Intensive Lifestyle Intervention or Metformin on
Inflammation and Coagulation in Participants With
Impaired Glucose Tolerance
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Increases in subclinical inflammation (C-reactive protein [CRP]) and impaired coagulation have been associated with increased obesity and insulin resistance. Only
a few small studies have examined the effect of lifestyle
changes, such as weight loss, increased physical activity,
and insulin-sensitizing intervention on inflammation
and coagulation. The Diabetes Prevention Program
(DPP) clinical trial studied the effect of an intensive
lifestyle intervention or metformin on progression to
diabetes relative to placebo in 3,234 adults with impaired glucose tolerance. The effects of these interventions on CRP and fibrinogen at 12 months are examined
in this report. Metformin reduced CRP in women compared with the placebo group. In men, the median
changes in CRP from baseline to 1 year were ⴚ33% in
the lifestyle group, ⴚ7% in the metformin group, and
ⴙ5% in the placebo group. In women, the changes in
CRP from baseline to follow-up were ⴚ29% in the
lifestyle group, ⴚ14% in the metformin group, and 0% in
the placebo group. In the lifestyle group weight loss
rather than increased physical activity seems to account
for most of the changes in CRP. Only modest reductions
(although significant) were seen in fibrinogen levels in
the lifestyle group relative to the metformin and placebo group. Lifestyle intervention reduced levels of
nontraditional cardiovascular risk factors relative to
both placebo and to a lesser degree to metformin.
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T

he risk of cardiovascular disease is markedly
increased in patients with type 2 diabetes. In
patients with newly diagnosed type 2 diabetes,
improved glycemic control is more strongly associated with risk of microvascular than with macrovascular disease (1). One explanation for the relatively
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stronger association of glycemia with micro- than with
macrovascular disease may be the presence of established
cardiovascular risk factors (blood pressure, triglycerides,
and HDL cholesterol) (2– 4) and excess cardiovascular
disease (5) before the onset of type 2 diabetes. Individuals
with impaired glucose tolerance (IGT) also have increased
frequency of traditional cardiovascular risk factors (6,7)
and an increased risk of type 2 diabetes (8) and cardiovascular disease (9,10).
Recently much interest has been focused on the role of
subclinical inflammation (11) as a nontraditional risk
factor for cardiovascular disease. Persons with IGT have
increased levels of C-reactive protein (CRP) (12) and
fibrinogen (13) in cross-sectional studies. High levels of
fibrinogen and CRP are related to obesity and insulin
resistance (12–15). Increased levels of CRP (4,16) and
fibrinogen (4) have been shown to predict the development of type 2 diabetes in prospective studies. Less
information is available on whether lifestyle changes (17–
20) or pharmacological interventions (21–23) reduce inflammation. Moreover, many of these studies are small and
of short duration.
The mechanisms by which interventions might reduce
cardiovascular disease in participants with impaired glucose tolerance are largely unexplored. The Diabetes Prevention Program (DPP) (24) provides an opportunity to
examine these issues because it includes a large population of participants with IGT who were randomly assigned
to treatment with intensive lifestyle or metformin or
placebo therapy. In 2002, the primary results of the DPP
study were reported (25). Intensive lifestyle reduced the
incidence of type 2 diabetes by 58% and metformin reduced the incidence of type 2 diabetes by 31%. In this
report, we examine the effects of intensive lifestyle and
metformin on levels of CRP and fibrinogen. We also
examine factors that may be related to changes in these
inflammatory or coagulation markers, particularly the effect of changes in obesity, physical activity, and insulin
resistance.
RESEARCH DESIGN AND METHODS
Details of the DPP protocol have been published (24). The current report
includes 3,234 participants seen at baseline. This number includes the three
treatment arms investigated in the DPP (i.e., standard lifestyle, intensive
lifestyle, and metformin) but not participants from the troglitazone arm, which
was discontinued. Individuals were recruited from a variety of sources based
on an increased risk for development of diabetes. Written informed consent
was obtained from all participants before screening consistent with the
Helsinki Declaration and the guidelines of each center’s institutional review
board.
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TABLE 1
Baseline characteristics by treatment group

n
Age (years)
Sex
No. males (%)
No. females (%)
Weight (kg)
BMI (kg/m2)
Waist (cm)
Waist-to-hip ratio
Physical activity (MET h/week)
Fasting glucose (mg/dl)
HbA1c (%)
HOMA-IR
Mean
Median
Fasting insulin (U/ml)
Mean
Median
Fibrinogen (mg/dl)
Men
Women
CRP (mg/l)
Men
Women
Median CRP (mg/l)
Men
Women

