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The “small baby syndrome hypothesis” suggests that an inverse linear relation exists between birth weight and
risk of type 2 diabetes. The authors conducted a meta-analysis to examine this association. They included studies
that reported odds ratios and 95% confidence intervals (or data with which to calculate them) for the association of
type 2 diabetes with birth weight. Fourteen studies involving a total of 132,180 persons were identified. Low birth
weight (<2,500 g), as compared with a birth weight of >2,500 g, was associated with increased risk of type 2
diabetes (odds ratio (OR) = 1.32, 95% confidence interval (Cl): 1.06, 1.64). High birth weight (>4,000 g), as
compared with a birth weight of <4,000 g, was associated with increased risk to the same extent (OR = 1.27,
95% CI: 1.01, 1.59). Pooled estimates increased further when normal birth weight (2,500—4,000 g) was used as the
reference category (low birth weight: OR = 1.47, 95% ClI: 1.26, 1.72; high birth weight: OR = 1.36, 95% CI: 1.07,
1.73). Meta-regression and categorical analyses showed a U-shaped relation between birth weight and diabetes
risk. These findings indicate that there exists a relation between birth weight and later-life risk of type 2 diabetes

which is not linearly inverse but U-shaped.

birth weight; diabetes mellitus, type 2; meta-analysis

Abbreviations: Cl, confidence interval; OR, odds ratio.

In 1993, Barker et al. (1) published highly influential find-
ings indicating a relation between low birth weight and
increased risk of developing symptoms of the metabolic
syndrome. Subsequently, a number of studies found an asso-
ciation between low birth weight and risk of type 2 diabetes
mellitus (2—4). Many authors claimed that the relation be-
tween birth weight and type 2 diabetes is inversely linear,
implying that high birth weight leads to decreased risk (5, 6).
However, some researchers have found that high birth weight
but not low birth weight is followed by increased risk of type
2 diabetes (7) or have found an increased risk in both low
birth weight and high birth weight subjects (8, 9).

Since the prevalences of both high birth weight and low
birth weight are increasing (10), this issue might have high
relevance for public health. Therefore, we performed a

meta-analysis of the relation between birth weight and sub-
sequent risk of type 2 diabetes.

MATERIALS AND METHODS
Study base

We systematically searched the literature according to the
MOOSE guidelines for meta-analyses of observational stud-
ies (11), including the databases MEDLINE (1966-2005)
and EMBASE (1989-2005). We used the terms ‘‘birth
weight,” “type 2 diabetes,” ‘“‘non-insulin-dependent diabe-
tes mellitus,” and “NIDDM” in the full-text option, without
language restrictions. Furthermore, we manually searched
all references cited in original studies and reviews identified.

Reprint requests to Dr. Thomas Harder, “Experimental Obstetrics” Research Group, Charité—University Medicine Berlin, Campus Virchow-
Klinikum, Augustenburger Platz 1, 13353 Berlin, Germany (e-mail: thomas.harder@charite.de).
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TABLE 1. Characteristics of 14 studies included in a meta-analysis of birth weight and risk of type 2 diabetes mellitus, 1966—2005

. . % lost to Final cal:gé c\:\Iith
Reference Country Study design Year of birth Age (years) follow-up co_hort type 2

size diabetes
Barker et al., 2002 (15) Finland Cohort 1924-1944 53-73 15 13,517 698
Carlsson et al., 1999 (16) Sweden Cohort 1938-1957 35-56 83 2,294 35
Curhan et al., 1996 (2) United States Cohort 1911-1946 40-75 56 22,846 424
Dyck et al., 2001 (7 (1)) Canada Case-control 1950-1984 10-45 27 1,728 846
Dyck et al., 2001 (7 (II)) Canada Case-control 1950-1984 10-45 27 2,264 1,164
Eriksson et al., 2003 (17) Finland Cohort 1934-1944 40 17 8,702 292
Fall et al., 1998 (18) India Cohort 1934-1953 39-60 7 501 75
Forsén et al., 2000 (19) Finland Cohort 1924-1933 64-73 0.6 7,044 471
Hales et al., 1991 (20) United Kingdom  Cohort 1920-1930 59-70 68 370 27
Lithell et al., 1996 (3) Sweden Cohort 1920-1924 60 61 1,093 61
McCance et al., 1994 (8) United States Cohort 1940-1972 20-39 53 1,179 210
Rich-Edwards et al., 1999 (4)  United States Cohort 1921-1946 60 43 69,526 2,123
Wei et al., 2003 (9) Taiwan Case-control 1992-1997 6-18 74 978 429
Young et al., 2002 (21) Canada Case-control ~ Not reported <18 Not reported 138 46

