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Abstract
Background—The metabolic syndrome is a high-risk state for diabetes and cardiovascular disease.
Little is known about its prevalence and prevention in those with impaired glucose tolerance.

Objective—To determine the prevalence of the metabolic syndrome at baseline in the Diabetes
Prevention Program and the effect of intensive lifestyle intervention and metformin therapy on the
syndrome’s incidence and resolution.

Design—Randomized, controlled clinical trial.

Setting—Research and community-based centers.
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Participants—Participants had impaired glucose tolerance (World Health Organization criteria
plus fasting plasma glucose level ≥5.3 mmol/L [≥95 mg/dL]) and were followed for a mean of 3.2
years after random assignment to intensive lifestyle intervention, metformin therapy, or placebo.

Interventions—Metformin, 850 mg twice daily, or intensive life-style intervention designed to
achieve and maintain a 7% weight loss and 150 minutes of exercise per week.

Measurements—The metabolic syndrome was defined as having 3 or more characteristics (waist
circumference; blood pressure; and levels of high-density lipoprotein cholesterol, triglycerides, and
fasting plasma glucose) that met criteria from the National Cholesterol Education Program Adult
Treatment Panel III.

Results—Fifty-three percent of participants (n = 1711) had the metabolic syndrome at baseline;
incidence did not vary substantially by age. However, low levels of high-density lipoprotein
cholesterol predominated in younger participants (age 25 to 44 years), and high blood pressure
predominated in older participants (age 60 to 82 years). In life-table analyses (log-rank test),
incidence of the metabolic syndrome was reduced by 41% in the lifestyle group (P < 0.001) and by
17% in the metformin group (P = 0.03) compared with placebo. Three-year cumulative incidences
were 51%, 45%, and 34% in the placebo, metformin, and lifestyle groups, respectively. There was
no significant heterogeneity by ethnic group.

Limitations—The study involved a volunteer group with impaired glucose tolerance, which limits
generalizability.

Conclusions—The metabolic syndrome affected approximately half of the participants in the
Diabetes Prevention Program at baseline. Both lifestyle intervention and metformin therapy reduced
the development of the syndrome in the remaining participants.

Considerable attention has recently been paid to the metabolic syndrome, a constellation of
risk factors associated with insulin resistance and increased cardiovascular and diabetes risk.
The third report of the National Cholesterol Education Program’s Adult Treatment Panel now
calls for the identification and treatment of this high-risk state and provides a simple set of
criteria for diagnosis (1). The World Health Organization (WHO) and the American College
of Endocrinology have also provided definitions (2). Although recent studies have provided
estimates of the prevalence of the metabolic syndrome in the United States (3,4), its
interrelationship with impaired glucose tolerance is unclear. In particular, it is largely unknown
what proportion of participants with impaired glucose tolerance have the metabolic syndrome
and whether this varies by ethnicity, age, and sex. Clearly, because an elevated blood glucose
level is a common criterion for all definitions, a close association is to be expected. This
association may be even stronger in the subgroup of persons with both impaired glucose
tolerance and impaired fasting glucose (that is, a fasting plasma glucose level 6.1 to 6.9 mmol/
L [110 to 125 mg/dL]). The extent to which we may be able to reduce cardiovascular risk in
patients with impaired glucose tolerance by preventing the metabolic syndrome through
lifestyle or medication interventions is also unknown.

The Diabetes Prevention Program (5,6) provides a unique opportunity to begin to address these
issues. It involves a large sample of more than 3000 participants with impaired glucose
tolerance who were carefully followed and randomly allocated to treatment with an intensive
lifestyle intervention, metformin, or placebo. In this report, we address 2 questions: the
prevalence of the metabolic syndrome at baseline in the trial population (and how this varies
by age and sex) and whether the 2 interventions reduced the incidence of new cases of the
metabolic syndrome or increased resolution of existing cases compared with placebo.

Context
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Intensive diet and exercise or metformin can prevent the development of diabetes in
individuals with impaired fasting glucose, but the effects of these interventions on
development of the metabolic syndrome are unknown.

Contribution

This secondary analysis of Diabetes Prevention Program data showed that lifestyle
intervention and metformin each reduced the development of the metabolic syndrome
among the 45% of participants who did not have it at baseline. The impact of lifestyle
intervention was much more marked than that of metformin.

Implications

Interventions that prevent diabetes will also reduce the development of the metabolic
syndrome.

