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ABSTRACT

Objective To explore the effects of maternal
smoking during pregnancy on offspring growth

using three approaches: (1) multiple adjustments for
socioeconomic and parental factors, (2) maternal—
paternal comparisons as a test of putative intrauterine
effects and (3) comparisons between two birth cohort
studies.

Methods Population-based birth cohort studies were
carried out in Pelotas, Brazil, in 1993 and 2004. Cohort
members were followed up at 3, 12, 24 and 48 months.
Multiple linear regression analysis was used to examine
the relationships between maternal and paternal
prenatal smoking and offspring anthropometric indices.
In the 2004 cohort, the association of smoking with
trunk length, leg length and leg-to-sitting-height ratio at
48 months was also explored.

Results Maternal smoking during pregnancy was
associated with reduced z scores of length/height-for-
age at each follow-up in both cohorts and reduced leg
length at 48 months in the 2004 cohort. Children older
than 3 months born to smoking women showed a higher
body mass index-for-age z score than children of non-
smoking women.

Conclusions The results of this study strongly support
the hypothesis that maternal smoking during pregnancy
impairs linear growth and promotes overweight in
childhood.

INTRODUCTION
It is generally accepted that maternal smoking dur-
ing pregnancy is associated with reduced offspring
weight, height and head circumference at birth.! 2
However, the literature on prenatal smoking and
postnatal growth is less consistent. Studies fol-
lowing up children born to women who smoked
during pregnancy suggest that deficits in weight
and height observed at birth may persist in child-
hood and possibly even into adulthood.?-? Prenatal
smoking has also been associated with height
components, particularly with leg length,® which
is especially sensitive to environmental factors in
early childhood.” Not all studies, however, support
the finding of long-term detrimental effects of pre-
natal smoking on offspring weight or height.??
Overweight and obesity have reached epidemic
proportions worldwide. In many countries, includ-
ing the USA, the UK, Australia, China and Brazil,
child overweight is increasing at a faster rate

online under the BMJ Journals  than adult obesity.1? There is evidence of track-
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ing of overweight, with overweight children hav-

ade.bmj.com/info/unlocked.dtl  jng a high risk of being overweight later in life.!!
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What is already known on this topic

» Maternal smoking during pregnancy is
associated with reduced offspring weight,
height and head circumference at birth.

» The findings of long-term detrimental effects
of maternal smoking during pregnancy on
offspring postnatal growth are inconsistent.

What this study adds

» This study strongly suggests a possible
causal effect of maternal smoking during
pregnancy on offspring impaired linear growth
and overweight in childhood via intrauterine
mechanisms.

» Our findings accentuate the importance of
advising women on smoking cessation to
prevent the long-term deleterious effect of
maternal smoking during pregnancy on child
growth

Furthermore, several studies showed an increased
prevalence of overweight and obesity in childhood
in offspring of women who smoked during preg-
nancy!?>-1% and a recent meta-analyses strengthened
these findings.1®

Most of the studies that investigated the effects
of maternal smoking during pregnancy on off-
spring growth during childhood have used data
from high-income countries where confounding
structures may differ from populations of low
and middle-income countries.”” In addition, few
of these studies have examined associations with
paternal smoking to explore whether maternal
smoking is of specific importance.

The objective of this study is to explore the effects
of maternal smoking during pregnancy on offspring
growth using three approaches: (1) multiple adjust-
ments for socioeconomic and parental factors, (2)
maternal-paternal comparisons as a test of putative
intrauterine effects and (3) comparisons between
two middle-income country birth cohort studies,
the 1993 and 2004 Pelotas cohorts, in Brazil.

METHODS
Research setting and study design
During 1993 and 2004, birth cohort studies of all

births to mothers living in urban areas of the city
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of Pelotas, in Southern Brazil, were carried out with primary
data collection and using almost the same methodology (5304
and 4287 births in the 1993 and 2004 cohorts, respectively).
The non-response rate at recruitment in both cohorts was
below 1%. A detailed description of the methodology is given
elsewhere.’® 19 Soon after delivery, mothers were interviewed
using a pretested structured questionnaire and their newborns
were examined by specially trained interviewers under the
supervision of a paediatrician.

In the 1993 cohort, a systematic sample of 13% of the cohort
participants was followed up at home at 3 months (655 infants).
At 12 and 48 months, a more complex sampling scheme was
used: all low birthweight children plus 20% of the remainder,
including those visited at 3 months, were visited at home (1460
and 1450 children, respectively). In the 2004 cohort study,
all cohort children were followed up when they were 3, 12,
24 and 48 months old (3985, 3907, 3869 and 3799 children,
respectively). On each occasion, mothers were interviewed
by trained field workers and their children were weighed and
measured.

