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HIGHLIGHTS

® In patients with established cardiovascular disease (CVD), lifestyle improvements are related to a decrease in C-reactive protein (CRP).
® These lifestyle improvements are smoking cessation, physical activity increase, and weight loss.

® Multiple lifestyle changes are related to the most decrease in CRP concentration.

o Lifestyle changes might reduce CVD risk partly through lowering systemic inflammation.

ARTICLE INFO ABSTRACT

Keywords: Background and aims: Pharmacological lowering of inflammation has proven effective in reducing recurrent
Patients with stable cardiovascular disease cardiovascular event rates. Aim of the current study is to evaluate lifestyle changes (smoking cessation, weight
Lifestyle changes loss, physical activity level increase, alcohol moderation, and a summary lifestyle improvement score) in relation

Low-grade inflammation

| " to change in plasma C-reactive protein (CRP) concentration in patients with established cardiovascular disease.
C-reactive protein

Methods: In total, 1794 patients from the UCC-SMART cohort with stable cardiovascular disease and CRP levels
<10 mg/L, who returned for a follow-up study visit after median 9.9 years (IQR 5.4-10.8), were included. The
relation between changes in smoking status, weight, physical activity, alcohol consumption, a summary lifestyle
improvement score and change in plasma CRP concentration was evaluated with linear regression analyses.
Results: Smoking cessation was related to a 0.40 mg/L decline in CRP concentration (f-coefficient —0.40;
95%CI -0.73,-0.07). Weight loss (per 1SD = 6.4 kg) and increase in physical activity (per 1 SD = 48 MET hours
per week) were related to a decrease in CRP concentration (B-coefficients —0.25; 95%CI -0.33,-0.16 and —0.09;
95%CI -0.17,-0.01 per SD). Change in alcohol consumption was not related to CRP difference. Every point higher
in the summary lifestyle improvement score was related to a decrease in CRP concentration of 0.17 mg/L (-
coefficient —0.17; 95%CI -0.26,-0.07).

Conclusions: Smoking cessation, increase in physical activity, and weight loss are related to a decrease in CRP
concentration in patients with stable cardiovascular disease. Patients with the highest summary lifestyle
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improvement score have the most decrease in CRP concentration. These results may indicate that healthy life-
style changes contribute to lowering systemic inflammation, potentially leading to a lower cardiovascular risk in
patients with established cardiovascular disease.

1. Introduction

Systemic low-grade inflammation plays a role in the development of
atherothrombotic disease by initiating plaque formation, as well as
stimulating plaque progression and transformation to vulnerable pla-
ques that are more prone to erosion or rupture [1]. Epidemiological
evidence further supports the role of low-grade inflammation in the
development of lung cancer [2-4]. Pharmacological lowering of sys-
temic inflammation, at least with an interleukin (IL)-13 antagonist, has
recently been shown to reduce incidence rates of both cardiovascular
events and lung cancer [2,5].

C-reactive protein (CRP), an acute phase protein, is part of the IL-
1B, IL-6 inflammatory pathway [6], and plasma CRP concentra-
tions < 10 mg/L reflect systemic low-grade inflammation [7]. Several
medical conditions, as well as lifestyle factors including smoking [8],
abdominal obesity [9], physical activity [10], and alcohol intake [11],
influence systemic inflammation. Mechanisms include promotion of
local pulmonary inflammation due to cigarette smoke by recruitment of
natural killer cells and neutrophils from the microcirculation to the
lungs [12], leading to a systemic inflammatory response by secretion of
pro-inflammatory mediators [13]. Adipose tissue production of pro-
inflammatory cytokines such as tumour necrosis factor-alpha (TNF-a),
and IL-6 is increased as the visceral adipose tissue compartment ex-
pands [14]. Regular physical activity reduces systemic low-grade in-
flammation through three potential mechanisms including reduction of
visceral adipose tissue, increased production of anti-inflammatory cy-
tokines from contracting skeletal muscles, and reduced production of
inflammatory cytokines by monocytes [15]. Chronic excessive alcohol
use leads to increased production of pro-inflammatory cytokines due to
alcoholic liver injury [16], whereas light to moderate alcohol use
compared to no alcohol is thought to reduce inflammation through
ethanol-induced inhibition of pro-inflammatory cytokine and chemo-
kine production, such as IL-6 and TNF, by circulating monocytes
[17,18].

