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Abstract

Objective—To assess the weight gain dur-
ing the first year of life in relation to ma-
ternal smoking during pregnancy and the
duration of breastfeeding.

Design—This was a one year cohort study.
Setting—The city of Oslo, Norway.
Participants—Altogether 3020 children
born in Oslo in 1992-93. Children were
divided into three groups as follows: 2208
born to non-smoking mothers, 451 to
mothers who were light smokers (<10 ci-
garettes per day), and 261 to mothers who
were heavy smokers (=10 cigarettes per
day).

Main results—The mean birth weights
were 3616 g, 3526 g, and 3382 g and 1 year
body weights were 10 056 g (gain 6440 g per
year), 10141g (6615g), and 10158¢g
(6776 g) in children of non-smoking and
light and heavy smoking mothers re-
spectively. Cox regression analysis showed
that children of heavy smokers were 2.0
(95% confidence interval, 1.7, 2.3) times
and children of light smokers 1.3 (1.2, 1.5)
times more likely to have stopped breast
feeding during their first year of life com-
pared with children whose mothers were
non-smokers. Linear regression analysis,
adjusting for confounders, showed that
weight gain was slower in breast fed chil-
dren than in those who were not breast fed
(—38g (—50, —27) per month of breast
feeding). Compared with children of non-
smokers, the adjusted weight gain was
147 g (40, 255) per year greater in children
of light smokers and 184g (44, 324) per
year in children of heavy smokers.
Conclusion—Children catch up any losses
in birth weight due to maternal smoking,
but some of the catch up effect is caused
by a shorter duration of breast feeding in
children of smoking mothers.

(¥ Epidemiol Community Health 1997;51:261-265)

Smoking during pregnancy has adverse effects
on fetal growth and results in low birth
weight.'” It has been suggested that deficits in
child development due to maternal smoking in
pregnancy may persist during childhood, and
even into adulthood.*® Conter ez al reported
recently that children exposed to maternal
smoking during pregnancy had caught up in
body weight by the age of 6 months.” They did

not, however, consider nutrition during the first
year of life. Feeding practices during the first
year of life may be important in explaining
catch up growth. In at least two previous studies
children who were not breast fed had a higher
rate of growth than those who were.®® Fur-
thermore, maternal smoking was inversely as-
sociated with the length of breast feeding,'
suggesting that breast feeding is a potential
confounding factor in the study of smoking
and weight gain.

A cohort of newborns was established in
Oslo, Norway during 1992 and 1993. The data
collected included information on birth weight,
weight at 1 year, maternal smoking, and breast
feeding practices during the first year of life.
The objective of the present study was to assess
the weight gain during the first year of life in
relation to maternal smoking during pregnancy
and breast feeding.

Methods
RECRUITMENT AND DATA COLLECTION
The source population included children born
during a period of 15 months in the city of
Oslo. The eligibility criteria were: permanent
address within the city of Oslo, no plans for
moving from Oslo within the near future, birth
weight greater than 2000 g, at least one family
member able to speak and write Norwegian, at
least one biological parent living together with
the child, and no known drug abuse in the
family. As this was a part of a study of the
relation between environmental exposures and
the development of obstructive respiratory
symptoms in childhood, children born with
serious illnesses which might impair respiration
and children who had received assisted vent-
ilation or oxygen therapy after 6 hours of life
were excluded. Children with low birth weight
were excluded due to an expected high risk of
being born with respiratory diseases and a high
awareness among their parents and doctors of
symptoms and illnesses during childhood.

Recruitment into the study was conducted
by midwives at the two main maternity clinics
in Oslo. A total of 6400 children were born at
the hospitals during the recruitment period.
Language problem (in immigrants) was the
main reason for exclusion (n=1045), together
with address outside Oslo (n=180) and low
birth weight (n=160).

A maximum of 4973 children were found
eligible for the cohort. Families fulfilling the
inclusion criteria were informed about the main



262

objectives of the study during their stay on the
maternity wards and invited to participate. Of
the eligible families, 3754 (76%) accepted the
invitation. Participants signed a consent form
and filled in unaided a health and exposure
questionnaire. Birth weight and gestational age
were recorded from hospital files. Umbilical
cord blood samples were collected from 79%
of the participants. When the child was 6 and 12
months old, the participating families received
postal questionnaires on health and environ-
mental exposures during the first year of life.

