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Objective This study aimed to investigate associations between work postures, lifting at work, shift work, work
hours, and job strain and the risk of sick leave during pregnancy from 10–29 completed pregnancy weeks in a
large cohort of Danish pregnant women.
Methods Data from 51 874 pregnancies in the Danish National Birth Cohort collected between 1996–2002 were
linked to the Danish Register for Evaluation of Marginalization. Exposure information was based on telephone
interviews. Hazard ratios (HR) with 95% confidence intervals (95% CI) were calculated by Cox regression
analysis, using time of first episode of sick leave as the primary outcome.

Results We found statistically significant associations between all the predictors and risk of sick leave; for nonsitting work postures (HRrange 1.55–2.79), cumulative lifting HRtrend 1.29, 95% CI 1.26–1.31, shift work (HRevening
1.90, 95% CI 1.73–2.09, HRnight 1.52, 95% CI 1.15–2.01), monthly night shifts HRtrend 1.12, 95% CI 1.11–1.14,
increasing weekly work hours HRtrend 0.93, 95% CI 0.91–0.95 and high job strain HR 1.52, 95% CI 1.42–1.63.
Some exposures influenced HR in either a positive or negative time-dependent way.
Conclusion Our results support previous findings and suggest that initiatives to prevent sick leave during preg-

nancy could be based on work conditions. Preventive measures may have important implications for pregnant
women and workplaces.

Key terms Denmark; job strain; night shift; occupational lifting; sickness absence; work posture; work shift.

Sick leave during pregnancy is frequent, and the number
of pregnant women on sick leave has increased during
the past decades without clear medical explanations
(1–5). This is surprising given today’s focus on work
conditions and current legislation both in Denmark
and Europe, which demands that employers assess and
control safety factors that constitute a risk to pregnant
women’s health. A number of factors such as course
of pregnancy (6), attitudes towards sick leave (2, 7),
levels of social benefits (7, 8), body mass index (BMI),
and assisted reproductive therapy (ART) (9) have been
found to be predictive of sick leave during pregnancy.
Occupational exposures (3, 6) have also been associated
with sick leave during pregnancy, and modifications in
occupational exposures have been found to reduce the
1
2
3
4

risk of sick leave during pregnancy (10, 11). However,
the association between specific occupational exposures and risk of sick leave during pregnancy remains a
remarkably unexplored issue, and results from the available literature show that the prevalence of sick leave
varies much between occupations (3, 6, 12). The existing
literature is characterized by the use of rough measures
of occupational exposures and limited or no adjustment
for potential confounders. Moreover, studies are often
limited to certain trades and are small in size, which
emphasizes the need for more research in this area (3,
6, 12). It is important to identify possible associations
between occupational exposures and sick leave during
pregnancy because such findings may have important
implications in preventing sick leave.
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We aimed to investigate associations between work
posture, lifting at work, shift work, work hours, and job
strain, and the risk of sick leave from 10–29 completed
pregnancy weeks in a large population-based cohort of
pregnant women.

