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The Effect of Weight Loss on C-Reactive Protein
A Systematic Review
Elizabeth Selvin, PhD, MPH; Nina P. Paynter, MHS; Thomas P. Erlinger, MD, MPH

Background: Several studies suggest that weight loss

reduces C-reactive protein (CRP) level; however, the consistency and magnitude of this effect has not been well
characterized. Our objective was to test the hypothesis
that weight loss is directly related to a decline in CRP
level.

Data Synthesis: We analyzed the mean change in CRP
level (milligrams per liter) and the mean weight change
(kilograms), comparing the preintervention and postintervention values from each arm of 33 included studies
using graphical displays of these data and weighted regression analyses to quantify the association.

Data Sources: We searched the Cochrane Controlled

Results: Weight loss was associated with a decline in

Trials Register and MEDLINE databases and conducted
hand searches and reviews of bibliographies to identify
relevant weight loss intervention studies.

CRP level. Across all studies (lifestyle and surgical interventions), we found that for each 1 kg of weight loss,
the mean change in CRP level was −0.13 mg/L (weighted
Pearson correlation, r =0.85). The weighted correlation
for weight and change in CRP level in the lifestyle interventions alone was 0.30 (slope, 0.06). The association
appeared roughly linear.

Study Selection: We included all weight loss interven-

tion studies that had at least 1 arm that was a surgical,
lifestyle, dietary, and/or exercise intervention. Abstracts
were independently selected by 2 reviewers.

Conclusion: Our results suggest that weight loss may
be an effective nonpharmacologic strategy for lowering
CRP level.

Data Extraction: Two reviewers independently ab-

stracted data on the characteristics of each study population, weight loss intervention, and change in weight and
CRP level from each arm of all included studies.
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-REACTIVE PROTEIN (CRP),
a nonspecific marker of inflammation, has been implicated in the pathogenesis of chronic diseases
including cardiovascular disease, diabetes,
and cancer. One of the most important correlates of CRP is adiposity. Large crosssectional studies have shown that CRP is
highly positively associated with measures
of adiposity such as body mass index, waist
circumference, and waist-hip ratio.1,2 Previous studies suggesting that weight loss can
reduce CRP levels have been small and have
used different interventions to reduce
weight. The following study was undertaken to test the hypothesis that weight
loss—whether achieved via diet, exercise,
or surgical intervention—is directly related to a decline in CRP level and to characterize the magnitude of the association and
possible dose-response relation across a
broad range of achieved weight loss.
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METHODS

STUDY IDENTIFICATION
To characterize the association between weight
loss and CRP level, we undertook a systematic review of weight-loss intervention studies that reported measuring CRP. We searched
the Cochran Controlled Trials Register and
MEDLINE database from 1966 to March 6,
2006, to identify relevant articles and conducted hand searches of review articles and related references. Included studies had at least
1 arm that was exclusively a surgical, lifestyle, dietary, and/or exercise intervention, and
the primary goal must have been to study
weight loss. We excluded those articles that had
nonhuman or no original data, that did not have
weight loss as the primary purpose of the intervention, that did not measure CRP, or that
had a nonadult study population (ie, participants were younger than 18 years). We also excluded pharmacologic studies to remove the
potential confounding effect of drug therapy
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proportional to the number of participants in the intervention arm. The corresponding weighted regressions of
weight change on change in CRP level
are displayed on each plot.
We conducted sensitivity analyses to
assess the relative influence of large studies and certain groups of studies with
particular characteristics. Specifically, we
examined the leverage of each study with
a study arm population of more than 50
persons and the effect of excluding studies with weight loss interventions that
included some form of physical activity. Because no studies reported sexstratified analyses and most study populations were predominantly female, we
were unable to adequately assess a possible interaction by sex.

