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Ce rtain chronic and metabolic disor-
ders (hypertension, glucose intoler-
ance, central obesity, dyslipidemia)

tend to cluster in the same individuals lead-
ing to an increase in mortality from card i o-
vascular disease (1). This syndrome has
been labeled by several names, depending
on which factors are included in the defin-
ition and the proposed underlying mecha-

nism. Commonly used descriptions include
s y n d rome X (2), the deadly quartet (3), the
a t h e ro t h rombogenic syndrome (4), and the
insulin resistance syndrome (5). The term
“metabolic syndrome” will be used in this
s t u d y, highlighting the simultaneous pre s-
ence of three or more metabolic conditions
while avoiding confusion with the term
“ s y n d rome X” of microvascular angina (6)

and assumptions about the underlying
mechanisms (7). There is no universally
accepted definition for the metabolic syn-
d rome. Diff e rent authors have included
n u m e rous conditions in the syndro m e ,
such as hyperuricemia, short stature, hyper-
insulinemia, and increased clotting factors.
Most lists include hypertension, glycemia or
type 2 diabetes, and dyslipidemia; these
conditions are the focus of this re p o rt .

Several investigators using diff e re n t
populations have re p o rted an association of
low birth weight with an increased risk of
some components of the metabolic syn-
d rome and cardiovascular disease. Studies
conducted in the U.K. (8,9), Sweden
(10,11), South India (12), and the U.S.
(13–15) have focused primarily on adult
men. The purpose of the present study was
to examine the relation of birth weight to
the metabolic syndrome and its compo-
nents among a population-based sample of
older women.

RESEARCH DESIGN AND
M E T H O D S

Overview of study design
Between 1972 and 1974, 82% of all re s i-
dents from a middle to upper-middle class,
Caucasian, Southern California community
(Rancho Bern a rdo) were surveyed for the
p revalence of heart disease risk factors as
p a rt of the Lipid Research Clinic Pre v a l e n c e
S t u d y. These individuals have been followed
with yearly mailed questionnaires and peri-
odic clinic evaluations. Between 1984 and
1987, 78% (n = 1,525) of all surv i v i n g
women aged 40 years at enrollment par-
ticipated in a follow-up clinic visit that
focused on diabetes (16); at this visit, meta-
bolic syndrome and anthropometric vari-
ables were measured. In 1991, a mailed
q u e s t i o n n a i re asked participants to indicate
their birth weight and the source of their
i n f o rmation (birth cert i ficate, family bible,
baby book, parent). Of the 1,252 women
who participated in the 1984–1987 visit
and responded to the questionnaire, the
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B i rth Weight, Adult Weight, and Girth as
P redictors of the Metabolic Syndrome in
Postmenopausal Wo m e n
The Rancho Bern a rdo Study

O R I G I N A L  A R T I C L E

O B J E C T I V E — Recent studies have demonstrated an association between low birth weight
and chronic and metabolic disorders in adulthood such as type 2 diabetes, hypertension, and
dyslipidemia. These disorders tend to cluster in a condition known as the metabolic syndro m e
( s y n d rome X). Only two studies have re p o rted an association of birth weight to the metabolic
s y n d rome. The present study is distinguished as the only study to focus on postmenopausal
w o m e n .

RESEARCH DESIGN AND METHODS — Subjects were 303 community-dwelling,
postmenopausal Caucasian women aged 50–84 years. Metabolic and anthropometric variables
w e re measured at a clinic visit; birth weight was assessed by self-re p o rt on a mailed questionnaire .