–The Editors

METHODS
Participants and Procedures

Full details of the protocol have been published elsewhere (5,6). The current report includes
3234 participants seen at baseline. This number includes participants from the 3 treatment arms
investigated (that is, standard lifestyle or placebo, intensive lifestyle, and metformin), but not
participants from the troglitazone arm, which was discontinued. Individuals were recruited
between June 1996 and May 1999 from a variety of sources, including community screenings
and household mailings, on the basis of perceived risk for diabetes. Written informed consent
was obtained from all participants before screening, consistent with the Declaration of Helsinki
and the guidelines of each center’s institutional review board.

The initial screening step consisted of a fasting glucose measurement. If the participant was
eligible, this was followed by a 75-g oral glucose tolerance test. Inclusion criteria were as
follows: a fasting plasma glucose level of 5.3 to 7.0 mmol/L (95 to 125 mg/dL) (≥7.0 mmol/
L [≥125 mg/dL] for Native Americans); a 2-hour plasma glucose level of 7.8 to 11.1 mmol/L
(140 to 199 mg/dL) following the glucose load; age of at least 25 years; and body mass index
of at least 24 kg/m2 (≥22 kg/m2 for Asian Americans because of differences in body size in
this group). Main exclusion criteria were recent myocardial infarction, symptoms of coronary
heart disease, major illness, previous diagnosis of diabetes, use of medications known to impair
glucose tolerance, or triglyceride level of at least 6.8 mmol/L (≥600 mg/dL), as previously
detailed (5). Standardized interviewer-administered questionnaires were used to obtain self-
reported data on personal medical history, medications, and diet. Self-reported race or ethnicity
was classified according to the question used in the 1990 U.S. Census questionnaire (7).
Overall, adiposity was assessed by body mass index. Waist circumference was assessed in the
standing position midway between the highest point of the iliac crest and the lowest point of
the costal margin in the mid-axillary line. All anthropometric measures reflected the average
of 2 measurements. Blood pressure was measured twice at 30-second intervals by using a
standard mercury manometer. The participant was seated in a chair for 5 minutes before the
first measurement was taken, and the mean of the 2 readings was used in the analyses.

The metabolic syndrome was defined according to criteria from the National Cholesterol
Education Program’s Adult Treatment Panel III (1), namely 3 or more of the following
conditions: waist circumference greater than 102 cm in men and greater than 88 cm in women;
serum triglyceride level of at least 1.7 mmol/L (≥150 mg/dL); high-density lipoprotein (HDL)
cholesterol level less than 1.03 mmol/L (<40 mg/dL) in men and less than 1.3 mmol/L (<50

Orchard et al. Page 3

Ann Intern Med. Author manuscript; available in PMC 2008 August 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mg/dL) in women; blood pressure of 130/85 mm Hg or greater; and fasting plasma glucose
level of 6.2 mmol/L (110 mg/dL).

Participants who were being treated with blood pressure–lowering or triglyceride-lowering
medications (niacin or fibric acid derivatives) were classified as positive for the respective
criterion. We chose the Adult Treatment Panel III (1) criteria because they are commonly used
in the United States and are simpler to apply in clinical practice than, for example, the WHO
criteria (2).

Participants were randomly assigned to receive 1 of 3 interventions: standard lifestyle
recommendations plus metformin, 850 mg twice per day; standard lifestyle recommendations
plus placebo; or an intensive program of lifestyle intervention. The randomization was done
centrally by computer; assignments to the lifestyle group were blinded until randomization,
while assignments to the medication groups were blinded until the end of the study. The goals
of the lifestyle program were to achieve and maintain a weight reduction of at least 7% of
clinical body weight through a healthy low-calorie, low-fat diet and to engage in physical
activity of moderate intensity, such as brisk walking, for at least 150 minutes per week.
Participants were seen quarterly, when blood pressure was assessed. Fasting glucose levels
were determined at the 6-month visits, and fasting lipid levels and waist circumference were
measured annually. Further details have been published elsewhere (5,6). Figure 1 shows the
number of participants observed at each annual examination by treatment group.

Laboratory Methods
All of the analytic measurements were performed at the central biochemistry laboratory
(Northwest Lipid Research Laboratories, University of Washington, Seattle, Washington).
Fasting plasma glucose level was measured on a chemistry autoanalyzer by the glucokinase
method. Insulin measurements were performed by using a polyethylene glycol–accelerated
double antibody radioimmunoassay method developed in the Diabetes Endocrinology
Research Center Immunoassay Core Laboratory (University of Washington, Seattle,
Washington). This method is based on the use of an anti–human insulin guinea pig antibody
and measures total immunoreactive insulin. The homeostasis model assessment for insulin
resistance was calculated as follows (8):

Measurements of total plasma cholesterol and triglycerides were performed enzymatically on
a chemistry autoanalyzer by using methods standardized to the Centers for Disease Control
and Prevention reference methods (9). We obtained HDL fractions for cholesterol analysis by
treating whole plasma with dextran sulfate magnesium chloride to precipitate all of the
apolipoprotein B–containing lipoproteins (10). We calculated low-density lipoprotein
cholesterol by using the Friedewald equation (11). In participants with triglyceride levels
higher than 4.5 mmol/L (>400 mg/dL), the lipoprotein fractions were separated by using
preparative ultracentrifugation of plasma by beta quantification (12).

