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OBJECTIVE — We sought to evaluate whether maternal diabetes or weight status attenuates
a previously reported beneficial effect of breast-feeding on childhood obesity.

RESEARCH DESIGN AND METHODS — Growing Up Today Study (GUTS) partici-
pants were offspring of women who participated in the Nurses’ Health Study II. In the present
study, 15,253 girls and boys (aged 9–14 years in 1996) were included. Maternal diabetes and
weight status and infant feeding were obtained by maternal self-report. We defined maternal
overweight as BMI �25 kg/m2. Childhood obesity, from self-reported height and weight, was
based on the Centers for Disease Control and Prevention definitions as normal, at risk for
overweight, or overweight. Maternal status categories were nondiabetes/normal weight, nondia-
betes/overweight, or diabetes. Logistic regression models used generalized estimating equations
to account for nonindependence between siblings.

RESULTS — For all subjects combined, breast-feeding was associated with reduced over-
weight (compared with normal weight) in childhood. Compared with exclusive use of formula,
the odds ratio (OR) for exclusive breast-feeding was 0.66 (95% CI 0.53–0.82), adjusted for age,
sex, and Tanner stage. Results did not differ according to maternal status (nondiabetes/normal
weight OR 0.73 [95% CI 0.49–1.09]; nondiabetes/overweight 0.75 [0.57–0.99]; and diabetes
0.62 [0.24–1.60]). Further adjustment for potential confounders attenuated results, but results
remained consistent across strata of maternal status (P value for interaction was 0.50).

CONCLUSIONS — Breast-feeding was inversely associated with childhood obesity regard-
less of maternal diabetes status or weight status. These data provide support for all mothers to
breast-feed their infants to reduce the risk for childhood overweight.
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R ecent meta-analyses concluded that
having been breast-fed is associated
with a 13–22% reduced odds for

overweight or obesity in childhood and
later in life (1,2), and the meta-analysis by
Harder et al. (3) confirmed a dose-
response effect according to duration of
breast-feeding. The basis for such an ef-

fect may be behavioral (4), related to ma-
ternal feeding styles that are less controlling
and more responsive to infant cues of
hunger and satiety (5). Alternatively, or
additionally, the infant’s physiologic re-
sponse to the nutritional or hormonal
content of breast milk may explain effects
of breast-feeding on growth (6–9). How-

ever, several issues are unresolved, in-
cluding the potential for residual
confounding to explain the effect (10,11).
Moreover, it is possible that the impact of
breast-feeding on childhood obesity may
be attenuated or reversed among children
whose mothers have diabetes (12–15) or
may be enhanced if mothers are over-
weight or obese (16,17).

Increased glucose and insulin content
of breast milk of diabetic mothers (18)
may contribute to effects of breast-feeding
on infant growth, although some inves-
tigators have found no difference in ma-
cronutrient content of breast milk of
well-controlled diabetic mothers (19). Al-
ternatively, genetic susceptibility, birth
weight, insulinemia, or other characteris-
tics of infants born of a diabetic intrauter-
ine environment may alter their response
to breast- or formula feeding. Of particu-
lar concern is the report by Plagemann et
al. (12), which found that offspring of
mothers with type 1 or gestational diabe-
tes who consumed diabetic breast milk
during the 1st week of life were more
likely to be overweight and to have worse
glucose tolerance at 2 years of age than
offspring of mothers who consumed
banked nondiabetic breast milk, analyzed
as a function of volume of milk ingested.
Effects of milk consumed in this 1st week
were confirmed in the same cohort, after
accounting for intake in the 2nd to 4th
week of life (13). However, among off-
spring of mothers with type 1 diabetes,
Kerssen et al. (15) found no association of
infant feeding modality in the first 6
weeks of life with weight or BMI at 1 year
of age. Pettitt et al. (14) found that among
Pima Indians, a protective effect of breast-
feeding on subsequent development of
type 2 diabetes in offspring appeared to
be present in mothers with or without di-
abetes during pregnancy, although the
sample size was small.

Previously, a protective, dose-depen-
dent effect of breast-feeding to reduce the
risk of overweight in adolescents was re-
ported by Gillman et al. (20) from a study
of the offspring of participants in the
Nurses’ Health Study II (Growing Up To-
day Study [GUTS]), which included over
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15,000 subjects. The large size of this co-
hort, unselected for maternal diabetes or
obesity status, allows direct comparison
of the association of breast-feeding on
childhood obesity across maternal status,
which previous studies have not done.

