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abstract

OBJECTIVES:

To examine associations of the timing of complementary feeding (CF) introduction
with adiposity throughout childhood.

METHODS:

We studied 1013 children from Project Viva. Our exposure was CF introduction,
categorized as ,4 months (19%), 4 to ,6 months (68%; reference group), and $6 months of
age (14%). Our outcomes included adiposity measures in midchildhood (mean: 7.9 years; SD
0.8; n = 896) and early adolescence (mean: 13.2 years; SD 0.9; n = 850). We used linear
regression models adjusted for potential confounders and ran separate models for infants
who were breastfed at least partly for $4 months (categorized as breastfed; 69%) and infants
who were never breastfed or stopped breastfeeding at ,4 months (categorized as formula
fed; 31%).

RESULTS: CF initiated at ,4 months was associated with higher adiposity in midchildhood in
breastfed children; associations persisted into adolescence for waist circumference, truncal fat
mass, and the sum of subscapular and triceps skinfolds (eg, waist circumference: confounderadjusted b 2.97 [95% conﬁdence interval (CI) 0.47 to 5.47] cm). The effect estimates were
larger in formula-fed children, with more associations persisting into adolescence (eg, waist
circumference: adjusted b 3.42 [95% CI 0.12 to 6.71] cm). CF initiated at $6 months was
associated with a higher subscapular/triceps skinfold ratio in midchildhood and adolescence
(adjusted b 0.13 [95% CI 0.02 to 0.25]) in formula-fed children.
CONCLUSIONS:

We found associations of early CF introduction with higher adiposity
measurements in breastfed and formula-fed children and associations of late introduction of
CF with higher adiposity in formula-fed children.
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WHAT’S KNOWN ON THIS SUBJECT: The timing of complementary
feeding (CF) introduction could possibly contribute to childhood
obesity, although the evidence is inconsistent. Previous ﬁndings
suggest that early introduction of complementary foods might be
associated with an increased risk of obesity in early childhood.
WHAT THIS STUDY ADDS: CF introduction at ,4 months was
associated with higher adiposity measurements in midchildhood
and adolescence. CF introduction at $6 months was associated
with higher adiposity through adolescence in children who were
never breastfed or stopped breastfeeding at ,4 months only.
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ARTICLE

Childhood obesity is a major concern
worldwide.1,2 Epidemiological studies
have suggested that several early life
exposures, including feeding practices,
are associated with increased risk of
obesity during childhood and later in
life.3–8 The World Health Organization9
and the American Academy of
Pediatrics10 recommend exclusive
breastfeeding for the ﬁrst 6 months of
life followed by complementary
feeding (CF) introduction, deﬁned as
the introduction of solid or liquid food
items other than breast milk or infant
formula,9,11 coupled with continued
breastfeeding.
Timing of CF introduction could
contribute to childhood obesity,
although previous studies showed
inconsistent associations.12–15
Systematic reviews suggested no
clear association between CF
introduction with children’s obesity
risk, with the exception of solid food
introduction before 4 months,14,16
which has been associated with
greater obesity risk. Limitations of
studies thus far include small sample
sizes, a lack of inclusion of important
confounders (eg, breastfeeding or
formula feeding and maternal and
paternal BMI), and the lack of
longitudinal assessment of outcomes,
especially up to adolescence.12–14,16
In Project Viva, a US longitudinal
study, we previously reported that
solid food introduction before
4 months of age was associated with
higher odds of obesity at age 3 years
among formula-fed children only.17 In
this follow-up study, we aimed to
examine associations of the timing of
CF introduction with adiposity in
midchildhood and early adolescence.
We hypothesized that associations
with adiposity observed in early
childhood would persist into
midchildhood and early adolescence.

METHODS
Participants
We studied participants from the
Project Viva cohort.18 We recruited

women between 1999 and 2003 from
clinics of what is now Atrius Harvard
Vanguard Medical Associates in
eastern Massachusetts. Details of the
cohort with full inclusion and
exclusion criteria can be found in the
published protocol,18 and study
questionnaires and instruments are
available at www.hms.harvard.edu/
viva/. The study was approved by the
institutional review board of Harvard
Pilgrim Health Care. All women
provided written informed consent at
enrollment and each postnatal followup visit, and children provided assent
at the midchildhood and early
adolescent visits. All procedures were
in accordance with the ethical
standards for human experimentation
established by the Declaration of
Helsinki.
There were a total of 2128 live
singleton births. We conducted inperson visits with infants after
delivery and from infancy to early
adolescence. Of the 1256 participants
who had measured outcomes at
midchildhood or early adolescence,
we excluded those with missing
exposure (n = 227) and children born
at ,34 weeks’ gestation (n = 16;
Supplemental Fig 1). Compared with
participants included in this analysis
(n = 1013), those excluded (n = 1115)
had mothers who were younger, had
higher BMI at inclusion, had a lower
education level and household
income, and were more likely to be
nonwhite and to never have breastfed
or stopped breastfeeding by 4 months
of age (Supplemental Table 5).

