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Objective: This study aimed to investigate associations between maternal history of rotating night shift
nursing work before pregnancy and number of night shifts worked during pregnancy with offspring weight
outcomes from early life through adolescence.

Methods: More than 4,000 children, enrolled in the second phase of the Growing Up Today Study between
2004 and 2013, and their mothers participating in the Nurses’ Health Study Il were included in our
analyses.

Results: Children of women with and without a history of rotating night shift work before pregnancy were
similar in birth weight and body size at age 5. However, for mothers with night shift work before pregnancy,
their children had a modestly elevated risk of having overweight or obesity (relative risk=1.11; 95% CI:
1.02-1.21), which was stronger for persistently having overweight or obesity during adolescence and early
adulthood. Longer duration of rotating night shift work was not associated with any of these weight
outcomes. Weight outcomes of children of women with versus without night shift work during pregnancy
were similar, regardless of frequency of night shifts worked during pregnancy (all P>0.09).

Conclusions: Overall, nurses’ night shift work before or during pregnancy did not affect offspring weight
outcomes. Future larger studies should explore these associations in more detail.
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in part, programmed during pregnancy (4). Specifically, the maternal

environment during pregnancy could influence fetal development and
programming through alterations in the intrauterine environment (5).

Introduction

Childhood and adolescent overweight and obesity have become
a major public health concern in the United States and globally (1).
Apart from childhood obesity’s more immediate comorbidities, such
as hyperinsulinemia, poor glucose tolerance, and increased risk for

Night shift work and the resulting disruption of social and biological
rhythms have been linked to higher risk of several chronic diseases

type 2 diabetes and hypertension, it can also lead to an increased risk
of heart disease and certain cancers later in life (2). Although envi-
ronmental and behavioral factors, such as parental socioeconomic sta-
tus and children’s sedentary behavior, have been established as major

(6-8) as well as epigenetic alterations (9); in addition, night shift
work during pregnancy has been linked to an increased risk of spon-
taneous abortions (10) and preterm delivery (11). Emerging evidence
from animal models has suggested that maternal circadian disruption

determinants of childhood obesity (3), growing evidence has suggested
that several childhood and even adulthood health outcomes are, at least

can also induce long-term metabolic changes in the offspring (12—14).
For example, exposing pregnant rats to reversals of the photoperiod
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twice every week throughout gestation and for the first week after birth
showed no effect on litter size or birth weight; however, the progeny
had an increased risk of adiposity, hyperleptinemia, and altered glucose
metabolism in adulthood (13).

Despite the high prevalence of shift work among US women during
pregnancy (15), little is known about the potential health implications
of preconception shift work and night shift work during pregnancy on
offspring later in life. We therefore aimed to provide insights regarding
the association of preconception night shift work history and shift work
during pregnancy with offspring weight outcomes during childhood
and adolescence using existing data from mother-child pairs participat-
ing in the Nurses’ Health Study II (NHS II) and the second phase of the
Growing Up Today Study (GUTS2).

Methods
Study population

The present study included mothers who were enrolled in NHS II
(http://www.nurseshealthstudy.org/) and their children who partic-
ipated in GUTS2 (http:/nhs2survey.org/gutswordpress/). NHS 1I is
an ongoing prospective cohort study of US female nurses, which was
established in 1989 when 116,430 female nurses aged 25 to 42 years
responded to mailed questionnaires regarding their lifestyle, reproduc-
tive factors, and medical history. Follow-up questionnaires are mailed
biennially to these nurses to update information on various risk factors
and occurrence of major diseases. GUTS2 began in 2004 when NHS 11
participants who had previously reported to have children born between
1987 and 1995 were asked whether their children could participate in a
follow-up study. After receiving maternal consent, invitation letters and
questionnaires were sent to 17,280 children; 10,918 children returned
their completed questionnaire. Follow-up questionnaires were sent to
these children in 2006, 2008, 2011, and 2013 to update information on
health, lifestyle factors, and growth indicators.

This study was approved by the Human Subjects Committees at the
Brigham and Women’s Hospital and the Harvard T.H. Chan School of
Public Health (Boston, Massachusetts). Returning the self-administered
questionnaires was taken to imply informed consent in both cohorts.