The study was approved by the Norwegian
Data Inspectorate and the Regional Ethical
Committee for Medical Research.

STUDY POPULATION

Of the 3754 children entered into the cohort,
3020 (81%) were included in the present ana-
lysis. Twins (n=88) were excluded from the
analysis, together with 296 children from
families who did not reply to the 12 months
questionnaire and 350 children for whom in-
formation on birth weight, body weight at age
1 year, maternal smoking, or duration of breast
feeding was missing.

OUTCOME MEASURES

The main outcome was the average weight gain
(in g per year) during the first year of life.
Weight (g) and length (cm) at the age of 1 year
were measured by nurses at the routine health
controls conducted at local health centres. Res-
ults from the most recent measurements were
reported in the 12 month questionnaire to-
gether with the date of the measurements.
Based on these data and the date of birth, the
children’s exact age at the measurements was
calculated. Weight and length at the age of
1 year were then calculated by applying cor-
rection factors based on standard Norwegian
centile diagrams'' and the children’s exact age
at the measurements. Weight gain during the
first year of life was calculated as the weight at
age 1 year minus the birth weight. According
to the standard Norwegian centile diagrams,
the 50th centile birth weight for boys was
3600 g and that for girls was 3450 g, and the
weights for age 1 year were 10 400 gand 9700 g
respectively. Body mass index was calculated

as weight(kg)/(length (m?)."

KEY POINTS
e Any reduction in birth weight related to
maternal smoking during pregnancy seems
to be overcome by 1 year of age.
@ Part of the increased weight gain in infants
of mothers who smoke seems to be due to
a shorter duration of breast feeding in these
children.
e Weight gain related to maternal smoking
and a shorter period of breast feeding may
not represent a recovery from the adverse
effects of smoking during pregnancy.
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MATERNAL SMOKING AND BREAST FEEDING
Maternal smoking during pregnancy was the
main determinant of interest and was assessed
by self administered questionnaire about smok-
ing at the end of pregnancy. Using the same
classification as Conter et al,” mothers were
categorised as non-smokers, light smokers (<10
cigarettes per day), and heavy smokers (=10
cigarettes per day). Occasional smokers, those
who reported smoking less frequently than each
day, were categorised as light smokers. In-
formation on smoking habits among other per-
sons living in the child’s home was also
collected. Biomarkers of tobacco smoke ex-
posure were measured in umbilical cord serum
taken at birth for 202 randomly selected moth-
ers.”> An excellent agreement was shown be-
tween high and low levels of biomarkers and
daily (88% high cotinine levels) and non-smok-
ing mothers (96% low cotinine levels) indicating
that the mothers reported their smoking habits
correctly. Breast feeding is presented as the dur-
ation of breast feeding in months.

COVARIATES

Information on gender, first born child, ma-
ternal age (<25 years, 25-30 years, >30 years),
maternal education (<12 years, 13-15 years,
>15 years), single parenthood, and family
income per year (<200000Nkr, 200-
500 000 Nkr, >500 000 Nkr) were collected
from the birth questionnaire. Data on exposure
to environmental tobacco smoke (ETS) (if the
child lived together with a smoker other than
the mother at the age of 6 months) and the
introduction of solid food before the age of 6
months were from the 6 month questionnaire.

STATISTICAL METHODS
The association between the duration of breast
feeding and maternal smoking rate was assessed

Table 1 Characteristics of children and mothers in the
study population and of those lost to follow up or excluded
from the analysis. Oslo birth cohort, Norway 1992-93*+

1 year Lost to follow
cohort up or excluded
mn=30200% (n=646)%
Gender (male) 52 52
Birth weight (g):
<2500 2 2
2500-3499 42 44
+3500 57 54
Firstborn child 52 48
Maternal age (y):
<25 11 17
25-30 36 38
>30 53 46
Maternal education (y):
<12 6 14
12-15 39 44
>15 55 42
Maternal smoking at the end of pregnancy:
o 76 71
Occasional 9 9
Daily 14 20
Family income per year (Nkr):
<200 000 15 27
200-500 000 67 57
>500 000 19 16
Gestational age <38 wk 4 3

* 88 twins are excluded from the total cohort (n=3754).

