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Purpose: Hypospadias is one of the most frequent male congenital malformations. It
remains controversial whether maternal lifestyle during pregnancy may affects the risk of
having a son with hypospadias, especially for smoking with many suggesting lower risk. We
assessed the individual and joint associations between maternal cigarette smoking, pre-
pregnancy body mass index (BMI), alcohol consumption, binge drinking, and caffeine
consumption and occurrence of hypospadias in sons.
Patients and Methods: This cohort study utilized the Danish National Birth Cohort and
the Aarhus Birth Cohort, holding detailed information on lifestyle factors in early pregnancy
between 1989 and 2012. The Danish health registers were used to identify boys with
hypospadias, according to International Classification of Diseases. Potential confounders
and covariates were identified by literature search and use of directed acyclic graphs.
Missing data were handled by multiple imputation and Cox proportional hazards models
were applied to analyse data.
Results: In total, 85,923 live-born singleton boys were included in the study of whom 502
(0.6%) were diagnosed with hypospadias. Maternal smoking in early pregnancy was asso-
ciated with lower occurrence of hypospadias. An increase of one cigarette smoked per day
was associated with lower risk of having a son with hypospadias (adjusted hazard ratio (HR)
0.97 (95% confidence interval (CI) 0.94, 1.00)). However, sub-analyses suggested that the
results may be prone to unadjusted confounding. We found no association between pre-
pregnancy BMI, alcohol consumption, binge drinking, or caffeine consumption and
hypospadias.
Conclusion: Maternal smoking during pregnancy was associated with lower occurrence of
hypospadias but we cannot exclude uncontrolled confounding. The other investigated mater-
nal lifestyle factors were not associated with hypospadias in sons.
Keywords: smoking, prenatal exposures, alcohol, caffeine, BMI, birth defects

Introduction
Hypospadias is a male congenital malformation, characterized by an abnormal
urethral fusion during gestational weeks 8–14, locating the urethral meatus on the
ventral side of the penis, scrotum or perineum.1 Hypospadias require early surgical
repair and affected boys may suffer from complications due to surgery, cosmetic
unsatisfying results or post-repair physiological problems like voiding dysfunction.2

The estimated prevalence is 0.5%.3 Being born preterm or small for gestational
age have consistently been associated with hypospadias,4 and researchers have
questioned whether lifestyle and environmental factors might also be part of the
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etiology.3 In particular, findings from studies on maternal
smoking have puzzled researchers and raised queries since
some studies have found that maternal smoking is asso-
ciated with lower risk of hypospadias.5,6

This study aimed to investigate whether maternal
cigarette smoking, pre-pregnancy body mass index
(BMI), maternal average alcohol consumption, binge
drinking, and caffeine consumption, were associated with
hypospadias, using two large birth cohorts with detailed
information on maternal lifestyle collected early in preg-
nancy and thereby facilitating adjustment for important
confounders. In addition, we also investigated the potential
combined effect of the different lifestyle factors in two
different sub-analyses.

Materials and Methods
This study uses data from two large Danish birth cohorts;
The Danish National Birth Cohort (DNBC)7 and the
Aarhus Birth Cohort (ABC).8 The DNBC (1996–2002) is
nationwide and includes approximately 92,000 pregnant
women and their 96,000 children. The women participated
in computer-assisted telephone interviews scheduled
around gestational weeks 12 and 30, providing detailed
information on health and lifestyle factors (participation
rate 60%).7 The ABC was established in 1989, and is still
ongoing, currently with approximately 100,000 pregnant
women enrolled (participation rate: 80%).8 Around gesta-
tional week 12, the women completed a self-administered
questionnaire concerning health and lifestyle factors. From
1989 to 1999, the ABC also included a second question-
naire filled out in early third trimester. The questions used
to collect information on lifestyle factors in the two
cohorts were almost identical, and when not, the least
detailed information was used enabling us to combine
data and compare results between cohorts.

We included women, who gave birth to a live-born
singleton son from 1989 to 2012, who had completed the
first interview (DNBC) or the first questionnaire (ABC).