Methods
Study population
We used data from the Danish National Birth Cohort
(DNBC), a nation-wide cohort study including 100 418
pregnancies enrolled between 1996 –2002. Pregnant
women were invited to participate at their first antenatal
visit at the general practitioner. The inclusion criteria
were (i) Danish residency, (ii) planning to complete
the pregnancy, and (iii) sufficient fluency in Danish to
participate in four telephone interviews. The initial data
collection included four interviews, three blood samples,
and a food frequency questionnaire. Two interviews
were conducted during pregnancy (around pregnancy
week 17 and 30) and two postpartum (6 and 18 months).
The cohort is described in detail elsewhere (13).
In this study, we included pregnancies of women
gainfully employed at the time of first pregnancy interview. For a detailed definition of the study population,
see figure 1. The final study population consisted of
51 874 pregnancies among 49 708 employed women
as some women participated in the data collection with
more than one pregnancy. The Scientific Ethical Committee approved the cohort, and the Danish Data Protection Agency and the Steering Committee of the DNBC
approved storage, handling, and linkage of data for the
present study (approval no. 2012-41-0086 and 2012-06).
Occupational exposures
All independent variables came from the first pregnancy
interview (in completed pregnancy weeks: 18 (mean);
17 (median); 25th percentile=14; 75th percentile=20). The
following questions were used (translated from Danish):
(i) Work posture: “In your job, do you sit, stand, or
walk most of the time, or can you change as you like?”
(Answer categories were: Primarily standing, primarily
walking, primarily standing and walking, primarily sitting, I can change as I wish.) (ii) Lifting: “In your job,
do you daily lift >20 kg at a time? (Approximately like
a crate of beer.)” If yes, “How many times a day do you
lift >20 kg?” “Do you have daily lifts of between 11–20
kg? (Less than a crate of beer and more than a bucket
of water.) If yes, “How many times a day do you lift
between 11–20 kg?” (iii) Work shift: “What are your
normal working hours, day, evening or night, or do you
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have shifting working hours?” (Answer categories were:
day, evening, night, shifting not night, shifting including night.) “How often do you work at night?” (Answer
categories were: less than once a month, number of
shifts per month.) (iv) Weekly work hours: “How many
hours a week do you work?” Job strain was estimated
by using Karasek’s job demand and job control model
(14). This model has previously been used on DNBC
data for assessment of late foetal loss, pelvic pain, and
adverse birth outcomes (15–17). The model combines
job demands and job control into four categories of job
strain: relaxed (low demands/high control), passive (low
demands/low control), active (high demands/high control) and strained (high demands/low control). Relaxed
refers to low-strain jobs and strained refers to high-job
strain. Demands and control dimensions were derived
from the questions: “Do you feel overworked in your
job?” (demand dimension), “Do you have any influence
on your working conditions?” (control dimension). (For
both dimensions, answer categories were: often, from
time to time, seldom.) High demands were defined by
the “often” answer category and low control by the
“seldom” answer category.
All variables that were answered “do not know” or
“do not want to answer” were coded as missing.
Sick leave
In Denmark, sickness during pregnancy is classified as
either sick leave or pregnancy-related sick leave; the
latter is due to either an abnormal course of pregnancy
or the presence of work environment conditions that
are potentially harmful during pregnancy. We used
the Danish Register for Evaluation of Marginalisation (DREAM) to measure sick leave (18). DREAM
contains weekly information on >100 types of social
benefit payments, each characterized by a unique code.
A registration of sick leave in DREAM is conditional
on reimbursement for employed citizens. At the time
of data collection, reimbursement was conditioned on a
minimum of two weeks of consecutive sick leave paid
by the employer. Thus, sick leave of <15 consecutive
days was not registered in DREAM, however, if the
sick leave lasted >15 days, the episodes were registered
from the first day. Regarding pregnancy-related sick
leave, employers received reimbursement from the first
day of sick leave. These variations in sick-leave registration according to sick leave motivation, lead to an
underestimation of sick leave prevalence. Furthermore, a
weekly registration in DREAM requires merely one day
of sickness benefit payment during the week in question.
For each completed pregnancy week from 10–29,
we estimated sick leave for gainfully employed women
using the following DREAM codes: 774 (sick leave
from flexi-jobs, ie, jobs for citizens with reduced abil-
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Pregnancies recruited to the
DNBC from 1996-2002
N=100,418
§

Loss to follow-up from recruitment until
first interview n=7,527

Completed first pregnancy
interview
N=92,891
§

Not pregnant by the time of interview, n=2,700

§

Not gainfully employed at first interview, n=21,784

§

Multiple pregnancies (twins, triplets, etc.), n=1,590

§

Interrupted interview flow: interviewed for the late
pregnancy interview before the early pregnancy
interview, n=135

§

Died according to DREAM during follow-up, n=3

§

Obstetric event within one year before the
DNBC-pregnancy, n= 1,632

§

Missing information on time of event (end of
pregnancy or first episode of sick leave) n=60

§

First pregnancy interview conducted after 29
completed pregnancy weeks n=528

§

First episode of sick leave before 10 completed
pregnancy weeks, n=12,585

Pregnancies included in the
study
N=51,874

Figure 1. Number of pregnancies included in the study.

ity to work because of chronic illness), 881 (maternity
leave and pregnancy-related sick leave), 890, 892, 893,
894, 895, 896, 897, 898, and 899 (all sick leave codes
for either ordinary employment, various job training
programs or apprenticeships) (18) .
The time of the first episode of sick leave from 10–29
completed pregnancy weeks was the primary outcome
in our study. The lower boundary was chosen because,
according to the Danish antenatal care program, most
women were invited to participate in DNBC at 10
completed pregnancy weeks. Some Danish women
start maternity leave at 31 completed pregnancy weeks
according to their collective agreements. Since maternity leave and pregnancy-related sick leave have the
same DREAM code, we decided on the upper boundary
of 29 completed pregnancy weeks.
Potential confounders
Adjustments were made for several a priori selected
potential confounders based on the literature: age, daily
smoking, weekly intake of alcoholic drinks, occupational class as a proxy measure for socioeconomic
status, sick leave prior to the DNBC pregnancy, chronic
diseases, parity, pre-pregnancy BMI, ART, and receiving
support from colleagues at work.
Age was the women’s age at the time of the first
pregnancy interview. Self-reported alcohol intake
[drinks/week (continuous)] and daily tobacco smoking

