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Abstract

Breastfeeding (BF) has been identified as a protective factor against childhood
obesity. However, evidence of the association between BF duration and
adiposity remains inconclusive. Few studies have been conducted among
Southeast Asian infants that have measured body composition during infancy
using the gold standard stable isotope method. This study aimed to evaluate the
association between BF duration and body composition during infancy. Healthy
full-term Thai infants aged 6-8 months (n=60) receiving exclusive or
predominant BF for at least 3 months were recruited. Skinfold thickness (SFT)
was measured by well-trained investigators. Body composition was assessed by
the deuterium dilution technique. Infants with longer BF duration (>6 months;
mean 7.5 £ 0.5 months, n =29) had a higher subscapular SFT z-score than those
with shorter BF duration (<6 months; mean 5.3+ 0.9 months, n=31) by 0.48
(95% confidence interval [Cl]: 0.01-0.94). After adjustment for age and sex, BF
duration and age at introduction of complementary feeding (CF) were positively
associated with fat mass and fat mass index at 6-8 months. One month increase
in BF duration and CF age was associated with a 0.37 (95% CI: 0.05, 0.69) kg/m2
and 0.76 (95% Cl: 0.18, 1.34) kg/m? increase in the fat mass index, respectively.
After adjusting for infant body mass index (BMI) during the earlier infancy
period, the strength of the association was attenuated. This finding may reflect
reverse causality where infants with lower BMI received formula or CF earlier.
A longitudinal study with follow-up into childhood is warranted to confirm the

effects of BF on adiposity in infancy and childhood.
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1 | INTRODUCTION

Breast milk is accepted as an ideal food for infants since it provides all
the essential nutrients, immunity, and hormones to stimulate optimal
growth and development. Previous literature also shows that breast
milk intake may prevent obesity and noncommunicable diseases,
which is a global public health concern (Bartok & Ventura, 2009).
A recent meta-analysis revealed a 17% reduction in the risk of
obesity in ever-breastfed preschool children compared with
never-breastfed counterparts (Qiao et al., 2020).

Several potential mechanisms have been proposed to explain why
breastfeeding (BF) may reduce the risk of obesity later in life. First,
lower protein content in breast milk compared with formula could
affect subsequent body composition changes since excessive protein
intake may stimulate higher insulin and insulin-like growth factor
release. The release of these two hormones will also trigger a
proliferation of adipose cells as well as fat storage in the body (Bartok
& Ventura, 2009). Additionally, human milk contains growth modulat-
ing bioactive compounds such as leptin, ghrelin and adiponectin, which
may involve appetite regulation (Savino et al., 2009). Evidence has
shown that breastfed infants may learn to better self-regulate their
energy intake than bottle-fed infants, which may also affect eating
behaviors in later life (Koletzko et al., 2009).

The advantage of BF is well established. World Health
Organization (WHO) recommends that infants should receive
exclusive breastfeeding (EBF) for the first 6 months of life and then
continue BF for up to 2 years of age or beyond with appropriate
complementary feeding (CF) (World Health Organization, 2001).
According to the survey by WHO, the global EBF rate in the first
6 months between 2013 and 2018 remains low at 41% (World
Health Organization & United Nations Children's Fund, 2019). A
recent Thailand multiple indicator cluster survey reported a 6-month
EBF rate of 14% (National Statistical Office of Thailand, 2020), far
from the target of 50% in 2025, proposed by the Thai Ministry of
Public Health and the World Health Assembly (World Health
Organization & United Nations Children's Fund, 2018). Furthermore,
previous surveys have shown that the global EBF rate has
significantly declined after 3 months of age and Thailand is no
exception (National Statistical Office & United Nations Children's
Fund, 2016; National Statistical Office of Thailand, 2020).

Recent evidence suggests that a longer duration of BF may be a
protective factor against childhood obesity (Butte et al., 2000; Ejlerskov
et al, 2015; Eny et al, 2018; Gale et al., 2012; Kramer et al., 2003;
Toschke et al, 2007). However, studies that explored the association
between BF duration and adiposity during infancy, especially among the
Southeast Asian population, are scarce. Most previous studies were
performed among Western populations that may have different patterns
of body composition (Gale et al., 2012; Kramer et al., 2003). Also, most
studies usually selected the body mass index (BMI) or weight-for-height
(WFH) z-score as a proxy for fat mass and used these indices to measure
obesity (Ejlerskov et al., 2015; Eny et al., 2018). These measures may not
be suitable indicators to assess body fatness and its changes over time in
growing infants and children. Only a few previous studies used more
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Key points

¢ Previous evidence found that the duration of breastfeed-
ing (BF) and infant feeding practice may be associated
with adiposity during infancy and later life.

