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Objectives   The aim of this study was to examine the associations between maternal shift work during preg-
nancy and measures of semen quantity and quality and level of reproductive hormones among young, adult men. 

Methods   From a Danish pregnancy cohort established in 1984–1987, 347 sons aged 18–21 years were selected 
in 2005–2006 and semen and blood samples were taken. At around the 36th week of gestation, the mothers com-
pleted a questionnaire that included a question on shift work during pregnancy. Information on shift work was 
available for mothers of 278 sons. 

Results   Of the 278 sons, 42 (15%) had had fetal exposure to maternal shift work. Men exposed to maternal 
shift work had 30% [95% confidence interval (95% CI) -58–16] lower adjusted percentage normal morphology 
sperm, 18% (95% CI -30–100) higher adjusted sperm concentration, and 11% (95% CI -0.6–25) higher adjusted 
levels of testosterone than men not exposed. Adjusted semen volume, total sperm count, percentage motile sperm 
and serum levels of estradiol, follicle stimulation hormone (FSH), luteinizing hormone (LH), inhibin B, and sex 
hormone-binding globulin (SHBG) were not associated with maternal shift work during pregnancy.  

Conclusions   The results of this pilot study indicate no strong associations between maternal shift work during 
pregnancy and the quantity and quality of semen or level of reproductive hormones among sons.
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Shift work and working nights or evenings have been 
associated with an increased risk of reproductive dys-
function (1), adverse pregnancy outcomes [pre-term 
birth, spontaneous abortion (2), and low birth weight 
(3)] as well as gastrointestinal complaints (4), coronary 
heart disease (5–9), and breast cancer (7, 10, 11). Shift 
work may disrupt the circadian rhythm, which controls 
body temperature and hormonal signalling (6, 12–14). 

Exposure to light at night is associated with lower 
levels of melatonin, resulting in increased release of 
estrogen from the ovaries (15). A reduced amount of 
sleep, that can be caused by shift work, may also be 
associated with higher estradiol levels (16). Shift work 
has also been found to be associated with lower levels 

of testosterone (17). Increased prenatal exposure to 
estrogens or imbalance between estrogen and androgen 
in fetal life is suggested to be an important etiologic 
factor in male reproductive disorders like testicular can-
cer, cryptorchidism, hypospadias and low sperm count 
(18, 19). However, to our knowledge, no studies have 
examined if maternal shift work during pregnancy may 
cause hormonal disruption and adverse development of 
male fetal gonads.

The objective of this study was to investigate the 
associations between maternal shift work during preg-
nancy, semen quantity and quality, and the level of 
reproductive hormones among sons. We conducted a 
population-based cohort study of young adult men. 
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Methods

Study population 

The study participants were the sons of mothers who 
were recruited to the “Healthy Habits for Two” cohort 
during their pregnancy from 1984–1987 (20). The study 
took place in two Danish municipalities (Aalborg and 
Odense), and 11 980 women with singleton pregnancies 
(more than 80% of all invited) participated. They pro-
vided information on health-related characteristics and 
lifestyle factors, including information on employment, 
during pregnancy around the 36th week of gestation. 
Sons who were alive and living in Denmark by Decem-
ber 2004 were identified in the Danish Civil Registration 
System (N=5109).

Since the data collection was designed for a study 
on prenatal smoking exposure and adult semen quality 
(21), the participants were selected according to lev-
els of maternal smoking during pregnancy. Letters of 
invitation were sent consecutively, and the oldest and 
those living close to either Aalborg (north of Jutland) 
or Odense (Funen) had priority, starting at the city cen-
tres and up to approximately 30 km from the centres. 
Having a limited number of men heavily exposed to 
prenatal tobacco smoke resulted in use of an expanded 
geographic area for this group. Additionally, men whose 
mothers had reported information on health-related 
issues from childhood to adolescence by means of a self-
administered questionnaire when the sons were 16–19 
years of age were given priority. A total of 716 men 
were invited to take part in the study, and 347 (48.5%) 
gave consent and participated. Of 100 men who declined 
participation by mail or telephone, 82 provided some 
information on their health. Information on maternal 
shift work during pregnancy was available for 278 sons, 
who constitute the study population.

The selected participants were 18–21 years of age 
and received an economic compensation (DKr 500) 
for responding to the questionnaires and providing a 
semen and blood sample. Men with severe handicaps 
or syndromes, such as spastic paraplegia or Down’s 
syndrome, as well as men with metabolic diseases or 
psychiatric disorders, were not included in the study. 
The Region Committees on Biomedical Research Eth-
ics in Denmark approved the study (registration number 
20040174), and participation was conditional on written 
informed consent.