Outcome measures and covariates

Birth weight was measured by hospital staff with precision
paediatric scales accurate to 10 g that were regularly calibrated
by the research team. Supine length measurements were
taken using ARTHAG infantometers (AHRTAG, London,
UK).2% Estimates of gestational age were based on the last
menstrual period (LMP) providing they were consistent with
predicted birth weight, length and head circumference, based
on the normal curves for these parameters for each week of
gestational age.?! If LMP-based gestational age was unknown
or inconsistent, we adopted the clinical maturity estimate
based on the Dubowitz method,?? which was performed on
all newborns.

At each follow-up, anthropometric measurements were per-
formed by trained interviewers with the children dressed in
underwear and barefoot. When clothing was worn, these items
were noted and their weights subsequently deducted from the
child’s measured weight. In the 1993 cohort study, children
were weighed using Salter CMS mechanical scales (Salter,
Tonbridge, UK) with a 25 kg maximum and 100 g precision.
Tanita electronic scales (Tanita, Arlington Heights, Illinois,
USA) with a 150 kg maximum and 100 g precision were used in
the 2004 cohort study. In both studies, scales were calibrated
on a weekly basis using standard weights. Recumbent length
(children <24 months of age), standing height (48 months of
age) and sitting height of the child (48 months of age, only for
2004 cohort children) were measured using a portable infan-
tometer with 1 mm precision, custom built for these studies.
Leg length was derived by subtracting sitting height (in cm)
from standing height (in cm). The leg-to-sitting-height ratio
was calculated by dividing leg length by sitting height, and
multiplying by 100. Sitting height will be referred as trunk
length in all analyses. Head circumference was measured
using inelastic tape measures with 1 mm precision.

Based on the collected data, we calculated z scores for
length-for-age, weight-for-age, weight-for-length/height, head
circumference-for-age and body mass index (BMI)-for-age
among offspring according to the growth curves published by
WHO in 2006.?® The anthropometric indices, trunk length,
leg length and leg-to-sitting-height ratio each constituted the
outcomes of the study, while maternal and paternal smoking
during pregnancy were the main exposures.
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Maternal and paternal smoking behaviours during preg-
nancy were assessed retrospectively at birth and were based
on the mother’s report. Regular smokers were those women or
their partners who smoked at least one cigarette every day in
any trimester of pregnancy.

Information on possible confounding factors was gath-
ered from the perinatal interview. Infant sex was recorded
at birth. Family income in the month prior to delivery was
collected as a continuous variable (in Reais) and analysed as
quintiles. Mother’s skin colour was self-reported and cate-
gorised as white or black/mixed. Maternal formal education
was categorised as 0-4, 5-8 and 29 complete school years.
Women who were single, widowed, divorced or lived without
a partner were classified as single mothers. Maternal age in
complete years was categorised as <19, 20-34 and 235 years.
Parity was defined as the number of previous viable pregnan-
cies and categorised as 0, 1 and >2. Maternal height was mea-
sured using a aluminium stadiometer with 1 mm precision.
Prepregnancy weight was obtained from prenatal records
at the woman’s first antenatal visit or, in their absence, by
maternal recall at the time of delivery. Maternal height (m),
prepregnancy BMI (kg/m?) and gestational age (weeks) were
included in the analyses as continuous variables.

Statistical analysis

We used tests for linear trends and y? tests to compare the
distribution of maternal and paternal smoking during preg-
nancy by maternal characteristics. Multiple linear regres-
sion analysis was used to examine the relationships between
maternal and paternal smoking and offspring anthropometric
indexes, trunk length, leg length and leg-to-trunk ratio using
models unadjusted and adjusted for potential confounding fac-
tors. Analyses were explored first for maternal and paternal
smoking individually, followed by mutually adjusted models
of maternal and paternal smoking adjusted for one another.
Potential effect modification by paternal smoking on the asso-
ciation between maternal smoking during pregnancy and each
offspring’s anthropometric index was investigated in each
cohort study. Child’s age at the time of height measurement
and sex were included in the adjusted analyses of the associa-
tion between trunk length, leg length and leg-to-trunk ratio
and maternal and paternal smoking status.

Analyses of the 1993 cohort were weighted to correct for the
over-sampling of low birthweight babies. All analyses were
performed using Stata 11.0.

The study protocol was approved by the Medical Ethics
Committee of the Federal University of Pelotas, affiliated with
the Brazilian Federal Medical Council. Oral consent (1993
cohort study) and oral and written informed consent (2004
cohort study) were obtained from women who agreed to par-
ticipate in the study.

