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Background: The Centers for Disease Control and Prevention and the US Department of Health and Human Services promote
breastfeeding as a strategy for reducing childhood overweight. We evaluated the relation between infant feeding and the
development of overweight and obesity throughout life course.

Methods: We investigated the association between infant feeding and obesity among 35 526 participants in the Nurses’ Health
Study Il who were followed prospectively from 1989 to 2001. Mothers of participants provided information by mailed
questionnaires on the duration of breast- and bottle-feeding, as well as the type of milk or milk substitute in the bottle.
Information on body shape at ages 5 and 10, weight at age 18, current weight between 1989 and 2001, and height was
reported by the participants.

Results: The duration of breastfeeding, including exclusive breastfeeding, was not related to being overweight (25 < body mass
index (BMI) <30kg/m?) or obese (BMI>30kg/m?) during adult life. Women who were exclusively breastfed for more than 6
months had a risk of 0.94 (95% confidence interval (Cl) 0.83-1.07) of becoming obese as adults compared with women who
were not breastfed. Exclusive breastfeeding for more than 6 months was associated with leaner body shape at age 5 (odds ratio
(OR)=0.81; 95% Cl 0.65-1.01 for the highest vs the lowest category of body shape) compared to women who were not
breastfed or breastfed for less than 1 week, but this association did not persist during adolescence or adulthood.
Conclusions: We did not find that having been breastfed was associated with women’s likelihood of becoming overweight
or obese throughout life course. Although breastfeeding promotes the health of mother and child, it is unlikely to play an
important role in controlling the obesity epidemic.

International Journal of Obesity (2007) 31, 1078-1085; doi:10.1038/sj.ijo.0803622; published online 24 April 2007

Keywords: overweight; infant feeding; breastfeeding; infant formula

Introduction

The Centers for Disease Control and Prevention promote
breastfeeding as a strategy for reducing childhood over-
weight. ! The US Department of Health and Human Services
sponsors an advertisement campaign encouraging women to
breastfeed their baby for 6 months to ‘reduce the child’s risk
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for childhood obesity’.> An association between having been
breastfed as an infant and a lower risk of childhood obesity
has been suggested in numerous epidemiologic studies
and several meta-analyses summarizing the evidence have
recently been reported.>*

Breastfed infants gain weight more slowly during the first
year of life than formula-fed infants, probably due to the
natural limitations of available energy supply.® Reports have
been ambiguous whether this early growth difference
translates into differences in growth and body mass in
subsequent years of life.® Breast milk is lower in protein than
infant formula, which may affect growth.” Formula-fed
infants have higher plasma-insulin concentrations, possibly
resulting in increased insulin resistance® and affecting



programming of insulin metabolism.’ Formula-fed infants
also have higher levels of insulin-like growth factor L.'°
Breastfeeding is more common among families of higher
socioeconomic status (SES) and has been for the past several
decades.'!'"!® Other factors associated with higher SES also
decrease childhood obesity, and whether breastfeeding
affects the incidence of obesity in childhood independently
of other lifestyle factors is not entirely clear. In a recent
sibling study, which inherently controlled for SES, no
association was found between having been breastfed and
being overweight as an adolescent. In an analysis ignoring
sibship, however, the previously reported inverse association
with duration of breastfeeding was confirmed.*

Whether any effect of breastfeeding on body mass in
childhood translates to life remains to be examined.
Although overweight children tend to become obese
adults,'>1¢ few studies have directly addressed the relation
between infant feeding and body weight. We therefore
studied the association between infant feeding and obesity
throughout life course among 35526 participants of the
Nurses’ Health Study II (NHS II) whose mothers provided
information on infant feeding.