Statistical Analyses
Participants were followed for an average of 3.2 years (range, 0.04 to 5.0 years) from the start
of the study in June 1996 through 31 July 2001, a period 4 months longer than that reported
previously (5). This period was chosen to maximize the available data that were collected
during the masked phase of the Diabetes Prevention Program, since unmasking occurred in
early August 2001.
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Random treatment assignments were stratified according to clinical center and were generated
by the coordinating center through computer linkup to the field center at time of randomization.
Therefore, assignment was unknown until randomization. Assignments to metformin and
placebo were double-blinded. The study design and analysis followed the intention-to-treat
principle. Nominal (unadjusted) P values and confidence intervals are reported. Logistic
regression was used to compare the prevalence of the metabolic syndrome and its components
at baseline among the demographic variables. The time to the outcome was assessed by using
life-table methods (13). Modified product-limit curves for the cumulative incidence of the
metabolic syndrome and for its resolution were compared by using the log-rank test. The
estimated cumulative incidence, or resolution, at 3 years and the risk reduction, heterogeneity
among strata, and interactions between treatment assignments and covariates were assessed by
using proportional-hazards regression. Fixed-effects models with the assumption of normally
distributed errors (14) were used to assess differences over time in body weight and in plasma
glucose and glycosylated hemoglobin values among the 3 groups.

Role of the Funding Sources
The Diabetes Prevention Program was principally supported by the National Institute for
Diabetes and Digestive and Kidney Diseases and other components of the National Institutes
of Health and the Centers for Disease Control and Prevention. Representatives of the National
Institutes of Health and the Centers for Disease Control and Prevention participated in the
design of the study and in the reporting of the results. Although additional funding was provided
by a variety of other sources, as listed in the acknowledgments, these sources had no role in
the design or conduct of the study or in the reporting of results.

RESULTS
Baseline Prevalence

Table 1 shows the prevalence of the metabolic syndrome and each of its components in the
3234 participants examined at baseline. Fifty-three percent of the participants (n = 1711)
fulfilled the criteria for the metabolic syndrome; this proportion was relatively constant by age
group. However, significant differences by age group (<45 years, 45 to 59 years, and ≥60 years)
emerged for the separate components of the syndrome. Prevalence of low HDL cholesterol
level ranged from 70% in those 25 to 44 years of age to only 40% in those age 60 years or
older. Increased waist circumference, the most common component in all age groups, was
present in 82% of those younger than 45 years of age, 78% of those 45 to 59 years of age, and
73% of those at least 60 years of age. High triglyceride levels (present in 46% of all participants)
varied little by age, while high fasting plasma glucose level, whose prevalence ranged from
31% to 35%, was more common in the older age groups. High blood pressure was also more
prevalent in older participants, doubling from 31% in those younger than age 45 years to more
than 60% in those 60 to 82 years of age. Prevalence of the components also varied by sex:
Women more frequently had increased waist circumference and low HDL cholesterol levels,
while men more frequently had high triglyceride levels, high fasting blood glucose levels, and
hypertension. (It should be noted that the National Cholesterol Education Program has different
criteria for waist circumference and HDL level for each sex.) Although significant ethnic
variation was also seen, it could not be clearly separated from the differing entry criteria used
for different ethnic groups. For example, the metabolic syndrome was least prevalent in Asian
Americans (41%) and in Native Americans (46%), groups who had lower thresholds for BMI
and fasting glucose level, respectively, at study entry. Finally, if the criterion of more than 5.6
mmol/L (>100 mg/dL) were used for fasting glucose level instead of 6.2 mmol/L (110 mg/dL),
the overall prevalence at baseline would have been 69% (2223 of 3234) rather than the 53%
noted earlier. The interrelationship of the components of the metabolic syndrome is shown in
the Appendix Figure (available at www.annals.org).
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The severity of the metabolic syndrome, in terms of the number of positive criteria (mean, 2.6),
did not differ by treatment group, sex, or age. No differences were seen among the treatment
groups in the prevalence of the metabolic syndrome or of its components at baseline, except
for low HDL cholesterol level (P = 0.01), which was more prevalent in the placebo group than
in the metformin and lifestyle groups (60.4%, 54.3%, and 55.8%, respectively). The prevalence
of high triglyceride levels was also marginally higher (P = 0.06) in the placebo group than in
the metformin and lifestyle groups (48.6%, 44.0%, and 44.2%, respectively).

