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Abstract
Background—Cigarette smoking has been associated with increases in C-reactive protein (CRP)
and leukocyte counts (WBC); however, the effects of smoking intensity and smoking cessation on
inflammatory markers have not been evaluated prospectively in a large, modern cohort of current
smokers.

Methods—WBC count and high-sensitivity CRP were measured in current smokers enrolled in a
randomized, prospective clinical trial of five smoking cessation pharmacotherapies. Smoking
intensity parameters included: cigarettes/day, pack-years, Fagerstrom Test of Nicotine Dependence
(FTND) score, and carbon monoxide (CO) levels. CRP also was measured after 1 year with
assessment of abstinence status.

Results—The 1,504 current smokers (58% female) were mean (standard deviation): 44.7 (11.1)
years old, smoked 21.4 (8.9) cigarettes/day and had a smoking burden of 29.4 (20.4) pack-years. Log
(CRP) was not associated with any marker of smoking intensity, except for a weak correlation with
pack-years (r=0.05, p=0.047). In contrast, statistically significant correlations were observed between
all 4 markers of smoking intensity and WBC count (all p≤0.011). In multivariable models, waist
circumference (p<0.001) and triglycerides (p<0.05), but no markers of smoking intensity, were
associated with log(CRP). However, pack-years (p=0.002), cigarettes/day (p=0.013), CO (p<0.001),
and FTND (p<0.001) were independently associated with WBC count. After 1 year, log(CRP)
(p=0.296) and changes in log(CRP) (p=0.455) did not differ between abstainers and continuing
smokers.

Conclusions—Smoking intensity is associated with increased WBC count, but not CRP levels.
Smoking cessation does not reduce CRP. The relationship between CRP and smoking intensity may
be masked by CRP’s stronger relationship with adiposity.
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Introduction
Cigarette smoking is a powerful risk factor for atherosclerosis and cardiovascular disease
(CVD). Approximately 36% of the population-attributable risk for myocardial infarction is
directly attributable to smoking.1 Smoking cessation is associated with significant CVD risk
reduction and mortality benefits.2–6 Atherogenesis and acute coronary syndromes are
inflammatory processes; because cigarette smoking has been associated with systemic
inflammation, it has been hypothesized that inflammation may be a mechanism by which
cigarette smoking affects CVD.7,8 C-reactive protein (CRP) and white blood cell (WBC) count
are circulating markers of systemic inflammation that have been associated with atherosclerosis
and increased CVD risk.8,9 However, the extent to which the relationships between these
markers and CVD risk are independent of traditional risk factors, such as smoking, obesity,
and dyslipidemia is unclear.10,11

Previous investigations have demonstrated that increased CRP levels are a secondary effect of
cigarette smoking and reflect tissue injury.10,12 CRP levels and WBC counts are higher among
current smokers compared to never smokers.7,9,12–14 Positive, independent relationships
between the number of cigarettes/day and elevated levels of CRP and WBC counts also have
been described.8,9,13,15,16 However, previous studies of the effects of smoking on
inflammatory markers tended to be small, frequently did not adjust for confounders that affect
CRP levels (such as age, sex, adiposity, and physical activity) and may not be representative
of contemporary smokers, who tend to be more overweight than historical cohorts.17 Several
reports only evaluated cigarettes smoked per day, rather than other markers of smoking
intensity including nicotine dependence and recent smoke exposure. Also, other studies did
not follow changes in markers longitudinally and did not examine whether markers are affected
by smoking cessation. This study examined the interrelationships between 4 markers of
smoking intensity, CRP, and WBC counts in a large cohort of daily smokers and sought to
determine if smoking cessation is associated with a reduction in CRP.