+ Data were missing for between for 0 to 278 subjects for each
characteristic (birth weight=20, maternal age=1, maternal
education = 38, maternal smoking at the end of pregnancy=7,
family income =78, gestational age =278).
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Table 2 Family characteristics in relation to maternal smoking habits at the end of
pregnancy for 3020 children in the Oslo birth cohort, Norway 1992-931

Maternal smokingt
Non k Light ker Heavy ker p value
(n=2308) (n=451) (n=261)
%) (%, %)
Gender (male) 53 46 56 *
Firstborn child 53 52 49
Maternal age (y): *
<25 10 14 16
25-30 36 35 36
>30 54 51 48
Maternal education (y): **
<12 4 8 19
12-15 35 48 57
>15 61 44 24
Single parenthood at birth 4 9 14 **
Family income per year (Nkr): **
<200 000 13 18 26
200-500 000 66 68 65
>500 000 20 14 10
Breastfeeding after 6 months (yes) 75 59 41 **
Exposed to enviromental tobacco smoke§ 28 63 73 **
Introduction to solid food before age 83 91 93 **

6 mth

+ Data were missing for between for 0 to 86 subjects for each characteristic (maternal education =
23, single parenthood = 6, family income =44, exposed to ETS =76, introduction of solid food =
86).

} Light smoker =less than 10 cigarettes per day, Heavy smoker =10 or more cigarettes per day.
§ Children living together with a smoker other then the mother at the age of 6 months.

*p<0.05, **p<0.01 32

using Spearman’s correlation coefficient, a sur-
vival function plot (actuarial), and Cox re-
gression analysis. The Cox regression model
met the requirements of proportional hazards.
Children who were not breast fed at all (n=
29) were excluded from the model. The role
of maternal smoking during pregnancy and the
duration of breast feeding as determinants of
weight gain during the first year of life were
assessed in multiple linear regression analysis
adjusting for confounders. Birth weight and
the length of breast feeding were treated as
continuous variables while the rest were cate-
gorised as described. The analysis was per-
formed using SPSS for Windows, version 6.0.'*

Results
Table 1 shows characteristics of the families
and children included in the analysis and those
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lost to follow up or excluded. Families lost to
follow up or excluded from the present analysis
had lower income and the mothers were
younger and less educated and tended to smoke
more than those included in the analysis.

The duration of breast feeding and several
of the covariates (family income, maternal age
and income) were related to maternal smoking
(table 2).

The mean birth weights of babies born to
mothers who were non-smokers, light smokers,
and heavy smokers were 3616 g, 3526 g, and
3382 g respectively (table 3). The crude differ-
ences between smokers and non-smokers were
statistically significant. The mean weight gain
during the first year was higher both in the
children of heavy smokers (6776 g per year),
and light smokers (6615 g per year) compared
with children of non-smokers (6440 g per year).
Consequently, the mean body weight at the
age of 1 year was similar in the children of
smoking and non-smoking mothers. The same
was also the case for the body mass index at
1 year of age. Analysis performed with un-
corrected 1 year body weights or only with
children with 1 year body weights measured
within two weeks of the child’s birthday gave
similar contrasts between the groups. Differ-
ences in weight gain in relation to maternal
smoking were shown in both boys and girls.

Weight gain during the first year was 6719 g
(95% CI, 6644, 6793) in children breast fed
for 0-6 months and 6427 g (6383, 6471) in
children breast fed for more than 6 months.
For each month of breast feeding, there was a
decrease in weight gain of on average 43 g (32,
54) per year; it was 33 g (18, 47) per year in
boys and 49 g (34, 63) per year in girls.

