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Abstract

Growth patterns are known to differ between breastfed and formula-fed infants, but little is known about the relative impact of maternal smoking
in pregnancy v. feeding mode on growth trajectory in infancy. We conducted a secondary analysis of a trial, the Tolerance of Infant Goat Milk
Formula and Growth Assessment trial involving 290 healthy infants, to examine whether smoking in pregnancy modified the association
between feeding mode and body composition of infants. Fat mass (FM) and fat-free mass (FFM) were estimated at 1, 2, 3, 4, 6 and 12 months
of age using bioimpedance spectroscopy. Formula-fed infants (7 190) had a higher mean FEM at 4 months (mean difference (MD) 160 g, 95 % CI
50-4, 269-5 g, P < 0-05)) and 6 months (MD 179 g, 95 % CI 41-5, 316-9 g, P < 0-05) compared with the breastfed infants (72 100). Sub-group analysis
of breastfed ». formula-fed infants by maternal smoking status in pregnancy showed that there were no differences in the FM and FFM between
the breastfed and formula-fed infants whose mothers did not smoke in pregnancy. Formula-fed infants whose mothers smoked in pregnancy
were smaller at birth and had a lower FM% and higher FFM% at 1 month compared with infants of non-smoking mothers regardless of feeding
mode, but the differences were not significant at other time points. Adequately powered prospective studies with an appropriate design are

warranted to better understand the relative impact of maternal smoking, feeding practice and the growth trajectory of infants.
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Growth patterns are known to differ between breastfed and
formula-fed infants in the first year of life. Formula-fed infants
generally gain more weight and are heavier by 12 months of
age'™®, which has been attributed to the differences in nutri-
tional composition between breast milk and infant formula
particularly the higher content of protein in infant formula®.
The differential growth pattern between breastfed and for-
mula-fed infants has been interpreted by some to mean that
formula-fed infants are fatter when compared with breastfed
infants®, and this is thought to contribute to the higher risk of
developing overweight and obesity in formula-fed infants over
the life course. A recent systematic review and meta-analysis®®
showed that formula-fed infants had a lower percentage of fat
mass (FM) at 3-5months and at 6 months compared with
breastfed infants, but the percentage of FM was less consistent
for the second 6 months of the infancy (a trend for a lower per-
centage of FM at around 8 months and higher percentage at
12 months). This may partly be due to a small number of eligible

studies included in the review and the different definitions used
to define breastfed and formula-fed groups among studies. Only
three of the fifteen included studies, with relatively small sample
sizes (46-100 infants), had at least one body composition mea-
surement in each of the first and second 6 months of the
infancy®.

There is some evidence suggesting that breast-feeding for
longer than 65 or 12 months® is associated with lower FM
in early childhood. However, evidence for the association
between breast-feeding in infancy and lower risk of overweight
and obesity over the life course has been inconclusive®™. This is
perhaps not surprising as there is increasing recognition that
while early nutrition plays a key role, there are other environ-
mental factors that may also influence the growth pattern and
risk of developing obesity later in life. One of the recognised fac-
tors that influence growth in early life is maternal smoking during
pregnancy, which has been linked to fetal growth restriction,
lower birth wcight@'m) and lower FM and fat-free mass (FFM)

Abbreviations: BIS, bioimpedance spectroscopy; FM, fat mass; FFM, fat-free mass; MD, mean difference; TIGGA, Tolerance of Infant Goat Milk Formula and

Growth Assessment.

* Corresponding author: Shao J. Zhou, fax +61 8 8 8313 7135, email jo.zhou@adelaide.edu.au

ssaud Aissanun abpliquied Aq auluo paysliand 8787006151 L£000S/2101°0L/B10"10p//:sdny

@ CrossMark


mailto:jo.zhou@adelaide.edu.au
https://doi.org/10.1017/S0007114519002848
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114519002848&domain=pdf
https://doi.org/10.1017/S0007114519002848

o

British Journal of Nutrition

Body composition of infants by feeding modes 403

at birth13 but higher FFM at 5 months'?. Being born small
with rapid catch-up growth in early infancy has been shown
to increase the risk of developing obesity later in life@!>,
Despite this, few studies have considered the impact of maternal
smoking in pregnancy when examining the relationship
between feeding mode and growth pattern or body composition
in infancy.

The aims of the study were to examine the relationship
between feeding mode (breastfed v. formula-fed) and body
composition trajectory of infants in the first 12 months of life
and to examine whether the relationship between feeding mode
and infant body composition differed by maternal smoking
status in pregnancy.

