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Summary

Background: Foetal tobacco and cannabis exposure may have persistent cardio-

metabolic consequences in the offspring.

Objective: We examined the associations of maternal and paternal tobacco and can-

nabis use during pregnancy with offspring body fat and cardio-metabolic outcomes.

Methods: In a population-based prospective cohort study among 4792 mothers,

fathers, and children, we assessed parental substance use by questionnaires. Child-

hood outcomes included body mass index (BMI), body fat, blood pressure, and lipid,

glucose and insulin concentrations at 10 years.

Results: Children exposed to maternal tobacco use during pregnancy had a higher

android/gynoid fat mass ratio (difference 0.22 SDS, 95% confidence interval [CI]:

0.13, 0.30), fat mass index (difference 0.20 SDS, 95% CI: 0.12, 0.28), triglyceride con-

centrations (difference 0.15 SDS, 95% CI: 0.04, 0.26), and a higher risk of overweight

(odds ratio [OR] 1.35, 95% CI: 1.07, 1.71), compared to non-exposed. Children

exposed to maternal cannabis during pregnancy had a higher BMI (difference 0.26

SDS, 95% CI: 0.08, 0.44), android/gynoid fat mass ratio (difference 0.21 SDS, 95%

CI: 0.04, 0.39), and fat-free mass index (difference 0.24 SDS, 95% CI: 0.06, 0.41),

compared to non-exposed. The associations for paternal substance use with child

cardio-metabolic health outcomes were similar as those for maternal use.

Conclusions: Similar associations for maternal and paternal substance use during

pregnancy suggest that these findings may be explained by shared family-based

social and lifestyle factors, rather than by direct foetal programming.
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1 | INTRODUCTION

Adverse maternal and paternal lifestyle habits during pregnancy may

have lifelong consequences for cardio-metabolic health in offspring.1

Developmental adaptations in response to adverse exposures may

increase the susceptibility of cardiovascular disease and metabolic dis-

eases in later life.1,2 Despite many public health campaigns, maternal

tobacco smoking during pregnancy remains a commonly used and

modifiable factor. The adverse effects of maternal tobacco use during

pregnancy on foetal development are well known.3–5 In addition, the
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results from observational studies have suggested associations of foe-

tal tobacco smoke exposure with obesity, cardiovascular disease and

type 2 diabetes in adulthood.6–8 Studies in children focused on cardio-

vascular risk factors showed inconsistent results.9–13 These associa-

tions may be influenced by sex and ethnic differences.9,14 Although

less common than maternal tobacco smoking, maternal use of canna-

bis in pregnancy is increasing in western countries.15,16 The preva-

lence of cannabis use in pregnant women is 7% in the United States �
of which, 45% co-use tobacco.15,16 Cannabis use has been associated

with reduced foetal growth.17 Animal studies have shown that canna-

bis metabolites, for example, Δ9-tetrahydrocannabinol, may affect

cardiovascular and metabolic development.18,19 Whether maternal

cannabis use in pregnancy also has adverse cardiovascular and meta-

bolic consequences in human offspring is not known. Importantly,

observational studies on the associations of maternal tobacco and

cannabis use with offspring outcomes may be confounded by family-

based social and lifestyle factors.20 Comparison of associations

between maternal and paternal substance use may provide insight on

direct foetal programming effects or confounding by family-based

social and lifestyle factors.20 Stronger associations for maternal expo-

sure with the outcomes would suggest direct foetal programming,

whereas similar or stronger associations for paternal exposures with

the outcomes may suggest confounding by family-based genetic,

social and lifestyle factors.

Therefore, we examined the associations of maternal and paternal

tobacco and cannabis use during pregnancy with child body mass

index (BMI), body fat, blood pressure, and lipids, glucose and insulin

concentrations at 10 years, in a population-based prospective cohort

study. We also compared the associations between maternal and

paternal exposure to disentangle whether any association is explained

by direct foetal programming or confounded by family-based social

and lifestyle factors.