e Our study found that infants who received BF solely for a
longer duration had a significantly higher fat mass and
fat mass index at age 6-8 months based on anthropom-
etry and the isotope dilution technique compared with
infants with a shorter BF duration.

e Older age at introduction complementary feeding was
associated with higher adiposity at age 6-8 months.

e Further longitudinal tracking up to childhood is war-
ranted to confirm the effects of BF on adiposity in

infancy and beyond.

robust techniques such as the deuterium dilution technique, dual-energy
X-ray absorptiometry (DXA), or air displacement plethysmography to
explore fat and lean mass in association with infant feeding practices
(Butte et al., 2000; Robinson et al., 2009; Toschke et al., 2007). Previous
studies have reported that infant growth and body composition,
modulated by infant feeding practices, were associated with adiposity
in infancy, childhood and early adulthood (Aris et al., 2017; Chomtho
et al., 2008; Chomtho et al., 2009; Sun et al., 2017).

The objectives of this study were to determine the association
between the duration of BF and body composition among healthy
Thai infants aged 6-8 months and to explore the association between
infant feeding practices including age at introduction of CF and body

composition.

2 | METHODS

2.1 | Study design and participants
A cross-sectional study was conducted from January to September
2020. This study was undertaken by the Institute of Nutrition,
Mahidol University, and the Pediatric Nutrition Research Unit,
Division of Nutrition, Department of Pediatrics, Faculty of Medicine,
Chulalongkorn University. Cross-sectional data was taken from the
ongoing International Atomic Energy Agency (IAEA) Regional Asia
Project (RAS6092) entitled ‘Longitudinal study on body composition,
energy expenditure, and feeding practices of 6 to 23 months old Thai
infants’ and the Food and Agriculture Organization of the United
Nations (FAO) project ‘Determination of Energy Expenditure of
Infants and Young Children (6-24 months old)'.

Thai healthy infants aged 6-8 months, full-term born (gestational age
GA 37-41"° weeks), singleton with birth weight 2500-4000g and
receiving EBF or predominant BF according to the WHO definition for at
least three months, were enrolled (World Health Organization, 2021).
Other inclusion criteria were maternal age older than 18 vyears,
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nonsmoker, Thai ethnicity and weight-for-height (WFH) and length-for-
age (LFA) z-score between -2 and +2SD according to WHO growth
reference on the recruitment day. Infants were excluded if they had
congenital anomalies, inborn errors of metabolism or chronic diseases as
well as those who were sick with any acute illness or received any
supplementation that can interfere with body composition measure-
ments. One parent of each infant provided written informed consent for
the child's participation after the researcher had explained all the study

procedures to the parents.

2.2 | Demographic data, infant feeding
practices and dietary intake

Demographic data including maternal data (age, pre-pregnancy BMI, total
weight gain during pregnancy, education level and occupation), household
income, birth characteristics (sex, birth weight and length and GA),
previous anthropometric history and details of infant feeding practices
(duration of BF, mode of BF and age of CF introduction) were
retrospectively collected by interviews with parents. Infants receiving
BF without any formula (solely BF) for less than or equal to 6 months of
age were categorized as the shorter BF group, whereas infants receiving
BF solely for more than 6 months were classified as the longer BF group,
regardless of when CF was introduced. Bottle-feeding intensity (BFI) (%)
was calculated by the volume of breast milk and formula that were fed via
bottle per day divided by the volume of total milk intake per day and then
multiplied by 100 (Li et al., 2014).

The energy and nutrient intake of infants were assessed by
dietitians using 3-day 24-h dietary recalls, including 2 weekdays and
1 weekend day to enhance the accuracy of estimation. The volume of
breast milk intake from direct BF was estimated based on the Medical
Research Council data (Mills & Tyler, 1992). Breast milk intake for
infants aged 6-7 months receiving direct BF for 10 min or more was
counted as 135 ml per feed and 100 ml per feed for infants older than
8 months. If the feeding duration was less than 10 min, consumption
was calculated proportionally (Lanigan et al., 2001). The energy and
nutrient intake from the CF were calculated from diets other than
breast milk, but not including infant formula. The nutrient intake from
the 24-hour dietary recall was computed by INMUCAL-Nutrients V.
4.0 software developed by the Institute of Nutrition, Mahidol
University, Thailand (Institute of Nutrition, 2018).

