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Postnatal growth in children born small for gestational
age with and without smoking mother
Linda Lindström 1, Anna-Karin Wikström1, Eva Bergman1, Ajlana Mulic-Lutvica1, Ulf Högberg1, Fredrik Ahlsson1 and Maria Lundgren1

BACKGROUND: Maternal smoking impairs fetal growth; however, if postnatal growth differs between children born small for
gestational age (SGA) with smoking and non-smoking mother is unknown.
METHODS: Cohort-study of term born children born appropriate for gestational age with non-smoking mother (AGA-NS, n=
30,561), SGA (birthweight <10th percentile) with smoking mother (SGA-S, n= 171) or SGA with non-smoking mother (SGA-NS, n=
1761). Means of height and weight measurements, collected at birth, 1.5, 3, 4, and 5 years, were compared using a generalized
linear mixed effect model. Relative risks of short stature (<10th percentile) were expressed as adjusted risk ratios (aRR).
RESULTS: At birth, children born SGA-S were shorter than SGA-NS, but they did not differ in weight. At 1.5 years, SGA-S had
reached the same height as SGA-NS. At 5 years, SGA-S were 1.1 cm taller and 1.2 kg heavier than SGA-NS. Compared with AGA-NS,
SGA-S did not have increased risk of short stature at 1.5 or 5 years, while SGA-NS had increased risk of short stature at both ages;
aRRs 3.0 (95% CI 2.6;3.4) and 2.3 (95% CI 2.0;2.7), respectively.
CONCLUSIONS: Children born SGA-S have a more rapid catch-up growth than SGA-NS. This may have consequences for metabolic
and cardiovascular health in children with smoking mothers.
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INTRODUCTION
Maternal smoking during pregnancy is one of the most well-known
avoidable causes of being born small for gestational age (SGA).1,2

The underlying pathophysiological mechanisms are probably
multifactorial, and the main effect seems to be associated with
placental dysfunction. A suggested model for smoking related SGA
birth is built upon an insufficient oxygen delivery system in
combination with toxins. This has negative effects on placentation
and micronutrient delivery, which inhibits the fetus from reaching
its full growth potential.3,4

Infants born growth restricted usually increase their growth
velocity after birth, and thereby approach or reach their growth
potential. Two suggested models of the catch-up growth
mechanism are adaptations of the neuroendocrine system leading
to generally increased growth, and a decline in normal growth-
inhibiting conditions leading to a more rapid cell proliferation in
the skeletal growth plates as well as in non-skeletal tissues.5,6

Approximately 85–90% of children born SGA undergo accelerated
growth in height and weight during the first years of life,7,8 a
process associated with increased risk of later cardiovascular
disease and adiposity.9–12 During infancy, BMI increases gradually
and reaches a peak at age 6–12 months, sometimes referred to as
the infancy BMI peak. A higher and earlier infancy BMI peak
increases the risk of later cardiovascular and metabolic dis-
ease.13,14 Additionally, numerous studies have found an associa-
tion between breastfeeding duration, growth rate and body
composition.15,16 Whether or not breastfeeding duration per se
rather than residual confounding of socio-economic factors alters
the growth rate is less clearly stipulated.17

Earlier research on how smoking during pregnancy affects
postnatal growth is more diverse. Many studies of children

exposed to maternal smoking report on lower birthweight and
early and complete catch-up, sometimes with more pronounced
growth acceleration after heavy than light smoking,18–20 while
others show a remaining growth impairment during early
childhood.21,22 However, knowledge of postnatal growth in
children born SGA with perinatal exposure to smoking is very
sparse, as earlier studies generally focused on cross-sections of all
children perinatally exposed to smoking compared with children
to non-smoking mothers.
The aim of the study was to explore if postnatal growth in

height and weight during the first five years of life are altered after
SGA birth, stratified for maternal smoking habits during preg-
nancy. Further we wanted to investigate if the risk of incomplete
catch-up growth differs for children born SGA with and without a
smoking mother.