RESULTS
In the 1993 cohort study, 33.5% of mothers and 44.8% of
fathers smoked during pregnancy. In 2004, the prevalence of
prenatal smoking was 28% among mothers and 31% among
fathers. Over the 11-year period, the prevalence of maternal
and paternal prenatal smoking declined, however, this reduc-
tion was larger among fathers than among mothers (31% vs
16% for fathers and mothers, respectively).

In both cohort studies, maternal smoking during preg-
nancy was more likely among poorer, less educated moth-
ers. Smoking mothers were more likely to be shorter, heavier

Arch Dis Child 2011;96:519-525. doi:10.1136/adc.2010.191098
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Table 1 Parental smoking during pregnancy according to maternal characteristics, Pelotas 1993 and 2004 birth cohort studies
1993 2004
Maternal smoking Paternal smoking Maternal smoking Paternal smoking

Variables No, n (%) Yes, n (%) No, n (%) Yes, n (%) No, n (%) Yes, n (%) No, n (%) Yes, n (%)
Family income (quintiles) p<0.001 p<0.001 p<0.001 p<0.001

1st (poorest) 630(17.9) 439 (24.7) 487 (16.8) 556 (23.7) 550 (17.7) 338(28.6) 537 (18.1) 351(26.4)

2nd 770 (21.8) 413 (23.3) 600 (20.8) 574 (24.4) 562 (18.1) 307 (25.8) 544 (18.4) 325(24.5)

3rd 596 (16.9) 351(19.8) 503 (17.4) 435 (18.5) 590 (19.0) 241 (20.4) 573 (19.4) 258 (19.4)

4th 758 (21.5) 300 (16.9) 621 (21.5) 430 (18.3) 685 (22.1) 178 (15.1) 645 (21.8) 218 (16.4)

5th (better-off) 776 (21.9) 271 (15.3) 680 (23.5) 354 (15.1) 717 (23.7) 119 (10.1) 660 (22.3) 176 (13.3)
Marital status p=0.001 p<0.001 p<0.001 p<0.001

Single mother 399 (11.3) 255 (14.4) 546 (18.9) 104 (4.4) 455 (14.7) 255 (21.6) 660 (22.3) 50(3.8)

With partner 3131 (88.7) 1519 (85.6) 2345 (81.1) 2245 (95.6) 2649 (85.3) 928 (78.4) 2299 (77.7) 1278 (96.2)
Schooling (years) p<0.001 p<0.001 p<0.001 p<0.001

0-4 856 (24.3) 636 (35.9) 702 (24.3) 760 (32.4) 382 (12.4) 284 (24.1) 380 (13.0) 286 (21.7)

5-8 1612 (45.7) 836 (47.1) 1317 (45.6) 1102 (46.9) 1159 (37.8) 602 (51.2) 1140 (38.9) 621 (47.1)

9-11 719 (20.4) 208 (11.7) 592 (20.5) 333(14.2) 1145 (37.3) 250 (21.3) 1059 (36.2) 336 (25.5)

>12 337(9.6) 93(5.3) 276 (9.6) 152 (6.5) 382 (12.5) 40 (3.4) 347 (11.9) 75 (5.7)
Age (years) p=0.045 p<0.001 p=0.373 p=0.293

<19 643 (18.2) 280 (15.8) 573(19.8) 339 (14.4) 571 (18.4) 240(20.3) 555 (18.8) 256 (19.3)

20-34 2485 (70.4) 1304 (73.5) 2038 (70.5) 1709 (72.8) 2111 (68.1) 786 (66.4) 2020 (68.2) 877 (66.1)

>35 402 (11.4) 189 (10.7) 279 (9.7) 301 (12.8) 420 (13.5) 157 (13.3) 384 (13.0) 193 (14.6)
Skin colour p=0.006 p=0.503 p<0.001 p<0.001

White 2765 (78.3) 1328 (74.9) 2222 (76.9) 1825 (71.7) 2349 (75.7) 773 (65.3) 2196 (74.2) 926 (69.7)

Black/mixed 765 (21.7) 444 (25.1) 667 (23.1) 524 (22.3) 755 (24.3) 410 (34.7) 763 (25.8) 402 (30.3)
Parity p<0.001 p<0.001 p<0.001 p<0.001

0 1353 (38.7) 490 (28.0) 1186 (41.4) 638 (27.5) 1339 (43.1) 345(29.2) 1287 (43.5) 397 (29.9)

1 994 (28.4) 463 (26.4) 799 (27.8) 648 (27.9) 834 (26.9) 284 (24.0) 786 (26.6) 332(25.0)