2.3 | Anthropometry and body composition

Weight, length, mid-upper arm circumference (MUAC) and skinfold
thickness (SFT) measurements were performed by well-trained
research assistants. Weight was measured to the nearest 100 g using
a standard digital baby weighing scale (Seca 354; Seca GmbH & Co.
KG), while the length was examined to the nearest 0.1 cm by a length
board (ShorrBoard®; Weight and Measure LLC). BMI was calculated
as weight (kg) divided by length? (m). MUAC was measured at a mid-
point of the distance between an acromion process of the shoulder to
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an olecranon process of the elbow using nonstretchable tape to the
nearest 0.1 cm. Triceps and subscapular SFT were measured by using
skinfold callipers (Holtain T/W skinfold calliper; Holtain Ltd.). All
measurements were performed twice with averages used for the
analysis. Weight, length, MUAC, and SFT were entered into the WHO
Anthro software for calculating age- and sex-specific z-scores based
on 2006 WHO Growth Standards (Bldssner et al., 2010). Previous
measurements of weight and length at the age of 2 and 4 months
were retrieved from baby vaccination record books.

Body composition was assessed by doubly labeled water (DLW).
All infants received a mixture of deuterium oxide (?H,0, 0.1 g/kg of
body weight) and oxygen (20, 2.8 g/kg of body weight) orally to
assess body composition and energy expenditure. Urine samples
were collected by using taped urine collecting bags containing cotton
balls, one before the dose (pre-dose) at 4-6h and 1, 2, 6 and 7 days
after the dose was taken (post-dose). The urine samples were stored
at —20°C for later analysis. The enrichment of deuterium in urine was
measured using an isotope ratio mass spectrometer (IRMS; SerCon
Limited) at the Institute of Nutrition, Mahidol University. Total body
water (TBW) was calculated by the intercept method. Fat-free mass
(FFM, kg) was then derived from TBW divided by the specific
hydration coefficient for age. Fat mass (FM, kg) was calculated as the
difference between body weight and FFM (International Atomic
Energy Agency IAEA, 2009). The fat mass index (FMI) and fat-free
mass index (FFMI) were calculated by FM (kg) divided by length? (m)
and FFM (kg) divided by length? (m), respectively, to correct for
variations related to body size (Wells et al., 2002).

2.4 | Statistical analysis

Statistical analysis was performed using Stata 15.1 (StataCorp.).
The normality of data was checked using the Shapiro-Wilk test
before analysis. Continuous variables including baseline character-
istics and body composition were expressed as mean and standard
deviation values (SD) and medians (25th, 75th percentiles) as appropriate.
Categorical variables were presented as a count and percentage.
Independent t-test, x> and Wilcoxon's rank-sum tests were applied to
explore significant differences between shorter and longer BF groups.
Pearson's correlation coefficient measured the correlation between the
duration of BF, the age for introducing CF, BFI and body composition.
The multivariate models were run with potential confounders of infant
adiposity. Models 1 and 2 were basic models that adjusted for age and
sex, while Models 3 and 4 included covariates for birth BMI z-score,
infant feeding practices (either the duration of solely BF, age at
introduction of CF) and infant's BMI z-score at ages 2 and 4 months.

p < 0.05 was considered statistical significance.

2.5 | Ethics statement

The study was approved by the Institutional Review Board of the
Faculty of Medicine, Chulalongkorn University, Thailand (COA. No.
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1375/2020), and the Central Institutional Review Board at Mahidol
University (COA NO. MU-CIRB 2019/148.1809). Written informed
consent was obtained from the legal guardian of the infants involved

in this study after the researcher had explained the study.

3 | RESULTS

3.1 | Baseline characteristics, infant feeding
practices and dietary intake

Sixty infants participated in the study. The characteristics of the
infants and mothers, infant feeding practices and baseline dietary
intakes, stratified by the duration of BF, are shown in Table 1. The
mean age of the infants at recruitment was 7.5 + 0.8 months. Infants
from the longer BF group were older than in the shorter BF groups by
0.9 months; 95% confidence interval (Cl): 0.5-1.2, p <0.001. The
duration of BF in shorter and longer BF infants was 5.3 + 0.9 months
and 7.5+0.5 months, respectively (p<0.001). There was no
significant difference in birth anthropometry between the two
groups. At the age of 2 and 4 months, weight for age (WFA), length
for age (LFA) and BMI-for-age z-score were not significantly different
between the groups (Supporting Information: Table S1). However,
the longer BF group tended to have slower weight gain (299.8 + 92 g/
month) than the shorter BF group (358.1+ 135.8 g/month) from 4
months to the age of recruitment (at 6-8 months) (p =0.08). The
longer BF group had a significantly higher level of maternal education
compared with the shorter BF group (p=0.04). Other maternal
characteristics including maternal age, pre-pregnancy BMI, weight
gain during pregnancy, maternal occupation and household incomes
were not significantly different between the two groups.

Lower BFI was observed in the longer BF group. More than
three-quarters of the infants in the longer BF group (79%) received
breast milk via direct BF with or without bottle feeding at 6-8
months of age. Additionally, 28% of the infants started CF earlier
than 6 months, but there was no difference in the age of CF
introduction between the two groups.

