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The influence of breastfeeding duration and introduction of animal source
foods, fruit juice and vegetables on the risk of weight gain in Thai children
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Conclusion: This study concluded that longer
duration of breastfeeding and late introduction of
animal source foods, fruit juices and vegetables
decreased weight gain or overweight risk in children
at 24 months of age.

Abstract
Objective: To examine the influence of infant
feeding practices on weight gain in children at 24
months of age.
Method: Study data were from 4,245 children from
the prospective cohort study of Thai children
conducted in 2000-2002. Information on breast
feeding duration and timing of specific types of
complementary foods introduction was collected in
infancy. Overweight (BMI-for-age >2 SD from
WHO standard median) and weight gain (weight at
birth minus body weight at 24 months) were
evaluated.
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Introduction
Obesity starts early and tends to persist into
childhood and adulthood1. Research has therefore
focused on identifying the factors attributable to the
development of obesity with emphasis on the first
year of life as a critical period to target2. Appropriate
feeding practices during infancy are essential for the
development of children3. There are many studies on
the effects of proper infant feeding on the child
development. Nevertheless, effects of breastfeeding
(BF) and timing of complementary food (CF)
introduction on the development of obesity are not
conclusive even today. Furthermore, the effect in
low- and middle-income countries is questionable,
because most studies were evaluated in high income
countries4-6. In addition, infant feeding practice,
such as types of CF when stopping BF between
high- and low-income countries is different.
Therefore, studies on the effect of infant feeding
practice, such as BF and timing of CF introduction
in low- and middle-income countries were
suggested7. But only one Danish study has evaluated
the effect of timing of complementary food
introduction, particularly in terms of specific types
of foods.

Results: Breastfeeding for 12 months or more
reduced the weight gain (ß=-0.0101, p<0.0001) and
the risk of overweight (aOR=0.24, 95% CI=0.150.40) after adjustment for confounders. In light of
specific types of foods, overweight risk decreased
with increasing age at introduction of animal source
foods (aOR=0.78, 95% CI=0.67-0.91), vegetables
(aOR=0.85, 95% CI=0.76-0.96), and fruit juices
(aOR=0.92, 95% CI=0.83-1.01), whereas weight
gain had an inverse association with animal source
foods (p=0.0004) and vegetables (p<0.0001).
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Thailand has recently experienced significant
economic growth, and as a result, prevalence of
obesity and obesity-related diseases has been
increasing at an alarming rate8. The prevalence of
obesity defined with BMI 25 or more in Thai adults
almost doubled from 18.2% in 19911,9 to 34% in
2008-98. Among under five children, the overweight
also sharply increased from 6.9 % in 200610 to 11%
in 20122,11. The dramatic increase led to increment
in health care usage resulting from obesity-related
diseases, which has had a significant economic
impact on the health care system in Thailand. The
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total cost of obesity was estimated at 12,142 million
Baht, accounting for 0.13% of Thailand’s Gross
Domestic Product (GDP)8. These make it clear that
Thailand is facing an obesity epidemic that can no
longer be ignored. This entails a need to identify
early determinants of overweight for prompt
intervention to prevent obesity in early year settings.
Therefore, we aimed to evaluate the association of
duration of any BF and timing of CF introduced with
weight gain and the risk of overweight in 2 year-old
children. We used data from the Prospective Cohort
study of Thai Children (PCTC) in Thailand.
Findings from this study have significant
implications for other developing countries in
transition12.

Data on timing of CF introduction was recorded by
using a food calendar. A colourful picture of food
calendar was provided to mothers after giving birth
to child and mothers were asked to stick the food
stickers of individual food items corresponding to
the month, when the food items were introduced to
the child. The following set of questions was asked
at 6 and 12 months: 1) “If after 6 or 12 months,
specify the starting age (months)” and 2) some
questions related to types of CF were asked aside
from milk; “What age and what kind of food with
preparing method was your child fed?”.
Breastfeeding duration (≤ 3, 4-5 and ≥6 months),
type of milk fed during the first 6 months (yes, no),
continuous breastfeeding at 12 and 24 months of age
(yes, no), and age of complementary food
introduction (< 4 and ≥4 months OR ≤ 2, 3 and ≥ 4
months as appropriate) were created and used in the
analysis.