RESEARCH DESIGN AND
METHODS — The subjects are partic-
ipants in the GUTS, who are offspring of
subjects in the Nurses’ Health Study II, a
cohort study of over 116,000 female reg-
istered nurses (21). From the Nurses’
Health Study II study records, we identi-
fied 40,968 subjects who had at least one
child aged 9–14 years in 1996. We con-
tacted 34,174 of those who promptly re-
sponded to the most recent Nurses’
Health Study II questionnaires, request-
ing permission to contact their children.
A total of 18,526 women provided infor-
mation for 26,765 children: 13,261 girls
and 13,504 boys. In the fall of 1996, we
sent each of these children a letter inviting
them to participate in the study along
with a sex-specific questionnaire, assur-
ing them that we would not convey their
individual responses to anyone, including
their mothers. Of the children, �68% of
the girls (n � 9,039) and 58% of the boys
(n � 7,843) returned completed ques-
tionnaires, thereby assenting to partici-
pate in the cohort study. In the spring of
1997, we sent a supplemental question-
naire to the participants’ mothers to ob-
tain information on early life factors. A
total of 16,550 (98%) of the mothers
completed this questionnaire. In 1999,
13,640 (81% of 16,882) mothers re-
sponded to a second supplemental ques-
tionnaire, which concentrated on the
child’s medical history and mother’s pre-
natal diabetes and weight history. Human
subject committees at the Harvard School
of Public Health and Brigham and Wom-
en’s Hospital, Boston, Massachusetts, ap-
proved the study.

For this analysis, of the 16,882 ini-
tially enrolled subjects, we excluded 343
participants outside the age range 9–14
years on the baseline questionnaire in
1996, 426 whose mothers did not respond
to the supplemental 1997 questionnaire,
31 who had impossible combinations of
infant feeding type and duration of breast-
feeding, 470 who had missing or outlying
values for height or weight on the baseline
questionnaire, 56 missing maternal over-
weight/diabetes status, 145 whose moth-
ers reported a gestation of �34 completed
weeks, and 158 with childhood medical
conditions that might have interfered

with growth. These conditions were dia-
betes (n � 41), juvenile rheumatoid ar-
thritis (n � 24), inflammatory bowel
disease (n � 18), cerebral palsy (n � 17),
Down syndrome (n � 6), acute lympho-
cytic leukemia (n � 5), and other selected
infectious, endocrine, metabolic, neuro-
logic, renal, respiratory (not asthma), and
orthopedic conditions and congenital
anomalies (n � 47). Thus, we based the
analyses on 15,253 participants.

We ascertained all information except
household income from mailed self-
report questionnaires. Among other vari-
ables, each GUTS participant reported
age, sex, race/ethnicity, height, weight,
pubic hair sexual maturity (Tanner stage)
rating using validated pictograms (22),
age at menarche for menarcheal girls, diet
and physical activity in the previous 12
months using validated frequency ques-
tionnaires, and average time spent watch-
ing television on weekdays and on
weekends.

From the 1997 supplemental ques-
tionnaire to mothers, we obtained child’s
birth weight, birth length, category of ges-
tational age (�34, 34 –37, and �37
weeks), medical conditions during child-
hood, and infant feeding practices. The
infant feeding questions included 1) the
predominant liquid-feeding method in
the first 6 months of life (on a 5-point
scale: breast milk only, more breast milk
than infant formula, both equally, more
formula than breast milk, or formula
only) and 2) the duration of breast-
feeding in the following categories: 0, �1,
1–3, 4–6, 7–9, and �9 months.

From the 1999 supplemental ques-
tionnaire to mothers, we ascertained di-
agnosis with gestational diabetes during
the index pregnancy. For maternal BMI,
we used mother’s weight in 1997 and, if
missing, used weight closest to 1997 to
estimate mother’s BMI (1995, 1993, or
1991). From the Nurses’ Health Study II
questionnaires, we obtained information
on the mother’s weight at age 18 years and
in 1989, 1991, 1993, and 1995; height;
and birth order of the child. We obtained
information from the 1989 Nurses’
Health Study II original baseline ques-
tionnaire about mother’s diabetes status
and smoking habits during the early life of
the child. From the 1995 Nurses’ Health
Study II questionnaire, we ascertained
mothers’ other lifestyle habits, which may
relate to children’s growth, including diet
and physical activity (21).

