of hormones (N = 4717)

® Post-menopausal/amenorrheic (N = 1799)

® Currently pregnant/pregnancy within last 6 months (N = 580)

Excluded (N = 1009)

Potentially eligible women (N = 7318)

® Missing data for menstrual cycle (N = 4)

® Missing work schedule or physical labor (N = 125)
® Schedules/shifts categorized as “other” (N = 37)
® Not currently employed as a nurse (N = 843)

Figure 1. Flow chart of data collection
and eligibility, Nurses’ Health Study 3

Included women (N = 6309)

Covariates collected on the questionnaires included
age, race/ethnicity, body mass index (BMI), parity, age
at menarche, recreational physical activity, smoking
status, and caffeine and alcohol consumption (see Table
1 for category definitions).

Statistical analysis

We used SAS statistical software version 9 (SAS Insti-
tute, Cary NC, USA) to conduct all analyses. We cal-
culated age-adjusted means and prevalence of selected
characteristics. We used log binomial regression analysis
to estimate prevalence ratios (PR) of menstrual cycle
characteristics in relation to occupational factors. We
created separate models for very short (<21 days), mod-
erately short (21-<25 days), or long (32—50 days) cycle
length and cycle irregularity. Because the log binomial
models did not converge for some of the analyses of
very short cycles (due to a small number of cases in
some exposure categories), we used logistic regression
to estimate prevalence odds ratios (OR) for all analyses
of menstrual cycle length. The potential covariates were
chosen a priori, based on factors related to menstrual
function in previous studies (5, 18, 26). Covariates that
changed the estimate by >10% for the occupational
variables were retained in the final multivariable model,
to maintain consistency across models for the same
outcome, if a covariate changed an exposure estimate
for one exposure (such as, heavy lifting), we retained it
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in models for all other work exposures (such as, hours
worked) for that menstrual outcome. In practice, the
additional covariates had minimal if any difference
in the other models. Age, smoking, body mass index
(BMI), physical activity, parity, age at menarche, and
race/ethnicity were retained as covariates. Of the par-
ticipants, <1% were missing BMI, race/ethnicity, and
smoking, and 1.9% were missing physical activity data
(table 1). For covariates with missing data, a missing
indicator was created. To calculate a dose-response trend
for occupational variables, the midpoint of each report-
ing category was used to create a continuous variable.
To separate the effects of current work schedule and
number of years of previous shiftwork, we adjusted the
analyses of years of shift work for current schedule.

The Institutional Review Boards of the Brigham
and Women’s Hospital and the National Institute for
Occupational Safety and Health approved the study.
Completion of the web-based questionnaires implied
informed consent.

Results

The 6309 nurses in our study ranged in age from 21-45
years at the time of the baseline questionnaire [mean
35.2, standard deviation (SD) 6.1 years]. With regard to
current work schedule, most participants worked the day



Lawson et al

Table 1. Age-standardized characteristics of 6309 participants in the Nurses’ Health Study 3 (2010-2012), by current work schedule.

[MET=metabolic equivalent of task; SD=standard deviation].

Characteristic Current work schedule Missing
Days only Evenings only or Nights only Rotating shifts ?ha_ra;p-
(N=3891) rotating shifts with no (N=957) with nights eristic
nights (N=610) (N=851)
Mean  SD % Mean  SD % Mean  SD % Mean  SD % %
Age group (years) 0
<26 3 9 10 12
26-30 15 24 26 30
31-35 22 25 24 21
36-40 27 24 20 21
41-45 32 18 20 16
Age at menarche 12.4 1.4 12.4 1.4 12.4 1.4 12.4 1.6 0
Age at time of baseline questionnaire 36.7 57 34.0 6.1 33.7 6.2 33.0 6.3 0
Body mass index (kg/m?) 0.3
<18.5 2 2 1 1
18.5-24.9 49 49 44 43
25.0-29.9 25 24 23 26
30.0-34.9 12 16 15 15
>35.0 12 9 18 15
Race/ethnicity 0.8
African—American 3 2 4 5
Latina 4 3 6 4
Asian 3 3 4 3
Caucasian 89 92 86 88
Other 1 0 0 1
Parity 0
Nulliparous 40 42 44 47
1 19 16 12 12
2-3 38 39 40 37
>4 3 3 5 5
Cigarette smoking 0.1
Never smoked 76 71 73 72
Past smoker 19 23 19 22
Current smoker 5 6 8 6
Alcohol intake (drinks/day) 12.8
None 27 29 33 25
<1 55 56 55 57
1 7 6 4 6
2-3 9 8 7 9
>4 1 2 1 2
Coffee intake (number of 10 0z cups/ 85 1141 92 109 89 13.0 87 113 12.4
week)
MET (per week) 1.9
0-29 14 15 18 13
3.0-8.9 17 17 17 15
9.0-17.9 17 18 16 18
18.0-26.9 13 12 10 15
27.0-41.9 15 13 14 15
>42.0 25 25 24 24
Lifting >25 Ibs per day (times/day) 0
No lifting 43 20 12 19
1-5 38 47 43 43
6-15 15 25 35 30
>16 4 8 10 8
On feet at work (hour/day) 0
<1 10 4 2 2
1-4 37 19 9 12
5-8 29 48 39 37
>9 24 29 49 48
Worked rotating night shift (years) 0
None 61 60 68 7
1-2 19 21 16 39
3-5 13 11 8 25
>6 7 7 8 29
Worked non-rotating night shift (years) 0
None 49 54 6 45
1-2 25 23 29 24
3-5 15 14 25 17
>6 11 9 39 15