[yes/no (reference)] were generated from questions in
the first pregnancy interview. As a proxy for socioeconomic status, occupational class was used in four categories [unskilled workers, skilled workers, lower grade
professionals, higher grade professionals (reference)].
Occupational class was based on educational level and
the Danish version of the International Standard Classification of Occupations (DISCO-88). If educational
level or DISCO-88 codes were missing, information for
the spouse or cohabiting partner was used; the pregnant
women provided information on the spouse at the first
interview. Sick leave prior to the DNBC pregnancy was
assessed using DREAM data. We included information
104 weeks back in time from the onset of the DNBC
pregnancy and counted the number of weeks each
woman received sickness benefit payment (excluding pregnancy benefits). The prior sick leave variable
was categorized into five groups [0 weeks (reference),
1–4 weeks, 5–8 weeks, 9–25 weeks and ≥26 weeks].
“Chronic diseases” [yes/no (reference)] was generated
from information on self-reported diseases and included
cardiovascular, metabolic, musculoskeletal, epilepsy,
and psychiatric disorders as well as other diseases
classified as severe. Parity (nulliparous (reference)/
multiparous) and ART [yes/no (reference)] was based
on information about earlier births and receiving fertility
treatment. BMI (kg/m2) was calculated as pre-pregnancy
weight (kg)/[height (m2)] and was grouped according
to WHO classification: underweight (BMI <18.5 kg/
m2), normal weight [BMI 18.5–<25 kg/m2 (reference)],
overweight (BMI 25 –<30kg/m2) and obese (BMI ≥30
kg/m2). Finally, collegial support [often (reference),
from time to time, seldom] was based on the question
“Do you get any help from colleagues when you have
troubles at work?”
Statistical analysis and data modelling
Data were analyzed by a multivariable Cox regression
model, using pregnancy week as the underlying time
variable. Calculation of pregnancy week was based
on the self-reported due date from the first pregnancy
interview. If these data were missing, data from the late
pregnancy interview were used. The due data was based
on the last menstrual period.
Time at risk started at the time of the first pregnancy
interview and ended at the first episode of sickness
leave, pregnancy termination (miscarriage or induced
abortion <22 competed pregnancy weeks), preterm
delivery (birth >22–<37 completed pregnancy weeks),
or still birth (birth after 22 completed pregnancy weeks)
or end of the study period at 29 completed pregnancy
weeks, whichever came first. Pregnancies of women on
sick leave at the time of the first pregnancy interview
were excluded from the analyses.
Scand J Work Environ Health 2015, vol 41, no 4
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Risk estimates are presented as crude and adjusted
hazard ratios (HR) for the whole study period and for
four pre-defined pregnancy periods; (10–14, 15–19,
20–24, and 25–29 completed weeks). Trend test estimates represent the following unit changes: cumulative
daily lifting (one-unit change in lifting category), average weekly night shifts (one-unit change in average
number of monthly shifts), and weekly work hours
(one-unit change in work hour category). We calculated
time-varying coefficients for all the exposures to estimate time-dependent effects of the exposures with time
since 10 completed pregnancy weeks. Finally, we made
three sub-analyses, where we (i) adjusted for selected
pregnancy-related disorders (vaginal bleeding, painful Braxton Hick’s contractions, threatening preterm
labor, nausea, and vomiting), (ii) excluded duplicate
pregnancies of women who participated more than once
in DNBC, and (iii) adjusted for the other occupational
exposures. We included the pregnancy-related disorders
because they are independent risk factors for sick leave,
however some of the disorders could also be intermediate factors (eg, Braxton Hick’s contractions). Data on
the pregnancy-related disorders were obtained from the
second pregnancy interview at (mean) 32.2 completed
pregnancy weeks.
Data were analyzed using STATA version 13.0
(STATA Corp LP, College Station, Texas, USA).

Results
The cumulative incidence proportion of sick leave was
36.1% from onset of pregnancy until 29 completed
pregnancy weeks. Table 1 describes sick leave prevalence week by week from 10–29 completed pregnancy
weeks. Owing to staggered pregnancy week entry in
DNBC, few pregnancies were observed in the earliest
completed pregnancy weeks. The prevalence of sick
leave increased from 2% to 17% during the pregnancy
time span.
Table 2 gives a description of the pregnancies
according to first episode of sick leave or no sick leave
between 10 and 29 completed pregnancy weeks. There
were a total of 10 667 pregnancies with at least on episode of sick leave. Small differences in mean pregnancy
week and mean age at the first interview were seen
between the sick leave groups. Sick leave was more
frequent among smokers, alcohol abstainers, and among
either skilled or unskilled workers. Sick leave before
the DNBC pregnancy, chronic diseases, multiparity,
overweight, and obesity and were all more frequent in
pregnancies with compared to without sick leave.
Table 3 shows HRcrude and HRadj with 95% confidence
intervals (95% CI) for first episode of sick leave from
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10–29 completed pregnancy weeks. Adjusted results
are presented in two models, respectively excluding
and including occupational class. In the fully adjusted
model including occupational class, work postures, daily
lifts (>20 kg) and daily lifts (11–20 kg), and all levels
of cumulative daily lifting were found to be associated
with increased HR of sick leave compared with the
reference groups. Trend for cumulative daily lifting
showed a positive dose–response relation of 1.29, 95%
CI 1.27–1.31. Non-daytime work hours and shift work
were associated with increased HR for sick leave, and
a dose–response relation was seen between increasing
number of monthly night work shifts and hazards for
sick leave 1.04, 95% CI 1.04–1.05. Working >37 hours
per week was associated with decreased HR for sick
leave compared with women working 37 hours weekly,
and, moreover, the relation between increasing work
hours and HR was negatively dose-dependent 0.93, 95%
CI 0.91–0.95. Finally, an association was found between
high job strain and increasing HR for sick leave 1.51,
95% CI 1.41–1.62. In the model where we did not adjust
for occupational class, the associations were stronger for
most exposures compared to the fully adjusted model.
The study period was split into four time periods to
evaluate time-dependent effects of the exposures measured by time-varying coefficients (table 4). The few
participants in the early pregnancy interval are reflected
in the wide confidence intervals. Compared with the reference groups, we found increased HR for sick leave in
all four time periods for all work postures, daily lifts >11
kg, cumulative daily lifting >14 kg and highly strained
jobs. Furthermore, the results indicated time-dependent
effects: HR decreased with time for work postures classified as “other”, daily lifts >11 and 20 kg and job strain
classified as “passive”, and HR increased with shifting
work hours with and without night shifts.
We did not adjust for pregnancy-related disorders
in our main analyses, as we had no such information by the time of the first pregnancy interview. In a
sub-analysis, we used data from the late-pregnancy
interview (median 32.3 pregnancy weeks) to adjust for
self-reported pregnancy complications. This adjustment
did not change the results appreciably (data not shown).
In another sub-analysis, the analysis was restricted to the
first DNBC pregnancy for women participating more
than once in the DNBC; this neither changed the results
considerable (data not shown). Finally, we adjusted for
all other occupational exposures to estimate independent
effects of the individual exposures. Occupational lifting
and shift work were not mutually adjusted for all other
occupational exposures due to possible close correlation with some of the other exposures. Adjustment for
occupational exposure adjustment attenuated most of
the results. Compared to the results in table 3, the HR
decreased by 8–26% for work postures, 20–30% for