Dietary energy and protein intake are also summarized in Table 1.
As expected, the longer BF infants consumed significantly lower
energy and protein compared with the shorter BF group. However,
no significant differences in energy and protein intake from CF were
observed between groups. Similarly, the protein-to-energy ratio and
animal-based protein intake were not different between the two

groups.

3.2 | Anthropometric measurements and body
compositions

Anthropometric measurements are presented in Figure 1. Longer BF
infants had significantly higher subscapular SFT z-scores than shorter
BF infants (difference: 0.49; 95% Cl: 0.02-0.96). Other anthropo-
metric measurements were not different between the two groups.
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Body composition assessed by DLW was performed in all infants.
Nine infants were excluded from the analysis due to outlier results.
Figure 2 shows the comparison of body composition between the shorter
and longer BF groups. There were no statistically significant differences in
any indices of body composition between the two groups.

3.3 | Association between clinical characteristics
and infant feeding practices versus body composition

Table 2 shows the univariate analysis results between clinical
characteristics of infant-mother dyads and infant feeding practices
with infant FMI and FFMI. Significant associations were found
between the BMI z-score at birth and FFMI (B =0.66, p < 0.001) and
age at introduction of CF was positively associated with FMI
(B=0.69, p=0.03). None of the maternal variables was associated
with FMI and FFMI.

Table 3 presents multivariate regression results, which explored
the association between either BF duration or age at introduction of
CF and infants’ body composition. When the infants were catego-
rized into shorter and longer BF groups, no association between the
duration of BF and body composition was found after adjusting for all
infant variables (Models 1 and 3). Nevertheless, when the duration of
BF was analyzed as a continuous variable, BF duration was positively
associated with FM and FMI (FM coefficient 0.17, p=0.03; FMI
coefficient 0.37, p = 0.03) after adjusting for age and sex (Model 1).
However, after adjusting for infant variables (Model 3), the
association between the duration of solely BF with FM and FMI
became nonsignificant. The association remained the same after
adjusting for maternal pre-pregnancy BMI and gestational weight
gain (Supporting Information: Table S2).

After adjusting for age and sex (Model 2), later introduction of CF (26
months, mean 6.0 0.1 months) was associated with a higher FM and
FMI (FM coefficient =0.36, p=0.01; FMI coefficient=0.76, p=0.01),
compared with earlier introduction of CF (<6 months, mean=4.6+0.7
months). However, after further adjustment for infant BMI z scores at age
2 and 4 months, no association between age at introduction of CF and
body composition was found (Model 4). There was also no association
between age at introduction of CF and FFM or FFMI.

Additionally, infants who received CF before 6 months tended to
have a lower WFA, LFA and BMlI-for-age z-score before starting CF
compared with infants receiving CF at 6 months. No association was

found between BFI and infant body composition (data are not shown).

4 | DISCUSSION

This study aimed to evaluate the association between BF duration
and infant body composition at 6-8 months of age. After adjusting
for age and sex, we found that infants who had a longer duration of
receiving only BF had a significantly higher FM and FMI at age 6-8
months compared with infants with a shorter duration of solely BF.
CF introduction at an older age was also associated with higher FM



UA-AREECHIT et AL 5o0f 12
I }Wl LEy—| 2%

TABLE 1 Baseline characteristics by duration of BF (n = 60)?

Shorter Longer
Characteristics Al (n = 60) BF® (n=31) BF® (n=29) p°
Infant characteristics
Age, months 7.5+0.8 7.0+0.7 7.9+0.7 <0.001
Male, n (%) 30 (50) 18 (58) 12 (41) 0.20
Gestational age, weeks 38.5+1.1 384+1.2 38.6+0.9 0.40
Birth BMI z-score -0.8+0.8 -0.7£0.7 -09+1 0.53
Weight gain from age 4 to 6-8 months, 327.2+117.2 358.1+135.8 299.8+92.1 0.08
g/month?
Length gain from age 4 to 6-8 months, mm/ 16.9+4.9 17.5+4.8 16.3+4.9 0.41
month®

Maternal characteristics
Age, years 31.3+5.8 30.6+5.5 320+6.2 0.36
Pre-pregnancy BMI, kg/m? 22.3+3.9 22.7+4.2 21.9+3.6 0.40
Weight gain during pregnancy, kg 14.7+5.1 14.6+5.8 14.7+4.3 0.95
Bachelor's degree and higher education, n (%) 47 (78) 21 (68) 26 (90) 0.04
Full-time employment, n (%) 38 (63) 19 (61) 19 (65)
Household income (baht/month), n (%) 0.61

<15,000 1(1) 1(3) 0 (0)