>2 1150 (32.9) 799 (45.6) 882 (30.8) 1035 (44.6) 930(30.0) 554 (46.8) 885(29.9) 599 (45.1)
Height (m) p=0.002 p<0.001 p=0.003 p=0.004

Mean (SD) 1.60(0.07) 1.59 (0.07) 1.60(0.07) 1.59 (0.07) 1.59 (0.06) 1.58 (0.06) 1.59(0.06)  1.58(0.07)
Body mass index (kg/m?) p<0.001 p=0.810 p<0.001 p=0.946

Mean (SD) 23.1(3.8) 22.2(3.5) 22.8(3.7) 22.8(3.8) 24.4 (4.6) 23.7 (4.5) 24.2 (4.5) 24.2 (4.8)
Pregnancy duration (weeks) p<0.001 p<0.001 p=0.028 p=0.797

Mean (SD) 38.1(1.7) 37.8(1.8) 38.1(1.7) 37.9(1.8) 38.5(2.5) 38.3(3.0) 38.4(2.7) 38.4(2.7)

and to have offspring of lower gestational age at delivery
(table 1). Maternal smoking was also more likely among
mothers of black/mixed ethnic origin. In the 1993 Pelotas
cohort, the prevalence of smoking was lower among adoles-
cent mothers.

Paternal smoking during pregnancy was more frequently
seen among the poorest women, among those less educated,
shorter and multiparous (table 1). In the 1993 Pelotas cohort
study, paternal smoking status was not associated with mater-
nal skin colour or maternal prepregnancy BMI. There was no
association between paternal smoking status and maternal
age, prepregnancy BMI or pregnancy duration in the 2004
Pelotas cohort study (table 1).

In unadjusted analyses (tables 2 and 3), maternal smoking in
pregnancy in both cohorts was associated with lower offspring
weight, length and head circumference at every follow-up,
and with lower BMI at birth only. In fully adjusted analyses
(adjusted for maternal characteristics, pregnancy duration and
paternal smoking), maternal smoking in pregnancy was asso-
ciated with lower offspring length at every follow-up and was
associated with lower offspring BMI at birth but higher BMI
at follow-ups at 12 months and older. While maternal smok-
ing in adjusted analyses was consistently (in both cohorts)
associated with lower offspring weight and head circumfer-
ence at birth, this was not observed at later follow-ups, except
for head circumference at 3 months in the 2004 cohort.

Arch Dis Child 2011;96:519-525. doi:10.1136/adc.2010.191098

Statistical differences between the adjusted maternal and
paternal associations were found for offspring length at every
follow-up, weight at birth, BMI at birth and at follow-ups at
12 months and older and head circumference at birth.

No evidence of interaction between maternal and paternal
smoking on any offspring outcome was found in the 1993 and
2004 cohort studies.

Maternal prenatal smoking was associated with a reduction
in offspring trunk length, leg length and leg-to-trunk ratio at
48 months in the 2004 cohort, after adjustment for the child’s
age at the time of measurement and sex (table 4). Although
additional adjustment for maternal factors, pregnancy dura-
tion and paternal smoking during pregnancy weakened asso-
ciations, maternal prenatal smoking was still related to leg
length and leg-to-trunk ratio. The associations between pater-
nal smoking and trunk length, leg length and leg-to-trunk ratio
were considerably weaker than those for maternal smoking
and disappeared after adjustment for confounders. No differ-
ences were found between the sexes.

DISCUSSION

The present study found evidence of maternal-specific effects
of smoking during pregnancy on child’s growth. Consistent
results were observed between the 1993 and 2004 Pelotas
cohort studies, showing that even after adjustment for poten-
tial confounding factors, offspring of women who smoked
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Table 2 Crude and adjusted analyses of child’s z score of weight-for-age (W/A), length or height-for-age
(L/A or H/A), body mass index-for-age (BMI/A) and head circumference-for-age (HC/A) at each follow-up
according to maternal and paternal smoking during pregnancy, 1993 Pelotas cohort study