Exposure
The telephone interviews and questionnaires provided
early pregnancy information on lifestyle. For women par-
ticipating in both the DNBC and the ABC (n= 3479), the
DNBC served as the main source of information. We
primarily used information from the first interview/ques-
tionnaire; if some information was missing, we added
information from the second interview or questionnaire.
Finally, the Danish Medical Birth Register (DMBR)

supplemented data on maternal cigarette smoking
(n=230), height (n=106) and weight (n=58), when cohort
data remained missing.

Cigarette smoking during pregnancy was categorized
as: non-smoking (reference), stopped smoking, 1–9 and
≥10 cigarettes/day. We also included a continuous smok-
ing variable since all women who reported smoking in
pregnancy, also reported the specific number of cigarettes
smoked per day: “Each increase in number of cigarettes
smoked per day.” Women who reported to have stopped
smoking at the time of the first interview or questionnaire
scheduled around gestational week 12, were excluded
from the analysis since we do not know, whether they
smoked during gestational week 8–14 which is considered
the critical period for the development of hypospadias.9

However, in a sub-analysis, we included the “stopped
smokers” in the continuous variable according to the num-
ber of cigarettes, they reported to have smoked before
quitting.

Weekly alcohol intake during pregnancy was the com-
bined average weekly intake of alcoholic beverages. One
alcoholic drink was defined as one bottle of beer (0.33 L),
one glass of wine, or one glass of liqueur (12.5 g alcohol
per unit). The total weekly intake was categorized into 0-
<1 (reference), 1–2, and ≥3 drinks/week.

Binge drinking was defined as the number of times
drinking ≥5 units of alcohol at one occasion during preg-
nancy, categorized as 0 (reference) and ≥1 time.10 In ABC,
this information was only available from 1998 onwards.

Maternal pre-pregnancy BMI (kg/m2) was calculated
from the self-reported height and weight. Biologically
implausible values (height <100 cm) were recoded to
missing and imputed as described below. We categorized
the women according to WHO definition11 as: under-
weight: <18.5 kg/m2, normal weight: 18.5–24.9 kg/m2

(reference), overweight: 25.0–29.9 kg/m2 and obese:
≥30.0 kg/m2.

Caffeine intake during pregnancy included caffeine
from coffee, tea and cola and was categorized into 0, 1–
300 (reference), and >300 mg caffeine per day. One cup of
coffee was estimated to include 100 mg of caffeine, one
cup of tea as 50 mg and ½ L of cola as 50 mg.12,13

Outcome
The unique civil registration number14 allowed unambig-
uous linkage to the Danish health registries. The Danish
National Patient Register (DNPR),15 provided information
on outcome with data on all hospital visits, including
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discharge diagnoses- and surgical codes. All degrees of
hypospadias were included and were defined using
International Classification of Diseases (ICD)-8 (1977–
1993): 75220, 75221, 75222, 75228, 75229, ICD-10
(1994–2012): DQ54 and Nordic classification of surgical
procedures codes: KKGH60.

Covariates
We had information on covariates from the two cohorts,
and the DMBR provided information on factors related to
pregnancy and birth.16 The Danish Integrated Database for
Labour Market Research with information on educational
level.17 Covariates were identified a priori from the exist-
ing literature and by use of directed acyclic graphs
(DAGs) (Supplementary Material 1). All models were
adjusted for birth cohort, maternal age at delivery, years
of education and parity. All five exposures were mutually
adjusted. To account for difference in follow-up time, the
change in prevalence of diagnosed genital anomalies over
time, as well as the change from ICD-8 to ICD-10, we
adjusted for calendar year at birth. The analyses of cigar-
ette smoking, weekly alcohol intake, binge drinking epi-
sodes and caffeine intake were further adjusted for self-
reported time to pregnancy.

Missing Information
Missing values ranged from 0% for maternal age,
calendar year of birth and birth cohort to 11.6% for mater-
nal binge drinking. When missing information on maternal
binge drinking was ignored, 84% of the study population
had complete information on all variables included in the
statistical analysis (Table 1).

As results from complete-cases analysis may be prone
to bias, we handled missing data using multiple
imputation,18 under the assumption that data were missing
at random (Supplementary Material 2 for detailed descrip-
tion of the multiple imputation).