1521 Articles Identified for Abstract Review
144 Duplicates Excluded
83 Full-Text Retrieved Articles Were Reviewed
2 Studies of Liposuction Interventions
2 Articles Identified From Hand Searches
39 Articles Included After Full-Text Review (See Table)
6 Articles Were Relevant But Data Were
Not Able to Be Obtained for Analyses
33 Articles Included in Quantitative Analyses
• 28 Lifestyle Interventions (See Figure 2)
• 5 Surgical Interventions (See Figure 3)

RESULTS

Figure 1. Flow diagram of selection of articles for inclusion.

intervention was abstracted or derived
for each intervention arm. Regardless of
the distribution of CRP level at baseline (usually right skewed), changes in
CRP level from baseline to the end of follow-up would be expected to follow a
roughly normal distribution, especially
for those studies with a large sample size.
For those studies that only reported median CRP level at baseline and median
CRP level at follow-up (ie, did not report the mean of the differences) or did
not report baseline or follow-up weight,
we contacted the authors to obtain these
data.12-24 Studies by those authors who
did not respond to 3 or more requests
for data were included in our qualitative analysis but were excluded from the
quantitative analyses.18-21,23,24

on the weight loss–CRP relationship. We
classified studies as lifestyle interventions if the weight loss intervention included a dietary and/or behavioral modification component (eg, feeding studies
or studies that dispensed advice on how
to lose weight) or surgical interventions (eg, gastric banding). We also indicated whether a high-sensitivity CRP
(hs-CRP) assay was used.
Our search string identified 1521 articles potentially relevant to our study
aim, and all abstracts were retrieved for
review (Figure 1). Abstracts were reviewed independently by 2 investigators (E.S. and T.P.E.). Differences were
resolved by consensus. There were 83 articles retrieved for full-text review based
on information in the abstracts and hand
searching. Of these, 39 studies were identified as relevant and were abstracted.
Data abstraction was conducted independently by 2 investigators (E.S. and
N.P.P.), and discrepancies were adjudicated. We contacted the authors of 13 articles for which the mean change in CRP
level and/or weight loss could not be abstracted or derived directly from the data
available in the published report (all but
6 responded with the requested data). For
those studies with multiple publications using data from the same or overlapping study populations,3-10 we only abstracted the results from the publication
with the largest study population.3,6,8,10,11

QUALITATIVE ANALYSIS
All eligible studies are included in
the Table, including 33 lifestyle intervention studies and 6 studies of
surgical weight loss interventions.
These studies were a heterogeneous group, representing study
populations from Australia, Austria, Canada, Finland, France, Japan, Italy, Spain, England, and the
United States. The majority were
small studies, ranging from 13 persons per study arm in the smallest
to 199 persons per study arm in the
largest study. Most studies were conducted in populations of women, and
no studies reported sex-specific
results. There were only 6 studies18,20,28-31 that included 50% or larger
male populations. Most studies were
conducted in middle-aged populations. In the lifestyle intervention
studies, the mean age across arms
was 49 years (range, 29-69 years).
The participants in the surgical intervention studies tended to be
slightly younger (mean age, 40 years;
range, 38-43 years). The lifestyle interventions tended to be of relatively short duration, with an average follow-up of 7.5 months across
arms (range, 0.5- 24 months). The
mean follow-up for the surgical intervention studies was 13 months
(range,4-24months).Amongthelifestyle intervention studies, the mean
achieved weight change across study
arms was −6.2 kg (range, −15.0 to
0.0 kg) and the mean change in CRP
level was −0.9 mg/L (range, −2.3 to

STATISTICAL ANALYSIS
To isolate the effect of weight loss on
change in CRP level, we analyzed the
mean change in CRP level (milligrams
per liter) and the mean weight change
(kilograms) comparing the preintervention and postintervention values from
each arm (if more than 1) from each included study. That is, we analyzed the
effect of weight loss on CRP, regarding
each arm as a separate data point. We
plotted each intervention arm of all studies separately to assess a possible trend
in change in CRP level with change in
weight. All analyses were weighted by
sample size under the assumption that
larger, more precise studies should have
greater influence.
We conducted the analyses stratified by type of intervention: lifestyle (diet
and/or exercise) or surgical. To graphically display the relation of weight
change to change in CRP level, we used
scatter (bubble) plots, with each bubble

DATA ABSTRACTION
Baseline and postintervention weight (in
kilograms) and CRP level (in milligrams per liter) were abstracted from
each study. A majority of studies reported mean CRP level at baseline and
after intervention. Mean change in CRP
level from baseline to post–weight loss
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Table. Characteristics of Included Studies of C-Reactive Protein (CRP) and Weight Loss