Exposure
We collected data on the timing of CF
introduction using questionnaires
administered at 6 and 12 months
after delivery. Mothers reported the
timing of the ﬁrst introduction of 13
different foods or food groups,
including the following: infant cereal;
other starches (eg, teething biscuits,
bread, and rice); fruits; vegetables;
meat, chicken, and/or turkey
(including baby food); peanut butter;

eggs; ﬁsh; sweets (eg, candy, soft
drinks, and cookies); cow’s milk (not
formula); other cow’s milk dairy
products (eg, yogurt and cheese); soy
milk (not formula); and fruit juice.
The 5 response categories on the 6month questionnaire were as follows:
“have not fed this to my child,”
“,2 months old,” “2 or 3 months old,”
“4 or 5 months old,” and “6 months or
older.” Response categories on the 1year questionnaire were “have not fed
this to my child,” “,6 months old,” “6
to 8 months old,” “9 to 11 months
old,” and “12 months or older.” We
deﬁned the timing of CF introduction
according to the earliest introduction
of at least 1 food item or group. CF
was introduced at ,2 months of age
in few participants (2%), so we
combined this category with 2 or
3 months old. We thus categorized
the timing of CF introduction as ,4
months, 4 to ,6 months, or $6
months. The timing of introduction of
speciﬁc food items was deﬁned with
the same categories.
Mothers reported whether their child
was breastfed and the age at which
the child was no longer breastfed at
the 6-month visit and on the 12month questionnaire. We categorized
children who were at least partly
breastfed (breast milk or mixed
breast milk and formula feeding) for
$4 months as breastfed and children
who were never breastfed or stopped
breastfeeding at ,4 months as
formula fed.

Outcomes
Outcomes included children’s
adiposity measurements in
midchildhood (mean: 7.9; SD
0.8 years old; n = 896) and early
adolescence (mean: 13.2; SD 0.9
years; n = 850). Trained, certiﬁed
research assistants measured weight
(total body composition analyzer
TBF-300A; Tanita, Arlington Heights,
IL) and height (calibrated
stadiometer; Shorr Productions,
Olney, MD) during in-person research
visits, from which we calculated BMI
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as well as age- and sex-speciﬁc BMI z
scores using US national reference
data.19 We also performed single
measurements with standardized
techniques for waist circumference20
using a Gulick II measuring tape
(Performance Health, Warrenville, IL)
as well as subscapular and triceps
skinfold thicknesses using Holtain
calipers (Holtain, Crosswell, United
Kingdom). We calculated the sum of
skinfolds (subscapular plus triceps)
as a measure of overall adiposity and
the ratio of skinfolds (subscapular/
triceps) to estimate central
adiposity.21 We performed dualenergy radiograph absorptiometry
(DXA) scans (Hologic Discovery A;
Hologic, Bedford, MA) from which we
derived whole-body fat percentage
and truncal fat mass using the
Hologic software version 4.0.22

Covariates
Women reported their age, race and/
or ethnicity, education level (college
degree or higher or less than a college
degree), marital status (married/
cohabitating or other), and household
income (.$70 000 or #$70 000 [US
dollars]). At enrollment, women
reported their height and
prepregnancy weight, from which we
calculated prepregnancy BMI.
Mothers also reported paternal
weight and height, from which we
derived paternal BMI. We collected
the delivery date, infant sex, birth
weight, and 4-month clinicianmeasured weight from medical
records. We derived gestational age
from the last menstrual period or
from the second trimester ultrasound
if estimates differed by .10 days. We
determined sex-speciﬁc birth weight
for gestational age z scores on the
basis of US natality data.23 We
calculated the change in weight-forage z score from 0 to 4 months (based
on age- and sex-speciﬁc US national
reference data19) by subtracting the
weight-for-age z score at birth from
the weight-for-age z score at 4
months.

Statistical Analysis

RESULTS

We present participants’
characteristics overall and stratiﬁed
by infant feeding status at 4 months
of age and by timing of CF
introduction. Differences between
groups were examined by using linear
or logistic regression analyses.

