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Abstract

We investigated the relationship between maternal history of nightshift work before and shift work during pregnancy and
offspring risk of depression and anxiety, among mothers participating in the Nurses Health Study II and in their offspring
enrolled in the Growing Up Today Study 2 between 2004 and 2013. Case definitions were based on offspring self-reports
of physician/clinician-diagnosed depression and/or anxiety, regular antidepressant use and depressive symptoms assessed
using the Center for Epidemiologic Studies Depression Scale. Multivariable-adjusted odds ratios (ORs) and 95% confidence
intervals (CIs) were estimated using generalized estimating equation models. We found no associations between maternal
nightshift work before pregnancy or during pregnancy and offspring mental health disorders (e.g., nightshift work before
pregnancy: depression (based on physician/clinician diagnosis): ORye; pighiwork= 1143 95% CI, 0.88-1.47; either depression
or anxiety: OR¢e; pighiwork = 0-935 95% CI, 0.81-1.08; nightshift work during pregnancy: depression: ORqe; pightwork= 1-14;
95% CI, 0.68-1.94; depression or anxiety: ORye; pightwork=1-17; 95% CI, 0.70-1.98) and no dose-response relationship with
longer history of nightshift work (all Pp,,4 >0.10). Stratifying by maternal chronotype revealed a higher risk of depression
for offspring whose mothers worked nightshifts before pregnancy and reported being definite morning chronotypes (a proxy
for circadian strain) (ORgye; pightwork = 1:95: 95% CIL, 1.17, 3.24 vs. OR ¢, pighiwork = 0933 95% CI, 0.68, 1.28 for any other
chronotype; Preraciion= 0-03). Further studies replicating our findings and refined understanding regarding the interplay of
nightshift work and chronotype and its potential influences on offspring mental health are needed.
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In the United States and worldwide, depression and anxiety
are leading causes of morbidity and disability in young peo-
ple; both negatively impact long-term health and pose a seri-
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L' Channing Division of Network Medicine, Brigham ous public health problem [1-3]. In 2015, the National Insti-
and Women’s Hospital and Harvard Medical School, Boston, tute of Mental Health [4, 5] reported that 12.5% of the U.S.
MA, USA population aged 12 to 17 had experienced at least one major

2 Department of Epidemiology, Center for Public Health, depressive episode in the past year and 10.3% of the popula-
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mental illness (including depression and anxiety) of 21.7% was
reported in that age group, following diagnostic criteria stated
in the Diagnostic and Statistical Manual of Mental Disorder
(DSM-1V) [6]. While prevalence estimates vary by country
possibly due to different screening scales, clinical cut-points,
or application of diagnostic criteria, the age-at-onset for most
mental disorders is consistently reported with a median in the
early- to mid-twenties across countries [7].
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Established risk factors for depression and anxiety include
individual-level characteristics (e.g., sex, age, psychosocial
stress, substance use) and family-level characteristics (e.g.,
parental education, socio-economic status, family structure,
family history) [8]. However, there is growing evidence that
psychiatric disorders may have developmental origins, and
maternal exposure may impact offspring mental health via
fetal programming [9, 10].

Work schedules involving rotating night shift work have
previously been linked to mental disorders [11-15] and other
chronic diseases such as type 2 diabetes [16], cardiovascular
diseases [17] and several cancers [18, 19], with some evi-
dence that inter-individual differences in chronotype could
modify these relationships [19, 20]. Moreover, recent stud-
ies suggest that shift working nurses experience epigenetic
alterations (e.g., methylation patterns in the promoter region
of the serotonin transporter gene) [21, 22], which could con-
tribute to development of depressed mood in offspring [23].

Additionally, night shift work surrounding pregnancy,
through regulation of the maternal melatonin profile, may
lead to behavioral programming in the offspring via altera-
tions of the hypothalamic-pituitary-adrenal (HPA) axis [24,
25]. More specifically, melatonin can freely cross the pla-
centa and provide photoperiodic information to the fetus [26]
and in turn influence the development of the circadian sys-
tem [27]. Evidence form animal models shows that maternal
melatonin is involved in the development of the fetal adrenal
gland and glucocorticoid signaling [28] which are reportedly
important in the programming of emotional behaviors [29].

Animal models also revealed that parental social defeat
stress prior to conception can lead to depression and anxiety
behaviors in offspring rodents [30]. In humans, so far only
extreme stressors prior to conception or during pregnancy
(e.g., Holocaust, World Trade Center attack) have been
linked to adverse mental outcomes in offspring [31-33].