Exposure data

Information on employment, including shift work, dur-
ing pregnancy was obtained in the “Healthy Habits for 
Two” study by self-administered questionnaire handed 
out around the 36th week of gestation, filled out at home 

and returned in sealed envelopes to the university’s 
research department within a couple of weeks. 

The mothers were asked whether they had been 
working during pregnancy. If so, they were asked “Have 
you been doing shift work during your pregnancy?” The 
response categories were “Yes”, “No”, “No answer”. 

Outcome data

Sampling of semen and blood samples took place 
between February 2005–January 2006. The subjects 
were instructed to abstain from ejaculation in the 48 
hours prior to semen sampling. The samples were col-
lected by masturbation into a plastic container at home 
and then brought to a mobile laboratory positioned at the 
participants’ nearest university hospital, where a trained 
medical laboratory technician performed the initial 
semen analysis blinded toward any prenatal conditions. 
The participants also completed questionnaires on repro-
ductive, medical, and lifestyle factors (eg, smoking), 
time and date of the preceding ejaculation and spillage 
during collection of the semen sample.  

Semen volume was estimated by its weight 
(1 g=1 ml). Sperm motility and sperm concentration 
were assessed as described in the World Health Orga-
nization’s Laboratory Manual for the Examination of 
Human Semen and Sperm-Cervical Mucus Interaction 
(22). Examination of 82% of the samples was initiated 
within one hour of ejaculation, and examination of 
99.7% of the samples was initiated within two hours. 
Sperm morphology was determined using the Tygerberg 
strict criteria (23). The laboratory took part in the Euro-
pean Society for Human Reproduction and Embryol-
ogy’s external quality control (EQC) programme, and all 
control tests were in agreement with results obtained by 
expert examiners within the EQC programme.

Blood samples were taken between 07:25–19:15 
hours (median time: 13:05 hours), and after centrifuga-
tion, serum was stored at -80°C for a maximum of 16½ 
months until analyzed blinded toward any prenatal condi-
tions. Serum samples for testosterone, estradiol, follicle 
stimulation hormone (FSH) and luteinizing hormone 
(LH) were analyzed by Avida Centaur (Bayer Health-
care, Leverkusen, Germany). The sex hormone-binding 
globulin (SHBG) concentrations were determined using 
IMMULITE (DPC, Koege, Denmark), and inhibin B 
was measured by a commercially available enzyme-
linked immunosorbent assay (Oxford Bio-Innovation Ltd, 
Oxford, UK) according to the manufacturer’s instructions.

Statistical analysis

Crude median, 25th and 75th percentiles were calculated 
for all outcome variables. For each of the outcomes, 
we performed multiple linear regression analysis to 
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test for differences between exposure groups, taking a 
priori selected potential confounders identified in the 
literature into account. Data on the outcome variables 
were transformed by use of the natural logarithm before 
multiple linear regressions were performed, and the esti-
mates were back-transformed to the original scale and 
presented as relative differences with 95% confidence 
intervals (95% CI) of the adjusted medians. To obtain a 
more symmetric distribution of residuals, we also cubic-
root transformed all the outcome variables (with the 
exception of percentages of motile sperm, which were 
logit transformed, and inhibin B, which were not trans-
formed). The risk estimates were, however, essentially 
the same as in analyses based on the natural logarithm. 
Results were adjusted for (i) season (summer/win-
ter), (ii) history of diseases of the reproductive organs 
among sons (cryptorchidism, hypospadias, varicocele, 
hydrocele, orchitis, and chlamydia combined into one 
variable, present or not present), (iii) the young men’s 
smoking habits (yes/no), and (iv) maternal smoking dur-
ing pregnancy (yes/no). The semen outcome variables 
were additionally adjusted for abstinence time (≤48 
hours, 49 hours–5 days, >5 days) and spillage during 
collection of the sample (yes, no). Data on participants 
who reported spillage during masturbation (N=73) were 
excluded from all statistical analysis on semen volume 
and total sperm count. The results on motility were addi-
tionally adjusted for time from ejaculation to analysis 
(continuous, in minutes). Blood sample outcome were 
additionally adjusted for time of day of blood sampling 
(06:00–08:59, 09:00–12:00, or later than 12:00 hours).