z Score Crude coefficient (95% Cl) p Value Adjusted coefficient (95% CI)  p Value
Maternal smoking
W/A at birth —0.43 (—0.50 to —0.37) <0.001 —0.28 (—0.34 to —0.22)* <0.001t
3 months —0.33(—0.49 to —0.16) <0.001 —0.13 (—0.31 to 0.04)* 0.138
12 months —0.18 (—0.31 to —0.05) 0.009 0.05 (—0.09 to 0.19)* 0.472
48 months —0.26 (—0.41 to —0.12) <0.001 0.01 (—0.14 t0o 0.16)* 0.902
L/A at birth —0.45 (—-0.52 to —0.38) <0.001 —0.34 (—-0.40 to —0.27)* <0.001t
3 months —0.61(—0.80to —0.42) <0.001 —0.35(—0.56 to —0.15)* 0.0011
12 months —0.49 (—0.63 to —0.34) <0.001 —0.20 (—0.35to —0.05)* 0.0091
H/A at 48 months —0.47 (—0.61 to —0.34) <0.001 —0.21 (—0.35 to —0.08)* 0.002t
BMI/A at birth —0.32(—0.38 to —0.25) <0.001 —0.19 (-0.25 to —0.12)* <0.001t
3 months 0.04 (—0.14100.22) 0.654 0.10 (—0.08 to 0.29)* 0.278
12 months 0.14 (0.01 to 0.26) 0.032 0.23(0.09 to 0.36)* 0.0011
48 months 0.02 (—0.13 to 0.16) 0.825 0.17 (0.02 to 0.32)* 0.028t
HC/A at birth —0.39(—0.46 to —0.32) <0.001 —0.25(—0.32to —0.18)* <0.001t
3 months —0.33(—0.51to —0.15) <0.001 —0.13 (—0.33 t0 0.06)* 0.173
12 months —0.20 (—0.34 to —0.06) 0.005 —0.01(—0.16 to 0.14)* 0.906
Paternal smoking
W/A at birth —0.16 (—0.23 to —0.10) <0.001 —0.05(—0.11t0 0.01)% 0.085t1
3 months —0.23 (-0.40 to —0.07) 0.004 —0.09 (—0.25 t0 0.07)% 0.285
12 months —0.22 (—-0.34 to —0.10) 0.001 —0.10 (—0.23 t0 0.03)% 0.121
48 months —0.26 (—0.40 to —0.13) <0.001 —0.09(—0.24t0 0.05)% 0.207
L/A at birth —0.14 (-0.20 to —0.07) <0.001 —0.01 (—0.08 to 0.05)% 0.711t
3 months —0.26 (—0.45 to —0.06) 0.009 —0.04 (—0.23t0 0.16)% 0.710t
12 months —0.28 (—0.43 to —0.13) <0.001 —0.08 (—0.22 t0 0.07)% 0.299%1
H/A at 48 months —0.26 (—0.39 to —0.12) <0.001 —0.03(—0.16 to 0.11)% 0.706t
BMI/A at birth —0.14 (—=0.21 to —0.08) <0.001 —0.079 (—0.14 to —0.02)% 0.0141
3 months —0.11 (—0.27 t0 0.05) 0.168 —0.087 (—0.25 to 0.08)f 0.298
12 months —0.08 (—0.20 to 0.04) 0.184 —0.073 (—0.20 to 0.05)% 0.252t
48 months —0.14 (—0.28 t0 0.01) 0.051 —0.092 (—0.24 t0 0.05)% 0.2161
HC/A at birth —0.15(=0.22 to —0.07) <0.001 —0.04 (—0.11 t0 0.02)% 0.2151
3 months —0.29(—0.47 to —0.12) 0.001 —0.19 (—0.36 to —0.01)% 0.035
12 months —0.20 (—0.33 to —0.07) 0.003 —0.09 (—0.22 t0 0.05)% 0.212

*Adjusted for family income, marital status, schooling, age, skin colour, parity, height, body mass index (BMI), pregnancy
duration and paternal smoking.
Ty 2 Test p<0.05 for difference between maternal and paternal coefficients in the adjusted analysis.

tAdjusted for family income, marital status, schooling, age, skin colour, parity, height, BMI, pregnancy duration and maternal

smoking.

during pregnancy had persistent reductions in length/height
at repeated follow-ups from birth to 48 months, had shorter
leg length at 48 months, and had higher BMI-for-age z scores
at follow-ups at 12 months and older than children of non-
smokers. The magnitude of maternal smoking effects on
child’s growth was greater than and significantly different
from paternal smoking effects.

Several prenatal and postnatal factors influence childhood
height.?4?” Childhood height is the best predictor of adult
height, which is associated with adult health and human
capital.?® Leg length growth contributes markedly to stature
attainment and is highly influenced by environmental factors
in early childhood.” In our study, consistent reductions in off-
spring height and height components (in particular leg length
and leg-to-trunk ratio) were seen among offspring of women
who smoked during pregnancy, findings that have also been
reported by Leary et al at 7.5 years in the Avon Longitudinal
Study of Parents and Children. Although there is some evi-
dence in the literature that the effects of maternal smoking
during pregnancy on offspring height decrease with greater
offspring age,?’ this was not observed in the present study.
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However, follow-up was limited here to 48 months after birth.
Therefore, analyses of future follow-ups in the 2004 cohort
will enable further exploration of the long-term effects of
maternal prenatal smoking on offspring height.

