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To the Editor,
There is a mounting body of evidence that grandmaternal smok-
ing increases the risk of asthma not only in their children but 
also in nonexposed grandchildren [1]. Effects of in utero expo-
sure to tobacco smoke might be transmitted over generations via 
epigenetic modification of the foetal germ cells suggesting that 
the effects could be sex specific [2].

Using prospectively collected data over three generations from 
Swedish national registries, we have demonstrated that mater-
nal [3] but not paternal [4] grandmother's smoking during preg-
nancy was related to an increased risk of grandchild asthma. 
We have now set up a much bigger registry-based cohort also 
comprising data on paternal smoking from the Swedish con-
script registry. Our aim was to assess whether potential effects 
of grandmaternal and parental smoking were sex specific and 
whether paternal smoking affected the associations.

We have used dispensed prescriptions of leukotriene antago-
nists (Anatomic Therapeutic Chemical (ATC) code R03) and/
or inhaled steroids (ATC codes R03AK06, R03AK07, R03AK08, 
R03AK11, R03BA) as a proxy for asthma. We have defined three 
phenotypes of asthma during the first 6 years of life as suggested 
by Martinez et al [5]:

Early transient asthma was defined as purchase of at least two 
prescriptions of asthma medication before 3 years of age and no 
or less than two purchases after 3 years of age, early persistent as 
at least two purchases also after 3 years of age and late onset as 

at least two prescriptions after 3 years of age but no or less than 
two before.

The study cohort comprised 28,723 children together with their 
parents and grandmothers. The prevalence of asthma was 7.8%. 
Grandchild asthma was almost twice as common in boys as in 
girls. Smoking during pregnancy has declined over the years, 
and maternal and grandmaternal smoking habits in early preg-
nancy were closely associated with maternal age. Additional 
information: https://​zenodo.​org/​doi/​10.​5281/​zenodo.​12610766.

The effects of smoking variables on asthma risk were studied 
using multinomial logistic regression, with crude, adjusted and 
interaction models defined in Table 1.

In the final model with all adjustments allowing interaction 
between sex and smoking variables, the associations with ma-
ternal grandmother's smoking on late onset and early persistent 
asthma were statistically significantly larger in girls than in 
boys. Paternal grandmother's smoking had no association with 
grandchild asthma. However, paternal smoking increased early 
transient asthma and late-onset asthma in boys, with statisti-
cally significantly lower odds ratio (OR) in girls.

We have also assessed the outcome with a wider definition of 
asthma based on any asthma medication also including an in-
haled beta2-agonist (ATC codes R03AC and R03AL). When 
this asthma definition was considered, maternal grandmother's 
smoking was associated with an increased but similar risk of 
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TABLE 1    |    Asthma phenotypes in grandchildren by grandmaternal and maternal smoking (at least one cigarette per day) in early pregnancy and 
paternal smoking at conscription. Asthma phenotype definitions based on prescriptions of inhaled steroids and/or leukotriene antagonists.a

Smoking status
Early transient 

asthma, OR (95% CI)
Early persistent 

asthma, OR (95% CI)
Late-onset asthma, 

OR (95% CI)

Model Ab

n 484 834 920

Maternal smoking, yes 1.46 (1.13–1.90) 1.28 (1.04–1.58) 1.01 (0.82–1.26)

Paternal smoking, yes 1.26 (0.98–1.61) 0.91 (0.73–1.12) 1.00 (0.82–1.21)

Maternal grandmother 
smoking, yes

1.15 (0.96–1.38) 1.27 (1.10–1.46) 1.22 (1.07–1.40)

Paternal grandmother 
smoking, yes

1.11 (0.92–1.33) 1.06 (0.92–1.22) 0.97 (0.84–1.11)

Model Bc

n 484 834 920

Maternal smoking, yes 1.37 (1.05–1.80) 1.21 (0.98–1.51) 0.95 (0.76–1.19)

Paternal smoking, yes 1.17 (0.91–1.51) 0.85 (0.69–1.06) 0.99 (0.81–1.21)

Maternal grandmother 
smoking, yes

1.08 (0.90–1.31) 1.24 (1.07–1.43) 1.23 (1.08–1.41)

Paternal grandmother 
smoking, yes

1.05 (0.87–1.27) 1.03 (0.89–1.19) 0.95 (0.83–1.09)

Model Cd

n 469 807 883

Maternal smoking, boys 1.32 (1.30–1.35) 1.14 (1.10–1.17) 0.95 (0.93–0.98)

Girls 1.15 1.15 0.96

Girls/boys 0.87 (0.85–0.88) 1.01 (1.00–1.03) 1.01 (0.99–1.02)

Paternal smoking, boys 1.31 (1.29–1.34) 0.88 (0.84–0.92) 1.16 (1.11–1.22)