Methods
Study population

The present study is an exploratory analysis of data collected in
the Tolerance of Infant Goat Milk Formula and Growth
Assessment (TIGGA) study, which is a randomised controlled
trial comparing the growth and nutritional status of infants-fed
goat-milk . cow-milk infant formula. The TIGGA trial was
registered at the Australian New Zealand Clinical Trials
Registry (ACTRN12608000047392, http://www.anzctr.org.au/
Default.aspx). The detailed study design of the TIGGA trial
has been reported elsewhere'®!”. Briefly, 301 healthy full-term
infants (200 formula-fed and 101 breastfed) up to 2 weeks of age
were recruited from the postnatal ward in three hospitals in
Adelaide between April 2008 and April 2009. Infants were eli-
gible to participate in the TIGGA study if they were born full term
(gestation 37-42weeks) and a birth weight between 2:5 and
4-75 kg. In addition, infants had to be exclusively fed infant for-
mula within 2 weeks of birth (for the formula-fed cohort) or the
mother planned to exclusively breastfeed for at least the first
4 months of life (for the breastfed cohort). Infants were excluded
if they were from multiple births or had severe congenital or met-
abolic disease likely to affect feeding or growth. Formula-fed
infants were randomly assigned to receive either goat-milk infant
formula or cow-milk infant formula from enrolment until at least
4 months of age, and thereafter in conjunction with other com-
plementary foods until 12 months of age"'”. For the breastfed
comparison group, mothers were encouraged to exclusively
breastfeed for 4-6 months of age!'”’. Compliance with exclusive
formula feeding or breast-feeding, defined as the infant receiving
only formula (for formula-fed) or breast milk (for breast-f
eeding) and no other liquids or solids with the exception of
drops or syrups consisting of vitamins, mineral supplements
or medicines'"®, from enrolment to 4months of age was
observed in 67 % of formula-fed infants and 75 % of breastfed
infants""”. The time to introduce solids between 4 and 6 months
of age was at the discretion of each individual family for both the
formula-fed and breastfed infants.

The present study was conducted according to the guidelines
laid down in the Declaration of Helsinki, and all procedures
involving human subjects/patients were approved by the
Human Research Ethics Committees of the Women’s and
Children’s Health Network, Flinders Medical Centre and Lyell

McEwen Hospital. Written informed consent was obtained from
all participating families. The procedures followed were in
accordance with the ethical standards of the responsible
Human Research Ethics Committees.

Outcome assessments

The primary outcome measures were FM (g) and FM%, and FFM
(g) and FFM%. The secondary outcome measures included
weight, length and head circumference and their z-scores. FM
and FM%, and FFM and FFM% were measured at 1, 2, 3, 4, 6
and 12 months of age. FFM and FM were estimated by bioimpe-
dance spectroscopy (BIS), which has been validated for measur-
ing body composition in infancy™. The protocol followed has
been described in detail previously®”. In brief, BIS measurements
were performed using an ImpediMed SFB7 (ImpediMed), which
is a single channel, tetra-polar BIS device that measures imped-
ance, resistance and reactance at 256 logarithmically spaced
frequencies between 4 and 1000 kHz. A minimum of ten imped-
ance readings were taken at 1-s intervals using the automated
repeat reading mode. Impedance measurement was continued
until a valid set of measurements were obtained, which was indi-
cated by minimal scattering of data points and the presence of a
well-fitted Cole plot®?. Weight, length and head circumference of
the infants were also measured at birth, enrolment and 1, 2, 3, 4, 6
and 12months of age in the TIGGA study using standard
methods”, z-Scores for weight, length and head circumference
were calculated using WHO Child Growth Standards (http://
www.who.int/childgrowth/en/).

Other assessments

A structured interview questionnaire was used to assess maternal
characteristics including age, parity, weight, height, education
level and smoking during pregnancy (yes or no) at study entry,
and feeding practice during the study period. Infant sex and age
at enrolment were also recorded.

Statistical analysis

FFM (g) was calculated using the W+ S+ I?/R, equations by
Lingwood et al ", where R, is the resistance at zero frequency,
W is the weight in kg, S is the sex (1 = male, 2 = female) and L is
the length in cm at the time of BIS measurement. The equation for
6weeks (1-169 + 0-568W — 0-128S + 0-032L%*/R,) was used for
FFM at 1 and 2months; the equation for 3 months
(1-315 + 0-449W — 0-169S + 0-153I%/R;) was used for FFM at
3 months; and the equation for 4-5months (1-909 + 0-280W —
0-279S + 0-3051%/R,) was used for FFM at 4, 6 and 12 months.
FM was then calculated as (weight (g) — FFM), FM percentage
as  (FM/weight) X 100 and FFM percentage as (FFM/
weight) X 100.

