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Abstract
Background and Aims—Inflammation plays a role in the development of cardiovascular
disease (CVD). Elevated levels of the inflammatory marker, C-reactive protein (CRP), are cross-
sectionally associated with traditional CVD risk factors and are being considered as an emerging
CVD risk factor. In a secondary data analysis, we examined changes in CRP and several CVD risk
factors after one-year diet and exercise interventions to assess whether CRP changed concurrently
with other risk factors, or was independent of the traditional risk factors.

Methods and Results—Data were analyzed from 143 men and 133 women with dyslipidemia
who were randomized to one-year interventions of low-fat diet only, physical activity only, diet
plus physical activity, or control. Plasma high-sensitivity CRP, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, triglycerides (TG), fasting and 2-hr blood glucose
and insulin, blood pressure (BP), and waist circumference were obtained at baseline and follow-
up. Multiple linear regression models were used to predict CRP change based on other risk factor
changes, controlling for age, race, alcohol intake, and hormone replacement therapy. Treatment
groups were combined for analysis. Baseline mean (SD) CRP levels were 1.3±1.3 (men) and
1.9±1.8 mg/L (women), with mean changes of -0.11±1.3 and -0.17±1.5 mg/L, respectively.
Plasma CRP change was negatively associated with TG change in men (p=0.003) and women
(p=0.05), positively associated with change in systolic BP in men (p=0.01), but was not associated
with changes in the other risk factors.

Conclusion—Dietary and/or physical activity induced changes in CRP may be largely
independent of traditional CVD risk factors in persons with dyslipidemia.
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Introduction
Inflammation plays a significant role in the pathogenesis of atherosclerosis and the resultant
cardiovascular disease (CVD) [1]. There is also evidence that inflammation is involved in
the development of type 2 diabetes [2], metabolic syndrome [3], and metabolic syndrome
precursors such as insulin resistance and hyperglycemia [4]. C-reactive protein (CRP), an
acute-phase reactant, is a non-sensitive marker of inflammation. It may be able to provide
additional information over traditional CVD risk factors to identify those at risk for
developing CVD [5], although the biological mechanisms that would demonstrate an
independent association are not fully understood. It may contribute to the development of
atherosclerotic disease and, hence, directly enhance this process; however, it is also possible
that CRP may only be a marker of the inflammatory activity occurring in the lesions [6].
Thus, it is currently not clear whether CRP is a risk factor or a risk marker for CVD.

Cross-sectional analyses have repeatedly found that CRP levels are positively associated
with blood pressure (BP) [6,7], low-density lipoprotein (LDL-C) and total cholesterol [4,7],
fasting glucose [8], and triglyceride (TG) levels [6,7], and negatively associated with high-
density lipoprotein cholesterol (HDL-C) levels [4,6,7]. However, there is little information
on whether changes in traditional CHD risk factors are associated with change in CRP. One
study that assessed the effect of a low-fat diet weight loss program on CRP found that CRP
levels were not associated with change in lipids or glucose [9]. More information is needed
to better understand the relationship of changes in CHD risk factors and emerging risk
factors, such as CRP, with drug or lifestyle interventions.

We previously found that plasma CRP levels decreased significantly in response to a diet
and a diet plus physical activity intervention in women with metabolic syndrome, but no
change in CRP levels was found in men [10]. In the present study, we examined the
relationships between change in CRP and changes in CHD risk factors in a secondary
analysis of the Diet and Exercise for Elevated cardiovascular disease Risk (DEER) trial [11].
This data set is ideal for examining change in CRP and CVD risk factors because these
interventions have previously been shown to result in a number of beneficial effects on CHD
risk factors [11] and a high-quality diet and physical activity may improve CRP [12,13]. We
hypothesized that a decrease in BP and LDL-C and an increase in HDL-C would be
associated with decreases in CRP.