15,000-50,000 28 (47) 16 (52) 12 (41)

50,000-100,000 18 (30) 8 (26) 10 (35)

>100,000 13 (22) 6 (19) 7 (24)
Infant feeding practices
Bottle-feeding intensity, %/day’ 549+423 63.9+41.3 454+419 0.09
Age at introduced CF, months 5.6+0.7 5 (5, 6) 6 (5.8, 6) 0.60
Dietary intake
Total energy intake, kcal/kg/day 76.9 £28.6 88.5+33.7 64.6 +13.7 0.001
Total protein intake, g/kg/day 1.6 (1.2, 2.3) 21(1.2,3.2) 1.5(1.2, 1.8) 0.02
Percentage of protein; energy, % 8.8 (7.8, 10.1) 8.7 (7.5, 13.2) 9.1 (7.9, 10.0) 0.93
Energy intake from CF, kcal/kg/day® 10.3 (7.2, 24.2) 8.6 (7.2, 24.0) 12.0 (7.1, 24.6) 0.75
Protein intake from CF, g/kg/day® 0.5 (0.3, 1.1) 0.4 (0.2, 1.2) 0.6 (0.3, 1.0) 0.48
Animal-based protein from CF, g/kg/day® 0.3 (0.2, 0.6) 0.3 (0.1, 0.7) 0.3 (0.2, 0.5) 0.59

Abbreviations: BF, breastfeeding; BMI, body mass index; CF, complementary feeding.

2Values are presented as mean = SD for continuous variables with normal distribution or median (25th, 75th percentiles) for continuous variables with
nonnormal distribution. Categorical variables were expressed as n (%).

bThe shorter BF group was defined as infants receiving BF without any formula for less than or equal to 6 months of age along with CF, while the longer
BF group was defined as infants receiving BF solely for more than 6 months along with CF.

“Differences were performed by t-tests and x? tests for continuous and categorical variables, respectively. Wilcoxon's rank-sum tests were used for
nonnormality distribution variables.

9All, n = 51; shorter solely BF, n = 24; longer solely BF, n=27.

€All, n=50; shorter solely BF, n= 23, longer solely BF, n=27.

fBottle—feeding intensity, % = (Volume of breast milk and formula that were fed by bottle/Volume of total milk intake) x 100.
8The energy and nutrient intake from the CF were calculated from diets other than breast milk, not including infant formula.
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0.8 B@Shorter BF ®Longer BF

0.83 %

0.6

0.4

Z-score

-0.05 -0.06

-0.44
Weight for age Length for age BMI MUAC Tricep SFT  Subscapular SFT

FIGURE 1 Comparison of anthropometric measurements between shorter BF and longer BF groups (n = 61). The shorter BF group was
defined as infants receiving BF without any formula for less than or equal to 6 months of age along with CF, while the longer BF group was
defined as infants receiving BF solely for more than 6 months along with CF. BF, breastfeeding; BMI, body mass index; CF, complementary
feeding; MUAC, mid-upper arm circumference; SFT, skinfold thickness.

(a) Comparison of weight of FM and FFM (kg) (b) Comparison between percentage of FM and FFM
between shorter and longer BF group between shorter and longer BF group
7 80 742 73
6 70 B
5 60
50
4
40
3
30
2 20
1 10
0 0
FFM FM FFM
CShorter BF (n =25) @& Longer BF (n =26) B Shorter BF (n = 25 ELonger BF (n = 26)

(C) Comparison of index of FM and FFM (kg/m?)
between shorter and longer BF group

14 127

FMI FFMI

CShorter BF (n=25) ®Longer BF (n =26)

FIGURE 2 Comparison of body composition assessed by the deuterium dilution technique between shorter and longer BF groups (n = 51):
(a) comparison of weight of FM and FFM; (b) comparison between %FM and FFM; (c) comparison between index of FM and FFM. The shorter BF
group was defined as infants receiving BF without any formula for less than or equal to 6 months of age along with CF, while the longer BF group
was defined as infants receiving BF solely for more than 6 months along with CF. BF, breastfeeding; CF, complementary feeding; FFM, fat-free
mass; FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index.

and FMI. These are novel findings as few studies in the past have QOur results are in line with previous studies, suggesting that BF
actually measured body composition during infancy by using the infants have higher levels of FM (de Bruin et al., 1998; Gale et al., 2012;
stable isotope method and performed the study with a population of Jin et al., 2022; Tahir et al., 2021). However, most of these earlier studies

Southeast Asian infants. did not adjust infant body composition with earlier infant growth as
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Univariate linear regression analysis between clinical characteristics and feeding practices and infant body composition (n = 51)%

Fat-free mass index, kg/m?
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TABLE 2
Fat mass index, kg/m?
B

