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Abstract
Objective—Breastfeeding and infant weight change are both associated with adiposity. We
examined the extent to which infant weight change mediates the association between
breastfeeding and adiposity at age 3 years.

Methods—We studied 884 children in a prospective cohort study. We determined breastfeeding
status at 6 months. Our primary outcomes at 3 years were body mass index (BMI) z score and the
sum of subscapular and triceps skinfold thicknesses (SS + TR); we also assessed obesity. We
defined infant weight change as change in weight-for-age z score between birth and 6 months. We
performed multivariable regression analyses.

Results—At age 6 months, 25.0% of infants were fully breastfed. At age 3 years, mean (SD)
BMI z score was 0.45 (1.03). In linear regression analyses adjusted for mother’s educational level,
race/ethnicity, smoking, BMI, pregnancy weight gain and birth weight (adjusted for gestational
age), the BMI z score of fully breastfed children was 0.17 (95% CI:−0.43, 0.09) units lower than
never breastfed children. After additional adjustment for infant weight change, the estimate was
attenuated (−0.03, 95% CI: −0.27, 0.20). Adjustment for infant weight change only modestly
attenuated estimates for SS + TR (from −1.48 (95% CI: −2.52, −0.44) to −1.16 mm (95% CI:
−2.18, −0.14)), and for the odds of being obese (from 0.21 (95% CI: 0.07, 0.68) to 0.29 (95% CI:
0.08, 1.05)).

Conclusion—Infant weight change between birth and 6 months mediates associations of
breastfeeding with BMI, but only partially with indicators of child adiposity.
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INTRODUCTION
Several reviews and meta-analyses of observational studies have concluded that
breastfeeding protects against the development of overweight and obesity.(1–4) However,
the mechanisms underlying the protective effect of breastfeeding on obesity are unclear. One
of the proposed mechanisms is behavioral. Breastfed children may have learned better to
self-regulate their energy-intake than formula-fed children.(5–6) However, in a previous
study we did not find a strong mediating effect of maternal feeding restriction on the
association between breastfeeding and adiposity.(7)

Another proposed mechanism involves infant growth rate: infants who gain weight more
rapidly have a higher risk for developing obesity, an association that has been reported in a
number of observational studies over the past 4 decades and summarized in recent meta-
analyses(8–11). Breast-fed children generally grow slower during infancy.(12) Many studies
have looked at infant feeding or infant growth in relation to adiposity, but few have been
able to separate the two effects. The aim of the present study was to examine the extent to
which infant weight change mediates the association between breastfeeding and adiposity.
We hypothesized that the association of breastfeeding with adiposity at age 3 years would be
attenuated by adjusting for infant weight change in the first 6 months after birth.

METHODS
Study Design and Participants

Study subjects were participants in Project Viva, a prospective, observational cohort study
of perinatal factors and maternal and child health.(13) We recruited women who were
attending their initial prenatal visit at one of 8 urban and suburban obstetrical offices of a
multi-specialty group practice located in eastern Massachusetts between April 1999 and July
2002. Details of recruitment and retention procedures are available elsewhere.(13)

Of the 2 128 women who delivered a live infant, 1 579 were eligible for 3-year follow up by
virtue of having completed prenatal nutritional assessments and consenting for their children
to be followed up. We collected follow-up information on 1 405 children (66% of 2 128),
including in-person examinations on 1 294 (61%). For this analysis, we excluded 36
participants who were missing the main outcome (child body mass index [BMI] at age 3
years) and 325 participants who were missing the main exposure (breastfeeding status at six
months) or mediator (change in weight-for-age z score between birth and 6 months). We
excluded 15 infants whose gestational age at birth was <34 weeks, as well as those with
missing information on maternal BMI (n=4), smoking status (n=19), education (n=1), and
pregnancy weight gain (n=10). Thus, our study population consisted of 884 mother-infant
pairs.