Among the 1013 children included,
69% were breastfed (at least partly)
at 4 months, and 31% were never
breastfed or no longer breastfed at
4 months (formula fed). Compared
with formula-fed infants, breastfed
infants were more likely to be white
(72% vs 63%), and they had
a smaller change in weight-for-age z
score from 0 to 4 months (0.29 6
1.02 vs 0.47 6 0.97 SD units). In
addition, breastfed infants had older
mothers (33.1 6 4.5 vs 31.5 6 5.4
years) with a lower prepregnancy
BMI (23.8 6 4.2 vs 25.9 6 6.3); their
parents were more likely to have an
annual household income .$70 000
(70% vs 57%), be married or
cohabitating (97% vs 90%), and be
college educated (82% vs 57%); and
their fathers had a lower BMI (26.1 6
3.7 vs 27.1 6 4.3).

We assessed associations of the
timing of CF introduction with the
child’s BMI z score and adiposity
measurements in midchildhood and
early adolescence using multivariable
linear regression. Models were
adjusted for child’s sex and age at
outcome assessment (model 1)
except for BMI z score, which already
accounts for the child’s age and sex.
Model 2 was additionally adjusted for
sociodemographic characteristics,
including maternal education level,
marital status, and household income;
maternal prepregnancy, and paternal
BMI; child’s race and/or ethnicity;
infant gestational age at delivery; and
change in weight-for-age z score from
0 to 4 months. The change in weightfor-age z score from 0 to 4 months
was included as an indicator of early
infant growth, which could have
affected parental perceptions of the
need for their child to be fed
complementary foods. We decided
a priori to conduct analyses
separately for children who were
breastfed and those who were
formula fed to account for the
potential interaction between the
duration of breastfeeding and the
timing of CF introduction24 and
because we found distinct effects
among breastfed and formula-fed
children in our cohort in early
childhood.17
We used multiple imputation
to impute missing data on covariates.
All study variables were included in
the imputation model, and results
are based on pooled results of 50
imputed data sets. We conducted all
analyses using SAS Studio version
3.7 (SAS Institute, Inc, Cary, NC).

Overall, CF was introduced at
,4 months for 19% of children, 4 to
,6 months for 68% of children, and
$6 months for 14% of children.
Compared with breastfed children,
formula-fed children were more likely
to have been introduced to CF at
,4 months (35% vs 12%) and were
less likely to have been introduced to
CF at $6 months (8% vs 16%). We
also found differences in maternal
age, marital status, education level,
prepregnancy BMI, household
income, and the child’s race and/or
ethnicity in relation to the timing of
CF introduction (Table 1).
In breastfed children, CF introduction
at ,4 months, compared with
introduction at 4 to ,6 months, was
associated with higher waist
circumference and higher DXA
truncal fat mass in midchildhood and
early adolescence and with the sum of
skinfolds in early adolescence in fully
adjusted models (Table 2). CF
introduction at ,4 months in
breastfed children was also
associated with a higher BMI z score
and whole-body fat percentage in
midchildhood and early adolescence
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TABLE 1 Parents’ and Children’s Characteristics Overall and According to Breastfeeding Status at 4 Months of Age and Timing of CF Introduction Among
1013 Mother-Child Pairs in the Project Viva Cohort
Overall
(N =
1013)

Breastfed (at Least Partly) at 4 mo
(n = 704; 69%)

Formula Fed (Never Breastfed or Stopped
Breastfeeding) at 4 mo
(n = 309; 31%)

Timing of CF Introduction

Parental characteristics
Maternal age at enrollment, y, mean (SD)
Maternal marital status, married or cohabitating, %
Maternal education, college graduate, %
Household income .$70 000 (US) per y, %
Maternal prepregnancy BMI, kg/m2, mean (SD)
Paternal BMI, kg/m2, mean (SD)
Child characteristics
Female sex, %
Race and/or ethnicity, %
White
Black or African American
Hispanic
Asian
Other
Gestational age at birth, wk, mean (SD)
Birth wt, kg, mean (SD)
Birth wt for gestational age, z score, mean (SD)
Change in wt-for-age z score from 0 to 4 mo, SD units,
mean (SD)

as well as with a higher skinfold ratio
in early adolescence (model 1; age
and sex adjusted); however, the effect
estimates were moderately
attenuated after adjustment for
confounders (model 2), with
conﬁdence intervals (CIs) crossing
the null. No associations were found
for CF introduction at $6 months and
adiposity in breastfed children
(Table 2).
In formula-fed children, CF
introduction at ,4 months was
associated with a higher BMI z score,
waist circumference, DXA truncal fat
mass, sum of skinfolds, and skinfold
ratio in midchildhood (model 2;
adjusted for confounders). Effect
estimates for these associations were
similar or larger in early adolescence
(model 2; adjusted for confounders).
Also, CF introduction at $6 months
was associated with a higher skinfold
ratio in midchildhood and early
adolescence in fully adjusted models.
In this group, CF introduction at