Methods

Study population

The NHS II is a prospective cohort of 116678 female
registered nurses aged 25-42 years in 1989 and living in
one of 14 US states. Participants are predominantly Cauca-
sian white. In 1989, we mailed a four-page questionnaire
about various demographic and lifestyle factors, anthropo-
metric variables including weight at age 18, and prevalent
disease. Follow-up questionnaires were sent to study partici-
pants every 2 years updating information on lifestyle and
anthropometric factors. In March 2001, participants in the
NHS and in NHS II who were alive and free of cancer were
sent letters asking about the health status of their mothers,
whether the nurse would be willing to have her mother
participate in the Nurses’ Mothers’ Cohort Study, and if so
to provide the mother’s address. If the nurse agreed and
her mother was able to participate, the mother was sent a
questionnaire and a prepaid return envelope. A total of
52155 Mothers’ Questionnaires were mailed in 2001 and
2002. Overall, 39904 (76.5%) completed questionnaires
were returned to us. Approximately 90% of the mothers
have nurse daughters in NHSII, whereas the remaining 10%
are mothers of NHS members. For the present analysis, we
restricted the Maternal Cohort population to participants in
NHS 1II (n=35830) for ease of computation. NHS II and the
Mothers’ Cohort were linked, providing data on the entire
lifespan of the nurse from conception to adult life, with
repeatedly assessed information on adult life variables. NHS
II participants who were adopted were excluded from this
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analysis. The population for this analysis was 96% Caucasian
white.

Assessment of infant feeding

Participants in the Nurses’ Mothers’ Cohort Study were asked
whether they ever breastfed their nurse daughter and if so
the age of the nurse daughter when breastfeeding ended.
Mothers were also asked whether they ever fed the nurse
daughter infant formula or evaporated milk and if so, the
ages of introduction and duration, as well as the ages of
introduction of solid food and cow’s milk. Exclusive
breastfeeding was defined as not supplementing with
formula, evaporated milk or solid food. Duration of exclusive
and partial breastfeeding was calculated using the informa-
tion on breastfeeding and supplemental feeding. A total of
66 participants were missing information on infant feeding.

Assessment of body mass index

Participants in the NHS II were asked in 1989 to report their
height, their current weight and their weight at age 18.
Information on current weight was updated on biennial
questionnaires. Body mass index (BMI) was calculated as
weight divided by the square of height (kg/m?). The validity
of recalled weight at age 18 and self-reported current height
was examined among 118 participants of NHS II using
records from physical examinations conducted at college or
nursing school entrance.'” The correlation between recalled
and measured past weight was 0.87 and between reported
current height and measured past height was 0.94. Mean
BMI values were 21.6 kg/m? for BMI calculated using recalled
weight and were 22.1kg/m? using weight from medical
records; the correlation was 0.84. Overall, the validity of
recalled weight at 18 years of age and self-reported height
appears to be high among women in this cohort. Participants
of the Nurses’ Health Study were also asked about their
current weight. The self-reports were validated in a sub-
sample of participants.'® Self-reported weight data were
compared with standardized measurements taken approxi-
mately 6 months apart by technicians who visited partici-
pants at their homes. The correlation between self-reported
and measured weights was 0.97.

NHS 1II participants were also asked to recall their body
shape at ages 5 and 10 using a nine-level figure drawing
(Figure 1) originally developed by Stunkard.'® Must et al.°
evaluated the validity of remote recall of body fatness among
181 participants in the Third Harvard Growth Study, a
Boston-area longitudinal study of physical and mental
growth in children that was conducted between 1922 and
1935.Height and weight were measured as part of annual
examinations during childhood and adolescence and were
used to calculate BMI in kilograms per meters squared (kg/m?).
In 1988 and 1989, when participants were between ages 71
and 76, they were interviewed again and asked to recall their
body fatness at ages 5, 10, 15 and 20, using the same 9-level
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Figure 1 Nine-level figure drawing used to assess body fatness at different
ages among NHS Il participants.

figure drawing as on the 1989 NHS II questionnaire. Pearson
correlations between recalled body fatness and BMI at
approximately the same ages were 0.60 for age 5, and 0.70
for age 10. Other studies had similar findings,*'** indicating
that, although imperfect, these figure drawings can provide
useful information on body fatness at young ages.