Overall

Placebo

Metformin

Lifestyle

3,234
50.6 ⫾ 10.7

1,082
50.3 ⫾ 10.4

1,073
50.9 ⫾ 10.3

1,079
50.6 ⫾ 11.3

1,043 (32.3)
2,191 (67.7)
94.2 ⫾ 20.3
34.0 ⫾ 6.7
105.1 ⫾ 14.5
0.92 ⫾ 0.09
16.3 ⫾ 25.8
106.5 ⫾ 8.3
5.9 ⫾ 0.5

335 (31.0)
747 (69.0)
94.3 ⫾ 20.2
34.2 ⫾ 6.7
105.2 ⫾ 14.3
0.92 ⫾ 0.08
17.0 ⫾ 29.0
106.7 ⫾ 8.4
5.9 ⫾ 0.5

363 (33.8)
710 (66.2)
94.3 ⫾ 19.9
33.9 ⫾ 6.6
104.9 ⫾ 14.4
0.93 ⫾ 0.09
16.4 ⫾ 25.9
106.5 ⫾ 8.5
5.9 ⫾ 0.5

345 (32.0)
734 (68.0)
94.1 ⫾ 20.8
33.9 ⫾ 6.8
105.1 ⫾ 14.8
0.93 ⫾ 0.09
15.5 ⫾ 22.1
106.3 ⫾ 8.1
5.9 ⫾ 0.5

7.1 ⫾ 4.2
6.2

7.1 ⫾ 4.2
6.2

7.2 ⫾ 4.1
6.2

7.0 ⫾ 4.3
6.0

26.7 ⫾ 15.2
24.0
383.8 ⫾ 85.4
356.46 ⫾ 77.83
396.75 ⫾ 85.74
5.90 ⫾ 7.38
3.22 ⫾ 5.32
7.18 ⫾ 7.87
3.7
1.9
4.9

26.7 ⫾ 15.0
24.0
386.4 ⫾ 85.7
357.34 ⫾ 80.96
399.37 ⫾ 84.59
6.06 ⫾ 7.66
3.07 ⫾ 3.59
7.40 ⫾ 8.57
3.8
2.0
5.1

27.0 ⫾ 14.9
24.0
379.7 ⫾ 84.7
353.00 ⫾ 80.12
393.40 ⫾ 83.76
5.82 ⫾ 7.97
3.28 ⫾ 7.11
7.11 ⫾ 8.07
3.5
1.8
4.7

26.5 ⫾ 15.5
23.0
385.2 ⫾ 85.6
359.26 ⫾ 72.15
397.33 ⫾ 88.74
5.83 ⫾ 6.44
3.31 ⫾ 4.47
7.01 ⫾ 6.87
3.8
2.0
5.0

Data are means ⫾SD unless otherwise indicated.
Inclusion criteria included a fasting plasma glucose value of 95–125 mg/dl
and a 2-h postchallenge glucose value of 140 –199 mg/dl after a 75-g glucose
load, age ⱖ25 years, and BMI ⱖ24 kg/m2 (ⱖ22 kg/m2 for Asian Americans
because of differences in body size in this population). Major exclusions
included a recent myocardial infarction, symptoms of coronary heart disease,
major illness, prior diagnosis of diabetes, use of medications known to impair
glucose tolerance or triglyceride level ⱖ600 mg/dl. Standardized intervieweradministered questionnaires were used to obtain data on personal medical
history, medications, and diet. Self-reported race/ethnicity was classified
according to the question used in the 1990 U.S. Census questionnaire (26).
Adiposity was assessed by BMI. Waist circumference was measured in
standing participants as midway between the highest point of the iliac crest
and the lowest point of the costal margin. Self-reported levels of leisure
physical activity were assessed annually with the Modifiable Activity Questionnaire. Physical activity was calculated as the product of the duration and
frequency.
Participants were randomly assigned to one of three interventions: metformin at a dose of 850 mg twice a day, placebo, or an intensive program of
lifestyle intervention, low-fat diet, and engagement in physical activity of
moderate intensity, such as brisk walking, for at least 150 min/week. Details
have been published (24).
Laboratory methods. All analytical measurements were performed on blood
collected after an overnight fast at the Central Biochemistry Laboratory
(Northwest Lipid Research Laboratories, University of Washington, Seattle,
WA). Plasma glucose was measured on an autoanalyzer by the glucokinase
method. HbA1c was measured by a dedicated ion-exchange high-performance
liquid chromatography instrument. Insulin measurements were performed by
a polyethylene glycol–accelerated double-antibody radioimmunoassay
method developed in the Diabetes Endocrinology Research Center Immunoassay Core Laboratory at the University of 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 (HOMA-IR) was calculated as follows (27):
HOMA IR ⫽