Source

Duration of
Follow-up, mo

Location

Bastard et al,14 2000
Brinkworth et al,25 2004

Paris, France
Adelaide, Australia

Brinkworth et al,26 2004

Adelaide, Australia

Clifton et al,27 2005

Adelaide, Australia

28

Dansinger et al, 2005*

Boston, Mass

Davi et al,22 2002
Esposito et al,18 2004

Rome, Italy
Naples, Italy

Esposito et al,20 2004

Naples, Italy

Esposito et al,19 2003

Naples, Italy

Esposito et al,59 2003
Giannopoulou et al,23
2005†

Naples, Italy
Syracuse, NY

Hannum et al,17 2004

Urbana, Ill

Heald et al,60 2004*

Leeds, England

Heilbronn et al,37 2001
Jenkins et al,61 2003*

Adelaide, Australia
Toronto, Ontario

Jenkins et al,29 2002
Luscombe-Marsh
et al,24 2005
Marfella et al,62 2004
McLaughlin et al,63 2002
Monzillo et al,64 2003
Nicklas et al,50 2004*

Toronto, Ontario
Adelaide, Australia
Naples, Italy
San Francisco, Calif
Boston, Mass
Winston-Salem, NC

Noakes et al,65 2005

Adelaide, Australia

16

O’Brien et al, 2005

Cincinnati, Ohio

Okita et al,13 2004
Pereira et al,66 2004

Sapporo, Japan
Boston, Mass

Pirro et al,12 2004
Raitakari et al,67 2004
Ryan and Nicklas,3 2004
Seshadri et al,30 2004

Perugia, Italy
Turku, Finland
Baltimore, Md
Philadelphia, Pa

Smith et al,68 1999
Tchernof et al,15 2002
Wegge et al,69 2004

Johnson City, Tenn
Burlington, Vt
Los Angeles, Calif

Xydakis et al,70 2004

Houston, Texas

Hanusch-Enserer et al,8
2003
Hanusch-Enserer et al,9
2004
Kopp et al,6 2003
Laimer et al,11 2005
van Dielen et al,21 2004
Vazquez et al,71 2005

hs-CRP
Assay?

Intervention Arm(s)

Lifestyle Interventions
0.75
Very-low-calorie diet
4
(1) Standard protein diet;
(2) High protein diet
4
(1) Low-protein diet;
(2) High-protein diet
3
(1) Meal replacements;
(2) Structured eating plan
12
(1) Atkins;
(2) Zone;
(3) Weight Watchers;
(4) Ornish
3
Weight loss diet
24
(1) Mediterranean diet;
(2) Prudent diet
24
(1) Diet and Ex;
(2) Diet and Ex advice
24
(1) Intensive lifestyle intervention;
(2) Diet and Ex advice
12
Diet and Ex
3.5
(1) Diet and Ex;
(2) Diet only;
(3) Ex only
2
(1) Food guide pyramid diet;
(2) Portion-controlled diet
3
(1) Fat substitution diet;
(2) Fat reduction diet;
(3) Fat substitution and reduction diet
3
Very-low-fat, energy-restricted diet
1
(1) Very-low-fat diet;
(2) High-soy diet
1.5
Healthful high-soy diet
4
(1) Low-fat, low-protein diet;
(2) High-fat, standard-protein diet
12
Diet, Ex, and behavioral counseling
3
Low-calorie diet
6
Hypocaloric diet and Ex
18
(1) Diet only;
(2) Ex only;
(3) Diet and Ex
3
(1) High-protein diet;
(2) High-carb diet
3
(1) Low-fat diet;
(2) Low-calorie diet
2
Aerobic Ex
Until 10%
(1) Low-fat diet;
weight loss
(2) Low–glycemic index diet
2
Low-Chol and saturated fat diet
1.5
Very-low-calorie diet using diet products
6
Diet and Ex
6
(1) Low-Carb diet;
(2) Conventional calorie-restricted diet
6
Intensive Ex program
14
Very-low-calorie AHA diet
0.5 (14 d)
High-fiber, low-fat diet with food provided
1 daily Ex
1-1.5 (mean, 36 d) Very-low-calorie diet