Timing of CF Introduction

,4 mo
(n = 81;
12%)

4–,6 mo
(n =
509; 72%)

$6 mo
(n =
114; 16%)

,4 mo
(n =
108; 35%)

4–,6 mo
(n =
176; 57%)

$6 mo (n =
25; 8%)

32.6 (4.8)
95
74
66
24.4 (5.0)
26.4 (3.9)

31.8 (5.4)
91
65
56
24.6 (4.6)
26.2 (3.3)

33.0 (4.2)
97
83
72
23.6 (4.1)
26.2 (3.9)

34.5 (4.4)
99
88
72
23.8 (4.3)
25.5 (3.2)

29.9 (5.6)
82
48
52
26.2 (6.4)
27.4 (5.0)

32.2 (5.0)
95
63
62
25.3 (5.9)
27.0 (3.9)

32.9 (5.7)
92
60
47
27.8 (7.6)
27.5 (4.7)

51

43

51

53

46

55

56

69
12
4
3
12
39.7 (1.4)
3.53 (0.52)
0.23 (0.97)
0.35 (1.01)

53
22
10
0
15
39.6 (1.5)
3.48 (0.56)
0.11 (1.01)
0.49 (1.13)

73
10
3
3
11
39.7 (1.4)
3.54 (0.51)
0.25 (0.95)
0.29 (0.99)

80
4
2
4
11
39.8 (1.3)
3.60 (0.49)
0.35 (0.96)
0.15 (1.05)

55
21
7
2
15
39.8 (1.4)
3.51 (0.55)
0.17 (0.99)
0.56 (1.00)

70
10
2
6
11
39.6 (1.4)
3.50 (0.50)
0.21 (0.99)
0.44 (0.93)

48
36
4
4
8
39.2 (1.7)
3.35 (0.61)
20.02 (0.97)
0.39 (1.12)

$6 months also seemed to be
associated with other adiposity
measures with estimated effect sizes
similar to or greater than what we
observed for CF introduction at
,4 months in formula-fed children,
although with wider CIs that did not
exclude the null (Table 2).
In exploratory analyses, we also
examined associations of the timing
of introduction of speciﬁc food items
and offspring’s BMI z score and waist
circumference. The speciﬁc food
items introduced more commonly
before 4 months were infant cereals
(15% of children), fruits (6%),
vegetables (4%), and fruit juice (6%;
Table 3). Although most children
were introduced to CF at ,6 months
(86%), meat, soy and cow’s milk,
dairy, peanut butter, eggs, ﬁsh, and
sweets were introduced in ,10% of
children at ,6 months. Among
children introduced to CF at ,4
months, 82% were fed infant cereals,
30% were fed fruits, 22% were fed

vegetables, and 30% were given fruit
juice. In breastfed children, early
introduction of infant cereals and
fruit juice was associated with
a higher BMI z score and waist
circumference in midchildhood, and
the association for infant cereals and
waist circumference persisted in
early adolescence. In formula-fed
children, early introduction of infant
cereals was associated with a higher
BMI z score in midchildhood and
early adolescence and with higher
waist circumference in midchildhood
(Table 4).

DISCUSSION
In this prospective longitudinal
cohort, we found associations of the
timing of CF introduction with child
adiposity throughout childhood and
early adolescence. Sociodemographic
characteristics as well as
breastfeeding status were associated
with the timing of CF introduction. In
breastfed children, early CF
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TABLE 2 Adjusted Linear Regression Coefﬁcients for Associations of Timing of CF Introduction and Offspring’s Adiposity at Midchildhood and Early
Adolescence in Breastfed (at Least Partly for $4 Months) or Formula-Fed (Never Breastfed or Stopped Breastfeeding by 4 Months) Children

Outcomes

Model 1 b (95% CI)

n

Model 2 b (95% CI)

Timing of CF Introduction
,4 mo
Breastfed children
Midchildhood
BMI, z score
Waist circumference, cm
DXA whole-body fat
percentage, %
DXA truncal fat mass, kg
Sum of skinfolds
(subscapular plus
triceps), mm
Skinfold ratio
(subscapular/
triceps)
Early adolescence
BMI, z score
Waist circumference, cm
DXA whole-body fat
percentage, %
DXA truncal fat mass, kg
Sum of skinfolds
(subscapular plus
triceps), mm
Skinfold ratio
(subscapular/
triceps)
Formula-fed children
Midchildhood
BMI, z score
Waist circumference, cm
DXA whole-body fat
percentage, %
DXA truncal fat mass, kg
Sum of skinfolds
(subscapular plus
triceps), mm
Skinfold ratio
(subscapular/
triceps)
Early adolescence
BMI, z score
Waist circumference, cm
DXA whole-body fat
percentage, %
DXA truncal fat mass, kg
Sum of skinfolds
(subscapular plus
triceps), mm
Skinfold ratio
(subscapular/
triceps)