However, no prior study has examined the association of
night shift work (an established health stressor [34]) before
and during pregnancy, maternal differences in preferred
wake/sleep time (i.e., chronotype), and offspring mental
health. To provide insights regarding these associations, we
combined existing shift work information in > 4000 women
participating in the Nurses’ Health Study II with information
on lifetime risk of depression and anxiety in their offspring,
who were enrolled in the Growing Up Today Study 2.

Methods
Study population
Our present analyses included mother—child pairs, com-

prised of mothers who were participants in the prospec-
tive Nurses’ Health Study II (NHSII) and their children
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who were participants in the Growing Up Today Study 2
(GUTS2). NHSII is an ongoing prospective cohort study. It
was established in 1989, when 116,429 US female nurses
aged 25-42 years responded to a mailed questionnaire
about their health and lifestyle; biennial follow-up ques-
tionnaires are used to update information on risk factors
and medical history.

GUTS2 was established in 2004, when after obtaining
maternal consent, invitation letters and questionnaires
were sent to 17,280 children aged 9 to 15 years, born to
NHSII participants between 1987 and 1995. Of these,
10,918 children returned completed questionnaires and
information on health and lifestyle factors with updated
information from follow-up questionnaires in 2006, 2008,
2011, and 2013.

This study has approval from the Committees on the Use
of Human Subjects in Research at the Brigham and Women’s
Hospital and the Harvard T.H. Chan School of Public Health
(Boston, MA, USA). If participants returned the baseline
self-administered questionnaire, it was assumed to imply
informed consent in both cohorts.

Ascertainment of night shift work among mothers

Mother’s history of rotating night shift work
before pregnancy

Information on the history of rotating night shift work was
first obtained in the NHSII baseline questionnaire in 1989,
when nurses were asked to report their total years of rotating
night shift work, defined as “at least three nights per month
in addition to working days or evenings in the respective
month”. Using updated information from questionnaires
in 1991 and 1993 and retrospective assessments for the
period between 1993 and 1995 from the questionnaire in
2001, cumulative shift work exposure was derived by add-
ing together the number of years participating in shift work
before conception, for children born between 1989 and 1995.

Mother’s night shift work exposure during pregnancy

Additional information regarding specific occupational
exposures, including shift work during the most recent
pregnancy since 1993, was collected through a supplemen-
tal questionnaire following the main NHSII questionnaire in
2001. Participants who had previously reported at least one
pregnancy since 1993, worked as a nurse and indicated their
willingness to participate were sent additional questions that
asked about working schedules and number of night shifts
per month for each trimester, along with other exposures.
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Timeline of exposure and outcome assessment
GUTS 2 (birth years 1987-1995)
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CESD-10
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1989, updates for the past 24 months thereafter

A
A

Pregnancy questionnaire, asking about night work
during pregnancy for the most recent pregnancy

since 1993

A

Maternal chronotype assessment

@ 0 O

Self-reports of SSRI use

® Self-reports of physician/clinician
diagnosed anxiety

Fig. 1 Timeline of exposure assessment in NHSII and outcome assessment in GUTS2

Ascertainment of mental health disorders
among offspring

In this study, we utilized multiple sources of information
on depression. First, we defined depression cases through
self-report of physician/clinician-diagnosed depression,
which was collected on the 2013 GUTS questionnaire. At
that time, participants were also asked to indicate the year of
first diagnosis (before 2006, 2006-2008, 2009-2011, 2012
or later). An alternative, broader Boolean OR case defini-
tion was based on reporting a physician/clinician-diagnosed
depression, regular antidepressant use, or the presence of
clinically significant depressive symptoms [35]. Informa-
tion on selective serotonin reuptake inhibitors (SSRIs) use
was obtained from the 2013 GUTS questionnaire, when
participants were asked about regular medication use in the
past 12 months. Depressive symptoms were assessed using
the Center for Epidemiological Studies Depression Scale-
10 (CESD-10) [36, 37] in 2011 and 2013. The presence of
clinically significant depressive symptoms was defined as
having a CESD-10 score >10 in either 2011 or 2013 [38];
the CESD-10 > 10 cutoff has been previously validated for
major depression. Cases of anxiety were defined based on
self-report of physician/clinician-diagnosed anxiety on the
2013 GUTS questionnaire. A composite psychiatric outcome

was created, including participants as cases if they: self-
reported diagnosis of depression or anxiety, used antidepres-
sant medication, and/or scored >10 points on the CESD-10
at any time. A timeline of exposure and outcome assess-
ments is shown in Fig. 1.