N
Y
N

14 [0]
(1) 22 [32];
(2) 21 [24]
(1) 19 [37];
(2) 19 [42]
(1) 26 [65];
(2) 29 [52]
(1) 21 [47];
(2) 26 [50];
(3) 26 [42];
(4) 20 [57]
20 [0]
(1) 90 [54];
(2) 90 [56]
(1) 55 [100];
(2) 55 [100]
(1) 60 [0];
(2) 60 [0]
50 [0]
(1) 11 [0];
(2) 11 [0];
(3) 11 [0]
(1) 27 [0];
(2) 26 [0]
(1) 22 [0];
(2) 20 [0];
(3) 19 [0]
83 [0]
(1) 16 [69];
(2) 16 [44]
13 [54]
(1) 27 [44];
(2) 30 [43]
67 [0]
38 [0]
24 [NR]
(1) 53 [26];
(2) 53 [26];
(3) 53 [26]
(1) 52 [0];
(2) 48 [0]
(1) 19 [0];
(2) 22 [0]
199 [0]
(1) 17 [24];
(2) 22 [23]
35 [NR]
67 [30]
37 [0]
(1) 43 [84];
(2) 35 [80]
43 [42]
24 [0]
20 [0]

Y

80 [30]

N

24 [NR]

Gastric banding

Y

18 [17]

Gastric banding
Gastric banding
Gastric banding or bypass
Gastric banding or bilious-pancreatic
diversion

Y
Y
N
N

37 [11]
45 [0]
27 [19]
26 [12]

Surgical Interventions
16
Gastric banding

Vienna, Austria
Vienna, Austria

6

Vienna, Austria
Innsbruck, Austria
Maastricht, the Netherlands
Santander, Spain

14
12
24
4

N
N

No. of Participants
Included in Analysis
[% Male]

N
N
Y

Y
Y
Y
Y
N
N

Y
Y

Y
Y
Y
N
Y
Y
Y
N

N
Y
Y
Y
Y
Y
N
Y

(continued )
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Table. Characteristics of Included Studies of C-Reactive Protein (CRP) and Weight Loss (cont)

Age,
Mean ± SD, y

Source

Baseline Weight,
Mean ± SD, kg

Weight Change,
Mean ± SD, kg

Smith et al,68 1999
Tchernof et al,15 2002
Wegge et al,69 2004
Xydakis et al,70 2004

52 ± 10
(1) 32.6 ± 4.3;
(2) 28.8 ± 6.3
58 ± 14
46 ± 7
57 ± 6
(1) 55 ± 9;
(2) 54 ± 10
49.0 ± 7.5
57.2 ± 5.5
51 to 79 (range)
47.1 ± 0.9

Lifestyle Interventions
104.0 ± 15.0
−5.5
(1) 94.0 ± 15.0;
(1) −9.1;
(2) 94.0 ± 15.6
(2) −8.7
(1) 91.2 ± 18.7;
(1) −5.4;
(2) 96.2 ± 17.4
(2) −5.3
NR
(1) −6.0 ± 4.2;
(2) −6.63 ± 3.35
(1) 100 ± 14;
(1) −3.9 ± 6.0;
(2) 99 ± 18;
(2) −4.9 ± 6.9;
(3) 97 ± 14;
(3) −4.6 ± 5.4;
(4) 103 ± 15
(4) −6.6 ± 9.3
103.1 ± 17.1
−7.6 ± 12.0
(1) 78 ± 8;
(1) −4;
(2) 77 ± 8
(2) −1.2
(1) 103 ± 9.4;
(1) −15;
(2) 101 ± 9.7
(2) −2
(1) 95 ± 9.4;
(1) −14;
(2) 94 ± 9.2
(2) −3
NR
−10.9 ± 1.7
(1) 89.5 ± 5.9;
(1) −5.4 ± 1.3;
(2) 92.4 ± 5.9;
(2) −4.6 ± 1.4;
(3) 92.9 ± 5.9
(3) −1.7 ± 0.8
(1) 85.3 ± 11.2;
(1) −3.6;
(2) 86.7 ± 13.3
(2) −5.6
(1) 82.7 ± 16.4;
(1) −1.4 ± 2.6;
(2) 82.7 ± 16.3;
(2) −0.4 ± 1.9;
(3) 88.0 ± 19.5
(3) 0 ± 3.3
NR
−7.9 ± 2.7
(1) 77.4;
(1) −0.3 ± 0.8;
(2) 74.3
(2) −0.4 ± 0.8
69.9 ± 13.0
−1.6
(1) 94.9;
(1) −9.0;
(2) 99.4
(2) −9.3
−9.8 ± 1.5
85
−8.56
106.1 ± 18.1
−7.4
(1) 95.6 ± 15.2;
(1) −12.8 ± 19.2;
(2) 92.4 ± 14.6;
(2) −4.1 ± 11.1;
(3) 91.8 ± 17.4
(3) −8.2 ± 13.3
(1) 87 ± 12;
(1) −7.6 ± 0.4;
(2) 86 ± 12
(2) −6.9 ± 0.5
(1) 91.2 ± 6.2;
(1) −3.5;
(2) 89.9 ± 8.4
(2) −7.4
65.8
−0.3
(1) 92.2 ± 15.4;
(1) −9.5 ± 1.24;
(2) 91.0 ± 13.6
(2) −9.6 ± 1.41
66 ± 11
−2
100.5 ± 18.0
−11 ± 3
86.4 ± 14.0
−6.1
NR
(1) −8.5 ± 9.3;
(2) −3.5 ± 4.9
80.1
−2.7
93.0 ± 10.7
−14.5 ± 6.2
84.4 ± 14.6
−2.9
116.6
−8.2