To obtain estimates of household in-
come, we mapped each subject’s address

to a census tract. We used U.S. census
data from 1990 to assign the median
household income for that census tract to
the individual subject.

Validity of exposure and outcome
assessments
Issues related to the validity of the main
exposure variable (maternal report of in-
fant feeding) and outcome (self-reported
height and weight) used in this study have
been previously discussed in detail (20).
Mother’s weight and diabetes status were
also self-reported in the study. Troy et al.
(23) reported a high correlation between
self-reported weight (r � 0.87) and
height (r � 0.94) at age 18 years and
those documented on entry to nursing
school among a subset of Nurses’ Health
Study II participants. The validity of self-
reported diabetes has been verified in the
Nurses’ Health Study cohort. Among a
subsample of 62 women who were re-
garded as diabetic cases based on self-
reported information, 61 (98%) of the
diagnoses were further confirmed by
medical record review (24). With regard
to self-reported gestational diabetes,
among a sample of 114 women in the
Nurses’ Health Study II cohort who had
reported on a supplementary question-
naire that they had a first diagnosis of ges-
tational diabetes in a singleton pregnancy
between 1989 and 1991, 94% of the
women were confirmed by medical
records to have a physician diagnosis of
gestational diabetes, and all women had
evidence of impairment of glucose toler-
ance (25).

Data analysis
Our two exposures of interest were
breast-feeding exclusivity in the first 6
months of life and duration of breast-
feeding. For breast-feeding exclusivity,
our analysis compared subjects in each
breast-feeding type category, with those
only formula fed as the referent group.
For the duration of breast-feeding, our
analysis examined subjects in each dura-
tion category compared with those never
breast-fed as the referent group.

The outcome, childhood obesity, was
defined based on the Centers for Disease
Control and Prevention definitions ac-
cording to age- and sex-specific BMI as
normal (up to the 85th percentile), at risk
for overweight (85th to 95th percentile),
or overweight (�95th percentile) (http://
www.cdc.gov/nchs/about/major/nhanes/
growthcharts/datafiles.htm). Maternal
overweight was defined as BMI �25 kg/
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m2. Mothers were classified as having di-
abetes if they reported having diabetes on
the 1989 Nurses’ Health Study II baseline
questionnaire, for which the diagnoses
occurred before the birth of the index
child, or reported having gestational dia-
betes, for which the diagnosis occurred
during the pregnancy of the index child or
on the 1999 supplemental questionnaire.
Maternal diabetes and weight status were
defined categorically as nondiabetes/
normal weight, nondiabetes/overweight,
or diabetes. The diabetes category in-
cluded women who had preexisting dia-
betes (n � 56) and those with gestational
diabetes (n � 417).

To adjust for covariates and to ac-
count for correlated values among sib-
lings (n � 11,810 families, 77% of the
cohort), we used logistic regression mod-
els with estimation by generalized esti-
mating equations (26). We compared
odds of exceeding the 95th percentile of
BMI with the odds of being less than the
85th percentile for all subjects combined
and for subjects in each level of maternal
diabetes and weight status. We focused
on the contrast between youth exceeding
the 95th percentile and those less than the
85th percentile because misclassification
of youth with excess adipose tissue was
less likely in the group exceeding the 95th
percentile than in the intermediate group.
Furthermore, our previous work estab-
lished a protective effect for both exclu-
sivity and duration of breast-feeding that
was intermediate for the “at risk for
overweight group,” as would be expected
under a dose-response effect for breast-
feeding in relation to weight status in
childhood. In our base model, we in-
cluded sex, age, and Tanner stage since
BMI varies with age and Tanner stage in
adolescence (27,28). We further adjusted
for mother’s BMI and prepregnancy
smoking behavior, child’s race, birth
weight, gestational age, birth order,
weekly hours of television and physical
activity, and daily energy intake and
household income. We report odds ratios
(ORs) and 95% CIs as the measures of
association.

We evaluated the association of
breast-feeding with childhood obesity in
the full cohort, then in stratified analyses
according to maternal obesity and diabe-
tes status. Effect modification was tested
formally (maternal status � breast-
feeding exclusivity and maternal status �
breast-feeding duration) in the fully ad-
justed models.