2 | METHODS

2.1 | Study design

This study was embedded in the Generation R Study, a population-

based prospective cohort study conducted in Rotterdam, the

Netherlands.21 The study was approved by the Medical Ethics Com-

mittee of the Erasmus Medical Center, Rotterdam. The inclusion

criteria for the pregnant women were (1) to be resident in the study

area at their delivery date, (2) to have an expected date of delivery

between April 2002 and January 2006, and (3) to give written

informed consent.21 The aim was to enrol mothers in pregnancy, but

enrolment was possible until the birth of their child. In total, 9778

mothers were enrolled in the study. Of these mothers, 91%

(n = 8879) was enrolled in pregnancy, and 71% of all fathers were

included.21 Of these, 8116 mothers had information on cannabis or

tobacco and had singleton live-born children. Cardio-metabolic

follow-up measurements at the age of 10 years were available for

4792 (60%) children (Figure 1).

2.2 | Foetal tobacco and cannabis exposure

As previously described, questionnaires were collected in early

pregnancy (median 12.9 weeks of gestation, 25th–75th percentiles

12.1–14.5), mid-pregnancy (median 20.4 weeks of gestation, 25th–

75th percentiles 20.4–20.9), and late pregnancy (median 30.2 weeks

of gestation, 25th–75th percentiles 29.9–30.8).22 In early pregnancy,

mothers were asked whether they smoked during pregnancy. Then, in

mid and late pregnancy, mothers were asked whether they smoked in

the last 2 months.

Maternal information on cannabis use was collected using a com-

bination of self-reports and urinalysis. In early pregnancy, mothers

indicated whether they used cannabis before and/or during preg-

nancy, and whether they continued using cannabis after becoming

aware of their pregnancy.23 Mothers also reported the frequency of

use (daily, weekly or monthly). Urine samples were available in a sub-

set of the cohort and were collected in three trimesters, and the first

available sample was used for urinalysis of the cannabis metabolite,

11-nor-Δ9-THC-9-COOH, which were analysed using DRI® Cannabi-

noid Assay (Microgenics) with a cut-off value of 50 μg/L as rec-

ommended by the manufacturer and the Substance Abuse and Mental

Health Security Agency. Agreement between the self-reported canna-

bis use and urinalysis was 0.77 (Yule's Y).23

Maternal smoking during pregnancy was categorized into three

groups as follows, excluding mother's cannabis users: no, until preg-

nancy was known (first trimester only) and continued smoking. In

addition, a second categorization was performed given that cannabis

use is often used in combination with tobacco.16 We combined the

information on maternal tobacco and cannabis use and categorized in

four non-overlapping groups: no (included women that quit smoking

tobacco until pregnancy was known), cannabis before pregnancy, can-

nabis during pregnancy (in combination with tobacco) and continued

tobacco use during pregnancy (without cannabis).

Paternal information on tobacco and cannabis use during preg-

nancy was assessed by both maternal reports and self-reports during

the first trimester of pregnancy, without specifying an exact period.

The inter-rater agreement between maternal and self-report was high

(Cohen's kappa cannabis use = 0.83, p < 0.001 and Cohen's kappa tobacco

use = 0.86, p < 0.001). We used maternal reports because this infor-

mation was available for more children as fewer fathers completed

questionnaires (n = 4453).

Furthermore, the maternal and paternal frequency of smoking

was also available and was categorized into three categories

(no smoking, less than 5 per day, and more and equal than 5 per day).

2.3 | Childhood body fat measurements and
cardio-metabolic risk score

Information on child anthropometrics, body composition, and cardio-

metabolic health was obtained at the median age of 9.7 years (95%

range: 9.4–10.7). We measured the children's height and weight, with-

out shoes and heavy clothing. We calculated BMI as total body weight

2 of 11 CAJACHAGUA-TORRES ET AL.



in kilogram (kg) divided by height squared in meter (m2). BMI standard

deviation score (SDS) was adjusted for sex and age according to

Dutch reference growth curves (Growth Analyzer 4.0; Dutch Growth

Research Foundation, Rotterdam, Netherlands).24 We also created a

categorical variable for childhood BMI (underweight, normal weight,

overweight and obesity) according to the International Obesity Task

Force cut-offs.25 For the analysis, we combined the overweight and

obesity groups, hereafter only referred to as the overweight group.