Hanusch-Enserer et al,8 2003
Hanusch-Enserer et al,9 2004
Kopp et al,6 2003
Laimer et al,11 2005
van Dielen et al,21 2004
Vazquez et al,71 2005

39.7
42.56
41
39.7
38.2 ± 7.5
39

Surgical Interventions
137.97 ± 31.59
−44.29
128.56 ± 16.84
−23.27
136 ± 23
−44
116.6 ± 14.4
−27.7
NR
NR
126 ± 29.1
−26.4

Bastard et al,14 2000
Brinkworth et al,25 2004
Brinkworth et al,26 2004
Clifton et al,27 2005
Dansinger et al,28 2005*

Davi et al,22 2002
Esposito et al,18 2004
Esposito et al,20 2004
Esposito et al,19 2003
Esposito et al,59 2003
Giannopoulou et al,23 2005†

Hannum et al,17 2004
Heald et al,60 2004*

Heilbronn et al,37 2001
Jenkins et al,61 2003*
Jenkins et al,29 2002
Luscombe-Marsh et al,24 2005
Marfella et al,62 2004
McLaughlin et al,63 2002
Monzillo et al,64 2003
Nicklas et al,50 2004*

Noakes et al,65 2005
O’Brien et al,16 2005
Okita et al,13 2004
Pereira et al,66 2004
Pirro et al,12 2004
Raitakari et al,67 2004
Ryan and Nicklas,3 2004
Seshadri et al,30 2004

45 ± 15
(1) 51.5 ± 7.5;
(2) 52.0 ± 11.9
(1) 62.7;
(2) 60.9
(1) 49.3;
(2) 47.1
(1) 47;
(2) 51;
(3) 49;
(4) 49
NR
(1) 62.7;
(2) 60.9
(1) 43.5 ± 4.8;
(2) 43 ± 5.1
(1) 34.2 ± 4.8;
(2) 35.0 ± 5.1
36.9 ± 4.6
(1) 57.4 ± 1.7;
(2) 58.5 ± 1.7;
(3) 55.5 ± 1.7
(1) 36.6 ± 9.4;
(2) 37.5 ± 9.7
(1) 39.1;
(2) 44.5;
(3) 43.8
48 ± 8
NR
65 ± 11
(1) 52;
(2) 49
36.5 ± 4.6
45
49.3 ± 1.9
(1) 68 ± 5;
(2) 69 ± 6;
(3) 68 ± 7
(1) 50 ± 10;
(2) 49 ± 9
NR

Baseline
CRP Level,
Mean ± SD, mg/L

Change in
CRP Level,
Mean ± SD, mg/L

6.3 ± 4.1
(1) 4.0 ± 2.3;
(2) 6.7 ± 4.6
(1) 4.2 ± 3.1;
(2) 5.0 ± 4.4
(1) 3.78 ± 2.08;
(2) 3.52 ± 2.28
NR

−2
(1) −0.6;
(2) −1
(1) −0.1;
(2) −0.3
(1) −0.72;
(2) −0.58
(1) −1.33 ± 2.8;
(2) −0.88 ± 2.6;
(3) −0.88 ± 1.6;
(4) −1.76 ± 3.1
−0.26 ± 0.39
NR