Assessment of covariates

Information on covariates was obtained from the mother as
well as the nurse daughter. The Mothers’ questionnaire
included items on the birthweight and gestational age of the
daughter, the mother’s prepregnancy weight and weight
gain during pregnancy, maternal smoking during pregnancy,
mother’s and father’s education and occupation, and
parents’ homeownership at the time of the nurse daughter’s
birth. From the NHS II questionnaires, we used information
on age of the nurse, age at menarche, parity of the nurse, age
at first birth, nurse’s smoking status, physical activity,
alcohol consumption, energy intake, menopausal status,
husband’s education and household income; information
was updated during follow-up with data from each biennial
questionnaire.

Statistical analysis

Follow-up for our analysis started in 1989, when participants
first reported their adult height and weight, and ended in
2001. Women for whom no breastfeeding information was
reported by their mother were excluded from the analyses
(n=66). Women who did not report height or weight in
1989 were excluded from the analyses on adult BMI
(n=190). Time periods during which participants were
pregnant were skipped during follow-up. BMI was cate-
gorized as normal weight (<25kg/m?), overweight (25—
29.9kg/m?) and obese (30+ kg/m?). We used polytomous
logistic regression to obtain odds ratios (ORs) for being
overweight or obese relative to being normal weight in 2001,
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depending on having been breastfed as an infant. Informa-
tion on infant feeding was coded as (1) having been breastfed
for at least 1 week vs having never been breastfed or breastfed
for less than 1 week, (2) duration of any breastfeeding
(1 week-3 months, 3-6 months, 6-9 months, 9-12 months,
one year or more) and (3) duration of exclusive breastfeeding
(1 week-3 months, 3-6 months, 6 months or more). A test
for trend using midpoints of intervals was calculated for the
categories of duration of breastfeeding and duration of
exclusive breastfeeding. Statistical models were age-adjusted
(in 1-year intervals) and included potential predictors of
obesity during early and adult life: year of birth of the nurse
(<1952, 1952-1957, 1958-1964), birthweight (<2500,
2500-2999, 3000-3499, 3500-3999, >4000g), gestational
age (<38, 38-42, 43+ weeks), mother’s prepregnancy
weight (quintiles) and weight gain during pregnancy (<14,
15-19, 20-29, 30-39, 40+ 1b), maternal smoking during
pregnancy (binary), mother’s and father’s education (<4
years high school, 4 years high school, 1-3 years college, 4 +
years college) and occupation during the nurse’s infancy and
childhood, parents’ homeownership at the time of the nurse
daughter’s birth (binary); the nurse’s age at menarche (<11,
12, 13, 14, 15+ years), parity of the nurse (0, 1, 2, 3, 4+),
age at first birth (<25, 25-30, 30+ years), nurse’s smoking
0, 1-5, 6-10, 11-15, 16-20, 20+ pack-years), physical
activity (quintiles of metabolic equivalents (METS) per
week), alcohol consumption (none, 0.1-5, 5.1-10, >10
g/day), energy intake (quintiles), menopausal status (pre-
menopausal, postmenopausal), husband'’s education (<high
school, high school, 2 years college, 4 years college,
postgraduate) and household income (<15000; 15000-
19000; 20000-29000; 30000-39000; 40000-49 000;
50000-74 000; 75000-99 000; 100000-149 000; 150000 +
dollars). For the analysis using BMI in 2001, the value of the
covariates reported on the questionnaire most recently
preceding 2001 was used.

We also addressed the question whether infant feeding
affected body size assessed repeatedly throughout follow-up.
We used a polytomous general estimation equations (GEE)
model to regress repeatedly assessed BMI between 1989 and
2001 categorized as normal weight, overweight and obese
on infant feeding history. Covariate information assessed
during follow-up was updated in the analyses.

BMI at age 18 was also classified as normal (<25kg/m?),
overweight (25-29.9kg/m? and obese (30+ kg/m?) and
regressed on infant feeding using a polytomous logistic
regression model. Covariate information was used from the
baseline questionnaire in 1989.