Baseline Correlations
Table 2 shows the correlations (Spearman rank) among the different components of the
metabolic syndrome at baseline after adjustment for age, sex, and ethnicity. Also shown are
the correlations with the homeostasis model assessment score for insulin resistance. Apart from
the anticipated high correlation between systolic and diastolic blood pressure (r = 0.60) and
between triglyceride level and HDL cholesterol level (r = −0.39), other major correlations were
those between homeostasis model assessment for insulin resistance and 1) waist circumference
(r = 0.44), 2) HDL cholesterol level (r = −0.31), and 3) fasting plasma glucose level (r = 0.31).

Incidence of the Metabolic Syndrome among Participants without the Syndrome at Baseline
Figure 2 separately shows the cumulative incidence of the metabolic syndrome by time since
randomization for the 3 intervention groups after exclusion of baseline cases. The incidence is
highest in the placebo group. By 3 years, 53% of the participants in the placebo group (260 of
490) had acquired the metabolic syndrome compared with 47% (236 of 503) in the metformin
group and 38% (201 of 530) in the lifestyle group. The cumulative incidence overall (per 100
person-years) was 61% for the placebo group, 50% for the metformin group, and 38% for the
lifestyle group. In a proportional hazards analysis, lifestyle intervention yielded a reduction of
41% (95% CI, 28% to 52%) in incidence of the metabolic syndrome compared with placebo
(P < 0.001) and a significant 29% (CI, 13% to 42%) reduction compared with metformin (P
< 0.001), which itself yielded a 17% (CI, 0% to 31%) lower incidence than placebo (P = 0.03).
Redefining the metabolic syndrome by using the criterion of a glucose level greater than 110
mg/dL (>6.2 mmol/L) yielded very similar results. Three-year incidences were 40%, 33%, and
27% for the placebo, metformin, and lifestyle groups, respectively. No major adverse events
were noted, but musculoskeletal problems were more common in the lifestyle group and
gastrointestinal symptoms were more common in the metformin group and less common in
the lifestyle group than in the group receiving placebo.

We also examined whether the efficacy of the 2 interventions differed by age, sex, ethnicity,
or baseline fasting insulin level. Lifestyle intervention was least effective in those 25 to 44
years of age. Lifestyle intervention was effective compared with placebo in both men and
women (P < 0.001), but more so in men (64% vs. 37%) (P = 0.02 for heterogeneity). Metformin
was not effective compared with placebo in women (P > 0.2) but was effective in men (P =
0.002), again demonstrating significant heterogeneity (P = 0.02). Although numbers became
too small for definitive results when divided according to ethnicity, it appears that risk reduction
compared with placebo was greater for the lifestyle group than for the metformin group in both
white persons (50% vs. 12%, respectively) and Hispanic persons (57% vs. 2%, respectively).
In African Americans (42% vs. 29%) and Native Americans (43% vs. 42%), efficacy for the
lifestyle group and the metformin group appeared more similar, while for Asian Americans,
metformin showed a nonsignificantly greater reduction than intensive lifestyle intervention
(62% vs. 30%). The efficacy of neither lifestyle nor metformin showed significant
heterogeneity across the 5 ethnic groups. Finally, although lifestyle was effective compared
with placebo regardless of baseline fasting insulin level, metformin showed significant
heterogeneity (P = 0.03). Metformin was most effective in participants with a fasting insulin
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level of 136 pmol/L or less and had no effect in those with fasting insulin levels of 144 to 215
pmol/L or greater than 125 pmol/L compared with placebo.

Incidence of Metabolic Syndrome Components among Participants Not Meeting Criteria at
Baseline

To examine the effect of the interventions on individual components, life-table analyses were
performed for those who did not met the criteria at baseline. The incidence of specific
components over time compared with placebo suggests that lifestyle reduces the incidence of
all components except HDL cholesterol level, while metformin is effective only in reducing
the incidence of waist circumference and fasting glucose level (Table 3).

Resolution of the Metabolic Syndrome among Participants Who Had the Syndrome at
Baseline

Figure 3 shows the cumulative incidence of resolution of the metabolic syndrome (that is, no
longer meeting the criteria) by treatment group. Although the pattern is somewhat similar to
that seen for incidence of the metabolic syndrome, with the best result at 3 years occurring in
the lifestyle group and an intermediary effect noted for metformin, the differences are less
striking. By the log-rank test, only lifestyle showed a significant effect compared with placebo
(P = 0.002). Nevertheless, prevalence at 3 years did vary significantly by treatment group (P
< 0.001): Eighteen percent of the placebo group, 23% of the metformin group, and 38% of the
lifestyle group no longer had the syndrome.