4–,6 mo

Timing of CF Introduction
$6 mo

,4 mo

4–,6 mo

$6 mo

620
620
483

0.34 (0.11 to 0.58)
2.71 (1.10 to 4.31)
1.76 (0.29 to 3.22)

0.0 (reference) 20.10 (20.30 to 0.11) 0.20 (20.02 to 0.43) 0.0 (reference) 20.05 (20.24 to 0.14)
0.0 (reference) 20.04 (21.44 to 1.36) 1.78 (0.19 to 3.36) 0.0 (reference) 0.17 (21.18 to 1.52)
0.0 (reference) 20.21 (21.57 to 1.16) 1.08 (20.41 to 2.57) 0.0 (reference) 0.00 (21.34 to 1.35)

483
618

0.53 (0.21 to 0.85)
2.86 (0.97 to 4.75)

0.0 (reference) 20.06 (20.36 to 0.24) 0.33 (0.01 to 0.65) 0.0 (reference) 20.01 (20.30 to 0.29)
0.0 (reference) 20.38 (22.03 to 1.27) 1.58 (20.29 to 3.45) 0.0 (reference) 0.01 (21.58 to 1.60)

618 0.04 (20.01 to 0.08) 0.0 (reference) 20.01 (20.05 to 0.03) 0.01 (20.03 to 0.06) 0.0 (reference)

0.00 (20.04 to 0.03)

601
604
415

0.34 (0.08 to 0.60)
3.48 (0.90 to 6.07)
2.41 (0.43 to 4.38)

0.0 (reference) 20.06 (20.28 to 0.17) 0.22 (20.02 to 0.47) 0.0 (reference)
0.0 (reference) 0.63 (21.57 to 2.83) 2.97 (0.47 to 5.47) 0.0 (reference)
0.0 (reference) 0.70 (21.15 to 2.55) 1.73 (20.23 to 3.68) 0.0 (reference)

0.02 (20.19 to 0.22)
1.09 (20.99 to 3.16)
0.53 (21.24 to 2.31)

415
603

1.72 (0.83 to 2.61)
4.36 (1.34 to 7.38)

0.0 (reference) 0.39 (20.44 to 1.23)
0.0 (reference) 20.26 (22.84 to 2.32)

0.0 (reference)
0.0 (reference)

0.40 (20.39 to 1.19)
0.26 (22.19 to 2.70)

603

0.07 (0.02 to 0.13)

0.0 (reference)

0.03 (20.02 to 0.07)

0.04 (20.02 to 0.09) 0.0 (reference)

0.04 (20.01 to 0.09)

271 0.43 (0.17 to 0.68) 0.0 (reference)
272 3.17 (0.99 to 5.36) 0.0 (reference)
219 1.18 (20.56 to 2.91) 0.0 (reference)

0.48 (0.04 to 0.93)
4.26 (0.51 to 8.02)
0.19 (22.99 to 3.36)

0.32 (0.09 to 0.55) 0.0 (reference) 0.37 (20.03 to 0.77)
2.58 (0.59 to 4.57) 0.0 (reference) 2.65 (20.75 to 6.05)
1.15 (20.44 to 2.73) 0.0 (reference) 20.87 (23.76 to 2.03)

219
271

0.64 (0.14 to 1.14)
4.85 (2.14 to 7.55)

0.0 (reference)
0.0 (reference)

0.52 (20.40 to 1.43)
2.99 (21.55 to 7.54)

0.52 (0.07 to 0.97)
4.23 (1.70 to 6.77)

0.0 (reference)
0.0 (reference)

0.07 (20.75 to 0.89)
1.25 (22.98 to 5.48)

271

0.08 (0.03 to 0.13)

0.0 (reference)

0.14 (0.05 to 0.22)

0.06 (0.01 to 0.11)

0.0 (reference)

0.10 (0.02 to 0.18)

0.34 (0.07 to 0.61)
3.42 (0.12 to 6.71)
2.55 (0.20 to 4.91)