Hansen et al

Table 1. Prevalence of sick leave according to pregnancy week
from 10–29 completed pregnancy weeks (N=51 874). Pregnancies
are counted from time of first pregnancy interview.
Pregnancy
week
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
a

Pregnancies with
sick leave

Prevalence of
sick leave

Yes

No

%

Total number of
pregnancies
observed a

4
35
86
189
341
524
787
1041
1343
1719
2200
2686
3213
3781
4493
5300
6136
6962
7871
8793

200
1416
4189
8581
13 461
18 566
23 364
27 802
31 712
35 162
38 021
40 373
42 015
43 210
43 848
44 062
43 919
43 631
43 060
42 377

2.0
2.4
2.0
2.2
2.5
2.7
3.3
3.6
4.1
4.7
5.5
6.2
7.1
8.1
9.3
10.7
12.3
13.8
15.5
17.2

204
1451
4275
8770
13 802
19 090
24 151
28 843
33 055
36 881
40 221
43 059
45 228
46 991
48 341
49 362
50 055
50 593
50 931
51 170

Pregnancies ending in a miscarriage (pregnancy loss <22 completed
pregnancy weeks) or preterm birth (birth between 22–37 completed
pregnancy weeks) ; 704 in total were excluded from the number of observed pregnancies week by week.

lifting and work shift, 20–36% for average number of
night shifts and 6–10% for work hours. Work exposure
adjustment changed the results for job strain in different
directions, HR for high job strain decreased by 10%,
whereas HR for passive and low job strain increased by
3–6%. With the exception of average number of night
shifts, weekly work hours and job strain all results were
still statistically significant after mutual occupational
exposure adjustment.

Discussion
We found that non-sitting work postures, lifting, shift
work, number of night shifts, and high job strain were
associated with an increased risk of sick leave, while
working >37 weekly work hours was associated with a
lower risk of sick leave.
The cumulative incidence proportion of sick leave
from the beginning of pregnancy until 29 completed
weeks (36.1%) reported here is in accordance with
results from the Norwegian Mother and Child Cohort
Study (MoBa) (36.2%) (10). Two Swedish studies
found similar proportions ranging from 29–37% (6,
19), whereas studies from Norway found much higher
proportions 71–75% (12, 20). However, the use of different cut-off points for sick leave in the studies hampers

comparison of results. We believe that the cumulative
incidence proportion in our study underestimates the
true proportion because of the omission of short sick
leave spells in DREAM.
Our results on occupational exposures are in the
same direction as results from earlier studies investigating associations between specific occupational exposures and sick leave (3, 12). Kærlev et al (3) studied
sick leave among Danish hospital employees and found
higher odds ratios (OR) for >10% sick leave from scheduled work among women exposed to heavy lifting 1.90
(95% CI 1.3–2.9), walking or standing work 3.4 (95%
CI 1.9-5.8), and working nights or having shift work
2.3 (95% CI 1.5–3.5) (3). Strand et al (12) found higher
OR for sickness certification before delivery among
women who had shift work 1.51 (95% CI 1.19–1.93) and
lifted heavy loads (10–20 kg) 1.48 (95% CI 1.22–1.80).
However, Strand et al used retrospectively collected
exposure data, which could involve risk of recall bias
(12). Exposure information in the DNBC gave us the
opportunity to study dose–response relations for cumulative daily lifting, shift work, and weekly work hours.
We found that exposure to medium amounts of cumulative daily lifting was associated with increased HR of
sick leave 1.53 (95% CI 1.42–1.65), a low number of
monthly night shifts was associated with higher risk for
sick leave 1.39 (95% CI1.12–1.73), and working >37
hours decreased the HR 0.79 (95% CI 0.74–0.85). The
lower HR among women working >37 hours weekly
could potentially be caused by a healthy worker effect,
but may also be related to higher motivation or different
job types among these women.
Our results are in accordance with findings in populations of non-pregnant working women and even men
(21–24). Comparability between studies is, however,
limited by differences in exposure classification, outcome definitions and adjustment for potential confounders. The exposures may, per se, be risk factors for sick
leave without relation to pregnancy. Yet, it is still possible that pregnancy further increases the risk of sick
leave by the exposures.
In relation to HR for sick leave, we investigated
the potential impact of pregnancy week period for each
exposure; this knowledge is of importance in terms of
preventing sick leave at potentially high risk pregnancy
week periods. We did find time-dependency for some
of the exposures; however, modifications of exposure
levels over time during pregnancy may play a role in
this time-dependency, and the time-dependent effects
we found were small.
The strengths of our study include the large study
size and the wide range of prospectively collected possible confounders, for which we adjusted. The overall participation rate in the DNBC was around 31% and varied
according to education, occupation, income, and civil
Scand J Work Environ Health 2015, vol 41, no 4