aAll characteristics except age group and age at questionnaire are standardized to the age distribution of the study population. Columns might not sum to

100% because of rounding.

Scand J Work Environ Health 2015, vol 41, no 2
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shift (61.7%), with the rest working evenings or rotating
shifts without nights (9.7%), nights only (15.2%), or
rotating shifts with >3 nights per month (13.5%). Nurses
who worked night shifts or rotating night shifts were —
on average — younger, more likely to be overweight or
obese, nulliparous, and current or former smokers than
nurses working other schedules (table 1). Physically
demanding work also varied by current work schedule;
nurses working day shifts were half as likely to have
heavy-lifting duties and were also less likely to engage
in prolonged standing than nurses working other shifts.

[rregular cycles

Of 6309 participants, 1196 nurses reported having
irregular menstrual cycles (19.0%). In adjusted models
(table 2), working >40 hours per week in the past year
was associated with a modestly higher prevalence of
irregular cycles [PR 1.16, 95% confidence interval (95%
CI) 1.04-1.29] compared to working 21-40 hours/week
(P for trend = 0.01). Prevalence of irregular cycles was
higher among nurses who worked nights only (PR 1.32,
95% CI 1.15-1.51) or rotating shifts with nights (PR
1.27, 95% CI 1.10-1.47) compared to nurses working
days only, and the prevalence increased with the num-
ber of nights worked per month (P for trend <0.0001).
Though the associations of years of rotating night shifts
were attenuated after adjustment for covariates, includ-
ing current shift schedule, there was still a suggestion
of an association between irregular cycles and years of
rotating night shift (P for trend = 0.06). An association
with years of night shift not involving rotation was
eliminated in adjusted models, however, primarily due
to adjustments for BMI and current work shift schedule.
We also analyzed years of rotating and non-rotating
night shift in separate models stratified by whether the
current work schedule was days or non-days, and we
saw no difference (data not shown).

Physically demanding work was also associated with
irregular cycles (table 2). A greater amount of heavy lift-
ing was associated with higher prevalence of irregular
cycles in the fully adjusted model (PR for lifting >16
times/day compared to no lifting: 1.34, 95% CI 1.07-
1.68). Although prolonged standing was associated with
higher prevalence of irregular cycles in the age-adjusted
model, further adjustment — particularly for amount of
heavy lifting — attenuated the association of prolonged
standing with menstrual irregularity.

Cycle length

Respectively, 92 (1.5%), 935 (15.6%), and 789 (13.2%)
participants reported menstrual cycle lengths of <21 (very
short), 21-25 (moderately short), and 3250 (long) days.
A majority [4177 (69.7%)] reported cycles lasting 26-31
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days (reference category). In age-adjusted models, long
working hours were associated with very short cycles,
rotating night work was associated with very short and
long cycles, and prolonged standing and high amount of
heavy lifting were associated with very short and moder-
ately short cycles (table 3).

After further adjustment for potential confounders
(table 4), long working hours were associated with very
short cycles (OR 1.93,95% CI 1.24-3.01 for >41 versus
21-40 hours/week; P for trend = 0.002). Rotating night
shift work was associated with very short cycles (OR
1.75,95% CI 0.98-3.12) and long cycles (OR 1.28, 95%
CI 1.03-1.61); however, working nights without rotation
was not associated with cycle length. Moreover, neither
current amount of nor years of night work showed any
clear trend with regard to extremes of cycle length,
though confidence intervals were wide.