Only 29 (1%) children were not breast fed
at all and 2112 (70%) children were breast fed
for more than six months. Maternal smoking
was significantly associated with most of the
covariates in table 2. The Spearman correlation
between maternal smoking and length of breast
feeding (months) was —0.23, p<0.001. Chil-

Table 3 Means (95% confidence intervals (CI)) for birth weight, 1 year body weight, weight gain during the first year, and body mass index (BMI)
at 1 year in relation to gender and maternal smoking for 3020 children in the Oslo birth cohort 1992-93+

Boys Girls Total
Variable/maternal
smoking status No Mean (95% CID No Mean (95% CID No Mean (95% CI)
Birth weight (g):
Non-smoker 1214 3688 (3660, 3717) 1094 3536 (3507, 3565) 2308 3616 (3596, 3636)
Light smoker (<10 cig/d) 208 3573** (3502, 3644) 243 3485 (3430, 3542) 451 3526*** (3481, 3571)
Heavy smoker (10 + cig/d) 145 3412*** (3329, 3494) 116 3345*** (3265, 3424) 261 3382*** (3324, 3440)
Total 1567 3648 (3622, 3678) 1453 3512 (3487, 3538) 3020 3582 (3565, 3600)
1y body weight (g):
Non-smoker 1214 10417 (10354, 10 480) 1094 9656 (9595, 9717) 2308 10056 (10010, 10103)
Light smoker (<10 cig/d) 208 10523 (10371, 10 675) 243 9814* (9669, 9959) 451 10141 (10031, 10251)
Heavy smoker (10 + cig/d) 145 10369 (10177, 10561) 116 9893* (9705, 10 082) 261 10158 (10019, 10 296)
Total 1567 10427 (10371, 10482) 1453 9701 (9647, 9755) 3020 10078 (10037, 10119)
Weight gain during sty of life (gly):
Non-smoker 1214 6729 (6670, 6787) 1094 6120 (6063, 6177) 2308 6440 (6397, 6483)
Light smoker (<10 cig/d) 208 6950** (6807, 7094) 243  6329** (6197, 6460) 451 6615*** (6514, 6717)
Heavy smoker (10 + cig/d) 145 6957* (6780, 7134) 116 6549*** (6368, 6729) 261 6776*** (6647, 6905)
Total 1567 6779 (6727, 6831) 1453 6189 (6138, 6240) 3020 6495 (6457, 6533)
BMI at 1y:
an-smoker 1210 17.5 (17.3, 17.7) 1082 17.1 (16.9, 17.3) 2292 17.3 (17.3, 17.3)
Light smoker (<10 cig{d) 208 17.6 (17.4, 17.8) 241 17.2 (17.0, 17.4) 4490 17.4 (17.2, 17.6)
Heavy smoker (10 + cig/d) 144 17.6 (17.4, 17.8) 115 174 (17.2, 17.6) 269 17.5 (17.3, 17.7)
Total 1562 17.5 (17.5, 17.5) 1438 17.2 (17.0, 17.4) 3000 17.3 (17.3, 17.3)

1 20 children excluded in the analysis of body mass index because of missing information on length.
Student’s ¢ test between different catergories of maternal smoking habits (non-smokers are the reference catergory).
* =0.05=>p>0.01, ** =0.01=>p>0.001, *** =0.001 =>p (no correction for multiple comparison has been conducted).
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Figure 1 The duration of breast feeding (months) in 3020 children in the Oslo birth
cohort in relation to maternal smoking habits in late pregnancy (actuarial).

Table 4 Weight gain during the first year of life (gly) in relation to maternal smoking
and duration of breast feeding (mth) in 3020 children of the Oslo birth cohort 1992-93

(linear regression)

Crude Adjusted
weight (95% CD weight (95% CI)
gain gaint
Boys
Maternal smoking*:
Light smoker (<10 cig/d) 221 67, 376 175 14, 335
Heavy smoker (+ 10 cig/d) 229 48, 409 107 —87, 302
Length of breast feeding (mth) -33 —47, —18 —-32 —48, —16
Girls
Maternal smoking*:
Light smoker (<10 cig/d) 209 73, 345 117 —29, 263
Heavy smoker (+ 10 cig/d) 429 241, 616 284 83, 485
Length of breast feeding (mth) —49 —63, —34 —45 —61, —30
Total
Maternal smoking*:
Light smoker (<10 cig/d) 175 68, 282 147 40, 255
Heavy smoker (+ 10 cig/d) 336 200, 471 184 44, 324
Length of breast feeding (mth) —43 —54, —32 —38 —50, —27

* Non-smoking mothers are the reference catergory.

1 Adjusted for birth weight, time for introduction of solid food, passive smoking (other person
than the mother smoking in the child’s home) and first born child. Also adjusted for gender in
the total (boys and girls together).