Objective
To examine the influence of infant feeding practices
on weight gain in children at 24 months of age.

Outcome: Weight gain and overweight variables
Height and weight of children were measured by
physician and specially trained research assistants.
The measurements were taken according to
recumbent length using a graduate board with a
fixed headboard and movable footboard (1 m/0.1
cm), and recorded to the nearest 0.1 cm. Age- and
sex-specific body mass index (BMI) was calculated
using the WHO child growth standard14. Children
with a BMI-for-age >2 SDs from the WHO growth
standard median were classified as overweight. In
this study, weight gain (kg) was defined as weight at
birth minus body weight at the 24-month
examination.

Method
Study dataset and subjects
A total of 4,245 24-month-old children from the
prospective cohort study of Thai children (PCTC),
based on 5 regions reflecting socioeconomic and
cultural characteristics (Panomtuan District in
Kanchanaburi, Thepa District in Songkla, Kranuan
District in Konkaen, Muang District in Nan, and
Bangkok) were recruited from October 2000 to
September 2002. Study methods have been
described in detail elsewhere3,13. Infants born as
twins (N=60) or who died before 24 months due to
significant health problems, such as birth defects,
deficits of physical development (N=34) or born
from teenage mothers (N=487), who tended to
deliver abnormally and have babies with low birth
weight and lower education level than adult
mothers3,14, were excluded. In addition, infants with
no information on infant feeding practice and child
growth, such as weight and height were excluded
(N=63). Therefore, 3,601 mother and infant pairs
were included in the analysis. Present study was
approved by the National Ethical Committee,
Ministry of Public Health in Thailand. All families
were informed about study procedures and possible
risks before signing the consent form.

Statistical analysis
We examined approximate linear associations of
covariates according to three doses of either starting
age of CF or BF duration and the trend tests for
linearity were conducted by treating the median
value for each either BF or age of CF group as a
continuous variable in the analyses. The associations
of two exposure variables on the weight gain (kg)
and overweight risk after adjustment for selected
confounders were investigated by multiple linear
regression and logistic regression analysis,
respectively. Statistical analyses were conducted
with SAS for Windows (version 9.2).

Exposure: Infant feeding practice variables
Data of timing of complementary feeding
introduction and types and duration of BF were
collected
by
interviewer-administered
questionnaires at 6, 12, 18 and 24 months. A similar
set of questions was asked at each study period: 1)
“Was the baby (still) breast-fed?”; “if no longer
breast-fed, what was the age (months) at which BF
stopped?” 2) “Was the baby (still) formula-fed?”; “if
yes, when was the age (months) at which formulafeeding started (before 6 months or after 6
months)?”.

Results
Subject characteristics are shown in Table 1.
Approximately 20% of mothers had college
education or more and high BMI (≥23 kg/m2), and
lived in urban areas. Mean birth weight was 3.1 kg
and 10.5% of infants weighed 2.5 kg or less at birth.
Approximately 35% infants were breastfed for less
than 6 months. Mean age of introduction of any CF
was 2.7 months.
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Table 1: General characteristics of study population
Number (%)

Characteristic
Maternal characteristics
Maternal age at delivery (years)
20-34
≥ 35
Maternal education
≤ Primary school
High school
≥ College
Maternal pre-pregnancy BMI
<18.5 kg/m2
18.5-22.9 kg/m2
≥ 23 kg/m2
Study site (urban)
Weight gain during pregnancy (kg)
Smoking during pregnancy (yes)
Mode of delivery (normal)
Parity (number)
Gestational age at birth (weeks)
Infant characteristics
Gender (male)
Birth weight (kg)
Low birth weight (< 2500 g)
Infant feeding practice
Breastfeeding duration (months)
<4
4-5
6-11
≥ 12
Type of milk at 6 months
Breast milk only
Formula milk only
Both breast milk and formula milk
Continued breastfeeding at 1 year (yes)
Continued breastfeeding at 2 years (yes)
Food introduction
Age of food introduction (≥ 4 months)
Food Introduction (months)
Any food
Eggs, liver, fish, chicken, and meats
Staple food including rice, cereals, and banana
Snack, soft drinks and dessert
Fruit juice
Fruits including orange and papaya
Vegetables