Total, android, and gynoid body fat mass were measured using a dual-

energy X-ray absorptiometry (DXA) scanner (iDXA; General electrics,

Lunar, Madison, Wisconsin, USA). Then, we calculated the android/

gynoid fat mass ratio.26 Childhood body fat mass is strongly

influenced by the height of the child. We created index variables of

body fat measurements independent of height, by using optimal

adjustment estimated by log–log regression analysis.27 We calculated

fat mass index (FMI) and fat-free mass index (FFMI) (total fat mass

was divided by height at ‘4’ exponential, and fat-free mass by height

at ‘2’ exponential).27

Systolic blood pressure and diastolic blood pressure were measured

at the right brachial artery, four times with an interval of 1 min using the

n = 208 
Excluded 

Twin pregnancies (n = 87) 

Fetal death (n = 69) 

Loss to follow-up (n = 29) 

Abortion (n = 23) 

n = 3324 
Excluded 

No participation in follow-up

measurements at 10 years  

N = 4792 
Population for analysis 
Childhood cardio-metabolic profile at the 

age of 10 years 

- Cardio metabolic risk factors 

○ BMI   n = 4781 

○ Blood pressure  n = 4619 

○ Cholesterol  n = 3324 

○ High-density lipoprotein  

cholesterol  n = 3326 

○ Triglycerides  n = 3315 

○ Glucose  n = 3324 

○ Insulin   n = 3320 

- General and abdominal fat 

○ Total body fat mass n = 4732 

○ Android/gynoid  

fat mass ratio  n = 4732 

○ Fat mass index  n = 4721 

○ Fat-free mass index n = 4721 

N = 8324 
Mothers enrolled during pregnancy with 

information on tobacco or cannabis use 

available 

n = 8116 
Mothers enrolled during pregnancy with 

information on tobacco or cannabis use 

available and singleton live births 

F IGURE 1 Flowchart of the study
population
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validated automatic sphygmomanometer Datascope Accutorr Plus.28 We

calculated mean systolic and diastolic blood pressure values using the last

three blood pressure measurements to reduce measurement error. Non-

fasting venous blood samples were obtained to measure total cholesterol

(mmol/L), high-density lipoprotein cholesterol (HDL) (mmol/L), triglycer-

ides (mmol/L), glucose (mmol/L) concentrations using enzymatic methods

(Cobas 8000, Roche, Almere, the Netherlands) and insulin (pmol/L) con-

centrations using electrochemiluminescence immunoassay on the E411

module (Roche, Almere, the Netherlands). For the clustering of cardio-

metabolic risk factors, we defined whether there were any of three or

more following components: android fat mass ≥ 75th percentile, systolic

or diastolic blood pressure ≥ 75th percentile, triglycerides ≥75th percen-

tile or HDL cholesterol ≤25th percentile and insulin ≥75th percentile.29

We used android fat mass as percentage of total body fat mass as a proxy

for waist circumference because waist circumference was not available.