METHODS
Subjects and data
Uppsala County Mother and Child Database is a population-
based database, which contains data on all children born at
Uppsala University Hospital who have visited the child health
care in Uppsala County, Sweden, during the years 2000–2015.
Using the individual ten-digit personal identification number,
records from the Medical Birth Register (MBR) and the Database
of statistics of the Child health care unit in Uppsala County
are linked with data on maternal level of education from the
Register of Education, and county of birth from the Register of
Total Population.
The MBR is a national registry based on mandatory registration

of data on all pregnancies and births after 22 completed
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gestational weeks. It contains prospectively collected informa-
tion on maternal characteristics, pregnancy complications,
delivery, neonatal characteristics and complications. The first
antenatal visit usually takes place before 13 weeks of pregnancy.
A midwife interviews the mother about her medical and obstetric
history, social situation and smoking habits three months before
pregnancy and at present. Data are registered by check boxes.
Further, the mother is weighed and height is recorded. A
repeated question about smoking habits is posed in pregnancy
week 32. After delivery, pregnancy complications and neonatal
diagnoses are registered by their International Classification of
Diseases (ICD) codes. Maternal health care, delivery, and child
health care is free of charge in Sweden and follows a
standardized schedule for the visits.
Database of statistics of the Child health care unit in

Uppsala County is a regional registry with data from child
health services in Uppsala County. All children are invited to
regular visits to child health care during its first six years of life.
A trained nurse conducts anthropometric measurements,
assesses development and interviews the parents about
smoking habits and breastfeeding, registered as exclusive,
partial or bottle fed at 1 week, 2, 4, 6, 9, and 12 months. Uppsala
County Mother and Child Database contains anthropometric
data from ages 1.5, 3, 4, and 5 years, if the appointment took
place within two months from the planned according to age of
the child. Since 2005, Uppsala County uses electronic registra-
tion of anthropometrics; hence data are incomplete for children
born before 2003.
The study population consisted of 57,044 children, of which

56,926 had known birthweight, gestational age and sex. In order
to get a more homogenous cohort with less comorbidity, we only
included term born children, n= 50,131. Birthweights <−5 or >5
SD of expected birthweight for gestational age and sex were
considered misclassified and thereby excluded, n= 4. Finally, we
excluded children born after multiple pregnancies and children
with malformations or chromosome aberrations, ending with a
study population of 48,460 children.

Exposures
The studied exposures were being born SGA and intrauterine
exposure to maternal tobacco smoking. The majority, greater
than 92%, of the pregnancies, were dated with ultrasound scan
around 18 gestational weeks. SGA was defined as a birthweight
<10th percentile of expected birthweight for gestational age
and sex, according to the Swedish reference curve.23 Mothers
denying tobacco smoking at three months before pregnancy, at
first antenatal visit and in pregnancy week 32 were defined as
non-smokers. As fetal growth is largely dependent on nutrition
delivery during the third trimester, we defined mothers who
reported smoking in pregnancy week 32 as smokers. Children
born appropriate for gestational age with non-smoking mother
(AGA-NS) were considered unexposed reference group (n=
30,561). Children born SGA were classified according to maternal
smoking status as SGA with smoking mother (SGA-S, n= 171)
and SGA with non-smoking mother (SGA-NS, n= 1761). Among
the smokers in pregnancy week 32, 85% admitted smoking at
first antenatal visit as well. The final cohort consisted of 32,493
term born children.