Ascertainment of covariates

To calculate maternal age at delivery, we computed the dif-
ference between mother’s and child’s dates of birth. Maternal
diet quality was characterized based on the validated food fre-
quency questionnaire (FFQ) [39] from the 1991 main NHSII
questionnaire, from which the Alternative Healthy Eating
Index (AHEI) and alcohol intake were derived [40]. In 1989,
participants were asked to report frequency of various physi-
cal activities, which was used to derive energy expenditure in
metabolic equivalent (MET) hours per week [41]. Information
on smoking habits and weight and height was collected bien-
nially; this was applied in determining the status of smoking
and anthropomorphic measures that were most proximal to
and before conception of the first included child. Maternal
diagnosis of diabetes and high blood pressure before concep-
tion were ascertained on the NHSII baseline questionnaire in
1989, and maternal lifetime history of depression was self-
reported in NHSII beginning in 2003. Maternal chronotype
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was assessed in 2009 using a single question from the Morn-
ingness-Eveningness Questionnaire [42], which has been
validated for classifying individuals as “definitely a morning
type”, “rather more a morning than an evening type”, “rather
more an evening than a morning type”, “definitely an evening
type” or neither.

To capture the family’s socioeconomic status surrounding a
child’s birth and early childhood, we used US Census tract data
[43] from the 1989 U.S. Census. We considered the variables
median income and percentage of the population holding a
college degree in the mother’s neighborhood, which could be
extracted based on the mother’s address at that time. Addition-
ally, we ascertained information on husbands’ level of educa-
tion in 1999, mother’s subjective social and economic stand-
ing in her community and the US, and mother’s adulthood
household income reported in 2001. Further, we considered
information on the geographic region children were living at
the GUTS?2 baseline in 2004.

The GUTS?2 baseline questionnaire also assessed offspring
stage of pubertal development (Tanner stage), using a vali-
dated scale of pubic hair illustrations [44]. Further, offspring
sedentary behavior was derived by summing up the reported
time they had spent watching television, using the computer,
surfing on the internet, and reading/doing homework.

Final samples for analyses

Since history of maternal rotating night shift was assessed for
the first time in 1989, we only considered children born in
1989 or later in our analyses; hence, we excluded 4721 of the
original cohort of 10,918 children. Further, we excluded twins
and triplets (195 children, 87 mothers), children born at less
than 37 weeks gestation (i.e., non full-term pregnancies) (1183
children, 1001 mothers), and mother-child pairs with miss-
ing exposure information (7 children, 6 mothers). In total, we
included 4813 children born to 4044 mothers in our analyses
of pre-conception shift work and mental health outcomes in
offspring.

To assess the associations between night shift work dur-
ing pregnancy and depression and anxiety in offspring, we
identified a subset of 621 GUTS?2 participants whose mothers
participated in the occupational supplemental questionnaire.
After excluding children born at less than 37 weeks gestation
(72 children, 72 mothers) and pairs with missing exposure
information (4 children, 4 mothers), a total of 545 mother-child
pairs were left for these analyses.
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Statistical analysis

Mother’s history of rotating night shift exposure
before conception

To account for clustering within families, we used general-
ized estimating equation (GEE) regression models specify-
ing a logit link function and an exchangeable correlation
structure to estimate odds ratios (ORs) and 95% confi-
dence intervals (CIs) for depression and anxiety outcomes
in offspring across four categories of cumulative rotat-
ing night shift work before conception (none, < 3 years,
3-5 years, and > 6 years). Mothers without a history of
night shift work were considered the reference group. We
also used this approach to examine outcomes in offspring
comparing mothers who ever worked night shifts versus
mothers who never worked night shifts.

Initial models were adjusted for offspring baseline age
and sex (basic model). We further considered a wide range
of covariates describing maternal lifestyle and social eco-
nomic status, including BMI and smoking status before
pregnancy, AHEI dietary score, physical activity, hus-
band’s education, geographic region at GUTS baseline,
and the Census tract education rate in 1989 in multivariate
model 1 (MV model 1). Lastly, maternal lifetime history
of depression was added to the covariates included in MV
model 1 (MV model 2). We included a missing indicator
in our models when covariates had missing values.