Infant variables
Birth BMI z-score -0.05
BMI z-score at age 2 months 0.31
BMI z-score at age 4 months 0.62
BMI z-score at age 6-8 months 0.86
Duration of BF, months 0.10
Bottle-feeding intensity,” %/day -0.003
Duration of receiving direct BF, min/day 0.01
Age at introduced CF, months 0.69
Dietary intake
Total energy intake, kcal/kg/day -0.31
Total protein intake, g/kg/day -0.33
Protein: energy, % -0.12
Energy intake from CF, kcal/kg/day -0.02
Protein intake from CF, g/kg/day -0.35
Animal-based protein from CF, g/kg/day -0.42
Maternal variables
Age, years -0.02
Pre-pregnancy BMI, kg/m? -0.03
Weight gain during pregnancy, kg 0.04
Bachelor's degree and higher education -0.13
Full-time employment -0.28
Household income (baht/month), n (%)

<15,000 Reference

15,000-50,000 -0.26

50,001-100,000 0.08

>100,000 -0.25

p B p
0.81 0.66 <0.001
0.05 0.32 0.02
<0.001 0.35 0.04
<0.001 0.57 <0.001
0.46 -0.07 0.57
0.52 0.002 0.58
0.92 -0.33 0.02
0.03 -0.28 0.31
0.03 -0.27 0.06
0.05 -0.16 0.29
0.08 0.02 0.80
0.14 -0.01 0.60
0.16 -0.13 0.56
0.20 -0.15 0.61
0.48 0.04 0.10
0.53 0.04 0.30
0.28 0.02 0.61
0.75 -0.27 0.47
0.44 0.12 0.72
Reference Reference Reference
0.85 -0.44 0.71
0.96 -0.43 0.72
0.85 -0.82 0.49

Abbreviations: BF, breastfeeding; BMI, body mass index; CF, complementary feeding.

?Bottle-feeding intensity, % = (Volume of breast milk and formula that were fed by bottles/Volume of total milk intake) x 100.

performed in our study. For example, de Bruin et al. conducted a cohort
study of 46 infants aged 0-12 months receiving either EBF or formula
feeding during the first 4 months of life and showed that total FM was
slightly higher in boys of the BF group, but there was no statistically
significant difference between the groups at 1-12 months of age (de
Bruin et al., 1998). Additionally, a recent longitudinal birth cohort study of
173 pairs of twins found that BF infants had a higher percentage of FM at
12 months of age after adjusting for dietary pattern scores, maternal
variables and BF duration (B-value=1.96, 95% Cl: 0.49-3.43) (Jin
et al, 2022). A systematic review and meta-analysis by Gale et al.
(2012) including 15 studies revealed that FM was lower in formula-fed
infants at 3-4 months and 6 months of age than in BF infants (mean

difference of FM (kg) at 3-4 months: -0.09, 95% Cl: -0.18, -0.01; at 6
months: -0.18, 95% Cl: -0.34, -0.01). By 12 months, however, FM had
the opposite trend with formula-fed infants showing a higher FM than BF
infants (mean difference: 0.29, 95% Cl: -0.03, 0.61) (Gale et al., 2012). A
similar change in body composition over the infancy period among BF
and formula-fed infants was also found in preterm populations (Huang
et al., 2016). Since adiposity assessed at 6-8 months cannot predict
adiposity later in life, a longitudinal study should be performed to confirm
the effect of BF on adiposity in infancy and beyond.

We found that longer BF duration was associated with a higher
subscapular SFT z-score, a proxy of truncal fat. In accordance with a

previous report on children, %FM assessed by SFT was correlated
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TABLE 3
measured by the deuterium dilution technique (n =51)

FM, kg

FFM, kg

UA-AREECHIT ET AL

Multivariable linear regression analysis between either duration of BF or age at introduction of CF and infant body composition

FMI, kg/m? FFMI, kg/m?

Mean (95%Cl) p

Multivariable linear regression analysis adjusted for age and sex
Model 1: Duration of BF and body composition

Shorter BF group® 1.16 (1.72, 2.21) 0.12

Longer BF group? 2.27 (2.02, 2.51)

Change per month increase in solely
BF duration
Model 2: Age at introduction of CF and infant body composition
<6 months 1.85(1.48, 2.22) 0.12
26 months 2.18 (2.00, 2.36)

Change per month increase in age at  0.36 (0.08, 0.63) 0.01

introduction of CF

Mean (95%Cl) p

5.82 (5.56, 6.07)

5.84 (5.65, 6.03)

Mean (95%Cl) p Mean (95%Cl) p

5.87 (5.61, 6.12) 0.79 4.25(3.72,4.78) 0.15 12.74(12.25, 13.24) 041

4.86 (4.33, 5.38) 12.42 (11.94, 12.90)