Despite these associations, the effect of lifestyle improvements on
reducing low-grade inflammation in patients with cardiovascular dis-
ease remains controversial. Although weight loss and physical activity
have been shown to reduce CRP levels [19-21], conflicting results are
reported for effects of smoking cessation, diet, and alcohol consumption
[22-27]. The aim of the current study is to examine the association
between lifestyle behaviors and systemic low-grade inflammation at
baseline, as well as the relation between lifestyle changes (including
smoking cessation, weight loss, physical activity level increase, alcohol
moderation, and a summary lifestyle improvement score) and change in
systemic low-grade inflammation, measured by CRP plasma con-
centrations, in a cohort of patients with established cardiovascular
disease.

2. Patients and methods
2.1. Study population

Participants originated from the Utrecht Cardiovascular Cohort-
Second Manifestations of ARTerial disease (UCC-SMART) cohort, an
ongoing prospective cohort study that started in 1996. The UCC-SMART
cohort includes 18 to 79 year-old patients referred to the University
Medical Center (UMC) in Utrecht, the Netherlands. Study design and
rationale have been described in detail previously [28]. From 2006
onwards, patients with at least 4 years of follow-up were invited for
reassessment of baseline measurements (UCC-SMART-2 cohort). Yearly,
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approximately 350 consecutive patients of the original UCC-SMART-
cohort were invited by mail, achieving a recruitment efficacy of 58%
(Supplemental Fig. S1). Baseline characteristics of patients with a
second visit compared to patients with a baseline visit only are shown
in Supplemental Table S1. The study complies with the Declaration of
Helsinki, was approved by the University Medical Center's Ethics
Committee, and all patients provided written informed consent. For the
current study, patients with established cardiovascular disease at
baseline, who returned for second measurements, and with CRP levels
<10 mg/L at both visits, were included (N = 1794). Established car-
diovascular disease was defined as cerebrovascular disease (transient
ischemic attack, cerebral infarction, amaurosis fugax, retinal infarction,
history of carotid surgery), coronary artery disease (angina pectoris,
myocardial infarction, coronary revascularization), peripheral artery
disease (symptomatic and documented obstruction of distal arteries,
revascularization of the leg, amputation), or an aneurysm of the ab-
dominal aorta (distal aortic anteroposterior diameter =3 cm, history of
AAA surgery). Participants with CRP levels > 10 mg/L were excluded
(N = 217), as CRP levels > 10 mg/L are commonly associated with an
acute inflammatory response [7]. Time between visit and vascular
event was at least two months (both baseline and follow-up measure-
ment). Advice on lifestyle improvements was given according to gen-
eral clinical practice, lifestyle interventions were not part of this ob-
servational cohort study.

2.2. Measurements at baseline and follow-up visit

The same data was acquired at baseline and follow-up visit fol-
lowing a standardized protocol. Information on smoking status (never,
former, or current, and number of pack-years) and alcohol consumption
(no alcohol, < 1, 1-10, 11-20, 21-30, or > 30 units per week) was
obtained by a questionnaire. Weight was measured on traditional
scales. A previously validated questionnaire suitable for ranking sub-
jects [29] was used for measuring physical activity, with one additional
question on the intensity of sports activity. Number of hours per week
reported by patients for sports, walking, cycling, and gardening, was
multiplied by a specific metabolic equivalent of task (MET) derived
from the Compendium of Physical activity [30], resulting in a number
of MET hours per week per activity. The total amount of physical ac-
tivity was the sum of the MET hours per week of all activities. Work-
related physical activity (categories; sedentary occupation, standing
occupation, manual labor, or heavy manual labor) and retirement
status were additionally recorded. Information on dietary habits was
not available.