The relation between infant feeding and body shape at
ages 5 and 10 was analyzed using a polytomous logistic
regression model. Participants who did not report their body
fatness at one of these ages were excluded for the relevant
analyses. Because few participants recalled their body fatness
as greater than level 5 at ages 5 and 10, figures 5-9 were
combined into a single category.

All P-values are two-sided.



Results

In our study population, 41% of women were breastfed
whereas 59% were not breastfed or were breastfed for less
than 1 week. Overall, 43.5% of nurse participants were fed
evaporated milk, 34.6% within the first 3 months, 41.1%
received commercial infant formula, 33.1% within the first
3 months, 5.5% were given cow’s milk within the first
3 months and 3.2% were fed soy milk. The mean BMI in
2001 was 26.4, the median BMI in 2001 was 24.9, and the
5th and 95th percentile of the BMI distribution in 2001 were

Table 1 Age-standardized characteristics of daughters of the Nurses’
Mothers’ Cohort according to breastfeeding history in infancy (1989-2001)

Breastfed Not breastfed®
Total N 14449 21077
Age (years) 40.5 39.3
Information from Mothers’ Questionnaire
Birthweight (g) 3324 3263
Gestational age (weeks) 39.9 39.7
Prepregnancy weight of mother (lbs) 125.7 124.9
Mother’s prepregnancy BMI 21.3 21.3
Maternal weight gain during pregnancy (%)°
<14lb
15-191b 13 13.9
20-291b 19.1 19.2
30-391b 38.5 38.5
401b 16.2 15.7
4.7 5.2
Maternal smoking during pregnancy (%) 22 29
Mother’s education (%)%
<4 years high school 13.2 13.7
4 years high school 43.5 54
1-3 years college 29.2 23.4
4 years college + 13.8 8.5
Father’s education (%)*
< 4 years high school 17.3 18.1
4 years high school 32.8 39.4
1-3 years college 19.8 19
4 years college + 26.3 18.8
Mother’s occupation (%)*
Executive, teacher 3.9 2.5
Nurse 8.6 5.2
Sales, crafts worker 1.6 1.8
Machinist, farming 4.3 4
Service, laborer 1.4 1.7
Homemaker 54.2 56.2
Did not work 10.9 11.9
Father’s occupation (%)*
Executive, lawyer 31.8 26.4
Sales, mechanic 30.2 33.6
Machinist, farming 18.8 18.7
Laborer, military 12.7 14
Did not work 0.4 0.4
Parents owned home at time of birth 45.1 48

(%)
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at 19.6 and 38.8, respectively. The mean BMI at age 18 was
21.1, the median 20.5 and the 5th and 95th percentile of the
BMI distribution at age 18 were 17.5 and 27.1, respectively.

Nurse participants who were breastfed had a mean age of
40.5 during the follow-up period 1989-2001, whereas the
mean age of women who had been bottle-fed in infancy was
39.3 years. Women who were breastfed had a slightly higher
birthweight, their mother was less likely to have smoked
during her pregnancy with the nurse, and both parents were
more educated but somewhat less likely to own a home at
the time the nurse was born than women who were bottle-
fed exclusively (Table 1). Nurses who were breastfed were
somewhat less likely to be nulliparous than their colleagues
who were bottle-fed.

Table 1 (Continued)

Breastfed Not breastfed"®
Information from Nurses’ Questionnaire
Age at menarche (%)*
<11 years 7 7.1
11 years 15.9 16.5
12 years 30.3 30.5
13 years 28.2 27.5
14 years 10.7 10.7
15+ years 7.5 7.3
Nulliparous (%)° 22.5 24.2
Number of children (among parous 1.8 1.7
women)©
Age at first birth (among parous 26.2 26.4
women) (years)
Physical activity (METS/week)® 19.7 21
Alcohol consumption (g/day)© 3.5 3.6
Alcohol consumption (%)° 57.5 60.4
Alcohol consumption among drinkers 6.1 5.9
only (g/day)*
Pack-years of smoking® 3.4 3.9
Smoker (%)° 30.1 33.2
Pack-years smoked by smokers® 11.15 11.46
Daily energy intake® 1831 1799
Menopausal status (%)*°
Premenopausal 91 91
Postmenopausal
Husbands education (%)*
<high school 0.6 0.5
High school 14.4 15.9
2 years college 16.9 16.6
4 years college 27.7 27.5
> college 28.4 271
Income in 2001 (%)?
<30000 2.3 2.3
30000-49 000 11.4 10.5
50000-74 000 23.5 22.1
75000-99 000 17.8 17.9
100 000-149 000 18.3 18.8
150000+ 10.1 10.1