R E S U LT S — The metabolic syndrome, defined as the simultaneous presence of hypert e n-
sion, dyslipidemia, and abnormal glucose tolerance, was present in 7.9% of these women. Com-
p a red with women in the highest birth weight tertile (8.1–13.0 lb, mean 9.4 lb), those in the
lowest birth weight tertile (2.5–6.8 lb, mean 5.5 lb) exhibited an increased prevalence (12.0 vs.
4.3%, P 0.05) and 2.41 times the risk (95% CI 1.06–5.51) of developing the metabolic syn-
d rome. Women with a heavy birth weight had an increased risk of adult obesity. Nevert h e l e s s ,
women in the lowest birth weight tertile who became adults in the highest tertile of BMI ( 2 5 . 2
k g / m2) or waist circ u m f e rence ( 80.7 cm) had the highest prevalence of the metabolic syn-
d rome ( 3 0 % ) .

C O N C L U S I O N S — Low birth weight coupled with adult obesity is a strong determinant of
the metabolic syndrome in postmenopausal women.
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303 (24.2%) who were aged 50 years,
postmenopausal, and able to provide birt h
weight data are the focus of this re p o rt .

Measurements
At the 1984–1987 clinic visit, a standard i z e d
i n t e rview was used to obtain inform a t i o n
c o n c e rning physician-diagnosed diabetes,
family history of diabetes, maximum (non-
p regnant) lifetime weight, and lifestyle fac-
tors such as cigarette smoking, alcohol
consumption, and physical activity. Curre n t
use of medications for hypertension, dia-
betes, or estro g e n - replacement therapy was
c o n firmed by examination of pre s c r i p t i o n s
or pill containers brought to the clinic for
that purpose. After the woman had been
seated quietly for 5 min, two blood pre s s u re
readings were re c o rded at least 30 s apart
using a merc u ry sphygmomanometer,
a c c o rding to the Hypertension Detection
and Follow-up Program (HDFP) pro t o c o l
(17). The mean of the two readings was
used in the present analysis. Height, weight,
and waist and hip circ u m f e rence were
m e a s u red in the clinic with the part i c i p a n t
wearing light clothing and no shoes. BMI
(kilograms per meter squared) and waist-to-
hip ratio (waist circ u m f e rence in centimeters
per hip circ u m f e rence in centimeters times
100) were calculated. A 75-g oral glucose
tolerance test was administered between
7:00 and 11:00 A.M., after a 12- to 16-h fast.
Blood was obtained by venipuncture before
and 2 h after glucose load.

Glucose was measured by the glucose-
oxidase method. Fasting plasma lipids and
l i p o p roteins were measured in a Lipid
R e s e a rch Clinic Laboratory under continu-

ous standardization by the Centers for Dis-
ease Control, Atlanta, GA. Total cholestero l
and triglyceride levels were measured by
enzymatic techniques with an ABA-200
b i o c h romatic analyzer (Abbott Laboratories,
I rving, TX), a high perf o rmance cholestero l
reagent (number 236691, Boehringer-
Mannheim Diagnostics, Indianapolis, IN),
and a triglyceride agent (number 6097,
Abbott Laboratories). HDL cholesterol was
m e a s u red by precipitating the other lipopro-
teins with heparin and manganese chloride
a c c o rding to the standardized pro c e d u res of
the Lipid Research Clinics Manual (18). LDL
c h o l e s t e rol was calculated using the Friede-
wald formula (19).

Definitions and categorical 
cut points
Type 2 diabetes was defined by a fasting
plasma glucose level 7.0 mmol/l (126
mg/dl) or a 2-h postchallenge glucose level

11.1 mmol/l (200 mg/dl), a pre v i o u s
physician diagnosis of type 2 diabetes, or
use of antidiabetic medication, re fle c t i n g
the recent 1998 guidelines from the Amer-
ican Diabetes Association (20). Wo m e n
with a fasting plasma glucose level between
6.1 and 7.0 mmol/l (110–126 mg/dl) were
c o n s i d e red to have impaired fasting glucose
(IFG), and those with a 2-h postchallenge
glucose level between 7.8 and 11.1 mmol/l
(140–200 mg/dl) were considered to have
i m p a i red glucose tolerance (IGT). Wo m e n
with either IFG, IGT, or type 2 diabetes
w e re considered to have abnormal glucose
t o l e r a n c e .