2.3. Lifestyle changes and summary lifestyle improvement score

Achievement of lifestyle goals regarding smoking, weight, physical
activity, and alcohol consumption according to cardiovascular disease
prevention guidelines [31] was assessed at baseline and follow-up.
Change in continuous lifestyle variables (weight, physical activity, and
number of pack-years), as well as CRP, was determined by the differ-
ence between follow-up and first measurement. Changes in categorical
variables were defined as smoking cessation (compared to continuing
smoking), smoking start (compared to continued non-smoking), alcohol
use change from heavy to moderate or no alcohol use (compared to
continued heavy users), and alcohol use change from no alcohol to
moderate (compared to continued none use). For the creation of a
summary lifestyle improvement score, summing up the changes in the
four lifestyle components, each lifestyle factor was graded; —1 for
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deterioration (e.g. started smoking or gained weight (> 1SD)), 0 for no
change (e.g. remained former smoker, similar alcohol use, weight and
physical activity change within 1SD), and 1 for improvement (e.g. quit
smoking or lost weight (> 1SD)). The sum of the grades of the four
lifestyle characteristics formed the summary lifestyle improvement
score with a minimum of —4 and a maximum of 4, and was calculated
for each individual patient.

2.4. Registration of events during follow-up

From the first visit onwards, patients received biannual ques-
tionnaires obtaining information on incident cardiovascular disease,
bleeding events, diabetes mellitus, and end stage renal disease. Upon an
affirmative answer, additional information was gathered through hos-
pital or general practitioner's data. An endpoint committee of three
physicians independently judged all clinical events, and conflicting
decisions were discussed. Detailed information on definitions and
number of endpoints is described in Supplemental Table S2.

2.5. Data analyses

Missing data for smoking status (< 0.3%), alcohol use (< 1%),
weight (< 0.5%), CRP (< 1.6%), use of lipid lowering and platelet
inhibitory medication (< 0.3%), and physical activity (< 16%) were
singly imputed by bootstrapping and predictive mean matching, based
on multiple regression using both baseline and follow-up visit mea-
surements as well as outcome data (aregIlmpute function in R, Hmisc
package). With regard to the high percentage of missing physical ac-
tivity data, a sensitivity analysis was performed with only complete

Table 1
Patient characteristics at the first and follow-up study visit.
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cases regarding physical activity.

For descriptive statistics, a baseline table, histogram for the dis-
tribution of difference in CRP concentration and cross tables of CRP
differences per lifestyle characteristic were created. Cross-sectional
analyses at baseline were performed first for all lifestyle factors by
linear regression analyses with CRP concentration at baseline as the
dependent variable and lifestyle factors (smoking status, alcohol use,
body mass index (BMI), and physical activity at baseline) as in-
dependent variables. To investigate the relation between lifestyle
changes and change in CRP concentration, linear regression analyses
were performed. Difference in CRP was taken as the dependent vari-
able, and each change in lifestyle as independent variable. Continuous
independent variables (weight change and physical activity change)
were assessed per SD increase. For the categorical independent vari-
ables, continuous smokers, continuous heavy alcohol users, and con-
tinuous non alcohol users were taken as the reference category.
Baseline CRP was added to the models, as the magnitude of the dif-
ference in CRP level might depend on baseline concentration. To adjust
for potential confounding, age and sex, and additionally change in use
of lipid lowering (including change in statin use) or antiplatelet medi-
cation, smoking status change, weight change, physical activity change,
and alcohol use change (if not determinant of interest) were added to
the models. Exploratory models were evaluated with addition of edu-
cational level, retirement between visits, change in work-related phy-
sical activity, estimated glomerular filtration rate (eGFR) change, sys-
tolic blood pressure change, diabetes at baseline, diabetes acquired
during follow-up, and low density lipoprotein cholesterol (LDL-c)
change were assessed, as well as additional adjustment for the use of
hormone replacement therapy at baseline in women, or other anti-