0.17 (0.02,0.33) 0.083 -0.03(-0.20,0.13) 0.68 0.37(0.05,0.69) 0.03 -0.09 (-0.41,0.22) 0.54

5.85(5.47,6.23) 0.97 4.00(3.22,4.78) 0.11 12.66(11.92, 13.39) 0.81

4.70 (4.32, 5.09) 12.56 (12.20, 12.92)

-0.07 (-0.36, 0.23) 0.64 0.76 (0.18,1.34) 0.01 -0.28(-0.85,0.28) 0.32

Multivariable linear regression analysis adjusted for age, sex, birth BMI z-score, infant's BMI z-score at age 2 months and 4 months, either age of

introduction of CF or duration of BF without any formula
Model 3: Duration of BF and body composition®

Shorter BF group 2.07 (1.78, 2.36) 0.69

Longer BF group 2.16 (1.92, 2.39)

Change per month increase in solely
BF duration
Model 4: Age at introduction of CF and infant body composition®
<6 months 2.05(1.71, 2.40) 0.68
>6 months 2.14 (1.96, 2.31)

Change per month increase in age at  0.14 (0.19, 0.46) 0.40

introduction of CF

5.77 (5.52, 6.01)

5.82 (5.64, 6.00)
0.14 (0.19, 0.46)

5.95(5.65, 6.25) 0.42 4.48(3.87,5.08) 0.77 12.87 (12.26, 13.49) 0.18

4.61 (4.12, 5.10) 12.23 (11.73, 12.73)

0.12 (-0.02,0.35) 0.32 -0.14 (-0.38,0.10) 0.26 0.23(-0.25,0.72) 0.34 -0.39 (-0.88,0.11) 0.12

591 (5.56, 6.27) 0.65 4.38(3.66,5.10) 0.61 12.56(11.83, 13.30) 0.86

4.60 (4.24, 4.96) 12.49 (12.12, 12.86)

0.37 0.31(0.37,0.98) 0.37 -0.34(-1.03,0.36) 0.32

Abbreviations: BF, breastfeeding; CF, complementary feeding; FFM, fat-free mass; FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index.

®The shorter BF group was defined as infants receiving BF without any formula for less than or equal to 6 months of age, while the longer BF group was
defined as infants receiving BF solely for more than six months, regardless of when CF was introduced

PModel 3: Adjusted for age, sex, birth BMI z-score, infant's BMI z-score at age 2 months, infant's BMI z-score at age 4 months and age of introduction

of CF.

“Model 4: Adjusted for age, sex, birth BMI z-score, infant's BMI z-score at age 2 months, infant's BMI z-score at age 4 months and duration of BF without

any formula.

with %FM by DXA (Wohlfahrt-Veje et al., 2014). The difference in
adiposity assessed by DLW in our study was only evident after
adjusting for age and sex in the multivariate analysis. This could be
explained by the fact that SFT z-scores were already adjusted by
age and sex, whereas FM and FFM assessed by deuterium dilution
were not adjusted. Another possibility could be the small sample size
of the present study (n=60) that could not demonstrate any
significant difference in FM when the data were disaggregated into
the shorter and longer BF groups.

It is possible to hypothesize that higher FM during early infancy
among BF infants may help to support infants during the weaning
period and promote a normal trajectory of adiposity and brain
development (Cunnane, 2006; Gale et al., 2012). Another potential
mechanism for higher FM in breastfed infants compared with

formula-fed infants, especially during the first 6 months of life, is

the difference in macronutrient components, bioactive hormones,
cytokines and growth factors between breast milk and infant formula.
A lower protein-to-energy ratio of breast milk may lead to less FFM
deposition during the infancy period (Huang et al., 2016). Addition-
ally, human milk contains growth modulating bioactive compounds
such as leptin, ghrelin, adiponectin, insulin and insulin-like growth
factor-1 (IGF-1), which may affect appetite regulation, energy
balance and adiposity (Mazzocchi et al., 2019; Savino et al., 2009).
Previous studies on breast milk adipokines found that a higher intake
of leptin and adiponectin was associated with higher adiposity during
the infancy period (Gridneva et al., 2018). Insulin and IGF-1 may also
trigger a proliferation of adipose cells as well as fat storage (Bartok &
Ventura, 2009). However, our study found that the degree of
association between the duration of solely BF and adiposity was

attenuated after adjusting for the age at CF introduction and the
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previous growth trajectory (using the BMI z-score at 2, 4 months as
proxies). This may imply the possibility of reverse causality.