Outcome
The main outcome was growth in height (cm), and weight (kg)
from birth to age five years, measured by professional nurses at
the Child health care units at 1.5, 3, 4, and 5 years and registered
in Database of statistics of the Child health care unit in Uppsala
County. We also calculated risk for short stature as a measure of
incomplete catch-up. Short stature was defined as a height <10th

percentile of expected according to the national references for
childhood growth.24

Covariates
Gestational age at birth, sex, Apgar score at 5 min, maternal
age at delivery, maternal level of education, maternal BMI at
first antenatal visit, maternal height, maternal country of
birth, parental cohabitation at first antenatal visit, exclusive
or partial breastfeeding at age two months and parental
smoking habits at age four months were considered potential
covariates.
A directed acyclic graph (DAG) was constructed to select

covariates for the multivariable models (available on request). The
minimal sufficient set for confounder adjustment included
maternal age, maternal level of education, maternal height,
maternal country of birth, and parental cohabitation.

Statistical analysis
Data on characteristics of the study population were cross-
tabulated by exposure status (AGA-NS, SGA-S, and SGA-NS).
Potential differences in base-line characteristics were explored
using a one-way ANOVA, where any significant differences were
evaluated by post hoc test with Bonferroni correction due to
multiple comparisons.
In order to account for the repeated measures in the outcomes

(height and weight at birth and at the four child health care visits),
a generalized linear mixed effect model (MMRM) was applied and
included fixed effects. The MMRM included the anthropometric
measurements at birth and each visit, but also the interaction
between the anthropometric measurements and the exposure of
interest (birthsize for gestational age and maternal smoking
status). In the next step, the MMRM was adjusted for sex and the
minimal sufficient set of confounders according to the DAG. All
the models used an unstructured covariance matrix. A p-value
below 0.05 was considered statistically significant and indicated
that there was at least one significant difference between the
exposure groups over time. Overlapping confidence intervals were
used to identify significant differences between the exposure
groups.
For each exposure group, relative risks of short stature at age

1.5 and 5 years, expressed as risk ratios (RR) with 95% CI, were
calculated using log-binomial logistic regression models and AGA-
NS was treated as reference group. In a second step, we adjusted
for maternal age, maternal level of education, maternal height,
maternal country of birth and parental cohabitation, as suggested
by the DAG. Only subjects without missing values of all covariates
were used in the adjusted model.
IBM SPSS Statistics 2.5 was used in all statistical calculations.
Ethic approval was obtained from Uppsala’s Regional Ethical

Review Board (no. 2012/410).

RESULTS
The characteristics of the study population are presented in
Table 1. At birth, children born SGA with smoking mother (SGA-S)
and SGA with non-smoking mother (SGA-NS) were both
significantly shorter than children born AGA with non-smoking
mother (AGA-NS) (both p < 0.001). SGA-S were 0.4 cm shorter than
SGA-NS children, (p= 0.012). There was no significant difference in
weight between children born SGA-S and children born SGA-NS
(p= 0.084). The gestational age and Apgar score was comparable
between the groups.
In children born SGA-S, maternal factors associated with low

socio-economic status, i.e., young mothers, low level of education,
high BMI, no parental cohabitation, and short duration of
breastfeeding, were more common compared with the other
groups. Mothers to children born AGA-NS were taller than
mothers to children in both SGA groups, but there was no
difference in maternal height between SGA-S and SGA-NS
children. The percentage of missing values across the indepen-
dent variables used in the multivariable regression models varied

Postnatal growth in children born small for gestational age with and. . .
L Lindström et al.

962

Pediatric Research (2019) 85:961 – 966

1
2
3
4
5
6
7
8
9
0
()
;,:



between 0 and 4.6%. In total, 2452 (7.5%) subjects had incomplete
records (Table 1).
The generalized linear mixed effect model showed a significant