Population, n = 1794 First visit

Follow-up visit® Mean difference between visits”

Male, n (%)

Age (years)”

Cerebrovascular disease, n (%)
Coronary heart disease, n (%)
Peripheral vascular disease, n (%)
Diabetes mellitus, n (%)
Metabolic syndrome, n (%)¢
Current smoking, n (%)

Former smoking, n (%)

1409 (79%)
57 £ 9
447 (25%)
1181 (66%)
274 (15%)
220 (12%)
848 (47%)
520 (29%)
933 (52%)

Number of pack-years® 15 (3-30)
Alcohol use (> 10 units per week), n (%) 595 (33%)
Physical exercise (MET hours/week)® 43 (25-71)

Medication

Lipid lowering medication, n (%)

Blood pressure lowering medication, n (%)
Anti-platelet therapy, n (%)

1204 (67%)
1310 (73%)
1385 (77%)

Anti-coagulants, n (%) 137 (8%)
Other anti-inflammatory medication, n (%)° 51 (3%)
Physical examination

Body Mass Index (kg/m?)* 27 * 4
Weight (kg)* 82 + 13
Waist circumference (cm)® 95 * 11
Systolic blood pressure (mmHg)“ 139 + 20
Diastolic blood pressure (mmHg)“ 82 + 11
Laboratory measurements

Hs-CRP (mg/L)° 1.5 (0.8-3.1)
Triglycerides (mmol/L)" 1.4 (1.0-2.0)
HDL cholesterol (mmol/L)* 1.2 (1.0-1.9)
LDL cholesterol (mmol/L)" 2.8 (2.2-3.5)
eGFR (CKD-EPI, rnL/min/1.73m2)“’f 79 + 15

1409 (79%) NA
66 £ 9 9 =3

485 (27%) NA

1242 (69%) NA

323 (18%) NA

370 (21%) NA

953 (53%) NA

310 (17%) NA

1156 (64%) NA

19 (4-34) 37

490 (27%) NA

44 (25-72) 1 = 48
1485 (83%) NA

1385 (77%) NA

1446 (81%) NA

192 (11%) NA

117 (7%) NA

27 = 4 0.6 = 2
83 * 14 09 = 6
98 + 12 36 =7
140 = 17 0.5 = 21
80 = 10 —-22 = 13
1.4 (0.7-2.7) -02 = 22
1.2 (0.9-1.8) -0.2 = 0.9
1.2 (1.0-1.5) 0.05 * 0.3
2.4 (2.0-3.0) -03 = 1.1
75 = 17 -4 =11

@ Median time between visits 9.9 years (IQR 5.4-10.8 years).
b Individual differences between visits, only for continuous variables.

¢ Data are mean *+ SD or median (interquartile range).

4 Metabolic syndrome was defined according to the National Cholesterol Education Program Adult Treatment Panel III definition [40].

e

medication (including methotrexate).

Other anti-inflammatory medications: non-steroidal anti-inflammatory drugs (NSAIDs), COX-2 inhibitors, colchicine, corticosteroids, and immunosuppressive

f Kidney function was estimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula [41].
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inflammatory medication (including non-steroidal anti-inflammatory
drugs (NSAIDs), COX2 inhibitors, corticosteroids, and im-
munosuppressive medication).

The relation between multiple lifestyle changes and change in CRP
concentration was evaluated by plotting mean difference (standard
error of the mean (SEM)) of CRP versus the summary lifestyle im-
provement score, for all patients and stratified for CRP concentration at
baseline (the median CRP level at baseline of 1.5 mg/L was chosen as
cut-off value). Furthermore, linear regression was performed with the
summary lifestyle improvement score as a continuous independent
variable and CRP difference as dependent variable, adjusted for age,
sex, CRP at baseline, and change in use of lipid lowering or antiplatelet
medication.