fasting insulin U/ml ⫻ fasting glucose (mmol/l )
22.5

High-sensitivity CRP and fibrinogen levels in plasma were measured immunochemically using Dade-Behring reagent on the Behring Nephelometer
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autoanalyzer, which uses polystyrene particles coated with monoclonal
antibodies specific to the ligand. The intra- and interassay coefficients of
variation for CRP were 4 and 5%, respectively. The intra- and interassay
coefficients of variation for fibrinogen were 3 and 5%, respectively.
Statistical analyses. Participants were followed for an average of 3.2 years
from the start of the study in June 1996 through July 2001, a period 4 months
longer than previously reported. This period was chosen to maximize the
available data that were collected during the masked phase, since unmasking
occurred in early August 2001. Baseline characteristics were described using
medians with interquartile range and means with SD for quantitative variables
as appropriate. Comparisons among groups at baseline were made using
ANOVA for quantitative variables and the 2 test of independence for
categorical variables. The nominal P values are listed with no adjustment for
multiple comparisons. Partial Spearman correlation and its P value were used
to summarize the association between two variables when adjusting for other
covariates. Fixed-effects models with the assumption of normally distributed
errors (28) were used to assess differences over time in weight, BMI, fasting
plasma glucose, HOMA-IR, waist girth, and physical activity among the three
treatment groups. The changes from baseline for fibrinogen and CRP are
summarized as the percent change from baseline and calculated as [100 ⫻
(follow-up value ⫺ baseline value)/baseline value]. The differences in the
median percent changes at 6 months and year 1 were tested using the
nonparametric Wilcoxon’s test.

RESULTS

Table 1 shows baseline characteristics both in the overall
population and by treatment group. As might be expected,
participants in three treatment groups have similar baseline
demographic, anthropometric, metabolic, and inflammatory
characteristics. Sixty-eight percent of the participants were
women and the average BMI was 34 kg/m2. Participants
generally displayed high levels of CRP (5.90 mg/l) and fibrinogen (384 mg/dl) (compared with multiethnic populations
such as the Insulin Resistance Atherosclerosis Study [IRAS])
1567
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TABLE 2
Baseline partial Spearman’s correlation* among inflammation, hemostatic, and metabolic variables
Baseline correlations
Fasting glucose
HbA1c
HOMA-IR
Fasting insulin
CRP
Fibrinogen
Physical activity
Waist
WHR
BMI

Fasting
glucose
1.00

HbA1c

HOMA-IR

0.31
1.00

0.33
0.15
1.00

Fasting
insulin
0.21
0.12
0.99
1.00

CRP

Fibrinogen

0.05
0.13
0.19
0.20
1.00

0.10
0.21
0.18
0.18
0.50
1.00

Physical
activity
⫺0.02
⫺0.03
⫺0.10
⫺0.10
⫺0.06
⫺0.06
1.00

Waist

WHR

BMI

0.17
0.14
0.44
0.43
0.36
0.29
⫺0.14
1.00

0.10
0.06
0.27
0.27
0.14
0.09
⫺0.03
0.56
1.00

0.17
0.13
0.42
0.42
0.38
0.32
⫺0.15
0.86
0.30
1.00

P ⬍ 0.01 for absolute Spearman’s correlations of 0.06 or more. *Adjusted for age, sex, and ethnicity. WHR, waist-to-hip ratio.

(12,13) compatible with the high rates of obesity and insulin
resistance in the DPP cohort.
Table 2 shows baseline correlations for selected variables. Both BMI and waist circumference are significantly
correlated with CRP and fibrinogen. The magnitude of the
correlations for BMI and waist circumference are very
similar, which is not surprising given the very high correlation between BMI and waist circumference in this study
(r ⫽ 0.86). Fasting glucose and HOMA-IR are also significantly correlated with CRP and fibrinogen although the
magnitude of the correlation is weaker than that for BMI
and waist circumference.
Table 3 shows the results for changes in weight, physical activity, HOMA-IR, and fasting glucose after 1 year of
intervention. The lifestyle group showed greater changes
in weight, physical activity, HOMA-IR, and fasting glucose
than the placebo or the metformin group. The metformin
group had significantly greater reductions in weight,
HOMA-IR, fasting insulin, and glucose than the placebo
group. The reduction in weight was similar at 6 months
and at 1 year for the lifestyle intervention.
The change in fibrinogen from baseline to 1 year was
⫺2.0% in the lifestyle group, ⫺0.3% in the metformin
group, and ⫹0.5% in the placebo group (lifestyle vs.
metformin: P ⫽ 0.001; lifestyle vs. placebo: P ⬍ 0.001;
metformin vs. placebo: NS).
CRP was measured at both 6 and 12 months (Fig. 1).