1.06 ± 0.40
NR
NR

NR

NR

NR

5.8 ± 1.7
NR

−2.3 ± 0.9
NR

(1) 5.19;
(2) 6.69
(1) 4.1 ± 4.5;
(2) 2.7 ± 2.9;
(3) 3.5 ± 3.0
5.56 ± 3.3
(1) 1.36;
(2) 2.39
1.81 ± 2.0
NR

(1) −1.58;
(2) −1.62
(1) −0.8 ± 0.93;
(2) 0.50;
(3) 0.2
−1.44
(1) −0.28 ± 0.64;
(2) −1.25 ± 2.48
−0.69
NR

3.4 ± 0.7
2.62
4.7 ± 5.0
(1) 6.0 ± 6.5;
(2) 6.8 ± 7.8;
(3) 6.5 ± 7.9
(1) 6.6 ± 0.7;
(2) 4.8 ± 0.5
(1) 5.94 ± 6.68;
(2) 5.87 ± 6.81
0.98 ± 10.5
(1) 1.90 ± 2.2;
(2) 2.8 ± 3.0
2.60 ± 2.93
3.3 ± 3.3
5.7 ± 3.6
(1) 3.9 ± 2.3;
(2) 4.2 ± 2.3
4.81
3.01 ± 1.68
2.62 ± 2.3
5

−1.5
−0.68
−0.8
(1) −0.13 ± 0.53;
(2) −0.02 ± 0.47;
(3) −0.18 ± 0.54
(1) −1.7 ± 0.4;
(2) −0.8 ± 0.3
(1) −0.04;
(2) −1.28
−0.26
(1) −0.6;
(2) −1.8
−1.12
−1.4
−0.4
(1) −0.5;
(2) −0.3
−1.68
−1.23
−1.19
−0.7

13.5 ± 7.8
11.8 ± 12
11 ± 10
8.6 ± 9.1
3.7‡
6.3 ± 5.1

−6.6
−4.1
−6
−3.5
−2.5‡
−2.3

Abbreviations: AHA, American Heart Association; Carb, carbohydrate; Chol, cholesterol; Ex, exercise; hs-CRP, high-sensitivity CRP; N, no; NA, not applicable;
NR, not reported; Y, yes.
*Sample sizes and changes from baseline are for completers only. All other values are for the total baseline population.
†Study contains an arm that was not used in the analysis.
‡Abstracted from figure in the article.
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0.5 mg/L). Among the surgical intervention studies, the mean weight
change was −33.1 kg (range, −44.3
to −23.3 kg), and the mean change
in CRP level was −4.5 mg/L (range,
−6.6 to −2.3 mg/L). In 6 of the studies, we were unable to abstract or derive mean change in CRP level or
mean change in weight, and the authors did not respond to repeated requests for data.18-21,23,24 These studies are included in the Table but were
excluded from our quantitative
analyses.
Our search identified only 2 studies that included information on
weight loss resulting from liposuction and change in CRP level.32,33 A
liposuction intervention study of 30
obese women that reported a mean
weight change of −3 kg (95% confidence interval [CI], −4 to −2 kg) after 6 months showed a corresponding −0.5 mg/L change (95% CI, −1.2
to −0.2 mg/L) in CRP level (P,.02).32
A smaller study compared 15 obese
women before and 10 to 12 weeks after liposuction and reported the results separately by normal glucose
tolerance (n=8) or type 2 diabetes
mellitus (n=7).33 The mean weight
change in the normal glucose tolerance group was −6.3 kg (95% CI, −8.9
to −3.7 kg), and the mean change in
CRP level was −0.2 mg/L (95% CI,
−1.1 to 0.8 mg/L). The mean weight
change in the group with type 2 diabetes was −7.9 kg (95% CI, −10.2 to
−5.6) with a mean change in CRP of
−0.5 mg/L (95% CI, −1.3 to 0.4). It
has been postulated that induction of
a negative energy balance may be required to affect inflammatory markers; liposuction may not induce the
same metabolic changes as exercise
or diet-induced weight loss. While
these 2 studies suggest that weight
loss resulting from liposuction may
result in reductions in CRP level, it
is difficult to draw firm conclusions
because of the small sample sizes.
Liposuction interventions were thus
excluded from formal quantitative
analysis.34

