
Long-Term Impact of Neonatal Breast-
Feeding on Body Weight and Glucose
Tolerance in Children of
Diabetic Mothers
ANDREAS PLAGEMANN, MD

1

THOMAS HARDER, MD
1

KERSTIN FRANKE
1

RAINER KOHLHOFF, MD
2

OBJECTIVE — Offspring born to women with pregnancies complicated by diabetes are at
increased childhood risk of developing obesity and impaired glucose tolerance (IGT). In popu-
lation-based studies, breast-feeding has been shown to be protective against obesity and diabetes
later in life. To date, the role of breast-feeding on offspring of diabetic mothers (ODM) has not
been investigated in this context.

RESEARCHDESIGNANDMETHODS — A total of 112 ODM (type 1 diabetes, n � 83;
gestational diabetes, n � 29) were evaluated prospectively for impact of ingestion of either
diabetic breast milk (DBM) or nondiabetic banked donor breast milk (BBM) during the early
neonatal period (day 1–7 of life) on relative body weight and glucose tolerance at a mean age of
2 years.

RESULTS — There was a positive correlation between the volume of DBM ingested and risk
of overweight at 2 years of age (odds ratio [OR] 2.47, 95% CI 1.25–4.87). In contrast, the volume
of BBM ingested was inversely correlated to body weight at follow-up (P � 0.001). Risk of
childhood IGT decreased by increasing amounts of BBM ingested neonatally (OR 0.19, 95% CI
0.05–0.70). Stepwise regression analysis showed volume of DBM to be the only significant
predictor of relative body weight at 2 years of age (P � 0.001).

CONCLUSIONS — Early neonatal ingestion of breast milk from diabetic mothers may in-
crease risk of becoming overweight and, consequently, developing IGT during childhood. Ad-
ditional studies are needed to assess long-term consequences that might result from the type of
neonatal nutrition in ODM.
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I n population-based studies, breast-
feeding has been shown to be protec-
tive against obesity and diabetes later

in life (1–6). This effect was attributed to
the difference in composition of formula
milk as compared with breast milk, which

resulted in early postnatal overnutrition
of formula-fed infants (4). Offspring of di-
abetic mothers (ODM) are at increased
risk of developing obesity and impaired
glucose tolerance (IGT) beginning early
during childhood (7–11). The mecha-

nisms responsible are not completely un-
derstood. Data from clinical (8,10,11)
and experimental studies in animal mod-
els (12–14) have shown that a diabetic
intrauterine environment plays a key role
in fetal programming for increased sus-
ceptibility to obesity and diabetes. The
role of breast-feeding in ODM has not
been investigated to date, but if a similar
protective effect as in normal populations
exists, it would potentially be of great
benefit. However, diseases of the mother
considerably influence the composition
of breast milk. In some studies, energy
content and macronutrient composition
of breast milk from women with diabetes
were characterized (15). Increased con-
centrations of glucose and insulin as well
as a higher energy content of diabetic
breast milk were observed, as compared
with breast milk from healthy mothers
(16,17). Even in diabetic mothers with
good metabolic control, considerable al-
terations were found in colostrum and
transitional milk (18,19). Remarkably, in
utero exposure to increased concentra-
tions of glucose and insulin is followed by
an increased risk for obesity and insulin
resistance later in life (8,10,11). It has
been speculated that even a small increase
in energy intake resulting from alterations
of diabetic breast milk might have long-
term consequences for body weight and
metabolism in breast-fed ODM (17).

