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(⬎99% Non-Hispanic White) in four U.S.
regions: Baltimore County, Maryland;
Minneapolis, Minnesota; Portland, Oregon; and the Monongahela Valley near
Pittsburgh, Pennsylvania (13). Women
unable to walk without assistance and
those with bilateral hip replacements
were excluded. All participants provided
written consent, and SOF was approved
by each site’s institutional review board.
Waist and hip circumference were
measured by standardized protocol (14)
to the nearest 0.10 cm with steel tape.
Weight was measured by balance beam,
height by stadiometer. Blood pressure
was measured supine and after standing 1
min; the average of the two measurements
was calculated. Measurement and quality
control procedures were rigorous (13).
Fasting lipids, including triglyceride
and HDL cholesterol levels, were measured at baseline on a random subsample
(n ⫽ 1,015) at one SOF clinic. Cholesterol
and triglycerides were measured enzymatically (15,16); HDL was precipitated
by heparin and manganese chloride (17).

bout 25% of U.S. adults have the
metabolic syndrome (1), a cluster
of central obesity; abnormal glucose, insulin, and lipids; and hypertension. Clinicians and the media have
increasingly emphasized its diagnosis and
treatment (2,3). Several recent prospective studies associate increased cardiovascular disease (CVD) or total mortality risk
with the metabolic syndrome in men and
younger adults (4 –10). Over 90% of CVD
mortality in women occurs after 65 years
of age (11), and women with diabetes lose
sex-protective effects; their CVD relative
risk is even greater than men with diabetes (12). Whether the metabolic syndrome increases mortality risk in addition
to diabetes is unclear. We prospectively
evaluated the syndrome’s association
with CVD mortality in older women and
whether its risk is greater than diabetes
alone.
RESEARCH DESIGN AND
METHODS — From 1986 to 1988,
the Study of Osteoporotic Fractures
(SOF) recruited 9,704 communitydwelling women, ⱖ65 years of age
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Metabolic syndrome
We evaluated the risk of mortality in
9,677 participants associated with baseline measures: self-reported diabetes,
measured obesity, and hypertension by
the National Cholesterol Education Panel
(NCEP) and World Health Organization
(WHO) criteria for these metabolic syndrome parameters (17–19), and with the
metabolic syndrome (positive for diabetes, obesity, and hypertension).
In the lipid subsample, we assessed
associated mortality risk with the metabolic syndrome as defined for the entire
population and again after counting potentially low HDL or elevated triglycerides as one of the three positive criteria for
the metabolic syndrome (18 –20); we
then stratified by diabetes and the metabolic syndrome.
Mortality/follow-up
More than 98% of follow-up contacts by
postcards every 4 months were completed. Cause of death was physicianadjudicated centrally with death certificates and medical records (⬎95% deaths
confirmed) based on ICD-9 for coronary
heart disease (CHD) (410 – 414) (21) and
CVD (402,404,410 – 414,426 – 445) (21).
Statistical analyses
To test the association between the syndrome and mortality, we used Cox proportional hazards models, adjusted for
age and smoking.
RESULTS — At baseline, 682 (7%) of
the 9,677 participants had a physician diagnosis of diabetes, about one-third were
obese by either NCEP or WHO criteria,
more than two-thirds were hypertensive
by NCEP criteria (ⱖ130/85 mmHg), and
almost half (45%) had hypertension
(ⱖ140/90 mmHg) by WHO criteria. During a mean follow-up of 12.2 years, 3,427
(35%) women died, 1,213 from CVD
(507 from CHD).
Metabolic syndrome defined without
lipid levels
Using the initial definitions (without lipid
levels), we found that about 3% of the
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Table 1—Association between parameters for the metabolic syndrome (NCEP and WHO defined) and the metabolic syndrome with associated
risk of mortality*
NCEP
Total
mortality

Metabolic syndrome but no diabetes
Diabetes but no metabolic syndrome
Diabetes plus metabolic syndrome

CVD death

Total
mortality

CHD death

CVD death

2.5 (2.2–2.9) 4.5 (3.4–6.1) 3.3 (2.7–4.1) 2.8 (2.4–3.2) 4.1 (3.0–5.8) 3.7 (3.0–4.7)
1.7 (1.4–1.9)
1.2 (1.1–1.4)
1.3 (1.2–1.4)

1.9 (1.3–2.7)
1.3 (1.0–1.7)
1.3 (1.0–1.7)

1.7 (1.4–2.2)
1.5 (1.3–1.8)
1.4 (1.2–1.7)

1.7 (1.5–2.0)
1.1 (1.0–1.2)
1.3 (1.2–1.4)

2.0 (1.4–2.8)
1.1 (0.9–1.4)
1.5 (1.2–1.9)

1.8 (1.4–2.3)
1.2 (1.1–1.4)
1.5 (1.3–1.7)

1.7 (1.1–2.6) 3.0 (1.4–6.6) 2.3 (1.3–4.3) 2.0 (1.2–3.1) 3.2 (1.4–7.4) 2.2 (1.1–4.5)
1.5 (1.2–1.8) 2.0 (1.3–3.3) 1.9 (1.3–2.6) 2.0 (1.3–2.9) 2.6 (1.2–5.6) 2.0 (1.1–3.7)