Prevalence of Metabolic Syndrome Components among Participants Meeting Criteria at
Baseline

Also shown in Table 3 is the effect of the interventions on each component among participants
who met the specific component criterion at baseline. A slightly different pattern emerges, that
is, both interventions decreased the prevalence of low levels of HDL cholesterol, increased
waist circumference, and fasting glucose level, while intensive lifestyle intervention also
lowered the prevalence of increased blood pressure and triglyceride levels.

Prevalence of the Metabolic Syndrome in All Participants at 3 Years
The prevalence of the metabolic syndrome in all participants increased from 55% at baseline
to 61% after 3 years in the placebo group (P = 0.003) and from 54% to 55% in the metformin
group (P > 0.2). In the lifestyle group, overall prevalence decreased from 51% to 43% (P <
0.001).

DISCUSSION
These data provide further evidence of the potential benefit of the Diabetes Prevention Program
interventions beyond diabetes prevention alone and raise the additional possibility of
cardiovascular prevention. Although we are unaware of any publications specifically
examining the prevalence of the metabolic syndrome in patients with impaired glucose
tolerance, a recent analysis of the data set from the Third National Health and Nutrition
Examination Survey (NHANES III) suggests that 33% of U.S. adults who are 50 years of age
or older and have impaired glucose tolerance also have the metabolic syndrome (4). Our overall
prevalence of 53% is probably higher, even allowing for our additional requirement of a fasting
plasma glucose level of at least 5.3 mmol/L (≥95 mg/dL). Several reports have also documented
the general prevalence of this syndrome by using either the Adult Treatment Panel III criteria
(1) used in the current report or the WHO definitions (2). Ford and colleagues (3) recently
estimated from NHANES III that the metabolic syndrome was present in approximately 22%
of all U.S. adults age 20 years and older. Of interest, unlike our data, which showed a relatively
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constant prevalence by age group, the age-specific prevalence of the metabolic syndrome in
the general population increased dramatically, from just over 12% among individuals in their
thirties to 20% among those in their forties, 35% among those in their fifties, and 45%
thereafter. Again, it would seem that our population, as expected, has a higher prevalence of
the metabolic syndrome and presumably higher cardiovascular and diabetes risk than the
general population. However, it should be noted that our population is highly selected for
having impaired glucose tolerance but not diabetes. One might thus anticipate a less marked
prevalence relationship with age in the Diabetes Prevention Program, since we would be
increasingly eliminating participants with the metabolic syndrome who have also developed
diabetes as they age. The NHANES data from Ford and colleagues (3) also examined
prevalence by sex and, as in our population, showed little difference overall. The American
Diabetes Association recently redefined prediabetes by using a fasting plasma glucose criterion
(15) of greater than 5.6 mmol/L (>100 mg/dL). As anticipated, this increased the prevalence
of the condition but had little effect on the relative impact of the interventions on incidence.

Prevalence studies that have examined the association of the metabolic syndrome with
cardiovascular disease generally support the syndrome’s identification and prevention. The
Bruneck study (16), for example, reported that participants with the WHO definition of the
metabolic syndrome had an increased risk for both carotid and coronary disease after 5 years
of follow-up. Alexander and associates’ analysis of the NHANES III data (4) also suggests
that participants with the metabolic syndrome (with or without diabetes) have an increased
prevalence of coronary artery disease, thus further underscoring the potential benefit of
preventing or delaying the syndrome. However, these findings should be interpreted in the
context of other related states, for example, impaired glucose tolerance itself. The Diabetes
Epidemiology: Collaborative analysis Of Diagnostic criteria in Europe (DECODE) study
(17,18) recently firmly established a strong predictive role for all-cause and cardiovascular
mortality. Nonetheless, these interventions, especially the lifestyle intervention, should yield
cardiovascular benefit by improving glucose tolerance and the metabolic syndrome, no matter
how the risk is attributed between the two.

Our data, although derived from a volunteer population with impaired glucose tolerance but
not diabetes, provide potentially important clinical information concerning the metabolic
syndrome and its prevention. Although the population studied had moderately severe impaired
glucose tolerance (fasting plasma glucose level ≥5.3 mmol/L [≥95 mg/dL]), only 53% overall
had the metabolic syndrome, suggesting that this high-risk state is far from omnipresent even
in impaired glucose tolerance. Of particular note is the variation by age group of the
components contributing to the diagnosis. Waist circumference and low HDL cholesterol level
appear to be particular features of the younger participants with the metabolic syndrome, while
blood pressure is particularly important for the older participants. Triglyceride levels, on the
other hand, appear fairly constant for all ages. It is interesting to speculate whether this age
difference relates to the increasing conversion to diabetes (and thus study ineligibility) with
age or differences in perceived diabetes risk leading to Diabetes Prevention Program screening.
Similarly, the difference between the sexes is interesting: Waist circumference and low HDL
cholesterol level predominate in women and high fasting glucose level and high blood pressure
are more noticeable in men. Because the criteria for entry varied by ethnic group to some
degree, meaningful interpretation of ethnicity-specific data is limited, although it is important
to note that no heterogeneity was seen for treatment effects by ethnic group.