Until now, no studies have character-
ized the influence of neonatal nutrition on
the development of body weight and glu-
cose tolerance in ODM. Moreover, there
has been, in general, no study of the pos-
sible long-term consequences of any non-
communicable maternal disease during
breast-feeding on later outcome of the off-
spring. Because altered composition and
energy content were shown to be partic-
ularly pronounced in colostrum and tran-
sitional milk of diabetic mothers (18,19),
our study focused on the consequences of
diabetic breast-feeding during the early
neonatal period.
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RESEARCH DESIGN AND
METHODS

Participants
During the study period (1980–1989),
368 ODM were delivered at the Clinic of
Obstetrics and Gynecology, Berlin-
Kaulsdorf, Berlin (former East Germany).
Each mother was offered the opportunity
to have her child participate in pediatric
follow-up with regular physical reexami-
nations, which included an oral glucose
tolerance test (OGTT). A total of 112 in-
fants were brought for follow-up; com-
plete data on nutrition during the early
neonatal period (day 1–7 of life) was
available for all of the infants.

Pregnancy data
Maternal demographic data included age,
duration of diabetes (type 1), and mater-
nal prepregnancy BMI. Socioeconomic
status was categorized by maternal (or pa-
ternal) occupation: unemployed (mother,
n � 2; father, n � 0), manual worker
(mother, n � 20; father, n � 79), non-
manual worker without high school di-
ploma (mother, n � 71; father, n � 22),
and nonmanual worker with high school
diploma (mother, n � 19; father, n � 11).
Geographic origin was defined as urban
(n � 76) or rural (n � 36). Gestational age
and birth weight were taken from birth
records.

Gestational diabetes (GDM) was diag-
nosed between the 26th and 28th weeks
of gestation using a 50-g OGTT, as de-
scribed in detail previously (10,11,20).
After diagnosis of GDM, glucose ho-
meostasis was monitored weekly by 24-h
day-night glucose profiles at the clinic.
During monitoring, blood samples were
measured every 2 h using the glucosidase-
peroxidase method. Women maintaining
mean 24-h profiles �5.5 mmol/l were
treated with diet therapy (n � 14). When
a woman ’s mean profile was �5.5
mmol/l, insulin therapy was initiated (n �
15). After insulin therapy was started in
women with GDM, glycemic monitoring
was instituted and insulin therapy was ti-
trated in these women, as in women with
type 1 diabetes, to achieve euglycemia
(20).

Infant nutrition during first week of
life
After delivery, all mothers stayed with
their newborns at the maternity ward of
the clinic for at least 1 week. All were en-

couraged to breast-feed their newborns.
Depending on the status of maternal lac-
tation, when necessary (as judged by the
pediatrician at the ward) a supplementary
feeding with banked donor breast milk
was offered to the neonate. Donor breast
milk was provided by the local center for
donation of breast milk at the Clinic of
Pediatrics Lindenhof, Berlin, East Ger-
many. Women with diabetes were ex-
cluded from donating breast milk;
therefore, all banked breast milk was non-
diabetic milk. Thereby, all newborns in
the study received differing amounts of
breast milk from their biological diabetic
mothers and banked donor breast milk
from unrelated nondiabetic women. Be-
cause of acute nonavailability of banked
breast milk, in 23 infants, short-time sup-
plementation was necessary with stan-
dard term formula milk (Milasan;
Milchwerke Stendal, Stendal, East Ger-
many). The mean nutrient contents per
100 ml of the formula milk were 3.8 g fat,
1.9 g protein, and 6.2 g carbohydrate, in-
cluding 4.9 g lactose; energy content per
100 ml was 282 kJ.

During each feeding on days 1–7
postpartum, milk intake was determined
using a test weighing protocol (4,21): the
infant was weighed before and after every
nursing by trained staff. The weight dif-
ference (in g) and the type of milk in-
gested during the meal was noted as
breast milk from the biological (diabetic)
mother (diabetic breast milk [DBM]),
banked donor breast milk from unrelated
nondiabetic mothers (nondiabetic
banked donor breast milk [BBM]), or
standard term formula milk. Mean vol-
ume of milk ingested per day (g/day) was
calculated for each type of milk separately
by summing the volumes ingested during
the period (days 1–7 postpartum) and di-
viding by 7. Because formula milk was
given to only 23 infants, a number too
small for allowing valid statistical evalua-
tion, further analysis was restricted to the
impact of DBM and BBM feeding.