Previous systematic reviews found that early introduction of CF
may increase the risk of childhood obesity (Moorcroft et al., 2011;
Pearce et al., 2013). In contrast, we found an association between the
later introduction of CF and higher adiposity at age 6-8 months.
However, reverse causality cannot be ruled out since infants who
received CF before 6 months of age tended to have a lower BMI
z-score at age 2 and 4 months than infants who started CF at
6 months and more. After additional adjusting for infant BMI z-scores
at age 2, 4 months in model 2, there was no significant association
between the age of introduction of CF and body composition. This
result is consistent with the Euro-Growth References study, which
found that infants starting CF at 4-5 months of age had lower WFA
z-scores at 4 months of age than infants starting CF at the age of 26
months (Haschke & van't Hof, 2000). This finding may be related to
the decision to start CF early in infants with low WFA. A randomized
controlled trial would be required to support any causal relationship.

Previous evidence shows that breastfed infants may learn to self-
regulate their energy intake better, whereas bottle-fed infants might be
less likely to display appetite regulation in later life (Koletzko et al., 2009).
This effect might also be influenced by infant body composition. Recent
studies found that there were higher BMI z-scores and weight gain in
infants receiving breast milk from bottles than in directly breastfed infants
(Azad et al., 2018; Ventura, 2017). However, no association between BFI
and body composition was found in our study. The small sample size may
have precluded detecting an association in our research.

We also found that longer BF infants received lower energy and
protein intake than shorter BF infants because breast milk contains
lower protein compared with formula, and CF was started later in the
longer BF group than the shorter BF group. However, the longer BF
group still had a higher truncal fat mass than the shorter BF group. A
possible explanation for these results may be the difference in
energetic efficiency between breast milk and formula. A previous
observation study showed that the energy requirement of formula-
fed infants was higher than breastfed infants by 7% at the age of
6 months (Fleddermann et al., 2014). It can be suggested that
breastfed infants had higher energetic efficiency than formula-fed
infants. However, the higher energetic efficiency of breastfed infants
could not totally explain higher FM in the longer BF group. A previous
study suggested that the protein-to-energy ratio in diet may affect
body composition (Wauben et al., 1995). Therefore, the lower
protein-to-energy ratio in breast milk may result in less FFM deposit
with excess energy accumulated as FM. Nevertheless, our results did
not demonstrate a statistical difference in the dietary protein-to-
energy ratio between the longer BF and shorter BF groups.

Furthermore, our study found that FMI was negatively associated
with total energy intake. This finding is contrary to previous studies,
suggesting that a higher energy intake may increase body fat mass
(Fleddermann, et al., 2014). A possible explanation might be that infants
who had low-fat mass might have been given a higher total energy intake
to catch up to their growth targets. A longitudinal study would help to
confirm this effect.

}Wl LEY—L *°'*2

The previous meta-analysis found that maternal pre-pregnancy
BMI and gestational weight gain may be associated with higher infant
adiposity (Castillo-Laura et al., 2015). This result may be explained
using the developmental origins of obesity theory. Early life exposure,
including the intrauterine environment, may affect an increase in
obesity risk in later life. However, our result was unable to
demonstrate an association between maternal pre-pregnancy BMI or
gestational weight gain and infant adiposity. Our small sample size
may have impacted our ability to detect a small or modest effect.

The key strengths of our study were the use of the DLW
technique to assess infant body composition. We also included
several variables in our study to minimize any confounding effects on
the association between infant feeding and body composition. To our
knowledge, this is the first study examining the association of BF
duration, age at started CF and body composition in Thai infants,
which may have differences in BF and complementary feeding
practices to Western populations.

There were also several limitations in our study. Firstly, our
cross-sectional study cannot determine cause and effect relationship
between BF duration, infant feeding practices and adiposity. A
randomized control trial study would be required to support any
cause and effect. Another study limitation is that anthropometry and
body composition measures were obtained at 6-8 months of life,
which does not reflect longitudinal growth. A further study requires
longitudinal follow-up to confirm this finding and observe the effect
of BF on adiposity in later life. Lastly, the anthropometric data at the
age of 2 and 4 months were retrieved from baby vaccination record
books, which may have reduced reliability compared with the
measurements at 6-8 months, which were performed by well-

trained research assistants in a standardized manner.

5 | CONCLUSION

Longer duration of BF and later introduction of CF were associated
with higher adiposity assessed by the deuterium dilution technique in
Thai infants at the age of 6-8 months. These are novel findings as
few previous studies have measured infant body composition using
the stable isotope method and conducted such a study among
Southeast Asian infants. These observations could be attributed to
the fact that earlier infant growth trajectory was influenced by
parental choices of infant feeding practices and vice versa. A
longitudinal study throughout infancy and childhood may be able to
shed lights on the longer-term effects of these early changes in life

on body composition.
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