3595
3049 / 3580 (85.2)
531 / 3580 (14.8)

Mean ± SD
28.2 ± 5.69

1936 / 3568 (54.3)
899 / 3568 (25.2)
733 / 3568 (20.5)
793 / 3590 (22.1)
1966 / 3590 (54.7)
831 / 3590 (23.2)
666 / 3601 (18.5)
2730
62 / 3379 (01.8)
2582 / 3504 (73.7)
3068
3329
1807/3608 (50.1)
3468
378 / 3608 (10.5)

14.2 ± 10.6

2.4 ± 1.46
38.8 ± 1.85

3.1 ± 0.44

1006 / 3572 (28.2)
257 / 3572 (07.2)
381 / 3572 (10.7)
1928 / 3572 (54.0)
1627 / 3536 (46.0)
1285 / 3536 (36.3)
624 / 3536 (17.7)
1854 / 3532 (52.5)
674 / 3394 (19.9)
911/3515 (26.0)
3515
3507
3567
3435
3117
2863
3499

Tables 2 and 3 show some potential confounding
factors by using duration of BF and age of CF
introduction. With increase of duration of BF (Table
2), maternal pre-pregnancy BMI, number of parity,
and the proportion of normal delivery increased, but
education level, weight gain during pregnancy, and
living in urban decreased. In terms of type of food
introduced, the age of animal source foods, fruit
juice, and vegetable showed positively linear trend
with increased BF duration, but sweetened foods,

2.78 ± 1.26
4.73 ± 1.52
3.03 ± 1.44
6.91 ± 2.27
4.09 ± 2.17
5.68 ± 2.45
5.82 ± 2.05