401

Occupational exposures and sick leave in pregnancy

Table 2. Characteristics of pregnancies with and without first episode of sick leave from first pregnancy interview until 29 completed pregnancy weeks according to descriptors (N=51 874) [SD=standard deviation; ART=assisted reproductive therapy; BMI=body mass index.]
Parameter

Sick leave a
N=10 667 (20.6%)
N

Pregnancy week at time of first interview
Age (years)
Age group (years)
<20
20–< 30
30–< 40
≥40
Lifestyle smoking
Smoking
Lifestyle alcohol, weekly intake (drinks b)
0
≤2
2–7
>7
Occupational class
Higher grade professionals
Lower grade professionals
Skilled workers
Unskilled workers
Sickness absence two years before study entry (weeks)
0
1–4
5–8
9–26
>26
Chronic diseases c
Yes
Parity
Multiparous
Pre-pregnancy body mass index (kg/m2)
≤18.5
18.5–<25
25–<30
≥30
Assisted reproductive therapy (ART)
Yes
Support from colleagues at work
Often
Sometimes
Seldom

%

No sick leave a
N=41 207 (79.4%)

Mean

SD

16.4
30.1

3.8
4.2

N

%

21
4967
5488
191

0.2
46.6
51.4
1.8

85
16 473
23 891
758

0.2
40.0
58.0
1.8

1904

17.9

4722

11.5

6213
3910
514
18

58.3
36.7
4.8
0.2

20 555
17 938
2606
61

49.9
43.5
6.3
0.2

1279
3619
4844
889

12.0
33.9
45.4
8.3

10 176
13 755
15 501
1651

24.7
33.4
37.6
4.0

6836
2146
528
599
558

64.1
20.1
5.0
5.6
5.2

32 389
4501
895
1492
1930

78.6
10.9
2.2
3.6
4.7

1263

11.8

3463

8.4

6314

59.2

21 140

51.3

423
6802
2272
997

4.0
63.8
21.3
9.4

1659
28 953
7371
2593

4.0
70.3
17.9
6.3

583

5.5

2276

5.5

7718
1967
763

72.4
18.4
7.2

30 341
7707
2406

73.6
18.7
5.8

Mean

SD

17.6
30.7

4.2
4.0

Percentages do not add up to 100 due to missing values: smoking (N=16), alcohol intake (N=59), physical demanding work (N=741), psychological demanding work (N=740), occupational class (N=160), chronic diseases (N=86), parity (N=2), BMI (N=804), ART (N=24), support from colleagues (N=972).
b One drink 12 grams of alcohol corresponds to either one beer (33 cl), one glass of wine (12.5 cl) or one glass of spirits (4 cl).
c Self-reported in early pregnancy interview. Combined into a measure of diseases that have been present and caused symptoms during pregnancy; the
variable included (metabolic diseases, hypertension, urinary tract diseases (not cystitis), musculoskeletal diseases, psychiatric disorders and other severe somatic diseases).
a

status (25). Non-participation in the DNBC was caused
by either the general practitioners (approximately 50%
participated) or the women themselves (approximately
60% participated). This selection, which was partially
associated with socioeconomic factors and occupational
class, could lead to collider stratification bias. However,
we believe that the adjustment for occupational class in
the statistical analyses minimizes important bias due to
this selection. Even so, selection into the DNBC can
affect the external validity of our study, and our results
may not apply to other populations of pregnant women.
Information on exposures and covariates was based
on self-reports and could be subject to misclassifica-
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tion. Occupational exposure information was collected
around pregnancy week 17, and exposures relevant at
this time point may not be valid throughout the pregnancy period. Adjustments in the work environment
during pregnancy among highly exposed women may
underestimate true associations.
Outcome data were register-based. Owing to variations in sick leave registration in DREAM, sick leave
prevalence is most likely underestimated, since nonpregnancy-related short-term sick leave is not registered. Underestimation of the outcome is, however, not
believed to be associated with the exposures and would
therefore most likely not bias the HR. DREAM was

Hansen et al

Table 3. Crude and adjusted hazard ratios (HR) of first episode of sick leave during 10–29 completed pregnancy weeks according to occupational exposures. The Danish National Birth Cohort (DNBC) 1996–2002 (N=49 195). a [95% CI= 95% confidence interval.]
Events (N)