Nurses who reported frequent heavy lifting at work
were more likely to experience very short or moder-
ately short cycles (P for trend = 0.02 for each endpoint)
(table 4). As was the case for cycle irregularity, the
dose—response association of time spent standing with
short-cycle length (table 3) was somewhat explained in
fully adjusted models (table 4) by its correlation with
heavy lifting (correlation coefficient=0.6).

Discussion

The results of our study suggest an association between
working at night and menstrual function, including
higher prevalence of cycle irregularity, very short cycles,
and long cycles. In addition, long working hours were
associated with a modestly higher prevalence of irregu-
larity, and a near doubling of prevalence of very short
cycles. There were trends towards higher prevalence of
irregular cycles and shorter cycle lengths among partici-
pants with higher amounts of heavy lifting. The asso-
ciations of prolonged standing with menstrual function
observed in age-adjusted models appeared to be some-
what explained in fully-adjusted models by confound-
ing by heavy lifting; as would be expected, there was a
correlation between lifting and standing among nurses.

Most previous studies of work schedule and men-
strual function support an effect of night shift work on
the menstrual cycle (12-19, 21), though sample sizes
were low for some (13, 14, 15, 17, 19), limiting their
ability to adjust for confounding factors. Compared to
other studies of shift work and menstrual cycle among
nurses (13, 14, 15, 18, 19), this is the only study to
include nursing students and Canadian nurses, and it has
a higher percentage of non-hospital nurses and African-
American nurses.

Our previous study of 71 077 participants from the



Table 2. Risk of irregular menstrual pattern with current work schedule,
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history of shift work, and physically demanding work among 6309

participants of the Nurses’ Health Study 3 (2010-2012). @ [PR=prevalence ratio; 95% Cl=95% confidence interval]

Occupational risk factor Number with Age-adjusted ° P-value ¢ Full model © P-value ¢
irregular cycles PR 95% C| PR 95% CI

Average working time in 0.0002 0.01
past year (hours/week)

1-20 83 0.88 0.72-1.09 0.94 0.76-1.16

21-40 (reference) 718 1.00 . 1.00 .

>4 395 1.21 1.08-1.35 1.16 1.04-1.29
Work schedule (past year)

Days only (reference) 654 . . .

Evenings only or rotating 119 1.12 0.94-1.34 0.96-1.36

without nights

Nights only 229 1.36 1.19-1.56 1.32 1.15-1.51

Rotating with nights 194 1.30 1.12-1.50 1.27 1.10-1.47
Nights worked (past month) <0.0001 <0.0001

0 (reference) 765 1.00 . 1.00 .

1-4 nights per month 147 1.15 0.98-1.35 1.14 0.97-1.33

>2 nights per week 284 1.34 1.18-1.51 1.29 1.14-1.46
Rotating night shift (years 0.01 0.06
worked) ¢

0 (reference) 608 1.00 . 1.00 .

1-2 287 1.11 0.97-1.25 1.09 0.96-1.24

3-5 175 117 1.00-1.36 1.17 1.00-1.35

>6 126 1.23 1.03-1.46 1.17 0.98-1.40
Night work not involving 0.004 0.5
rotation (years worked) ¢

0 (reference) 465 1.00 - 1.00 -

1-2 331 1.11 0.98-1.26 1.06 0.93-1.21

35 205 112 0.97-1.30 1.01 0.87-1.17

>6 195 1.25 1.07-1.46 1.07 0.91-1.26
Heavy lifting at work (times/ <0.0001 0.08
day) e fg

0 (reference) 324 1.00 . 1.00 .

1-5 502 1.27 1.12-1.45 1.17 1.01-1.35

6-15 281 1.33 1.15-1.53 1.17 0.98-1.39

>16 89 1.58 1.28-1.94 1.34 1.07-1.68
On feet at work (hours/ 0.001 0.3
day) & f

<1 (reference) 64 1.00 1.00

14 303 119 0.93-1.53 1.1 0.86-1.43

5-8 422 1.37 1.07-1.74 1.14 0.87-1.48

>9 407 1.40 1.09-1.78 1.1 0.84-1.46

2 |rregular pattern defined as >3 days variability among cycles. N=1196 (19.0%).
® These models test associations for each work factor separately, adjusting for age.

¢ Full models test associations for each work factor separately, adjusting for age

, BMI, physical activity, smoking, race, parity, and age at menarche.