Statistical Analyses
Follow-up of the children started at birth and ended at time of
diagnosis, emigration, death or December 31st 2012, which-
ever came first. Not all boys had the same age at the time of
diagnosis, and some may not have reached the age where the
majority of hypospadias were diagnosed. We accounted for
this by using a Cox proportional hazards model, with the
boys’ age as the underlying time axis. Crude and adjusted
hazard ratios (HRs) with 95% confidence intervals (CIs) for
hypospadias according to maternal lifestyle factors were

estimated, using robust standard errors to account for cluster-
ing of siblings (n=19,634). The assumption of proportional
hazards was visually evaluated with log-minus-log plots.
A test for trend was conducted treating the categorized expo-
sure variables as continuous variables.

In sensitivity analyses, the main results were compared
with complete case analyses, and with the results from the
two cohorts separately. We further explored the combined
effect of up to three maternal lifestyle factors, and subse-
quently this was analysed in more detail with different
combinations. Data were analysed in STATA version 11.2
at Statistics Denmark.

Ethics Approval and Informed Consent
The Declaration of Helsinki were followed, and the Danish
Data Protection Agency approved the study (No.2013-41-
1964). The DNBC is further approved by the Danish Data
Protection Agency (No. 2008-54-0431 and No. 2012-41-
0379) and the Committee for Health Research Ethics
Approval (VEK) in Denmark (KF 01-471/94). Statens
Serum Institut (SSI) has approved the data handling in the
DNBC (No. 18/04608) and it is covered by the SSI’s general
approval. When enrolled in the DNBC and the ABC, all the
mothers provided a written informed consent including both
themother’s and the son’s participation. According to Danish
legislation, Institutional Review Board approval is not
required for register-based research.

Results
Of the 85,923 live-born singleton boys included, 502 (0.6%)
were diagnosed with hypospadias (mean follow-up time
(range): 12 (0–25) years and mean time to diagnosis: 1.9
(95% CI 1.7–2.1) years). The distribution of maternal lifestyle
factors and baseline characteristics are shown in Table 1.

The hazard for hypospadias in sons of mothers smok-
ing ≥10 cigarettes/day (highest exposure group) was 0.66
(95% CI 0.43, 1.02) times that of sons of non-smoking
mothers. Each increase in number of cigarettes smoked
per day was associated with lower risk of hypospadias
(HR 0.97 (95% CI 0.94, 1.00)). The results were essen-
tially the same (0.98 (95% CI 0.96, 1.01)) when including
the women, who reported to have stopped smoking in
early pregnancy in the sub-analysis.

We found no association between BMI, weekly alcohol
consumption, binge drinking, or caffeine consumption and
hypospadias (Table 2). The complete case analysis
(Supplementary Table 1) and the analyses of the two cohorts
separately showed results quite similar to those obtained in the
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Table 1 Distribution of Maternal Characteristics According to Hypospadias Among 85,923 Singleton Live-Born Boys, Denmark,
1989–2012a

Hypospadias No Hypospadias

n (%) n (%)

Distribution (%) 502 (0.6) 85,421 (99.4)

Smoking (cigarettes/day)

Non-smoker <75 >380 (>0.6) >63,000 (<99.4)

Stopped

smokers

9.7 44 (0.5) 8285 (99.5)

1–9 8.6 45 (0.6) 7364 (99.4)

≥10 7.7 25 (0.4) 6547 (99.6)

Missing <0.3

Pre-pregnancy BMI (kg/m2)

<18.5 4.9 23 (0.6) 4170 (99.5)

18.5–24.9 67.3 331 (0.6) 57,488 (99.4)

25–29.9 16.8 92 (0.6) 14,358 (99.4)
≥30 6.8 36 (0.6) 5812 (99.4)

Missing 4.2

Alcohol (drinks/week)

0–<1 70.8 345 (0.6) 60,452 (99.4)
1–2 19.8 102 (0.6) 16,788 (99.4)

≥3 5.6 25 (0.5) 4758 (99.5)