To address our aims, we first tested whether body composition
differed between the goat-milk and cow-milk formula-fed groups.
As there were no differences in the anthropometric measures””
and body composition (see online Supplementary Table S1)
between the two formula-fed groups, data for the two formula-
fed groups were combined to form the combined formula-fed
group for comparison with the breastfed group. To examine
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whether the association between feeding mode and body compo-
sition differed by maternal smoking status in pregnancy, the
infants were further divided into four groups according to feeding
mode and maternal smoking status in pregnancy as follows: (1)
breastfed non-smoking group: breastfed infants whose mothers
did not smoke in pregnancy; (2) breastfed smoking group:
breastfed infants whose mothers smoked in pregnancy; (3)
formula-fed non-smoking group: formula-fed infants whose
mothers did not smoke in pregnancy and (4) formula-fed smoking
group: formula-fed infants whose mothers smoked in pregnancy.

To test whether FM and FFM differed between groups (goat-
milk formula and cow-milk formula, or combined formula-fed
and breastfed infants), linear regression models were fitted using
a time-by-group interaction term, with time treated as categori-
cal. An interaction term was included in the model to test
whether the trajectory of body composition measures over time
differed between the two groups, and estimates of the group
differences were derived separately for each group and time
point. A generalised estimating equation with autoregressive
degree working correlation and robust variance estimation
was used to account for repeated measures. Pairwise differences
between groups were estimated for each time point (1, 2, 3, 4, 6
and 12 months). Both unadjusted and adjusted analyses were
performed. Unadjusted analyses included only time, feeding
group (cow-milk ». goat-milk formula or combined formula-
fed v. breastfed) and the interaction between feeding group
and time. The adjusted analyses included study centre, sex,
maternal smoking during pregnancy and maternal education
as covariates. For the sub-group analysis by maternal smoking
status, unadjusted analyses included only time, feeding by
smoking group and the interaction between group and time.
The adjusted analyses included study centre and maternal
education.

Statistical significance was assessed at the 0-05 level unless
otherwise specified. A minimal sample size of 200 (100 per
group) and 788 (394 per group) is required to detect a mean dif-
ference (MD) of 200 and 100 g (assumed sp 500 g), respectively,
in FFM between the breastfed and formula-fed groups with 80 %
power. To detect an MD of 2 and 1 % (assumed sb 3 %), respec-
tively, in FFM% between the groups, minimal sample sizes of 74
(37 per group) and 286 (143 per group) are required. Based on
the sample size available, our study had 85 % power to detect a
statistically significant difference of 180 g in FFM (the observed
MD in our study) between the formula-fed and breastfed infants
at 6 months of age, and 95 % power to detect 1-8 % difference in
FFM% between the breastfed non-smoking and formula-fed
smoking groups at 1 month of age. Analyses were carried out
using Stata version 13 (Stata Corp.) or SAS version 9.3 (SAS
Institute Inc.).

Results

Socio-demographic and birth anthropometric
characteristics

Of the original 301 infants in the TIGGA trial (100 breastfed and
201 formula-fed), 290 (100 breastfed and 190 formula-fed) had
BIS measures taken at one or more time points and were

included in the present study. The remaining eleven infants
did not have any BIS measures and were excluded from the
present study (see online Supplementary Fig. S1, Participant flow
chart). Parent and child characteristics are summarised in Table
1. Breastfed infants had a lower percentage of mothers who
smoked during pregnancy, a lower maternal pre-pregnancy
BMI, a higher percentage of mothers who had completed secon-
dary education and a higher mean birth weight compared with
formula-fed infants (Table 1). The birth anthropometric mea-
sures and their z-scores for the infants in the breastfed non-
smoking group did not differ from infants in the formula-fed
non-smoking group (Table 1) but were significantly higher than
the infants from the formula-fed smoking group. Infants in the
formula-fed non-smoking group also had significantly higher
anthropometric measures compared with the infants in the for-
mula-fed smoking group with the exception that the differences
in the head circumference and its z-score were not statistically
significant (Table 1). There were only ten infants in the breastfed
smoking group; therefore, a meaningful comparison is not
possible, and subsequently, this group was not included in the
sub-group analyses.