Methods
Study Participants and Design

Subjects were participants in a longitudinal, randomized, double-blind, placebo-controlled
smoking cessation trial to evaluate the efficacy of five smoking cessation pharmacotherapies
and to examine the natural history of continued smoking and smoking cessation
(clinicaltrials.gov registration number NCT00332644).18 Participants were randomized to
placebo or one of five smoking cessation interventions: nicotine lozenge, nicotine patch,
sustained-release bupropion, nicotine patch plus nicotine lozenge, or bupropion plus nicotine
lozenge. All participants received individual counseling sessions.18 Each subject’s baseline
and one year post-quit data were analyzed. Major inclusion criteria were: age ≥18 years old,
smoking at least 10 cigarettes/day for the previous 6 months, expired carbon monoxide (CO)
level >9 ppm, and stated motivation to try to quit smoking. Major exclusion criteria were:
uncontrolled hypertension (blood pressure >160/100 mmHg), myocardial infarction within the
previous 4 weeks, drinking 6 or more alcoholic drinks on 6 or 7 days a week, history of seizure
and/or serious head injury, use of contraindicated medications (monoamine oxidase inhibitors,
bupropion, lithium, anticonvulsants, antipsychotics), and current pregnancy or breast-feeding.
18 This study was approved by the institutional review board at the University of Wisconsin
School of Medicine and Public Health. All subjects provided written informed consent.
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Study Procedures
Subjects were recruited from communities in or around Madison and Milwaukee, Wisconsin,
from January, 2005 to June, 2007.18 The baseline and one-year clinical trial visits included
measurement of anthropometric data, fasting laboratory tests, and completion of validated
questionnaires and interviews. The measurements performed are in the first column of Table
1. CRP was measured in all subjects at both visits. Evaluating the effects of smoking cessation
on CRP levels was a pre-specified secondary analysis of this study. WBC count was measured
at the baseline visit only and the analyses were performed in response to the CRP findings
described below. Physical activity was measured using the long form of the International
Physical Activity Questionnaire (IPAQ).19 Four parameters related to smoking intensity were
evaluated: current cigarette smoking (cigarettes/day) and current pack-years (current
cigarettes/day * number of years smoked) to describe current smoking burden, the Fagerstrom
Test for Nicotine Dependence (FTND)20 to characterize nicotine dependence, and exhaled
carbon monoxide (CO) levels to quantify smoking efficiency, recent smoking, and recent
smoke exposure. Seven-day, CO-confirmed (<10 ppm) point-prevalence abstinence was
assessed one year after the target quit date.18,21,22

Measurements of Inflammatory Markers
Fasting blood samples were obtained by venipuncture and refrigerated. Plasma aliquots were
isolated by centrifugation and frozen at −70 degrees. High-sensitivity CRP was measured by
nephelometry on a Siemens Dimension Vista(r) 3000T Intelligent Lab System. Complete blood
counts were performed on a Sysmex XE 2100 analyzer.

Statistical Analysis
Means, standard deviations, and ranges were used for descriptive statistics. Because of skew,
CRP values were log-transformed. Pearson correlations were calculated to describe the
unadjusted relationships between the smoking intensity parameters, inflammatory markers,
and other relevant variables. For the cross-sectional analysis, multivariable linear regression
models were created to identify independent predictors of log(CRP) and WBC count, using
variables that had significant (p<0.10) correlations with these inflammatory markers. A basic
model was created for each inflammatory marker that included age, sex, use of lipid-lowering
medication, waist circumference, glucose, triglycerides, high-density lipoprotein cholesterol,
and low-density lipoprotein cholesterol. Separate models were created by individually adding
each of the four smoking intensity parameters to the basic model. Changes in log(CRP) after
one year between treatment arms were evaluated using analysis of variance. A t-test was used
to compare log(CRP) between those who successfully quit smoking (“abstainers”) and those
who relapsed. Differences in log(CRP) levels between continuing smokers and abstainers at
one year also were analyzed by analysis of covariance, thereby controlling for potential baseline
differences in log(CRP) between the two groups. Multivariable linear regression models were
created for prediction of changes in log (CRP) after one year. Analyses were performed with
SPSS software (Version 17.0, SPSS, Inc., Chicago, IL).

Funding Sources
This research was supported in part by grant P50 DA019706 from the National Institute on
Drug Abuse to the University of Wisconsin-Center for Tobacco Research and Intervention, a
Ruth L. Kirschstein National Research Service Award T32 HL07936 from the National Heart
Lung and Blood Institute, and an Institutional Clinical and Translational Science Award KL2
RR025012. Medications for the study were provided by GlaxoSmithKline. The authors are
solely responsible for the design and conduct of this study, all study analyses, the drafting and
editing of the paper and its final contents.”
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Results
Subject Characteristics