To be eligible, a study had to fulfill the following criteria:
1) it had to be an original report on the relation between
birth weight and type 2 diabetes; and 2) odds ratios and 95
percent confidence intervals (or data with which to calculate
them) for type 2 diabetes in at least two strata of birth weight
had to have been presented. Alternatively, an odds ratio and
95 percent confidence interval for the change in type 2 di-
abetes risk per unit change in birth weight had to have been
reported. Studies were considered irrespective of the defini-
tion of type 2 diabetes (definitions used included those of the
World Health Organization (12), the National Diabetes Data
Group (13), and the American Diabetes Association (14)).
Thirteen articles on original studies were identified (24,
7-9, 15-21). One article described two studies (7), so 14
original studies (10 cohort studies and four case-control
studies) were included. From these reports, data were ab-
stracted in duplicate, using a standardized form.

Statistical analysis

Five different meta-analytic approaches were used: 1) A
birth weight cutoff of 2,500 g (low birth weight) (22) was
used to compare the risks of type 2 diabetes below and above
this value (dichotomous comparison). 2) The dichotomous
approach was repeated for a birth weight cutoff of 4,000 g
(high birth weight) (22). 3) Both dichotomous comparisons
were repeated, but normal birth weight (2,500—4,000 g) was
used as the reference category. 4) A weighted meta-regression
analysis was performed. 5) Pooled odds ratios for type 2 di-
abetes were calculated separately for seven predefined cat-
egories of birth weight, using 500-g intervals.

Dichotomous comparisons. We extracted data on num-
bers of subjects with and without type 2 diabetes above
or below the cutoff value and calculated corresponding
crude odds ratios and 95 percent confidence intervals. We

constructed both fixed-effects and random-effects models
to estimate the pooled odds ratios for risk of type 2 diabe-
tes above versus below the respective cutoff values across
all studies. A Cochrane Q-based test was used to assess
heterogeneity.

Meta-regression analysis. For meta-regression, the birth-
weight-specific odds ratio had to be related to the respective
birth weight. Since birth weights were reported as categor-
ical data with a certain range in the studies (e.g., 2,000-
2,500 g, 3,000-3,500 g, etc.), the median of the upper and
lower limits of each category was assigned to the particular
estimate in each study (23). Estimates were plotted against
birth weight. Since visual inspection of the scatterplot re-
vealed a U-shaped relation, we performed a weighted meta-
regression analysis with birth weight and (birth weight X
birth weight) used as covariates (random-effects model).

Categorical analysis. Pooled odds ratios for type 2 dia-
betes were calculated in seven predefined categories of birth
weight, each covering a 500-g interval: <2,000 g, 2,001-
2,500 g, 2,501-3,000 g, 3,001-3,500 g, 3,501-4,000 g,
4,001-4,500 g, and >4,500 g. For calculation of category-
specific odds ratios, in each study the lowest category of
birth weight was defined as the reference category. If more
than one estimate from one individual study was located
within the same predefined category of birth weight, as de-
fined above, we used the pool-first approach (23) to obtain
a single study-specific odds ratio for each category of birth
weight. Since the Cochrane Q-based test revealed signifi-
cant heterogeneity in each case, a random-effects model was
used throughout.