Body composition of goat-milk v. cow-milk formula-fed
infants

The mean FM% ranged from 16-1 (sp 3-1)% at 1month to
30-7 (sp 4-0) % at 12 months in the goat-milk formula-fed infants
compared with 16:8 (sp 2:7)% and 31-4 (sp 3-2)% in the
cow-milk formula-fed infants (online Supplementary Table S1).
There was no difference between the two formula-fed groups
in FM (g), FFM (g), or percentage of FM and FEM, at any
of the time points between 1 and 12 months of age in either the
unadjusted or adjusted analyses (online Supplementary Fig. S2).
There were also no interaction effects of time with body compo-
sition measurements.

Body composition of breastfed v. formula-fed infants

The mean FM% ranged from 16-4 (sp 2:9) % at 1 month to 31-0 (sp
3-6) % at 12 months in the formula-fed infants, and from 17-4 (sp
3:00% to 312 (sb 35)% in the breastfed infants (online
Supplementary Table S2). In the adjusted analyses, formula-fed
infants had a higher FFM at 4 months (MD 160 g, 95 % CI 50-4,
269-5g, P<0-05) and 6months (MD 179g, 95% CI 41-5,
3169 g, P<0-05). However, by 12months, FFM between for-
mula-fed and breastfed infants was not significantly different.
There was no difference in the FFM%, or FM or FM% at any time
points between formula-fed and breastfed infants in either the
unadjusted or adjusted analyses, with the exception that for-
mula-fed infants had a lower FM (MD —-79 g, 95% CI —134-4,
—23-6g, P=0-005), FM% (MD —1-0%, 95% CI —1-7, —0-2%)
and FFM (MD -90g, 95% CI —174.7, —=5-2g, P=0-037) and a
higher FFM% (MD 1-0 %, 95 % CI 0-2, 1.7 %, P=0-011) at 1 month
of age compared with the breastfed infants in the unadjusted
analysis (Fig. 1 and online Supplementary Table S2). There was
a significant interaction effect of time with FFM, FM% and FFM
% (P<0-05 for all). The MD in FFM between formula-fed and
breastfed infants changed from negative (lower mean FFM in
formula-fed) between 1 and 3 months to positive (higher mean
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Table 1. Demographic characteristics of participants by feeding mode and maternal smoking status

(Mean values and standard deviations; numbers and percentages)

Feeding mode*

Feeding mode by maternal smoking*

BF (n100) FF (n190) BFNSM (n90) FFNSM (n114) FFSM (n76) BFSM (n10)
Maternal characteristics

Mother completed secondary education

n 81 79 75 63 16 6

% 812 420 83?2 55P 21¢ 60
Maternal smoking in pregnancy

n 10 76 0 0 76 10

% 102 40° 0 0 100 100
Maternal age (years)

Mean 3072 28.0° 3012 28.1° 27.8° 285

SD 52 6-3 4.9 5.9 69 72
Maternal pre-pregnancy BMI (kg/m?)

Mean 24.62 27-1° 24.82 27.8° 26.12P 22.7

SD 4.5 6-9 4.6 75 5.8 31

Infant characteristics

Sex: male

n 43 86 42 52 34 1

% 432 452 47 46 45 10
Birth weight (g)

Mean 35632 3390° 35792 34862 3245 3425

SD 410 443 394 417 445 545
Birth length (cm)

Mean 50-22 49.4° 5012 49.72 48.9° 50-5

SD 20 21 2.0 20 22 22
Birth head circumference (cm)

Mean 3512 34.7° 3522 34.820 34.5° 342

SD 12 1.4 1.2 1.5 1-4 1.5
Birth weight z-score

Mean 0-562 0-19° 0-58?2 0-392 -0-12° 0-02

SD 0-83 0-92 0-80 0-85 0-94 110
Birth length z-score

Mean 0-362 0-04° 0-3 0-132 —-0-29° 0-59

SD 1.06 1-11 1.05 1.05 116 1-09
Birth head circumference z-score

Mean 0762 0-42° 0-823 0-5330 0-27° 0-37

SD 097 115 0-92 117 112 1-35

BF, breastfed infants; FF, formula-fed infants; BFNSM, breastfed infants whose mother did not smoke in pregnancy; FFNSM, formula-fed infants whose
mother did not smoke in pregnancy; FFSM, formula-fed infants whose mother smoked in pregnancy; BFSM, breastfed infants whose mother smoked in

pregnancy.

ab.c Mean values or percentages within a row with unlike superscript letters were significantly different (P < 0-05) based on P-values derived from a
generalised estimating equation with robust variance estimation for continuous variables and 42 test for categorical variables.
* Statistical analyses were performed to compare the characteristics between feeding groups (BF v. FF) and between feeding by maternal smoking sub-
groups (BFNM v. FFNSM v. FFSM) separately. Due to the small number of infants (n 10) in the BFSM group, a meaningful statistical comparison is not
possible and statistical comparisons between BFSM and other feeding by maternal smoking sub-groups were not performed.