Anthropometry at follow-up
During follow-up examinations, at a me-
dian age of 2 years, body weight and
height were recorded. From these data,
relative body weight was calculated for all
children in relation to age- and sex-
specific standard population measures
(rounded to year) as follows: relative
weight (individual weight divided by me-
dian standard weight for age and sex) di-

vided by relative height (individual height
divided by median standard height for age
and sex) � 100 (7,8,10). The resulting
relative body weight percentage allowed
the combination of data obtained in male
and female children (6–8,10). Standards
for median weight and height according
to age and sex were obtained from Flügel
et al. (22) and determined from cross-
sectional studies conducted between
1979 and 1982 in East Germany (38,000
boys, 35,000 girls). Relative body weight
�110% was defined as overweight
(10,23,24).

OGTT at follow-up
At 2 years of age, OGTTs were performed
in the morning after a 12-h overnight fast.
During the test, children remained prone,
resting in bed. Capillary blood samples
were collected in the fasting state and then
120 min after ingesting an oral glucose
load of 1.75 g glucose/kg body wt in a
40% glucose solution. Blood glucose
concentration was determined using the
glucosidase-peroxidase method. Im-
paired glucose tolerance (IGT) was de-
fined according to the National Diabetes
Data group criteria recommended for
children: fasting glucose in capillary
whole blood �6.7 mmol/l and 120-min
glucose concentration �6.7 mmol/l (25).

In all cases, informed consent for data
evaluation was given. All procedures were
in accordance with the local ethical stan-
dards and with the Helsinki Declaration
of 1975, as revised in 1983.

Statistical analysis
Data are expressed as means � SEM and
n. To analyze relationships between the
volume of different types of milk con-
sumed neonatally and later outcome (rel-
ative body weight and glucose tolerance),
the mean volume of DBM and BBM con-
sumed during the first 7 days of life were
divided into tertiles. Differences between
tertiles were analyzed using one-way
analysis of variance (followed by post hoc
Student’s t test) and �2 statistics. For anal-
ysis of relationships between continuous
variables, univariate linear regression
analysis was performed. To estimate the
risk for becoming overweight and devel-
oping IGT in relation to the volume of
different types of milk consumed neona-
tally, the odds ratio (OR) with 95% CI
were calculated using logistic regression
analysis. Stepwise regression analysis was
used to estimate the relative impact of dif-

Plagemann and Associates

DIABETES CARE, VOLUME 25, NUMBER 1, JANUARY 2002 17

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/25/1/16/649604/dc0102000016.pdf by guest on 10 April 2024



ferent independent variables on outcome
variables. For all evaluations, P �0.05
was considered significant. All statistical
tests were accomplished using the SPSS
for Windows version 9.0 statistical soft-
ware package (SPSS, Munich, Germany).

RESULTS — Of the 112 children stud-
ied, 83 were born to women with type 1
diabetes and 29 were born to women with
GDM. The mean age at time of follow-up
was 2.1 � 0.1 years. In women with type
1 diabetes, the mean duration of diabetes
before pregnancy was 9.6 � 0.6 years.
Macrosomia (birth weight �4,500 g) oc-
curred in 6% (5 of 83) of infants of moth-
ers with type 1 diabetes and in none of the
newborns of women with GDM. Study
population characteristics are shown in
Table 1.

As shown in Table 2, mean relative
body weight during childhood differed
significantly by tertiles of DBM volume
ingested neonatally. Infants in the highest
tertile of intake of breast milk from their
biological (diabetic) mother had a higher
relative body weight at 2 years of age, as
compared with those in the first tertile
(P � 0.001) (Fig. 1).

This resulted in a significantly higher
prevalence of overweight children in the
third tertile of distribution of DBM, as
compared with those in the first tertile

(P � 0.03). There was no significant rela-
tionship between the tertile of neonatal
DBM intake and fasting or 2-h blood glu-
cose concentration, or the prevalence of
IGT in childhood.