difference in the mean height and weight between children
born AGA-NS, SGA-S, and SGA-NS during their first five years of
age (p < 0.001). The difference persisted after adjustment for sex,
maternal age, maternal level of education, maternal height,
maternal country of birth, and parental cohabitation (p < 0.001).
At 1.5 years of age, both SGA groups were shorter than children
born AGA-NS, but there was no significant difference in height
between SGA-S and SGA-NS children. The adjusted mean height
at age 1.5 years with 95% CI for children born AGA-NS was 83.1 cm
(95% CI 83.0;83.2), for children born SGA-S 82.0 cm (95% CI
81.4;82.6) and SGA-NS 81.6 cm (95% CI 81.4;81.8). The adjusted
mean height at age five years was significantly shorter for children
born SGA-NS; 109.4 cm (95% CI 109.2;109.6), compared with
children born AGA-NS; 111.5 cm (95% CI 111.4;111.6) and SGA-S;
110.5 cm (95% CI 109.9;111.2), see Fig. 1. For all mean heights, see
Supplemental table S1.
The mean weights showed a similar pattern as heights over

time; at age 1.5 years, SGA-S had approached AGA-NS, but both
SGA groups were still significantly lighter than AGA-NS children. At
age five years, children born SGA-S were of comparable weight as

Table 1. Characteristics of study population. Only children born term are included

Total (n= 32,493) AGA-NSa (n= 30,561) SGA-Sa (n= 171) SGA-NSa (n= 1761)

Birthweight in g, mean (SD) 3479 (383.7) 3527 (339.6) 2680 (269.9) 2739 (242.1)

Birthlength in cm, mean (SD) 50.6 (1.9) 50.8 (1.8) 47.8 (2.1) 48.2 (1.8)

Gestational age in weeks, mean (SD) 39.8 (1.1) 39.8 (1.1) 39.7 (1.2) 39.8 (1.1)

Male gender, n (%) 16,596 (51.1%) 15,578 (51.0%) 91 (53.2%) 927 (52.6%)

Apgar score at 5 min

0–6, n (%) 253 (0.8%) 227 (0.7%) 4 (2.4%) 22 (1.2%)

7–10, n (%) 32,042 (98.6%) 30,149 (98.7%) 164 (95.9%) 1729 (98.2%)

Missing, n (%) 196 (0.6%) 183 (0.6%) 3 (1.8%) 10 (0.6%)

Maternal age, mean (SD) 30.7 (4.9) 30.8 (4.8) 27.5 (6.5) 30.6 (5.0)

Missing, n 1 1 0 0

Maternal level of education (years)

≤9, n (%) 1999 (6.2%) 1793 (5.9%) 70 (40.9%) 136 (7.7%)

10–14, n (%) 15,008 (46.2%) 14,180 (46.4%) 88 (51.5%) 740 (42.0%)

≥15, n (%) 14,923 (45.9%) 14,084 (46.1%) 10 (5.8%) 829 (47.1%)

Missing, n (%) 563 (1.7%) 504 (1.6%) 3 (1.8%) 56 (3.2%)

Maternal BMI in kg/m2, mean (SD) 24.2 (4.2) 24.2 (4.2) 25.2 (5.1) 23.7 (4.2)

Missing, n (%) 2671 (8.2%) 2497 (8.2%) 22 (12.9%) 152 (8.6%)

Maternal height (cm) 166.3 (6.4) 166.4 (6.3) 163.8 (5.1) 163.8 (6.6)

Missing, n (%) 487 (1.5%) 444 (1.5%) 5 (2.9%) 38 (2.2%)

Maternal country of birth

Nordic country, n (%) 26,564 (81.8%) 25,176 (82.4%) 149 (87.1%) 1239 (70.4%)

Europe, North America, n (%) 1205 (3.7%) 1126 (3.7%) 2 (1.2%) 77 (4.4%)

Otherb, n (%) 4704 (14.5%) 4241 (13.9%) 20 (11.7%) 443 (25.2%)

Missing, n (%) 20 (<0.1%) 18 (<0.1%) 0 2 (0.1%)

Cohabiting parents, n (%) 30,001 (92.3%) 28,258 (92.5%) 130 (76.0%) 1613 (91.6%)

Missing, n (%) 1496 (4.6%) 1000 (3.3%) 8 (4.7%) 76 (4.3%)