Abbreviation: BMI, body mass index. Means unless indicated otherwise.
Percent do not add up to 100 due to missing values °Not breastfed or
breastfed for less than 1 week “Average values during follow-up between 1989
and 2001.
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Table 2 Breastfeeding history in infancy and risk of adult overweight or obesity among daughters of the Nurses’ Mothers’ Cohort, in 2001

Breastfeeding

BMI<25

No. of women

Being overweight (25 < BMI< 30 kg/m?)

Being obese (BMI> 30 kg/m?)

No. of women

Age-adjusted OR

Covariate-adjusted OR

No. of women

Age-adjusted OR

Covariate-adjusted OR

Ever breastfed
No or <1 week
Yes
1 week-3 months
3-6 months
6-9 months
>9 months
P for trend

Exclusively breastfed
No or <1 week
1 week-3 months
3-6 months
>6 months
P for trend

10877

7287
3399
1872
1159

857

13810

2131
1274
949

5498
3884
1824
1014
567
479

7097
1104
663
518

1
1.01 (0.96-1
1.01 (0.95-1
1.05 (0.96-1
0.93 (0.84-1
1.04 (0.92-1
0.92

1
0.99 (0.91-1
0.98 (0.89-1
1.01 (0.90-1
0.95

.06)
.08)
14)
.03)
17)

.07)
.09)
13)

1 4559 1 1
1.02 (0.97-1.08) 3188 0.99 (0.94-1.04)  1.01 (0.95-1.07)
1.02 (0.96-1.10) 1537 1.02 (0.95-1.09)  1.03 (0.96-1.12)
1.08 (0.99-1.18) 750 0.93 (0.85-1.02)  1.01 (0.91-1.11)
0.93 (0.84-1.04) 513 1.00 (0.90-1.12)  0.99 (0.89-1.13)
1.01 (0.90-1.14) 388 0.99 (0.88-1.13)  0.93 (0.81-1.06)
0.95 0.6 0.38
1 5875 1 1
1.01 (0.93-1.10) 859 0.92 (0.85-1.00)  0.98 (0.89-1.08)
0.99 (0.90-1.10) 570 1.01 (0.91-1.13)  1.03 (0.92-1.16)
0.98 (0.87-1.10) 443 1.03 (0.92-1.16)  0.94 (0.83-1.07)

0.75

0.75

0.63

Abbreviations: BMI, body mass index; OR, odds ratio. Adjusted for age of the nurse at return of questionnaire, year of birth of the nurse, maternal prepregnancy
weight, maternal weight gain during pregnancy, birthweight of the nurse, gestational age of the nurse, mother’s education, father’s education, mother’s
occupation, father’s occupation, home ownership of parents at time of nurse daughter’s birth, age of nurse at menarche, parity of nurse, nurse’s age at first birth,
nurse’s physical activity, alcohol consumption, smoking habits, daily energy intake, menopausal status of nurse, income of nurse, and nurse’s husband’s education.

Table 3 Breastfeeding history in infancy and risk of being overweight or obese at age 18 among daughters of the Nurses’ Mothers’ Cohort

Breastfeeding BMI <25

Being overweight (25<BMI <30 kg/m?)

Being obese (BMI =30 kg/m?)