Compared with those lost to follow-up, included mothers were slightly older at study
enrollment (32.7 years vs. 31.2 years), had higher educational attainment (74% vs. 58%
completed college), and had a slightly lower pre-pregnancy BMI (24.4 kg/m2 vs. 25.2 kg/
m2). More included than excluded children received full breastfeeding for 6 months (25%
vs. 17%).

The human subjects committees of participating institutes approved the study protocols and
all mothers provided written informed consent. All procedures were in accordance with the
ethical standards for human experimentation established by the Declaration of Helsinki.
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Measurements
Main exposures—Our main exposure was type of infant feeding during the first 6 months
of life, which we assessed by interview at 6 months postpartum. We grouped women into 4
categories: ‘never breastfed’ (mothers who had fed their infants only formula since birth),
‘any breastfeeding for less than 6 months’ (mothers who had initiated breastfeeding, but
discontinued it completely before 6 months), ‘any breastfeeding for 6 months’ (mothers who
had fed both breastmilk and formula at 6 months after birth), and ‘full breastfeeding for 6
months’ (mothers who fed their infant only breastmilk during the first six months after birth:
this category includes both predominantly and exclusive breastfeeding(14)). We did not
consider solids or liquids other than breastmilk and formula when defining these categories.

A secondary exposure was a continuous measure of breastfeeding duration. At 1 year
postpartum, we asked the women who reported that they had breastfed their infants the
following: “How old was your child when you stopped breastfeeding?” We truncated
breastfeeding duration at 6 months to correspond to our hypothesized mediator, infant
weight change between birth and 6 months of age.

Outcome measures—Trained Project Viva research assistants weighed children at 3
years with a digital scale (model 881; Seca, Hamburg, Germany) and measured height with
a Shorr measuring board (Shorr Productions, Olney, MD). They measured skinfold
thicknesses by using Holtain calipers (Holtain, Crosswell, United Kingdom). Research
assistants performing all measurements followed standardized techniques and participated in
bi-annual in-service training to ensure measurement validity. We calculated BMI z scores
using US national reference data (www.cdc.gov/nccdphp/dnpa/growthcharts).(15)

Our main outcomes at 3 years of age were age- and sex-specific BMI z score, and the sum of
subscapular and triceps skinfold thicknesses, a measure of subcutaneous adiposity (SS +
TR).(16) We used obesity, defined as BMI for age and sex ≥95th percentile, as a secondary
outcome in the analyses. We used BMI 5th – 85th percentile as the comparison. We also
showed obesity prevalence according to the classification of the International Obesity Task
Force.(17)

Mediator—We used the change in weight-for-age z score from birth to 6 months as an
indicator of infant weight change. We used z scores because these measures can be
interpreted independently of sex and age. We abstracted birth weight from hospital medical
records. Project staff members weighed infants at 6 months and, on a subset, measured
length at birth and 6 months of age as described above. We calculated weight-for-age z
scores at birth and 6 months by using US national reference data.(15)

Other measures—Through a combination of questionnaires and interviews, we obtained
information on mother’s age, educational level, race/ethnicity, and smoking status during
pregnancy. Mothers reported their pre-pregnancy body weight and height which we used to
calculate BMI. We calculated total pregnancy weight gain by subtracting self-reported pre-
pregnancy weight from the last clinically-measured prenatal weight. We determined birth
weight for gestational age z score using a US national reference.(18)