Subjects (N) a

HRcrude

95% CI

HRadjb

95% CI

HRadjc

95% CI

Work posture
Primarily standing
678
2037
3.22
2.94–3.52
2.75
2.51–3.02
2.57
2.34–2.82
Primarily walking
1135
3274
3.37
3.12–3.64
2.96
2.74–3.20
2.74
2.54–2.96
Primarily standing and walking
2163
6170
3.42
3.20–3.65
2.98
2.79–3.18
2.80
2.62–2.99
Primarily sitting
1565
13 711
1.0
··
1.0
··
1.0
··
Changeable
4401
23 735
1.67
1.57–1.77
1.56
1.47–1.65
1.54
1.46–1.64
74
263
2.54
2.01–3.21
2.36
1.87–2.98
2.23
1.77–2.82
Other d
Daily lifts 11–20 kg
Yes
3987
12 030
2.19
2.11–2.28
1.92
1.84–2.00
1.77
1.70–1.84
No
6029
37 165
1.0
··
1.0
··
1.0
··
Daily lifts >20 kg
Yes
2140
5622
2.29
2.18–2.40
1.96
1.87–2.06
1.83
1.74–1.92
No
7876
43 573
1.0
··
1.0
··
1.0
··
Cumulative daily lifting kg
0–14
6201
38 067
1.0.
··
1.0
··
1.0
··
15–100
1818
6264
1.87
1.78–1.97
1.70
1.61–1.79
1.58
1.49–1.67
101–200
831
2196
2.53
2.36–2.73
2.19
2.03–2.36
2.01
1.87–2.17
201–500
768
1853
2.88
2.67–3.11
2.39
2.21–2.58
2.18
2.02–2.35
501–1000
260
574
3.23
2.85–3.66
2.51
2.21–2.84
2.26
1.99–2.56
>1000
138
241
4.59
3.87–5.43
3.55
3.00–4.21
3.02
2.54–3.58
·
·
1.42
1.39–1.44
1.33
1.31–1.35
1.29
1.27–1.31
Trend cumulative lifting e
Work shift f
Fixed day
7351
40 466
1.0
··
1.0
··
1.0
··
Fixed evening
437
1034
2.45
2.23–2.70
2.08
1.89–2.29
1.89
1.72–2.09
Fixed night
158
364
2.76
2.35–3.22
1.54
1.16–2.03
1.48
1.12–1.96
Shifting, without night shifts
969
3673
1.46
1.36–1.56
1.44
1.35–1.54
1.46
1.37–1.57
Shifting, with night shifts
1101
3658
1.67
1.56–1.78
1.58
1.39–1.80
1.61
1.42–1.83
Average monthly night shifts
0
8757
45 173
1.0
··
1.0
··
1.0
··
<1
84
250
1.75
1.41–2.17
1.74
1.40–2.15
1.71
1.38–2.12
1–2
248
861
1.49
1.31–1.69
1.48
1.31–1.68
1.51
1.33–1.71
3–4
390
1322
1.52
1.37–1.68
1.57
1.42–1.74
1.67
1.51–1.85
5–6
194
639
1.57
1.37–1.82
1.61
1.40–1.86
1.72
1.49–1.99
7–8
101
399
1.27
1.04–1.55
1.29
1.06–1.57
1.31
1.08–1.60
>8
242
551
2.58
2.27–2.93
2.08
1.83–2.36
1.89
1.67–2.15
·
·
1.06
1.05–1.07
1.05
1.04–1.06
1.04
1.04–1.05
Trend weekly night shifts e
Weekly work hours
<30 hours
1877
7695
1.27
1.20–1.34
1.12
1.07–1.19
1.08
1.03–1.14
30–<37 hours
1633
6254
1.39
1.31–1.47
1.26
1.19–1.34
1.21
1.15–1.28
37 hours
5534
28 510
1.0
··
1.0
··
1.0
··
>37 hours
972
6736
0.74
0.69–0.79
0.81
0.76–0.87
0.88
0.82–0.95
Trend weekly work hourse
·
·
0.84
0.83–0.86
0.90
0.88–0.92
0.93
0.91–0.95
Job strain
High strain
1201
3292
1.76
1.64–1.88
1.60
1.49–1.71
1.51
1.41–1.62
Passive
1025
4028
1.10
1.02–1.18
1.02
0.95–1.10
0.94
0.87–1.01
Active
2604
11 345
1.0
··
1.0
··
1.0
··
Low strain
5186
30 580
0.70
0.67–0.74
0.70
0.67–0.74
0.70
0.67–0.73
a Complete case analyses only, 2679 observations dropped due to missing values on covariates or exposures.
b Adjusted for age, smoking, alcohol intake, level of sickness absence two years prior to the DNBC pregnancy, chronic diseases, parity, body mass index
(BMI), assisted reproductive therapy (ART), and support from colleagues.
c Adjusted as in b and additionally for occupational class.
d Cycling, kneeling, standing combined with sitting.
e Variables entered as continuous categorical (cumulative daily lifting, weekly work hours) and continuous (average monthly night shifts).
f Additionally adjusted for number of night shifts per month.