Results

The characteristics of the 278 participants according to 
maternal shift work during pregnancy are presented in 
table 1. Sons of mothers who did not work shifts during 
pregnancy [N=236 (85%)] had a lower body mass index 
than sons of mothers with shift work [N=42 (15%)], but 
otherwise the two groups were quite similar. Of the shift 
working pregnant women, 23 (55%) were employed in 
healthcare. 

Men exposed to maternal shift work had 30% (95% 
CI -58–16) lower adjusted percentage normal morphol-
ogy sperm and 18% (95% CI -30–100) higher adjusted 
sperm concentration than unexposed men (table 2). 
None of these differences were statistically signifi-
cant. Semen volume, total sperm count and percentage 
motile sperm were not associated with maternal shift 
work during pregnancy. 

Exposed men had 11% (95% CI -0.6–25) higher 
adjusted testosterone (table 2), a borderline statistically 
significant finding. Exposed men had a crude median 

[25th–75th percentiles (p25–75)] LH of 5.0 iu/l (p25–75: 
3.7–6.2) in comparison with 4.2 iu/l (p25–75: 3.3–5.3) 
among unexposed men, corresponding to a difference 
of 19% (P=0.04). However, this difference disappeared 
after transformation and adjustment. Likewise, there 
were no associations between maternal shift work during 
pregnancy and adjusted levels of estradiol, FSH, inhibin 
B, or SHBG.  

Discussion

We did not observe any strong or significant associa-
tions between maternal shift work during pregnancy and 
semen quantity and quality or level of reproductive 
hormones among male offspring. For most outcome 
variables, adjusted differences between exposure groups 
were ≤10%. Findings for sperm morphology, sperm con-
centration, and serum testosterone are somewhat contra-
dictory, indicating higher means of sperm concentration 
and testosterone and lower mean of normal morphology 
sperm of men exposed to maternal shift work in fetal life 
in comparison with men not exposed. Low sperm counts 
are expected to be associated with low levels of gonado-
trophins if the cause is the pituitary or central nervous 
system (CNS) level and with compensatory high levels 
of gonadotrophins if the cause is at the testicular level. 
Levels of testosterone and sperm counts are expected 
to correlate positively. Our findings do not support the 
hypothesis that maternal shift work during pregnancy 
has strong negative effect at neither fetal pituitary, CNS, 
nor testicular level. However, confidence intervals are 
wide, and the results must be interpreted with caution. 

The participation rate was 48.5%, which is a fairly 
high rate for a semen quality study (the normal rate in 
such a study is 25–50%) (24), but not high enough to 
eliminate the risk of selection bias. If our results would 
be explained by selection bias towards the null, sons 
of shift working mothers with good semen quality or 
sons of not shift working mothers with poor semen 
quality would have been over sampled. However, the 
population of sons was young, most had no reproductive 
experience, and they were not aware of the hypothesis 
evaluated, facts which reduce, but do not eliminate, the 
risk of selection bias. We compared participants and 
non-participants who completed a small questionnaire 
on health (N=82) and found no difference in the pro-
portion of men with diseases of the reproductive organs 
(including cryptorchidism and hypospadias).

Information on shift work was obtained through 
a questionnaire completed late in the pregnancy, and 
therefore risk of differential misclassification of the 
reporting of shift work is limited. Non-differential 
misclassification is nevertheless possible and may have 
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Table 1. Characteristics of 278 Danish young men according to maternal shift work during pregnancy [SD=standard deviation]

Maternal shift work during pregnancy 

Yes (N=42) No (N=236)

Mean SD N % Mean SD N %

Person-related characteristics of sons
Body mass index (kg/m2) 24.4 3.8 23.2 3.5
Birth weight (g) 3403 520 3518  522
History of diseases in reproductive organs a 5 12 43 18
Recent fever 4 10 37 16
Cigarette smoking, daily 20 48 86 36
Alcohol consumption, weekly 18 43 115 59

Person-related characteristics of mothers
Mother smoking during pregnancy 29 69 166 70
Mother drinking alcohol during pregnancy 36 86 198 84

Semen- and blood-related characteristics
Season

October–March 15 36 94 40
April–September 27 64 142 60

Duration of abstinence
≤48 hours 17 40 72 31
49 hours–5 days 23 55 149 63
>5 days 2 5 15 6

Minutes from ejaculation to start of analysis  52 19 52 20
Spillage at semen sampling 12 29 61 26
Blood collected between 06.00–12.00 17 40 87 37

a History of diseases in the reproductive organs include cryptorchidism, hypospadias, varicocele, hydrocele, orchiditis, and chlamydial infection 
combined into one variable (present or not present).