4 To test for trend, the work factor was modeled continuously, with the adjustment factors modeled categorically.

¢ These models also adjust for frequency of current night work in the full models.

fFrequency of heavy lifting and hours spent on feet and are adjusted for each other in the full models.

9 Lifting refers to lifting or moving a physical load of >25 pounds, including repositioning or transferring patients, measured as times per day.

NHS II, the largest study to date, showed that the num-
ber of months spent working rotating night shift over the
previous two years was modestly related to irregularity,
as well as very short (<21 days) or very long (>40 days)
cycle lengths (18). It was unclear in that study, however,
if the trends reflected a cumulative dose-response rela-
tionship over time, or if women reporting more months
of shift work were more likely to have been current shift
workers at the time they completed the questionnaire (18).

Our current study shows a suggested trend towards
higher prevalence of cycle irregularity with increasing
years of rotating night work. A separate analysis of years
of rotating night work stratified by current schedule (day

versus other) did not show any differences. Thus, our data
suggest that there may be a dose—response relationship
between number of years working rotating night shift and
current menstrual cycle function. Furthermore, it appears
that the association does not entirely dissipate when rotat-
ing night shift work ceases, at least in the short term. Our
measure of current shift work, which includes night work
cessation if the participant reported previous night shift
but was on a current day shift, was only captured for the
prior 12 months. It is possible that effects of night work
on menstrual function take >12 months to diminish. In
addition, if a participant did cease night work, we do not
know when she ceased. Future analyses of NHS3 data

Scand J Work Environ Health 2015, vol 41, no 2 199
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Table 3. Age-adjusted associations of current work schedule, history of shift work, and physically demanding work with short and long men-
strual cycle length among 5 993 2 participants of the Nurses’ Health Study 3 (2010-2012). ® [OR=0dds ratio; 95% CI=95% confidence interval]

Very short: <21 days
N=92 (1.5%) ¢¢

Moderately short: 21-25 days

Long: 32-50 days @

N=935 (15.6%) ¢ N=789 (13.2%) ©

OR 95% Cl P-value ¢ OR 95% Cl P-value ¢ OR 95% Cl P-value ¢

Average working time in 0.002 0.3 0.8
past year (hours/week)

1-20 0.95 0.40-2.25 1.18 0.92-1.52 1.04 0.79-1.38

21-40 (reference) 1.00 . 1.00 . 1.00 .

>4 1.91 1.24-2.94 1.18 1.01-1.38 0.99 0.83-1.18
Work schedule (past year)

Days only (reference) 1.00 . 1.00 . 1.00 .

Evenings only or rotating 1.06 0.50-2.26 1.01 0.79-1.31 0.98 0.75-1.29

without nights

Nights only 1.01 0.52-1.95 0.90-1.37 0.94-1.45

Rotating with nights 1.81 1.02-3.22 0.89-1.40 1.01-1.58
Nights worked (past month) 0.6 0.2 0.1

0 (reference) 1.00 . 1.00 . 1.00

1-4 nights per month 1.02 0.50-2.06 1.12 0.89-1.41 1.04 0.81-1.33

>2 nights per week 1.25 0.72-2.15 1.1 0.92-1.35 1.21 1.00-
Rotating night shift (years 0.7 0.98 0.05
worked)

0 (reference) 1.00 . 1.00 . 1.00 .

1-2 1.24 0.74-2.08 1.03 0.86-1.23 0.97 0.80-1.18

35 1.1 0.60-2.05 0.96 0.78-1.20 1.01 0.80-1.28

>6 1.19 0.62-2.30 1.05 0.82-1.33 1.36 1.04-1.79
Night work not involving 0.6 0.74 0.6
rotation (years worked)

0 (reference) 1.00 - 1.00 - 1.00 -

1-2 117 0.70-1.95 1.13 0.94-1.35 1.26 1.04-1.52

3-5 0.70 0.36-1.39 1.19 0.97-1.46 1.29 1.03-1.61

>6 1.06 0.59-1.89 0.98 0.79-1.21 1.16 0.90-1.49
Heavy lifting at work (times/ <0.0001 0.0007 0.5
day)

0 (reference) 1.00 . 1.00 . 1.00 .

1-5 1.14 0.66-1.96 1.28 1.08-1.52 1.04 0.87-1.25

6-15 2.57 1.49-4.42 1.46 1.19-1.78 1.05 0.84-1.30

>16 3.14 1.43-6.89 1.42 1.02-1.98 1.14 0.81-1.61
On feet at work (hours/day) 0.0003 0.01 0.2

<4 (reference) 1.00 - 1.00 - 1.00 -

5-8 1.67 0.96-2.88 0.93 0.78-1.10 1.12 0.93-1.36

>9 2.57 1.51-4.37 1.27 1.06-1.51 1.13 0.93-1.37

2 Does not include women who reported their cycles were 51+ days long and that they usually or always had irregular menstrual patterns (N=316).