Because the metabolic syndrome is not consistent over age groups, these findings could be
interpreted as an argument for treating the individual risk factors themselves and not limiting
intervention to the syndrome. These findings also raise the issue recently addressed by Stern
and colleagues (19) that cardiovascular risk prediction is probably better addressed by
multivariable models than by categorizing participants by glucose tolerance status. Of interest,
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waist circumference and low HDL cholesterol levels were the best predictors in the San Antonio
Heart Study (12).

Particularly encouraging is the dramatic effect of life-style on both the incidence of new
metabolic syndrome (and its components) and on participants who had the syndrome at
baseline. The beneficial effect of lifestyle intervention on components other than glucose level
is particularly encouraging and provides important evidence of the value of this approach to
those with blood pressure, weight, and lipid disturbances in general. The intermediary effect
of metformin, which closely mirrors the pattern of results for the overall trial in terms of
diabetes prevention or delay, further underscores the preferential value of life-style as the initial
approach to prevention of the metabolic syndrome and its cardiovascular complications.

The complete lack of effect of metformin in women is surprising, given its overall effect on
diabetes prevention. This finding can be only partly related to the smaller sample available for
prevention of the metabolic syndrome. Sex differences in the prediction of the metabolic
syndrome have, however, been noted before. For example, Han and colleagues (20) reported
that C-reactive protein level predicted the metabolic syndrome in women but not men. It has
also been observed that metformin decreases basal testosterone levels in men (21) but not
women (22). In addition, the sex-specific criteria for the syndrome may play a role. These
criteria are somewhat arbitrary and may not effectively represent underlying metabolic
differences between the sexes. The reduced efficacy of metformin in participants with higher
baseline insulin levels also deserves further investigation, although it probably reflects a
relatively weaker effect of metformin on insulin resistance than that seen for lifestyle.

The dramatic effect of lifestyle on both the prevention of incident metabolic syndrome and
reduction of its overall prevalence appears to be most strongly related to a reduction in waist
circumference and in blood pressure and not, as might have been anticipated, through a
correction of the lipid abnormalities of triglycerides and HDL cholesterol. The incidence of
abnormal HDL cholesterol level was virtually identical by treatment group, while waist
circumference and frequency of hypertension were both significantly reduced by intensive
lifestyle intervention. It is interesting to speculate why lifestyle should have relatively little
effect on HDL cholesterol level but such a marked effect on blood pressure. Similar results
have been reported by the Finnish Diabetes Prevention Study (23). One possibility may be that
although total calories were reduced in the lifestyle group, the relatively greater focus on fat
content may have altered the ratio of polyunsaturated to saturated fats, which is related to HDL
cholesterol levels (24).

Although we were not able to determine the best way to define the metabolic syndrome as an
intervention target, or even whether to define it at all, future follow-up of the cohort will enable
us to determine whether this particular combination of risk factors or some other variation
better predicts cardiovascular outcomes. Naturally, our intervention results apply primarily to
persons with impaired glucose tolerance and cannot be immediately translated to other groups.

These data provide an extensive and detailed description of the metabolic syndrome in a high-
risk population and reveal important differences in composition of the syndrome by age and
sex. They also demonstrate the value of lifestyle intervention, in particular, in both the
prevention and treatment of this condition, above and beyond improvement in glycemia alone.
Lifestyle intervention may reduce cardiovascular risk in persons with impaired glucose
tolerance.
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Appendix Figure

Venn diagram of the components of the metabolic syndrome

Numbers are numbers of participants at baseline. The shaded sections represent participants
meeting the metabolic syndrome criteria as defined by the National Cholesterol Education
Program Adult Panel II. BP = blood pressure; HDL-C = high-density lipoprotein cholesterol;
TG = triglyceride.
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Figure 1.
Randomly assigned participants by treatment group and annual visit.
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Figure 2.
Development of the metabolic syndrome by intervention group in the Diabetes Prevention
Program.
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Figure 3.
Resolution of the metabolic syndrome by intervention group in the Diabetes Prevention
Program.