0.0 (reference) 0.33 (20.15 to 0.81)
0.0 (reference) 4.27 (21.46 to 10.00)
0.0 (reference) 2.25 (21.87 to 6.37)

245 0.47 (0.18 to 0.75) 0.0 (reference) 0.38 (20.14 to 0.90)
246 4.63 (1.00 to 8.27) 0.0 (reference) 5.75 (20.65 to 12.14)
184 2.34 (20.15 to 4.83) 0.0 (reference) 3.36 (21.13 to 7.86)
184 1.44 (20.08 to 2.96) 0.0 (reference)
243 6.22 (2.08 to 10.36) 0.0 (reference)

243

0.13 (0.06 to 0.19)

0.0 (reference)

1.55 (21.19 to 4.29)
7.85 (0.21 to 15.49)

0.17 (0.05 to 0.29)

1.20 (0.33 to 2.06)
3.26 (0.33 to 6.19)

1.12 (20.25 to 2.50) 0.0 (reference) 0.59 (21.82 to 3.00)
5.04 (1.13 to 8.95) 0.0 (reference) 6.27 (20.79 to 13.33)

0.10 (0.04 to 0.17)

0.0 (reference)

0.13 (0.02 to 0.25)

Model 1 is adjusted for child age at outcome assessment and sex (except for BMI z score); Model 2 is Model 1 additionally adjusted for maternal education, marital status, household
income, maternal prepregnancy BMI, paternal BMI, child’s race and/or ethnicity, infant gestational age at delivery, and change in wt-for-age z score from 0 to 4 mo.

introduction was associated with
higher adiposity measurements
throughout childhood and early
adolescence. In formula-fed children,

early CF introduction was associated
with higher adiposity measurements
throughout childhood and early
adolescence, and CF introduction at

$6 months was associated with
a higher skinfold ratio in
midchildhood and early adolescence.
Associations were stronger and more
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TABLE 3 Distribution of Participants (n = 1013) by Age at Introduction of Speciﬁc Food Items
Timing of Introduction, %

Infant cereals
Starches other than infant cereals
Fruits
Vegetables
Fruit juice
Meat, chicken, and/or turkey
Cow’s milk (other than formula)
Dairy other than cow’s milk
Soy milk (other than formula)
Peanut butter
Eggs
Fish
Sweets

often persisted into early adolescence
among formula-fed children.
Adjusting for potential confounders
reduced estimated effect sizes, yet
most associations remained
statistically signiﬁcant.
In our previous analysis, early CF
introduction was associated with
a higher BMI z score at 3 years in
formula-fed children, whereas no
associations were found in breastfed
children.17 In this study, this
association with BMI z score
persisted in midchildhood and early
adolescence in formula-fed children,
whereas the association was weaker
and no longer statistically signiﬁcant
in fully adjusted models in breastfed
children. In addition, we found
associations of early introduction of
CF with other adiposity
measurements, both overall and
central, throughout childhood up to
early adolescence in breastfed
children as well as formula-fed
children and an association of late
introduction of CF with 1 adiposity
measurement in formula-fed children
only. Interestingly, the magnitude of
the effect for early introduction of CF
remained rather large for overall
adiposity up to early adolescence, and
we found additional associations with
indicators of central obesity with
estimates for waist circumference
being ∼3 cm higher and estimates for
DXA truncal fat mass ∼1.0 kg higher

,4 mo

4–,6 mo

$6 mo

15.3
0.5
5.7
4.1
5.6
0.7
0.2
0.5
1.4
0
0
0
0.7

69.4
12.9
60.5
58.7
23.7
9.1
0.4
4.1
0.6
0.4
1.3
0.5
3.2

15.3
86.6
33.9
37.2
70.8
90.2
99.4
95.5
98.0
99.6
98.7
99.5
96.2

compared with CF introduction at 4
to ,6 months. An important
difference between our previous and
current analyses is the exposure,
which was previously restricted to
“solid food introduction,”17 whereas
here we considered the broader
deﬁnition of CF, including liquid food
items (eg, cow’s milk and fruit juice),
which is consistent with current
guidelines.11,25,26 Other longer-term
studies also showed associations of
the timing of CF introduction with
adiposity or obesity in children aged
6 years and older,5,6,27 although some
studies found no associations.28–31
The latter studies differed in the
deﬁnition of CF (only included solid
food)28,30,31 and did not account for
paternal BMI28,31 or breastfeeding
status.29 Beyond being statistically
signiﬁcant, the magnitude of the
effect sizes observed in childhood and
early adolescence support the clinical
relevance of these ﬁndings. For
example, among formula-fed children,
early CF introduction was associated
with a 0.34-higher BMI z score in
early adolescence compared with
introduction at 4 to ,6 months, and
studies suggest that a change in BMI z
score of 0.25 to 0.50 is of clinical
relevance.32 Also among formula-fed
children, early CF introduction was
associated with a 3.42-cm–higher
waist circumference in early
adolescence compared with
introduction at 4 to ,6 months,

