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WBC count predicts the risk of new-onset peripheral
arterial disease in a Chinese community-based
population

Yuxi Li, Fangfang Fan, Jia Jia, Jianping Li, Yong Huo and Yan Zhang

This longitudinal cohort study investigated whether peripheral WBC counts could predict peripheral arterial disease (PAD)

incidence after a 2.3-year follow-up in a Chinese community-based population without PAD at baseline. A total of 3555 Chinese

subjects without fever and PAD at baseline from an atherosclerosis cohort were included in our analysis. The ankle brachial

index (ABI) was measured, and PAD was defined as an ABI o0.9. Multivariate regression models were used to evaluate the

association of WBC count and new-onset PAD. The mean (± s.d.) baseline WBC count was 6.11±1.54×109 l−1, the mean

(± s.d.) ABI was 1.11±0.08 at baseline and the incidence of PAD was 2.7% over 2.3 years. WBC counts were significantly

associated with PAD incidence (odds ratio (OR)=1.27, 95% confidence interval (CI): 1.14–1.41, Po0.0001) with every

1 ×109 l−1 increase in WBC count. This relationship remained significant (OR=1.21, 95% CI: 1.08–1.36, P=0.0014) even

after adjusting for other variables. The highest WBC quartile group had increased risk when compared with the lowest quartile

group (OR=2.14, 95% CI: 1.09–4.22, P=0.027) in a multivariate logistic model. Furthermore, we did not find significant

heterogeneity among the analyzed subgroups based on sex (male or female), age (o60 or ⩾60 years old), body mass index

(BMI, o25 or ⩾25 kg m−2), current smoking, current drinking, hypertension, diabetes mellitus, dyslipidemia or cardiovascular

disease. In conclusion, elevated WBC counts independently predict the risk of new-onset PAD in a Chinese community-based

population, supporting the hypothesis that systemic inflammation plays an important role in PAD development.
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INTRODUCTION

According to the Global Burden of Disease Study, although
age-standardized mortality for cardiovascular and circulatory diseases
has decreased by 22%, significant increases in mortality have occurred
for peripheral arterial disease (PAD) from 1990 to 2013.1 PAD is a
surrogate of systemic atherosclerosis, and patients with PAD have
a significantly increased risk for premature mortality and cardiovas-
cular events.2–5 There is evidence that markers of inflammation
including WBC count and C-reactive protein are associated with
higher mortality in patients with known atherosclerotic vascular
disease6–8 and also associated with increased risk of myocardial
infarction and stroke,9–12 which shows that atherogenesis is a chronic
inflammatory process and inflammation potentially plays a central role
in the development and progression of systemic atherosclerosis.13

Little attention has been paid to the association of inflammatory
markers with new-onset PAD,14 especially in the Chinese population.
Therefore, we performed this longitudinal cohort study to investigate
whether peripheral WBC count could predict PAD incidence after a
2.3-year follow-up in a Chinese community-based population without
PAD at baseline.

METHODS

Study population
Participants were from an atherosclerosis cohort survey, including 9540
community residents, that was conducted between December 2011 and April
2012 in Beijing, China. Initially, the prespecified age range for cohort inclusion
was ⩾ 40 years old at baseline. In 2014, 5962 of the participants with gene chip
data were invited for a follow-up visit from May 2014 to July 2014. Among
these 5962 patients, both WBC and ankle brachial index (ABI) data were
available for 5662 participants. Finally, 3823 participants (64.1% of 5962)
responded and came onsite, and both baseline WBC and ABI data were
available for 3658 participants. Except for age, current smoking and the usage
of hypoglycemic drugs, the nonresponders did not differ substantially from the
responders regarding baseline characteristics; in particular, a significant
difference was not observed in the two groups regarding WBC nor ABI
(data not shown) that was described in detail in our previous study.15

Among these 3823 subjects, patients who had an ABI o0.9 at baseline or
lacked either baseline ABI, follow-up ABI or baseline WBC count were
excluded; we also excluded the subjects with an ABI 41.4 as higher values
of ABI are attributed, in part, to medial artery calcification and are a marker of
PAD. Before a venous blood sample was obtained during the study, patients
with fever (437.5℃) were excluded. Furthermore, based on the
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questionnaire, we excluded patients with hematological diseases or tumors that
may influence the WBC count. A total of 3555 Chinese subjects from this
atherosclerosis cohort were included in our analysis. This study was approved
by the ethics committee of Peking University First Hospital, and each
participant provided written informed consent.