No. of women  No. of women

Age-adjusted OR

Covariate-adjusted OR ~ No. of women

Age-adjusted OR

Covariate-adjusted OR

Ever breastfed

No or < 1 week 19010 1474 1

Yes 13050 1033 1.02
1 week-3 months 6153 484 1.01 (0.91-1.12)
3-6 months 3313 245 0.95 (0.83-1.09)
6-9 months 2034 165 1.04 (0.88-1.23)
>9 months 1550 139 1.15 (0.96-1.38)

P for trend 0.27

Exclusively breastfed

No or < 1 week 24340 1898 1
1 week-3 months 3725 270 0.93 (0.81-1.06)
3-6 months 2278 182 1.02 (0.87-1.19)
>6 months 1717 157 1.16 (0.98-1.38)

P for trend 0.16

1 482 1 1
1.02 286 0.89 0.92
1.01 (0.91-1.13) 130 0.86 (0.71-1.05)  0.88 (0.73-1.09)
0.97 (0.84-1.12) 76 0.92(0.72-1.17)  0.99 (0.77-1.27)
1.05 (0.88-1.25) 39 0.78 (0.56-1.08)  0.82 (0.58-1.14)
1.09 (0.90-1.32) 41 1.09 (0.79-1.51)  1.04 (0.74-1.44)
0.42 0.63 0.74
1 590 1 1
0.95 (0.83-1.09) 90 1.01 (0.81-1.27)  1.09 (0.87-1.37)
1.01 (0.82-1.18) 46 0.85 (0.63-1.15)  0.86 (0.63-1.17)
1.12 (0.94-1.33) 42 1.04 (0.76-1.44)  1.01 (0.73-1.39)
0.35 0.76 0.72

Abbreviations: BMI, body mass index; OR, odds ratio. Adjusted for age of the nurse at return of questionnaire, year of birth of the nurse, maternal pre-pregnancy
weight, maternal weight gain during pregnancy, birthweight of the nurse, gestational age of the nurse, mother’s education, father’s education, mother’s
occupation, father’s occupation, home ownership of parents at time of nurse daughter’s birth, age of nurse at menarche, parity of nurse, nurse’s age at first birth,

nurse’s physical activity, and daily energy intake.

A history of breastfeeding in infancy was not associated
with becoming overweight or obese as an adult in either age-
or covariate-adjusted analyses (Table 2). Women who were
breastfed for at least a week had a risk of being overweight or
obese in 2001 similar to that of participants who were bottle-
fed. Duration of breastfeeding did not influence adult
BMI; women who were breastfed for more than 9 months
had a risk of becoming overweight or obese similar to that
of women who were breastfed for less than 1 week or
exclusively bottle-fed. Having been exclusively breast-fed,
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even for more than 6 months, similarly did not affect the risk
of becoming overweight or obese compared with having
been bottle-fed (Table 2). Adjustment for predictors of adult
obesity did not modify these results. Results were similar
when a GEE model was used to update information on body
weight between 1989 and 2001 (data not shown). A lack of
association between infant feeding and being overweight or
obese at age 18 was also apparent (Table 3). Results were
similar when we modeled current BMI or BMI at age 18 as a
continuous dependent variable.
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Table 4 Breastfeeding history in infancy and body shape at ages 5 and 10