We additionally examined the association with a continuous com-

posite cardio-metabolic score based on using standardized residuals

(z-score) (details in Methods S1).30

2.4 | Covariates

Potential covariates were selected based on previous literature and

presented as a directed acyclic graphic (Figure S1).7,8,10,15,16,31–33

Information on parental age, education, ethnicity, pre-pregnancy BMI

and alcohol use during pregnancy was obtained from self-report ques-

tionnaires. Information on education and ethnicity were categorized

according to the classification of Netherlands Statistics.34,35 Maternal

alcohol use was categorized as never drank, drank until pregnancy,

and continued drinking during pregnancy. Like paternal smoking and

cannabis use, paternal alcohol use was based on maternal report with

a high inter-rater (Cohen's kappa alcohol use = 0.80, p < 0.001). Paternal

anthropometric measurements were assessed at enrolment. Height

and weight were measured without shoes and heavy clothing, and

BMI was calculated. Maternal psychopathology score was assessed

with the Brief Symptom Inventory (BSI), a validated self-reported

measure of 53-items covering a spectrum of psychopathology symp-

toms.36 Child sex was extracted from medical records.

2.5 | Statistical analysis

First, we showed descriptive statistics of the study population and per-

formed non-response analyses by comparing children with and without

follow-up measurements at years using chi-squared for categorical and

Student's t-test or Mann–Whitney U tests for continuous variables.

Second, we used linear regression models to analyse the associations of

foetal tobacco and cannabis exposure with offspring body composition

and cardio-metabolic outcomes at 10 years, and used logistic regression

to analyse the associations with risks of overweight and clustering of

cardio-metabolic risk in offspring. We used two models for the analysis.

The basic model was adjusted for child sex and age. The confounder

model was additionally adjusted for maternal age, education, ethnicity,

alcohol use, psychopathology score, and pre-pregnancy BMI. We tested

the statistical interaction terms between parental tobacco and cannabis

with child sex and with maternal ethnicity to examine potential differ-

ential associations.9,14 In this article, we presented analyses for the full

group in the main tables. Also, in the supplementary information, we

showed the results for boys and girls separately and for Dutch mothers

only. Analyses among the other ethnic subgroups were not possible

because of the low numbers of the various ethnic subgroups. In addi-

tion, in the paternal tobacco and cannabis use models, we adjusted for

paternal variables (age, ethnicity, alcohol use and BMI) instead of mater-

nal variables. Finally, we examined the associations of foetal tobacco

and cannabis exposure with the continuous composite cardio-metabolic

score in order to capture potential subtle differences cardio-metabolic

health. Not normally distributed outcomes measures (android/gynoid

fat mass ratio, and insulin and triglycerides concentrations) were log-

natural transformed. To enable comparison of effect estimates, we con-

structed SDS of outcomes. Missing information on the covariates was

between 0% and 10.2%, with the exception of maternal pre-pregnancy

BMI (14%), psychopathology score (15.9%) and paternal BMI (20.9%).

To avoid the bias of complete case analyses, we used multiple imputa-

tion to impute missing information of the covariates in 25 datasets,

using the mice package.37 We repeated all analyses among complete

cases only and observed similar associations (data not shown).

We applied Bonferroni correction to take multiple testing into

account, so we divided the α = 0.05 by three categories of outcomes

(body composition, blood pressure, metabolic outcomes), setting the

statistical significance as two-sided p < 0.017. All statistical analyses

were performed using R statistical software, version 3.6.3

(R Foundation for Statistical Computing).

3 | RESULTS

3.1 | Subject characteristics and non-response
analysis

Table 1 shows the study population characteristics. Of all mothers,

24.1% and 2.5% used tobacco and cannabis during pregnancy, respec-

tively. Of all fathers, 42.8% and 9.6% used tobacco and cannabis,

respectively. Median child BMI was 17.0 kg/m2 (range 95% 14.0–24.9),

with 18.7% being overweight. Tables S1 and S2 show the characteristics

according to tobacco and cannabis categorization are provided. Non-

response analyses showed that participating mothers were slightly older,

more often had European origin, had a higher education, had a lower

psychopathology score, and less often used tobacco and cannabis dur-

ing pregnancy compared to non-participating mothers (Table S3).