FFM in formula-fed) from 4months of age although the
difference was only significant at 4 and 6 months (online
Supplementary Table S2). This indicated a different body compo-
sition trajectory between the breastfed and the formula-fed
infants.

Sub-group analysis of breastfed v. formula-fed by maternal
smoking status in pregnancy showed that there were no signifi-
cant differences in body composition measures including FM,
FM%, FFM and FFM% between the breastfed non-smoking
and formula-fed non-smoking groups at any of the time points.
In contrast, infants in the formula-fed smoking group were lower
in both FM and FFM (paralleling the lower weight and length at
birth) but had a higher FFM% and lower FM% at 1 month com-
pared with the other two non-smoking groups in both the unad-
justed or adjusted analyses (see Fig. 2 and online Supplementary
Table S3). No significant differences were observed in other time
points. There was also a significant interaction effect of time with

FM% and FFM% (P < 0-05 for all) suggesting a different body
composition trajectory between the smoking and non-smoking
groups.

Discussion

To the best of our knowledge, ours is the largest prospective
study with serial measurements in growth and body composition
trajectory of breastfed v». formula-fed infants from birth to
12 months of age. We showed that body composition differs
between breastfed and formula-fed infants in early infancy.
More importantly, we demonstrated for the first time that the
difference in the body composition between breastfed and
formula-fed infants was only observed in formula-fed infants
whose mothers smoked in pregnancy in contrast to no difference
between breastfed and formula-fed infants of non-smoking
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Fig. 1. Fat mass (a), fat mass percentage (b), fat-free mass (c) and fat-free mass percentage (d) of formula-fed v. breastfed infants in the first 12 months of age. Values
are mean values with their standard errors. Error bars indicate 95 % confidence intervals. A generalised estimating equation with robust variance estimation was used for
statistical analysis. — «—, Formula-fed (n 190); —e—, breastfed (n 100).

ot

British Journal of Nutrition

—
[
~

3000

2500 -

2000

1500 A

Mean fat mass (g)

1000 4

500 {.

—
(2]
-~

7000

6000 -

5000

4000 A

Mean fat-free mass (%)

3000 4,

6

12

6
Time (month)

T

12

—
O
~

354

Mean fat mass (%)

—
o
=

Mean fat-free mass (%)

65

6 12
Time (month)

Time (month)
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mean values with their standard errors. Error bars indicate 95 % confidence intervals. A generalised estimating equation with robust variance estimation was used for
statistical analysis. BF/non-smoking, breastfed infants whose mothers did not smoke in pregnancy; FF/non-smoking, formula-fed infants whose mothers did not
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mothers, suggesting that the difference in body composition
between breastfed and formula-fed infants in early infancy
may potentially be attributed to maternal smoking in pregnancy
irrespective of feeding mode.

Our finding that formula-fed infants had higher FFM than
breastfed infants at 4 and 6 months of age is comparable with
other smaller cohort studies (with twenty to seventy-six infants)
that estimated body composition by total body electrical
conductivity®'=?» based on a similar principle to the one used
in our study, or by other well-established methods including
dual-energy X-ray absorptiometry®? and doubly labelled water
dilution®, We found that the difference in the body composi-
tion between the formula-fed and breastfed infants was no
longer significant by 12 months of age, which is in contrast to
a recent systematic review and meta-analysis'® showing higher
FFM in the formula-fed infants at 12 months of age compared
with the breastfed infants. However, the total number of infants
included in the meta-analysis at 12 months of age was relatively
small (7 201) and from three studies with different definitions of
the breast-feeding group. These conflicting results are perhaps
not surprising as it would be expected that any effect of feeding
mode on body composition would be attenuated and less con-
sistent in the second 6 months of the infancy, when the diet
becomes more diverse with the introduction of complementary
feeding as well as infant formula among some breastfed infants.
Whether feeding mode in infancy has a long-term effect on the
growth of children or risk of obesity later in life remains uncertain
because of conflicting results from epidemiological studies.
However, evidence from limited longitudinal studies demon-
strated that the difference in body composition between for-
mula-fed and breastfed infants in early infancy did not persist
into the second year of life®?. This suggests that the association
between breast-feeding and the lower risk of obesity later in life
may be at least in part due to other social and environmental
factors, such as maternal smoking and other lifestyle practices,
associated with the choice to breastfeed rather than breast-
feeding itself.