Influence analysis. The robustness of the pooled esti-
mate was checked by influence analysis (random-effects
model). Each study estimate was individually omitted from
the data set, followed in each case by recalculation of the
pooled estimate of the remaining studies.
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TABLE 2. Characteristics of 14 studies included in a meta-analysis of birth weight and risk of type 2 diabetes mellitus, 1966—2005

Birth weight
Assessment of Assessment of Trend declared by " ) reference
Reference birth weight type 2 diabetes the study’s authors Confounding factors considered category (g) for Remarks
adjusted estimate
Barker et al., 2002 (15) Records Register of medication Linear inverse Year of birth, sex Not applicable*
Carlsson et al., 1999 (16) Questionnaires  Clinical examinations Linear inverse Age, BMIt, family history of diabetes 3,001-3,600 Men only
Curhan et al., 1996 (2) Questionnaires  Questionnaires Linear inverse Age, BMI, parental history of diabetes 3,180-3,810 Men only
Dyck et al., 2001 (7 (1)) Records Register Linear positive Age, sex, maternal age, parity, 2,500-4,000
previous stillbirth, gestational age
Dyck et al., 2001 (7 (I1)) Records Register Linear positive Age, sex, maternal age, parity, 2,500-4,000
previous stillbirth
Eriksson et al., 2003 (17) Records Register of medication Linear inverse Not reported
Fall et al., 1998 (18) Records Clinical examinations Linear positive Not reported
Forsén et al., 2000 (19) Records Register Linear inverse Weight at age 7 years Not applicable*
Hales et al., 1991 (20) Records Clinical examinations Linear inverse Not reported Incident cases only
Lithell et al., 1996 (3) Records Clinical examinations Linear inverse BMI at age 50 years >3,250 Men only
McCance et al., 1994 (8) Records Clinical examinations U-shaped Age, BMI, maternal diabetes 2,500-4,499 Men only
Rich-Edwards et al., 1999 (4) Questionnaires Records Linear inverse$ Age, adult BMI, maternal history of 3,260-3,820 Women only
diabetes, gestational age
Wei et al., 2003 (9) Register Clinical examinations U-shaped Age, sex, BMI, family history of diabetes, 3,000-3,499
socioeconomic status, gestational
diabetes
Young et al., 2002 (21) Interview Records U-shaped Diabetes during pregnancy, diet, 2,500-4,000

smoking during pregnancy, alcohol
drinking during pregnancy, mother’s
prepregnancy BMI, breastfeeding

* Only the adjusted odds ratio for a 1,000-g increase in birth weight was reported.
T BMI, body mass index.
1 See text.
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Curhan et al., 1996 (2) 1.74 (1.22, 2.48)

Dyck et al., 2001 (7 (I)) 1.02 (0.66, 1.58)

Dyck et al., 2001 (7 (II)) 1.05 (0.78, 1.42)

Fall et al., 1998 (18) 0.52 (0.28, 0.97)

Forsen et al., 2000 (19) 1.45 (0.99, 2.13)

Hales et al., 1991 (20)

1.44 (0.32, 6.58)
McCance et al., 1994 (8) 1.67 (0.85, 3.28)
Rich-Edwards et al., 1999 (4) 1.64 (1.46, 1.84)
Wei et al., 2003 (9) 1.77 (0.93, 3.36)

Young et al., 2002 (21) 1.37 (0.37, 5.10)

Pooled 1.32 (1.06, 1.64)

=

0.1

I I
1 10

Odds ratio (95% CI) for risk of type 2 diabetes

FIGURE 1. Odds ratios for type 2 diabetes mellitus in subjects with birth weights <2,500 g as compared with subjects with birth weights >2,500 g
in a meta-analysis (1966—2005). Studies are ordered alphabetically by first author. The pooled odds ratio (diamond) was calculated by means of
a random-effects model. 95% confidence intervals (Cls) are shown in parentheses and as horizontal bars.

Publication bias and statistical software. Publication bias
was assessed by inspection of the funnel plot and formal
testing for funnel plot asymmetry using Begg’s test and
Egger’s test. All calculations were carried out using Stata,
version 8 (Stata Corporation, College Station, Texas).

RESULTS

Study characteristics are displayed in tables 1 and 2. The
studies involved a total of 132,180 persons, of whom 6,901
had type 2 diabetes. Ten studies (2, 4, 7 (I), 7 (1), 8, 9, 18-21)
provided data for calculation of odds ratios for type 2 diabe-
tes in subjects with low birth weight (<2,500 g), as compared
with subjects above this cutoff value. From nine studies (2, 4,
7{, 7 ), 8,9, 17, 19, 21), data for calculation of odds
ratios for type 2 diabetes in probands with high birth weight
(>4,000 g) could be extracted. In eight studies (2, 4, 7 (I), 7
D), 8, 9, 19, 21), results for both low birth weight and high
birth weight were reported. In three studies (3, 15, 16), only
odds ratios per 1,000-g linear increase in birth weight were
reported.