Orchard et al. Page 14

Ann Intern Med. Author manuscript; available in PMC 2008 August 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Orchard et al. Page 15
Ta

bl
e 

1
Pr

ev
al

en
ce

 o
f t

he
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
Its

 C
om

po
ne

nt
s b

y 
A

ge
 a

nd
 S

ex
 in

 th
e 

D
ia

be
te

s P
re

ve
nt

io
n 

Pr
og

ra
m

*

V
ar

ia
bl

e
A

ll 
Pa

rt
ic

ip
an

ts
(n

= 
32

34
)

A
ge

Se
x

<4
5 

y 
(n

= 
10

00
)

45
–5

9 
y 

(n
= 

15
86

)
≥6

0 
y 

(n
 =

 6
48

)
M

en
 (n

 =
 1

04
3)

W
om

en
 (n

 =
21

91
)

M
et

ab
ol

ic
 sy

nd
ro

m
e,

 n
 (%

)
17

11
 (5

3)
52

1 
(5

2)
86

8 
(5

5)
32

2 
(5

0)
55

0 
(5

3)
11

61
 (5

3)
W

ai
st

 c
irc

um
fe

re
nc

e,
 n

 (%
)†‡

25
32

 (7
8)

81
8 

(8
2)

12
40

 (7
8)

47
4 

(7
3)

65
6 

(6
3)

18
76

 (8
6)

Lo
w

 le
ve

l o
f H

D
L 

ch
ol

es
te

ro
l, 

n 
(%

)†‡
18

38
 (5

7)
69

8 
(7

0)
88

3 
(5

6)
25

7 
(4

0)
52

9 
(5

1)
13

09
 (6

0)
H

ig
h 

tri
gl

yc
er

id
e l

ev
el

s o
r r

ec
ei

vi
ng

 tr
ea

tm
en

t f
or

 h
ig

h
tri

gl
yc

er
id

e 
le

ve
ls

, n
 (%

)‡
14

72
 (4

6)
42

3 
(4

2)
76

4 
(4

8)
28

5 
(4

4)
52

2 
(5

0)
95

0 
(4

3)

H
ig

h 
fa

st
in

g 
pl

as
m

a 
gl

uc
os

e 
le

ve
l, 

n 
(%

)†‡
10

60
 (3

3)
30

7 
(3

1)
52

6 
(3

3)
22

7 
(3

5)
43

5 
(4

2)
62

5 
(2

8)
H

ig
h 

bl
oo

d 
pr

es
su

re
 o

r r
ec

ei
vi

ng
 tr

ea
tm

en
t f

or
 h

ig
h

bl
oo

d 
pr

es
su

re
, n

 (%
)†

14
60

 (4
5)

31
0 

(3
1)

74
0 

(4
7)

41
0 

(6
3)

56
9 

(5
5)

89
1 

(4
1)

* Th
e 

m
et

ab
ol

ic
 sy

nd
ro

m
e 

is
 d

ef
in

ed
 b

y 
us

in
g 

th
e 

N
at

io
na

l C
ho

le
st

er
ol

 E
du

ca
tio

n 
Pr

og
ra

m
’s

 A
du

lt 
Tr

ea
tm

en
t P

an
el

 II
I c

rit
er

ia
. H

D
L 

= 
hi

gh
-d

en
si

ty
 li

po
pr

ot
ei

n.

† P 
< 

0.
05

 fo
r c

om
pa

ris
on

s a
cr

os
s a

ll 
ag

e 
gr

ou
ps

.

‡ P 
< 

0.
05

 a
cr

os
s a

ll 
se

x 
gr

ou
ps

.

Ann Intern Med. Author manuscript; available in PMC 2008 August 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Orchard et al. Page 16
Ta

bl
e 

2
B

as
el

in
e 

Sp
ea

rm
an

 P
ar

tia
l C

or
re

la
tio

ns
 o

f 
M

et
ab

ol
ic

 S
yn

dr
om

e 
R

is
k 

Fa
ct

or
s 

an
d 

H
om

eo
st

as
is

 M
od

el
 A

ss
es

sm
en

t S
co

re
 f

or
 I

ns
ul

in
R

es
is

ta
nc

e 
A

dj
us

te
d 

fo
r A

ge
, S

ex
, a

nd
 E

th
ni

ci
ty

*

V
ar

ia
bl

e
T

ri
gl

yc
er

id
e 

L
ev

el
H

D
L

 C
ho

le
st

er
ol

 L
ev

el
Sy

st
ol

ic
 B

lo
od

 P
re

ss
ur

e
D

ia
st

ol
ic

 B
lo

od
 P

re
ss

ur
e

Fa
st

in
g 

Pl
as

m
a

G
lu

co
se

 L
ev

el
H

om
eo

st
as

is
 M

od
el

A
ss

es
sm

en
t S

co
re

 fo
r

In
su

lin
 R

es
is

ta
nc

e
W

ai
st

 c
irc

um
fe

re
nc

e
0.