3.2 | Parental tobacco and cannabis exposure and
childhood body fat outcomes at 10 years

Maternal tobacco smoking in the first trimester only was not associ-

ated with childhood BMI nor body composition (Table 2). Compared
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to non-exposed children, those exposed to maternal continued

smoking during pregnancy had a higher android/gynoid fat mass ratio

(difference 0.22 SDS, 95% confidence interval [CI] 0.13–0.30), a

higher fat mass index (difference 0.20 SDS, 95% CI 0.12–0.28) and a

higher risk of overweight (odds ratio [OR] 1.35, 95% CI 1.07–1.71).

Dose–response association displayed the highest effect estimates in

children whose mothers continued smoking ≥5 cigarettes per day

(Table 2). Maternal cannabis use before pregnancy was not associated

with childhood body fat outcomes. As compared to non-exposed chil-

dren, those exposed to maternal cannabis use during pregnancy had a

higher BMI (difference 0.26 SDS, 95% CI 0.08–0.44), a higher

android/gynoid fat mass ratio (difference 0.21 SDS, 95% CI 0.04–

0.39), and a higher fat-free mass index (difference 0.24 SDS, 95% CI

0.06–0.41) (Table 2). Dose–response analyses displayed the highest

effect estimates in children whose mothers used daily cannabis (data

not shown). No associations with fat mass index were observed

(Table 2). We also observed largely similar associations of maternal

and paternal tobacco/cannabis use with offspring outcomes (Table 2).

3.3 | Parental tobacco and cannabis exposure and
childhood cardio-metabolic risk factors at 10 years

First-trimester maternal tobacco was not associated with childhood

cardio-metabolic outcomes (Table 3). Compared to children of mothers

who did not use tobacco during pregnancy, children exposed to mater-

nal continued tobacco use during pregnancy had higher triglyceride

concentrations (difference 0.15 SDS, 95% CI 0.04–0.26). Also, children

exposed to continued smoking during pregnancy ≥5 cigarettes per day

had a higher systolic blood pressure (difference 0.15 SDS, 95% CI

0.03–0.26) and a higher risk of cardio-metabolic clustering (OR 1.59,

TABLE 1 Subject characteristics (N = 4792)

Maternal characteristic

Age, years, mean (SD) 30.8 (4.9)

Ethnicity

Dutch (%) 56.9

Non-Dutch Non-Western (%) 31.1

Non-Dutch Western (%) 12.0

Educational level

None/Primary (%) 8.0

Secondary (%) 42.9

Higher (%) 49.1

Pre-pregnancy body mass index, kg/m2, median

(95% range)

22.6 (18.1–34.9)

Psychopathology score, median (95% range) 0.15 (0–1.36)

Maternal alcohol use

Never drank in pregnancy (%) 43.5

Drank until pregnancy was known (%) 13.9

Continued drinking (%) 42.6

Maternal tobacco use

Never smoked in pregnancy (%) 75.9

Smoked until pregnancy was known (%) 8.8

Continued smoking in pregnancy (%) 15.3

Maternal cannabis use

No use (%) 94.9

Cannabis before pregnancy (%) 2.6

Cannabis during pregnancy (%) 2.5

Paternal characteristics

Age, years, mean (SD) 33.4 (5.8)

Ethnicity

Dutch (%) 58.1

Non-Dutch Non-Western (%) 32.0

Non-Dutch Western (%) 9.9

Alcohol use, yes (%) 77.9

Tobacco use, yes (%) 42.8

Cannabis use, yes (%) 9.6

Body mass index, kg/m2, median (95% range) 25.1 (19.6–32.9)

Child characteristics

Female sex, yes (%) 50.5

Age, years, mean (SD) 9.8 (0.3)

Weight, kilograms, median (95% range) 34 (25.2–53.8)

Height, centimetres, mean (SD) 141.6 (6.7)

Body mass index, kg/m2, median (95% range) 17.0 (14.0–24.9)

Body composition

Total fat mass, kg, median (95% range) 8.5 (4.5–22.2)

Android/gynoid fat mass ratio, median (95%

range)

0.24 (0.15–0.49)

Fat-free mass, kg, median (95% range) 25.3 (19.1,33.9)

