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Introduction

Overweight and obesity are important global public 
health problems for adults, but also for children and 
adolescents. Worldwide, the number of overweight or 
obese children and adolescents up to 18 years old has 
increased by 47% from 1980 to 2013 [1]. In Finland 

the estimated prevalence of overweight and obesity in 
children in 2006 was 10% in boys and 18% in girls 
[2]. While there are several available studies on over-
weight and obesity in teenagers, studies on under-
weight are less common, in particular in high-income 
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countries, as underweight is considered to be a some-
what more important problem in low and middle-
income countries. Recent studies estimated the 
prevalence of underweight adolescents in the 
European countries to be approximately 10% [3].

Obesity in childhood is associated with pulmo-
nary, cardiovascular, gastrointestinal and metabolic 
diseases, among other health consequences, both in 
the short and long term [4,5]. Several types of can-
cers, psychosocial and orthopaedic problems in 
adulthood may also be increased among obese chil-
dren and adolescents [4]. Conversely, underweight in 
childhood is associated with short stature, increased 
morbidity and mortality, and pre-menopausal breast 
cancer in adulthood [6].

Some risk factors for obesity in adolescence are 
well established, such as lack of physical activity, 
poor eating patterns, inadequate sleep and genetic 
susceptibility [4,7]. Several studies have shown that 
parental socioeconomic status influences adoles-
cents’ underweight or overweight, as well as the pat-
terns of alcohol and tobacco use in adolescence and 
adulthood [8]. Alcohol consumption has been 
reported to be directly associated with overweight in 
adults, while smoking cessation is associated with 
overweight, especially in male former smokers [9]. 
Although tobacco use by parents during pregnancy 
has been associated with increased risk of over-
weight in adolescence, few studies have been pub-
lished so far on the association between parental 
tobacco and/or alcohol consumption during the off-
spring’s teenage years and the adolescent’s weight in 
the same time period [10].

The purpose of this study was to evaluate whether 
maternal consumption of alcohol or tobacco is asso-
ciated with their children’s weight status in adoles-
cence, assessed by Body Mass Index (BMI) groups.

Methods

This study was conducted within the framework of 
the Finnish Health in Teens cohort (Fin-HIT), whose 
participants were recruited in 2011–2014. In total 
11,523 subjects in early adolescence, aged 9–14 years 
old (henceforth denoted children) and 6081 adults 
responsible for those children participated in the 
study. Adolescents were recruited from schools in 
Southern, Middle and Northern Finland. The 
response rate of the whole study was approximately 
30%. The majority of adult participants in the study 
were women (88.5%), so in the present study we eval-
uated baseline information for 4525 children who 
had BMI measurements and also alcohol and tobacco 
information from their female caretakers. For these 
4525 female caretakers there was information on 

family relationship for 3300 participants, in which 
99.5% were the biological mothers of the children. 
Therefore, to not lose a considerable number of par-
ticipants, assuming that most are biological mothers, 
we took into the study all female caretakers (from 
now on denoted only as mothers). Details of the 
cohort can be found at www.finhit.fi/for-researchers. 
The Fin-HIT study was approved by Coordinating 
Ethics Committee of the Hospital District of Helsinki 
and Uusimaa, Finland.

For children, anthropometric measures (height in 
meters (m), weight in kilograms (kg)) were obtained 
in a standardized way by trained field workers. Height 
was measured with a portable stadiometer and weight 
with portable and daily calibrated digital scales. Age 
in years and gender, both for mothers and children, 
and language spoken by children at home (Finnish, 
Swedish and others) was obtained from consent form 
or questionnaires, and confirmed by record linkages 
with the National Population Information System at 
the Population Register Centre.