RESULTS — Of 15,253 study partici-
pants, 13.4% were at risk for overweight
and another 6.7% were overweight. The
mean (�SD) age of study participants was
11.9 � 1.6, and 53.2% were girls. Moth-
ers of these subjects included 56.4% who
were nondiabetic subjects and of normal
weight, 40.5% who were nondiabetic
subjects and overweight, and 3.1% who
had diabetes, including 56 with preex-
isting diabetes and 417 with gestational
diabetes.

Table 1 shows unadjusted character-
istics of subjects according to the subjects’
weight status and their mothers’ weight
and diabetes status. Compared with lower
weight status youth, overweight youth
were more likely to have mothers who
were overweight or who had diabetes.
Overweight youth were also more likely
to have been predominantly or exclu-
sively formula fed and to have been
breast-fed for shorter periods of time.
Similarly, mothers who were either over-
weight themselves or who had diabetes
appeared more likely to predominantly or
exclusively formula feed their sons or
daughters and to breast-feed for shorter
periods of time.

Infant feeding practices were further
compared between youth who were of
normal weight (n � 12,182) and those
who were overweight (n � 1,026). Shown
in Table 2, for all subjects combined,
feeding with breast milk only compared
with feeding with formula only was asso-
ciated with reduced likelihood of being
overweight in childhood (OR 0.66 [95%
CI 0.53–0.82], adjusted for age, sex, and
Tanner stage). This analysis was repeated
after stratification by maternal diabetes
and weight status, also shown in Table 2.
ORs and 95% CIs were very similar, ex-
cept for a wider CI in the subgroup of
mothers with diabetes, likely due simply
to the smaller sample size in this sub-
group compared with the other two sub-
groups. Further details of the analysis are
given in Table 2, wherein each category of
breast-feeding exclusivity was compared
with feeding with formula only. After ad-
justment for potentially confounding
variables related to youth and maternal
lifestyle and BMI, the association was at-
tenuated somewhat (Table 2). Results
were not different across strata of mater-
nal obesity and diabetes status (P � 0.50
for interaction in the fully adjusted
model).

Duration of breast-feeding was con-
sidered using the category “never breast-
fed” as the reference group, and among all

subjects, a protective effect was observed
with increasing duration of breast-feeding
(OR for breast-feeding duration �9
months was 0.63 [95% CI 0.50–0.78],
adjusted for age, sex, and Tanner stage)
(Table 3). An unexpected finding
emerged in this analysis; the OR for
breast-feeding duration �1 month was
1.36 (95% CI 1.02–1.82). Results for the
fully adjusted model were attenuated
somewhat. Results did not different
across strata of maternal diabetes or obe-
sity status (P for interaction was 0.66 in
the fully adjusted model).

Of the 6,174 nondiabetic mothers
who had BMI �25 kg/m2, 62% had BMI
25–29.0 and 48% had BMI �30. There
were no differences in the association of
breast-feeding exclusivity or breast-
feeding duration with childhood over-
weight between nondiabetic mothers
who were normal weight, overweight, or
obese (P � 0.5 for interaction terms). Fi-
nally, we evaluated potential effect modi-
fication within the group of mothers with
diabetes, according to weight status (nor-
mal weight, 51%; overweight, 49%), and
tests for interaction were nonsignificant
(P � 0.5).

CONCLUSIONS — In the present
study, the prevalence of overweight in
youth decreased as exclusivity and dura-
tion of breast-feeding increased. These
findings held true for youth whose moth-
ers had diabetes or who were overweight,
as well as for youth whose mothers were
of normal glucose tolerance and normal
weight. The importance of this result lies
in the potential for breast-feeding to re-
duce excess risk of obesity and diabetes,
which may occur among offspring of dia-
betic or overweight mothers (14,29–31).