H y p e rtension was defined by an aver-
age measured systolic blood pre s s u re 1 6 0

mmHg or a diastolic blood pre s s u re 9 0
mmHg, a previous diagnosis of hypert e n-
sion by a physician, or the use of antihy-
p e rtensive medications. Dyslipidemia was
d e fined as fasting plasma triglycerides 2 . 3
mmol/l (200 mg/dl) or HDL cholesterol lev-
els 1.4 mmol/l (55 mg/dl). The metabolic
s y n d rome was defined as the simultaneous
p resence of abnormal glucose tolerance,
h y p e rtension, and dyslipidemia.

A n t h ropometric variables were catego-
rized as high by the following cut points:
BMI 26 kg/m2, waist circ u m f e rence 8 0
cm, waist-to-hip ratio 85 cm/cm 1 0 0 ,
c u rrent weight 134.9 lb (median split of
sample), and maximum lifetime (nonpre g-
nant) weight 142.0 lb (median split of
sample). Upper tertiles of the sample were
similar to standard cut points (BMI 2 5 . 2
k g / m2 and waist circ u m f e rence 80.7 cm).

Among these women aged 50 years,
postmenopause was defined by having had
a hysterectomy or not currently having
m e n s t rual periods.

Statistical analysis
To adjust for skewness in triglyceride val-
ues, analyses were perf o rmed on log-trans-
f o rmed values with antilogs pre s e n t e d .
Means for each continuous outcome and
f requency distribution for categorical out-
comes were calculated. Age-adjusted com-
parisons by tertile of birth weight were
p e rf o rmed with analysis of covariance
( A N C O VA) for continuous variables and
with the Mantel-Haenszel Extension Te s t
for categorical variables. Hierarchical mul-
tiple re g ression analysis for continuous out-
comes and logistic re g ression analysis for

Table 1—Age-adjusted mean and distribution of metabolic and anthropometric variables by birth weight tertiles

Birth weight tertile
Mean ± SD Low (n = 92) Middle (n = 112) High (n = 99) P value

Metabolic variables
Systolic blood pressure (mmHg) 134.4 ± 20.6 136.8 130.7 135.9 NS
Diastolic blood pressure (mmHg) 74.6 ± 8.7 75.3 73.7 74.9 NS
Triglycerides (mmol/l) 1.1 ± 0.02 1.1 1.1 1.1 NS
HDL cholesterol (mmol/l) 1.8 ± 0.4 1.8 1.8 1.9 NS
Fasting plasma glucose (mmol/l) 5.4 ± 0.7 5.5 5.4 5.2 0.01
Postchallenge plasma glucose (mmol/l) 7.4 ± 2.6 7.8 7.7 6.8 0.01

Anthropometric variables
BMI (kg/m2) 24.3 ± 3.8 23.8 24.3 24.7 NS
Waist circumference (cm) 77.5 ± 9.1 76.1 77.0 79.4 0.03
Waist-to-hip ratio (cm/cm 100) 78.0 ± 6.1 78.0 77.0 79.0 NS
Current weight (lb) 138.7 ± 23.3 132.6 138.8 144.1 0.01
Maximum lifetime weight (lb) 145.7 ± 23.5 139.2 145.0 152.4 0.01

A total of 303 women aged 50–84 years participated from Rancho Bernardo, CA, 1984–1987. NS, P 0.10.



1654 DIABETES CARE, VOLUME 21, NUMBER 10, OCTOBER 1998

Birth weight and the metabolic syndrome

categorical outcomes were used to examine
the independent relation of birth weight
t e rtiles to the metabolic syndrome and its
components after adjustment for the poten-
tially confounding covariates of age and
o b e s i t y. All statistical tests were two-tailed.