Information on the mothers’ educational attain-
ment and maternal tobacco and alcohol consump-
tion was obtained by a standardized questionnaire. 
Stage of puberty was self-reported by the adolescents 
through Tanner stage pictograms including different 
breast development stages for girls and different 
stages of pubic hair development for boys and girls. 
Weight and height of mothers were self-reported. 
The mothers’ alcohol consumption was classified 
according to the Alcohol Use Disorders Identification 
Test (AUDIT) [11], which is a validated instrument 
to identify individuals with hazardous patterns of 
alcohol consumption consisting of 10 questions with 
total scores varying from 0 to 40. AUDIT’s total 
scores were then categorized into abstainers (score 
0), low–moderate drinkers (score 1–4), and harmful 
drinkers (score ⩾5). Although a score ⩾8 has been 
used to identify harmful or hazardous drinkers in 
several published studies, we adopt the score ⩾5 to 
indicate greater likelihood of drinking in an unhealthy 
or harmful way (denominated henceforth as harmful 
drinkers), since studies have shown that in women 
this score should be lower [12]. Tobacco consump-
tion was categorized as never, former and current 
smoker. Children’s BMI (weight in kg divided by 
height in m2) was categorized as underweight, nor-
mal weight and overweight or obese according to 
Cole and Lobstein Classification [13].

Statistical analysis

Categorical variables among BMI groups were com-
pared using Chi-square tests. The association between 
the maternal alcohol or tobacco consumption and the 

www.finhit.fi/for-researchers
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children’s BMI groups was estimated through relative 
risks (RR) and 95% confidence intervals (CI 95%) by 
Multinomial Logistic Regression, as BMI was evalu-
ated in three categories. As when the event of interest 
is common (incidence over than 10%) logistic regres-
sion models may lead to overestimated results, we 
also conducted Modified Poisson Regression models 
with robust error variance to estimate RR and CI 
95%, comparing normal weight with overweight and 
underweight groups. Given that the results were very 
similar using both methods, we present only the 
results estimated by Multinomial Logistic Regression 
to avoid multiple test problems.

Analyses comparing maternal tobacco and alco-
hol consumption were adjusted for children’s age 
and gender, maternal age, educational attainment, 
maternal BMI (in kg/m2), and language spoken at 
home.

Analyses were stratified by children’s gender, 
puberty stage (pre-puberty and puberty) and the 
women’s educational attainment in two categories: 
low (to high school graduate or technical qualifica-
tion) and high (academic or university degree). For 
all stratified analysis the interaction effect was 
assessed using the Likelihood Ratio test, comparing 
models with and without the respective terms of 
interaction.

Missing data were found for mothers only for edu-
cational attainment (n=26) and BMI (n=7). For 
these variables we applied multiple imputation with 
the PROC MI procedure in version 9.4 of SAS statis-
tical software (SAS Institute, Inc., Cary, North 
Carolina) and included these participants with miss-
ing data in the final analyses. For puberty stage we 
had 856 missing data. Since this variable was used 
only in stratified analysis, not in adjusted models, we 
did not include this variable in the multiple imputa-
tion procedure. All statistical analyses were con-
ducted using SAS version 9.4 statistical software and 
we adopted a 5% statistical significance level.

Results

Of the 4525 children included, 52.0% (n=2351) 
were girls and 48.0% (n=2174) boys. Their average 
age was 11.1 (± 0.8) years, ranging from 9 to 14.7 
years. Most children were normal weight (74.5%; 
n=3,373), 10.6% (n=479) were underweight and 
14.9% (n=673) were overweight or obese. The cate-
gory of obese children was too small (2.6%) to allow 
analysis separately from overweight; therefore all 
results will be presented combined for overweight 
and obesity. The proportion of boys and girls was 
similar in the normal weight and overweight groups; 
however, in the underweight group there was a higher 

proportion of girls (59.1%; n=283) compared with 
40.9% boys (n=196) (Table I).

Among mothers, 58.1% (n=2625) were normal 
weight, 1.9% (n=84) were underweight and 40.0% 
(n=1809) were overweight or obese. The average 
maternal age was 42.0 (± 5.3) years, and the age 
range was 25–69 years. Most mothers were never 
smokers (50.6%, n=2288), 35.7% were former 
smokers (n=1616), and 13.7% were current smokers 
(n=621). Most mothers (65.0%; n=2943) were low 
to moderate drinkers, 12.7% were abstainers (n=573) 
and 22.3% were harmful drinkers (n=1009). There 
are more mothers with low educational attainment in 
the overweight and obese group (55.5%; n=371) 
compared with 47.1% (n=225) in underweight group 
and with 44.9% (n=1506) in normal weight group 
(Table I).