Because CRP levels were much higher in women than in
men, (as in other studies) (12) sex-specific effects of
intervention are shown. In men, the median change in CRP
from baseline to 1 year was ⫺33% in the lifestyle group,
⫺7% in the metformin group, and ⫹5% in the placebo
group (lifestyle vs. metformin: P ⬍ 0.001; lifestyle vs.
placebo: P ⬍ 0.001; metformin vs. placebo: P ⫽ 0.006). In
women, the median change in CRP from baseline to 1 year
was ⫺29% in the lifestyle group, ⫺14% in the metformin
group, and 0% in the placebo group (lifestyle vs. metformin: P ⬍ 0.001; lifestyle vs. placebo: P ⬍ 0.001; metformin vs. placebo: P ⬍ 0.001). The CRP levels continued
to decline from 6 months to 1 year in both men and women
in the lifestyle group despite no additional weight loss
during this interval (Table 3).
To understand whether the greater changes in the
variables were due to changes in weight, physical activity,
or insulin resistance, partial Spearman correlations were
calculated for the change in CRP and fibrinogen (Tables 4
and 5). In Table 4 (demographic adjustment), CRP was
significantly correlated with changes in HOMA-IR, fasting
glucose, and weight but not with changes in physical
activity. In contrast, fibrinogen was not highly correlated
with changes in demographic or metabolic variables. The
change in CRP was highly correlated with the change in
fibrinogen (r ⫽ 0.36). In Table 5, adjustment was made for
demographic variables and change in weight. The addi-

TABLE 3
Mean changes from baseline by treatment group

n
Weight (kg)
At 6 months
At year 1
BMI (kg/m2)
At 6 months
At year 1
Fasting glucose (mg/dl)
At 6 months
At year 1
HOMA-IR at year 1
Waist (cm) at year 1
Waist-to-hip ratio at year 1
Activity at year 1 (MET h/week)

Placebo

Metformin

Lifestyle

1082

1073

1079

⫺0.32 ⫾ 0.14 (⫺0.3)
⫺0.42 ⫾ 0.17 (⫺0.4)

⫺2.26 ⫾ 0.14 (⫺2.4)
⫺2.72 ⫾ 0.17 (⫺2.9)

⫺6.73 ⫾ 0.14 (⫺7.2)
⫺6.76 ⫾ 0.17 (⫺7.2)

⬍0.001
⬍0.001

⫺0.12 ⫾ 0.05 (⫺0.4)
⫺0.15 ⫾ 0.06 (⫺0.4)

⫺0.81 ⫾ 0.05 (⫺2.4)
⫺0.97 ⫾ 0.06 (⫺2.9)

⫺2.41 ⫾ 0.05 (⫺7.1)
⫺2.42 ⫾ 0.06 (⫺7.1)

⬍0.001
⬍0.001

0.20 ⫾ 0.30 (0.2)
0.63 ⫾ 0.36 (0.6)
0.36 ⫾ 0.13 (5.1)
⫺0.69 ⫾ 0.19 (⫺0.7)
⫺0.002 ⫾ 0.001 (⫺0.2)
1.39 ⫾ 0.72 (8.2)

⫺3.99 ⫾ 0.30 (⫺3.7)
⫺4.18 ⫾ 0.36 (⫺3.9)
⫺1.10 ⫾ 0.13 (⫺15.3)
⫺2.23 ⫾ 0.19 (⫺2.1)
⫺0.008 ⫾ 0.001 (⫺0.9)
1.65 ⫾ 0.72 (10.0)

⫺4.66 ⫾ 0.30 (⫺4.4)
⫺4.94 ⫾ 0.36 (⫺4.6)
⫺1.59 ⫾ 0.12 (⫺22.7)
⫺6.36 ⫾ 0.19 (⫺6.1)
⫺0.021 ⫾ 0.001 (⫺2.3)
6.60 ⫾ 0.72 (42.6)

⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001

P*

Data are means ⫾SE (% of baseline); % baseline is derived by dividing the mean at baseline with the mean change. *P value represents the
mean difference in characteristics among the three treatment groups using ANOVA.
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FIG. 1. Median percentage of change in CRP from baseline at month 6 and year 1 by sex. The data are presented as mean (gray dot), median (white
line), and 25th (top of the gray box) and 75th percentiles (bottom of the gray box). At 6 months and at year 1 after randomization, the Wilcoxon’s
test yielded P < 0.001 for intensive lifestyle vs. metformin and intensive lifestyle vs. placebo in both men and women. After 6 months and 1 year
of intervention, the P value from the Wilcoxon’s test between metformin vs. placebo was <0.001 for women. Among men, the Wilcoxon’s test for
comparing metformin vs. placebo yielded P ⴝ 0.01 at 6 months and 0.006 at year 1.

tional adjustments for change in weight in Table 5 had only
modest effects on the correlations with CRP or fibrinogen.
In these models, CRP and fibrinogen were not highly
correlated with changes in glucose or HOMA-IR. After
further adjustment for a change in weight, CRP and
fibrinogen remain highly correlated. We also examined
whether the changes in CRP and fibrinogen by treatment
group (see Fig. 1) were explained by a weight change and
a change in physical activity in multiple linear regression

analysis. Changes in CRP and fibrinogen in the lifestyle
group were partially explained by changes in weight. A
change in physical activity was not correlated with a
change in CRP and fibrinogen.
DISCUSSION

In this report, we demonstrate the beneficial effects of an
intensive lifestyle intervention on concentrations of CRP

TABLE 4
Partial Spearman’s correlations* of year 1 change from baseline adjusted for demographics and treatment
Change in characteristic
Fasting glucose
HbA1c
HOMA-IR
Fasting insulin
CRP
Fibrinogen
Physical activity
Waist
WHR
BMI

Fasting
glucose
1.00

HbA1c

HOMA-IR

0.23
1.00

0.51
0.21
1.00

Fasting
insulin
0.39
0.19
0.98
1.00

CRP

Fibrinogen

0.09
0.09
0.11
0.10
1.00

0.05
0.01
0.05
0.04
0.36
1.00

Physical
activity
⫺0.04
⫺0.07
⫺0.05
⫺0.04
⫺0.03
⫺0.01
1.00

Waist

WHR

BMI

0.24
0.20
0.25
0.23
0.14
0.03
-0.10
1.00

0.11
0.09
0.13
0.12
0.06
0.03
⫺0.05
0.62
1.00

0.31
0.30
0.34
0.32
0.19
0.02
-0.12
0.58
0.19
1.00

*Adjusted for age at randomization, sex, and race plus treatment status. P ⬍ 0.01 for absolute Spearman’s correlations of 0.05 or more. WHR,
waist-to-hip ratio.
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TABLE 5
Partial Spearman’s correlations* of year 1 change from baseline adjusted for demographics, treatment, and BMI
Change in characteristic
Fasting glucose
HbA1c
HOMA-IR
Fasting insulin
CRP
Fibrinogen
Physical activity
Waist
WHR

Fasting
glucose
1.00

HbA1c

HOMA-IR

0.23
1.00

0.51
0.21
1.00

Fasting
insulin
0.38
0.19
0.98
1.00

CRP

Fibrinogen

0.09
0.09
0.11
0.10
1.00

0.05
0.01
0.05
0.04
0.36
1.00

Physical
activity
⫺0.04
⫺0.07
⫺0.04
⫺0.04
⫺0.03
⫺0.01
1.00

Waist

WHR

0.22
0.20
0.24
0.23
0.14
0.03
⫺0.09
1.00

0.10
0.09
0.12
0.12
0.06
0.03
⫺0.05
0.62
1.00

*Adjusted for age at randomization, sex, and race plus treatment status and BMI. P ⬍ 0.01 for absolute Spearman’s correlations of 0.05 or
more. WHR, waist-to-hip ratio.