and fruits showed the reverse association.
Characteristics of subjects according to age of CF
introduction are shown in Table 3. Delayed
introduction of complementary feeding had a
significant positive association with higher maternal
age at delivery, educational level, weight gain
during pregnancy, non-smoking status, assisted or
caesarean delivery and lower gestational age at birth
of baby.
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Table 2: Maternal and infant characteristics and feeding practice according to duration of any breastfeeding
Duration of any breastfeeding
Characteristic
p-value
< 4 months
4-6 months
≥ 6 months
Maternal characteristics
Maternal age at delivery (Mean ± SD years)
28.2 ± 5.9
28.1 ± 5.1
28.1 ± 5.7
0.5705
Maternal education (% ≥High school)
69.9
71.6
32.7
<0.0001
Maternal pre-pregnancy BMI (% ≥23 kg/m2)
18.7
19.1
25.5
<0.0001
Region (% Urban)
39.7
32.7
7.1
<0.0001
Weight gain during pregnancy (Mean ± SD kg)
16.2 ± 0.39
15.5 ± 0.72
13.3 ± 0.25
<0.0001
Smoking during pregnancy (% yes)
2.0
2.1
1.6
0.3794
Mode of delivery (% normal)
61.0
64.3
79.9
<0.0001
Parity (Mean ± SD number)
1.98 ± 0.05
2.01 ± 0.09
2.52 ± 0.03
<0.0001
Gestational age (Mean ± SD weeks)
38.7 ± 0.06
38.7 ± 0.12
38.8 ± 0.04
0.1090
Infant characteristics
Gender (% male)
49.3
47.7
50.7
0.3309
Birth weight (Mean ± SD kg)
3.07 ± 0.01
3.13 ± 0.03
3.08 ± 0.01
0.9901
Infant feeding pattern
Food Introduction (Mean ± SD months)
Any food
2.73 ± 0.04
3.01 ± 0.08
2.78 ± 0.03
0.7453
Eggs, liver, fish, chicken, and meats
4.48 ± 0.05
4.52 ± 0.09
4.86 ± 0.03
<0.0001
Staple food including rice, cereals & banana
2.98 ± 0.05
3.22 ± 0.09
3.03 ± 0.03
0.9633
Snack, soft drinks and dessert
7.21 ± 0.07
7.70 ± 0.14
6.70 ± 0.05
<0.0001
Fruit juice
3.98 ± 0.07
4.10 ± 0.14
4.16 ± 0.05
0.0438
Fruits including orange and papaya
6.08 ± 0.08
5.82 ± 0.16
5.46 ± 0.06
<0.0001
Vegetables
5.38 ± 0.07
5.37 ± 0.13
6.07 ± 0.04
<0.0001
All values were adjusted for maternal age (years)
Table 3: Maternal and infant characteristics and feeding practice according to timing of any food introduced
Maternal and infant characteristics
Age of starting any complementary feeding
p-value
≤ 2 months
3 months
≥ 4 months
Maternal characteristics
Maternal age at delivery (Mean ± SD years)
27.4 ± 5.62
28.7 ± 5.70
29.0 ± 5.66
<0.0001
Maternal education (% ≥High school)
37.5
52.1
53.7
<0.0001
Maternal pre-pregnancy BMI (% ≥23 kg/m2)
24.6
21.5
22.6
0.1698
Region (% Urban)
16.6
23.2
15.8
0.8473
Weight gain during pregnancy (Mean ± SD kg)
13.4 ± 0.31
14.7 ± 0.36
15.0 ± 0.39
0.0008
Smoking during pregnancy (% yes)
2.2
0.0198
1-9
0.8
Mode of delivery (% normal)
78.6
71.1
68.2
<0.0001
Parity (Mean ± SD number)
2.35 ± 0.03
2.26 ± 0.04
2.48 ± 0.05
0.0751
Gestational age (Mean ± SD weeks)
38.9 ± 0.05
38.8 ± 0.06
38.7 ± 0.06
0.0191
Infant characteristics
Gender (% male)
51.6
50.5
47.3
0.0493
Birth weight (Mean ± SD kg)
3.08 ± 0.01
3.08 ± 0.01
3.08 ± 0.02
0.9078
Infant feeding pattern
Breastfeeding duration (% ≥ 6 months)
67.8
60.4
65.3
0.0750
Type of milk fed at 6 months
Breast milk (% yes)
48.4
41.8
47.4
0.3096
Formula milk or both (% yes)
51.6
58.2
52.7
Continued breastfeeding at 1 year (% yes)
56.6
48.0
51.4
0.0037
Continued breastfeeding at 2 years (% yes)
22.1
18.1
18.1
0.0120
All values were adjusted for maternal age (years)
Table 4 shows the association between infant
feeding practice and the risk of high weight gain and
overweight after adjustment for the potential
confounders. Longer BF for 12 months or more was

inversely related to high weight gain (ß=-0.0101,
p<0.0001) and a risk of overweight [adjusted Odds
Ratio (aOR) = 0.24, 95% confidence interval (CI) =
0.15-0.40) after adjustment for confounders.
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Starting age of any CF was not associated with either
high weight gain or overweight risk. In light of
specific types of foods, overweight risk decreased
with increasing age (months) at introduction of
animal source foods (aOR=0.78, 95% CI=0.670.91), vegetables (aOR=0.85, 95% CI=0.76-0.96),
and fruit juices (aOR=0.92, 95% CI=0.83-1.01),
while higher weight gain had an inverse association

with animal source foods (p=0.0004) and vegetables
(p<0.0001). The effect of animal source foods and
vegetable did not change much even after additional
adjustment of breastfeeding duration (data not
shown). In a comparison of the effect of late (≥4
months) compared with early (<4 months)
introduction of CF, the protective effects of their late
introduction were observed.

Table 4: Association between feeding practice and risk of weight gain and overweight at 24 months of age
Label
Breastfeeding †
Duration of any breastfeeding
<6 months
6-11 months
12-24 months
Continued breastfeeding at 12 months
No
Yes
Continued breastfeeding at 24 months
No
Yes
Complementary foods ‡
Timing of food Introduction (≥ 4 months)
Any food
Animal source food
Staple food
Snack and soft drinks
Fruit juices
Fruits
Vegetables
Timing of food Introduction (per 1
month)
Any food
Animal source food
Staple food
Snack and soft drinks
Fruit juices
Fruits
Vegetables