Mothers who smoke had a higher risk of having 
an overweight or obese child (adjusted RR=1.36; 
95% CI: 1.05–1.76). There was an inverse associa-
tion between former smoking mothers and chil-
dren’s underweight (RR=0.70; 95% CI: 0.56–0.87) 
(Table II).

Results are also reported separately by gender, 
educational attainment (Table III) and puberty stage 
(Table IV). The results were not evaluated separately 
by gender, since there was no statistically significant 
interaction between maternal alcohol or tobacco 
consumption and children’s gender (p=0.200 and 
p=0.220, respectively). There was statistically signifi-
cant interaction for tobacco related to mothers’ edu-
cational attainment (p=0.004), but no interaction for 
alcohol and mothers’ educational attainment 
(p=0.054). There was also an interaction between 
children’s puberty stage and maternal alcohol or 
tobacco consumption (p<0.001). The inverse associ-
ation between former smoking mothers and chil-
dren’s underweight were observed in mothers with 
high educational attainment and also among children 
in pre-puberty stages (p<0.05) (Table III and IV). 
The increased risk of having overweight children was 
most remarkable in the subgroup of mothers with 
low educational attainment (RR=1.40; 95% CI: 
1.02–1.93) (Table III). Among children having 
reached puberty at the study time point, it was 
observed that abstainer mothers had an increased 
risk of having underweight children (RR=1.57; 95% 
CI: 1.03–2.41) compared with mothers with low or 
moderate alcohol consumption (Table IV).

Discussion

In this study we report that the maternal consump-
tion of tobacco and alcohol was associated with the 
children’s BMI groups.



506    R.A. Figueiredo et al.

Table I.  Characteristics of children and mothers by categories of the children’s Body Mass Index (BMI) groups.

Children’s BMI groups Total p-valuea

  underweight normal overweight + 
obese

n %

  n % n % n %

Characteristics of children  
Gender girl 283 59.1% 1742 51.6% 326 48.4% 2351 52.0% 0.001

boy 196 40.9% 1631 48.4% 347 51.6% 2174 48.0%
Puberty pre-puberty 191 48.4% 1051 38.5% 173 32.4% 1415 38.7% <0.001

puberty 204 51.6% 1676 61.5% 361 67.6% 2241 61.3%
Characteristics of mothers  
Education 
attainment

low education attainment 225 47.1% 1506 44.9% 371 55.5% 2102 46.7% <0.001
high education attainment 253 52.9% 1846 55.1% 298 44.5% 2397 53.3%

BMI groups underweight 22 4.6% 60 1.8% 2 0.3% 84 1.9% <0.001
normal 342 71.4% 2043 60.7% 240 35.8% 2625 58.1%
overweight 82 17.1% 894 26.5% 235 35.0% 1211 26.8%
obese 33 6.9% 371 11.0% 194 28.9% 598 13.2%

Tobacco 
consumption

never smokers 282 58.9% 1699 50.4% 307 45.6% 2288 50.6% <0.001
former smokers 142 29.6% 1232 36.5% 242 36.0% 1616 35.7%
current smokers 55 11.5% 442 13.1% 124 18.4% 621 13.7%

Alcohol 
consumption 
(AUDIT score)

low–moderate drinkers (1–4) 322 67.2% 2197 65.1% 424 63.0% 2943 65.0% 0.040
abstainers (0) 73 15.2% 416 12.3% 84 12.5% 573 12.7%

harmful drinkers (⩾5) 84 17.5% 760 22.5% 165 24.5% 1009 22.3%

aresults for Chi-square test.

Table II.  Risk relative (RR) and confidence intervals (CI) for mothers’ alcohol and tobacco consumption related to children’s Body Mass 
Index (BMI) groups.

