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Supplementary File 1 Multiple imputation of missing data
Overall, we had few missing data. In total, 766,013 (92%) of the observations in the cohort study population had complete data. As complete-case analyses excludes observations with missing data, it can limit the power of the study and also induce a potential risk of selection bias.1 Multiple-imputation is a well renowned and widely accepted method estimating multiple values for missing data reflecting the uncertainty of the true value. We considered the assumption of data being missing at random to be true in this setting. Mulitple imputations (MI) was therefore performed using STATA/MP 15.1 (Statacorp., College Station, TX) at Statistics Denmark. 
We used chained equations to include covariates with binominal and categorical distributions.2 We included all variables that were predictive of or associated with missing data as well as all variables included in the cohort- and sibling-analyses. Variables with missing observations included in the model were smoking status, gestational age, birthweight, maternal body mass index (BMI), maternal nationality, maternal years of education, and parity. Outcomes and the covariates birth year and maternal age had no missing values and were used as independent predictors along with number of boys born by each mother and the birth order of each boy. 
The 3-categorized exposure and maternal education in years were modelled using ordered logistic regression. The 6-categorized exposure interval regression was used to treat observations categorized as “Smoker, amount unknown” as missing but restricting their imputed value from being categorized as non-smoker or stopped smoking during pregnancy. Gestational age and birthweight were not normally distributed, even on log scale and predictive mean matching was used. We used truncated regression for maternal BMI to provide biologically plausible values. Parity was binary and thus modelled with the logit function, and nationality was modelled using the unordered logistic function.

We used the quadratic rule by von Hippel3 to calculate the required number of imputed datasets M, for replicable estimates using the -how_many_imputations- command (Statacorp., College Station, TX). First, we created an imputed dataset of M=5 and found the required M for a 97.5% probability of replicability to be 20, which we thus imputed using the same procedure as describes earlier. 
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	Supplementary Table 1. Sensitivity analysis 1 (complete case analyses): Hazard ratios with 95% confidence intervals for cryptorchidism and hypospadias according to maternal cigarette smoking during pregnancy among 789,263 singleton boys born in Denmark, 1991-2016.

	
	
	Cryptorchidism
	
	Hypospadias

	Smoking status
	Total, %a
	n, %b
	cHR
	aHRc
	95% CI
	
	n, %b
	cHR
	aHRc
	95% CI

	1991-2016
	100
	1.4
	
	
	
	
	0.6
	
	
	

	Non-smoker
	80.1
	1.3
	Ref
	Ref
	Ref
	
	0.6
	Ref
	Ref
	Ref

	Stopped during pregnancy
	1.9
	1.2
	0.87
	0.88
	0.75, 1.02
	
	0.6
	1.08
	1.01
	0.81, 1.24

	Smoker
	18.0
	1.7
	1.25
	1.18
	1.12, 1.24
	
	0.5
	0.82
	0.84
	0.76, 0.91

	
	
	
	
	
	
	
	
	
	
	

	1997-2016
	100
	1.4
	
	
	
	
	0.6
	
	
	

	Non-smoker
	83.7
	1.3
	Ref
	Ref
	Ref
	
	0.6
	Ref
	Ref
	Ref

	Stopped during pregnancy
	2.5
	1.2
	0.88
	0.87
	0.75, 1.01
	
	0.6
	1.03
	1.01
	0.82, 1.25

	<5 cig/day
	4.3
	1.6
	1.18
	1.09
	0.98, 1.21
	
	0.5
	0.93
	0.91
	0.77, 1.08

	6-10 cig/day
	5.2
	1.8
	1.32
	1.22
	1.11, 1.33
	
	0.5
	0.79
	0.78
	0.66, 0.92

	11-20 cig/day
	3.8
	1.6
	1.20
	1.09
	0.98, 1.22
	
	0.5
	0.87
	0.86
	0.71, 1.04

	>21 cig/day
	0.5
	2.0
	1.51
	1.36
	1.06, 1.76
	
	0.4
	0.77
	0.76
	0.45, 1.28

	Abbreviations: CI, confidence interval; aHR, adjusted hazard ratio; cHR, crude hazard ratio.
aNo. in each exposure category in percent.
bNo of cases in percent.
cAdjusted for calendar year at birth (1991-1996, 1997-2002, 2003-2008 and 2009-2016), maternal years of education (<9, 10-14 and >15), parity (0 and >1), maternal age at birth in years (>24, 25-29, 30-34 and >35), nationality (Danish, other Nordic countries, and other countries) and diabetes (no diabetes, gestational diabetes and pregestational diabetes).








	Supplementary Table 2. Sensitivity analysis 2: Hazard ratios with 95% confidence intervals for cryptorchidism and hypospadias according to maternal cigarette smoking during pregnancy with adjustment for maternal BMI among 363,742 boys, 2004-2016.