R E S U LT S — Among the 303 women
aged 50–84 (67.1 ± 8.7 [mean ± SD]) years,
b i rth weight ranged from 2.5 to 13.0 (7.5 ±
1.8) lb. In the lowest tertile, the average
b i rth weight was 5.5 lb (range 2.5–6.8), in
the middle tertile 7.5 lb (range 6.9–8.0), and
in the highest tertile 9.4 lb (range 8.1–13.0).
Overall, 35% of the women re p o rted curre n t
e s t rogen use, 14% current smoking, 84%
e x e rcising three or more times a week, and
23% a positive family history of diabetes.
Among the 68% who were drinkers, the
average amount of alcohol consumed the
p revious week was 77.4 ± 106.3 ml. Because
these potential confounders did not differ by
b i rth weight (data not shown), analyses were
not adjusted for these variables.

Table 1 shows metabolic and anthro-
pometric variables by tertile of birth weight.
Table 2 presents age-adjusted categorical
comparisons of metabolic and anthro p o-
metric variables by birth weight tert i l e s .
Categorical cut points were chosen a priori
based on clinical criteria, except for curre n t
weight and maximum weight, which were
divided by a median split. Tables 3 and 4
p resent re g ression analyses of metabolic
s y n d rome variables in the lowest versus
highest birth weight tertile after adjusting
for age and either BMI or waist circ u m f e r-
ence. weights for continuous dependent

variables are presented in Table 3, and odds
ratios for categorical variables (defined by
the same cut points used in Table 2) are
p resented in Table 4.

As shown in Table 5, dyslipidemia was
p revalent in 29% of the women, and
women in the lowest tertile of birth weight
w e re 1.76 times more likely to develop
dyslipidemia than women in the highest
t e rtile. Abnormal glucose tolerance was
p resent in 39% of the women but did not
d i ffer significantly by birth weight tert i l e ,
while the age-adjusted prevalence of type 2
diabetes decreased incrementally from the
lowest to the highest birth weight tert i l e ,
with rates of 16.3, 13.3, and 10.7%,

respectively (P 0.05). The overall pre v a-
lence of hypertension was 42% and did not
v a ry by birth weight; exclusion of women
taking antihypertensives (26.1%) did not
change the results (data not shown).
Although glucose intolerance and hyper-
tension were not individually associated
with birth weight, these variables con-
tributed to the association with the meta-
bolic syndrome. Women in the lowest
t e rtile of birth weight had nearly 2.5 times
the odds of having the metabolic syndro m e
when compared with the highest birt h
weight tertile, and this risk increased after
adjustment for obesity. Of the women, 35%
w e re currently using estrogen; exclusion

Table 2—Age-adjusted categorical comparisons of metabolic and anthropometric variables by birth weight tertiles

Birth weight tertile
% Total Low (n = 92) Middle (n = 112) High (n = 99) P value

Metabolic variables
Systolic blood pressure ( 160 mmHg) 11.2 15.7 9.5 11.3 NS
Diastolic blood pressure ( 90 mmHg) 4.3 6.5 5.8 4.3 NS
Triglycerides ( 2.3 mmol/l) 9.9 13.2 11.1 8.8 NS
HDL cholesterol ( 1.4 mmol/l) 24.4 36.8 23.5 15.1 0.01
Fasting plasma glucose ( 6.1 mmol/l) 10.6 15.6 9.4 9.4 NS
Postchallenge plasma glucose ( 7.4 mmol/l) 35.0 34.8 35.5 32.5 NS

Anthropometric variables
BMI ( 26 kg/m2) 27.4 27.1 28.9 31.0 NS
Waist circumference ( 80 cm) 35.6 29.1 32.3 45.2 0.05
Waist-to-hip ratio ( 85 cm/cm 100) 11.2 14.3 9.0 13.3 NS
Current weight ( 134.9 lb) 49.8 35.3 38.9 41.6 0.01
Maximum lifetime weight ( 142.0 lb) 51.5 43.9 47.3 63.0 0.01

A total of 303 women aged 50–84 years participated from Rancho Bernardo, CA, 1984–1987. Categorical cut points were established using clinical criteria for all
variables except current weight and maximum lifetime weight, which were based on a median split of the sample. NS, P 0.10. 