Our findings are in contrast to those
reported by Plageman et al. (12), which
suggested a potential adverse effect of di-
abetic breast milk on glucose tolerance
and relative weight at age 2 years. The
study by Plageman et al. included only
offspring of women with diabetes (type 1
diabetes, n � 83; gestational diabetes, n �
29; total n � 112 of 368 originally eligi-
ble), and comparisons were made based
on infant feeding during the 1st week of
life, when all mothers and infants re-
mained at the hospital maternity ward
and all were encouraged to breast-feed.
Supplemental feeding with banked breast
milk of unrelated, nondiabetic women
was offered to infants based on the clinical
judgment of the ward pediatrician. Com-
parisons of exposure to volume of dia-
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betic breast milk versus volume of
nondiabetic banked breast milk were
made based on the weight of the infant
before and after each feeding. Thus, the
finding of increased relative weight at age
2 years in association with increased vol-
ume of diabetic breast milk could simply
reflect appropriate growth in a success-
fully breast-fed baby for whom the ward
pediatrician did not recommend frequent
supplemental feedings, rather than an in-
dication of a deleterious effect of breast
milk of diabetic mothers. The study of
Kerssen et al. (15) showed no effect of
infant feeding on weight or BMI at age 1
year for infants of 229 mothers with type
1 diabetes, although the sample size
within each infant feeding group was
small (n � 39, n � 43, and n � 50 for
breast milk, formula, and mixed feeding,
respectively). In contrast, our study in-
cluded a larger sample size of women with

diabetes (n � 473) and a large sample of
women without diabetes, enabling direct
comparison of the estimated association
of infant feeding with childhood over-
weight according to maternal diabetes
and weight status.

Studies of the health effects of breast-
feeding raise many methodological issues
because decisions made regarding infant
feeding may be strongly related to rate of
growth, hunger or perceived hunger, and
maternal dietary beliefs and health habits.
One issue is reverse causality; i.e., decid-
ing to supplement due to perceptions by
the mother of infant hunger or need to
enhance growth (32). The reverse causal-
ity scenario may, in fact, not be a bias but
a real explanation of beneficial effects of
prolonged breast-feeding in that mothers
who choose to supplement may overfeed
their infants and contribute to excess
weight gain later in childhood. This phe-

nomenon may explain the unexpected
finding in the present study of an OR
greater than the null value for the category
of breast-feeding (�0 but �1 month)
(Table 3). If such an apparent deleterious
association was real for infants who are
breast-fed �1 month, it could reflect de-
cisions to supplement infants who are
hungry and growing rapidly. Infants who
experience rapid growth in early weeks of
life are at increased risk for overweight
later in life (33,34).

Another issue commonly cited as
problematic in studies of infant feeding
and long-term health outcomes is residual
confounding, in which analyses do not
adequately account for factors associated
with maternal and child health habits that
may explain observed health effects of in-
fant feeding (10). Residual confounding,
in the present study, seems unlikely be-
cause stratification by maternal obesity

Table 1—Subject characteristics according to offspring weight status and maternal diabetes/weight status (n � 15,253)

Offspring weight status Maternal diabetes/weight status

Normal
At risk for
overweight Overweight P value

Nondiabetes/
normal weight

Nondiabetes/
overweight Diabetes P value

n 12,182 2,045 1,026 8,606 6,174 473
Maternal status

Nondiabetes, BMI �25
kg/m2

7,458 (61) 848 (41) 300 (29) �0.0001

Nondiabetes, BMI �25
kg/m2

4,355 (36) 1,135 (56) 684 (67)

Diabetes 369 (3) 62 (3) 42 (4)
Infant feeding �0.0001 �0.0001

Breast milk only 3,872 (32) 570 (28) 253 (25) 2,830 (33) 1,715 (28) 150 (32)
Predominantly breast 3,879 (32) 644 (32) 293 (29) 2,770 (32) 1,922 (31) 124 (26)
Breast and formula equally 816 (7) 136 (7) 72 (7) 579 (7) 413 (7) 32 (7)
Predominantly formula 2,174 (18) 407 (20) 257 (25) 1,499 (17) 1,241 (20) 98 (21)
Formula only 1,438 (12) 287 (14) 150 (15) 926 (11) 880 (14) 69 (15)

Duration of breast-feeding �0.0001 �0.0001
Never breast-fed (months) 1,438 (12) 287 (14) 150 (15) 926 (11) 880 (14) 69 (15)
�1 562 (5) 112 (6) 82 (8) 368 (4) 357 (6) 31 (7)
1–3 1,738 (14) 323 (16) 182 (18) 1,202 (14) 965 (16) 76 (16)
4–6 2,525 (21) 424 (21) 208 (20) 1,787 (21) 1,286 (21) 84 (18)
7–9 1,872 (15) 309 (15) 150 (15) 1,367 (16) 894 (15) 70 (15)
�9 4,005 (33) 581 (29) 251 (25) 2,924 (34) 1,770 (29) 143 (30)