Weight gain 0 to 24 months
ß
SE
p-value

Overweight
aOR
95% CI

Reference gp.
-0.0018
-0.0101

0.0012
0.0009

0.1471
<0.0001

Reference gp.
0.71
0.24

(0.04, 1.25)
(0.15, 0.40)

Reference gp.
-0.9701

0.0777

<0.0001

Reference gp.
0.24

(0.14, 0.40)

Reference gp.
-0.8288

0.0904

<0.0001

Reference gp.
0.17

(0.06, 0.47)

-0.1332
-0.2636
-0.0562
-0.0036
-0.1686
-0.1387
-0.2591

0.0800
0.0971
0.0745
0.1872
0.0758
0.1070
0.1426

0.0960
0.0067
0.4503
0.9847
0.0262
0.1951
0.0693

0.71
0.59
0.78
1.40
0.70
0.66
0.56

(0.48, 1.07)
(0.39, 0.91)
(0.54, 1.14)
(0.43, 4.60)
(0.49, 0.99)
(0.42, 1.04)
(0.32, 0.99)

-0.054
-0.084
-0.036
0.0182
-0.025
-0.01
-0.079

0.0295
0.0239
0.0267
0.0157
0.017
0.0169
0.0184

0.0667
0.0004
0.1745
0.2440
0.1488
0.5448
<0.0001

0.92
0.78
0.95
1.03
0.92
0.95
0.85

(0.78, 1.07)
(0.67, 0.91)
(0.82, 1.11)
(0.96, 1.12)
(0.83, 1.01)
(0.88. 1.04)
(0.76, 0.96)

β: Coefficients; SE: Standard Error; aOR: Adjusted Odds Ratio; CI: Confidence Interval, SE: Standard Error
† adjusted for maternal education level (≤ Primary school, ≥ High school), maternal pre-pregnancy BMI (<18.5,
18.5-22.9, ≥ 23), urban (yes, no), weight gain during pregnancy (kg), mode of delivery (normal, c-sec), low birth
weight (yes, no), parity (number)
‡ adjusted for maternal age (year), maternal education level (≤ Primary school, ≥ High school), weight gain
during pregnancy (kg), mode of delivery (normal, c-sec), smoking status during pregnancy, gestational age
(weeks), infant's sex (male, female)
source, fruit juices and vegetables prevent weight
gain and reduce overweight risk.

Discussion
Due to increasing prevalence of overweight in
childhood in Thailand, identification of early
determinants with emphasis on the first year of life
is needed. Longer duration of BF for at least 12
months or more showed a strong reduction effect
against the high weight gain and overweight risk in
children at age of 24 months. Timing of any CF
introduction was not associated but, late
introduction of foods from animal source, fruit
juices and vegetables after 4 months of life showed
a small reduction. The results suggested that longer
duration of BF and late introduction of animal

The prevalence of overweight in children at 24
months was 4.3% when measured by weight for
height >2 SDs from the WHO growth standard
median and 5.8% measured by BMI-for-age >2 SDs.
It is similar to that of national data from the Thailand
Multiple Indicator Cluster Survey (MICS) of 2005–
200610, in which prevalence of overweight (weight
for height >2 SDs from the WHO growth median)
children aged 12-23 months was 6.2%. Furthermore,
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Although stronger effect of late introduction of CF
rather than BF either in early childhood4,6 or in
adulthood23,24 was reported in some studies, we
found no protective effect of early introduction of
any CF, supported by the previous studies26,27.
Generally, Thai mothers introduce CF at an early
age (2.78 ± 1.26 months). A general type of CF
given firstly to their children is thin porridge made
of rice28 as shown in age of staple foods introduction
in our study (3.03 ± 1.44 months). As mothers tend
to start complementary feeding at similar ages
(months) regardless of weight status, it may result in
no association in our study. Despite no significant
association of the timing of any CF introduction in
our study, we found a small reduction on the risk of
overweight and weight gain of late introduction of
animal source foods, fruit juices and vegetables. It
was supported by a study of Schack-Nielsen L et al24
showing as introduction of vegetables, meat, and
firm food increased one month, the risk of
overweight at 42 years also increased and compared
with children introduced before 4 months of age,
those starting vegetables and spoon-feeding after 4
months of age showed lower risk of obesity after
adjustment of confounders including breastfeeding
duration in the model.