Methods
Study Population

The original DEER trial tested the effects of implementing a low-fat diet and physical
activity program individually and combined on plasma lipoprotein-lipid levels in individuals
with abnormal lipid profiles (i.e., low HDL-C and elevated LDL-C levels). Since HDL-C
levels are considered a CVD risk factor that differ for men and women, eligibility criteria for
men and women differed in the original DEER trial. Men between the years of 30 and 64
meeting the following criteria were eligible: HDL-C <45 mg/dL, plasma LDL-C of 126-189
mg/dL, and BMI <34 kg/m2. Women had to be post-menopausal and between the ages of 45
and 65 with HDL-C levels <60 mg/dL, LDL-C levels of 126-209 mg/dL, and BMI <32 kg/
m2. Other recruitment criteria for both sexes included resting BP <160/95 mmHg, TG levels
<500 mg/dL, fasting blood glucose <140 and <200 mg/dL after an oral glucose load, and
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normal results from a maximal treadmill exercise test. Exclusion criteria included history of
CVD, stroke, diabetes, cancer, or any other life-threatening illness, or current use of insulin,
BP, lipid-lowering or cardiac medications [11]. Participants were not required to be
sedentary or consume an unhealthful diet. The trial was approved by the Institutional
Review Board of the Stanford University School of Medicine and participants provided
written informed consent. The secondary data analysis performed for this report was
approved by the University of Maryland Institutional Review Board.

Individuals underwent assessments prior to randomization and again at the end of the one-
year trial. The same procedures were used to obtain baseline and follow-up measures.
Participant demographics and usual alcohol intake (drinks per week) were assessed from a
self-report survey. Stature was determined from a Harpenden stadiometer and body mass
from a standard beam balance; BMI was calculated as weight in kg/height in m2. Body
density was determined using standard equations from Jackson and Pollock based on 3
different skinfold sites in men and women [14,15]. These equations were developed in large
populations using underwater weighing as the criterion measure and were subsequently
validated in large independent cohorts. The Siri equation was used to calculate percent body
fat [16]. BP was manually measured over the brachial artery using a mercury
sphygmomanometer after a 5-min seated rest; two assessments were obtained and the mean
was calculated. Venous blood was obtained on two separate visits at baseline and one visit at
follow-up. Participants consumed 75 g of glucose after fasting blood samples were
collected. After two hours, blood was drawn to determine glucose tolerance. Fasting and 2-
hour insulin levels were also obtained. Blood samples were centrifuged and plasma was
stored in a -80° C freezer. For all assessments, participants were asked to fast for at least 12
hours and abstain from vigorous physical activity and alcohol consumption for at least 24
hours and from smoking for 1 hour.

Plasma high sensitivity CRP (hs-CRP) was measured in frozen plasma using a high-
sensitivity immunoturbidimetric assay using a Hitachi 917 analyzer (Roche Diagnostics,
Indianapolis, IN) using reagents and calibrators from DiaSorin (Stillwater MN). This assay
has a sensitivity of 0.03 mg/L, with day-to-day variability of 2.81%, 1.61%, and 1.1% at
concentrations of 0.91, 3.07, ad 13.38 mg/mL, respectively. Plasma cholesterol and TG
levels were measured using standard enzymatic techniques. Plasma HDL-C levels were
measured using dextran sulfate-magnesium precipitation and subsequent enzymatic
measurement of non-precipitated cholesterol. Very low-density lipoprotein cholesterol
(VLDL-C) was calculated and LDL-C was then calculated as total cholesterol minus HDL-C
and VLDL-C. Plasma glucose was analyzed by the National Health Laboratories (San
Diego, CA). Insulin was assessed using standard measures. Plasma lipoprotein-lipids,
glucose, and insulin were analyzed in 1994; CRP was analyzed in 2007. The samples had
not been thawed during this interval. CRP is highly stable when frozen at -70°C for periods
up to 20 years [17]. Each participant’s baseline and follow-up sample for CRP levels were
measured in the same assay to minimize the effects of inter-assay variation. One specimen
was available for measurement at each time point.

In the original DEER trial eligible participants were randomized to four groups: low-fat diet
only, physical activity only, combined low-fat diet and physical activity, and control [11].
Participants randomized to the low-fat diet and low-fat diet plus physical activity groups
were provided with recommendations to adopt the National Cholesterol Education Program
Step 2 diet [18]. Participants attended an individualized counseling session with a registered
dietitian, followed by eight group sessions to promote the dietary recommendations of <30%
of total calories from fat, <7% from saturated fat, and < 200 mg of cholesterol/day. Group
sessions addressed ways to replace fat with complex carbohydrates, low-fat dairy products,
and lean meats. The initial twelve-week adoption phase was followed by a six- to eight-
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month maintenance phase with monthly in-person, group, telephone, or mail contacts.
Weight loss was not emphasized. Participants in the diet-only group were asked to maintain
their current physical activity levels throughout the intervention period.