Conversely, the volume of BBM in-
gested during neonatal life was inversely
related to relative body weight at fol-
low-up (Table 3): Infants in the third ter-
tile of distribution of BBM had a lower
body weight, as compared with those in
the first tertile (P � 0.004). The rate of
overweight children and mean blood glu-
cose concentration at 0 and 120 min dur-
ing OGTT in childhood did not differ
significantly between tertiles of BBM dis-

tribution. Infants in the second and third
tertile of neonatal BBM intake distribution
had, however, a lower prevalence of IGT,
as compared with those in the first tertile
(P � 0.03, P � 0.04).

Univariate linear regression analysis
showed that the volume of DBM ingested
during the first week of life was positively
correlated with relative body weight dur-
ing infancy (P � 0.001) (Table 4). Con-
versely, volume of BBM ingested
neonatally was inversely correlated with
relative body weight in childhood (P �
0.001). By logistic regression analysis,
risk for overweight at 2 years of age was
significantly higher in children in the
third versus first tertiles of DBM intake
distribution (OR 1.91, 95% CI 1.10 –
3.30). Increased risk for overweight in in-
fants who received more DBM during
neonatal life was still observed after ad-
justing for birth weight, gestational age,
sex, age, type of maternal diabetes, and
maternal BMI (OR 2.59, 95% CI 1.32–
5.04).

By univariate linear regression analy-
sis, volume of DBM ingested during the
first week of life was positively correlated
with blood glucose concentration at 120
min during OGTT (P � 0.03) (Table 4).
Conversely, volume of BBM ingested neo-
natally was inversely correlated with
blood glucose concentration at 120 min
during OGTT (P � 0.02). Relative body
weight during childhood was positively
correlated with 120-min blood glucose
concentration during OGTT (P � 0.01).
By logistic regression analysis, risk for
IGT at 2 years of age was significantly de-
creased in children in the third tertile of
BBM intake distribution, as compared
with the first tertile (OR 0.27, 95% CI
0.10–0.77). Again, adjustment for the

Table 1—Population characteristics of diabetic mothers (type 1 diabetes; GDM) and their
offspring at birth and at follow-up

Type 1 diabetes
(n � 83)

GDM
(n � 29) P*

Maternal parameters
Maternal age (years) 25 � 0.61 26 � 1.0 0.17
Maternal BMI (kg/m2) 25 � 0.49 25 � 1.1 0.86
Pregestational duration of diabetes (years) 9.6 � 0.62 NA —
Gestational age (weeks) 38 � 0.14 39 � 0.27 0.11

Neonatal parameters
Birth weight (kg) 3,440 � 74 3,372 � 78 0.61
Mean daily milk intake (days 1–7 of life)
DBM (g/day) 85 � 7.1 112 � 12 0.05
BBM (g/day) 37 � 4.1 21 � 6.6 0.05

Follow-up at 2 years of life
Mean age 2.0 � 0.12 2.4 � 0.21 0.08
Relative body weight (%) 104 � 1.5 105 � 2.3 0.67
Overweight 24 (20/83) 34 (10/29) 0.33

Blood glucose during OGTT
Fasting (mmol/l) 4.3 � 0.07 4.4 � 0.11 0.67
120 min (mmol/l) 5.2 � 0.09 5.4 � 0.22 0.32
Impaired glucose tolerance 8.4 (7/83) 14 (4/29) 0.47

Data are means � SEM or % (n). *Type 1 diabetes versus GDM (unpaired Student’s t test or �2 test).