(Continues)

TABLE 1 (Continued)

Child characteristics

Blood pressure

Systolic, mmHg, mean (SD) 103.2 (7.9)

Diastolic, mmHg, mean (SD) 58.6 (6.4)

Lipid concentrations

Total cholesterol, mmol/L, mean (SD) 4.31 (0.66)

HDL cholesterol, mmol/L, mean (SD) 1.48 (0.34)

Triglycerides, mmol/L, median (95% range) 0.98 (0.42–2.62)

Insulin, pmol/L, median (95% range) 176.7 (35.7–646.4)

Glucose, mmol/L, mean (SD) 5.2 (0.9)

Overweight, yes (%) 18.7

Cardio-metabolic clustering risk, yes (%) 9.5

Note: Values are presented as means (SD), medians (95% range) or

percentages. There were no missing data on these variables as they were

imputed using multiple imputation methods. There were no missing data

on these variables as they were imputed using multiple imputation

methods.

Abbreviations: HDL, high-density lipoprotein; SD, standard deviation.
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95% CI 1.09, 2.32) (Table 3). We did not observe associations of

maternal tobacco use with cholesterol and glucose outcomes (Table 3).

The association of maternal continued tobacco use during pregnancy

with diastolic blood pressure was explained by family-based social and

lifestyle factors (data not shown). No associations of maternal cannabis

use with childhood cardio-metabolic outcomes were observed

(Table 3). We observed largely similar associations of maternal and

paternal tobacco/cannabis use with offspring outcomes (Table 3).

3.4 | Supplementary analysis

Overall, the associations of foetal tobacco and cannabis exposure with

the body fat outcomes tended to be somewhat stronger among girls

than among boys (Tables S4). The associations of foetal tobacco expo-

sure with blood pressure and lipids concentrations tended to be

somewhat stronger among boys, and with glucose outcomes tended

to be somewhat stronger among girls (Table S5 and S6). Girls whose

parents used cannabis during pregnancy had a higher fat mass index, a

higher risk of overweight, higher insulin concentrations, and a higher

risk of cardio-metabolic clustering (Tables S4, S5 and S6).

In addition, we also observed statistical interactions of maternal eth-

nicity with android/gynoid fat mass ratio, fat-free mass index, and triglyc-

erides concentrations. The analyses among only children of Dutch

mothers showed similar results as in the full study population, but the

effect sizes tended to be stronger (Tables S7 and S8). The p-values for

interaction are shown in Supplementary Tables S4–S8. Furthermore, the

adjustment for paternal variables instead of maternal variables did not

change the results (data not shown). Finally, children exposed to continued

maternal smoking during pregnancy had a higher continuous composite

cardio-metabolic z-score, as compared to those non-exposed to continued

maternal smoking during pregnancy. The effect estimate was strongest in

those exposed to more than five cigarettes per day (Table S9).

4 | DISCUSSION

In this population-based prospective birth cohort study, we observed

that not only maternal but also paternal tobacco use during pregnancy

was associated with an adverse body fat and cardio-metabolic profile

in children. The associations of parental cannabis use during preg-

nancy with an adverse body fat and cardio-metabolic profile were

stronger in girls than in boys. Similar associations for maternal and

paternal tobacco and cannabis use with childhood cardio-metabolic

health factors in offspring suggest that these associations may not be

solely explained through direct foetal programming, but by shared

family-based social and lifestyle factors.