In seven studies (2, 3, 15-17, 19, 20), a linear inverse
relation between birth weight and type 2 diabetes risk was
reported, while in three studies (7 (I), 7 (II), 18) a linear
positive association was found. In three studies (8, 9, 21),
a U-shaped relation was declared. Remarkably, in one fur-
ther study (4), a linear inverse relation was indicated in the
abstract, while data presented in the main text showed a

U-shaped relation. In that case, we decided to use the data
reported in the main text.

Figure 1 shows the forest plot for risk of type 2 diabetes in
subjects with low birth weight as compared with subjects
with birth weights >2,500 g. Low birth weight was associ-
ated with increased risk of type 2 diabetes in the random-
effects model as well as the fixed-effects model (odds ratio
(OR) = 1.49, 95 percent confidence interval (CI): 1.36, 1.64).
The results of the studies were significantly heterogeneous
(»p = 0.007). The study by Rich-Edwards et al. (4) largely
influenced the pooled odds ratio: Omitting this study from
the data set led to a pooled estimate that was closer to 1.0 and
was not significant (OR = 1.25, 95 percent CI: 0.97, 1.59).

High birth weight was associated with increased risk
of type 2 diabetes to the same extent as low birth weight
(figure 2). This effect was also observed in the fixed-effects
model (OR = 1.26, 95 percent CI: 1.12, 1.42). Again, signif-
icant heterogeneity of study results was found (p = 0.001).
Contrary to the above-mentioned finding on the relation be-
tween low birth weight and risk of type 2 diabetes, influence
analysis did not reveal a particular impact of one of the
studies on the pooled odds ratio (data not shown).

Given these findings of increased risk of type 2 diabetes at
both ends of the birth weight spectrum, we repeated the di-
chotomous comparisons, now using ‘‘normal birth weight™
(2,500—4,000 g) as the reference category for all studies that
gave data on both low and high birth weight. As expected,
the pooled estimates for both low birth weight and high birth

Am J Epidemiol 2007;165:849-857
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Curhan et al., 1996 (2) 0.93 (0.64, 1.35)

Dyck et al., 2001 (7 (I)) 1.62 (1.22, 2.15)

Dyck et al., 2001 (7 (I)) 1.37 (1.02, 1.85)

Eriksson et al., 2003 (17) 0.90 (0.59, 1.37)

Forsen et al., 2000 (19) 0.77 (0.55, 1.09)

McCance et al., 1994 (8) 2.15(1.0, 4.62)

Rich-Edwards etal., 1999 (4)  1.24 (0.96, 1.61)

Wei et al., 2003 (9) 2.18 (1.45, 3.27)

Young et al., 2002 (21) 1.38 (0.46, 4.15)

Pooled 1.27 (1.01, 1.59)

0.1

T T
1 10

Odds ratio (95% CI) for risk of type 2 diabetes

FIGURE 2. Odds ratios for type 2 diabetes mellitus in subjects with birth weights >4,000 g as compared with subjects with birth weights <4,000 g
in a meta-analysis (1966—-2005). Studies are ordered alphabetically by first author. The pooled odds ratio (diamond) was calculated by means of
a random-effects model. 95% confidence intervals (Cls) are shown in parentheses and as horizontal bars.

weight increased (figure 3). The fixed-effects model pro-
duced similar results (low birth weight: OR = 1.55, 95
percent CI: 1.41, 1.70; high birth weight: OR = 1.34, 95
percent CI: 1.18, 1.52).

From all 14 studies, 54 estimates for specific categories of
birth weight could be extracted for meta-regression. Scatter-
plots revealed that the relation between birth weight and type
2 diabetes risk was U-shaped. In weighted meta-regression
analysis, both birth weight and (birth weight X birth weight)
were significantly related to risk of type 2 diabetes (regres-
sion coefficients: for birth weight, —0.0011, 95 percent CI:
—0.0018, —0.004 (p = 0.003); for birth weight X birth weight,
1.50 X 1077, 95 percent CI: 4.43 X 1078 2.55 X 1077 (p =
0.005)) (figure 4).