Ascertainment of night shift work among mothers

Mother’s history of rotating night shift before pregnancy

The NHS II baseline questionnaire queried number of years having
worked rotating night shifts (defined as “at least three nights per month
in addition to working days or evenings in the respective month”). This
information was updated in 1991 and 1993 to capture changes since
the previous questionnaire and then again in 2001 to capture changes
between 1993 and 1995 (the latest possible year of conception). Based
on the return date of the respective NHS II questionnaire and birth
date of the GUTS2 participant, we calculated the cumulative number
of years a mother had worked rotating night shifts before conception
for children born in 1989 or later.

Mother’s night shift work exposure during pregnancy

On the 2001 NHS II questionnaire, participants were asked whether
they had experienced at least one pregnancy since 1993, had worked
as a nurse during the most recent pregnancy, and would be willing to
answer a supplemental questionnaire focused on occupational activities
and exposures during this pregnancy. A supplement’l questionnaire that
queried shift work information among other occupational exposures
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during the most recent pregnancy since 1993 was mailed to those par-
ticipants who answered “yes” to all three questions. Women were asked
to report usual working schedules and average number of night shifts
per month for each trimester of pregnancy, with the following response
options: none, one to two nights per month, three to four nights per
month, two to three nights per week, and four or more nights per week.

Ascertainment of weight outcomes among
offspring

Information on offspring birth weight was obtained from the 2009
GUTS2 mothers’ questionnaire. Recall of offspring birth weight has
been found to have excellent validity (16). On the baseline questionnaire
in 2004, GUTS2 participants (age range 9-15 years) were asked to recall
their body size at age 5 by selecting one of eight pictograms (“somato-
types”) that would most accurately represent their body shape at that
age (ranging from 1, most lean, to 8, most severe obesity). Correlations
between recalled somatotypes and BMI measured at approximately the
same ages have ranged from 0.53 to 0.75 among studies of adults (17).
We created a binary outcome splitting at the median value of the distri-
bution and defined larger than median body sizes as cases. Information
on weight and height was self-reported on each GUTS2 questionnaire.
To classify the offspring as having normal weight, overweight, or obe-
sity, we used age-and sex-specific cutoffs from the International Obesity
Task Force (18) for participants aged 18 years or younger. Beyond age
18, overweight and obesity were defined using standard World Health
Organization cutoffs (i.e., BMI [kilograms per meter squared] 25.0-
29.9 as overweight; BMI>30 as obesity). We defined participants as
cases if they were classified as having either overweight or obesity at
any given time during follow-up. Additionally, we defined participants
as persistently having overweight or obesity if they were classified as
having overweight or obesity at three consecutive questionnaire cycles.
Figure 1 displays a timeline of exposure and outcomes assessments.

Ascertainment of covariates

Maternal age at delivery was derived calculating the difference be-
tween a mother’s birth date and that of her child. We utilized maternal
dietary information assessed by the well-validated Willett food fre-
quency questionnaire (19), using information from the 1991 NHS II
questionnaire to calculate the Alternative Healthy Eating Index (AHEI)
(20). Physical activity was assessed in 1989 and derived as metabolic
equivalent hours per week (21). Smoking status and BMI were queried
biannually, and we selected the most recent value prior to conception
of the first included child. Maternal chronotype was assessed in 2009.
As a proxy for socioeconomic status, we used husband’s education,
which was assessed in 1999.

Information on the number of previous pregnancies, mode of delivery,
pregnancy-related hypertension, preeclampsia, gestational age at deliv-
ery, and pregnancy multiplicity was extracted from the lifetime preg-
nancy assessment in 2009. We approximated pregnancy-related weight
gain by taking the difference of the first BMI reported after delivery and
the last recorded BMI before conception.

From the occupational supplemental questionnaire, we had trimes-
ter-specific information on smoking behavior, alcohol consumption,
coffee consumption, and frequency of activities involving lifting or
moving a physical load of 25 Ib or more during pregnancy.

Offspring Tanner stage of pubertal development was determined in 2004
on the GUTS2 baseline questionnaire, using a validated scale of pubic
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Figure 1 Timeline of exposure and outcome assessments in NHS Il and GUTS 2 cohorts.

hair illustrations (22). Tanner stage ranges from 1 to 5, with stage 1 indi-
cating prepubescence and stage 5 indicating maturity. Offspring sedentary
behavior was summarized by the sum of the hours per week spent watch-
ing television, using the computer, surfing on the Internet, and reading or
doing homework over the past year, as reported in 2004. Detailed cutoffs
used in all analyses are presented in the footnotes of Tables 2 and 4.