 Compared to cycle length of 26-31 days (N=4177).

¢ Reflects the percentage of participants with the outcome of interest compared to the referent group (26-31 days).

4 Age was modeled continuously for cycles < 21 days due to the few number of cases.

¢ To test for trend, the work factor was modeled continuously, with the adjustment factors modeled categorically.

fLifting refers to lifting or moving a physical load of 25 pounds or more, including repositioning or transferring patients, measured as times per day.

may be able to better assess the effects of night work
cessation on menstrual function.

In our study, working nights with rotation and with-
out rotation have similar associations with menstrual
regularity, though working nights without rotation was
not associated with cycle length. Our study also shows a
trend towards increasing prevalence of irregularity with
higher number of nights worked per month, though the
association between number of nights per month and
cycle length was less clear, possibly due to lower power
among the outcome categories.

More hours of work per week were associated with
higher prevalence of irregularity and very short cycle
length. Few previous studies have examined working
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hours and menstrual function. One study reported that
working hours among Taiwanese nurses was not related
to cycle irregularity (13). Another study reported higher
risks of irregularity, amenorrhea, and long cycles with
variability in weekly working hours (16), though it did
not report the effects of long hours specifically.

Our results showing higher prevalence of irregular
cycles and short cycle length with heavy lifting should
be interpreted cautiously, because there are few studies
of physically demanding work and menstrual function,
and the causal relationships between standing, lifting,
and other workplace characteristics have not been clearly
delineated. A French study of poultry slaughterhouse
workers reported that “regularly handling weights”
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Table 4. Adjusted models 2 Association between work schedule, history of shift work, and physically demanding work with short and long men-
strual cycle length among 5993 ® participants of the Nurses’ Health Study 3 (2010-2012). [OR=0dds ratio; 95% Cl=95% confidence interval]

Very short: <21 days
N=92 (1.5%) ¢

Moderately short: 21-25 days
N=935 (15.6%) ¢

Long: 32-50 days ®
N=789 (13.2%) ¢

OR 95% Cl P-value ¢ OR 95% Cl P-value ¢ OR 95% Cl P-value ¢
Hours worked per week 0.002 0.4 0.4
1-20 0.98 0.41-2.34 1.19 0.92-1.54 1.06 0.80-1.42
21-40 (reference) 1.00 . 1.00 . 1.00 .
>4 1.93 1.24-3.01 1.18 1.00-1.38 0.94 0.79-1.13
Work schedule (past year)
Days only (reference) 1.00 . 1.00 . 1.00 .
Evenings only or rotating 0.96 0.45-2.05 0.97 0.76-1.26 1.01 0.77-1.32
without nights
Nights only 0.96 0.50-1.88 1.06 0.86-1.32 1.14 0.92-1.42
Rotating with nights 1.75 0.98-3.12 1.08 0.86-1.36 1.28 1.03-1.61
Nights worked (past month) 0.6 0.4 0.2
0 (reference) 1.00 . 1.00 . 1.00 .
1-4 nights per month 0.99 0.48-2.01 1.09 0.87-1.38 1.06 0.83-1.35
>2 nights per week 1.25 0.72-2.17 1.08 0.89-1.31 1.18 0.97-1.44
Rotating night shift (years 0.7 0.9 0.1
worked) f
0 (reference) 1.00 . 1.00 . 1.00 .
1-2 1.27 0.75-2.15 1.02 0.85-1.23 0.97 0.80-1.18
35 1.17 0.63-2.17 0.96 0.77-1.20 1.01 0.79-1.28
>6 1.23 0.63-2.43 1.05 0.82-1.34 1.28 0.96-1.69
Night work not involving 0.6 0.8 0.6
rotation (years worked) f
0 (reference) 1.00 - 1.00 - 1.00 -
1-2 1.12 0.67-1.89 1.13 0.94-1.36 1.26 1.04-1.52
35 0.68 0.34-1.36 1.21 0.99-1.49 1.19 0.95-1.50
>6 1.04 0.56-1.91 1.00 0.79-1.25 1.04 0.80-1.35
Heavy lifting at work (times/ 0.02 0.02 0.6
day) fon
None (reference) 1.00 . 1.00 . 1.00 .
1-5 0.90 0.49-1.68 1.34 1.10-1.62 0.95 0.78-1.17
6-15 1.74 0.87-3.45 1.46 1.14-1.86 0.92 0.71-1.19
>16 2.20 0.88-5.46 1.41 0.97-2.03 0.96 0.66-1.40
On feet at work (hours/day) * ¢ 0.06 0.6 0.3
< 4 (reference) 1.00 - 1.00 - 1.00 -
5-8 1.52 0.81-2.86 0.78 0.64-0.95 1.12 0.90-1.38
>9 1.83 0.92-3.64 1.00 0.81-1.25 1.15 0.90-1.46