Children’s BMI groupsa

  Normal Underweight Comparison normal × 
underweight

Overweight 
+ obese

Comparison normal × 
overweight

  n % n % RR (95% CI) p-value n % RR (95% CI) p-value

Mothers’ tobacco consumption
never smokers 1699 50.4% 282 58.9% 1 307 45.6% 1  
  former smokers 1232 36.5% 142 29.6% 0.70 (0.56–0.87) 0.001 242 36.0% 1.05 (0.87–1.28) 0.603
  current smokers 442 13.1% 55 11.5% 0.82 (0.59–1.14) 0.243 124 18.4% 1.36 (1.05–1.76) 0.021
Mothers’ alcohol consumption
(AUDIT score)
low–moderate drinkers (1–4) 2197 65.1% 322 67.2% 1 424 63.0% 1  
  Abstainers (0) 416 12.3% 73 15.2% 1.27 (0.96–1.68) 0.097 84 12.5% 0.94 (0.72–1.23) 0.630

  harmful drinkers (⩾5) 760 22.5% 84 17.5% 0.82 (0.63–1.06) 0.131 165 24.5% 1.00 (0.81–1.23) 0.969

aVariables in the models: Children’s gender, age, language; Mothers’ age, BMI, education attainment, tobacco, alcohol.

Current smoking among the mothers was associ-
ated with children’s overweight or obesity. Similar 
results regarding the influence of maternal smoking 
on the weight of their children have been reported 
previously in a large multicentre study [14]; however, 
that study did not report results according to BMI 
category. Our study was also consistent with the 
results by Huerta et al. [15] among Israeli children 
that showed parental smoking being associated with 
children’s overweight. The mechanism by which 
tobacco consumption by parents affects adolescents’ 

weight is unclear, although it may reflect a more 
unhealthy family lifestyle or parenting style in general 
[14]. Future studies are needed to understand the 
mechanisms by which tobacco smoking among par-
ents, in particular mothers, affect body weight in 
adolescents. Epigenetic mechanisms may have some 
influence in the development of overweight and obe-
sity [16,17]. There is epidemiological and experi-
mental evidence suggesting that tobacco exposure 
during pregnancy and during the offspring’s early 
childhood activate epigenetic mechanisms that may 
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lead to obesity and endocrine dysfunction among the 
offspring [18]. A recent study showed that maternal 
smoking during pregnancy influenced methylation 
patterns in offspring, assessed through the cord blood 
of newborns [19].

We found an inverse association between mothers 
being a former smoker and underweight among their 
children. We did not find studies in the literature 
about parental smoking cessation and its impact on 
their children’s body weight in adolescence. However, 
studies show that former smokers learn to handle 
stress without tobacco need, they have an increased 
feeling of well-being and improved mental health 
compared with current smokers [20]. Thus, it is 
plausible that parental smoking cessation may have 
an overall impact on the family’s well-being, includ-
ing avoiding children becoming underweight. Some 
studies suggest that smoking is associated with 
depression [21]. Maternal depression and other 
mental health issues have been reported to affect 
children’s nutritional status, adolescents’ behaviour 
and lower BMI among girls at ages 8–9 [22,23]. 
Mothers who are former smokers may have a lower 

probability of depression, which may influence their 
children’s BMI.

Among children having reached puberty we found 
that abstainer mothers had an increased risk of hav-
ing underweight children compared with mothers 
with low or moderate alcohol consumption. We used 
the AUDIT questionnaire to evaluate the pattern of 
alcohol consumption in the mothers. The advantage 
of AUDIT is that it is a simple instrument with only 
10 questions and has proven sensitivity and specific-
ity to identify unhealthy behaviours related to alco-
hol consumption [12]. Finland is a country with 
high per capita consumption of alcohol and low per-
centage of abstainers as compared with other 
European countries [24]. In our study, where par-
ticipants were recruited in 2011–2014, we found 
that 12.7% of the mothers were abstainers, and this 
result is similar to the 2010 estimates for Finland 
with 10.7% of women being abstainers [24]. Alcohol 
intake is an established risk factor for several dis-
eases in humans [25,26], while the impact of alcohol 
on cardiovascular health is still debated [27]. 
Abstainers may have a different lifestyle, including 

Table IV.  Risk relative (RR) and confidence intervals (CI) for the mothers’ alcohol and tobacco consumption related to children’s Body 
Mass Index (BMI) groups stratified by puberty stageb,c..