Table 2—Relative body weight, prevalence of overweight, blood glucose concentration at
fasting and at 120 min during OGTT, and prevalence of IGT at 2 years of age (mean 2.1 � 0.1
years) according to the tertiles of mean daily consumption of DBM during the first 7 days of life

Parameter at 2 years of age

Tertiles of DBM volume (g/d)

Significance
(P)*

First
(�56)

Second
(57–124)

Third
(�125)

Relative body weight (%) 98 � 1.7 104 � 1.8 109 � 2.8† 0.002
Overweight (n) 5/37 11/38 14/37‡ 0.05
Fasting blood glucose level (mmol/l) 4.3 � 0.12 4.3 � 0.09 4.5 � 0.11 0.13
120-min blood glucose level (mmol/l) 5.0 � 0.17 5.3 � 0.14 5.5 � 0.16 0.13
IGT (n) 4/37 3/38 4/37 0.89

Data are means � SEM or n. *By analysis of variance or �2 test for trend; †P � 0.001 versus first tertile
(post-hoc Student’s t test); ‡P � 0.03 versus first tertile (�2 test).
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confounders, plus additional adjustment
for relative body weight at follow-up, did
not change this result (OR 0.18, 95% CI
0.05–0.68).

Finally, to analyze the independent
influence of neonatal nutrition on body
weight and glucose tolerance in child-
hood, stepwise regression models were
developed using relative body weight and
blood glucose concentration at 120 min
during OGTT in childhood as dependent
variables. Birth weight, gestational age,
sex, age, type of maternal diabetes, mater-
nal BMI, volume of DBM, and volume of
BBM were entered as independent vari-
ables into a stepwise regression analysis
with relative body weight during child-
hood as the dependent variable. As shown
in Table 5, the volume of DBM ingested
neonatally was the only significant pre-
dictor of relative body weight during
childhood, whereas all other variables did
not improve the fit. In a second stepwise
regression model, blood glucose concen-
tration at 120 min during OGTT was used
as a dependent variable. Birth weight, ges-
tational age, sex, age, type of maternal di-
abetes, maternal BMI, volume of DBM,
volume of BBM, and relative body weight

during childhood served as independent
variables. Table 5 shows that, by stepwise
regression analysis, relative body weight
at follow-up was the only significant pre-
dictor of 120 min blood glucose concen-
tration at 2 years of age.

CONCLUSIONS — In summary, the
results of our study indicate that in chil-
dren of mothers with diabetes during
pregnancy, the early neonatal ingestion of

breast milk provided by their biological
(diabetic) mother may result in an in-
creased relative body weight and in-
creased prevalence of obesity at 2 years of
age, independent of birth weight, gesta-
tional age, sex, age, type of maternal dia-
betes, or maternal BMI. In contrast,
neonatal intake of banked breast milk
from healthy nondiabetic women has a
beneficial effect on later body weight and
glucose tolerance in childhood. Although
the volume of diabetic breast milk in-
gested neonatally significantly predicted
relative body weight at 2 years of age,
body weight itself was the only significant
predictor of glucose tolerance at follow-
up, as revealed by stepwise regression
analysis.

To our knowledge, only one study
has investigated the impact of the amount
of certain types of milk ingested neona-
tally on later outcome, in general. Singhal
et al. (26) observed a beneficial effect of
the amount of banked donor breast milk
ingested during neonatal life, as com-
pared with formula milk, on blood pres-
sure later in the childhood of preterm
newborns. In a number of studies, de-
creased body weight, diminished risk for
obesity, and decreased risk for develop-
ment of type 2 diabetes were observed in
breast-fed infants (1–6). Moreover, by
analyzing potential influences of a wide
range of social and economic factors, as
well as those of nutrition during later in-
fancy, lasting effects from the type of neo-
natal nutrition were described in a large
study sample (5). However, all these stud-
ies were performed in healthy (i.e., non-
diabetic) women and their infants. We
could confirm here a protective effect of
feeding breast milk from healthy mothers

Table 3—Relative body weight, prevalence of overweight, blood glucose concentration at
fasting and at 120 min during OGTT, and prevalence of IGT at 2 years of age (mean 2.1 � 0.1
years) according to the tertiles of mean daily consumption of BBM during the first 7 days of life

Parameter at 2 years of age

Tertiles of BBM volume (g/day)

Significance
(P)*

First
(�11)