Smoking is a strongly socially patterned behaviour, thus
it is possible that the association between maternal prenatal
smoking and child height is due to confounding by wider
socioeconomic factors. Although associations attenuated after
adjustment for possible confounders, persisting associations
were still observed. Furthermore, the markedly discordant
maternal—paternal associations observed suggests that mater-
nal smoking during pregnancy may have specific intrauterine
effects on offspring height and that residual confounding may
be a less likely explanation. Indeed, studies have reported
embryotoxic effects of nicotine or other toxic pollutants found
in cigarette smoke that lead to delayed skeletal growth.3°

Our findings support previous work showing that reductions
in weight at birth in children born to mothers who smoke dur-
ing pregnancy are overcome in infancy.” The combination of
weight being recovered and persisting deficits in height could
result in greater body mass in children of maternal smokers. In

Arch Dis Child 2011;96:519-525. doi:10.1136/adc.2010.191098
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Table 3 Crude and adjusted analyses of child’s z score of weight-for-age (W/A), length or height-for-age
(L/A or H/A), body mass index-for-age (BMI/A) and head circumference-for-age (HC/A) at each follow-up
according to maternal and paternal smoking during pregnancy, 2004 Pelotas cohort study

z Score Crude coefficient (95% CI) p Value Adjusted coefficient (95% CI) p Value
Maternal smoking
W/A at birth —0.32(—0.40to —0.23) <0.001 —0.32(—0.41to —0.22)* <0.001t
3 months —0.25(—0.34to —0.17) <0.001 —0.13 (—0.21 to —0.05)* 0.003
12 months —0.13(—0.21 to —0.06) <0.001 0.03 (—0.06 to 0.11)* 0.565
24 months —0.23(—0.31to —0.15) <0.001 —0.03 (—0.12 to 0.05)* 0.409
48 months —0.27 (—0.36 to —0.19) <0.001 —0.02 (-0.11 t0 0.07)* 0.647
L/A at birth —0.28 (—0.36 to —0.20) <0.001 —0.24 (—0.33 to —0.16)* <0.001t
3 months —0.36 (—0.44 to —0.27) <0.001 —0.24 (—0.32to —0.15)* <0.001t
12 months —0.36 (—0.44 to —0.28) <0.001 —0.20 (—0.28 to —0.11)* <0.001t
24 months —0.42 (—0.50 to —0.34) <0.001 —0.20 (—0.28 to —0.12)* <0.001t
H/A at 48 months —0.39(—0.47 to —0.32) <0.001 —0.19 (—0.26 to —0.11)* <0.001t
BMI/A at birth —0.26 (—0.340 to —0.19) <0.001 —0.27 (—0.37 to —0.16)* <0.001t
3 months —0.08 (—0.16 to —0.01) 0.036 —0.05 (—0.16 to 0.05)* 0.321
12 months 0.10 (0.03 t0 0.18) 0.007 0.20(0.11 to 0.28)* <0.001t
24 months 0.03 (—0.04 to 0.11) 0.348 0.12 (0.04 t0 0.20)* 0.005t
48 months —0.07 (—0.16 to 0.01) 0.090 0.10(0.01 to 0.19)* 0.039
HC/A at birth —0.31(—0.40to —0.22) <0.001 —0.23(—0.32to —0.15)* <0.001t
3 months —0.25(-0.32to —0.17) <0.001 —0.15 (—0.23 to —0.07)* <0.001t
12 months —0.18 (—0.25 to —0.10) <0.001 —0.04 (—0.12 to 0.04)* 0.310
24 months —0.20 (—0.28 to —0.13) <0.001 —0.07 (—0.15 to 0.01)* 0.094
48 months —0.22 (—0.30 to —0.15) <0.001 —0.06 (—0.15 to 0.02)* 0.146
Paternal smoking
W/A at birth 0.11 (—=0.19 to —0.03) 0.008 —0.05(—0.14 to 0.04)+ 0.265t
3 months —0.14 (—0.22 to —0.06) <0.001 —0.06 (—0.14t0 0.02)% 0.140
12 months —0.14 (—0.22 to —0.06) <0.001 —0.06 (—0.14 t0 0.02)¢ 0.143
24 months —0.17 (—=0.25 to —0.10) <0.001 —0.03 (—0.11 t0 0.05)% 0.496
48 months —0.21(—0.30 to —0.13) <0.001 —0.05(—0.14 t0 0.04)% 0.262
L/A at birth —0.07 (—0.15 t0 0.01) 0.106 0.02 (—0.06 to 0.10) 0.614t
3 months —0.16 (—0.24 to —0.07) <0.001 —0.02 (—0.11t0 0.06)% 0.5431
12 months —0.20 (—0.28 to —0.12) <0.001 —0.04 (—0.12 t0 0.04)% 0.276t
24 months —0.25(—0.33to —0.17) <0.001 —0.04 (—0.12 to 0.04)% 0.3171
H/A at 48 months —0.24 (-0.31to —0.17) <0.001 —0.04 (—0.12 t0 0.03)¢ 0.2391
BMI/A at birth —0.10 (—0.18 to —0.03) 0.007 —0.07 (—0.16 to 0.03)% 0.169t
3 months —0.09 (—0.17 to —0.02) 0.011 —0.13 (—0.23 to —0.03)% 0.008
12 months —0.03 (—0.10 to 0.04) 0.363 —0.05(—0.13 t0 0.03)% 01971
24 months —0.03 (—0.10 to 0.04) 0.363 —0.01(—0.09t0 0.07)% 0.7991
48 months —0.09 (—0.17 to —0.01) 0.034 —0.04 (—0.12 t0 0.05)% 0.440
HC/A at birth —0.13(—0.21 to —0.04) 0.003 —0.01(—0.10t0 0.07)% 0.751t
3 months —0.14 (—0.21 to —0.06) <0.001 —0.03 (—0.10 to 0.05)% 0.449t
12 months —0.16 (—0.23 to —0.09) <0.001 —0.05(—0.13 t0 0.02) 0.174
24 months —0.17 (—0.24 to —0.10) <0.001 —0.04 (—0.12 t0 0.04)% 0.307
48 months —0.19 (—0.27 to —0.12) <0.001 —0.06 (—0.14 t0 0.02)¢ 0.162