4.1 | Interpretation main findings

Foetal exposure to tobacco and cannabis may affect foetal growth

and the cardio-metabolic health in offspring.1,2 Worldwide, up to 25%

of all pregnant women continue to use tobacco during pregnancy.33

While many women who smoke attempt to quit smoking, only 20%–

30% successfully quit.38 Findings from previous studies suggest that

foetal tobacco exposure negatively influences cardio-metabolic health

in childhood and adulthood.6–10,13,32,39 However, the impact of foetal

cannabis exposure on childhood cardio-metabolic health is not known

yet.15,16 The current study was specifically focused on the associa-

tions of both foetal tobacco and cannabis exposure with offspring

body fat and cardio-metabolic outcomes at 10 years. It is well known

that observational studies on the associations of maternal lifestyle-

related factors with childhood outcomes may be confounded by

shared family-based genetic, social and lifestyle factors.20 Comparison

of associations between maternal and paternal substance use may

provide insight on direct foetal programming effects or confounding

by family-based social and lifestyle factors.20

The results from a previous meta-analysis showed that children

from mothers who continued tobacco smoking during pregnancy had

a higher risk of overweight and obesity in early childhood, adoles-

cence and adulthood.13,40 Previous studies also observed that pater-

nal tobacco use was associated with higher offspring body fat

measures and risks of overweight and obesity.9,13,40–42 A meta-

analysis among 109 838 children aged 4–18 years showed that the

effect estimates for the association of maternal tobacco use during

pregnancy with offspring obesity risk were slightly higher than the

effect estimates for paternal tobacco use, but similar effect estimates

and overlapping confidence intervals were observed with household

smoking.40 In addition, another meta-analysis of 106 601 children

aged 5–10 years reported that the effect estimates for the associa-

tions of maternal tobacco use on childhood overweight risk were

slightly higher than for paternal tobacco use, but the risk increased

significantly when both parents used tobacco.13 These large meta-

analyses are important, but had limited information about detailed

cardio-metabolic outcomes. Also, no information on cannabis use was

available.

In the current study, we compared the associations of maternal

and paternal use to disentangle between support for direct foetal pro-

gramming effects, genetic confounding or confounding by family-

based social and lifestyle factors.20 We observed that both maternal

and paternal continued tobacco use during pregnancy were associated

with a higher risk of overweight, and higher body fat measures. How-

ever, only maternal continued smoking during pregnancy was associ-

ated with higher triglycerides concentrations, a higher systolic blood

pressure, and a higher risk of cardio-metabolic clustering in the off-

spring. The current study is a follow-up study of several previous

reports from the Generation R cohort. We previously reported that

the 4-year-old offspring of mothers who continued smoking during

pregnancy had a higher BMI and an increased risk of obesity, as com-

pared to those whose mothers did smoke during pregnancy.32 Pater-

nal smoking was not associated with risk of obesity in offspring.32 A

previous follow-up study in the same cohort among children aged

6 years observed that the effects estimates for the associations of

maternal and paternal smoking with body fat outcomes were similar.9

Another study reported that children aged 6 years whose mothers
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smoked more than 10 cigarettes per day during pregnancy had a

higher diastolic blood pressure and a higher fractional shortening of

left ventricular outflow, as compared to those who did not smoke dur-

ing pregnancy.10 The difference between these previous studies and

the current study could be explained by the changes in body size and

proportion that occur with childhood development. The association of

adverse foetal exposure with childhood or adult outcomes might dif-

fer across the life course. An observational study among 9424 chil-

dren aged 0–10 years in the United Kingdom (UK) reported that

maternal smoking during pregnancy, but not paternal smoking, was

associated with a higher ponderal index until aged 2 years. However,

both maternal and paternal smoking during pregnancy were associ-

ated with childhood BMI, and the effect estimates were similar for

fathers and mothers.42 Another study in the same cohort in the UK

reported similar associations of both maternal and paternal smoking

with childhood body fat outcomes, consistent with the findings of the

current study.41

Also, previous results from the Nurse Health Study II (NHS)