The goal in the physical activity and physical activity plus low-fat diet intervention groups
was for participants to engage in moderate-to-vigorous aerobic physical activity at a level
equivalent to at least 10 miles/week of brisk walking or jogging. This intervention began
with a one-on-one meeting with an exercise leader, followed by a six-week adoption phase
of supervised group exercise three times per week. A 7-8 month maintenance phase
followed during which participants could continue supervised group physical activity,
continue physical activity at home, or participate in a combination of group and home-based
programs. Participants in the physical activity-only treatment group were asked to maintain
their current dietary habits. Weight loss was not emphasized.

A total of 197 men and 181 women participated in the DEER trial. After eliminating
individuals who had missing CRP levels, missing CVD risk factor data, or initial CRP
values >10 mg/dL [19] (less than 10 participants), the sample used for this study consisted
of 143 men and 133 women. As we were interested in the relationships between changes in
CRP levels and CVD risk factors over the 1 year study time frame, and not specifically with
the different interventions, all individuals were collapsed into one group for the primary
analysis. Secondary analyses examined potential within treatment group associations.

Changes in CRP levels and the other risk factors were calculated as final minus initial
values. Multiple linear regression models were fit to predict change in CRP based on CVD
risk factor changes, with age, race (white or other race), and alcohol intake, and the other
CVD risk factors included as covariates. The Framingham Risk Score, a composite score for
CVD risk [20], was calculated and change analyzed using the same procedures, but because
the score contains several CVD risk factors, it was not included in the regressions. Hormone
replacement therapy use was controlled in the analysis for women. We conducted similar
analyses within each treatment group. Finally, participants were categorized based on their
baseline CRP levels (i.e., low < 1.0 mg/L; average 1.0–3.0 mg/L; high >3.0 to 10 mg/L) [19]
and CVD risk factor baseline levels and changes within these subgroups were compared
using one-way ANOVA. Data were analyzed using SAS version 9.1 (SAS Institute, Cary
NC) and statistical significance was set at P < 0.05.

Results
Participants were mostly white (85%), non-smokers (no men and 4 women smoked), and
most consumed less than 1 alcohol drink per day [10]. Baseline risk factors were consistent
with the original DEER trial design; participants had low HDL-C and elevated LDL-C, and
TG levels (Table 1). Body composition measures suggest participants were generally
overweight but not obese. BP and fasting and 2-hour glucose and insulin levels were within
normal ranges. Mean CRP levels placed participants at average CVD risk, although 11% of
men and 18% of women had baseline CRP levels in the high category. The average changes
for all of the CVD risk factors and CRP were in the favorable direction (Table 2).

The results from the multivariate regression analyses are displayed in Table 3. For men,
change in systolic BP and TG was significantly associated with change in CRP. For women,
only the relationship between the change in TG and CRP was significant. Change in the
Framingham risk score was not associated with change in CRP in either sex (data not
shown).

Regression analyses by treatment group status indicated several significant results in three of
the eight groups. For men in the diet plus physical activity group assignment change in CRP
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was associated with change in percent body fat (regression coefficient [SE] 0.270 [0.11],
P=0.02), change in 2-hour glucose (-0.03 [0.01], P=0.02), and change in fasting insulin
(-0.20 [0.08], P-0.03). For women in the delayed intervention, change in CRP was
associated with change in systolic BP (-0.14 [0.06], P=0.04). For women in the diet group,
change in CRP was associated with change in waist circumference (0.16 [0.06], P=0.05).

We examined these relationships further by determining if the changes in CVD risk factors
differed across initial CRP risk categories. There were significant differences in baseline
levels of CVD risk factors across CRP risk categories (Table 4), including BMI, percent fat,
waist circumference, systolic and diastolic BP, fasting and 2-hour glucose, and 2-hour
insulin in women, and BMI, percent fat, waist circumference, and LDL-C for men. No
significant differences were found for change in CVD risk factors or Framingham risk score
across baseline CRP risk categories.

Discussion
We found that CRP change was not concomitant with the changes in most of the traditional
CVD risk factors or the Framingham risk score following diet and physical activity
interventions. In the combined group analyses, the only significant co-occurring changes
with CRP were noted for systolic BP and TG in men and for TG in women. Within-
treatment group analyses found associations for change in CRP and change in percent fat,
waist circumference, systolic BP, glucose, and insulin, which were mostly in unexpected
directions except for the body composition variables. These results suggest that the CVD
and CRP changes resulting from these lifestyle interventions may be largely independent.