Girls 0.92 0.84 0.87

Girls/boys 0.70 (0.70–0.71) 0.96 (0.94–0.98) 0.75 (0.73–0.77)

Maternal grandmother 
smoking, boys

1.09 (1.04–1.14) 1.15 (1.02–1.29) 1.20 (1.07–1.34)

Girls 0.92 1.32 1.40

Girls/boys 0.84 (0.80–0.88) 1.15 (1.08–1.22) 1.17 (1.10–1.25)

Paternal grandmother 
smoking, boys

1.05 (1.01–1.10) 1.14 (1.01–1.29) 1.12 (1.00–1.26)

Girls 0.84 0.82 0.76

Girls/boys 0.80 (0.76–0.83) 0.72 (0.68–0.77) 0.68 (0.64–0.72)
aEstimates of associations from multinomial logistic regression model where the reference group for all analyses are those with no asthma/wheeze (defined as less than 
two purchases of inhaled steroids and/or leukotriene antagonists before 3 years of age and less than two purchases of inhaled steroids and/or leukotriene antagonists 
after 3 years).
bModel A: Crude OR.
cModel B: ORs after mutual adjustment for grandmaternal, maternal and paternal smoking habits.
dModel C: ORs after mutual adjustment for grandmaternal, maternal and paternal smoking habits and additionally adjusted for maternal and paternal grandmothers 
age when the parents were born, maternal and paternal age when the child was born, grandparental and parental level of education (all as factor with three levels) 
and social welfare support (all Y/N), grandparental and parental asthma medication or hospital care for asthma (all Y/N), maternal body mass index at first visit to 
maternal care, county of residence at the grandchild's, mother's and father's birth, birth weight and if the child was born small for gestational age and four different 
interaction terms between child sex and parental and grandparental smoking.
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asthma in granddaughters and grandsons. Paternal smoking 
had a strong association with early transient asthma in boys, but 
not at all in girls. Additional information: see above!

This study supports our previous findings that maternal but not 
paternal grandmother's smoking is associated with an increased 
risk of grandchild asthma in early life. Maternal grandmother's 
smoking had a stronger association with early persistent and 
late-onset asthma in the granddaughters than in the grandsons 
but only when we used the more restricted definition of asthma. 
Interestingly, maternal smoking and maternal grandmother's 
smoking in pregnancy were associated with different phenotypes 
of asthma. Grandmaternal smoking has been associated with DNA 
methylation in the grandchildren and a recent study indicated 
that epigenetic modifications induced by grandmaternal smoking 
seem to differ from those induced by maternal smoking [6].

Maternal smoking in pregnancy was a risk factor for early onset 
transient asthma in both boys and girls whereas paternal smok-
ing at the age of 18 was related to early onset transient asthma 
only in boys. However, the sex-specific association between 
paternal smoking and offspring asthma may suggest that fa-
ther's smoking before conception is important. It has been hy-
pothesised in men that this is a developmental window in early 
puberty with an increased vulnerability to epigenetic modifica-
tions caused by environmental exposures [7]. However, pater-
nal smoking in our study is based on reported smoking habits 
at conscription and we do not know who had started smoking 
already in early puberty.

Diagnosing asthma is challenging in children less than 5 years 
[8]. We have used dispensed prescribed medication as a proxy 
for asthma. However, the broad definition based on any asthma 
medication is likely to be less specific including many children 
with viral-induced wheezing and inhaled beta2-agonists as the 
only treatment.

Not only the genes but also the impact of lifestyle and envi-
ronmental exposures are transmitted over the generations. We 
have adjusted for parental and grandparental educational lev-
els in our analyses. However, data on lifestyle factors (except 
for smoking) are missing in the registries and we cannot fully 
exclude that residual confounding due to, for example breast 
feeding and dietary habits may have affected our findings. Our 
definition of phenotypes may be subject to misclassification as 
it is based only on child age at onset since information on atopic 
status is missing in the registries. Therefore, we should be cau-
tious in interpreting the differences by phenotype.

To summarise, we found that the risk of asthma related to grand-
maternal smoking is transmitted to the grandchildren via the 
maternal line. There is some evidence that the risk of grandchild 

asthma is stronger in girls than in boys. The sex-specific associ-
ation between paternal smoking and offspring asthma is a new 
finding which should be further investigated in epidemiological 
and mechanistic studies.
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Summary

•	 The risk of grandchild asthma related to grandmater-
nal smoking is transmitted via the maternal line.

•	 Paternal smoking at conscription was related to an in-
creased risk of asthma in boys.

 13652222, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cea.14541 by U

m
ea U

niversity, W
iley O

nline L
ibrary on [12/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	Sex Disparities in Asthma Related to Parental and Grandmaternal Smoking Habits—A Population-Based Register Study
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References