Mean Baseline CRP Level, mg/L
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Figure 2. Scatterplot of baseline weight and baseline C-reactive protein (CRP) level in lifestyle and
surgical interventions. Each observation is the baseline weight and baseline CRP level in each arm of the
included lifestyle intervention studies (circles) and surgical intervention studies (squares). The size of the
circles is proportional to the sample size. The sample size–weighted Pearson correlation (r ) is 0.76.
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Figure 3. Relationship between change in weight and change in C-reactive protein (CRP) level across all
weight-loss interventions (lifestyle and surgical). Circles represent lifestyle interventions and squares
represent surgical interventions. The size of the marker (circle or square) is proportional to the sample
size and corresponds to the weight of the observation in the regression models. The solid line is the
weighted regression line across all interventions. The dashed lines are the within-group weighted
regression lines. The weighted Pearson correlation (r ) is 0.85.

are presented on the same scale to
show the change in CRP level for each
1-kg change in weight across the
spectrum of weight loss observed in
our full population of interventions.
The slope of the overall regression
line was 0.13, indicating that overall, there is a 0.13-mg/L decline in
CRP level for each 1 kg of weight loss
(weighted r=0.85). The lines representing the slopes for the lifestyle and

servation each to the analysis (each
study only had 1 intervention arm).
The correlation between mean baseline weight and mean baseline CRP
level across all studies is shown in
Figure 2; the weighted Pearson
correlation (r) was 0.76 which is
consistent with previous studies.1-3,36 Our main results are presented in Figure 3, where the surgical and lifestyle intervention studies

There were 28 lifestyle intervention
studies included in our final analysis, contributing 44 observations
(1 per intervention arm). Five surgical interventions contributed 1 ob-
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A

studies with moderate to small
sample size (,50 participants in
each arm) also did not alter our results, suggesting no undue influence by the few relatively large studies. The slope for those interventions
with an exercise component was
0.14. The slope for those interventions that had no exercise component was 0.02. This result likely reflects that the interventions that
included exercise were more likely
to have higher weight loss; indeed,
there were 4 dietary (no exercise) interventions that had little or no
weight change (weight loss ,1 kg).

B

1
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Mean Change in CRP Level, mg/L

Mean Change in CRP Level, mg/L
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Weight loss was associated with a decline in CRP level across all types of
interventions. We found that for
each 1 kg of weight loss, the overall
mean change in CRP was −0.13 mg/L
per 1-kg loss of weight. We modeled the relationship of CRP to
weight loss across a range of
achieved weights and found that, on
average, the largest changes in
weight are likely to produce the
highest magnitude of change in CRP
level. Indeed, the largest changes in
CRP level (−5 to −10 mg/L) were observed in those surgical intervention studies that demonstrated the
most pronounced weight change
(−30 to −45 kg). While there were
only 2 studies of liposuction interventions, the patterns observed and
magnitude of effect were similar in
these reports.
The overall magnitude of effect
observed in our study is similar to results from small individual studies
that examined possible linear associations between weight loss and
change in CRP level resulting from
dietary and lifestyle changes in individual participants. There were 3
studies in our review that reported
Pearson correlations for the linear relation between change in CRP level
and change in weight among the individual participants in the study:
Heilbronn et al,37 in a 3-month study
of a very-low-fat diet in obese women
in Australia, reported a correlation of
0.27; Tchernof et al,15 in a small study
of 24 obese women who were on a
very-low-calorie diet for 14 months,
reported a correlation of 0.44; and

Mean Weight Change, kg

Figure 4. Scatterplots of mean change in weight and mean change in C-reactive protein (CRP) level in the
lifestyle interventions (A) and surgical interventions (B). Each observation is the weight change from
baseline and corresponding change in CRP level in each arm of the included lifestyle intervention studies.
The size of the marker (circle or square) is proportional to the sample size and corresponds to the weight
of the observation in the regression model. The solid lines are the sample size-weighted regression lines.
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11-15
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Figure 5. Box plots of percentage change in C-reactive protein (CRP) level from baseline over categories
of percentage change in weight from baseline across all included weight loss interventions. The whiskers
denote 1.53IQR (interquartile range). The single outlier (.1.5 3IQR) is indicated by a dot.