Breastfeeding Body shape at age 5

Highest vs lowest category

Body shape at age 10
Highest vs lowest category

No. of women No. of women  Age-adjusted

Covariate-adjusted No. of women No. of women

Age-adjusted  Covariate-adjusted

with body with body OR OR with body with body OR OR
shape 1° shape 5+° (95% ClI) (95% Cl)®° shape 17 shape 5+° (95% Cl) (95% CI)°
Ever breastfed
No or < 1 week 4776 1355 1 3686 2345 1 1
Yes 3011 861 1.00 (0.91-1.10) 0.94 (0.85-1.04) 2371 1626 1.07 (0.99-1.17) 1.03 (0.94-1.12)
1 week — 3 months 1430 425 1.04 (0.91-1.17) 0.99 (0.87-1.12) 1122 778 1.08 (0.98-1.21) 1.05 (0.94-1.17)
3-6 months 755 216 1.01 (0.85-1.18) 0.95 (0.81-1.12) 587 421 1.13 (0.98-1.29) 1.08 (0.94-1.24)
6-9 months 446 120 0.94 (0.76-1.16) 0.88 (0.71-1.09) 361 225 0.98 (0.82-1.16) 0.92 (0.78-1.11)
>9 months 380 100 0.92 (0.73-1.15) 0.84 (0.66-1.06) 301 202 1.05 (0.87-1.27) 0.97 (0.81-1.18)
P for trend 0.39 0.06 0.49 0.75
Exclusively breastfed
No or < 1 week 6012 1708 1 4685 3009 1 1
1 week — 3 months 851 254 1.05 (0.90-1.22) 1.00 (0.86-1.16) 659 463 1.09 (0.96-1.24) 1.05 (0.92-1.20)
3-6 months 499 148 1.04 (0.86-1.26) 0.98 (0.81-1.19) 387 292 1.17 (1.00-1.37) 1.12 (0.95-1.31)
>6 months 425 106 0.87 (0.70-1.08) 0.81 (0.65-1.01) 326 207 0.98 (0.82-1.18) 0.93 (0.77-1.11)
P for trend 0.44 0.1 0.32 0.92

Abbreviations: Cl, cofidence interval; OR, odds ratio. ?Participants who did not report their body shape where excluded. PAdjusted for age at return of questionnaire,
year of birth, maternal pre-pregnancy weight, maternal weight gain during pregnancy, birthweight, gestational age, mother’s education, father’s education

mother’s occupation, father’s occupation, and home ownership.

Infant feeding history was not related to self-reported body
shape at ages 5 and 10 (Table 4), except that longer durations
of breastfeeding were slightly inversely related to body
shape at age 5 in covariate-adjusted analyses (P for trend =
0.06), but not at age 10 (Table 4). Similarly, exclusive
breastfeeding for more than 6 months was associated with
a reduced risk of being in the highest body shape category at
age 5, but the association was of borderline statistical
significance and no significant trend was apparent (covari-
ate-adjusted OR=0.81; 95% confidence interval (CI) 0.65-
1.01) (Table 4). No such associations were observed for body
shapes at age 10.

Results did not differ when analyses were restricted to
nurses who were an only child (data not shown).

Discussion

In this large observational cohort study of mostly premeno-
pausal women, infant feeding was not associated with BMI
at any age during adolescence or adulthood. Neither any
nor exclusive breastfeeding predicted the likelihood of being
overweight or obese later in life. Women who were breastfed
for several months had a slightly lower risk of being
overweight during early childhood. The women in this
cohort had mean and range of BMI values representative of
the general US population in the same age group.

Few studies have considered the role of infant feeding for
adult obesity. In two early studies, breastfeeding experience
in the first half of the twentieth century and its relation
with obesity among adults in their 20s and 30s was

considered.’>?* In a retrospective study including 366
individuals in the USA, having been breastfed was not
related to being overweight or obese at ages 20-30 years,
where overweight was defined as being more than 10%
above the median weight for height and age and obese as
being more than 20% above.!®> Marmot et al.** in the UK
found that men who were exclusively breastfed during the
first 5 months of life were heavier in their 30s than men who
were bottle-fed, but no difference was observed among
women.In the 1958 British birth cohort, breastfeeding and
BMI were unrelated in childhood, inversely related in
unadjusted analyses at age 33, but no longer related after
adjustment for confounding factors.?®> Since then, some
studies relating infant feeding and adult body weight have
been conducted in the UK, Amsterdam, Copenhagen, New
Zealand and Brazil.2-3? Studies were limited in size, and,
although some found an association with infant or child-
hood weight, all but one found no association with BMI in
adulthood. In the Caerphilly study, breastfeeding was
associated with greater BMI than bottle feeding among
men ages 45-59 years.?® Our study is to date the largest study
on infant feeding and obesity; among its strengths besides
the large sample size are the availability of maternal reports
of infant feeding and the repeated assessment of body mass
throughout life course.