Thailand has one of the lowest exclusive breast
feeding (EBF) rate in the world with early
introduction of complementary foods16. The EBF
rate at 6 months in the study was very low (1.5%).
From national data it was 5.4% among children 0-5
months in 200610 and 12% in 201211 but when
calculated by the end of 6 months it was below 1%
in 201211. More surprisingly, a proportion of babies
never breastfed was 16% in 20095,17. On the other
hand, continuous BF rate at 12 months and 24
months in the study was 52.5% and 19.9%,
respectively. According to MICS 201211, the
prevalence was 32.4% among infants 12-15 months
and 17.8% among infants 20-23 months. With
regard to starting age of complementary foods, mean
age of starting complementary feeding was 2.78
months and approximately 74 % of babies started
before 4 months after birth in our study. The poor
infant feeding practice may contribute to the
increasing burden of overweight risk in Thai
children.
This study showed that longer duration of BF is
inversely related with weight gain and an
overweight risk in early childhood, which is
consistent with other studies6,18-22. However, the
beneficial effect in adulthood is not consistent
between studies. A recent meta-analysis review
using five cohorts in low- and middle-income
countries23 reported that prolonged BF was
associated with lower risk of hypertension, diabetes
or overweight even in adults, while two cohort
studies in USA5 and Denmark24 reported no
relationships in adulthood5,24. Meanwhile, although
the protective effect was reported in India22 and
China20, studies in early childhood were mostly
conducted in high income countries6,18,19,21. In highincome settings, highly educated mothers tend more
to breastfeed exclusively than those less educated
and their infants are less likely to become
overweight or obesity. The patterned confounding of
socioeconomic position (SEP) in breastfeeding in
high-income countries may affect the causal
inference5,25. The impact of residual confounding
was examined by comparing cohorts from high
income and low- or middle- income countries.
Effect of longer duration of BF on BMI (kg/m2) was
protective in ALSPAC study in UK, but not in
Pelotas study in Brazil. Indeed, many studies
showing their protective effect came from high
income countries6,18,19,21. In our study, Thai infant
breastfed longer were mostly from low
socioeconomic status and live in rural area, while
those likely to be overweight were mostly from
higher SEP. Although we cannot control the residual
confounding by SEP completely, careful selection of
potential confounders related to pattern of
breastfeeding or timing of CF introduction may
minimize the effect.

A possible explanation of the beneficial effect of
longer BF and late introduction of CF is biological
programming. For example, formula-fed infants
have fat deposition and increased number of
adipocytes through a greater insulin response
compared to those breast-fed1,29. In addition,
displacement of breast milk containing low protein
by earlier introduction of CF including higher
energy and protein30 may lead to high energy31 and
protein intake32 in early life. It was supported by
some previous studies4,31,32. In the ALSPAC birth
cohort study in UK, higher intake at 4 months was
related to higher weight gain and BMI at 1, 2, 3, or
5 years of age but only found in formula- or mixedfed children at 4 months32. The result was also found
in the Project Viva, a USA cohort study, showing a
positive association between introduction of CF
before 4 months and odds of obesity only in
formula-fed infants4. In addition, higher protein
intakes were associated with faster weight gain in an
EU Childhood Obesity Trial study32.
Several limitations of the present study should be
acknowledged. Residual confounding may distort
the true relationship. To minimize the effect, we
have included many confounding variables and
adjusted for the potential confounders with
consideration of the relation of breastfeeding or
timing of complementary feeding. Secondly, we
collected information on infant feeding from
mothers’ recall and it may result in recall bias. The
prospective nature of the information presented
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decreased the likelihood of recall bias. Finally,
misclassification of breastfeeding or timing of CF
introduced can be an issue that should be taken into
consideration. It is likely to be non-differential so
that this may lead to the results towards the null.
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127(3):e544-551.
https://doi.org/10.1542/peds.2010-0740
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Conclusion
Longer duration of breastfeeding for at least 12
months and late introduction of animal source foods,
fruit juices and vegetables after 4 months reduce the
risk of overweight and weight gain in children at 24
months of age in this Thai study population.
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