Mother’s night shift work exposure during pregnancy

Based on the information provided in the supplemental
questionnaire, we used logistic regression models to esti-
mate odds ratios and 95% Cls for offspring depression and
anxiety comparing children born to mothers who worked
night shifts during pregnancy to those whose mothers did
not. Covariates were added to the models following a simi-
lar selection procedure as described above.

Previous studies have identified associations between
chronotype and mental health outcomes [45, 46], and
effect modification of associations between night shift
work and chronic diseases by chronotype [19, 20]. There-
fore, we assessed possible effect modification of the asso-
ciation between night shift work and offspring mental
health outcomes by maternal chronotype. To test for effect
modification, we included multiplicative interaction terms
in multivariable regression models.

All analyses were conducted using SAS version 9.4
(SAS Institute, Cary, NC) and all statistical tests were two-
sided and considered statistically significant at P < 0.05.



Night shift work before and during pregnancy in relation to depression and anxiety in adolescent... 629

Results

Mother’s history of rotating night shift work
before pregnancy

The 4044 mothers included in our analyses were, on aver-
age, 33.4 (SD 3.6) years old when they delivered their chil-
dren in this study, while the 4813 children were on average
11.7 (SD 1.2) years old when they started participating
in GUTS2. There were more girls than boys included in
the study (53.4% girls, 46.6% boys). Comparing maternal
and offspring characteristics across categories of duration
of night shift work before conception (65% of the moth-
ers had reported night shift work), we found only modest
differences (Table 1). Mothers reporting longer durations
of night shift work were slightly older at birth, and more
likely to be past or current smokers and to adhere to a
healthy diet (AHEI); they also reported a slightly higher
BMI before pregnancy and a higher frequency of lifetime
physician/clinician-diagnosed depression.

We did not observe an overall association between
maternal night shift work before pregnancy and risk of
any of depression and anxiety in their offspring (Table 2).
However, there was some indication that maternal chrono-
type might play a role in the relationship between mater-
nal night shift work before pregnancy and depression in
offspring (Table 3). Because differences between basic
and multivariable adjusted models were small, we focus
on the results obtained from fully-adjusted models only
(MV models 2 adjusting for the largest set of relevant
covariates).

We found no association between maternal night shift
work and offspring depression, regardless of the case
definition that was applied: e.g. risk of physician/clini-
cian-diagnosed depression (OR_ ¢, yighiwork = 114 95%
CI, 0.88, 1.47); risk of depression using the broader case
definition (physician-diagnosed depression or SSRI use or
CESD10210); ORqyer nightwork = 0-94; 95% CI, 0.81, 1.09)
(Table 2). Also, children born to mothers who had worked
night shifts had a similar risk of physician-diagnosed anxi-
ety (OReyer nightwork = 0-85; 95% CI, 0.66, 1.11) and similar
risk of any outcome (OR¢; pightwork = 0-935 95% CI, 0.81,
1.08), compared to children born to mothers without shift-
work history. Similarly, duration of night shift work his-
tory was not associated with risk of any of the outcomes
considered (all Pr,.,4>0.10) (Table 2).

We conducted analyses stratified by maternal chrono-
type (Table 3). Compared to offspring of women without
a history of rotating night shift work, offspring of women
with any rotating night work before pregnancy had a sig-
nificantly elevated risk of physician-diagnosed depression
among women who were definite morning chronotypes

(ORyer nightwork = 1.955 95% CI, 1.17, 3.24), whereas this
was not the case for offspring of women with interme-
diate or evening chronotypes (OR_ e nighiwork = 0-93; 95%
CIL, 0.68, 1.28; Plyeraction=0-03). Similar indications of
effect modification were not observed for the alterna-
tive—Boolean OR—case definition of depression (based
on reporting a physician/clinician-diagnosed depression,
regular antidepressant use, or the presence of clinically
significant depressive symptom) or the other consid-
ered outcomes (P;,eraciion fOr broader depression defini-
tion=0.96, for self-reported anxiety =0.24, for any psy-
chological outcome =0.96).

Maternal night shift work exposure
during pregnancy

A detailed description of maternal and offspring character-
istics for the subsample with available exposure information
during pregnancy can be found elsewhere [47].