Table 3 shows the results of the categorical analysis. Com-
pared with the lowest birth weight category (<2,000 g), risk
of type 2 diabetes initially decreased by increasing birth
weight within the normal range, to an odds ratio of 0.55
(95 percent CI: 0.48, 0.62) in the category 3,501-4,000 g.
Thereafter, risk of type 2 diabetes increased with increasing
birth weight, resembling the U-shaped relation found by
means of meta-regression analysis.

Neither for the relation between low birth weight and type 2
diabetes nor for that between high birth weight and type 2
diabetes was evidence of publication bias found, as indi-
cated by visual inspection of funnel plots (not shown) and
nonsignificant Begg’s tests (low birth weight: p = 0.72; high
birth weight: p = 0.92) and Egger’s tests (low birth weight:
p = 0.20; high birth weight: p = 0.84).

Am J Epidemiol 2007;165:849-857

DISCUSSION

During recent years, it has often been postulated that an
inverse linear relation exists between birth weight and risk
of type 2 diabetes (1, 3, 5, 6), leading to the conclusion that
a higher birth weight may even result in decreased mortality
from type 2 diabetes (24). Applying different meta-analytic
techniques, however, we found that the relation between
birth weight and type 2 diabetes is not linearly inverse but
U-shaped.

Although more original reports were published which in-
vestigated this issue, our systematic review revealed that to
date, only 10 published studies have adhered to basal stan-
dards of study quality by providing essential data with which
to perform quantitative data synthesis on the internationally
intensively discussed relation between low birth weight
(<2,500 g) and risk of type 2 diabetes. Considering the in-
tensive discussion of the ‘“fetal origins hypothesis,” one
might be surprised that no more original studies were eligi-
ble. However, according to basal requirements for quantita-
tive data synthesis, a number of studies did not provide
sufficient information with which to calculate an odds ratio.
Among them were some of the most often cited studies on
the relation between low birth weight and type 2 diabetes
(1). Furthermore, a number of well-known studies only an-
alyzed surrogate measures like insulin resistance as out-
come parameters, instead of type 2 diabetes.

The relatively low number of studies providing sufficient
data on the relation between low birth weight and type 2
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Young et al., 2002 (21) 1.43 (0.38, 5.37) : 1.43 (0.47, 4.31) »
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Pooled 1.47 (126, 1.72) < 1.36 (1.07, 1.73) =
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Odds ratio (95% CI) for risk of type 2 diabetes

FIGURE 3. Odds ratios for type 2 diabetes mellitus in subjects with low birth weights (<2,500 g) (left) and high birth weights (>4,000 g) (right), as compared with subjects with birth weights of
2,500—4,000 g, in a meta-analysis (1966—2005). The pooled odds ratios (diamonds) were calculated by means of a random-effects model. 95% confidence intervals (Cls) are shown in
parentheses and as horizontal bars.
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Log odds ratio for risk of type 2 diabetes
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Birth weight (g)

FIGURE 4. Scatterplot and meta-regression curve (mean and cor-
responding 95% confidence interval) of log odds ratios for type 2
diabetes mellitus by birth weight in a meta-analysis (1966—-2005). A
total of 14 studies provided 54 estimates of the relation between birth
weight and risk of type 2 diabetes. Weighted meta-regression
revealed a significant U-shaped relation between birth weight and
diabetes risk (for details, see text).

diabetes conflicts with the 47 narrative reviews (MEDLINE,
1966-2005) which have purported to summarize the avail-
able knowledge on this topic (search history and biblio-
graphic data are available from the authors upon request).
Remarkably, 46 of these reviews concluded that an inverse
linear relation exists between birth weight and type 2 di-
abetes. By contrast, our meta-analysis indicated that high
birth weight is a risk factor for type 2 diabetes to the same
extent as low birth weight.