Baseline subject characteristics are in Table I. The 1,504 participants (58% female, 84% white)
were mean (standard deviation): 44.7 (11.1) years old, smoked 21.4 (8.9) cigarettes/day and
had a smoking burden of 29.4 (20.4) pack-years. The highest level of education attained was
college-level training or graduation in 70.8%; 23.6% graduated from high school. FTND scores
were 5.4 (2.1) and CO levels 26 (12.5) ppm. Mean CRP was 2.1 (11.0) mg/L (median 0.5,
inter-quartile range 0.2–1.9 mg/L), mean log(CRP) was 0.18 (0.64) mg/L, and mean WBC 7.6
(2.2) k/μl. The mean body-mass index was 29.0 (6.5) kg/m2 and waist circumference 96 (16.2)
cm. On average, subjects consumed 16.0 (23.9) alcohol-containing beverages a month. Total
cholesterol and LDL-C levels were normal; however, high-density lipoprotein cholesterol
levels were low and triglycerides were high-normal.17 Men had lower high-density lipoprotein
cholesterol (36 [11.6] mg/dL) than women (46 [13.4] mg/dL) (p<0.001); however, log(CRP)
and WBC counts did not differ between the sexes (p=0.102). Only 11% of the participants
reported taking lipid-lowering medications.17

Correlations with Inflammatory Markers at Baseline
Correlations among CRP, WBC, smoking intensity parameters, and other variables are in Table
II. Log(CRP) and WBC count were correlated modestly (r=0.17, p<0.001). Log(CRP) was not
associated with any marker of smoking intensity, except for a weak correlation with pack-years
(r=0.05, p=0.047). The strongest correlates of log(CRP) were waist circumference (r=0.30,
p<0.001) and body-mass index (r=0.30, p<0.001). Log(CRP) also was modestly but
significantly correlated with education level, systolic and diastolic blood pressure, glucose,
hemoglobin A1C, low-density lipoprotein cholesterol, and high-density lipoprotein
cholesterol.

In contrast to CRP, statistically significant, modest correlations were observed between all 4
markers of smoking intensity and WBC count (all p≤0.007). In addition to the smoking intensity
parameters, WBC count was significantly correlated with body-mass index, waist
circumference, diastolic blood pressure, hemoglobin A1C, hemoglobin, and all lipid fractions.

Multivariable Predictors of Inflammatory Markers at Baseline
The best multivariable model for log(CRP) among current smokers included waist
circumference (p<0.001) and triglycerides (p=0.051), but no markers of smoking intensity. In
contrast, the multivariable models predicting WBC count all included waist circumference,
sex, triglycerides, hemoglobin, and hemoglobin A1C and then one of the smoking intensity
variables: pack-years (p=0.009), cigarettes/day (p=0.037), CO (p<0.001), or FTND (p<0.001).
The best multivariable model for WBC count among current smokers included CO (p<0.001)
as the smoking measure (see Table III). Models for the other markers of smoking intensity had
similar adjusted R2 values and independent contributions similar to CO.

Changes in CRP after Smoking Cessation
CRP levels from the baseline and 1-year post-quit visits were available for 95% of the 973
subjects that returned for a year 1 visit. After 1 year, 36.2% of returning subjects had
successfully abstained from smoking. Log(CRP) was similar among abstainers (0.36 [0.46]
mg/L) and continuing smokers (0.32 [0.50] mg/L), (p=0.296). Change in log(CRP) also was
similar among continuing smokers and abstainers (p=0.455) and did not differ between
treatment arms (p=0.820). Smoking status after one year also did not predict log(CRP) values
at the 1-year post quit visit (effect size=0.003, pANCOVA=0.125). Changes in levels of CVD
risk factors in this study (such as lipids, blood pressures, glucose, etc.) have been reported
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previously.6 In univariate analysis, change in log(CRP) was weakly correlated with change in
high-density lipoprotein cholesterol (r=−0.10, p=0.004), but no other variables. Abstainers had
greater increases in waist circumference (3.0 vs.1.0 cm, p<0.001), body-mass index (1.6 vs.
0.2 kg/m2, p<0.001), and high-density lipoprotein cholesterol (2.8 vs. 0.4 mg/dL, p<0.001)
compared to continuing smokers. In multivariable analysis, changes in log(CRP) after 1 year
were independently associated with baseline educational status (β=0.09, p=0.007), baseline
waist circumference (β=−0.09, p=0.013), and change in high-density lipoprotein cholesterol
(β=−0.09, p=0.008), but not smoking status or any baseline marker of smoking intensity.
Similarly, age, sex, race, and changes in body-mass index, waist circumference, blood pressure,
low-density lipoprotein cholesterol, and glucose were not independently associated with
changes in log(CRP).