Table 3—Age- and obesity-adjusted multiple re g ression analyses comparing the lowest to the
highest birth weight tertile on metabolic factors as continuous variables

weight P value

Adjusted for BMI
Systolic blood pressure 1.41 NS
Diastolic blood pressure 0.11 NS
Triglycerides 0.012 0.07
HDL cholesterol 0.065 0.07
Fasting plasma glucose 0.20 0.001
Postchallenge plasma glucose 0.73 0.001

Adjusted for waist circumference
Systolic blood pressure 1.27 NS
Diastolic blood pressure 0.03 NS
Triglycerides 0.012 0.01
HDL cholesterol 0.083 0.02
Fasting plasma glucose 0.21 0.001
Postchallenge plasma glucose 0.78 0.001

A total of 303 women aged 50–84 years participated from Rancho Bern a rdo, CA, 1984–1987. NS, P 0 . 1 0 .
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of these women did not materially change
the results (data not shown).

F i g u res 1 and 2 show the prevalence of
the metabolic syndrome by tertile of birt h
weight and by tertile of adult BMI or waist
c i rc u m f e rence, re s p e c t i v e l y. Women in the
lowest tertile of birth weight and the highest
t e rtile of adult obesity (BMI 25.2 kg/m2) or
central adiposity (waist circ u m f e re n c e

80.7 cm) had the highest prevalence of the
metabolic syndrome ( 30%), while none of
the women in the highest tertile of birt h
weight and the lowest tertile of adult obesity
had the metabolic syndrome. Testing for
f o rmal interactions revealed a significant dif-
f e rence between the prevalence of metabolic
s y n d rome only in the highest tertile of adult
obesity (P 0.01). Analysis by tertile of cur-
rent weight and maximum lifetime weight
yielded similar results, but there was no
association of birth weight with tertile of
waist-to-hip ratio (data not shown).

Many of the women in the Rancho
B e rn a rdo Study were born at home before
b i rth cert i ficates were formally issued, and
only 24.2% of age-eligible women knew
their birth weight (53% from a parent and
47% from other sources such as birth cer-
t i ficates and baby books). Among all women
who re t u rned the mailed surv e y, those who
re p o rted a birth weight were signific a n t l y
younger (67.1 vs. 71.2 years, P 0.01) and
had lower age-adjusted diastolic blood pre s-
s u re (74 vs. 76 mmHg, P = 0.05) and waist-
to-hip ratio (79 vs. 80 cm/cm 100, P =
0.001) than women who did not re p o rt a
b i rth weight. They did not differ with re g a rd
to any of the other variables measure d .

C O N C L U S I O N S — The metabolic
s y n d rome, characterized by the cluster of
a b n o rmal glucose tolerance, hypert e n s i o n ,
and dyslipidemia, was present in 7.9% of
these community-dwelling Caucasian

women. Women in the lowest birth weight
t e rtile (2.5–6.8 lb, mean weight = 5.5 lb) had
nearly 2.5 times the risk of developing the
metabolic syndrome. Women with a low
b i rth weight who became adults in the high-
est tertile of BMI ( 25.2 kg/m2) or waist cir-
c u m f e rence ( 80.7 cm) had nearly a 30%
p revalence of the metabolic syndro m e .

These results support the fetal origins
hypothesis, which contends that undern u-
trition during developmentally sensitive
periods causes an adaptation response by
the fetus resulting in programmed altere d
metabolism, hormonal axes, and org a n
s t ru c t u re (8,9). Low birth weight is pre-
sumed to indicate undernutrition of the
fetus in utero. This hypothesis has re c e i v e d
s u p p o rt from other epidemiological studies
linking low birth weight to coro n a ry heart
disease (21), type 2 diabetes (11,22), and
h y p e rtension (10,23). Animal studies have
been cited as evidence for a pro g r a m m i n g
mechanism (24–28) and have been
recently reviewed (29,30). In addition to
animal evidence, re p o rts of increased rates
of glucose intolerance in adults born during
the Dutch famine of the 1940s supports the
thesis that maternal nutrition during pre g-
nancy is crucial to future development of
metabolic disease (31).

