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Abstract
C-reactive protein (CRP) is a marker of metabolic and cardiovascular disease. To study the
effects of lifestyle on CRP in a high-risk population we conducted a randomized controlled trial
on 200 obese subjects (BMI�27 kg m�2) with impaired glucose tolerance recruited from
primary care settings. They were randomized to either a 1-month stay at a wellness centre
focusing on diet, exercise and stress management (intervention group) or 30�60 min of oral and
written information on lifestyle intervention (control group). A significant reduction of CRP
was observed after 1 month and 1 year in the intervention group. They reduced their CRP levels
more than the control group 1 year after intervention (p�0.004). In conclusion lifestyle
intervention can decrease CRP in obese individuals with impaired glucose tolerance for up to 1
year. Further research is needed to evaluate whether the CRP level reduction translates into a
decreased risk for cardiovascular morbidity.
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Introduction

Obesity and impaired glucose tolerance are associated with a wide range of

cardiovascular diseases (CVDs) (DeFronzo & Ferrannini 1991, Reaven 1998). Obese

individuals have an elevated high-sensitivity C-reactive protein (CRP) level, possibly

mediated via interleukin (IL)-6 secreted from adipose tissue (Yudkin et al. 1999). This

is suggested to reflect a systemic low-grade inflammation (Visser et al. 1999). Even

CRP elevations at this low level are independently associated with an increased risk of

an array of CVDs in individuals with no previous history of CVD as well as after

established CVD (Bassuk et al. 2004).

CRP has also been associated with several features of the metabolic syndrome

(Fröhlich et al. 2000), and is an independent predictor for the development of type 2
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86, Skellefteå, Sweden. Tel.: �46 910 771 294. E-mail: jonas.so.andersson@vll.se

ISSN 1354-750X print/ISSN 1366-5804 online # 2008 Informa UK Ltd.

DOI: 10.1080/13547500802661266

Biomarkers, 2008; 13(7�8): 671�679

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



diabetes (Pradhan et al. 2001). Altogether, CRP might not only be a predictor of

atherosclerotic disease, the inflammatory disease of the vessels (Ross 1999), but also a

measure of the components of the metabolic syndrome and obesity leading to

atherosclerosis. Today we have an increasing body of evidence of the beneficial effects

of lifestyle change (Galani & Schneider 2007), but there is still little knowledge of how

to obtain and maintain this healthier lifestyle.

We hypothesize that increased physical activity and weight reduction should result

in a decrease in CRP. Therefore our primary aim was to study whether or not CRP

could be reduced through lifestyle intervention in obese individuals with impaired

glucose tolerance. A secondary aim was to evaluate if changes of CRP could be

maintained over time.

Methods

Between the years 1985 and 1994 the Västerbotten Intervention Programme (VIP)

(Weinehall 1997), a community intervention programme on CVD and diabetes,

examined approximately 28 000 subjects aged 30, 40, 50 and 60 years. All

participants with a normal fasting glucose value were offered an oral glucose tolerance

test (OGTT) according to World Health Organization (WHO) standards (WHO

1985). From the VIP database an invitation was sent out by mail to the 650

individuals who fulfilled the inclusion criteria defined as an abnormal OGTT and a

body mass index (BMI)�27 kg m�2; 345 individuals expressed interest in partici-

pation and accepted the randomized design of the study.

We excluded 41 subjects who had already participated in a lifestyle modification

programme and three subjects who were deemed too ill to participate. The Glucose

Tolerance Study within VIP (GT-VIP) was formed by the remaining 301 subjects of

whom 100 were randomized to the intensive intervention group (IIG) and 100 to the

usual care group (UCG) (Lindahl 1999). The remaining subjects (n�101) were

assigned as substitutes. Twenty substitutes were enrolled in the IIG and eight in the

UCG. Another six participants withdrew their participation from the UCG before

the study start, but for logistic reasons they were not replaced by substitutes. The

participants in the IIG were admitted to the wellness centres within 4�9 weeks from

randomization. The reason for this delay was purely practical as the centres could

not admit all subjects at once. Baseline was set to the time of admittance to the

wellness centre. In the present substudy, one subject in the IIG was excluded as the

CRP level at baseline was missing, thus leaving 99 participants in the IIG and 94

participants in the UCG.