Statistical analysis

Mother’s history of rotating night shift exposure before
conception

As preconception history of rotating night shift work could be assessed
only after 1989, we excluded the 4,721 children conceived before 1989
from the original cohort of 10,918 children. Among the remainder born
after 1989, we further excluded twins and triplets (195 children, 87
mothers), children who were not born full term (less than 37 weeks)
(1,182 children, 1,001 mothers), and mother-child pairs with missing
exposure information (7 children, 6 mothers), leaving 4,813 children
born to 4,044 mothers that made up our analytic sample. Out of these,
91% had a least two measurements of BMI at different time points.

We used generalized estimating equation regression models specify-
ing an exchangeable correlation structure with appropriate link func-
tions (to account for within-sibling correlation in outcomes) to estimate
mean differences and 95% confidence intervals (Cls) in offspring birth
weight, comparing none versus any number of years of rotating night
shift work as well as across four data-driven categories of cumulative
years of rotating night shift work before conception (none, < 3 years,
3-5 years, and 2 6 years). We calculated relative risks (RR) and 95% Cls
of offspring overweight and/or obesity and larger than median somato-
type at age 5. We considered women without a history of rotating night
shift work as the reference group. If the log-binomial model did not

converge, we approximated RRs using Poisson models with robust vari-
ance estimators (23).

To utilize all available repeated measurements of offspring BMI, we
applied linear mixed effects models with random intercepts and an
unstructured covariance structure, which permit description of individ-
ual BMI trajectories across age and provide explicit tests for changes in
BMI with age (24). In these analyses, we included terms for the expo-
sure, covariates, offspring age, and the interaction of BMI and offspring
age to evaluate differences in change in BMI over time across exposure
groups.

In basic models, we adjusted for offspring sex, gestational age, and
offspring age at baseline where appropriate (basic model). We then
considered the inclusion of several sets of potential confounding vari-
ables. First, we added maternal lifestyle characteristics (multivariate
[MV] model 1), including smoking status before pregnancy, AHEI
score, physical activity, husband’s education, and parity. The addition
of pregnancy-related factors, including preeclampsia gestational hyper-
tension or diabetes, type of delivery, or change in maternal BMI before
and after pregnancy, did not markedly change effect estimates for shift
work; therefore, these variables were not retained in the model. Lastly,
we additionally adjusted for maternal BMI before pregnancy (MV
model 2).

Mother’s night shift work exposure during pregnancy

For analyses assessing associations between night shift work during
pregnancy and weight outcomes in the offspring, we identified all
GUTS2 participants whose mothers had completed the supplemental
pregnancy questionnaire between 2001 and 2003, resulting in 621
mother-child pairs with available information on pregnancy behaviors
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coupled with outcome information on the matching GUTS2 child. Of
these, only full-term pregnancies were considered eligible (n=549).
After further removal of mother-child pairs with missing exposure in-
formation, 545 matching pairs were left for these analyses, of which
89% had at least two repeated BMI measurements.

Using trimester-specific information on shift work frequency from the
supplemental questionnaire, we calculated the average number of night
shifts per month throughout the entire pregnancy and created four cate-
gories (none, < 2, 3-9, and 2 10 night shifts per month); we also created
the category of any number of night shifts per month.

We used standard generalized linear models with appropriate link func-
tions (linear or log-binomial/Poisson) and added covariates following
a similar approach as described above; we added history of night shift
work to MV model 1. We also considered maternal pregnancy-related
lifestyle factors (smoking behavior, alcohol consumption, coffee con-
sumption, heavy lifting during first trimester), but we did not retain
these variables in our main models because they did not alter our esti-
mates (data not shown).

Because previous studies have found maternal BMI before preg-
nancy (25) to be one of the strongest predictors of offspring obesity
during adolescence, in addition to adjustment for maternal BMI,
we assessed effect modification for offspring weight outcomes by
maternal BMI before pregnancy. Maternal chronotype has also been
found to potentially interact with work schedules in determining
a person’s disease risk (26-28); therefore, we examined whether
associations were different in children born to mothers with report-
edly different chronotypes. In all analyses, missing indicators were
created for missing covariate values. P values for interactions were
obtained by testing the significance of multiplicative interaction
terms in multivariable regression models. All statistical tests were
two-sided and were considered statistically significant at P <0.05.
All analyses were conducted using SAS version 9.4 (SAS Institute,
Cary, North Carolina).