Mean age (years) 12.0 � 1.6 11.8 � 1.5 11.7 � 1.5 �0.0001 11.9 � 1.6 12.0 � 1.6 11.7 � 1.5 �0.0001
Sex �0.0001 0.66

Girls 6,718 (55) 1,011 (49) 389 (38) 4,608 (54) 3,261 (53) 249 (53)
Boys 5,464 (45) 1,034 (51) 637 (62) 3,998 (46) 2,913 (47) 224 (47)

Tanner stage �0.0001 �0.0001
0 (missing value) 344 (3) 67 (3) 32 (3) 239 (3) 185 (3) 19 (4)
1 2,738 (22) 426 (21) 220 (21) 2,053 (24) 1,205 (20) 126 (27)
2 2,910 (24) 471 (23) 279 (27) 2,121 (25) 1,426 (23) 113 (24)
3 2,209 (18) 371 (18) 184 (18) 1,539 (18) 1,137 (18) 88 (19)
4 2,641 (22) 408 (20) 188 (18) 1,786 (21) 1,370 (22) 81 (17)
5 1,340 (11) 302 (15) 123 (12) 868 (10) 851 (14) 46 (10)

Data are n (%) or means � SD.
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and diabetes status would result in sub-
groups of mothers, within which health
habits may be more similar. Furthermore,
a dose-dependent association of breast-
feeding duration has been confirmed by
meta-analysis, and it seems unlikely that

dose-dependent residual confounding
would occur across multiple studies. A
recent analysis of GUTS data (11) showed
that the estimated impact of breast-
feeding duration on childhood over-
weight was nearly identical within

sibships compared with the estimated as-
sociation overall (not within families),
thus indicating that residual confounding
related to family health habits was an
unlikely explanation for beneficial asso-
ciation of breast-feeding on childhood

Table 2—Association of infant feeding type in the first 6 months of life with subject overweight status according to maternal diabetes and weight
status*

Infant feeding type

Maternal diabetes/weight status

All
Nondiabetes,

BMI �25 kg/m2
Nondiabetes,

BMI �25 kg/m2 Diabetes

Overweight vs. normal weight, adjusted for
age, sex, and Tanner stage (n � 13,204)†

Breast milk only 0.73 (0.49–1.09) 0.75 (0.57–0.99) 0.62 (0.24–1.60) 0.66 (0.53–0.82)
Predominantly breast 0.79 (0.53–1.17) 0.84 (0.65–1.10) 0.28 (0.08–0.92) 0.73 (0.59–0.90)
Breast and formula equally 0.73 (0.41–1.29) 1.07 (0.74–1.56) 0.22 (0.03–1.46) 0.84 (0.62–1.13)
Predominantly formula 0.96 (0.63–1.46) 1.25 (0.96–1.64) 0.91 (0.33–2.50) 1.09 (0.88–1.35)
Formula only 1.00 1.00 1.00 1.00

Overweight vs. normal weight, adjusted for
age, sex, Tanner stage, and maternal and
child characteristics (n � 12,321)‡

Breast milk only 0.89 (0.57–1.38) 0.85 (0.64–1.14) 0.79 (0.29–2.16) 0.84 (0.66–1.07)
Predominantly breast 0.91 (0.59–1.40) 0.89 (0.67–1.17) 0.27 (0.07–0.97) 0.84 (0.67–1.07)
Breast and formula equally 0.81 (0.44–1.50) 1.02 (0.68–1.53) 0.34 (0.05–2.39) 0.90 (0.65–1.26)
Predominantly formula 1.03 (0.65–1.62) 1.17 (0.87–1.56) 0.77 (0.23–2.54) 1.08 (0.85–1.37)
Formula only 1.00 1.00 1.00 1.00

Data are OR (95% CI). *Estimates are from logistic regression models with general estimating equation estimation adjusting for clustered, nonindependent
observations among siblings. †P value for interaction between infant feeding type and maternal diabetes/weight status was 0.20. ‡Adjusted for mother’s BMI and
prepregnancy smoking behavior, child’s race, birth weight, gestational age, birth order, weekly hours of television and physical activity, and daily energy intake and
household income. P value for interaction between infant feeding type and maternal diabetes/weight status was 0.50.