We restricted our analyses to the broad endpoints of any
depression or anxiety outcome, as well as the depression
definition based on physician-diagnosed depression, SSRI
use, or depressive symptoms (CESD-10 > 10). Again, results
from basic and multivariable models did not differ markedly
(Supplemental Table 1), so we focus on results from the
fully-adjusted models (MV model 2) only. Briefly, risks of
depression and anxiety for children of women with or with-
out night shift work exposure during pregnancy were not sig-
nificantly different (risk of depression OR e, pightwork = 1-14;
95% CI, 0.68, 1.94; risk of any psychiatric outcome
OR.er nightwork = 1.17; 95% CI, 0.70, 1.98).

Discussion

In this study including mothers enrolled in NHSII and their
offspring participating in GUTS2, we found no overall
associations of maternal history of rotating night shift work
before pregnancy or shift work exposure during pregnancy
with depression or anxiety in their children. Among mothers
who were definite morning chronotypes, there was signifi-
cantly higher risk of physician/clinician-diagnosed depres-
sion offspring of mothers who participated in rotating night
work before pregnancy compared to offspring of mothers
who did not. Hence, there is some indication that biolog-
ically-based maternal preferences in sleep timing might
play a role in the relationship between maternal night shift
work before pregnancy and depression outcomes, suggest-
ing that social and biological stress induced by an extreme
mismatch of preferred and actual sleeping times might have
an impact on offspring mental health. Interestingly, we iden-
tified this effect modification only for self-reported physi-
cian/clinician-diagnosed depression and not for any of the
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Table 2 Adjusted odds ratios (OR) for offspring risk of depression during childhood and adolescence according to maternal rotating night shift-
work history before pregnancy, using data from the Growing Up Today Study 2 from 2004 to 2013, restricted to singleton, full-term births

History of rotating night shift work

Never worked <3 years 3-5 years > 6 years Ever worked rotat-
rotating night ing night shifts
shifts
Self-reported physician/clinician—diagnosed depression*
Cases/participants  92/1683 99/1507 78/1132 23/491 200/3130
OR OR 95% C1 OR 95% C1 OR 95% CI Ptrend OR 95% CI
Basic model* 1 (reference) 1.25 0.93,1.68 1.33 0.97,1.82 0.88 0.55,1.40 0.63 1.22 0.94, 1.57
MV model 1° 1 (reference) 1.20 0.89,1.62 1.26 0.92,1.73 0.82 0.51,1.33 0.82 1.17 0.90, 1.51
MV model 2° 1 (reference) 1.18 0.87,1.60 1.23 0.89,1.69 0.79 0.49,1.27 0.99 1.14 0.88, 1.47
Self-reported physician/clinician—diagnosed depression* or SSRI** use or CESD10> 10*
Cases/participants  389/1683 346/1507 263/1132 91/491 700/3130
OR OR 95% CI OR 95% CI OR 95% CI Ptrend OR 95% CI
Basic model* 1 (reference) 0.99 0.84,1.17 1.02 0.85,1.23 0.77 0.59,0.99 0.25 0.96 0.83, 1.11
MV model 1° 1 (reference) 0.98 0.83,1.16 1.00 0.83,1.20 0.74 0.56,0.96 0.16 0.95 0.82,1.10
MV model 2° 1 (reference) 0.97 0.82,1.15 0.99 0.82,1.19 0.73 0.56,0.95 0.13 0.94 0.81, 1.09
Self-reported physician/clinician—diagnosed anxiety*
Cases/participants  98/1683 80/1507 60/1132 25/491 165/3130
OR OR 95% CI OR 95% C1 OR 95% CI Ptrend OR 95% CI
Basic model® 1 (reference) 0.92 0.68,1.25 0.94 0.68,1.32 091 0.58,1.43 0.63 0.93 0.71, 1.20
MV model 1° 1 (reference) 0.88 0.64,1.20 0.90 0.64,1.25 0.82 0.52,1.31 043 0.88 0.67,1.14
MV model 2° 1 (reference) 0.86 0.63,1.18 0.86 0.61,1.21 0.79 0.50,1.26  0.30 0.85 0.66, 1.11
Combination of any psychiatric outcome®
Cases/participants  407/1683 361/1507 272/1132 96/491 729/3130
OR OR 95% CI OR 95% CI OR 95% CI Ptrend OR 95% CI
Basic model® 1 (reference) 0.99 0.84,1.17 1.01 0.84,1.21 0.77 0.60,1.00 0.22 0.96 0.83,1.11
MV model 1° 1 (reference) 0.97 0.82,1.15 0.99 0.82,1.19 0.74 0.57,0.96 0.14 0.94 0.82, 1.09
MV model 2° 1 (reference) 0.97 0.82,1.14 0.98 0.81,1.17 0.73 0.56,0.95 0.10 0.93 0.81, 1.08