recently validated in a study comparing employer registration of sickness absence with DREAM registration
(26). The sensitivity and the specificity were very high
for ordinary sick leave, but very low for pregnancyrelated sick leave (26). We believe that this could be
due to the exclusion of pregnancy-related sick leave or
maternity leave (DREAM code 881) from the analyses.
Based on our data, code 881 accounted for 97% of

all sick leaves at the time of 29 completed pregnancy
weeks. A validation of DREAM data in relation to sick
leave during pregnancy is thus still required.
We adjusted for a number of possible confounders, yet
we cannot rule out residual confounding and confounding
by variables not included in the models. Adjustment for
pregnancy-related disorders diagnosed by the women’s
general practitioner or obstetrician would have been
Scand J Work Environ Health 2015, vol 41, no 4
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Table 4. Adjusted hazard ratios (HRadj) of first episode of sick leave in four pregnancy week intervals according to work related exposures.
The Danish National Birth Cohort (DNBC) 1996–2002 (N=51 874). [TVC=time varying coefficient; 95% CI=95% confidence interval.]
Completed pregnancy week period

TVC a

10–14 (N=13 969)

15–19 (N=36 638)

20–24 (N=46 129)

25–29 (N=45 573)

HRadjb

HRadjb

HRadjb

HRadjb

95% CI

95% CI

95% CI

95% CI

95% CI

Work posture
Primarily standing
2.22
1.42–3.48
2.46 1.96–3.08
2.60 2.22–3.06
2.68 2.34–3.06 0.99 0.98–1.02
Primarily walking
2.19
1.47–3.26
2.96 2.45–3.56
2.88 2.51–3.29
2.63 2.34–2.95 0.99 0.97–1.01
Primarily standing and walking
2.43
1.71–3.43
2.90 2.46–3.42
2.92 2.60–3.28
2.72 2.47–2.99 0.99 0.98–1.01
Primarily sitting
1.00
··
1.00
··
1.00
··
1.00
··
Changeable
1.60
1.17–2.20
1.75 1.51–2.03
1.53 1.38–1.70
1.49 1.38–1.62 0.99 0.98–1.00
3.20
1.44–7.09
3.05 1.89–4.93
2.24 1.48–3.41
1.72 1.17–2.55 0.95 0.90–0.99 d
Other c
Daily lifts 11–20 kg
Yes
1.49
1.22–1.82
1.91 1.73–2.10
1.85 1.72–1.98
1.71 1.61–1.82 0.99 0.98–0.99 d
No
1.00
··
1.00
··
1.00
··
1.00
··
Daily lifts >20 kg
Yes
1.78
1.44–2.21
1.97 1.78–2.20
1.89 1.74–2.05
1.76 1.63–1.89 0.99 0.98–0.99 d
No
1.00
··
1.00
··
1.00
··
1.00
··
Cumulative daily lifting (kg)
0–14
1.00
··
1.00
··
1.00
··
1.00
··
15–100
1.17
0.88–1.54
1.66 1.47–1.88
1.59 1.45–1.74
1.58 1.46–1.71 0.99 0.99–1.01
101–200
2.10
1.55–2.85
2.04 1.73–2.41
2.06 1.82–2.34
1.93 1.72–2.16 0.99 0.97–1.00
201–500
1.83
1.30–2.58
2.35 1.99–2.77
2.21 1.94–2.52
2.08 1.84–2.34 0.99 0.97–1.00
501–1000
1.71
0.97–3.00
2.57 1.99–3.32
2.07 1.66–2.59
2.28 1.86–2.78 0.98 0.96–1.01
>1000
3.53
1.99–6.26
2.68 1.82–3.95
3.04 2.27–4.08
3.06 2.32–4.04 0.99 0.96–1.03
1.25
1.16–1.34
1.30 1.25–1.34
1.28 1.25–1.32
1.28 1.25–1.32
Trend cumulative lifting e
Work shift f
Day
1.00
··
1.00
··
1.00
··
1.00
··
Evening
1.32
0.87–2.02
1.86 1.52–2.27
1.81 1.53–2.14
2.09 1.80–2.42 1.01 0.99–1.03
Night
4.52 1.12–18.32
0.86 0.48–1.55
2.00 1.21–3.31
1.47 0.95–2.27 0.99 0.96–1.02
Shifting, without night shifts
1.22
0.88–1.69
1.38 1.18–1.62
1.40 1.24–1.57
1.58 1.44–1.75 1.02 1.00–1.03 d
Shifting, with night shifts
1.61
0.92–2.83
1.40 1.03–1.90
1.45 1.15–1.82
1.79 1.49–2.14 1.02 1.01–1.04 d
Average monthly night shifts
0
1.00
··
1.00
··
1.00
··
1.00
··
<1
0.75
0.19–3.03
2.18 1.42–3.36
1.04 0.65–1.66
2.26 1.71–3.00 1.04 0.99–1.09
1–2
1.54
0.88–2.70
1.30 0.96–1.76
1.37 1.09–1.72
1.66 1.38–1.98 1.02 0.99–1.05
3–4
1.50
0.91–2.47
1.66 1.30–2.10
1.61 1.34–1.93
1.78 1.54–2.07 1.02 0.99–1.04
5–6
1.96
1.07–3.61
1.54 1.09–2.19
1.64 1.28–2.11
1.83 1.49–2.26 1.02 0.99–1.05
7–8
0.75
0.24–2.33
1.26 0.80–1.99
1.23 0.87–1.75
1.44 1.09–1.90 1.02 0.98–1.07
>8
1.30
0.71–2.38
2.11 1.62–2.73
1.89 1.52–2.35
1.78 1.44–2.19 0.99 0.96–1.02
1.02
0.99–1.05
1.05 1.04–1.06
1.04 1.03–1.05
1.04 1.03–1.06
Trend cumulative shifts d
Weekly work hours
<30 hours
0.86
0.67–1.12
1.15 1.02–1.30
1.10 1.00–1.20
1.07 0.99–1.16 0.99 0.98–1.00
30–<37 hours
0.97
0.74–1.27
1.12 0.98–1.28
1.36 1.24–1.49
1.16 1.07–1.27 1.00 0.98–1.01
37 hours
1.00
··
1.00
··
1.00
··
1.00
··
>37 hours
0.83
0.58–1.18
0.90 0.76–1.06
0.84 0.74–0.95
0.91 0.83–1.01 1.01 0.99–1.02
1.03
0.92–1.14
0.92 0.88–0.97