The standard programme (usual care group, UCG)

The participants randomized to the UCG underwent a health survey with physical

examination, an OGTT and blood sampling at their health-care centre or by their

general practitioner. The survey ended with a counselling session for 30�60 min

conducted by a specially trained nurse. The participants were given both oral and

written advice (see Appendix) focusing on lifestyle intervention towards impaired

glucose tolerance and obesity. The protocol and a new short counselling session were

repeated at follow-up after 12 months.
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The intensive intervention programme (intensive intervention group, IIG)

The participants randomized to the IIG were divided into two groups and 50

individuals were simultaneously admitted for a 1-month stay with full room and board

at Sorsele (n�20) or at Vindeln (n�30) wellness centres owned by the County

Council. A physical examination with blood sampling and an OGTT were conducted

after an overnight fast on the first or second morning from admittance.

The programme included approximately 140 h of scheduled activities including

exercise of low to moderate intensity daily for 2.5 h, e.g. brisk walks, gymnastics,

cycling and swimming. The diet served contained approximately 20% of energy from

fat and a relatively high fibre content. Recommended portion sizes were calculated to

approximately 7.6 MJ (1800 Kcal) for men and 6.3 MJ (1500 Kcal) for women

leading to a slow but persistent weight decline. Alcoholic beverages were not allowed

and smoking cessation was strongly encouraged. Useful and health-promoting coping

strategies together with stress management and relapse-prevention techniques were

emphasized (Marlatt & Gordon 1985). The participants were encouraged to make

plans on how to incorporate healthy lifestyle changes in everyday life. The

examination protocol, together with additional learning sessions, were repeated

during a 4-day stay at follow-up 12 months later. A phone call, asking for the status

of the lifestyle change, was placed to the participants in the IIG at 6 months and 2

years from the study start. Furthermore, in both study groups similar follow-up

visits, including a health examination and blood sampling, were carried out at 3 and

5 years.

A power calculation showed that 99 participants in each group with a standard

deviation of 5 would detect a decrease in CRP from 3 mg l�1 to 1 mg l�1 at a power of

80%. As CRP levels�3 mg l�1 are associated with higher cardiovascular risk and B1

mg l�1 with lower cardiovascular risk such a decrease would potentially have a clinical

importance (Bassuk et al. 2004, Pearson et al. 2003).

Measurements

Body weight was measured in light indoor clothing and recorded to the nearest

kilogram. Height was measured to the nearest centimetre without shoes. Smokers

were defined as those reporting daily smoking; ex-smokers and occasional smokers

were defined as non-smokers. An OGTT was performed according to the WHO

standard using a 75-g anhydric glucose load with measurement of plasma glucose after

2 h (WHO 1985). Venous blood was sampled in K3-EDTA tubes in the morning after

an overnight fast for the analysis of fasting plasma insulin, plasma total cholesterol and

triglyceride concentrations. Insulin was measured using a highly sensitive two-site

sandwich enzyme-linked immunosorbent assay (Andersen et al. 1993). Total

cholesterol and triglycerides were analysed using kits from Roche/Boehringer (Man-

nheim, Germany). Low-density lipoprotein (LDL) and high-density lipoprotein

(HDL) cholesterol were measured by direct, homogeneous assays based on detergent

treatment of the serum or plasma (N-geneousTM HDL-c and N-geneousTM LDL

reagents, respectively, from Genzyme Corporation, Cambridge, MA, USA). CRP was

determined in plasma with Tina-quant CRP (Latex) high-sensitivity assay using a

Hitachi 911, a chemistry analyser with an ISE System and phonometric measuring

device. All samples were thawed and analysed at the same time.
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Statistical analysis

Statistical Package for the Social Sciences version 11.5.1 (SPSS Inc., Chicago, IL,

USA) was used for the statistical analysis. Several variables including CRP had a

skewed distribution and analysis was in those cases performed using non-parametric

tests. The Mann�Whitney U test was used for calculations between the two treatments

groups and the Wilcoxon signed ranks for calculations within the groups. In linear

regression analysis the dependent variable CRP was log-transformed. Relationships

between changes in CRP (from baseline to a maximum decrease in CRP) and changes

in body weight, glucose and insulin were analysed with linear regression in the IIG.