(reference)
(reference)
(reference)
(reference)
(reference)
(reference)
n ⫽ 671
n ⫽ 671
n ⫽ 671
n ⫽ 921
n ⫽ 921
n ⫽ 921
1.3 (1.0–1.7) 1.7 (1.0–3.0) 1.6 (1.1–2.3)
NA
NA
NA
n ⫽ 250
n ⫽ 250
n ⫽ 250
0.9 (0.5–1.9) 0.6 (0.1–4.7) 0.3 (0.0–2.4) 1.2 (0.7–2.0) 1.3 (0.4–4.0) 1.3 (0.6–2.9)
n ⫽ 28
n ⫽ 28
n ⫽ 28
n ⫽ 43
n ⫽ 43
n ⫽ 43
2.1 (1.5–3.1) 3.3 (1.6–6.9) 2.8 (1.6–4.8) 2.0 (1.3–2.9) 2.6 (1.2–5.7) 2.0 (1.1–3.8)
n ⴝ 66
n ⴝ 66
n ⴝ 66
n ⴝ 51
n ⴝ 51
n ⴝ 51

Data are hazard ratios (95% CI), and significant hazards ratios are bolded. *All models are adjusted for age and smoking. Diabetes is physician diagnosed; measured
glucose or insulin are not available. Obesity is defined by 1) waist circumference ⬎88 cm (NCEP) or by 2) either waist-to-hip ratio ⬎0.85 or BMI ⬎30 kg/m2 (WHO).
Hypertension is defined by measured blood pressure ⱖ130/85 (NCEP) or ⱖ140/90 mmHg (WHO). Elevated triglycerides are defined by triglycerides ⱖ150 mg/dl
(NCEP and WHO), and low HDL cholesterol is defined by HDL ⬍50 mg/dl (NCEP) and ⬍39 mg/dl (WHO) (see refs. 17 and 19). †Diabetes models are adjusted
for age, smoking, hypertension, and obesity by respective criteria. ‡Obesity models are adjusted for age, smoking, diabetes, and hypertension by respective criteria.
§Hypertension models are adjusted for age, smoking, diabetes, and obesity by respective criteria. 㛳The NCEP metabolic syndrome is defined by any three of the
following defined parameters: diabetes, obesity, hypertension, elevated triglycerides, or low HDL; the WHO metabolic syndrome is defined as diabetes plus any two
of the following defined parameters: obesity, hypertension, or abnormal lipids (triglycerides or HDL); the two definitions are not mutually exclusive (see refs. 17 and
19). ¶The prevalence of metabolic syndrome with NCEP increased from 4 to 31% by including abnormal lipid measures as one of three positive criteria for the
metabolic syndrome and from 3 to 5% for WHO-defined metabolic syndrome (which requires a glucose abnormality).

entire cohort (and about half of those with
diabetes) had the metabolic syndrome
(317 by the NCEP criteria, 261 by the
WHO criteria, and 218 by both). Women
with the metabolic syndrome, by either
definition, had nearly a twofold increase
in total, CHD, and CVD mortality: 61% of
the women who met the NCEP criteria
and 65% who met the WHO criteria died
during follow-up, compared with only
34% without the metabolic syndrome by
either criteria set.
After adjustment for age and smoking, total mortality increased almost
threefold in women with either syndrome
definition (Table 1). The associations of
the metabolic syndrome with mortality
were even stronger for CVD and CHD
deaths. To examine the impact of the
three available metabolic syndrome components, we did individual models, ad-

justing for age, smoking, and presence of
the other two measured components
(e.g., a diabetes model adjusted for age
and smoking, as well as hypertension or
obesity by respective metabolic syndrome
criteria; Table 1). Diabetes and hypertension were independent predictors of both
total and CVD mortality. However, only
NCEP-defined central obesity (which
does not include BMI) was an independent predictor of CHD mortality (Table
1). Importantly, the association of the metabolic syndrome with total mortality was
stronger than any of its individual components, including diabetes (Table 1).
Metabolic syndrome defined with
lipid levels
In general, the associations with mortality
were attenuated in the lipid subsample
compared with the same definition in the
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entire cohort (Table 1). When the NCEP
and WHO definitions were expanded to
include counting abnormal HDL cholesterol and triglyceride levels as one of the
three necessary criteria for the metabolic
syndrome, the associations between the
syndrome and mortality did not
strengthen and, if anything, were attenuated (Table 1).
Among the lipid subsample, we also
compared those without either the metabolic syndrome or diabetes to those with:
1) only metabolic syndrome, 2) only diabetes, or 3) both. Presence of the metabolic syndrome significantly increased
the risk of mortality in persons with and
without diabetes (Table 1).
CONCLUSIONS — A m o n g o l d e r
women with diabetes, we found that the
metabolic syndrome (diabetes, obesity,
2259
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N ⫽ 9,677
Metabolic syndrome (diabetes and obesity
plus hypertension)
Diabetes†
Obesity‡
Hypertension§
Lipid subsample
(n ⫽ 1,015)
Metabolic syndrome (diabetes and obesity
plus hypertension)
Metabolic syndrome㛳¶
Metabolic syndrome vs. diabetes in lipid
subsample
No diabetes, no metabolic syndrome

CHD death

WHO

Metabolic syndrome and mortality
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and hypertension) increased the hazard of
overall and cause-specific CHD/CVD
mortality two- to threefold and was
greater than the associated risk of any of
the individual components, including diabetes. Including HDL and triglyceride
levels in the definition did not strengthen
the associations between the metabolic
syndrome and mortality in women with
diabetes.
To our knowledge, this is the first
prospective cohort study to assess the impact of the metabolic syndrome and associated mortality in older women. Several
prior studies included younger women in
their sample (4 –10,22); only a few evaluated sex-specific risks (7,10). In our cohort, followed for a mean of ⬎12 years,
3,427 participants died (nearly one-third
of the cohort), including 1,213 from
CVD, allowing cause-specific analyses
with alternative definitions.
Our findings raise the question of
whether all components of the syndrome
should be weighted equally in assessing
mortality risk. They also support growing
clinical and public health emphasis on
identifying and treating the metabolic
syndrome, particularly in older women.