Results from studies on the relation between infant
feeding and childhood weight have been equivocal.®>* In
one meta-analysis including nine studies, the summary OR
for being obese in childhood was 0.78 (95% CI 0.71-0.85)
comparing breast-fed with formula-fed children.® Obesity
was defined as a BMI >90th, 95th or 97th percentile based
on internal or national reference populations. In another
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meta-analysis including 17 studies, the duration of breast-
feeding was inversely related to the risk of overweight in
childhood.* Having been breastfed for more than 9 months
vs never having been breastfed was associated with an OR
of being overweight as a child of 0.68 (95% CI 0.50-0.91).
A meta-analysis of 28 published studies, breastfeeding was
associated with a reduced risk of obesity compared with
breastfeeding (OR=0.87; 95% CI 0.85-0.89).>* Among
studies, that explored potential confounding by SES,
paternal BMI and maternal smoking, the OR of 0.86 was
reduced to 0.93 (95% CI 0.88-0.99) after combined adjust-
ment. In the largest quantitative review to date of 36
published and unpublished observational studies, breast-
feeding was associated with a slightly lower BMI than bottle-
feeding (—0.04; 95% CI -0.05 to -0.02), but the difference
vanished after adjustment for SES, maternal smoking
during pregnancy and maternal BML3* Confounding by
lifestyle factors has to be considered as a possible explana-
tion for the inverse association between having been
breastfed and childhood overweight and obesity observed
in several studies.

Infant feeding practices are substantially influenced by
secular trends. During the first part of the twentieth century
when evaporated milk and other cow’s milk-based bottle-
feeding was introduced, bottle feeding was a privilege mostly
available to the wealthy and promoted as ‘scientifically
advanced’ baby feeding by parents’ magazines. Breastfeeding
was at its lowest in 1970 and gradually became popular
among non-hispanic white women with higher SES by the
1980s.! Few studies have were able to adjust for indicators of
SES, and residual confounding is likely even in studies that
attempted to capture differences in SES associated with
infant feeding practices.

Time trends have also affected the content of bottle feed.
Cow’s milk was used in the earlier part of the previous
century, evaporated milk was the primary alternative to
breastfeeding in the 1950s, and prepared infant formula
reached its peak use in 1970.%>% Similar proportions of our
study participants who were bottle-fed were fed evaporated
milk or commercial infant formula. Any change in associa-
tion due to the difference in bottle content would be difficult
to disentangle from cohort effects due to other environ-
mental or behavioral changes.

Evidence has been inconsistent about whether growth
rates during the first year of life are related to overweight
during subsequent years. In the present study we found that
women who were breastfed reported being somewhat leaner
at age 5, but any differences for bottle-fed infants did not
persist in later childhood, adolescence or adulthood. Even
if the association between infant feeding and body shape
in early childhood is real, the effect does not appear to
influence body weight throughout the life course. Conver-
sely, although childhood obesity increases the risk for
obesity in adulthood the correlation is imperfect which
may explain differences in the association between infant
feeding and childhood and adult BMI.

International Journal of Obesity

We were able to rely on maternal reports of breastfeeding,
which are likely superior to self-reports.’” Mothers were
asked to recall several decades later how long they had breast
fed their nurse daughters. Although this might introduce
some random misclassification, events surrounding preg-
nancy and birth are special in a mother’s life and likely to be
recalled with good accuracy.?® Approximately 20% of the
mothers indicated that they kept a baby book for their nurse
daughter and may have recorded breastfeeding information
there. A mother who has one child may report her child’s
breastfeeding history more accurately than a mother who
has several children; however, our results did not differ for
nurses who were an only child from those who had siblings.
Body shape during childhood and adolescence was recalled
by the nurse herself and may have been influenced by current
BMI. A major strength of our study was its large sample size
and the repeated measure of BMI during adult life.

In this longitudinal study with maternal reports of infant
feeding and repeated assessment of BMI, we did not find that
being breastfed affected women’s likelihood of becoming
overweight or obese throughout the life course. Although
breastfeeding promotes the health of mother®® and child, it
is unlikely to play an important role in controlling the
obesity epidemic.
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