Breastfeeding at age 2 months, n (%) 19,955 (61.4%) 18,763 (61.4%) 92 (53.8%) 1100 (62.5%)

Missing, n (%) 11,750 (36.2%) 11,073 (36.2%) 60 (35.1%) 617 (35.0%)

AGA appropriate for gestational age, SGA small for gestational age, S smoking mother, NS non-smoking mother
aAppropriate for gestational age is defined as birthweight for gestational age and sex 10th to 90th percentile, and small for gestational age < 10th percentile,
according to the Swedish reference standards for birthweight (Niklasson, A., et al.). Smoking mother is defined as smoking in pregnancy week 32.
Non-smoking mother is defined as negation of smoking three months before pregnancy, at first antenatal visit and in pregnancy week 32
bAsia, Africa, South America, former Soviet Union, Oceania
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Fig. 1 Mean height in cm during early childhood for children born
appropriate for gestational age (AGA) and small for gestational age
(SGA) with smoking (S) and non-smoking (NS) mother, adjusted for
sex, maternal age, maternal level of education, maternal height,
maternal country of birth, and parental cohabitation
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AGA-NS, but SGA-NS were 1.5 kg lighter than AGA-NS children.
There was also a significant difference between the SGA groups,
where children born SGA-S were 1.2 kg heavier than SGA-NS.
Adjusted mean weight at age 1.5 years for children born AGA-NS
was 11.6 kg (95% CI 11.6;11.7), SGA-S 11.2 kg (95% CI 10.8;11.5)
and SGA-NS 10.8 kg (95% CI 10.7;10.9), respectively. At age five
years, the mean weight for AGA-NS was 19.8 kg (95% CI 19.7;19.8),
SGA-S 19.5 kg (95% CI 19.1;19.8) and SGA-NS 18.3 kg (95% CI
18.2;18.5) see Fig. 2. For all mean weights, see Supplemental
table S2.
Table 2 presents the relative risk of short stature (height <10th

percentile). Compared with AGA-NS, the adjusted RR of short
stature at age 1.5 years for SGA-S was not significantly increased,
whereas SGA-NS had a three times higher risk of short stature; RR:
3.0 (95% CI 2.6;3.4). At age five years, the RR of short stature
remained unaltered for SGA-S and more than doubled for SGA-NS.

DISCUSSION
Children born SGA with a smoking mother have a more rapid
catch-up growth than SGA with non-smoking mother during the

first five years of age. At birth, children born SGA-S were shorter
than SGA-NS, but they did not differ in weight. At five years, SGA-S
were 1.1 cm taller and 1.2 kg heavier than SGA-NS. Compared with
children born AGA with non-smoking mother, children born SGA-S
were not associated with increased risk of short stature at 1.5 or
5 years, while SGA-NS had increased risk of short stature at both
ages. This more rapid catch-up growth may have long-term
consequences for metabolic and cardiovascular health in children
with smoking mothers.

Strengths and limitations
The main strength of the study was the large cohort of 32,493
children. The size of the cohort permitted separate analyses of
growth in children born SGA-S, even though prevalence of
smoking is low in Sweden (<5% in pregnancy week 32 during the
study period). Further, the cohort size allowed exclusion of
children born preterm, a group with increased risk of
morbidity during childhood. In the Swedish MBR, the validity of
birthweight has been evaluated as good, and gestational age as
acceptable.25

The exposure SGA and anthropometric measurements were
performed in a standardized way by a professional nurse and
prospectively collected, which ensures a reliable estimate of the
outcome and minimizes information and recall bias. Exposure to
smoking was registered as self-reported smoking at present twice
during pregnancy. The repeated question eliminates recall bias.
There is a risk of misclassification bias if smoking mothers falsely
negate smoking. Ever though smoking is advised against during
pregnancy, earlier studies have shown that self-reported smoking
can be trusted among pregnant women.26 Further, second hand
smoking is not recorded during pregnancy, which is a limitation.
Data on maternal and paternal smoking during infancy was
available but not adjusted for as we used the minimal sufficient
set of confounders selected by the DAG, which did not include
second hand smoking. The vast majority (97%) of children in
Uppsala County regularly attend health care during childhood.27