*Adjusted for family income, marital status, schooling, age, skin colour, parity, height, body mass index (BMI), pregnancy

duration and paternal smoking.

ty?2 Test p<0.05 for difference between maternal and paternal coefficients in the adjusted analysis.
tAdjusted for family income, marital status, schooling, age, skin colour, parity, height, BMI, pregnancy duration and maternal

smoking.

our study higher BMI z scores were seen among the offspring of
women who smoked during pregnancy. Our results are in line
with previous studies that reported the association between
maternal smoking during pregnancy and childhood overweight
and obesity,!? 16 and several hypotheses have been postulated
to explain this relationship.3! The persistence of the association
between maternal prenatal smoking and offspring BMI z scores
after adjustment for possible confounders, the discordant
maternal-paternal associations observed and the consistency of
the findings between the 1993 and 2004 Pelotas cohort studies
again make confounding a less likely explanation.
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We found a specific negative effect of maternal smoking on
head circumference at birth. Our results showed that this asso-
ciation is independent of the relationship between premature
birth and maternal smoking. However, deficits in head cir-
cumference did not persist in infancy, as also shown in other
studies.* 8

A major strength of the present study was the method of
data collection (prospective information obtained among large
unselected populations and comparable timescales) combined
with the use of standardised anthropometric measurements
performed by trained fieldworkers, high follow-up rates and
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Table 4 Regressions of offspring trunk length, leg length and leg-to-trunk ratio at 48 months on maternal and paternal smoking during pregnancy
in 2004 Pelotas birth cohort children

Trunk length (cm) Leg length (cm) Leg/trunk (%)
Coefficient (95% CI) p Value Coefficient (95% CI) p Value Coefficient (95% Cl) p Value
All children
Maternal smoking
Minimally adjusted* —0.64 (—0.83 to —0.46) <0.001 —1.03(-1.23 to —0.82) <0.001 —0.86 (—1.22 to —0.49) <0.001
Fully adjustedt —0.17 (-0.36 t0 0.02) 0.086 —0.63 (—0.84to —0.42) <0.001 —0.87 (—1.28 to —0.45) <0.001
Paternal smoking
Minimally adjusted* —0.39(—0.57 to —0.22) <0.001 —0.61(—0.81to —0.42) <0.001 —0.50 (—0.85to —0.14) 0.006
Fully adjustedt —0.01(—0.20 t0 0.17) 0.882 —0.16 (—0.37 t0 0.04) 0.115 —0.27 (—0.66 t0 0.13) 0.189
Males
Maternal smoking
Minimally adjusteds —0.57 (—0.83 to —0.31) <0.001 —1.04 (-1.33to —0.76) <0.001 —1.02 (—1.53 to —0.51) <0.001
Fully adjustedf —0.07 (—0.34 to 0.201) 0.611 —0.65 (—0.95 to —0.36) <0.001 —1.07 (—1.65 to —0.49) <0.001
Paternal smoking
Minimally adjusteds —0.36 (—0.62 to —0.11) 0.005 —0.60 (—0.88 to —0.33) <0.001 —0.55 (—1.04 to —0.05) 0.030
Fully adjusted** 0.05(—0.21 t0 0.30) 0.724 —0.26 (—0.54 t0 0.02) 0.070 —0.54 (—1.09 t0 0.01) 0.052
Females
Maternal smoking
Minimally adjusteds —0.72 (-0.98 to —0.47) <0.001 —1.01 (—-1.30to —0.73) <0.001 —0.68 (—1.20 to —0.16) 0.010
Fully adjustedt —0.28 (—0.56 to —0.01) 0.043 —0.64 (—0.94 to —0.34) <0.001 —0.69 (—1.28 to —0.12) 0.020
Paternal smoking
Minimally adjusted —0.42 (-0.67 to —0.17) 0.001 —0.61(—0.89to —0.33) <0.001 —0.43 (—0.93 10 0.07) 0.094
Fully adjusted** —0.16 (—0.42 t0 0.09) 0.215 —0.32(—0.60 to —0.03) 0.029 —0.30(—0.85 to 0.26) 0.294