Differences between groups of categorical variables were calculated using x2 tests with

p B0.05 considered statistically significant. Analysis was made according to intention

to treat.

Approvals

The study was approved by the Research Ethics Committee at Umeå University. The

participants gave informed consent according to the Helsinki Declaration.

Results

Baseline data on the 193 patients enrolled in the study are described in Table I.

There were no differences between treatment groups in age, blood pressure, total

Table I. Baseline characteristics.

Intense intervention (n�99)

Mean9SD (Q1/median/Q3)

Usual care (n�94) Mean9SD

(Q1/median/Q3) p-Value

Age (years) 52.599.1 (50/60/60) 53.898.3 (50/60/60) 0.33

Sex (M/F) 33/66 37/56 0.37

Smokers (yes/no)

(missing)

7/75 (17) 9/76 (9) 0.79

C-reactive protein

(mg l�1)

4.996.6 (1.5/2.8/5.9) 3.393.7 (1.2/2.1/3.6) 0.021

Body weight (kg) 86.7910.4 (79.1/85.5/93.9) 84.1911.0 (76.6/81.5/91.4) 0.031

Body mass index

(kg m�2)

31.293.3 (29.0/30.5/33.1) 30.293.4 (28.0/29.3/32.0) 0.018

Systolic blood pressure

(mmHg)

140.4919.1 (125/142/155) 141.3919.2 (130/140/150) 0.84

Diastolic blood pressure

(mmHg)

84.499.8 (77/85/92) 85.999.8 (80/85/92) 0.47

Total cholesterol

(mmol l�1)

5.791.25 (4.8/5.6/6.6) 5.790.93 (5.0/5.6/6.2) 0.97

Triglycerides (mmol l�1) 1.8990.86 (1.24/1.67/2.38) 2.0990.87 (1.39/1.98/2.53) 0.048

Fasting plasma insulin

(pmol l�1)

55.6932.7 (33/47/71) 73.6954.0 (45/61/68) 0.00

Use of statin (yes/no) 12/84 17/76 0.32

Use of antihypertensive

drug (yes/no)

26/73 23/71 0.87

Previous myocardial

infarct (yes/no)

1/98 2/92 0.61
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cholesterol or proportion of men and women. Neither were there any differences in

numbers of smokers or use of antihypertensive or statin treatment. At baseline the

IIG had a higher BMI, higher CRP level and lower triglycerides and fasting plasma

insulin level than the UCG. The IIG had a greater number of CRP values above 10

mg l�1 although the difference was not significant (10 vs 5 mg l�1, p�0.22).

Table II shows the p-values for CRP at the different times of follow-up. As smokers

have higher CRP levels and patients treated with statins have lower CRP levels,

results were also calculated excluding these groups. Data were also analysed

excluding CRP levels�10 mg l�1 as those subjects could be biased by a clinical

infection.

At the 1-year follow-up there was no difference in CRP between the two

treatment groups. However, when comparing the change in the CRP level from

baseline to the 1-year follow-up between the groups there was a significant

reduction of the CRP level in the IIG group compared with the UCG group

(Table II). At the 3-year follow-up 87 subjects remained in the IIG and after 5

years 79 subjects remained. For the UCG the numbers were 85 and 84,

respectively.

Regardless of whether all subjects were analysed or if cases were excluded, as seen

in Table II there was always a strong significant reduction in CRP in the IIG group

Table II. p-Values at different times between and within groups. p-Values after exclusion of smokers, statin

users and C-reactive protein (CRP) levels�10, respectively, are also shown.