2.6. Additional analyses and assumptions of linear regression

Potential effect modification by time since smoking status was
tested by adding an interaction term to the model. Estimated marginal
means of CRP concentration were calculated for never smokers and
patients who quit smoking during follow-up, adjusted for age, sex,
change in other lifestyle factors, and lipid lowering and antiplatelet
medication. To evaluate potential effects of incident cancer (N = 105)
or cardiovascular disease (N = 126) during the follow-up period on the
relation between lifestyle changes and change in CRP, a sensitivity
analysis was performed by excluding these patients.

Assumptions of linear regression; linearity between independent
variable and outcome, normality of residuals, and homogeneity of
variance were assessed visually and no violations were observed.

3. Results
3.1. Baseline characteristics

In total, 1794 patients with clinically manifest cardiovascular dis-
ease and CRP levels <10 mg/L were included. Mostly males were in-
cluded (79%), due to the specific study population of patients with
established CVD. Median time between the first and follow-up study
visit was 9.9 years (interquartile range (IQR) 5.4-10.8 years). Patient
characteristics for the first and follow-up visit are shown in Table 1.
Median CRP concentration was 1.5 mg/L (IQR 0.8-3.1) at baseline and
1.4 mg/L (IQR 0.7-2.7) at follow-up, and CRP levels were fairly stable
with a mean difference of —0.18 mg/L (SEM 0.05) between the first
and follow-up study visits (Supplemental Fig. S2).

3.2. Change in lifestyle between baseline and follow-up

At baseline and follow-up only 5% and 4% of the patients had
achieved all four lifestyle goals for smoking, physical activity, BMI, and
alcohol intake, even though slight improvements were observed for
smoking and BMI (Supplemental Table S2). The majority of the patients
did not change their lifestyle habits during follow-up, regarding
smoking, physical activity, weight, and alcohol use (Supplemental
Table S3). At baseline, 520 (29%) patients were current smokers.
During follow-up, 261 patients quit smoking whereas 51 patients
started smoking. Most patients had a stable weight comparing baseline
and follow-up (N = 1327 (74%)), and the majority of patients had a
stable level of physical activity (N = 1364 (76%)). Although most
patients did not change their alcohol intake (N = 1493 (83%)), 203
patients moderated alcohol use from more than 10 units to fewer than
10 per week (Table 2).

3.3. Relation between lifestyle changes and change in CRP concentration
Cross-sectional analyses at baseline showed that smoking status and

BMI were associated with CRP concentration at baseline. Alcohol con-
sumption and physical activity were not associated with baseline CRP

40

Atherosclerosis 301 (2020) 37-43

Table 2
Change in lifestyle factors between baseline and follow-up visit, separate and
combined in the summary lifestyle improvement score.

-1 Score 1

0

51 (3%)
291 (16%)

1482 (83%)
1327 (74%)

261 (15%)
176 (10%)
218 (12%)
203 (11%)

Smoking status change *
Weight change "
Physical activity level change © 212 (12%) 1364 (76%)
Alcohol use change d 98 (6%) 1493 (83%)
Number of patients per summary lifestyle improvement score

2 1000
=]
£ 800
<
S 600
o
5 400-
O
£ 200
=
Z 0
4 3 2 -1 0 1 2 3 4

Summary lifestyle improvement score

? Smoking status change: started smoking (—1), no change (remained non-
smoker or current smoker) (0), or quit smoking (1).

b Weight change: > 1SD (=6.4 kg) higher (—1), within 1SD (0), > 1SD
lower (1).

¢ Physical activity change: > 1SD (=48 METh/w) lower (—1), within 1SD
(0), > 1SD higher (1).