a difference that has also been linked
to changes in cardiometabolic risk
factors.33
Overall, our ﬁndings support current
guidelines9,10 not to introduce CF
before 4 months because we found an
association with higher adiposity
throughout childhood in both
breastfed and formula-fed children.
Our results also showed that
introduction of CF at or beyond
6 months in formula-fed children is
associated with a higher skinfold
ratio. This ﬁnding was not initially
expected and needs to be interpreted
with caution considering the small
number of formula-fed participants
with CF introduction at $6 months.
At the time of recruitment in our
cohort, guidelines from the American
Academy of Pediatrics Committee on
Nutrition stated that solid foods can
be introduced between 4 and
6 months of age,26 and reasons for
delaying CF introduction in our study
sample are unknown. It is possible
that delayed introduction was driven
by feeding or child health issues,
which could explain the association
with higher BMI z scores.
Nonetheless, other studies also
showed associations of delayed
introduction of CF and increased
adiposity,5,30 and a recent study
suggested that delayed introduction
of CF could possibly be associated
with delayed healthy gut microbiota
development.34 Our ﬁndings, along
with those from previous studies,
suggest no clear beneﬁt in delaying
CF introduction beyond 6 months,
which is in line with
recommendations from the European
guidelines,11,25 but more studies are
needed with contemporary cohorts
recruited after the implementation of
the newest guidelines to better
understand the effects of CF
introduction beyond 6 months.
Finally, we found an association
between early introduction of infant
cereals and higher BMI z scores and
waist circumference in midchildhood
in breastfed and formula-fed children
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3.10 (20.39 to
6.58)

0.31 (0.02 to 0.59)

2.58 (0.49 to 4.66)

0.33 (0.09 to 0.57)

0.20 (20.08 to
0.47)
3.02 (0.21 to 5.82)

2.24 (0.46 to 4.01)

0.0
(reference)
0.0
(reference)

20.58 (23.59 to
2.42)

1.77 (23.38 to 6.92) 0.88 (24.14 to 5.90)

0.17 (20.27 to 0.60) 0.11 (20.30 to 0.53)

2.33 (20.82 to 5.48)

0.35 (20.02 to 0.73) 0.11 (20.24 to 0.47)

0.0
(reference)
0.0
(reference)
0.0
(reference)
0.0
(reference)

0.0
(reference)
0.0
(reference)

0.0
(reference)
0.0
(reference)

20.04 (20.24 to
0.27 (20.15 to 0.69)
0.16)
0.67 (21.35 to 2.68) 3.72 (20.56 to 8.00)

0.0
(reference)
0.0
(reference)

,4 mo

20.20 (23.53 to
3.14)

20.50 (24.21 to
3.20)
0.62 (24.83 to 6.07)

0.06 (20.25 to 0.36) 0.15 (20.30 to 0.61)

0.78 (21.50 to 3.06)

0.24 (20.03 to 0.50) 0.16 (20.24 to 0.55)

1.03 (20.57 to 2.64) 4.17 (20.96 to 9.30)

0.06 (20.10 to 0.22) 0.34 (20.16 to 0.84)

0.0
(reference)
0.0
(reference)

0.0
(reference)
0.0
(reference)

0.0
(reference)
0.0
(reference)

0.0
(reference)
0.0
(reference)

4–,6 mo

$6 mo

3.44 (0.48 to 6.40)

20.93 (24.27 to
2.41)

0.01 (20.26 to 0.29)

0.67 (21.40 to 2.74)

0.18 (20.07 to 0.42)

0.34 (20.11 to
0.79)
3.63 (21.73 to
8.99)

0.12 (20.30 to
0.53)
1.33 (22.16 to
4.82)

0.84 (20.75 to 2.42) 2.71 (21.93 to 7.35)

0.0
(reference)
0.0
(reference)

0.0
(reference)
0.0
(reference)

0.0
(reference)
0.0
(reference)

0.0
(reference)
0.0
(reference)

4–,6 mo

$6 mo

20.04 (20.35 to
0.26)
22.43 (26.05 to
1.18)

21.01 (23.24 to 1.23)

20.10 (20.37 to 0.16)

20.00 (21.96 to 1.96)

0.03 (20.16 to 0.22)

0.10 (21.14 to 1.35)

0.03 (20.14 to 0.21)