Missing 4.0

Binge drinking episodes (times during pregnancy)b

0 61.6 257 (0.6) 42,392 (99.4)

≥1 26.8 108 (0.6) 18,480 (99.4)

Missing 11.6

Caffeine (mg/day)

0 9.4 48 (0.6) 8026 (99.4)

1–300 64.4 332 (0.6) 55,027 (99.4)
>300 19.8 97 (0.6) 16,931 (99.4)

Missing 6.4

Age at delivery (years)

<25 10.8 47 (0.5) 9231 (99.5)
25–29 37.5 170 (0.5) 32,026 (99.5)

30–34 36.3 210 (0.7) 30,993 (99.3)

≥35 15.4 75 (0.6) 13,171 (99.4)
Missing 0

Parity (before this birth)

0 48.3 276 (0.7) 41,195 (99.3)

≥1 51.7 226 (0.5) 44,157 (99.5)
Missing 0.1

(Continued)
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main analysis (data not shown). Still, the association between
smoking ≥10 cigarettes/day and hypospadias were more pro-
nounced in the main analysis (0.66 (95% CI 0.43, 1.02))
compared to the results from the complete case analysis
(0.80 (95% CI 0.51, 1.26)). We observed no association
between hypospadias and the combined hazardous lifestyle
factors (Supplementary Table 2a, 2b, 3a and 3b). When eval-
uating combined parental smoking, we found associations in
similar direction as for maternal smoking, but the point-
estimate remained strongest for maternal cigarette smoking
alone (HR 0.63 (95% CI 0.39, 1.02) (Table 3)).

Discussion
Maternal cigarette smoking during pregnancy was asso-
ciated with lower occurrence of hypospadias in this large

population-based cohort study including 85,923 mother–
son pairs. Neither alcohol intake, caffeine intake nor BMI
were strongly associated with hypospadias.

Previous studies have also linked maternal cigarette
smoking to lower risk of hypospadias.5,6 A meta-analysis
from 2011 including 15 studies, found an overall lower risk
for hypospadias (OR 0.90 (95% CI 0.85; 0.95)).5 Two of the
original studies, Källen et al19 and Rodrigues-Pinilla et al20

observed a statistically significantly lower risk, whereas the
other studies included did not. Following the meta-analysis,
a few studies have been conducted,21–24 and in 2017
Carmichael et al reported that boys born to mothers with
several hazardous lifestyle factors during pregnancy had
lower risk of hypospadias.6 We also explored the combined
impact of maternal lifestyle factors (Supplementary

Table 1 (Continued).

Hypospadias No Hypospadias

n (%) n (%)

Distribution (%) 502 (0.6) 85,421 (99.4)

Education (years)

Short ≤9 10.1 55 (0.6) 8608 (99.4)
Medium 10–

14

42.1 206 (0.6) 35,923 (99.4)

Long ≥15 >47.0 <250 (<0.6) >40,200 (>99.4)

Missing >0.7

Time to pregnancy (months)

0–12 63.1 306 (0.6) 53,942 (99.4)
≥12 without

ART

5.7 29 (0.6) 4888 (99.4)

≥12 with
ART

5.3 50 (1.1) 4511 (98.9)

Unplanned 19.2 83 (0.5) 16,411 (99.5)

Missing 6.6

Cohort

DNBC 53.7 260 (0.6) 45,905 (99.4)

ABC 46.3 242 (0.6) 39,516 (99.4)

Missing 0

Calendar Year of Birth

1989–1993 9.0 32 (0.4) 7709 (99.6)

1994–1998 17.3 76 (0.5) 14,817 (99.5)

1999–2003 55.4 282 (0.6) 47,280 (99.4)
2004–2008 10.8 80 (0.9) 9200 (99.1)

2009–2012 7.5 32 (0.5) 6415 (99.5)