Statistical Analyses
In bivariate analyses, we assessed characteristics of participants by breastfeeding status at 6
months. To calculate unadjusted trend P values across breastfeeding categories, we used
Mantel-Haenszel Chi-Square for categorical characteristics and linear regression for
continuous characteristics, with breastfeeding categories coded as 1 to 4.
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Using multivariable linear and logistic regression, we assessed the effect of breastfeeding on
child adiposity measures at age 3 years independent of covariates. In our model building
strategy, we first included variables of a priori interest based on previously identified
associations with early childhood obesity(19–20) namely maternal smoking, pre-pregnancy
BMI, gestational weight gain, and educational level, which we used as an indicator of
socioeconomic position, and birth weight adjusted for gestational age. We also included
mother’s race/ethnicity as it is associated with both breastfeeding and adiposity. Then we
added each other possible confounder separately to that model. We considered country of
birth, marital status, and maternal age at enrollment, but none of these covariates changed
the estimates, and were therefore not included in the analyses. We entered covariates as
continuous variables in the models, except for sex (male, female), educational level (less
than high school, some college, BA/BS, graduate school), smoking status (never, former,
during pregnancy), race/ethnicity (white, black, Hispanic, other). We report 3 models in this
paper. In model 1 we report the association between breastfeeding and adiposity adjusted for
child’s sex and age at outcome assessment. Model 2 is additionally adjusted for maternal
educational level, race/ethnicity, smoking status during pregnancy, prepregnancy BMI, and
pregnancy weight gain, and birth weight adjusted for gestational age. In model 3 we added
the mediator infant weight change. We report regression estimates (β) or odds ratios (OR)
and 95% confidence intervals (CI) for the main predictors. We conducted all analyses with
SAS 9.1 (SAS Institute, Cary, NC).

RESULTS
Sample characteristics

Participant characteristics are summarized in Table 1. At 6 months postpartum, 9.2% of
mothers had never breastfed fed their infants, whereas 25.0% had fed their infants
breastmilk with no formula (Table 1). Mean (SD) duration of any breastfeeding was 4.3
(2.3) months. At age 3 years, mean (SD) child BMI z score was 0.45 (1.03) units, sum of
subscapular plus triceps skinfold thicknesses was 16.7 (4.0) mm, 3.4% of children were
obese according to the definition of the IOTF, this was 9.2% according to the criteria of the
CDC (Table 1).

Associations of breastfeeding and infant weight change with adiposity measures
Whereas weight-for-age z score increased between birth and 6 months for both never
breastfed infants (mean increase 0.43 [SD 0.94] units) and infants that were breastfed for
less than 6 months (0.49 [SD 1.03]), fully breastfed infants hardly changed in weight-for-age
z score (−0.03 [SD 1.07]) (Table 1). On unadjusted analyses, for each unit increase in
weight-for-age z score between birth and 6 months, age 3 year BMI z score increased by
0.24 units (95% CI 0.18, 0.30), SS + TR increased by 0.57 mm (95% CI 0.32, 0.81), and the
odds ratio for obesity was 2.05 (95% CI 1.62, 2.60).

Compared to never breastfed children, mean BMI z score at 3 years was lower in fully
breastfed children (β = −0.27, [95% CI −0.53, −0.01]) and children that were given any
breastfeeding for 6 months (β = −0.31, [95% CI −0.57, −0.05]), but did not differ for
children that were given breastfeeding for less than 6 months (β = 0.03, [95% CI −0.22,
0.27]). Compared with never breastfed children, the prevalence of obesity was lower in the
fully breastfed children group (OR = 0.14, [95% CI 0.04, 0.41]), but not in the children that
were given any breastfeeding for less than 6 months or for 6 months (Table 2, model 1). SS
+ TR showed a similar pattern as BMI z score (Table 2, model 1).

Multivariable estimates were attenuated slightly after adjustment for confounders: BMI z
score (β = −0.17 units, [95% CI −0.43, 0.09]); SS + TR (β = −1.48 mm, [95% CI −2.52,
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−0.44]). Children who received any breastfeeding for 6 months also had somewhat lower
BMI z score and lower SS + TR than never breastfed infants (Table 2, model 2). When we
considered breastfeeding duration as a continuous measure, for each month that a child was
breastfed until age 6 months, the decrement in BMI z score was 0.04 units (95% CI −0.07,
−0.01) and the decrement in SS + TR was 0.19 mm (95% CI −0.31, −0.07) (Table 3). For
each month that a child was breastfed, odds of being obese was reduced by 14% (95% CI 6–
22%).