Within groups Between groups

CRP (mg l�1)

Intense intervention Q1/Median/Q3

(p-value)

Usual care Q1/Median/Q3

(p-value) p-Value

Baseline 1.48/2.79/5.90 1.22/2.14/3.59 0.021

After 1 month 0.69/1.64/3.30 (0.000) � �
After 1 year 1.05/1.99/5.00 (0.001) 1.01/1.96/4.24 (0.55) 0.75

After 3 years 1.23/2.47/4.92 (0.09) 1.23/2.20/4.78 (0.57) 0.46

After 5 years 1.33/2.22/5.63 (0.10) 1.15/2.35/4.72 (0.55) 0.41

0�1 year � � 0.04

0�3 year � � 0.10

Smokers excluded

Baseline 1.14/2.01/3.28 1.41/2.74/5.87 0.016

After 1 month 0.67/1.45/3.06 (0.000) � �
After 1 year 1.02/1.93/4.37 (0.005) 0.99/1.87/3.93 (0.26) 0.40

After 3 years 1.14/2.37/4.66 (0.074) 1.16/1.91/4.05 (0.71) 0.29

Statin users excluded

Baseline 1.48/2.64/5.89 1.11/2.05/3.51 0.03

After 1 month 0.68/1.60/3.44 (0.000) � �
After 1 year 1.06/2.05/5.04 (0.005) 0.94/1.87/4.22 (0.92) 0.49

After 3 years 1.27/2.65/5.74 (0.11) 1.13/2.20/4.78 (0.29) 0.40

CRP�10 excluded

Baseline 1.36/2.47/5.22 1.19/2.01/3.28 0.05

0�1 year � � 0.03

After 1 month 0.66/1.29/2.57 (0.000) � �
After 1 year 1.00/1.79/4.31 (0.004) 0.99/1.88/3.83 (0.87) 0.93

After 3 years 1.12/2.37/4.51 (0.66) 1.16/1.94/4.05 (0.42) 0.50
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after 1 month at a wellness centre. This decrease persisted up to 1 year. In the UCG

no difference in CRP was observed at any time.

In a univariate linear regression model on all participants smokers (beta�0.203,

p�0.005), higher BMI (beta�0.245, p�0.005) and female sex (beta�0.260, p�
0.000) were correlated to a higher CRP level at baseline.

In a multiple linear regression analysis with CRP as a response variable and age, sex,

BMI, use of statin, ever been smoking, cholesterol, systolic blood pressure and fasting

plasma insulin level as explanatory variables, smokers, female sex and higher BMI

remained independently associated with CRP at baseline (p�0.006, 0.004 and 0.009,

respectively).

To study how the change in CRP related to the changes in metabolic variables we

analysed the change in these variables from baseline to the 1-month of follow-up

(when the maximum decrease in CRP occurred) in the IIG. In this time CRP

decreased 1.43 mg l�1, fasting glucose 0.47 mmol l�1, body weight 4.1 kg and fasting

plasma insulin 11.2 pmol l�1. Only the change in fasting glucose (p�0.031)

correlated to the change in CRP.

Discussion

This randomized trial demonstrates that intensive lifestyle intervention, effected

through a 1-month stay at the wellness centres, can significantly decrease the CRP

level in obese individuals with impaired glucose tolerance up to 1 year after

admittance. In the UCG who received thorough lifestyle advice on only one occasion,

no significant difference in CRP was observed at any time. The difference in treatment

effect after 1 year was statistically significant in favour of the IIG.

Previous intervention studies have shown that weight reduction and increased

physical activity reduced not only BMI but also CRP (Esposito et al. 2003, Milani

et al. 2004). It has also been shown in weight-loss studies that elevated CRP

concentrations are confined to insulin-resistant obese individuals further implicating

the relevance of studying a population with the characteristics of those reported here

(McLaughlin et al. 2002).

There are at least two mechanisms that may account for the reduction in CRP level

during lifestyle intervention. First, adipose tissue secretes several cytokines and at least

one of them, IL-6, stimulates CRP production in the liver and it has been shown that

caloric-restriction inducing weight loss decreases CRP (Nicklas et al. 2004, Tchernof

et al. 2002). Secondly, the CRP level can be lowered by exercise training possibly

through more direct effects on the inflammatory process itself, as this effect cannot be

explained by weight reduction induced by training (Kasapis & Thompson 2005,

Lakka et al. 2005).