	
	Cryptorchidism
	
	Hypospadias

	Smoking status
	aHRa
	95% CI
	
	aHRa
	95% CI

	1991-2016
	
	
	
	
	

	Never
	Ref
	Ref
	
	Ref
	Ref

	Stopped during pregnancy
	0.85
	0.70, 1.03
	
	0.94
	0.71, 1.23

	Smoker
	1.08
	0.98, 1.19
	
	0.88
	0.75, 1.05

	1997-2016
	
	
	
	
	

	Never
	Ref
	Ref
	
	Ref
	Ref

	Stopped during pregnancy
	0.87
	0.72, 1.05
	
	0.93
	0.71, 1.22

	<5 cig/day
	1.01
	0.94, 1.27
	
	0.86
	0.67, 1.11

	6-10 cig/day
	1.20
	1.05, 1.37
	
	0.72
	0.55, 0.95

	11-20 cig/day
	0.89
	0.74, 1.06
	
	1.17
	0.90, 1.51

	>21 cig/day
	1.15
	0.77, 1.73
	
	0.69
	0.37, 1.44

	Abbreviations: BMI, body mass index (weight(kg) / height(m)2); CI, confidence interval; aHR, adjusted hazard ratio.
aAdjusted for calendar year at birth (2004-2008, and 2009-2016), maternal years of education (<9, 10-14, and >15), parity (0 and >1), maternal age at birth in years (>24, 25-29, 30-34, and >35), nationality (Danish, other Nordic countries, and other countries) and diabetes (no diabetes, gestational diabetes, and pregestational diabetes).



	Supplementary Table 3.  Hazard ratios with 95% confidence intervals for cryptorchidism and hypospadias according to maternal cigarette smoking during pregnancy among 823,760 singleton boys born in Denmark, 1991-2016.  Sensitivity analyses 3: Further adjusting for birthweight z-score. Sensitivity analysis 4: Restricting the study population to siblings (N=394,020).

	
	Sensitivity analysis 3a
	
	Sensitivity analysis 4b

	Smoking status
	aHRa
	95% CI
	
	aHRa
	95% CI

	Cryptorchidism
	
	
	
	
	

	Non-smoker
	Ref
	Ref
	
	Ref
	Ref

	Stopped during pregnancy
	0.91
	0.78, 1.07
	
	0.89
	0.70, 1.12

	Smoker
	1.11
	1.05, 1.16
	
	1.18
	1.10, 1.23

	Hypospadias

	Non-smoker
	Ref
	
	
	Ref
	Ref

	Stopped during pregnancy
	0.99
	0.80, 1.23
	
	0.94
	0.66, 1.33

	Smoker
	0.74
	0.67, 0.82
	
	0.88
	0.75, 1.04

	Abbreviations: CI, confidence interval; aHR, adjusted hazard ratio.
aAdjusted for calendar year at birth (1991–1996, 1997–2002, 2003–2008, and 2009–2016), maternal years of education (<9, 10–14, and >15), parity (0 and >1), maternal age at birth in years (<24, 25–29, 30–34, and >35), nationality (Danish, other Nordic countries, and other countries), diabetes (no diabetes, gestational diabetes, and pregestational diabetes) and birthweight z-score (continuous).
bAdjusted for calendar year at birth (1991–1996, 1997–2002, 2003–2008, and 2009–2016), maternal years of education (<9, 10–14, and >15), parity (0 and >1), maternal age at birth in years (<24, 25–29, 30–34, and >35), nationality (Danish, other Nordic countries, and other countries), and diabetes (no diabetes, gestational diabetes, and pregestational diabetes). 







	Supplementary Table 4. Sensitivity analysis 5: Adjusted odds ratios with 95% confidence intervals for the risk of maternal smoking during pregnancy of second born sons according to genital anomalies of the first-born sons among 174,216 Danish singleton boys born in Denmark, 1991-2016.

	Genital anomaly in first child
	aORa
	95% CI

	Cryptorchidism
	

	No
	Ref
	Ref

	Yes
	0.99
	0.81, 1.20

	Hypospadias

	No
	Ref
	Ref

	Yes
	0.99
	0.72, 1.35

	Abbreviations: CI, confidence interval; aoR, adjusted odds ratio.
aAdjusted for maternal years of education (<9, 10–14, and >15), maternal age at birth in years (<24, 25–29, 30–34, and >35), nationality (Danish, other Nordic countries, and other countries), maternal smoking status during first pregnancy (non-smoker, stopped during pregnancy, and smoker), birth year of first born (1991-1996, 1997-2002, 2003-2008, and 2009), and birth year of second born (1991-1996, 1997-2002, 2003-2008, and 2009).

























Supplementary Figure 1. Directed acyclic graph of the hypothesized relationship between maternal cigarette smoking during pregnancy and genital anomalies.
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Supplementary Figure 2. Directed acyclic graph of the hypothesized relationship between maternal cigarette smoking during pregnancy and genital anomalies in a sibling-matched design setting. [image: ]
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