Accumulating evidence suggests that plasma CRP levels may independently predict CVD
risk. Ridker and colleagues demonstrated that within both Framingham risk score categories
and LDL-C categories, lower CRP levels were associated with lower risk of CVD events
[21]. Women with low LDL-C but high CRP were at higher risk than those with high LDL-
C but low CRP. Tuomisto et al. found that after adjusting for traditional CVD risk factors,
baseline plasma CRP levels predicted CVD events and total mortality in men, but not
women [22]. Data from the Framingham Heart Study demonstrated that including high CRP
in the risk prediction equation along with traditional CVD risk factors provided an 11.8%
improvement in predicting coronary heart disease outcomes [23]. Others have found high
plasma CRP levels to independently predict ischemic stroke [24].

The present study used diet and physical activity interventions to alter CVD risk factors and
CRP, whereas others examining this relationship have intervened with statin therapy. Nissen
et al. randomized participants with coronary artery disease to statin treatment and examined
CRP and lipid change [25]. They found changes in LDL-C of a magnitude 10-fold greater
than ours (LDL-C change -63 ± 44 compared with -7 ± 25 (men and women combined));
however CRP change was similar (-0.2 [interquartile range -1.9 to 0.8] vs -0.14 ± 1.4,
Nissen et al and our results, respectively). The association between change in LDL-C and
CRP was modest, but statistically significant (r = 0.13). They suggest that the statin-
mediated reduction in CRP is not likely to be a consequence of LDL-C change, but rather
from an independent statin effect on CRP [25]. Given the financial and quality of life costs
associated with lifelong use of statin therapy and the low magnitude of change in CRP
levels, more effort should be placed in promoting lifestyle changes for CRP reduction.

We found direct associations between change in systolic BP and change in CRP for men.
Pravenec and colleagues transgenically expressed human CRP in spontaneously
hypertensive rats and demonstrated that increased expression of the human CRP gene
increased BP, TG, and insulin response to a glucose tolerance test [26]. Their data suggest
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that increased CRP may attenuate nitric oxide availability, which may result in increased BP
and a deterioration of glucose and insulin metabolism. An animal model allows researchers
to examine potential mechanisms by which CRP may contribute to pathogenesis, but more
work is necessary to translate these results to humans. Nonetheless, the results suggesting
that increased CRP may result in higher BP needs exploration.

We did not expect to find a negative association between change in CRP and TG. Two of
the interventions included a low-fat diet, which is beneficial for lowering LDL-C but can
result in increased TG levels [27]. The DEER trial found a lower magnitude of TG change
for the diet only and diet plus exercise groups although there were no significant between-
group differences in plasma TG changes [11]. Testing a similar dietary intervention of 27%
total fat and 6% saturated fat, Erlinger et al. found that plasma TG levels increased in
participants with high CRP levels [28]. We also found that TG increased in men and women
with elevated CRP levels (≥ 3 mg/L), but only 11% of men and 18% of women in our
sample initially had high CRP levels. It is possible that inflammation, evidenced by high
CRP levels, may be a marker or determinant of an adverse TG response to a low-fat diet
[28].

This study has a number of strengths. We had sufficient sample size to analyze the results
separately for men and women. This is important, as it is well-documented that women have
higher CRP levels than men [29] and thus, may have a different response to lifestyle
interventions in terms of CRP levels. The sample was not taking any medications that could
alter other CVD risk factors and perhaps attenuate any potential associations between the
changes in CRP levels and CVD risk factors. We controlled for known influences on CRP
levels. Given the established influence of weight status and change in weight on CRP levels
[30] and traditional CVD risk factors, it is notable that change in percent body fat was not
associated with CRP change.

The study also has limitations. Participants were at high risk for developing CVD given their
dyslipidemic status. Our results may not be consistent when tested in participants with
different cardiometabolic profiles. Even though our participants were dyslipidemic, most
had initial CRP levels in the low or average categories. This study was a secondary analysis
of a trial that was designed for different primary outcomes.

In conclusion, we found that change in plasma CRP was largely independent of change in
most other traditional CVD risk factors in this at-risk, dyslipidemic population after 1-year
diet and physical activity interventions. Our results provide some evidence that CRP may be
largely independent from traditional CVD risk factors in persons with dyslipidemia.
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Table 1

Baseline values for study participants.