There is consistent evidence demonstrating the link between
maternal smoking in pregnancy and fetal growth restriction.
Infants born to mothers who smoked in pregnancy are generally
smaller at birth as indicated by lower mean birth weight, length
and head circumference compared with infants whose mothers
did not smoke in pregnancy"'®?>. Growth patterns and body
composition have also been shown to differ between infants
of smoking mothers and non-smoking mothers'229, It is also
well documented that women who chose to formula feed their
infants have a significantly higher rate of smoking in pregnancy
compared with those who chose to breastfeed®!7?”, Despite
that, none of the studies comparing growth and body composi-
tion trajectory of breastfed and formula-fed infants have con-
ducted the comparison in relation to maternal smoking status
in pregnancy. Our study is the first to show no difference in
the anthropometric measures (including body composition)
between breastfed and formula-fed infants from non-smoking
mothers. However, anthropometric measures of infants of
non-smoking mothers (regardless of the feeding mode) differed
from formula-fed infants whose mothers smoked in pregnancy,
with the latter being smaller at birth and leaner at 1 month. Our

finding suggested that the difference observed in the body
composition between formula-fed and breastfed infants in our
study in early infancy may potentially be attributed to maternal
smoking in pregnancy irrespective of feeding mode. The under-
lying mechanisms for the association between maternal smoking
in pregnancy and the growth and body composition of offspring
are not fully understood. Several possible explanations have
been suggested, including increased energy expenditure®®,
maternal malnutrition, poor weight gain in pregnancy, impaired
placenta function and possible direct effect of smoking on
metabolic alterations in both mothers and fetus®3?. Growth
patterns of formula-fed infants are often viewed as sub-optimal
because they deviate from the WHO growth standard, which
was developed based on growth data of healthy breastfed infants
whose mothers did not smoke during pregnancy®”. However,
there is a disproportionally high rate of maternal smoking in
pregnancy among formula-fed infants, and the different growth
patterns between formula-fed and breastfed infants should not
be simply attributed to the compositional differences between
breast milk and infant formula as maternal smoking in pregnancy
is an important factor influencing the growth of infants.

We previously showed no difference in growth (measured by
weight, length and head circumference) between infants fed goat-
milk infant formula and those fed a conventional cow-milk infant
formula without milk fat in a randomised controlled trial 7. In
the present study, we demonstrated that the body composition
of these two groups of infants was also not different. This further
supports the nutritional adequacy of goat-milk infant formula in
comparison with the traditional cow-milk infant formula.

The key strengths of our study are that we tracked the body
composition with serial measurements from birth to 12 months
of age, which allows longitudinal comparison in body composi-
tion trajectory between the groups, and assessment of body com-
position was conducted blinded to maternal smoking status in
pregnancy in the whole cohort. Our study has some limitations.
We did not assess the number of daily cigarettes smoked or sec-
ond-hand smoking in pregnancy or adjust for the age when sol-
ids were introduced, which could be potential confounders of
the body composition in infancy. Our sample size afforded
adequate power to detect the observed difference in FFM
between the formula-fed and breastfed infants at 4 and 6 months
of age and the FFM and FFM% between the breastfed non-
smoking and formula-fed smoking groups at 1 month of age. A
larger sample size is required to detect a smaller difference in body
composition between groups and to account for multiple compar-
isons between feeding groups by maternal smoking status in preg-
nancy. Our results should be interpreted in the context of limited
statistical power. Whether body composition trajectory differs
between breastfed and formula-fed infants whose mothers
smoked in pregnancy is unknown as we were unable to compare
the groups due to inadequate number of mothers who smoked in
pregnancy and breastfed their infants in our study.

In summary, our results suggest that maternal smoking in
pregnancy influences the body composition of infants indepen-
dent of the feeding mode in infancy. Educating women on the
impact of maternal smoking on infant growth and providing sup-
port for the cessation of smoking should be an integral part of
any public health campaign and antenatal care to optimise the
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growth and long-term health of children. Further research with
adequately powered prospective studies, specifically designed
to examine the relationship between maternal smoking in preg-
nancy, feeding mode and the body composition of infants, is
warranted to better understand the relative impact of maternal
smoking in pregnancy, feeding practice in early life and growth
trajectory of infants.
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