However, only in a small proportion of the 14 studies
analyzed here did the authors of the papers themselves re-

TABLE 3. Odds ratio for type 2 diabetes mellitus by birth
weight in a meta-analysis, 1966—-2005*

. . No. of Odds 95% confidence
Birth weight (g) estimatest ratio interval
<2,000 5 1.00 0.84, 1.19
2,001-2,500 6 0.82 0.69, 0.98
2,501-3,000 10 0.82 0.61, 1.08
3,001-3,500 11 0.72 0.59, 0.89
3,501-4,000 8 0.55 0.48, 0.62
4,001-4,500 7 0.60 0.51, 0.70
>4,500 7 0.92 0.63, 1.34

* Categorical analysis (random-effects model). The lowest cate-
gory of birth weight was used as the reference category (odds ratio =
1.0) in each study. For details, see text.

1 Number of estimates from single studies.

Am J Epidemiol 2007;165:849-857

port a U-shaped association. Several explanations can be
provided for this discrepancy with the results of our meta-
analytic approach. Some studies were performed in popu-
lations which did not include persons with high birth weight
(18). In a number of studies, only linear trends between
birth weight and risk of type 2 diabetes were analyzed (3,
15, 16). In other studies, investigators performed statistical
adjustments on potential nonconfounders or causal inter-
mediates, which selectively weakened the association be-
tween high birth weight and type 2 diabetes risk but not that
between low birth weight and diabetes risk. Thereby, our
results underscore one of the advantages of meta-analysis:
The study estimates summarized came not only from stud-
ies that described positive linear or U-shaped relations but
also from studies that did not primarily investigate the effect
of high birth weight but did provide data for its calcula-
tion. Consequently, when a ‘“‘normal” range of birth weight
(2,500-4,000 g) was used as the reference category, the
pooled odds ratios for risk of type 2 diabetes were increased
for both low birth weight and high birth weight. This further
highlights the importance of the definition of the reference
group, based on an uncommitted working hypothesis, for
interpreting results from studies of the impact of birth
weight on later risk of disease.

Eleven studies provided confounder-adjusted estimates
(24,7-9, 15, 16, 19, 21). However, the adjusted odds ratios
were calculated using different reference categories for birth
weight. Moreover, nearly every study used a different set of
confounders to calculate an adjusted estimate (see table 2
for details). Furthermore, only two studies (4, 7) provided
estimates which were adjusted for gestational age (25).
Therefore, a meaningful pooled adjusted estimate could
not be calculated in this meta-analysis. Consequently, we
cannot provide a conclusion on the impact of confounders
on the relation between birth weight and type 2 diabetes.

The mechanisms by which birth weight might be related to
risk of type 2 diabetes are still a matter of debate. Barker et al.
(1) and Hales (5) have claimed that the relation between low
birth weight and type 2 diabetes risk reflects long-term con-
sequences of in-utero undernutrition. The initial studies by
Barker, Hales, and colleagues indicated that these associa-
tions were attributable to selective survival during historical
periods with exceptionally high perinatal mortality (26). In-
terestingly, however, as particularly underlined by meta-
regression and categorical analysis in our study, the relation
between birth weight and risk of type 2 diabetes also exists
within the normal range of birth weight. Notably, however,
Hofman et al. (27) provided data clearly contradicting pre-
natal undernutrition as a causal factor for the “small baby
syndrome.” They demonstrated that full-term small-for-
gestational-age infants are as insulin-resistant later in life as
preterm appropriate-for-gestational-age children. While low
birth weight in full-term small-for-gestational-age infants
might hypothetically be caused by undernutrition in utero,
this cannot be the case in preterm appropriate-for-gestational-
age children (25). Consequently, the pathophysiologic agent
that causes increased risk in low birth weight babies is unlikely
to be prenatal undernutrition. Rather, these and other data
point toward a role of the neonatal environment in the asso-
ciation between low birth weight and type 2 diabetes. In
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particular, low birth weight babies are highly likely to be sub-
jected to neonatal overfeeding, leading to rapid neonatal
weight gain, which is positively related to adult overweight
(28,29). Overweight and obesity, however, are known to be the
main risk factors for type 2 diabetes. These epidemiologic
findings are supported by animal studies which indicate that
neonatal overnutrition leads to rapid neonatal weight gain,
which is followed by excess weight and diabetogenic distur-
bances throughout life (30). Data from our group and others
indicate that such neonatal overfeeding, even independent of
birth weight, might lead to “malprogramming” of neuroen-
docrine circuits in the mediobasal hypothalamus, which reg-
ulate appetite control, body weight, and metabolism (30).
Moreover, the association between high birth weight and
increased risk of type 2 diabetes may also reflect, at least in
part, perinatal ‘“‘malprogramming” due to exposure to un-
diagnosed and nontreated maternal hyperglycemia during
pregnancy and/or maternal overweight during pregnancy.
Maternal hyperglycemia during pregnancy leads to in-
creased fetal insulin levels, resulting in fetal and neonatal
macrosomia (31). Given the high prevalences of diabetes
and overweight among women of reproductive age in in-
dustrialized countries, this may decisively contribute to the
increasing frequency of high birth weight. Epidemiologic
(31, 32) and experimental (33, 34) studies have shown that
offspring of mothers who have diabetes during pregnancy
have an increased risk of developing type 2 diabetes, which
may be causally linked to fetal hyperinsulinism (35).
Taken together, our results indicate that birth weight is
related in a U-shaped manner to later risk of type 2 diabetes.
High birth weight was found to be associated with increased
risk of type 2 diabetes in later life to the same extent as low
birth weight. For the development of causal strategies for
primary prevention, more research is urgently needed to un-
cover the etiopathogenic mechanisms behind this association.