Although several studies have consid-
e red the association of birth weight to indi-
vidual components of the metabolic
s y n d rome, to our knowledge, only two
other studies examined the relation of birt h
weight to the syndrome itself (8,14), and
neither study focused on older women.
Valdez et al. (14) investigated the syndro m e
in a biethnic population (Mexican-Ameri-
can and non-Hispanic whites) who were
young adult participants in the San Antonio
H e a rt Study, and Barker et al. (8) investi-
gated the metabolic syndrome in a middle-
aged British population. Despite some
d i ff e rences in the definition of the metabolic

Table 4—Age- and obesity-adjusted logistic regression analyses comparing the lowest to the
highest birth weight tertile on metabolic factors as categorical variables

OR (95% CI)

Adjusted for BMI*
Systolic blood pressure 1.00 (0.59–1.71)
Diastolic blood pressure 2.02 (0.72–5.69)
Triglycerides 2.04 (1.04–4.00)
HDL cholesterol 1.96 (1.26–3.05)
Fasting plasma glucose 0.69 (0.39–1.23)
Postchallenge plasma glucose 0.85 (0.63–1.15)

Adjusted for waist circumference*
Systolic blood pressure 0.94 (0.54–1.61)
Diastolic blood pressure 2.05 (0.73–5.75)
Triglycerides 2.37 (1.19–4.73)
HDL cholesterol 2.29 (1.43–3.65)
Fasting plasma glucose 0.64 (0.36–1.15)
Postchallenge plasma glucose 0.84 (0.59–1.19)

A total of 303 women aged 50–84 years participated from Rancho Bern a rdo, CA, 1984–1987. NS, P 0 . 1 0 .
*Categorical dependent variables are defined in Table 2.

Table 5—Age-adjusted comparison of altered glucose tolerance, hypertension, dyslipidemia, and the metabolic syndrome by birth weight tert i l e s

Birth weight tertile
Low (n = 92) Middle (n = 112) High (n = 99) P value for trend Odds ratio (95% CI)

Altered glucose tolerance 39.4 39.5 37.6 NS 1.09 (0.78–1.52)
Hypertension 44.0 43.5 38.0 NS 1.13 (0.81–1.58)
Dyslipidemia 40.0 29.8 18.6 0.01 1.76 (1.19–2.61)
Metabolic syndrome 12.0 9.1 4.3 0.05 2.41 (1.06–5.51)

Data are %. Odds ratio compares lowest to highest birth weight tertile. Altered glucose tolerance equals fasting plasma glucose 6.1 mmol/l and/or postchallenge
plasma glucose 7.8 mmol/l and/or use of antidiabetic medications. Hypertension equals systolic blood pressure 160 mmHg and/or diastolic blood pressure

90 mmHg and/or use of antihypertensive medications. Dyslipidemia equals triglycerides 2.3 mmol/l and/or HDL cholesterol 1.4 mmol/l. Metabolic syndro m e
equals combined presence of altered glucose tolerance, hypertension, and dyslipidemia. NS, P 0.10. 
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s y n d rome, its prevalence was 7.9% among
the non-Hispanic white women in Te x a s ,
and 6.4% among the British men and
women (combined), remarkably similar to
the 7.9% prevalence in this study. In accord
with the present study, each of the pre v i o u s
studies re p o rted that small babies who
became overweight adults had the highest
risk of developing the metabolic syndro m e .