4 Alcohol use change: From < 10 to > 10 units per week (— 1), similar (0),
from > 10 to <10 units per week (1).

concentration (Supplemental Fig. S3).

Smoking cessation was related to a 0.40 mg/L decline in CRP con-
centration (f-coefficient —0.40; 95%CI -0.73,-0.07) (Fig. 1). No effect
modification was observed by time since smoking cessation (p-value for
interaction 0.97). Estimated marginal means of CRP level for partici-
pants who quit smoking during follow-up and for never smokers were
2.24 mg/L (95%CI 1.95,2.53) and 1.87 mg/L (95%CI 1.59,2.15) re-
spectively. With regard to physical activity, for every SD increase in
MET hours per week, CRP was 0.09 mg/L lower (p-coefficient —0.09;
95%CI -0.17,-0.01) (Fig. 1). Similar results were observed after ex-
cluding patients with missing data on physical activity at the follow-up
visit (B-coefficient —0.13; 95%CI -0.22,-0.04). Weight loss was related
to a decrease in CRP concentration; per SD weight loss the CRP con-
centration decreased with 0.25 mg/L (B-coefficient —0.25; 95%CI
-0.33,-0.16) (Fig. 1). Change from heavy to moderate alcohol use was
not related to CRP concentration (f-coefficient —0.22; 95%CI
-0.52,0.09), and no relation was observed between change from no
alcohol to moderate alcohol use and change in CRP level (3-coefficient
—0.08; 95%CI -0.54,0.38) (Fig. 1). Additional adjustment for use of
hormone replacement therapy at baseline in women, diabetes mellitus
at baseline, educational level, retirement between visits, change in
work-related physical activity, or change in eGFR, systolic blood pres-
sure, the presence of diabetes mellitus, LDL-c, and anti-inflammatory
medication use did not change results.

Analyses repeated after exclusion of patients with incident cardio-
vascular disease (n = 126) or any type of cancer, except for non-mel-
anoma skin cancer (n = 105) between the two visits showed similar
results.

3.4. Relation between summary lifestyle improvement score and change in
CRP concentration

Patients with the highest summary lifestyle improvement scores
(=2) (N = 99 (6%)) on average had the most decline in CRP con-
centration or, after stratification by baseline CRP concentration, the
most favorable trend in CRP level (Fig. 2). A linear relation was
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Figure 1. Relation between lifestyle changes and change in CRP concentration
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Fig. 1. Relation between lifestyle changes and
change in CRP concentration.

Smoking cessation /among smokers at baseline 261/520 ) Model 1: adjusted for age, sex, and CRP con-
moge: ; == centration at baseline. Model 2: additionally
2 adjusted for difference in smoking status, phy-
. . sical activity level, weight, alcohol use (if not
Smoking start /among never or former smokers at baseline 51/1274 d . . e e
Model 1 ] O eterminant of interest), and change in lipid
Model 2 —_—1 lowering and antiplatelet therapy.
@ Heavy alcohol use: > 10 units per week;
Physical activity increase (per 1SD = 48 MET hours/week) 1794 moderate alcohol use: > 0-10 units per week.
Model 1 o+
Model 2 s
Weight loss (per 1SD = 6.4 kg) 1794
Model 1 g
Model 2 o
Heavy to moderate or no alcohol use /among heavy users at baseline ® 203/595
Model 1 ——
Model 2 ——
No to moderate alcohol use /among no users at baseline ® 111/242
Model 1 o e ) |
Model 2 —_——
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Fig. 2. Relation between summary lifestyle improvement score and change in
CRP concentration.
Change in CRP level is the difference between follow-up visit and baseline.
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observed between summary lifestyle improvement score and CRP dif-
ference, when adjusted for baseline CRP, age, sex, and change in lipid
lowering and antiplatelet medication. Every point higher was related to
a decrease in CRP concentration of 0.17 mg/L (B-coefficient —0.17;
95%CI -0.26,-0.07). As no relation was observed between alcohol
consumption and CRP, an additional analysis was performed for the
summary lifestyle improvement score without incorporation of alcohol
use, showing similar results.