Missing 0

Notes: aSome numbers in the table cannot be shown because of data security. bIn ABC, this information was only available from 1998 onwards.
Abbreviations: BMI, body mass index; ART, assisted reproductive technology; DNBC, Danish National Birth Cohort; ABC, Aarhus Birth Cohort.
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Table 3a), but did not corroborate their results. A causal
association between smoking and hypospadias is supported
by the doses-response analyses as well as the analysis of
combined parental smoking. If causal, it could possibly be
explained by the antiestrogenic effect of smoking during
pregnancy.25 However, the finding may be due to familial
and genetic confounding. We therefore conducted
a sensitivity analysis with the E-value26 to examine the
level of uncontrolled confounding that would be needed to

explain away the estimate observed for maternal smoking
during pregnancy (0.66, 95%CI 0.43, 1.02).We found anE =
2.4 for the estimate and E = 1 for the upper confidence
interval. According to VanderWeele and Ding,26 the
E-value concludes that by a risk ratio of 2.4-fold each,
above and beyond our measured confounders, unmeasured
confounding associated with both smoking and hypospadias
could explain away the entire association observed, but
weaker confounding could not. We already adjusted for

Table 2 Hazard Ratios (HR) for Hypospadias According to Maternal Smoking, Weekly Alcohol Intake, Binge Drinking, Pre-Pregnancy
Body Mass Index and Caffeine Intake During Pregnancy Among 85,923 Singleton Live-Born Boys, Denmark 1989–2012a

Distribution
of
Participants,
%

Hypospadias

Cases, % Crude HR aHR 95% CI

Smoking (cigarettes/day)b

Non-smoker 73.8 0.6 1.00 1.00 Reference
Stopped smokers 9.7 0.5 0.86 0.85 (0.62, 1.17)

1–9 8.9 0.6 0.98 1.04 (0.76, 1.43)
≥10 7.7 0.4 0.60 0.66 (0.43, 1.02)

Test for trend, increase per one cigarette/dayb 0.97 (0.94, 1.00)

Pre-pregnancy BMI (kg/m2)c

<18.5 5.3 0.6 0.95 1.00 (0.66, 1.53)
18.5–24.9 69.9 0.6 1.00 1.00 Reference

25–29.9 17.9 0.6 1.11 1.12 (0.88, 1.42)

≥30 7.0 0.6 1.08 1.08 (0.75, 1.55)
Test for trend, increase per BMI-unitc 1.01 (0.98, 1.03)

Alcohol (drinks/week)d

0 - <1 74.1 0.6 1.00 1.00 Reference

1–2 20.1 0.6 1.01 1.08 (0.86, 1.35)
≥3 5.8 0.5 0.92 0.94 (0.62, 1.41)

Test for trend, increase per one drink of alcohol/

dayd
1.01 (0.86, 1.18)

Binge drinking episodes (times during pregnancy)d

0 66.3 0.6 1.00 1.00 Reference

≥1 33.7 0.6 1.07 0.99 (0.79, 1.25)

Test for trend, increase per binge episoded 0.95 (0.87, 1.05)

Caffeine (mg/day)e

0 9.4 0.6 1.04 0.92 (0.68, 1.26)

1–300 67.6 0.6 1.00 1.00 Reference

>300 23.0 0.5 0.88 1.02 (0.80, 1.31)
Test for trend, increase per mg/day of caffeinee 1.00 (1.00, 1.00)

Notes: a50 imputed sets. bAdjusted for maternal years of education, maternal age at delivery, parity, calendar year, cohort, mothers’ caffeine intake and alcohol intake,
maternal pre-pregnancy BMI and time to index pregnancy. cAdjusted for maternal years of education, maternal age at delivery, parity, calendar year, cohort, mothers’ caffeine
intake and alcohol intake and maternal smoking during pregnancy. dAdjusted for maternal years of education, maternal age at delivery, parity, calendar year, cohort, mothers’
caffeine intake and smoking, maternal pre-pregnancy BMI and time to index pregnancy. eAdjusted for maternal years of education, maternal age at delivery, parity,
calendar year, cohort, mothers’ alcohol intake and smoking, maternal pre-pregnancy BMI and time to index pregnancy.
Abbreviations: CI, confidence interval; HR, hazad ratio; aHR, adjusted hazard ratio; BMI, body mass index.
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several important confounders, so a very strong additional
confounder would be needed to explain away the entire
observed association. On the other hand, the E-value for the
confidence interval was 1, indicating that the estimate may be
prone to unmeasured confounding (see calculation in
Supplementary Material 3).26,27