centage change in CRP level from
baseline across categories of percentage weight change from baseline. The
category with the largest weight
changes (.16% from baseline) included all the surgical interventions
and no lifestyle interventions.
In sensitivity analyses, we found
that weighted and unweighted analyses were similar, ie, weighting the
analyses according to sample size did
not appreciably alter our results but
probably resulted in a more precise
characterization of the change in
slope. Restricting our analysis to

surgical interventions separately are
also included in Figure 3. In the surgical interventions, the slope for the
weighted regression line was 0.16, indicating that for each 1-kg change in
weight, there was a corresponding
0.16-mg/L change in CRP level
(weighted r=0.91). It is important to
note that the interpretation of these
results is limited by the very small
number of surgical intervention studies. Figure 4 also displays the stratified results for the lifestyle (panel A)
and surgical interventions (panel B).
Figure 5 shows the range of per-
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Dansinger et al,28 in a low-intensity
effectiveness study comparing the
popular Atkins, Zone, Weight Watchers, and Ornish diets among a sample
of US men and women (n ,30 in
each intervention arm), reported an
overall correlation of 0.37.
Adipose tissue may be directly involved in the production and regulation of inflammatory cytokines that
induce CRP production, and it has
been suggested that inflammation
may represent one of the mechanisms by which lifestyle changes and
weight loss reduce the risk of cardiovascular disease.38 Several findings over the last decade suggest that
weight loss could directly lead to reductions in CRP levels.39 In particular, adipocytes produce cytokines
that regulate CRP production.40,41 Interleukin 6, a key proinflammatory
cytokine and principal regulator of
hepatic CRP production, may be particularly important in mediating the
increases in CRP levels associated
with greater adiposity. Thus, a reduction in body weight is likely to
have important consequences for circulating levels of CRP.
We found that intervention studies that achieved weight loss through
a variety of approaches were associated with significant reductions in
CRP levels. The effect of weight loss
on CRP levels in diverse populations across a wide range of achieved
weight loss has not been previously quantified. The similar association observed across all types of
lifestyle interventions and across surgical studies is consistent with the
hypothesis that it is weight loss per
se that is driving the change in CRP
level. Previous studies have hypothesized that exercise or physical fitness may have a direct effect on CRP
independent of any change in
weight. While many cross-sectional observational studies have
shown associations of physical activity and inflammatory markers including CRP,1,42-49 most exercise intervention studies (without weight
loss) have found no association (or
associations only in post hoc subgroup analyses).50-57 However, because our primary hypothesis was related to weight loss, we did not
review studies of exercise interventions that did not also aim to achieve
reductions in weight. Further stud-

ies are needed to fully characterize
a possible effect of exercise on CRP
level that is independent of weight
loss.
By abstracting data from previously published studies, we were
able to characterize the continuous
relationship between weight loss and
CRP and summarize the association in a large, diverse population of
individuals. Regardless of the type
of intervention imposed, CRP levels declined, on average, when
weight loss was achieved. The relation appeared roughly linear.
The present study has several important limitations. Our analysis is
essentially an “ecologic” approach
because we did not have information on individual participants. In
our analyses, we analyzed each intervention arm as a separate data
point. While we would expect
groups within studies to be more
similar than groups across studies,
the groups were nonoverlapping,
and this does not affect our point estimates. The limitations of this study
largely reflect the limitations of the
literature, including high rate of loss
to follow-up in many weight loss
studies, short duration of the studies, and incomplete reporting of data.
Publication bias is also a concern. It
is possible that weight loss intervention studies that measured CRP and
showed significant decreases in both
weight and CRP level were more
likely to be published than similar
studies that did not find significant
differences before and after the intervention.
Important strengths of this study
include the identification of a large
number of studies with heterogeneous populations. Sensitivity analyses allowed us to evaluate the relative influence of individual and
subgroups of studies on our estimates. We found that the relationship observed was robust across subgroups analyzed. Most published
weight loss intervention studies have
been small, and individual results
have varied. Summarizing data from
many studies allowed us to more
precisely estimate the effect of weight
loss on change in CRP level compared with any single previous study.
In addition, combining results
within and across studies allowed us
to characterize the relationship be-

(REPRINTED) ARCH INTERN MED/ VOL 167, JAN 8, 2007
37

tween weight loss and CRP across
a broad range of achieved weight loss
and change in CRP level.
This study demonstrates that
weight loss is associated with a decline in CRP level across the range
of weight loss interventions. There
have been few large, controlled studies that have rigorously assessed the
effect of weight loss on CRP level.
Our results extend the findings of
previous nonsystematic and qualitative reviews of the literature on
weight loss and inflammation58 and
suggest that weight loss may be an
effective nonpharmacologic strategy for lowering CRP level.
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