Men (n=143) Women (n=133)

Age (yr) 48.0±9.0 56.5±5.0

Body mass index (kg/m2) 26.8±2.8 26.2±3.2

Percent body fat (%) 21.7±4.3 32.0±5.3

Waist circumference (cm) 95.4±8.9 84.5±9.2

Systolic BP (mm Hg) 113±12 115±14

Diastolic BP (mm Hg) 76±8 73±86

LDL-C (mg/dL) 157±17 165±21

HDL-C (mg/dL) 35±5 45±7

Triglycerides (mg/dL) 166±66 155±69

Fasting glucose (mg/dL) 96.1±8.6 93.9±8.8

2-hour glucose (mg/dL) 98.4±31.3 102.6±30.4

Fasting insulin (μU/mL) 15.1±10.9 12.7±11.2

2-hour insulin (μU/mL) 83.3±76.2 76.6±67.1

Framingham risk score 7.7±6.3 1.8±1.9

C-reactive protein (mg/L) 1.3±1.3 1.9±1.8

C-reactive protein low category 85 (59%) 49 (37%)

C-reactive protein average category 43 (30%) 60 (45%)

C-reactive protein high category 15 (11%) 24 (18%)

Data are expressed as mean ± SD. For the C-reactive protein category variables, the values are the percentages of that sex group that had initial
plasma C-reactive protein levels in the low category (<1.0 mg/L), the average category (1.0 – 3.0 mg/L), or the high category (>3.0 mg/L).
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Table 2

One-year change (year 1 – baseline) in cardiovascular disease risk factors for all study participants.

Variable Men (n=143) Women (n=133)

ΔBody mass index (kg/m2) -0.64±1.3 -0.51±1.5

ΔPercent body fat (%) -1.02±3.5 -0.36±4.3

ΔWaist circumference (cm) -3.5±4.6 -3.1±5.5

ΔSystolic BP (mmHg) -0.75±8.8 -2.3±12.0

ΔDiastolic BP (mmHg) -0.27±6.8 -2.1±6.7

ΔLDL-C (mg/dL) -6.2±25.2 -7.8±23.9

ΔHDL-C (mg/dL) 0.63±5.1 0.93±7.5

ΔTriglycerides (mg/dL) -3.2±69.2 -2.95±58.6

ΔFasting glucose (mg/dL) -6.8±8.8 -6.3±11.7

Δ2-hour glucose (mg/dL) -11.1±28.0 -4.8±25.3

ΔFasting insulin (μU/mL) -2.5±10.2 -1.6±12.4

Δ2-hour insulin (μU/mL) -18.9±55.3 -14.4±44.8

ΔFramingham risk score -1.97±4.4 -0.44±1.6

ΔC-reactive protein (mg/L) -0.11±1.3 -0.17±1.5

Data are expressed as mean ± SD of the change from baseline to follow-up. Abbreviations: BP, blood pressure; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high density lipoprotein cholesterol; Framingham risk score [20]
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Table 3

Regression results evaluating associations between changes in cardiovascular disease risk factors and change
in plasma C-reactive protein level.

Men (n = 143) Women (n = 133)

Risk Factor Coefficient P Value Coefficient P value

Δ Percent body fat 0.018 (0.04) 0.64 -0.055 (0.04) 0.21

ΔWaist circumference 0.034 (0.03) 0.30 0.031 (0.04) 0.39

ΔSystolic BP 0.042 (0.02) 0.01 -0.023 (0.02) 0.14

ΔDiastolic BP -0.026 (0.02) 0.18 -0.0023 (0.03) 0.94

ΔLDL-C 0.0007 (0.005) 0.89 -0.007 (0.007) 0.29

ΔHDL-C -0.032 (0.03) 0.23 -0.004 (0.02) 0.86

ΔTriglycerides -0.006 (0.002) 0.003 -0.005 (0.003) 0.05

ΔFasting glucose -0.002 (0.01) 0.90 0.003 (0.01) 0.85

Δ2-hour glucose -0.009 (0.005) 0.06 0.0009 (0.007) 0.91

ΔFasting insulin 0.004 (0.01) 0.78 0.021 (0.02) 0.38

Δ2-hour insulin 0.002 (0.002) 0.34 0.007 (0.004) 0.11

Analyses controlled for the variables in the table, age, race (white or not), alcohol intake, and change in percent body fat. For women, analyses also
controlled for hormone replacement therapy. Values in parentheses for the coefficients are the SE. Abbreviations: BP, blood pressure; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; Framingham risk score [20]
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