Results

Mother’s history of rotating night shift work
before pregnancy

The 4,044 mothers were on average 33.4 (SD=3.6) years old when
they gave birth to the children included in this analysis, and 65%
of them reported ever having worked night shifts. At enrollment in
GUTS?2 in 2004, children were on average 11.7 (SD=1.2) years old.
Overall, there were only modest differences in terms of maternal and
offspring characteristics according to history of night shift work be-
fore pregnancy (Table 1). Mothers who had worked night shifts for 6
years or more prior to conception of the first considered child were
older, more likely to be past or current smokers, more adherent to
a healthy diet (AHEI), and more physically active compared with
women with no history of working night shifts. Also, offspring born
to mothers with longer shift work history were more likely to be deliv-
ered by Cesarean section compared with those born to mothers with-
out a history of shift work.

Overall, when we evaluated the associations between night shift work
history before pregnancy with different weight outcomes across child-
hood and adolescence, we observed few differences in offspring weight
when comparing women with and without night shift work history
(Table 2). Because differences between basic and multivariable models

Shift Work and Offspring Weight Outcomes Strohmaier et al.

were small, we describe results of fully adjusted models only (i.e., MV
model 1 including the most important confounding variables).

There were no associations of history of shift work with birth weight or
somatotype at age 5 (Table 2). We did find a significantly higher risk of
the offspring having overweight or obesity at any time during follow-up
between 2004 and 2013 for mothers with any history of night shift work
before pregnancy (MV RR,y 1.11;95% CI: 1.02-1.21) when compared
with mothers who never worked any night shifts (Table 2). The associ-
ation was slightly more pronounced for the risk of persistently having
overweight or obesity (MV RR,,y 1.25; 95% CI: 1.00-1.56). However,
there was no evidence of a dose-response association with increasing
number of years of night shift work history (overweight/obesity MV
RRexpreme 1.07; 95% CI: 0.92-1.23; Peng=0.14; persistently over-
weight/obesity MV RRexyreme 1.045 95% CI: 0.71-1.52; Pyeng=0.17).
Longer duration of night shift work was not associated with changes in
BMI with age (Pyeng>0.34) but was associated with greater differences
in mean BMI (P,q<0.01) at baseline age (Table 2).

Because maternal diet was first assessed in 1991, we conducted a sen-
sitivity analysis including only children who were born after 1991, and
the results remained largely unchanged. In addition to adjustment for
maternal BMI, we examined whether associations were different in
children born to mothers with normal weight versus mothers with over-
weight or obesity. Formal tests for interactions revealed no significant
effect modification (Piperaction fOr all outcomes>0.43). When exam-
ining whether associations were different in children born to mothers
with reportedly different chronotypes (evening versus morning chrono-
types), tests for interaction were not significant (all Piyeraction>0.44).

Maternal night shift work exposure during
pregnancy

Mothers included in the analyses exploring associations between night
shift work during pregnancy and weight outcomes in their offspring
were, on average, 34.7 (SD=3.3) years old when they gave birth to
the children considered in this analysis, while these children were, on
average, 10.0 (SD=0.6) years old at enrollment in GUTS2 (Table 3).
Of the 545 women total, 110 women (20.2%) had worked night shifts
during their pregnancy; they worked a mean of 6.0 (SD=4.8) night
shifts per month (range from 0.5 to 16 night shifts per month). Mothers
reporting a higher number of night shifts were more likely to be either
current or past smokers and more likely to describe themselves as defi-
nite evening chronotypes compared with women who did not work
night shifts during pregnancy. They also exercised less and adhered
to a less healthy diet than mothers with no night shift work during
pregnancy.

Because estimates comparing results from basic and multivariable-ad-
justed models were similar, we report results from the fully adjusted
models (MV model 1) only. We found no associations of night shift
work during pregnancy with offspring birth weight, offspring somato-
type at age 5, or RR of having overweight or obesity (Table 4); we were
unable to examine the risk for persistently having overweight and/or
obesity because of small numbers. We observed no differences in the
change in BMI at baseline age or over time across exposure groups.