suggested that both maternal and paternal smoking (more than

15 cigarettes per day) during pregnancy were associated with an

increased risk of hypertension and type 2 diabetes in their adult

daughters.7,8 These findings suggest that the associations of mater-

nal and paternal smoking during pregnancy with offspring outcomes

may differ across the life course. We observed that maternal educa-

tion was the strongest confounder in the observed associations and

explained the largest part of the difference between the basic and

adjusted model. Differences in early childhood may be the result of

direct foetal programming according to previous studies, whereas at

later age, the differences may be the results of social and family-

based risk shared risk factors. We used paternal tobacco smoking or

cannabis use as negative control for the associations of maternal

smoking or cannabis use exposure with childhood outcomes. This

approach is generally being used.43 A potential limitation of this

approach is that paternal tobacco smoking or cannabis use might still

have direct biological effects through sperm and subsequent foetal

programming. However, previous studies showed that the associa-

tions of paternal smoking or passive maternal smoking with child-

hood outcomes are much weaker as compared to those for maternal

smoking.13 To the best of our knowledge, the current study is the

first that examined the associations of maternal and paternal canna-

bis use during pregnancy with childhood cardio-metabolic outcomes

in offspring. We observed that both maternal and paternal cannabis

use during pregnancy are associated with an adverse body fat distri-

bution. These associations tended to be stronger among girls than

among boys. Previous findings from a study in rats showed that can-

nabis exposure during foetal life led to alterations of endocrine pan-

creatic in the development of impaired glucose tolerance, and

aberrant insulin response in adult females only.19 Foetal cannabis

exposure may disrupt the complex signalling of the endocannabinoid

system, charging of the regulating metabolism and appetite.44,45

However, similar to tobacco use, the presence of associations for

both maternal and paternal cannabis use with adverse body fat out-

comes and cardio-metabolic outcomes suggests that the associations

are explained by confounding by family-based social and lifestyle

factors rather than direct foetal programming mechanisms.

Clearly, previous studies and our results demonstrating associa-

tions of maternal tobacco and cannabis use during pregnancy with a

wide range of adverse outcomes for mothers and their unborn child,

which should be without any doubt clear enough to discourage

tobacco and cannabis use before, during and after pregnancy.5,13,16,17

Our findings provide an important perspective in the needed to pre-

vent smoking in women and men in reproductive age. Further studies

are needed to assess critical periods for tobacco and cannabis expo-

sure effects on childhood development.

4.2 | Strengths and limitations

The strengths of our study were a prospective design, large sample

size, information of a large number of potential confounders, assess-

ment of both maternal and paternal tobacco and cannabis use and

information about a wide range of outcomes. However, some limita-

tions need to be discussed. First, we had a follow-up response of

about 60%. We may have selectively missed women at risk for

tobacco and cannabis use. Second, the assessment of tobacco and

cannabis use by questionnaire may have introduced misclassification.

Parents may tend to underreport their tobacco and/or cannabis use

as a socially disapproved behaviour, potentially causing an underesti-

mation of the observed associations. However, previous studies have

reported a high correlation between cotinine concentrations and self-

reported smoking.46 In addition, urinalysis showed that self-reported

information was in agreement with cannabis metabolites.23 Third, the

fasting time before blood sampling was limited to 30 min; thus, our

samples were considered non-fasting.47 Also, the blood samples were

collected at different time-points during the day depending on the

time of the study visit. Since glucose and insulin levels shift easily dur-

ing the day and are sensitive toward carbohydrate intake, this may

lead to non-differential misclassification of children underestimating

the observed effect estimates. Conversely, the non-fasting sampling

of lipid levels is superior to fasting in predicting cardio-metabolic

events.48 So, the lipids levels may be not influenced by the non-

fasting state. Finally, we used information about multiple confounders

and were able to compare maternal and paternal exposure to address

familial confounding. Nevertheless, as in any observational study,

residual confounding might still be present.

5 | CONCLUSION

In conclusion, our findings suggest that both maternal tobacco and

cannabis use during pregnancy are associated with adverse body fat

and cardio-metabolic profiles in their offspring. However, similar asso-

ciations between maternal and paternal tobacco and cannabis use

during pregnancy with offspring cardio-metabolic health outcomes

suggest that these findings are explained by genetic or family-based

social and lifestyle factors, rather than direct foetal programming.
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