07
−0

.2
5

0.
16

0.
19

0.
19

0.
44

Tr
ig

ly
ce

rid
e 

le
ve

l
–

−0
.3

9
0.

04
0.

05
0.

05
0.

19
H

D
L 

ch
ol

es
te

ro
l l

ev
el

–
–

0.
01

−0
.0

9
−0

.1
8

−0
.3

1
Sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e
–

–
–

0.
60

0.
13

0.
09

D
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e
–

–
–

–
0.

07
0.

14
Fa

st
in

g 
pl

as
m

a 
gl

uc
os

e 
le

ve
l

–
–

–
–

–
0.

31
* C

or
re

la
tio

ns
 w

ith
 a

bs
ol

ut
e 

va
lu

es
 o

f 0
.0

4 
or

 g
re

at
er

, 0
.0

5 
or

 g
re

at
er

, a
nd

 0
.0

6 
or

 g
re

at
er

 a
re

 st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 a

t P
 <

 0
.0

5,
 P

 <
 0

.0
1,

 a
nd

 P
 <

 0
.0

01
, r

es
pe

ct
iv

el
y.

 H
D

L 
= 

hi
gh

-d
en

si
ty

 li
po

pr
ot

ei
n.

Ann Intern Med. Author manuscript; available in PMC 2008 August 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Orchard et al. Page 17
Ta

bl
e 

3
Th

re
e-

Y
ea

r 
In

ci
de

nc
e 

an
d 

Pr
ev

al
en

ce
 o

f 
M

et
ab

ol
ic

 S
yn

dr
om

e 
C

om
po

ne
nt

s 
am

on
g 

D
ia

be
te

s 
Pr

ev
en

tio
n 

Pr
og

ra
m

 P
ar

tic
ip

an
ts

 b
y

Tr
ea

tm
en

t G
ro

up
*

M
et

ab
ol

ic
 S

yn
dr

om
e 

C
om

po
ne

nt
C

um
ul

at
iv

e 
In

ci
de

nc
e 

am
on

g 
Pa

rt
ic

ip
an

ts
 N

ot
 M

ee
tin

g 
C

ri
te

ri
on

 a
t

B
as

el
in

e,
 %

 (n
)

Pr
ev

al
en

ce
 a

m
on

g 
Pa

rt
ic

ip
an

ts
 M

ee
tin

g 
C

ri
te

ri
on

 a
t B

as
el

in
e,

 %
 (n

)

Pl
ac

eb
o 

G
ro

up
M

et
fo

rm
in

 G
ro

up
L

ife
st

yl
e 

G
ro

up
Pl

ac
eb

o 
G

ro
up

M
et

fo
rm

in
 G

ro
up

L
ife

st
yl

e 
G

ro
up

W
ai

st
 c

irc
um

fe
re

nc
e

33
 (2

41
)

15
 (2

22
)†

8 
(2

36
)†

93
 (5

15
)

89
 (4

92
)†

81
 (4

92
)‡

Lo
w

 H
D

L 
ch

ol
es

te
ro

l l
ev

el
70

 (4
29

)
67

 (4
90

)
68

 (4
77

)
87

 (3
98

)
79

 (3
33

)‡
78

 (3
77

)‡
H

ig
h 

tri
gl

yc
er

id
e 

le
ve

l
27

 (5
55

)
30

 (6
01

)
18

 (6
01

)†
73

 (3
05

)
72

 (2
89

)
60

 (2
86

)†
H

ig
h 

fa
st

in
g 

pl
as

m
a 

gl
uc

os
e 

le
ve

l
40

 (7
26

)
29

 (7
14

)†
28

 (7
34

)†
74

 (2
21

)
60

 (2
10

)†
55

 (2
10

)†
H

ig
h 

bl
oo

d 
pr

es
su

re
41

 (6
13

)
44

 (5
71

)
35

 (5
90

)†
81

 (2
97

)
80

 (3
07

)
68

 (2
62

)†
* N

um
be

rs
 in

 p
ar

en
th

es
es

 a
re

 n
um

be
rs

 a
t b

as
el

in
e.

 H
D

L 
= 

hi
gh

-d
en

si
ty

 li
po

pr
ot

ei
n.

† P 
< 

0.
00

1 
ve

rs
us

 p
la

ce
bo

.

‡ P 
< 

0.
05

 v
er

su
s p

la
ce

bo
.

Ann Intern Med. Author manuscript; available in PMC 2008 August 11.