Mediating effect of Infant Weight Change
After we added infant weight change to the multivariable model, effect estimates for BMI z
score were attenuated among fully breastfed children (from β= −0.17, [95% CI −0.43, 0.09]
to β= −0.03, [95% CI −0.27, 0.20]) and children that were given any breastfeeding for 6
months (from β= −0.20, [95% CI −0.46, 0.05] to β= −0.06, [95% CI −0.29, 0.17] (Table 2,
model 3), each compared with never breastfed children. The odds ratio for obesity among
fully breastfed children was modestly attenuated after we added infant weight change to the
model (from OR = 0.21, [95% CI 0.07, 0.68] to OR = 0.29, [95% CI 0.08, 1.05]), as was the
estimate for SS + TR (from β= −1.48, [95% CI −2.52, −0.44] to β= −1.16, [95% CI −2.18,
−0.14]). Infant weight change was an independent predictor of all adiposity measures (Table
2).

Considering breastfeeding duration, estimates for BMI z score for each month that a child
was breastfed were attenuated (from β= −0.04, [95% CI −0.07, −0.01] to β= −0.01, [95% CI
−0.04, 0.02]) after we added infant weight change to the multivariate model (Table 3).
Estimates for SS + TR attenuated from β= −0.19 (95% CI −0.31,−0.07) to β= −0.13 (95% CI
−0.25, −0.01) (Table 3), and adiposity attenuated from OR=0.93 (95% CI 0.79–1.10) to
OR=0.99 (95% CI 0.83–1.18).

We saw similar results when we adjusted for change in weight for length (data not shown).

DISCUSSION
In this longitudinal study of over 800 infants in the US, we found that breastfeeding until 6
months of age was associated with a lower BMI z score, lower skinfold thicknesses, and
lower odds of obesity at age 3 years. Infant weight gain was a strong independent predictor
of these outcomes and fully mediated the associations of breastfeeding with BMI z score, but
only partially with sum of skinfold thicknesses and odds of being obese.

Our finding that breastfeeding in the first 6 months of life is associated with lower adiposity
at age 3 years is consistent with a large body of epidemiologic evidence summarized in
recent systematic reviews and meta-analyses.(1, 3–4) However, one review(21) concluded
that the association between breastfeeding and mean BMI is likely to be confounded by
socio-economic status, maternal smoking and maternal BMI. Also, a large breastfeeding
promotion intervention trial did not find a protective effect of breastfeeding on obesity.(22)
It should be noted that this trial included only mothers that initiated breastfeeding and thus
evaluated the consequences of longer breastfeeding duration, not the effects of breastfeeding
relative to formula feeding. Residual confounding by lifestyle-related factors may explain
the association between breastfeeding and obesity.

However, several behavioral and biological mechanisms have been proposed to explain the
observed protective effect of breastfeeding on future obesity.(5–6, 23) There is some support
for the mechanisms in animal data, but there is a lack of experimental data in humans to
support mechanistic hypotheses.(24) First, whereas formula fed children may be encouraged
to take in more or less volume than they would otherwise, breastfed children may better
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learn to self-regulate their energy intake by internal satiety cues. This enhanced self-
regulation may persist beyond the breastfeeding period. Second, breastfed children may
consume less protein than formula fed children. High protein intake in formula fed children
may lead to higher insulin levels which subsequently stimulate greater adipose tissue
deposition.(25) Third, breastfed children may be differently exposed to leptin, a hormone
contained in breastmilk but not formula.(6) Breastmilk leptin may influence growth in
infants.(23)