Information on maternal age, maternal education and family income were tried out but not
included in the final model due to lack of association with weight gain.

dren of smoking mothers generally had a
shorter length of breast feeding compared with
those of non-smoking mothers (fig 1). In a Cox
regression model, children of heavy smoking
mothers were, on average, 2.0 (95% CI, 1.7,
2.3) times and children of light smoking moth-
ers 1.3 (1.2, 1.5) times more likely to have
stopped breast feeding during their first year
of life compared with children of non-smoking
mothers. Independent variables in the model
were gender, birth weight, maternal education,
maternal age, family income, and single par-
enthood.

Linear regression analysis adjusting for breast
feeding and potential confounders showed that
the mean weight gain was 147 g (95% CI, 40,
255) per year greater in the children of light
smokers and 184 g (44, 324) per year greater
in the children of heavy smokers compared
with children of non-smokers. The adjusted
effect of breast feeding on weight gain was
—38¢g (—50, —27) per month of breast feed-
ing. Table 4 shows corresponding crude and
adjusted estimates separately for boys and girls.
Inclusion of breast feeding in the linear re-
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gression model reduced the effect of smoking
on weight gain. The adjusted effect of breast
feeding did not differ essentially from the crude
estimates. Covariates indicating socioeconomic
status and ETS exposure did not contribute
significantly to the models.

Discussion

Understanding the determinants of growth in
early life is important, because there is in-
creasing evidence that growth disturbance at
this time predicts later health conditions such
as the occurrence of respiratory symptoms,'’
coronary heart disease,'®'® glucose intoler-
ance,” and obesity in childhood and
adulthood.??' Qur one year cohort study of
Oslo children offered an opportunity to assess
the role of maternal smoking during pregnancy
and the length of breast feeding as determinants
of weight gain during the first year of life.
Compared with the children lost to follow up
or excluded from the analysis, the children
included had a somewhat higher socio-
economic status and birth weight. Still, the
mean birth weight and weight gain during the
first year of life of children included in the
analysis was as expected for Norwegian chil-
dren." Exclusion of children with low birth
weight and difference in willingness to par-
ticipate related to socioeconomic status could
both have affected the maternal smoking rate
and length of breast feeding. This shows the
necessity to control for confounding when
studying the relation between smoking, breast
feeding, and weight gain. Exclusion of children
with a low birth weight may have decreased
the magnitude of differences in birth weight in
relation to smoking status. Even so, the birth
weight was, consistent with previous know-
ledge, on average lower in newborns of mothers
who smoked than in newborns of mothers that
did not smoke during pregnancy.

During the first year of life, the children of
smoking mothers gained weight faster and by
the age of 1 year both their average body weight
and body mass index were similar to those
of the children of non-smoking mothers. Our
observations are thus consistent with the recent
report by Conter.” As a new observation, our
results indicate that part of the catch up growth
could be explained by the shorter duration of
breast feeding in smokers, while the length of
breast feeding was inversely related to weight
gain. However, the average weight gain was
somewhat higher in children of smoking moth-
ers, even after controlling for the duration of
breast feeding. The effects on weight gain due
to maternal smoking and breast feeding were
shown for both genders, even though it seemed
to be stronger in girls. The median length of
breast feeding in the present study was nine
months, which is lengthy in international terms,
but consistent with a previous report from
Norway.?? Our large scale, population based
cohort study confirms the observation by
Feinstein et al'® on the relationship between
maternal smoking and the duration of breast
feeding. Partly because of the lengthy breast
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feeding we were also able to provide a quan-
titative estimate of the relation.

Socioeconomic factors did not significantly
contribute to the catch up growth. This is not
surprising. The level of education and family
income among participating families were gen-
erally high and sufficient for adequate nour-
ishing of children both during the breast feeding
period and afterwards.

Our results suggest that the fetal growth
deficit caused by maternal smoking during
pregnancy is compensated for by faster weight
gain during the first year of life, but part of the
faster weight gain is related to the shorter length
of breast feeding in smoking mothers. This
raises two important questions. Does the catch
up in weight represent a true recovery from the
adverse effects of smoking on fetal growth and
is the weight gain related to mother’s smoking
and shorter breast feeding desirable?
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