Children’s BMI groups 

  Normal Underweight Comparison normal × 
underweight

Overweight 
+ obese

Comparison normal × 
overweight

  n % n % RR (95% CI) p-value n % RR (95% CI) p-value

Model for children in pre-pubertya

Mothers’ tobacco
  consumption
    never smokers 497 47.3% 110 57.6% 1 68 39.3% 1  
    former smokers 422 40.2% 61 31.9% 0.66 (0.46–0.93) 0.018 69 39.9% 1.16 (0.80–1.68) 0.443
    current smokers 132 12.6% 20 10.5% 0.82 (0.47–1.43) 0.479 36 20.8% 1.51 (0.92–2.49) 0.102
Mothers’ alcohol consumption
(AUDIT score)
  low–moderate drinkers (1–4) 683 65.0% 126 66.0% 1 104 60.1% 1  
    Abstainers (0) 145 13.8% 29 15.2% 1.14 (0.72–1.80) 0.576 19 11.0% 0.79 (0.46–1.36) 0.396
    harmful drinkers (⩾5) 223 21.2% 36 18.8% 0.95 (0.63–1.45) 0.813 50 28.9% 1.20 (0.81–1.77) 0.359
Model for children in pubertya

  Mothers’ tobacco consumption
    never smokers 865 51.6% 120 58.8% 1 173 47.9% 1  
    former smokers 598 35.7% 59 28.9% 0.74 (0.53–1.03) 0.078 122 33.8% 0.92 (0.70–1.20) 0.522
    current smokers 213 12.7% 25 12.3% 0.92 (0.57–1.50) 0.741 66 18.3% 1.37 (0.96–1.97) 0.085
Mothers’ alcohol consumption
(AUDIT score)
  low–moderate drinkers (1–4) 1097 65.5% 133 65.2% 1 239 66.2% 1  
    Abstainers (0) 182 10.9% 33 16.2% 1.57 (1.03–2.41) 0.036 42 11.6% 0.85 (0.58–1.27) 0.431

    harmful drinkers (⩾5) 397 23.7% 38 18.6% 0.86 (0.59–1.28) 0.462 80 22.2% 0.84 (0.62–1.13) 0.243

aVariables in the models: Children’s gender, age, language; Mothers’ age, BMI, education attainment, tobacco, alcohol.
b�likelihood ratio test to evaluate models with and without interaction between mothers’ tobacco consumption and children’s puberty stage: 
p<0.001.

c�likelihood ratio test to evaluate models with and without interaction between mothers’ alcohol consumption and children’s puberty stage: 
p<0.001.
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dietary patterns, than alcohol drinkers. While most 
studies have shown that alcohol consumption is 
associated with an increased risk of mental health 
problems, some studies have found that light to 
moderate alcohol consumption is associated with 
decreased anxiety and depression [28,29]. In other 
studies maternal depression has been associated 
with offspring malnutrition [22,30]. More studies 
need to be carried out to evaluate a possible associa-
tion between parental alcohol consumption, mater-
nal depression and weight in adolescents.

Our study has several strengths: it is based on a 
large population of children and their mothers. We 
were able to explore associations between maternal 
alcohol and tobacco consumption not only with chil-
dren’s overweight and obesity but also children’s 
underweight, while considering other important 
potential confounders and effect modifiers such as 
children’s age and gender, maternal age, educational 
attainment and BMI. Our study has several limita-
tions: we could not separate the analysis of children 
in the overweight and obese group due to small num-
bers of obese adolescents. We lack information on 
why mothers had never consumed alcohol, the 
amount of tobacco consumed, smoking duration and 
time since quitting among former smokers. We also 
lack information on children’s birthweight and if the 
children consumed tobacco and alcohol themselves, 
although given their young age it is highly unlikely 
that they did so in Finland.

In conclusion, this study shows that mothers’ con-
sumption of tobacco and alcohol is associated with 
their children’s BMI in adolescence. Current smok-
ing mothers were associated with children’s over-
weight and former-smoker mothers were inversely 
associated with children’s underweight. Among chil-
dren having reached puberty, being an abstainer 
mother was associated with the children’s under-
weight. If our results are confirmed by other studies, 
they provide further arguments that potential public 
health interventions in order to maintain a healthy 
weight in adolescents need to target entirely families, 
and not only adolescents themselves.
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