Second
(12–37)

Third
(�38)

Relative body weight (%) 109 � 2.8 104 � 1.8 99 � 1.8† 0.005
Overweight (n) 12/37 11/38 7/37 0.39
Fasting blood glucose level (mmol/l) 4.3 � 0.11 4.5 � 0.09 4.3 � 0.12 0.60
120-min blood glucose level

(mmol/l)
5.4 � 0.17 5.3 � 0.14 5.0 � 0.15 0.17

IGT (n) 8/37 2/38‡ 1/37§ 0.01

*By analysis of variance or �2 test for trend; †P � 0.004 versus first tertile (post hoc Student’s t test); ‡P �
0.04 versus first tertile (�2 test); §P � 0.03 versus first tertile (�2 test).

Figure 1—Relative body weight at 2 years of age in thirds of intake of DBM (error bars � 95%
CI).
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on later risk to become overweight and to
develop IGT by a negative correlation be-
tween the volume of BBM ingested neo-
natally and body weight and glucose
tolerance during childhood. Unfortu-
nately, no data were available on nondia-
betic control subjects followed in the
same way to verify that, in this popula-
tion, breast-feeding was associated with
reduced risk for obesity.

Until now, only one study reflected a
possible long-term influence of breast-
feeding in diabetic women for the devel-
opment of glucose tolerance in offspring.
In the Pima Indian population, a benefi-
cial effect of breast milk was suggested;
however, no distinct data analysis was
provided (27). In our study, we found an
unexpected strong positive correlation
between the neonatal intake of diabetic
breast milk and later body weight. By ad-
justing for a variety of maternal and infant
confounders, such as type of maternal di-
abetes, birth weight, gestational age, and
maternal BMI, we were unable to detect
any other main factor that could contrib-
ute to this relationship. Moreover, our
data indicate that long-term effects of the
type of early nutrition affect offspring of
GDM mothers as much as offspring of
type 1 diabetic mothers. For determina-
tion of milk intake, we used a weighing
procedure, as developed by other investi-
gators (4,21). Values we obtained are in
good agreement with those reported in
another study on milk intake of offspring
of diabetic mothers (28), further support-
ing the validity of our data.

The question arises regarding what
biological mechanisms, or what compo-
nent of breast milk, could be responsible
for the relationship between neonatal in-
take of diabetic breast milk and increased
body weight in childhood. As already
pointed out, some studies show that
breast milk from diabetic women has an

increased energy content (15). Further-
more, because glucose concentrations in
breast milk were shown to follow the con-
centration of blood glucose proportion-
ally (17,29), increased milk glucose
concentrations can be expected to occur
in type 1 diabetic women and also in
mothers with GDM, who usually do not
show complete normalization of glucose
metabolism immediately after pregnancy
(30,31). Indeed, breast milk of diabetic
women was reported to be characterized
by increased glucose concentrations, par-
ticularly when colostrum was analyzed
(16,18,19). Furthermore, breast milk
from diabetic mothers was shown to con-

tain several-fold increased concentrations
of insulin (17), which is able to cross the
intestinal mucose-blood barrier during
neonatal life (32). Therefore, it is possible
that early in neonatal life, increased levels
of intact insulin are absorbed from the
breast milk of diabetic mothers. Drinking
a glucose- and insulin-laden milk so early
in life might, therefore, promote acceler-
ated weight gain. However, pathophysio-
logical mechanisms remain to be
established. However, a number of stud-
ies suggest that in utero exposure to in-
creased concentrations of glucose and
insulin leads to an increased risk of devel-
oping obesity and insulin resistance later
in life (8,10,11). Most recently, Singhal et
al. (26) speculated that trophic factors
and hormones occurring in breast milk
might be responsible for the long-term ef-
fects of breast-feeding found in several
studies (1–6).