Discussion
In this large cohort of current smokers enrolled in a smoking cessation clinical trial, we
observed divergent associations between two inflammatory markers and several measures of
smoking intensity. CRP levels were not associated strongly with any markers of smoking
intensity; however, we observed modest associations between WBC count and all four markers
of smoking intensity that we examined. The associations between WBC count and the markers
of smoking intensity remained statistically significant even after controlling for waist
circumference, sex, triglycerides, hemoglobin, and hemoglobin A1C. Longitudinal follow-up
surprisingly showed no differences in CRP levels between abstainers or continued smokers.

Exposure to cigarette smoke increases oxidative stress which may lead to vascular
inflammation. Previous studies have shown that CRP levels are elevated in current smokers
compared to nonsmokers; however, CRP values in our subjects were normal, despite being,
on average, overweight.23 Associations between cigarettes smoked per day, CRP levels, and
WBC counts have been described previously in observational cohorts.8,9,13,15,16 We
confirmed independent associations between WBC count and cigarettes smoked per day, pack-
years, and CO levels and described, for the first time, an association between a measure of
nicotine addiction (the FTND score) and the WBC count. However, we were not able to
replicate previously reported associations between these markers of smoking intensity and CRP
in our study. We also did not observe a long-term improvement in CRP with smoking cessation.

Because of the design of our study, we can only speculate on the reasons for the apparently
divergent relationships between these two inflammatory markers and markers of smoking
intensity. Because our subjects were participants in a clinical trial of smoking cessation
interventions, all of our subjects smoked at least 10 cigarettes per day, and we did not have a
non-smoking control group. It is possible that any cigarette smoking at all increases CRP, a
highly sensitive marker of subclinical inflammation, so a dose–response relationship with
markers of smoking intensity was not seen. This hypothesis is unlikely, however, because
smoking cessation also was not associated with reductions in CRP. A more likely explanation
is that CRP, in comparison to WBC count, is more affected by parameters such as central
adiposity than smoking intensity. Indeed, the strongest correlates of CRP at baseline were waist
circumference, body-mass index, and other markers associated with central adiposity and the
Metabolic Syndrome, including glucose, hemoglobin A1C, blood pressure, and low high-
density lipoprotein cholesterol. In multivariable models, waist circumference and triglycerides,
but no markers of smoking intensity were independently associated with CRP, suggesting that
visceral adiposity and its metabolic effects are more powerful determinants of CRP levels than
are smoking intensity and its consequences. After one year, changes in high-density cholesterol
independently influenced CRP levels, but markers of smoking intensity did not. Since
abstainers gained more weight than continuing smokers, it appears that the effects of adiposity
outweighed and perhaps masked the effects of smoking intensity on CRP.
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WBC count, however, is less strongly associated with adiposity, so its relationship with each
of the markers of smoking intensity we evaluated was statistically significant and independent.
It also is possible that smoking disproportionately causes inflammation in tissues that more
directly affect the WBC count (such as the lungs) than the arteries. Given the heightened interest
in using CRP as a marker of CVD risk, these findings are important.8 Although smoking
cessation reduces CVD risk,2–6 patients and physicians should expect CRP levels to improve
after smoking cessation. For current smokers, changes in CRP with abstinence appear to be
disassociated from the observed improvements in CVD risk observed after smoking cessation.
4–6

Limitations
Because this was a randomized clinical trial of smoking cessation interventions, there were no
non-smoking controls, so we could not determine the extent to which WBC and CRP levels
among current smokers differed from non-smokers, or the extent to which changes in CRP
among abstainers approached levels seen in non-smokers or former smokers. In our study,
approximately 35% of subjects did not return for their one-year follow-up visit, which is
consistent with the 30–43% one year drop-out rates reported in other recent clinical trials of
smoking cessation pharmacotherapy.24,25 Compared to those who did not return for their one
year visit, those with one year data were approximately one year older (p=0.032) and were
more likely to be male (p=0.032), but had similar race distributions (p=0.365) and baseline
cigarettes smoked per day (p=0.357) than those who did not return. Also, WBC counts were
not available for all subjects’ samples and were not collected until after the study was started.
Because WBC values were not obtained at the 1-year follow-up visit, we could not evaluate
the effects of smoking cessation on WBC count. The significant relationship between
educational status and CRP may be due to associations between educational status and a variety
of factors known to affect health and health-relevant behaviors including health knowledge,
health care quality, medication adherence, diet, and drug and alcohol use, among others.26–
28 Thus, educational status may serve as a proxy for other unmeasured factors that play a more
direct causal role in influencing CRP levels.