4. Discussion

In the present study, it is shown that lifestyle factors smoking and
body mass index are associated with systemic low-grade systemic in-
flammation at baseline and that smoking cessation, increase in physical
activity, and weight loss are related to a decrease in CRP plasma con-
centration in patients with established cardiovascular disease. Alcohol
use and change in alcohol use were not associated with CRP plasma
concentration. Every point higher in the summary lifestyle improve-
ment score, a combination of changes in lifestyle factors, was related to
a further decrease in CRP concentration.

Results of the present study support the notion that lifestyle factors
and lifestyle changes are related to low-grade systemic inflammation,
potentially explaining part of the beneficial effects of lifestyle changes
on reduction of cardiovascular risk. Results for weight loss and physical
activity increase are in line with previous studies in population based
cohorts and trial populations for lifestyle interventions [19,20]. In-
consistencies were observed for smoking cessation and alcohol con-
sumption [22-24]. Smoking cessation was not related to change in CRP
after one year in a longitudinal smoking cessation trial with 1504
participants [24], or to change in CRP after an average of 3.4 years
(range 1.0-10 years) in 975 smokers at baseline [22]. However,
smoking cessation was accompanied by an increase in waist cir-
cumference [24], which may have counterbalanced CRP lowering ef-
fects of smoking cessation, and was not apparently taken into account
in the analyses [22,24]. In the current study, smoking cessation was not
related to CRP difference in crude analysis, only after adjustment for
weight change, the relation became apparent. Moderate alcohol intake
compared to no alcohol use was previously related to lower CRP
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concentrations in cross-sectional or trajectory analyses in population
based studies [11,23] and in a subgroup of patients with a history of
cardiovascular disease (N = 1154) [32]. In patients who consumed
fewer than 7 drinks per week [32] or less than 20 g of ethanol (corre-
sponding to 0.5 L beer) daily [11] CRP concentration was lowest. In the
current study, moderate alcohol intake (> 0-10 drinks per week) was
not related to CRP concentration, implying that the upper limit of
moderate alcohol use might be fewer than 10 drinks per week to have a
beneficial effect on CRP concentration. Dietary information was not
available in the present study. The relation between diet composition
and CRP is uncertain; in a trial randomizing patients to a dietary re-
giment type, weight loss was the main driver of lowering CRP levels,
irrespective of diet composition [25], whereas a cross-sectional ob-
servational study found a relation between dietary glycemic load and
CRP independent of BMI [26].

The Canakinumab Antiinflammatory Thrombosis Outcome Study
(CANTOS) trial showed that targeting inflammation by canakinumab,
an IL-1f inhibitor, lowered CRP levels and reduced the risk of recurrent
CVD [5]. Furthermore, the Colchicine Cardiovascular Outcomes Trial
(COLCOT) showed that lowering inflammation with colchicine in pa-
tients after a recent myocardial infarction reduced the risk of ischemic
cardiovascular events [33]. CRP was lower in the colchicine group,
although not statistically significant, and inflammation markers were
only determined in a small and selected subgroup of patients [33]. No
influence on CRP levels nor incident cardiovascular disease by metho-
trexate was observed in the Cardiovascular Inflammation Reduction
Trial (CIRT) [34]. The combined results of these trials, illustrate the
involvement of the IL-1f, IL-6, CRP pathway in pathophysiology of
atherothrombosis and lead to the hypothesis that cardiovascular disease
risk reduction could be dependent on the targeted inflammatory
pathway [6,34]. Since smoking cessation, weight loss, and increased
physical activity showed a beneficial effect on CRP concentration,
mechanisms by which lifestyle interventions lead to a decreased risk of
recurrent cardiovascular disease might include reduction of low-grade
systemic inflammation. Similarly, low-grade inflammation is con-
sidered a stimulating factor in lung cancer development [2-4], and
smoking cessation might lead to a decreased risk of lung cancer com-
pared to continuous smokers [35], partially through a reduction of low-
grade inflammation. The effect of other lifestyle factors on lung cancer
risk in smokers, such as weight and physical activity, is unclear [36,37].