Adult obesity (especially intra-abdom-
inal obesity) has been implicated as a major
risk factor in the metabolic syndrome and
c a rdiovascular disease (3,32–34). Pro s p e c-
tive studies (35–37), which tracked obesity
f rom childhood into adulthood, have
re p o rted that overweight children have an
i n c reased risk of becoming obese adults. In
a c c o rd with other studies (15,38), the
results of the present study also suggest that
b i rth weight tracks into adulthood, with
those in the highest birth weight category
having the highest adult BMI, waist cir-
c u m f e rence, current weight, and maximum
lifetime weight, but not waist-to-hip ratio
(14). Waist circ u m f e rence has been shown
to be a better marker for intra-abdominal
fat than waist-to-hip ratio in older adults
(39,40). Despite the association of birt h
weight with adult weight, even into old age,
women in the present study who were in
the lowest birth weight tertile and the high-
est weight or waist circ u m f e rence tert i l e

had the highest prevalence of the metabolic
s y n d rome (30%); thus suggesting that the
combination of low birth weight with adult
obesity is remarkably dangero u s .

One limitation of the present study is
the availability and validity of self-re p o rt e d
b i rth weight. Only 24% of the eligible
women had usable birth weight data, and
only half of these had paper documenta-
tion. Many of these women were born
b e f o re states began retaining re c o rds and
issuing birth cert i ficates; furt h e rm o re, a
high pro p o rtion of babies were born out of
hospital without a reliable birth weight
m e a s u rement. Nevertheless, two studies of
women have demonstrated that self-
re p o rted birth weights are highly corre-
lated to actual birth weights validated using
o fficial registries (41,42), and both con-
cluded that self-re p o rted birth weights are
reliable for use in epidemiological studies.
T h e re were few significant diff e re n c e s
between those who did and did not re p o rt
b i rth weight. With the exception of age,
these diff e rences were small and would
have introduced a conservative bias.

S u rvivor bias is a universal problem in
studies of older adults. Low birth weight
babies who survived during the years
women in this cohort were born were pro b-
ably healthier than those who did not sur-
vive. Selective survival of healthier low birt h
weight individuals may underre p resent the
association of birth weight and the meta-
bolic syndrome in adult life. Nevert h e l e s s ,
a significant trend of metabolic syndro m e

Figure 1—Combined effects of birth weight (in tertiles) and adult BMI (in tertiles) on the prevalence
of the metabolic syndrome in 303 women.

Figure 2—Combined effects of birth weight (in tertiles) and adult waist circumference (in tertiles) on
the prevalence of the metabolic syndrome in 303 women.
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f rom low to high birth weight categories
remains in the seventh decade of life. In
addition, with the advancement of neonatal
medicine, more babies with much lower
b i rth weights survive today than 50 or more
years ago when women in this study were
b o rn. The significant increase in the meta-
bolic syndrome in this study despite re l a-
tively few very small babies may be
m a g n i fied in the future. Finally, it is impor-
tant to note that this association was
o b s e rved in a relatively lean older cohort ;
only 27% of women had a BMI 26 kg/m2.

The long-term health effects of low
b i rth weight may be confounded by low
socioeconomic status (SES) (43). Babies
b o rn into low SES tend to be of lower birt h
weight; if these individuals remain in low
SES strata as adults, then increased rates of
disease could be related to SES rather than
low birth weight. This confounding is
unlikely to have affected the present study
since essentially all participants were middle
to upper-middle class adults based on edu-
cation and occupation (Hollingshead Index
I–III) (44). In addition, several studies have
re p o rted associations between fetal influ-
ences and future development of metabolic
disease independent of SES (45–47).

In summary, this study of post-
menopausal women shows that low birt h
weight is associated with the metabolic syn-
d rome in the seventh decade of life despite
the few very small babies and the homoge-
neous SES of the cohort. The prevalence of
the metabolic syndrome was dramatically
higher among low birth weight women
who became obese adults, indicating that
intrauterine environment and prevention of
adult overweight are both important in the
etiology of the metabolic syndrome. Future
re s e a rch should focus on elucidating the
underlying mechanisms with the ultimate
goal of developing strategies to ensure
p roper nutrition in pregnancy and a life-
time of appropriate weight management.
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