Our regression analysis showed that smoking, female sex and higher BMI are

independently related to CRP. Relationships between sex and CRP have been

observed previously in obese populations with higher CRP levels in females (Khera

et al. 2005). Unfortunately, our data did not have enough power to analyse males

and females separately, but further research on this issue would be of great interest.

The change in CRP, from baseline to 1 month, in the IIG group was not related

to changes in body weight or plasma insulin and weakly to change in plasma

glucose.
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It is always important to give advice on lifestyle changes when one meets a patient in

a metabolic or cardiovascular risk group. Our intensive intervention population

received an intensive intervention programme which had strong positive effects on the

CRP level. This effect was lost within 3 years illustrating the difficulty of maintaining a

lifestyle change.

This study used CRP as a marker of the risk of CVD in a high-risk population, but it

did not show that the lower CRP level decreases the risk of CVD. In future studies, it

would be of great interest both to find out how to best reduce an increased CRP level

and how to encourage a persisting change in lifestyle.

There are to date only a few studies published on the effects of lifestyle change on

CRP, and even fewer with 5 years follow-up. Hardly any of them used a randomized

design aimed at obese individuals with impaired glucose tolerance, a group with an

especially high risk for developing CVD. The long follow-up period is a strength of this

study and shows the difficulties associated with maintaining a change in lifestyle.

Limitations in the present study

The IIG had a significantly higher BMI at baseline which was associated with a higher

level of CRP. The higher BMI and CRP level at baseline in the IIG makes the result

difficult to interpret as it might be easier to get a decrease from a higher baseline.

Differences at baseline must be a random phenomenon due to the limited sample size

of the study.

The fact that no CRP sampling were made at 1 month in the UCG means that

analysis between groups is impossible at that time point. Since the effects of lifestyle

intervention are hopefully maintained for several years and in our case persisted at

least at the 1-year follow-up, this lack of comparability after 1 month feels of minor

importance.

In summary, the present randomized intervention study on subjects with impaired

glucose tolerance and obesity showed a significant decrease in CRP up to 1 year after

an intensive lifestyle intervention programme. This calls for further prospective

intervention trials aimed at reducing CRP in high-risk populations through lifestyle

intervention to study whether or not the reduced CRP level translates into a decreased

risk for cardiovascular morbidity and mortality. As it is evident that the intervention

group did not maintain the reduction in CRP we also need more knowledge on how to

maintain a lifestyle change that may prove beneficial for health.
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Appendix A

This is a translated version of the written information given to the usual care group.

IMPAIRED GLUCOSE TOLERANCE

What is it and what can you do yourself?

1. What is it?

You have done an oral glucose tolerance test. The test is done by measuring the blood

glucose level two hours after digesting 75 g sugar dissolved in water. The test showed

that your glucose concentration was higher than normal but not high enough to be

diagnosed as diabetic. This situation is called impaired glucose tolerance.Having

impaired glucose tolerance means that you in the future have a higher risk of

developing diabetes (diabetes of the adult) and cardiovascular disease (angina

pectoris).

2. What can you do yourself?

1. Try to lose weight, preferably to normal weight if possible. See facts.

2. Regular physical activity, preferably several times a week. Adjust the exercise to your capacity and

remember that it is low energy exercise (brisk walks, swimming, cycling) that is best suited to burn fat.

3. If you are smoker: Try to quit smoking!

4. Decrease you alcohol consumption � especially if you have a high intake.

FACTS

How to calculate your normal upper weight limit:

Your length in metres times your length in metres times 25. If you’re 1.75 m tall your

upper normal weight limit is 1.75�1.75�25�76.6 kg. If you are few kg over this

limit then it does not have so much importance. Look up for more substantial

overweight.

Important to consider regarding overweight:

1. Regular meals: eat breakfast, lunch, dinner and a couple of between-meals. Eat sparsely in the evening.

2. Use the plate model. (Figure showing ½ plate with fruits and vegetables, ¼ potatoes, rice or pasta and ¼

meat or fish).

3. Control your eating between meals.
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