The relation between lifestyle changes and decrease in CRP con-
centration in patients with cardiovascular disease is important for
clinical practice, as a healthy lifestyle is an important part of secondary
prevention [38]. A previous cross-sectional study suggested that 38% of
patients with coronary artery disease and high inflammatory burden
could achieve CRP levels lower than 2 mg/L after assumed lifestyle
optimisation [39]. However, in the current study, reflecting real life,
most patients did not manage to optimize lifestyle. Therefore, patients
might benefit from further encouragement or assistance with improving
lifestyle habits. Patients with a CRP concentration of =1.5 mg/L at
baseline and the most lifestyle improvements (summary lifestyle im-
provement score of 2 or 3) had a mean difference in CRP concentration
of —1.69 mg/L (SEM 0.30). In the CANTOS trial, including cardio-
vascular patients with a CRP concentration of =2 mg/L at baseline,
canakinumab 150 mg lowered median CRP levels by 2.3 mg/L after 48
months follow-up (median 4.3 mg/L at baseline and 2.0 mg/L at follow-
up), compared to a decrease of 0.5 mg/L in the placebo group [5].
Although this is a short term pharmacological intervention, these re-
sults suggest that patients with established cardiovascular disease po-
tentially benefit from specific anti-inflammatory therapy, on top of
healthy lifestyle changes, to lower cardiovascular risk.

Strengths of the study include the large study population of patients
with cardiovascular disease and the repeated measurement of lifestyle
factors and CRP concentration. Potential limitations should be con-
sidered and include the reported lifestyle habits by questionnaires at
two time points (baseline and follow-up), which might not be
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representative of the complete follow-up period. However, lifestyle
habits and CRP concentration are measured simultaneously, and CRP
concentration will therefore be representative for lifestyle habits of the
preceding weeks. The long duration between baseline and follow-up
visit potentially limits clinical importance of lifestyle goals achieve-
ment. Social desirability bias could have influenced participants’ an-
swers concerning physical activity, smoking, and alcohol consumption,
leading to an underestimation of the relation with CRP concentration.
Furthermore, the selection of patients who returned for follow-up
measurements could lead to selection bias. The questionnaire to
quantify physical activity is previously validated [29], but not specifi-
cally for change in physical activity level. Furthermore, validation
showed that the questionnaire is suitable for ranking subjects rather
than calculating absolute energy expenditure [29], and might be less
suited for determining individual achievement of guideline re-
commended physical activity goals. Absence of elaborate information
on daily alcohol intake (rather than weekly), may have influenced the
results for alcohol consumption and CRP, and the relatively small
number of patients changing from no to moderate alcohol intake
(N = 111) could have limited precision. Unmeasured confounders,
including diet, hormone replacement therapy at follow-up for women,
additional comorbidities, or medication compliance could have influ-
enced the results of the study. However, by studying the relation be-
tween difference in lifestyle and difference in CRP concentration within
participants, effects of unmeasured confounding are potentially limited.
Given the observational study design, firm conclusions on causality
should be made with caution as residual confounding cannot be ruled
out.

In conclusion, smoking cessation, increase in physical activity, and
weight loss are related to a decrease in CRP concentration in patients
with stable cardiovascular disease. Patients with the highest summary
lifestyle improvement score have the most decrease in CRP concentra-
tion. These results may indicate that healthy lifestyle changes con-
tribute to lower systemic inflammation, potentially leading to a lower
cardiovascular risk in patients with stable cardiovascular disease.
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