Few studies(26) have examined whether early infant weight change may mediate the
observed relationship between breastfeeding and obesity. Breastfeeding may lead to less
infant weight gain which in turn may lead to lower adiposity. Scholtens et al.(26) found that
mean BMI and overweight prevalence at 7 years of age were lower among breastfed
children. However, adjustment for BMI at 1 year of age attenuated the observed associations
(from β= −0.12, 95% CI: [−0.34, 0.10] to β= −0.01, 95% CI [−0.22, 0.19] for children who
were breastfed for at least 16 weeks compared to never breastfed children).(26) In our study,
breastfeeding was still associated with SS + TR and obesity with confidence limits that
excluded the null value for SS + TR even after adjustment for infant weight gain from birth
to 6 months. A first possible explanation is that obesity and SS + TR may reflect body
fatness better than BMI, which incorporates both fat and lean mass.(27–28) This is in line
with other studies that found breastfeeding associated with fat mass, but not with BMI.(29–
30) Another possible explanation may be that infant weight change in the first 6 months
after birth is more associated with lean mass than fat mass (31) and therefore mediates the
association between breastfeeding and BMI, but not fully between breastfeeding and
obesity. However, other studies have reported rapid infant weight gain to be mainly
associated with fat mass.(32)

We did not find an effect of breastfeeding or infant weight change on central adiposity,
measured as the subscapular to triceps skinfold ratio (data not shown).(33–34) Rapid infant
weight gain has been found to be positively associated with central obesity among older
children.(32, 35)

Strengths of this study included research standard measures of growth at ages 6 months and
3 years. We were able to use several indicators of adiposity including measurement of
skinfold thicknesses. We assessed breastfeeding during infancy, before outcomes were
assessed, minimizing the likelihood of bias, and we were able to account for a wide variety
of important confounders. Self-reported information on breast-feeding duration is valid and
reliable when recalled within 3 years.(36)

However, some limitations should be considered when interpreting the results. Although we
accounted for measured confounders, residual confounding may remain. Thus, the protective
effect of breastfeeding on overweight may be due to confounding or selection bias.(2, 21,
25) Also, the association between breastfeeding and infant weight change may be subject to
reverse causality; mothers may choose to switch from breastfeeding to formula feeding if
their infant is growing quickly and seems very hungry. Thus, those infants who grow slower
were able to be exclusively breastfed for 6 months. On the other hand, it is also possible that
mothers whose infants grow slower may discontinue breastfeeding, because they feel not
confident that the baby is satisfied with breastfeeding only.(37) Furthermore, most of the
measures were self-reported. However, we expect that any misclassification would have
been nondifferential, and may therefore have attenuated the results. Lastly, adiposity is more
accurately measured by methods such as dual-energy X-ray absorptiometry (DXA) or
densitometry than by using BMI.(27)
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We performed an in-person study visit during infancy only at age 6 months, and therefore
we were not able to directly compare our results with other studies such as Stettler et al..(38)
It may be that another time period for infant weight change has a more relevant critical
window. However, it should be noted that four months was also an arbitrary timepoint, as
that was the age at which Stettler et al had data available. Further research with multiple
research quality assessments of infant growth will be helpful in ascertaining the periods of
growth during infancy that have the greatest influence of obesity risk. Also, it may be that
weight-for-age is not the best measure of adiposity gain.

Fully breastfed children in our study may already have received complementary feeding
before 6 months of age. Complementary feeding before 4 months of age may have an effect
on developing adiposity.(39) We repeated our analyses with age of introduction of solids as
a confounder, but results were similar (data not shown). We did not measure body
composition at birth, which may be a stronger confounder than birth weight adjusted for
gestational age. Loss to follow-up might have introduced selection bias, for example if non-
participants fully breastfed their infants and these infants were more often overweight at age
3. Although children lost to follow-up were more often formula-fed, we have no evidence
that they differ in weight status. Lastly, the mothers in this study may not fully represent the
general population as they were generally well educated and all resided in Massachusetts.

Conclusion
Our findings suggest that infant weight change may be in the intermediate pathway between
breastfeeding and later size. Because the attenuation of effect was only modest for indicators
of adiposity, infant weight change does not appear to be the only mechanism by which
breastfeeding protects against adiposity. Future research may search for additional pathways
that explain the association between breastfeeding and obesity.
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