Data collection
Other variables. As described previously,15 baseline data were collected
according to a standard operating procedure by trained research coordinators.
A standardized questionnaire was used to assess basic information including
social demographic status, education, occupation, diet, lifestyle, health behavior
and medical history. Body mass index (BMI) was calculated as the weight (kg)
divided by height (m) squared. After a 5 min rest, seated peripheral (brachial)
blood pressure (BP) was obtained for each participant using an Omron (Kyoto,
Japan) HEM-7117 electronic sphygmomanometer with the standard method of
calibration and appropriately sized cuffs. Triplicate measurements on the right
arm were taken with ⩾ 1 min between successive readings. Each patient’s
systolic BP (SBP) and diastolic BP that were used in the analysis were calculated
as the mean of three consecutive measurements.

After an overnight fast of at least 12 h, a venous blood sample was obtained
from the forearm of each participant. Serum samples were used for the measure-
ment of fasting blood glucose, the standard 75 g oral glucose tolerance test, total
cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein choles-
terol, triglycerides and creatinine. All laboratory variables at baseline were
measured on the Roche (Basel, Switzerland) C8000 Automatic Analyzer.

Current smoking was defined as smoking one cigarette or more per day
for at least half a year. Current drinking was defined as drinking once per
week for at least half a year. Hypertension was defined as any self-reported
history of hypertension, SBP ⩾ 140 mm Hg, a diastolic BP ⩾ 90 mm Hg
or usage of any antihypertensive drugs. Diabetes mellitus was defined as
any self-reported history of diabetes, fasting blood glucose ⩾ 7.0 mmol l− 1 and
a 2 h plasma glucose value in oral glucose tolerance test ⩾ 11.1 mmol l− 1

or usage of any hypoglycemic drugs. Dyslipidemia was defined as any self-
reported history of dyslipidemia, triglyceride 41.7 mmol l− 1 (150 mg dl− 1),
total cholesterol 45.18 mmol l− 1 (200 mg dl− 1), low-density lipoprotein
cholesterol 43.3 mmol l− 1 (130 mg dl− 1), high-density lipoprotein cholesterol
o1.0 mmol l− 1 (40 mg dl− 1) or usage of any lipid-lowering drugs.

Cardiovascular disease (CVD) was defined as any self-reported history of
coronary heart disease or stroke.

WBC counts. The WBCs (×109 l− 1) were measured in blood samples
obtained by venipuncture after an overnight fast. The baseline WBC count
was determined in a BC-3000 auto hematology analyzer (Mindray Medical
International, Shenzhen, China) in the laboratory of the Peking University
Shougang Hospital.

Ankle brachial index. The subject’s SBP was measured on two arms
(brachial artery) and two ankles (posterior tibial arteries) simultaneously using
a BP-203RPE III machine (Omron Healthcare) after the subject remained in a
supine position for at least 5 min. The machine automatically calculated the
ABI results, and the left and right ABI values were defined as ankle SBP for each
side, respectively, by dividing by the highest brachial SBP. ABI was measured
twice during the study: once at baseline and once at the follow-up in 2014.
New-onset PAD was defined as at least one ABI value o0.9 at the follow-up
survey in 2014.

Statistical analysis
Continuous variables were reported as the mean± s.d., and categorical variables
were reported as percentages (%) for all participants. Normally distributed
continuous variables were compared using one-way analysis of variance.
Logistic regression models were used to investigate the association among
WBC count (as a continuous variable and quartiles) and the other variables
with the occurrence of new-onset PAD in both univariate and multivariate
analyses. Covariables that showed a relation to PAD or atherosclerosis disease
were selected based on previous studies.6–8,13,16

Three sets of multivariable models were used to examine the association of
WBC count in a hierarchical manner. Model 1 did not adjust for other
variables, model 2 adjusted for age and sex and model 3 further adjusted for
traditional risk factors, including BMI, current smoking and drinking,
hypertension, diabetes mellitus, dyslipidemia, CVD, antihypertensive agents,
lipid-lowering agents and hypoglycemic agents.
All analyses were performed using Empower(R) (www.empowerstats.com,

X&Y solutions Boston, MA, USA) and R (http://www.R-project.org). A P-value
of o0.05 (two-sided) was considered statistically significant for all tests.

Table 1 Baseline characteristics of all eligible participants

Variable Total

WBC (×109 l−1)

P P for trendQ1 (⩽5.00) Q2 (5.10–5.90) Q3 (6.00–6.90) Q4 (⩾7.00)

N 3555 808 884 908 955

WBC, ×109 l−1 6.11±1.54 4.35±0.47 5.40±0.27 6.30±0.28 8.08±1.22 o0.001 o0.001

Age, years 56.71±8.57 56.26±7.92 56.67±8.61 56.95±8.56 56.89±9.06 0.343 0.645

BMI, kg m−2 26.03±3.35 25.34±3.34 25.94±3.30 26.18±3.25 26.55±3.39 o0.001 o0.001

Male, n (%) 1275 (35.90%) 194 (24.00%) 313 (35.40%) 327 (36.00%) 441 (46.20%) o0.001 o0.001