2 Adjusted for exercise level, BMI, current smoking level, age at interview, age at menarche, race, and parity.

b Excludes women who reported their cycles were 51+ days long and that they usually or always had irregular menstrual patterns (N=316).

¢ Reflects the percentage of participants with the outcome of interest compared to the referent group (26-31 days; N=4177).

4 Physical activity, BMI, and age are modeled continuously for models of cycle lengths <21 days due to the few number of cases.

¢ To test for trend, the work factor was modeled continuously, with the adjustment factors modeled categorically.

fThese models also adjust for frequency of current night work in the full models.

9 Hours spent on feet and amount of heavy lifting are adjusted for each other in these full models.

" Lifting refers to lifting or moving a physical load of 25 pounds or more, including repositioning or transferring patients, measured as times per day.

resulted in higher risks of irregular cycles, long cycles,
and amenorrhea (16); no effects on menstrual function
were noted with prolonged standing. A study of tertiary
care nurses showed a higher risk of long cycles among
nurses with strenuous job activity (15).

Working during nighttime hours may disturb the
reproductive hormones that control the menstrual cycle,
possibly through sleep disturbances or altered melatonin
production. The mechanisms by which long working
hours are related to adverse reproductive outcomes is
unclear but, perhaps, are related to stress, mental or
physical fatigue, or chronic sleep deprivation, disturbing
circadian rhythms (27). Physically demanding work could

influence menstrual function via altered circulating andro-
gens (28), or it is possible psychosocial stress or fatigue
resulting from repetitive physical demands may result in
biochemical responses (eg, increased secretion of cortisol
and a-amylase) which may reduce fertility (29).

Our study is limited by a lack of adequate informa-
tion on sleep behaviors; it is possible that effective sleep
hygiene and education may moderate effects of working
nights or rotating night shifts (30). In addition, some
of our results might have been affected by excluding
women who were taking oral contraceptives for irregular
cycles. We were also limited by the cross-sectional and
self-reported nature of our data collection; however,
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nurses in the similar NHS I and NHS II were shown to
report health data accurately for several medical condi-
tions (31, 32). Previous studies that have investigated
the accuracy of self-reported menstrual cycle length
by comparing initial self-reported “usual” length with
prospective diaries, however, Jukic et al (33) and Small
et al (34) reported that 21% of cycle length categories
were misclassified. These studies also found that accu-
racy was better for sexually active women and women
with a history of infertility, and that reporting accuracy
was lower with irregular cycles and among those with
the most extreme lengths. Factors associated with dif-
ferences in reporting accuracy included parity, BMI,
irregular cycles, younger age, single, lower income, and
exercise. Misclassification of cycle length is a possibility
in the current study, and the direction and magnitude of
bias that might arise is difficult to predict. However, it
is reassuring that many of the factors that are associ-
ated with inaccurate reporting are controlled for in our
analyses and that our cohort is comprised of women
educated in the medical field. In addition, the fact
that we found the expected differences in cycle length
with age and BMI suggests that the participants’ self-
reported data were adequate. Nevertheless, our study
is one of the largest studies to examine work schedule,
working hours, and physically demanding work with
menstrual function. Thus, we were able to assess a more
extreme definition of short cycles than other studies and
strengthen our results by adjusting for confounding fac-
tors such as age, BMI, and recreational physical activity.

In summary, our results indicate a possible role
for night work, long working hours, and physically
demanding work in menstrual function disturbances,
which may have implications for subfertility (3, 5, 6)
and overall health (2). Our study suggests that working
rotating nights may have similar effects as working non-
rotating nights, and that there may be a dose-response
effect with the number of nights worked per month.
Questions remain regarding whether the effects from
working nights may dissipate once shift work ends.
Future research could also assess whether interventions
to reduce heavy lifting would improve menstrual func-
tion or subfertility.
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