Conclusions
In this large cohort of active smokers, smoking intensity was independently associated with
the WBC count but not CRP levels, and smoking cessation did not reduce CRP levels. The
relationship between CRP and smoking intensity may be masked by CRP’s stronger
relationship with adiposity.
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Table I

Subject Characteristics at baseline (N=1504)

Mean (standard deviation) Range

Age (years) 44.7 (11.1) 18–79

Sex (% male) 42 -

Race (% white) 84 -

Body-mass index (kg/m2) 29.0 (6.5) 15.5–69.2

Waist circumference (cm) 95.9 (16.2) 34–197

Alcohol consumption (drinks/month) 16.0 (23.9) 0–168

Markers of smoking intensity*

 Current smoking (cigs/day) 21.4 (8.9) 1–80

 Smoking burden (current pack-yrs) 29.4 (20.4) 0–156

 Fagerström Test of Nicotine Dependence Score 5.4 (2.1) 0–10

 Carbon monoxide (ppm) 25.7 (12.5) 1–110

Log (CRP) (mg/L) 0.32 (1.04) 0–2.60

White blood cell count (K/ul) 7.6 (2.2) 3–17

Systolic blood pressure (mmHg) 119.4 (14.4) 80–178

Diastolic blood pressure (mmHg) 74.3 (10.1) 42–110

Glucose (mg/dL) 94.9 (17.7) 1–258

Hemoglobin A1C (%) 5.6 (.641) 1–11

Hemoglobin (g/dL) 15.0 (1.7) 10–48

Lipids

 Total cholesterol (mg/dL) 183.9 (35.4) 76–341

 Low-density lipoprotein cholesterol (mg/dL) 118.9 (30.6) 26–250

 High-density lipoprotein cholesterol (mg/dL) 41.9 (13.5) 14–103

 Triglycerides (mg/dL) 143.3 (101.7) 27–1460

Use of lipid-lowering medications (%) 11% -

CRP= C-reactive protein
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Table II

Correlations with Inflammatory Markers at Baseline

Log(CRP) WBC Count

r p r p

Education level −0.09 <0.001 −0.00 0.910

Body-mass index 0.30 <0.001 0.12 0.001

Waist circumference 0.30 <0.001 0.12 0.001

Cigarettes/day 0.05 0.055 0.11 0.001

Current pack-years 0.05 0.047 0.01 0.007

Fagerstrom test of Nicotine Dependence score 0.03 0.258 0.14 <0.001

Carbon Monoxide −0.05 0.071 0.12 <0.001

Systolic blood pressure 0.15 <0.001 −0.04 0.295

Diastolic blood pressure 0.14 <0.001 0.12 0.001

Glucose 0.12 <0.001 0.02 0.595

Hemoglobin A1C 0.14 <0.001 0.07 0.006

Total cholesterol 0.02 0.475 0.08 0.031

Low-density lipoprotein cholesterol 0.06 0.025 0.09 0.017

High-density lipoprotein cholesterol −0.13 <0.001 −0.12 0.001

Triglycerides 0.03 0.221 0.13 <0.001

Hemoglobin 0.00 0.963 0.08 0.039

Log(CRP) - - 0.17 <0.001

White blood cell count 0.17 <0.001 - -

CRP= C-reactive protein
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Table III

Multivariable Model for Prediction of Baseline White Blood Cell Count

Beta Standardized Beta Standard Error p-value

Constant 2.91 - 1.39 0.036

Age −0.02 −0.08 0.01 0.039

Sex 0.76 0.18 0.19 <0.001

Race −0.93 −0.15 0.23 <0.001

Waist Circumference (cm) 0.01 0.11 0.01 0.008

Hemoglobin (g/dL) 0.12 0.10 0.05 0.019

Hemoglobin A1C (%) 0.36 0.10 0.16 0.021

Triglycerides (mg/dL) 0.00 0.10 0.00 0.024

High-density lipoprotein cholesterol (mg/dL) −0.01 −0.06 0.01 0.148

Low-density lipoprotein cholesterol (mg/dL) 0.00 0.02 0.00 0.521

Carbon monoxide (ppm) 0.25 0.16 0.06 <0.001
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