ACKNOWLEDGMENTS

This study was partially supported by the German
Research Foundation (Deutsche Forschungsgemeinschaft
grant PL 241/3-1, 3-2).

Conflict of interest: none declared.

REFERENCES

1. Barker DJ, Hales CN, Fall CH, et al. Type 2 (non-insulin-
dependent) diabetes mellitus, hypertension and hyperlipidaemia
(syndrome X): relation to reduced fetal growth. Diabetologia
1993;36:62-7.

2. Curhan GC, Willett WC, Rimm EB, et al. Birth weight and
adult hypertension, diabetes mellitus, and obesity in US men.
Circulation 1996;94:3246-50.

3. Lithell HO, McKeigue PM, Berglund L, et al. Relation of size
at birth to non-insulin dependent diabetes and insulin con-
centrations in men aged 50-60 years. BMJ 1996;312:406-10.

4. Rich-Edwards JW, Colditz GA, Stampfer MJ, et al. Birth-
weight and the risk for type 2 diabetes in adult women. Ann
Intern Med 1999;130:278-84.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Hales CN. Non-insulin-dependent diabetes mellitus. Br Med

Bull 1997;53:109-22.

. Godfrey KM, Barker DJ. Fetal nutrition and adult disease. Am

J Clin Nutr 2000;71(suppl):1344S-52S.

. Dyck RF, Klomp H, Tan L. From “‘thrifty genotype’ to “hefty

fetal phenotype’: the relationship between high birthweight
and diabetes in Saskatchewan Registered Indians. Can J Public
Health 2001;92:340-4.

. McCance DR, Pettitt DJ, Hanson RL, et al. Birth weight and non-

insulin dependent diabetes: thrifty genotype, thrifty pheno-
type, or surviving small baby genotype? BMJ 1994;308:942-5.

. Wei N, Sung FC, Li CY, et al. Low birth weight and high birth

weight—infants are both at an increased risk to have type 2
diabetes among schoolchildren in Taiwan. Diabetes Care
2003;26:343-8.

Martin JA, Hamilton BE, Ventura SJ, et al. Births: final data for
2000. Natl Vital Stat Rep 2002;50:1-101.

Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of ob-
servational studies in epidemiology. A proposal for reporting.
JAMA 2000;283:2008-12.

World Health Organization. Definition, diagnosis and classi-
fication of diabetes mellitus and its complications. Report of
a WHO Study Group. Part 1: Diagnosis and classification of
diabetes mellitus. Geneva, Switzerland: World Health Orga-
nization, 1999.

National Diabetes Data Group. Classification and diagnosis of
diabetes mellitus and other categories of glucose intolerance.
Diabetes 1979;28:1039-57.

American Diabetes Association. Diagnosis and classification
of diabetes mellitus. Diabetes Care 2006;29(suppl 1):S43-8.
Barker DJ, Eriksson JG, Forsén T, et al. Fetal origins of adult
disease: strength of effects and biological bias. Int J Epidemiol
2002;31:1235-9.