Table 2. Semen and hormonal characteristics for 278 Danish young men according to maternal shift work during pregnancy. 
[p25–p75=25th–75th percentiles; 95% CI= 95% confidence interval.]

Parameter No maternal shift work

(N=236)

Maternal shift work  
(N=42)

Maternal shift work relative 
to no maternal shift work 

(reference)

P-value a

Median p25-p75 Median p25-p75 Adjusted b 
percentage 
difference

95% CI Crude 
median

Adjusted 
geometric 
medians

Sperm concentration (millions/ml) 40 20–90 41 22–68 18 -30–100 0.84 0.54

Semen volume (ml) c 3.0 2.2–3.9 3.2 2.3–4.1 -2 -19–19 0.78 0.85

Sperm total count (millions) c  121 48–291 109 54–284 3 -43–86 0.94 0.92

Percent normal morphology sperm 6.0 3.0–9.0 4.5 2.0–7.0 -30 -58–16 0.09 0.17

Percent motile sperm 71 61–77 67 64–76 8 -15–37 0.70 0.53

Testosterone (nmol/l) 17 13–20 18 14–24 11 -0.6–25 0.05 0.06

Estradiol (nmol/l) 0.10 0.07–0.12 0.11 0.07–0.15 10 -4–27 0.16 0.16

Sex hormone-binding globulin (SHBG)
(nmol/l)    

26 20–33 28 21–38 6 -7–20 0.39 0.40

Follicle stimulation hormone (FSH) 
(iu/l) 

2.9 2.1–4.2 3.1 2.1–4.7 7 -17–37 0.49 0.61

Luteinizing hormone (LH) (iu/l) 4.2 3.3–5.3 5.0 3.7–6.2 -8 -25–13 0.04 0.44

Inhibin B (ng/ml) 152 115–182 150 103–182 -7 -19–7 0.49 0.31
a Differences between groups were tested by Wilcoxon rank sum test (crude medians) and multiple linear regression analysis (adjusted medians).
b Percentage differences between medians of the two groups stratified on maternal shift work during pregnancy, no shift work constituting the reference 

group. Differences are adjusted for season (summer/winter), history of diseases of the reproductive organs (present, not present), smoking (yes/no) 
and maternal smoking during pregnancy (yes/no).  The semen outcome variables were additionally adjusted for abstinence time (≤48 hours, 49 hours–5 
days, >5 days) and spillage during collection of the sample (yes/no). The results for motility were also adjusted for minutes from ejaculation to analy-
sis (continuous). Blood sample outcome were additionally adjusted for time of day of blood sampling (06:00–08:59, 09:00–12:00, or later than 12:00 
hours).

c Participants reporting spillage during collection were excluded (N=73). 
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led to bias toward the null, since some of the unexposed 
could have been shift working in early pregnancy, the 
time period that is most critical in fetal gonadal devel-
opment. Only few will start shift working in late preg-
nancy, and women reporting shift work late in pregnancy 
probably also did shift work early in the pregnancy. The 
semen and blood samples were examined blinded toward 
any prenatal exposure, so differential misclassification 
of the outcome variables is unlikely.

Different mechanisms on how shift work can cause 
disease have been discussed. In cancer research, a 
“light-at night” hypothesis has been discussed. Light 
at night suppresses melatonin production, which may 
lead to accumulation of oxygen radicals and possible 
DNA damage (25). It has also been suspected that light 
increases the production of oestrogen through the pro-
duction of FSH and LH, and shift work may associated 
with lower levels of testosterone (17). 

The estrogen hypothesis leads to the prediction 
that prenatal conditions associated with high estrogen 
levels would lead to increased risk of, for example, low 
sperm counts (18). A review of the published epidemio-
logic studies on indicators of prenatal serum levels of 
maternal estrogens with male reproductive disorders 
published in 2005 indicates a lack of strong evidence for 
the hypothesis, except for testicular cancer (26), and it 
may be the imbalance between estrogen and androgen 
– rather than increased estrogen exposure – that causes 
decreased sperm counts (19).  

In conclusion, the results of this pilot study indicate 
no strong association between maternal shift work dur-
ing pregnancy and the quantity and quality of semen 
or level of reproductive hormones among sons. Future 
studies should be larger and consider timing and type 
of shift work. 
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