When investigating potential effect modification by maternal BMI
before pregnancy and mother’s chronotype using collapsed expo-
sure categories (no night shifts, 1-5 nights per month and 26 nights
per month), we did not find evidence for effect modification by
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maternal BMI (Pjperaction fOr all outcomes >0.13) or mother’s chronotype
(all Pinteraction >0.28).

Discussion

In this study conducted among NHS II participants and their children
enrolled in GUTS2, we found little evidence to support the hypothesis
that a history of night shift work before pregnancy or a higher frequency
of night shift work during pregnancy increases the risk of adverse weight
outcomes in offspring during childhood and adolescence. Although we
observed a modest association between a history of night shift work be-
fore pregnancy and the offspring’s risk of having overweight or obesity,
there was no dose-response association with longer duration of night
shift work before pregnancy, and other weight outcomes were not re-
lated to the mother’s shift work history before or during pregnancy.

Animal studies have suggested that perturbations at critical win-
dows of development can cause lifelong alterations in adiposity (29).
Particularly, studies in rats have demonstrated that disruptions of the
maternal photoperiod (i.e., exposing pregnant rats to chronic phase
shifts, thereby mimicking shift work) negatively influence several met-
abolic parameters in the subsequent adult offspring, such as increased
adiposity, hyperleptinemia, hyperinsulinemia, and reduced glucose tol-
erance and insulin sensitivity (12,13,30). A recent study modeling the
impact of circadian disruption through mice with knockout clock genes
did not find any of these associations. However, the authors suggested
that previous findings might be explained by mediation through other
pathways activated by circadian disruption that may not have been acti-
vated in the knockout gene experiment (14).

Previous meta-analyses have consistently suggested no association
between shift work exposure during pregnancy and preterm birth
(11,31,32) or low birth weight (31,32), which is in line with our find-
ings. We also did not observe any associations between shift work
during pregnancy and birth weight even after adjusting for maternal
history of prepregnancy night shift work.

There are virtually no data regarding the potential long-term impacts
of night shift work on weight outcomes after birth on children born to
night shift workers.

In our study, we observed no association between night shift work
before or during pregnancy and offspring childhood somatotype. While
arecent study showed associations between nighttime feeding postpar-
tum and risk for overweight in early childhood (33), our study is the
first to examine the relationship between circadian disruption before
and during pregnancy and offspring early life weight outcomes. We did
find a modestly increased risk for overweight or obesity among off-
spring born to mothers who worked night shifts at any time before preg-
nancy, but the risk did not increase with longer duration of shift work.
Night work during pregnancy did not further alter this association.

To the best of our knowledge, there is no intergenerational study thus
far relating preconception shift work exposure and shift work during
pregnancy to offspring outcomes during childhood and adolescence.
Strengths of the current study include the longitudinal follow-up of
mothers and children and detailed information on multiple potential con-
founders, including shift work information during pregnancy. However,
our study also has several limitations. We had only limited information
on paternal factors. Nevertheless, in all our multivariable models, we
adjusted for husband’s education, a proxy for socioeconomic status and
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important confounding variable possibly affecting both maternal shift
work exposure and offspring weight outcomes. Most mothers gave birth
to their respective child included in our study relatively late, i.e., in their
early to mid-30s. Therefore, our results might not be generalizable to
women giving birth at a younger age. Furthermore, power was limited for
some secondary analyses, including for mothers who continued to work
night shifts throughout their pregnancies and in analyses differentiating
having overweight or obesity. Other limitations include the retrospective
assessment of body size at age 5 and the self-reported nature of mater-
nal and offspring weight measures. Previous validation studies within
the Harvard cohorts (34—38) have shown reasonable accuracy of self-re-
ported maternal physical characteristics. Studies comparing measured
versus self-reported weight and height in US adolescents (39-41) have
concluded that, on average, self-reports are a useful proxy. Self-reported
history of rotating night shift work may have been misclassified, though
likely randomly, biasing our results only toward the null. Furthermore,
this exposure has previously been linked to several chronic disease out-
comes (42).

Conclusion

Though women’s night shift work before pregnancy was associated
with a modestly increased risk of having overweight or obesity in their
offspring through adolescence and young adulthood, there was no
overall evidence that the duration of night shift work before pregnancy
or night shift work during pregnancy was associated with offspring
adiposity in this study. Further studies are needed with larger sample
sizes and more detailed information on shift work exposure and out-
comes into adulthood as well as more specific markers of metabolic
alterations during adulthood. O
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