Carlsson S, Persson PG, Alvarsson M, et al. Low birth weight,
family history of diabetes, and glucose intolerance in Swedish
middle-aged men. Diabetes Care 1999;22:1043-7.

Eriksson JG, Forsén T, Tuomilehto J, et al. Early adiposity
rebound in childhood and risk of type 2 diabetes in adult life.
Diabetologia 2003;46:190-4.

Fall CH, Stein CE, Kumaran K, et al. Size at birth, maternal
weight, and type 2 diabetes in South India. Diabet Med 1998;
15:220-7.

Forsén T, Eriksson JG, Tuomilehto J, et al. The fetal and
childhood growth of persons who develop type 2 diabetes. Ann
Intern Med 2000;133:176-82.

Hales CN, Barker DJ, Clark PM, et al. Fetal and infant growth
and impaired glucose tolerance at age 64. BMJ 1991;303:
1019-22.

Young TK, Martens PJ, Taback SP, et al. Type 2 diabetes
mellitus in children—prenatal and early infancy risk factors
among native Canadians. Arch Pediatr Adolesc Med 2002;
156:651-5.

Guyer B, Hoyert DL, Martin JA, et al. Annual summary of
vital statistics—1998. Pediatrics 1999;104:1229-46.
Greenland S, Longnecker MP. Methods for trend estimation
from summarized dose-response data, with applications to
meta-analysis. Am J Epidemiol 1992;135:1301-9.

Syddall HE, Sayer AA, Simmonds SJ, et al. Birth weight,
infant weight gain, and cause-specific mortality: The Herford-
shire Cohort Study. Am J Epidemiol 2005;161:1074-80.
Plagemann A, Harder T. Premature birth and insulin resis-
tance. (Letter). N Engl J Med 2005;352:939-40.

Barker DJ, Osmond C, Law CM. The intrauterine and early
postnatal origins of cardiovascular diseases and chronic bron-
chitis. J Epidemiol Community Health 1989;43:237-40.

Am J Epidemiol 2007;165:849-857

Zz0z1snbny Lz uo1senb Aq £G/181/618/8/G9L/e1o1ue/ale/wo dno olwepeoe//:sdiy wolj papeojumoq



Birth Weight and Risk of Type 2 Diabetes 857

27.

28.

29.

30.

Hofman PL, Regan F, Jackson WE, et al. Premature birth
and later insulin resistance. N Engl J Med 2004;351:
2179-86.

Dorner G, Mohnike A. Zur Bedeutung der perinatalen
Uberernahrung fiir die Pathogenese der Fettsucht und des Dia-
betes mellitus. Dtsch Gesundheitsw 1977;32:2325-7.

Stettler N, Stallings VA, Troxel AB, et al. Weight gain in the
first week of life and overweight in adulthood: a cohort study
of European American subjects fed infant formula. Circulation
2005;111:1897-903.

Plagemann A, Harder T, Rake A, et al. Perinatal increase of
hypothalamic insulin, acquired malformation of hypothalamic
galaninergic neurons, and syndrome X-like alterations in
adulthood of neonatally overfed rats. Brain Res 1999;836:
146-55.

Am J Epidemiol 2007;165:849-857

32.

33.

34.

35.

. Silverman BL, Rizzo T, Green OC, et al. Long-term prospec-

tive evaluation of offspring of diabetic mothers. Diabetes 1991;
40(suppl 2):121-5.

Pettitt DJ, Baird HR, Aleck KA, et al. Excessive obesity in
offspring of Pima Indian women with diabetes during preg-
nancy. N Engl J Med 1983;308:242-5.

Aerts L, Van Assche FA. Is gestational diabetes an acquired
condition? J Dev Physiol 1979;2:19-25.

Plagemann A, Harder T, Melchior K, et al. Elevation of
hypothalamic neuropeptide Y-neurons in adult offspring of
diabetic mother rats. Neuroreport 1999;10:3211-16.
Plagemann A. ‘Fetal programming’ and ‘functional terato-
genesis’: on epigenetic mechanisms and prevention of peri-
natally acquired lasting health risks. J Perinat Med 2004;32:
297-305.

Zz0z1snbny Lz uo1senb Aq £G/181/618/8/G9L/e1o1ue/ale/wo dno olwepeoe//:sdiy wolj papeojumoq