and fibrinogen in adults with IGT. Previous studies of
lifestyle interventions and CRP involved less than 50
participants (principally women) (17,18,29). In the current
report, we show an ⬃30% reduction in CRP levels in both
sexes. This reduction in CRP occurred despite only a 7%
decline in weight achieved at 6 months and is comparable
to the 25% reduction in CRP levels reported with starting
doses of statins (pravastatin 40 mg, simvastatin 20 mg, and
atorvastatin 10 mg) (30). The current study shows very
high CRP levels compared with previous studies
(12,16,18,31), which probably reflects the nearly universal
overweight and insulin resistance in the DPP cohort.
Baseline waist and BMI were strongly correlated with
HOMA-IR, CRP, and fibrinogen (Table 2). However at
baseline, physical activity was only modestly inversely
correlated with HOMA-IR, CRP, and fibrinogen (although
significant at P ⬍ 0.01). The analysis based on change
between baseline and 1 year presented in Tables 4 and 5
also suggests that the reduction in CRP is more closely
related to weight loss than to increases in physical activity.
However, this result needs to be interpreted with caution
because the DPP intensive lifestyle intervention combined
both weight loss and increased physical activity and
because weight loss is more easily and precisely measured
than the amount of exercise (which was based on selfreport from three questionnaires).
Although baseline HOMA-IR (a surrogate for insulin
resistance) and CRP levels were moderately correlated
(r ⫽ 0.19) (Table 2), a change in HOMA-IR was only
modestly correlated with a change in CRP (r ⫽ 0.11, P ⬍
0.001) in Tables 4 and 5. Previous cross-sectional analyses
have suggested that high levels of CRP are strongly related
to insulin concentrations (15) and insulin resistance (12).
Indeed, a recent article from the IRAS in prediabetic
participants (the majority of whom have IGT) reported
that elevated levels of CRP were more closely related to
insulin resistance than to obesity (32). The IRAS used the
frequently sampled intravenous glucose tolerance test, a
direct measure of insulin resistance, not the HOMA-IR, to
distinguish high and low insulin sensitivity. It has been
reported that insulin sensitizers such as thiazolidinedione
may lower CRP by 20 – 60% (21–23) despite no weight
change or perhaps even a small weight increase. Therefore, it is not clear why changes in insulin resistance did
not strongly predict changes in CRP in the DPP study, but
it may be partially a measurement issue related to the use
1570

of the HOMA-IR or perhaps to the severity of obesity in the
DPP population; thus, a truncated distribution of obesity
and insulin resistance may be responsible for the attenuation in the relation of CRP with insulin resistance and
obesity.
In this report, we showed a larger reduction in CRP
levels with lifestyle change than with metformin. In fact,
the reduction in CRP levels at 1 year with metformin
(⫺7%) was statistically significant compared with placebo
(⫹5%) in men (P ⫽ 0.006). No previous trials have compared the effect of metformin versus intensive lifestyle.
The suggestion from this report is that metformin may
have only a modest effect on CRP reductions. In a small
report that compared metformin and troglitazone in type 2
diabetic patients, the reduction in CRP was greater with
troglitazone than with metformin (23).
Consistent with earlier reports, we also observed reductions in fibrinogen with intensive lifestyle interventions
(19,20). The reduction in fibrinogen with lifestyle was
modest. The correlation of baseline HOMA-IR and fibrinogen was moderate (r ⫽ 0.18, P ⬍ 0.001). Additionally, the
change in HOMA-IR was only modestly correlated with
change in fibrinogen (r ⫽ 0.05) (Table 5).
The role of subclinical inflammation as a predictor of
cardiovascular disease has been widely accepted (11,31).
However, it is not clear whether CRP represents a risk
factor for cardiovascular disease or is a risk marker.
Several lines of evidence suggest that CRP may be etiologically involved in the development of cardiovascular
disease, including inhibition of nitric oxide synthesis (33),
increases in monocyte chemoattractant protein 1 (34),
impairment in endothelial dysfunction (35), and increases
in plasminogen activator inhibitor 1 expression in human
aortic endothelial cells (36). If the reduction in CRP
precedes reductions in cardiovascular disease, over the
long term, lifestyle intervention may be associated with a
significant reduction in cardiovascular disease as appears
to be the case with other interventions such as hydroxymethylglutaryl-CoA reductase inhibitors. Over the 2.8 years
of the DPP active intervention, participants had too few
cardiovascular events to test this hypothesis (25). A 5-year
follow up of the DPP study is currently underway.
In conclusion, intensive lifestyle intervention reduced
levels of nontraditional cardiovascular risk factors both
relative to placebo and to a lesser degree relative to
metformin. These significant reductions were achieved
DIABETES, VOL. 54, MAY 2005
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despite a relatively modest weight loss of ⬃6 –7% over the
1st year with most participants still being obese at the end
of 1 year. The DPP study suggests that not only does
intensive lifestyle intervention reduce the risk of developing type 2 diabetes but also it has effects on risk markers
that may eventually reduce the risk of cardiovascular
disease.
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