Current smoking, n (%) 658 (18.50%) 77 (9.50%) 141 (16.00%) 161 (17.70%) 279 (29.20%) o0.001 o0.001

Current drinking, n (%) 818 (23.00%) 138 (17.10%) 219 (24.80%) 220 (24.20%) 241 (25.20%) o0.001 o0.001

Prevalence of disease, n (%)
Hypertension 1746 (49.10%) 348 (43.10%) 437 (49.40%) 454 (50.00%) 507 (53.10%) 0.003 o0.001

Diabetes mellitus 847 (23.80%) 141 (17.50%) 183 (20.70%) 231 (25.40%) 292 (30.60%) o0.001 o0.001

Dyslipidemia 2552 (71.80%) 549 (67.90%) 603 (68.20%) 679 (74.80%) 721 (75.50%) 0.221 0.093

CVD 441 (12.40%) 76 (9.40%) 99 (11.20%) 126 (13.90%) 140 (14.70%) 0.004 o0.001

Medication, n (%)
Antihypertensive drugs 1112 (31.50%) 190 (23.70%) 275 (31.30%) 302 (33.40%) 345 (36.30%) o0.001 o0.001

Hypoglycemic drugs 352 (9.90%) 59 (7.30%) 74 (8.40%) 96 (10.60%) 123 (12.90%) o0.001 o0.001

Lipid-lowering drugs 366 (10.40%) 58 (7.30%) 92 (10.50%) 100 (11.10%) 116 (12.30%) 0.001 o0.001

ABI 1.11±0.08 1.11±0.08 1.11±0.08 1.11±0.08 1.10±0.08 0.042 0.025

Abbreviations: ABI, ankle brachial index; BMI, body mass index; CVD, cardiovascular disease.
Data presented as mean± s.d. for continuous variables and percentage for dichotomous variables.
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RESULTS

Patient characteristics
Baseline characteristics of all participants, overall and stratified by
quartiles of WBC count, are shown in Table 1. Participants were
56.71± 8.57 years old; 35.9% were male; and the mean (s.d.) BMI was
26.03± 3.35 kg m− 2. Hypertension was present in 49.1% (n= 1746) of
the participants, diabetes in 23.8% (n= 847), dyslipidemia in 71.8%
(n= 2552) and tobacco use in 18.5% (n= 658). At the time of
enrollment, 12.4% (n= 441) of participants had CVD. Participants
with higher WBC count had a significantly higher BMI; prevalence of
hypertension, diabetes mellitus and CVD; and usage of antihyperten-
sive drugs, hypoglycemic drugs and lipid-lowering drugs.

Predictors of new-onset PAD
After a mean 2.3-year (median: 2.34; 25th percentile–75th percentile:
2.28–2.39) follow-up, the incidence of PAD was 2.7% over 2.3 years.
Table 2 displays the results of multivariate regression for the
association of WBC count with new-onset PAD. WBC count was
significantly associated with PAD incidence (odds ratio (OR)= 1.27,

95% confidence interval (CI): 1.14–1.41, Po0.0001) with every
1× 109 l− 1 increase in WBC count in model 1. This relationship
remained significant (OR= 1.21, 95% CI: 1.08–1.36, P= 0.0014) even
after adjusting for sex, age, BMI, current smoking and drinking,
hypertension, diabetes mellitus, dyslipidemia, CVD, antihypertensive
agents, lipid-lowering agents and hypoglycemic agents.
Consistently, the risks of new-onset PAD were also dose-

dependently related to the quartiles of WBC count in the multivariate
regression models. The relationship between WBC count and the risk
of new-onset PAD in model 3 was less significant after adjusting for
various confounders, although a WBC count in the top quartile
(⩾7.0× 109 l− 1) was associated with an OR of 2.14 (95% CI:
1.09–4.22, P= 0.027) for PAD compared with the bottom quartile
(⩽5.0× 109 l− 1). Furthermore, even after adjusting for baseline ABI,
the trend was still the same (a WBC count in the top quartile was
associated with an OR of 2.17 (95% CI: 1.08–4.36, P= 0.029) for PAD
compared with the bottom quartile).
Subgroup analyses are presented in Figure 1. We did not find

significant heterogeneity among the analyzed subgroups based on sex

Table 2 Odd ratios of new-onset PAD by WBC count in different models

N

PAD Model 1

P P for trend

Model 2

P P for trend

Model 3

P P for trendn (%) OR (95% CI) OR (95% CI) OR (95% CI)

WBC 3555 97 (2.70%) 1.27 (1.14–1.41) o0.0001 0.0005 1.27 (1.14–1.41) o0.0001 0.0008 1.21 (1.08–1.36) 0.0014 0.0144