As the cohort comprises all children who have visited child
health care, the cohort can be regarded as population-based. It is
thereby reasonable to see the results as applicable to other
populations in similar high-income settings with low prevalence of
smoking.
Our dataset includes several important confounders with

potential to affect postnatal growth patterns, including socio-
economy and breastfeeding habits at age 1 week, 2, 4, 6, 9, and
12 months. As many socio-economic confounders are correlated,
we used a DAG to select appropriate variables for adjustments.
Nevertheless, as in all cohort studies there is a risk of residual or
unmeasured confounding not adjusted for. Another limitation is
incomplete data on covariates, which decreases the number of
subjects included in the adjusted models.
We used SGA as a proxy for intrauterine growth restriction and

used the definition birthweight <10th percentile of expected
birthweight in order to include even slight growth restriction in
the exposure groups. No information on paternal height was
available, which is a limitation as both parents heights seems to
influence growth in early childhood equally.28 As paternal heights
were unknown, we were not able to estimate the genetic growth
potential, often calculated as a child’s target height. Therefore, we
also used a statistic, rather than biologic, cut-off at 10th percentile
according to the Swedish standards in height to estimate catch-up
growth on a group level. The Swedish standards for height and
weight were published in 2002, with a cross-sectional study
population of all healthy children in final grade of school in
Gothenburg, a city regarded as socioeconomically representative
of Sweden.24 Due to immigration, the ethnic background of
Swedish children is more diverse than at the time when the
children in the study population of the reference standards were
born. However, children born SGA had shorter mothers than
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Fig. 2 Mean weight in kg during early childhood for children born
appropriate for gestational age (AGA) and small for gestational age
(SGA) with smoking (S) and non-smoking (NS) mother, adjusted for
sex, maternal age, maternal level of education, maternal height,
maternal country of birth, and parental cohabitation

Table 2. Risk of short stature at age 1.5 and 5 years presented as
risk ratio (RR) with 95% CI for term born children born appropriate
for gestational age with non-smoking mother (AGA-NS), small for
gestational age with smoking mother (SGA-S) and SGA with non-
smoking mother (SGA-NS)

Total Cases Rate (%) RR (95% CI) aRR (95% CI)a

Age 1.5 years

AGA-NS 20,496 1042 5.1% 1.0 1.0

SGA-S 102 10 9.8% 1.9 (1.1;3.5) 1.5 (0.8;2.9)

SGA-NS 1196 217 18.1% 3.6 (3.1;4.1) 3.0 (2.6;3.4)

Age 5 years

AGA-NS 16,430 1112 6.8% 1.0 1.0

SGA-S 94 10 10.6% 1.6 (0.9;2.8) 1.3 (0.7;2.4)

SGA-NS 914 169 18.5% 2.7 (2.4;3.2) 2.3 (2.0;2.7)

aAdjusted for maternal age, maternal level of education, maternal height,
maternal country of birth, and parental cohabitation
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children born AGA, but there was no difference in maternal height
between the SGA groups. Hence, the difference in postnatal
growth can most likely not be explained by differing genetic
growth potential.