0.91 0.88–0.95
0.95 0.92–0.98
Trend weekly work hours d
Job strain
High strain
1.53
1.11–2.11
1.64 1.41–1.92
1.50 1.34–1.69
1.48 1.33–1.65 0.99 0.97–1.00
Passive
0.91
0.65–1.28
1.10 0.93–1.29
0.88 0.78–1.00
0.94 0.84–1.05 0.98 0.97–0.99 d
Active
1.00
··
1.00
··
1.00
··
1.00
··
Low strain
0.70
0.55–0.88
0.71 0.63–0.79
0.66 0.61–0.72
0.73 0.68–0.78 1.00 0.99–1.02
a HR for each pregnancy week can be calculated by using the formula: HR pregnancy week(x) = HR
pregnancyweek 10 × TVC pregnancy week(x). If TVC>1, HR
increases with time and if TVC<1, HR decreases with time.
b Adjusted for age, smoking, alcohol intake, occupational class, sickness absence prior to the DNBC pregnancy, chronic diseases, parity, body mass index
(BMI), assisted reproductive therapy (ART), and support from colleagues.
c Cycling, kneeling, standing combined with sitting.
P for trend <0.05. Trend test for weekly HR from 10–29 completed pregnancy weeks.
Variables entered as continuous categorical (cumulative daily lifting, weekly work hours) and continuous (average number of monthly night shifts).
f In addition to b, adjusted for number of night shifts per month.
d
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relevant, but, unfortunately, we did not have these data.
We did, however, make a sub-analysis using information from the second pregnancy interview on a number of pregnancy-related disorders. The sub-analysis did
not indicate considerable confounding caused by these
pregnancy-related disorders; yet other disorders that
were not included in the sub-analysis may potentially
confound our findings. Due to correlation between
exposures and occupational class, adjustment for occupational class may lead to over-adjustment, as indicated
by the results in table 3.
The risk of adverse birth outcomes such as foetal
death, preterm labor and low birth weight have been
investigated in a number of studies in relation to physical
and psychosocial work exposures, and the results of these
studies have been conflicting (27–31). In general, if present, elevated risks for adverse birth outcomes are small,
and currently there is no evidence to impose limits of
physical exposures such as lifting, walking, or standing or
even to discourage the exposures among healthy pregnant
women. Though not including high risks for adverse birth
outcomes, the exposures investigated in the present study
may impose physical discomfort that may result in sick
leave. Other factors of importance for taking sick leave
such as health beliefs and personality may confound our
results if these factors are associated with the exposures.
Women in the high-exposures groups may believe that
high exposures are harmful to the foetus and thereby be
more inclined to take sick leave.
Our study has several implications if our findings
reflect causal associations. Workplaces providing either
sitting work or, if this is not possible, changeable work
postures may lower the risk for sick leave among their
employees. Sick leave may also be reduced by exemption from non-daytime work, by reducing single lifts >11
kg and minimizing cumulative daily lifting. Women in
strained jobs may reduce their risk for sick leave during pregnancy by obtaining more control in their jobs.
Arranging work adjustments during pregnancy may not
be straightforward; it requires flexibility, determination,
and a good working relationship between employers and
all employees. No randomized controlled trials have so
far investigated if active reorganization of occupational
exposures during pregnancy may reduce the incidence
of sick leave among pregnant women.
In summary, in this population-based cohort of
employed women, we found that non-sitting work postures, lifting, shift work, and high job strain were associated with increased risk for sick leave from 10–29
completed pregnancy weeks. These findings largely
corroborate findings from earlier, smaller studies. If our
findings reflect causal relations, changes in the work
environment for pregnant women may reduce sick leave.
Such changes and their potential effect should be investigated in future studies.
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