Previous studies have found a dose-response associa-
tion between maternal BMI and hypospadias.28 We found
no association between maternal BMI and hypospadias in
the present study but since obese women were few (6.8%),
we had low exposure contrast. Moreover, body weight
may be underreported and misclassification cannot be
rejected.29 Our results for alcohol, binge drinking and
caffeine were similar to the majority of previous
studies6,24,30–33 but it cannot be rejected that higher expo-
sure levels, not highly present in our data, could be asso-
ciated with hypospadias.

Selection bias cannot be excluded even though we
utilized two large Danish birth cohorts with high participa-
tion rates34 in combination with the unique and compre-
hensive registration in the Danish health registers. We do
know that the mothers, who participated in the two cohorts
had higher socioeconomic status and were slightly heal-
thier than non-participants,35 but this has been suggested
not to introduce selection bias when examined for some
well-known associations in the DNBC, but rather affect
the generalizability.34 More importantly, we have almost
complete follow-up, since the outcome information were
registrations in the DNPR and thereby available for essen-
tially all subjects. Further, we do not consider live-birth

bias a major issue in our study because hypospadias is
considered a mild congenital malformation in non-
syndrome cases, and syndromic cases of hypospadias
were excluded from our study population. We used
detailed information on potential confounding factors, but
unknown or residual confounding may still exist. We did
not adjust for maternal country of birth since the majority
of participants in the two cohorts were Caucasians.
Information on hypospadias was only obtained from the
DNPR diagnoses, which has been shown to be accurate
with a high positive predictive value, but the validity of
the diagnose subtype codes were not good enough to
distinguish our results for type/degree of hypospadias.36

It is possible that some mild forms of hypospadias are
never recognized by doctors or parents and therefore
never diagnosed. A study from 2005 by Boisen et al,
found the prevalence in Denmark to be 4.64% when fol-
lowing Danish boys from birth to 3 years of age.37 The
much larger number of hypospadias diagnoses in the study
was due to milder cases of hypospadias, but in our study,
we do not expect this to differ by maternal lifestyle. We
expect some degree of misclassification on self-reported
maternal lifestyle factors, however, most likely non-
differential, as data were collected in early pregnancy.
The data confirmed the well-known association between
maternal cigarette smoking and lower birthweight,38 which
strengthens the validity of the information (data not
shown).

Despite the large number of participants, we did not
have sufficient power to perform a sibling analysis which

Table 3 Hazard Ratios (HR) for Hypospadias According to Paternal and Parental Smoking During Pregnancy Among 85,923 Singleton
Live-Born Boys, Denmark 1989–2012a

Distribution of
Participants, %

Hypospadias

Cases,% Crude
HR

aHRb 95% CI aHRc 95% CI

Combined parental smoking

No smoking 31.0 0.6 1.00 1.00 Reference 1.0 Reference
Maternal smoking – father not

smoking

6.3 0.4 0.63 0.63 (0.40, 0.99) 0.63 (0.39, 1.02)

Paternal smoking – mother not
smoking

9.1 0.6 0.91 0.91 (0.65, 1.26) 0.91 (0.64, 1.28)

Maternal and Paternal smoking 8.2 0.4 0.66 0.67 (0.45, 0.99) 0.76 (0.51, 1.15)

Missing 45.5

Notes: aComplete cases. bAdjusted for calendar year and cohort. cAdjusted for maternal years of education, maternal age at delivery, parity, calendar year, cohort, mothers’
caffeine intake and alcohol intake, maternal pre-pregnancy BMI and time to index pregnancy.
Abbreviations: CI, confidence interval; HR, hazad ratio; aHR, adjusted hazard ratio.
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provide better confounder control.39 Such design could
potentially provide additional future insights as to whether
environmental, social and genetic factors shared between
siblings may explain the findings in our study.

Conclusion
In conclusion, maternal smoking during pregnancy was
associated with lower occurrence of hypospadias.
Whether the association is causal or spurious or due to
bias remains unknown.
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