Timing of Introduction

0.46 (0.04 to 0.88)

,4 mo

Fruit Juice, b (95% CI)

0.08 (20.08 to 0.23) 0.21 (20.24 to 0.67)

20.08 (20.22 to
0.06)
0.06 (20.94 to 1.06)

Timing of Introduction

20.08 (20.23 to
0.30 (20.15 to 0.75)
0.06)
0.24 (20.78 to 1.26) 0.75 (22.45 to 3.96)

$6 mo

Vegetables, b (95% CI)

Adjusted for child age at outcome assessment and sex (except for BMI z score), maternal education, marital status, household income, maternal prepregnancy BMI, paternal BMI, child’s race and/or ethnicity, infant gestational age at delivery, and
change in wt-for-age z score from 0 to 4 mo.

Waist circumference, cm

Early adolescence
BMI, z score

Waist circumference, cm

Formula-fed children
Midchildhood
BMI, z score

Waist circumference, cm

Early adolescence
BMI, z score

Waist circumference, cm

0.0
(reference)
0.0
(reference)

4–,6 mo

20.08 (20.26 to
0.22 (20.17 to 0.61)
0.11)
0.12 (21.18 to 1.42) 0.87 (21.89 to 3.64)

,4 mo

0.0
(reference)
0.0
(reference)

$6 mo

Timing of Introduction

4–,6 mo

Timing of Introduction

0.28 (0.03 to 0.53)

,4 mo

Fruits, b (95% CI)

Infant Cereals, b (95% CI)

Adolescence in Breastfed (at Least Partly for $4 Months) or Formula-Fed (Never Breastfed or Stopped Breastfeeding by 4 Months) Children

Breastfed children
Midchildhood
BMI, z score

Outcomes

TABLE 4 Adjusted Linear Regression Coefﬁcients for Associations of Timing of Introduction of Speciﬁc Food Items and Offspring’s BMI z Score and Waist Circumference at Midchildhood and Early

and an association between early
introduction of fruit juice and BMI z
scores and waist circumference in
midchildhood in breastfed children.
However, early CF introduction
primarily involved the introduction of
infant cereals, and it might just be the
introduction of CF in general and not
speciﬁcally the infant cereal that is
driving this association. As for fruit
juice, it is possible that earlier
introduction is an indicator of greater
intake later, which could explain the
association observed with adiposity
in midchildhood, and future studies
should investigate the association
between the timing of introduction
and intake in childhood. CF guidelines
focus on ensuring adequate nutrient
intake and preventing allergies, but
little evidence-based research is
available to guide the type of foods to
introduce ﬁrst during CF with regard
to children’s risk of obesity.12
Guidelines recommend delaying the
consumption of fruit juice to avoid
the displacement of nutrient-rich
foods,9,35 but its effects on body
composition might also need to be
considered. In addition, more
research is needed to examine not
only when CF is introduced and what
food is introduced but how (eg,
restrictive versus no-restrictive
feeding, infant-led weaning versus
purees, etc).36 The child’s feeding
environment and behaviors during
CF13,36 should be further explored
and considered for more
comprehensive guidance on CF
introduction.

Strengths of this study include the
longitudinal assessment of wellcharacterized adiposity
measurements throughout childhood
and early adolescence and the
inclusion of important confounders
such as parental BMI, early infant
growth, and breastfeeding status. Yet,
we acknowledge that there might be
residual confounding. For example,
early infant feeding practices are
probably correlated with overall
family dietary habits, and some of the
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associations observed may actually be
reﬂecting the child’s later diet. Also,
although we had a large number of
participants included in this analysis,
numbers of participants within some
subgroups for analyses were small.
We adjusted for several
sociodemographic characteristics;
however, we acknowledge that
generalizability to low-income groups
or groups with different racial and/or
ethnic background is limited. In
addition, for the timing of
introduction of speciﬁc food items,
variability within the explored range
of timing was low for many items,
which prevented us from examining
associations with these components.
Also, we did not have information on

the speciﬁc quantity of food
introduced and if consumption was
sustained after introduction.

CONCLUSIONS
We found associations of early CF
introduction with adiposity
measurements in breastfed and
formula-fed children from
midchildhood through early
adolescence, with stronger
associations seen in formula-fed
children. Associations were also
observed for late CF introduction and
higher adiposity in formula-fed
children only, yet the low sample size
in this subgroup led to lower
conﬁdence in actual effect. These

ﬁndings support the
recommendations not to introduce CF
at ,4 months in children and suggest
that delaying CF introduction could
possibly be detrimental for obesity
prevention in formula-fed children.
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