Q1 809 12 (1.50%) 1 1 1

Q2 884 20 (2.30%) 1.54 (0.75–3.16) 0.2443 1.50 (0.73–3.11) 0.2718 1.29 (0.62–2.71) 0.4972

Q3 908 25 (2.80%) 1.88 (0.94–3.76) 0.0754 1.81 (0.90–3.64) 0.0976 1.58 (0.78–3.20) 0.2090

Q4 956 40 (4.20%) 2.90 (1.51–5.57) 0.0014 2.83 (1.46–5.47) 0.0021 2.14 (1.09–4.22) 0.0273

Abbreviations: CI, confidence interval; OR, odds ratio; PAD, peripheral arterial disease.
Model 1: nonadjusted.
Model 2: adjust for sex and age.
Model 3: adjust for sex, age, body mass index, current smoking and drinking, hypertension, diabetes mellitus, dyslipidemia, cardiovascular disease, antihypertensive agents, lipid-lowering agents and
hypoglycemic agents.

Figure 1 Subgroup analyses and interaction among variables. We used model 3 that adjusted for sex, age, BMI, current smoking and drinking, hypertension,
diabetes mellitus, dyslipidemia, cardiovascular disease, antihypertensive agents, lipid-lowering agents and hypoglycemic agents for the subgroup analyses.
BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; OR, odds ratio; PAD, peripheral arterial disease.
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(male or female), age (o60 or ⩾ 60 years old), BMI (o25 or
⩾ 25 kg m− 2), current smoking, current drinking, hypertension,
diabetes mellitus, dyslipidemia or CVD.

DISCUSSION

Multiple lines of evidence indicate that inflammation markers such as
WBC count are strongly associated with higher atherosclerotic
risk.5,6,16–21 The main finding of our study is that higher WBC counts
were associated with a higher incidence of PAD in a community-based
population in China. Therefore, based on these findings, we can use
WBC counts to predict new-onset PAD in the future.
We have previously noted several studies that investigated

WBC count and PAD in different cohorts; most of the studies were
cross-sectional. In the National Health and Nutrition Examination
Survey (NHANES) (1999–2002), a white blood cell count in the top
quartile (47.3× 103 per mm3) was associated with an OR of 1.67 for
peripheral arterial disease (ABI o0.9) compared with that in the
bottom quartile (⩽4.9 × 103 per mm3).16 A nested case–control study
of an American population showed that the total cholesterol/high-
density lipoprotein C ratio was the strongest lipid predictor of PAD
incidence (relative risk for those in the highest vs. lowest quartile, 3.9;
95% CI: 1.7–8.6) after an average 9-year follow-up period, whereas
C-reactive protein was the strongest nonlipid predictor (relative risk
for the highest vs. lowest quartile, 2.8; 95% CI: 1.3–5.9); however, they
did not study WBC counts.14

Moreover, WBC count is also a strong independent risk factor for
other cardiovascular events and for the prevalence as well as
progression of subclinical atherosclerosis. Friedman et al.22 demon-
strated that WBC count was a predictor of myocardial infarction in
1974. Another analysis of the NHANES database found that systemic
inflammation may contribute to an increased risk of death from
coronary heart disease. Compared with subjects with a WBC count
(×109 l− 1) o6.1, subjects with a WBC count 47.6 were at increased
risk of death from coronary heart disease (relative risk= 1.4, 95% CI:
1.1–1.8) after adjusting for smoking status and other CVD risk
factors.20 Arain et al.23 found that WBC count provides incremental
information about the risk of death in a small group of patients with
PAD; patients in the top tertile of WBC count had a relative risk of
mortality of 3.37 (95% CI: 1.56–7.27).
However, our study is the first to demonstrate that WBC count is a

significant predictor of PAD incidence in a community-based Chinese
population cohort after a median 2.3-year follow-up rather than from
a cross-sectional study. Meanwhile, we did not find significant
heterogeneity among other atherosclerosis risk factors, such as sex,
age, BMI, current smoking, current drinking, hypertension, diabetes
mellitus, dyslipidemia or CVD in the subgroup analyses.
Our study has several limitations. First, our study participants were

from a Chinese community-based population with normal ABI at
baseline, and the generalizability of the data to other populations
remains to be verified. Second, the incidence of new-onset PAD was
calculated from data from only two timepoints, and a progression
based on multiple time points would enhance the accuracy of
PAD diagnosis. Third, a previous study demonstrated that monocyte
count, a subtype of WBC count, was independently associated with
PAD in a large population-based study.19 However, our study
lacked this variable because of funding limitations. Finally, the rate
of new-onset PAD in our studied population was relatively low
because of short-term follow-up that may affect the association
between WBC count and new-onset PAD and also the results of the
subgroup analyses. However, there are still positive findings to be
observed in this study.

CONCLUSION

Elevated WBC counts independently predict the risk of new-onset
PAD in a Chinese community-based population, supporting the
hypothesis that systemic inflammation plays an important role in
PAD development.
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