To our knowledge, this study is the
first one describing lasting effects of the
volumes of different types of milk ingested
during the first week of life on later devel-
opment in humans. In animals, effects of
colostrum feeding, even during the first
few hours of postnatal life, were reported
on a variety of parameters (33,34). More

Table 4—Univariate linear regression analysis of factors predicting relative body weight and
blood glucose concentration at 120 min during OGTT at 2-year follow-up

Predictors � P

Relative body weight at 2 years
DBM volume 0.33 �0.001
BBM volume �0.30 0.001

120-Min blood glucose concentration at 2 years
DBM volume 0.20 0.03
BBM volume �0.21 0.02
Relative body weight at 2 years 0.24 0.01

Table 5—Stepwise regression analysis of factors predicting relative body weight and blood
glucose concentration at 120 min during OGTT at 2-year follow-up

Predictors � P

Relative body weight
Included

DBM volume 0.33 0.0001
Excluded

Birth weight 0.15 0.09
Gestational age �0.001 0.99
Sex 0.03 0.76
Age at reexamination �0.02 0.86
BBM volume �0.19 0.06
Type of maternal diabetes �0.02 0.80
Maternal BMI 0.03 0.75

Blood glucose concentration at 120 min
Included

Relative body weight 0.24 0.012
Excluded

Birth weight 0.03 0.73
Gestational age �0.01 0.87
Sex 0.02 0.79
Age at reexamination �0.07 0.42
DBM volume 0.14 0.16
BBM volume �0.16 0.11
Type of maternal diabetes 0.08 0.36
Maternal BMI 0.05 0.58
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specifically, a number of animal studies
support the hypothesis that early neonatal
nutrition “programs” the later develop-
ment of body weight and glucose metab-
olism, e.g., artificial reduction of the
number of suckling pups in lactating rats
(“small litters”) leads to increased energy
content and glucose concentrations in the
dam’ s milk (35). During later life, rats
raised in small litters display persisting
obesity and impaired glucose tolerance
(36,37). Moreover, early postnatal over-
nutrition was shown to enhance a preex-
isting genetic disposition, thereby leading
to the development of infantile obesity
(38). Recently, it was shown that in back-
crossed New Zealand Obese mice, a “ge-
netic” animal model for type 2 diabetes,
the occurrence of obesity and diabetic
metabolic alterations is partly explained
by neonatal ingestion of milk from their
biological (diabetic) mothers and can be
prevented, at least in part, by cross-
fostering the offspring on nondiabetic
dams (39).

Currently, diabetic women are en-
couraged and choose to breast-feed their
newborns as often as healthy women do
(40). Our findings, assuming that they
can be extrapolated to other populations,
might offer a dilemma to women with di-
abetes and their babies. Therefore, before
any practical conclusions should be
drawn, additional studies on the long-
term consequences of the type of neonatal
nutrition in offspring of diabetic mothers
are needed. Meanwhile, considering the
variety of advantages resulting from
breast-feeding in general, in our opinion,
breast-feeding should remain the pre-
ferred type of infant feeding, even in this
particular population. Furthermore, in
most parts of the world, banked breast
milk will not be readily available and,
therefore, would not offer an alternative
neonatal nutrition in offspring of diabetic
mothers. Consequently, future studies in-
cluding data evaluation on effects of for-
mula milk will be necessary to judge what
kind of neonatal nutrition might offer a
safe and practical alternative for offspring
of diabetic mothers. Finally, a study of
banked breast milk versus commercial
milk among offspring of both diabetic and
nondiabetic women is suggested to deter-
mine whether it is consumption of milk
from bottle per se that leads to obesity or
if banked breast milk is truly less fattening.

In conclusion, because diabetes dur-
ing pregnancy is increasingly realized to

be a major health problem, affecting a
large and continuously increasing num-
ber of pregnant women, our data under-
score the urgent need for additional
studies of this important at-risk popula-
tion to assess long-term consequences
from the type of neonatal nutrition.
Thereby, new approaches for genuine
prevention of lasting adverse effects on
the health outcome in offspring of dia-
betic mothers may be achieved.
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