*Adjusted for child’s age at time of height measurement and sex.

tAdjusted for family income, marital status, schooling, age, skin colour, parity, maternal height and BMI, pregnancy duration, child’s age at time of height measurement,

sex and paternal smoking during pregnancy.

tAdjusted for family income, marital status, schooling, age, skin colour, parity, height, BMI, pregnancy duration, child’s age at time of height measurement, sex and mater-

nal smoking during pregnancy.
8Adjusted for child’s age at time of height measurement.

YAdjusted for family income, marital status, schooling, age, skin colour, parity, maternal height and BMI, pregnancy duration, child’s age at time of height measurement and

paternal smoking during pregnancy.

**Adjusted for family income, marital status, schooling, age, skin colour, parity, height, BMI, pregnancy duration, child’s age at time of height measurement and maternal

smoking during pregnancy.
BMI, body mass index.

low missing data (below 5%) for most variables in both cohort
studies. However, some methodological difficulties of the
study need to be discussed. First, it is possible that different
results would have been obtained if all children whose moth-
ers originally enrolled in the 1993 cohort study were included
in the analysis instead of only subsamples. However, no differ-
ences in maternal smoking during pregnancy or in socioeco-
nomic or maternal characteristics were found between those
children who were followed-up in the 1993 cohort and those
originally enrolled in the study (data not shown, available on
request), providing some reassurance that attrition is unlikely
to have biased the results. Second, both maternal and paternal
smoking data rely on maternal self-report. Even though the
validity of self-reported smoking has been demonstrated in
previous studies and would be acceptable for maternal smok-
ing status,3? no validation has been carried out in our study for
paternal information. However, we might anticipate similar,
if not even less, reporting bias for paternal smoking than for
maternal smoking in pregnancy, as there is likely to be more
social pressure on women than on men to not report smoking
during pregnancy. Third, even though anthropometric mea-
surements were performed by trained fieldworkers following
standardised procedures, leg length (calculated as the differ-
ence between standing height and sitting height) is likely to
have some measurement error which could have decreased the
precision of estimated associations. Finally, it would have been
interesting to study the association between maternal passive
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smoking during pregnancy and child growth. However, no
data were available on whether mothers were exposed to pas-
sive smoking during pregnancy (e, if their partner or other
people smoked near the woman at home or at work during
pregnancy).

Our findings further emphasise the importance of advising
women on smoking cessation, particularly in low- and mid-
dle-income countries like Brazil. Women of reproductive age
should be advised to stop smoking, preferably before attempt-
ing to become pregnant, in order to protect their offspring
from impaired linear growth and obesity in childhood with
potential permanent consequences in adult life.

CONCLUSIONS

Previous studies have consistently reported associations
between maternal smoking in pregnancy and offspring
reduced height as well as overweight/obesity, but have been
unable to ascertain whether or not associations are causal.
This study explored causality based on three approaches:
comparisons between two cohort studies 11 years apart,
multiple adjustments for confounders and maternal-paternal
smoking comparisons. In addition, the effects of maternal
smoking on growth at multiple time points during infancy
were explored. Although residual confounding cannot be
ruled out, the persisting associations following confounder
adjustment, the stronger maternal versus paternal smok-
ing associations, the specificity of the maternal smoking

Arch Dis Child 2011;96:519-525. doi:10.1136/adc.2010.191098
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associations and the consistency between the 1993 and 2004
Pelotas results strongly suggest a possible causal effect of
maternal smoking during pregnancy on offspring impaired
linear growth and overweight in childhood via intrauterine
mechanisms.
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