Table 3—Association of breast-feeding duration with subject overweight status according to maternal diabetes and weight status*

Breast-feeding duration

Maternal diabetes/weight status

All
Nondiabetes,

BMI �25 kg/m2
Nondiabetes,

BMI �25 kg/m2 Diabetes

Overweight vs. normal weight, adjusted for
age, sex, and Tanner stage (n � 13,163)†

�9 months 0.70 (0.47–1.04) 0.76 (0.58–1.00) 0.30 (0.10–0.89) 0.63 (0.50–0.78)
7–9 months 0.84 (0.54–1.31) 0.88 (0.65–1.19) 0.69 (0.22–2.14) 0.78 (0.61–0.99)
4–6 months 0.84 (0.55–1.28) 0.88 (0.66–1.16) 0.39 (0.12–1.31) 0.78 (0.62–0.97)
1–3 months 0.86 (0.55–1.35) 1.12 (0.83–1.50) 0.85 (0.28–2.54) 0.97 (0.77–1.22)
�1 month 0.96 (0.53–1.76) 1.59 (1.11–2.26) 1.65 (0.48–5.71) 1.36 (1.02–1.82)
Never breast-fed 1.00 1.00 1.00 1.00

Overweight vs. normal weight, adjusted for
age, sex, Tanner stage, and maternal and
child characteristics (n � 12,281)‡

�9 months 0.84 (0.54–1.31) 0.84 (0.63–1.13) 0.37 (0.13–1.04) 0.79 (0.62–1.00)
7–9 months 0.99 (0.62–1.58) 0.96 (0.69–1.33) 1.01 (0.28–3.66) 0.95 (0.73–1.24)
4–6 months 0.96 (0.61–1.51) 0.91 (0.67–1.22) 0.29 (0.07–1.14) 0.88 (0.68–1.12)
1–3 months 0.96 (0.59–1.55) 1.04 (0.76–1.42) 0.98 (0.30–3.20) 0.99 (0.77–1.28)
�1 month 0.92 (0.48–1.77) 1.46 (1.01–2.13) 1.11 (0.22–5.60) 1.22 (0.89–1.68)
Never breast-fed 1.00 1.00 1.00 1.00

Data are OR (95% CI). *Estimates are from logistic regression models with general estimating equation estimation adjusting for clustered, nonindependent
observations among siblings. †P value for interaction between breast-feeding duration and maternal diabetes/weight status was 0.63. ‡Adjusted for mother’s BMI and
prepregnancy smoking behavior, child’s race, birth weight, gestational age, birth order, weekly hours of television and physical activity, and daily energy intake and
household income. P value for interaction between breast-feeding duration and maternal diabetes/weight status was 0.66.
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overweight. We note that the final models
show that adjustment for multiple poten-
tial confounders did attenuate findings.
However, one could argue that adjust-
ment for current diet- and physical activi-
ty–related variables is an overadjustment
because energy balance is ultimately de-
termined by calorie balance, regardless of
other important characteristics. Estab-
lishing healthful habits early in life may be
a valid explanation for at least part of the
beneficial impact of breast-feeding on
later health outcomes. Prospectively col-
lected data suggest that familial health
habits may explain beneficial effects of
breast-feeding beyond infancy reported
by studies that relied on retrospectively
collected data (35). Finally, the preva-
lence of being “at risk for overweight” in
the present cohort of offspring of partici-
pants in the Nurses’ Health Study II
(13.4%) was similar to that of U.S. youth
from a similar time (14%) (27), although
the prevalence of “overweight” was some-
what lower (6.7 vs. 11% for the present
cohort vs. the national sample, respec-
tively). This difference in prevalence of
overweight might be due to study respon-
dents being more likely to engage in
healthful behaviors compared with non-
responders. Such differences would not
be expected to compromise the internal
validity of analyses conducted and pre-
sented herein.

In conclusion, our findings provide
reasonable assurance that for offspring of
diabetic mothers, adverse effects on
weight status by adolescence are unlikely
and further support the recommendation
by the American Academy of Pediatrics to
encourage breast-feeding through the 1st
year of life (36). It is possible that the
beneficial effects of breast-feeding may
contribute to breaking the cycle of over-
weight and diabetes, which may occur
among offspring of diabetic mothers.

Acknowledgments— This study was sup-
ported by National Institutes of Health (NIH)
grants NIH/P30, DK46200, HL 68041, and
DK 42200.
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