Comparisons with earlier studies
Earlier research on intrauterine exposure to tobacco smoke and
postnatal growth patterns has mainly studied children of all
birthweights with smoking mothers, and not exclusively children
born SGA. Even though smokers give birth to children with lower
mean birthweight than non-smokers, the study populations in
such studies will include children born small as well as appropriate
and large for gestational age. We used SGA as a proxy for fetal
growth restriction, and could thereby study postnatal growth in
the children most severely affected by maternal smoking. If
maternal smoking has an impact on postnatal growth, the fetuses
with highest exposure levels are most likely to have altered
growth patterns. The selection of SGA-born infants in the
exposure groups might explain why we found an incomplete
catch-up growth at age 1.5 and 5 years, with shorter mean heights
compared with children born AGA. These results are consistent
with some of the earlier studies performed on children of all
birthweights.21,22

Concordant to our results, Naeye found a remaining shorter
mean height, but also lower mean weight at age 7 years, after
intrauterine smoking exposure in an interpair comparison of term
born siblings whose mothers smoked in one of the pregnancies.29

Similar to our cohort, only term born children were included.
However, Naeye did not stratify for differences in birthweight, and
hence it is not possible to say if postnatal growth is similar in
different birthweight groups. Being a sibling comparison, the
results are not likely to be influenced by socio-economic status.
Apart from inclusion of all birthweights, earlier studies with

repeated anthropometric measurements often have smaller
cohorts and shorter time of follow-up.21 We are only aware of
one earlier study investigating postnatal growth in children born
SGA, a German study of 108 children, with a birthweight and/or
birthlength of <−2.5 SD of expected birthweight/length for
gestational age and parental reported height and weight once
during childhood (2.5–13.5 years of age). Contrary to our results,
children born SGA with smoking mothers had doubled risk of
incomplete catch-up growth compared with children born SGA
with non-smoking mothers.30 However, the cohort was small and
unlike our study cohort, the children born SGA with and without
smoking mother differed in birthweight, with lower birthweight in
children with smoking mothers. Moreover, parental reported
estimate of the outcome has a higher risk of erroneous
anthropometrics which can lead to incorrect conclusions, espe-
cially with a small study cohort.
Long breastfeeding duration has repeatedly been associated

with a slower catch-up growth in children of all birthweights with
smoking mothers as well as in children born SGA.19,31 It is difficult
to establish the causal pathway between smoking exposure and
earlier reported rapid weight gain, as smoking is associated with
shorter breastfeeding duration.32–34 Also in this study, smokers
had lower frequency of breastfeeding at age two months than
non-smokers. However, we did not adjust for the low rate of
breastfeeding in smoking mothers, as the lower breastfeeding
prevalence in smoking mothers may lie on the causal pathway
between being born SGA due to smoking and accelerated catch-
up growth during a child’s first years.
Apart from low frequency of breastfeeding, other factors

associated with low socio-economic status might lie on the causal
pathway between maternal smoking and rapid growth in early
life. We speculate that socio-economic factors, such as eating
habits, exercise, and screen time, might explain at least part
of the association between maternal smoking and rapid catch-up
growth.

Perspectives
Intrauterine growth is dependent on maternal, as well as fetal and
placental factors. Hence, being born SGA is a diverse mix of
genetically small, healthy children as well as growth restricted
infants and new-borns with severe illnesses. By separating
children born SGA by the underlying cause of their smallness,
we may come a little bit closer to understanding how different
intrauterine exposures affect growth and development. We found
that compared with children with other causes of impaired growth
(SGA-NS), children born SGA-S have a more rapid catch-up
growth, a condition associated with long-term consequences on
cardiovascular and metabolic health.11,35–37 It even seems like
rapid weight gain is more deleterious for cardiovascular health
than birthsize per se.36 Given the lower rates of breastfeeding in
smoking mothers, interventions such as support of breastfeeding
might improve the child’s future metabolic profile.
Children born SGA have been found to have subtle changes in

different hormone systems closely linked to postnatal growth.38

However, it is still unknown why some children have a complete
catch-up growth and some do not. This study adds a piece of
knowledge to the complex puzzle of how perinatal potentially
growth altering exposures affect growth and development
throughout childhood. The etiology of fetal growth restriction
appears to be of importance for the postnatal growth pattern. By
better understanding the nature of fetal growth restriction,
individual health surveillance plans and counseling can improve
the chances of low long-term morbidity for children who have not
reached their growth potential during fetal life.
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