CESDI0 Center for Epidemiologic Studies Depression Scale; CI confidence interval; MV multivariable model; OR odds ratio
*Assessed in 2013 (timing: before 2005; between 2006 and 2008; between 2009 and 2011, 2012 +)

**Assessed in 2013 (intake in the past 12 months)
*Assessed in 2011 and 2013

$Defined as self-reported physician/clinician—diagnosed depression © OR SSRI ** use OR CESD10> 10 OR self-reported physician/clinician—

diagnosed anxiety

#Adjusted for offspring gender (boy/girl) and offspring age at GUTS baseline 2004

®Additionally adjusted for maternal age at pregnancy, smoking status before pregnancy (never, current, past), alternative healthy eating score
(quintiles), physical activity (METs hours/week; quintiles), husband’s education (less than 2 year college, 4 year college, grad school), parity
(nulliparity, 1, 2, 3+ previous pregnancies), BMI before pregnancy (<25, 25-29, >30 kg/m?), geographic region (West, Midwest (reference),

South, Northeast) and Census tract education rate in 1989

¢Additionally adjusted for maternal depression diagnosis (yes/no)

other considered outcomes, including a broader depression
definition that also included antidepressant use and depres-
sive symptoms. Possible explanations are that self-reported
physician/clinician-diagnosed depression may capture more
severe depression cases, may have higher specificity and
precision than the broad definition, or may indicate earlier
age-at-onset cases.

Rotating night shift work, an established social
and biological stressor [34, 48], and chronotype have

@ Springer

independently been linked to increased risk of depression
[11, 12, 14, 45, 49, 50], and an interaction of chronotype
and work hours has been reported previously for chronic
disease outcomes [19, 20] within the same person. Grow-
ing literature, including animal and human studies, sup-
ports the hypothesis that prenatal programming can impact
psychiatric disorders, which may be driven by alterations
of the HPA axis and, in turn, effects on the circadian
and limbic system [10]. Nevertheless, to the best of our
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knowledge, there is no study so far that investigated the
intergenerational associations of maternal night shift work
exposure before and during pregnancy to offspring mental
health outcomes.

We consider the longitudinal follow-up of mothers and
children, together with detailed information on determi-
nants of maternal lifestyle and social economic status, to
be unique strengths of our study.

Limitations should also be mentioned. The timing of the
supplemental pregnancy questionnaire led to a small time
window of overlap between mothers with available expo-
sure information during pregnancy and children enrolled
in GUTS2. Therefore, we had limited power to explore
relationships between pregnancy shift work exposure and
mental health outcomes in detail.

Further, the self-reported nature of our outcome defi-
nition could have contributed to misclassification. While
the use of the CESD-10 scale has been validated as a
screening tool [37] and the validity of self-reported clini-
cian/physician diagnosed depression has been considered
adequate in adults [51], mental health disorders might be
under-diagnosed in the general population and especially
in the adolescent and young adults [52]. Nevertheless,
outcome misclassification was likely non-differential with
respect to shift work exposures and maternal chronotype.

Similarly, maternal night shift work exposure is based
on self-reports and crude assessments, asking about the
duration nurses had worked at least 3 nights per month in
addition to working days or evenings. Hence, the exposure
may have been misclassified. Most likely the potential mis-
classification occurred at random and therefore could have
biased our results only towards the null.

Also, chronotype was assessed by one sub-item of the
Morningness-Eveningness Questionnaire [42] and rather
distant in time from the exposure assessment. However, it
has been shown that this single-item measure correlates
well with the overall Morningness-Eveningness score [53]
and that, even though chronotype can change with age,
these changes are slow in pace once adulthood is reached
[54] and tend to affect everyone equally (i.e., evening
chronotypes will always remain more evening types rela-
tive to others, even when factoring in the effects of age).

In conclusion, there was no overall association between
duration of maternal night shift work before or during preg-
nancy and offspring depression or anxiety in our study. How-
ever, results from stratified analyses indicate that maternal
chronotype might play a role in the relationship between
maternal night shift work before pregnancy and depression
outcomes in their offspring. Future studies with more refined
exposure assessments and more detailed longitudinal meas-
ures of psychiatric outcomes throughout childhood, adoles-
cence, and adulthood are needed to explore these relation-
ships in more detail.

@ Springer
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