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Abstract The aim of the present study was to examine the
association between peripheral differential leukocyte counts
and dyslipidemia in a Chinese hypertensive population. A
total of 10,866 patients with hypertension were enrolled for
a comprehensive assessment of cardiovascular risk factors
using data from the China Stroke Primary Prevention Trial.
Plasma lipid levels and total leukocyte, neutrophil, and lym-
phocyte counts were determined according to standard
methods. Peripheral differential leukocyte counts were con-
sistently and positively associated with serum total choles-
terol (TC), LDL cholesterol (LDL-C), and TG levels (all P<
0.001 for trend), while inversely associated with HDL cho-
lesterol levels (P < 0.05 for trend). In subsequent analyses
where serum lipids were dichotomized (dyslipidemia/nor-
molipidemia), we found that patlents in the highest quartile
of total leukocyte count (=7.6 x 10° cells/ 1) had 1.64 times
the risk of high TG [95% confidence interval (CI): 1.46,
1.85], 1.34 times the risk of high TC (95% CI: 1.20, 1.50),
and 1.24 times the risk of high LDL-C (95% CI: 1.12, 1.39)
compared with their counterparts in the lowest quartile of
total leukocyte count. Similar patterns were also observed
with neutrophils and lymphocytes.ll In summary, these
findings indicate that elevated differential leukocyte counts
are directly associated with serum lipid levels and increased
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Atherosclerosis is a multi-step chronic inflammatory dis-
ease. Largely characterized by the formation of lipid and
immune-cell-containing plaques in the intima of large and
mid-sized arteries (1), it is often the underlying cause of
CVDs and stroke (1-3).

Traditionally, atherosclerosis was thought to result from
passive lipid accumulation in the arterial vessel wall. How-
ever, a growing body of evidence suggests that the patho-
genesis of atherosclerosis is much more complex than
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formerly believed. Immune cells and inflammation play a
key role in its pathogenesis in conjunction with hyperlipid-
emia (4). However, how lipids interact with the immune
system is largely unknown.

There is some limited evidence (5, 6) showing that in-
creased levels of LDL promote cholesterol accumulation
in the matrix beneath the endothelial cell layer of blood
vessels (7) and promote an inflammatory response in the
artery wall, driving the process of atherosclerosis. This is
opposed by HDL, which promotes cellular efflux of cho-
lesterol and reduces inflammation (5). The early inflam-
matory response to retained cholesterol is enhanced by
oxidative modification of the LDL cholesterol (LDL-C)
trapped in the vessel wall (7). Accumulated oxidized
LDL leads to decreased cholesterol efflux from macro-
phage foam cells (8), amplifies the toll-like receptor sig-
naling in macrophages (9, 10), and activates endothelial
cells. Activation of arterial endothelial cells leads to re-
cruitment of blood-borne monocytes into atherosclerotic
lesion sites within the vessel wall (11, 12) and augments
the production of cytokines and chemokines (7) that in-
teract with cognate chemokine receptors on monocytes.
Accumulation of monocytes and monocyte-derived ma-
crophages in the wall of large arteries leads to chronic
inflammation and the development and progression of
atherosclerosis.

A large number of epidemiological studies has inten-
sively evaluated multiple markers of inflammation as
potential risk factors for the development of atheroscle-
rosis and CVDs, such as high-sensitivity C-reactive pro-
tein (hsCRP), interleukin-6, and total leukocyte and its
subset counts [neutrophil counts (13, 14), monocyte
counts (15), and lymphocyte percentages (15)]. Previous
studies have found strong evidence of association between the
frequency of leukocytes and/or its subsets, or the neutrophil/
lymphocyte ratio (NLR) and vascular disease morbidity

Fig. 1. The flow chart of population selection. In to-
tal, 15,486 patients were recruited from the Lianyun-
gang region of Jiangsu Province. Among them, 11,345
participants had complete data on lipid measure-
ments and total leukocyte, neutrophil, and lympho-
cyte counts, after excluding 446 participants who were
taking anti-platelet and anti-hyperlipidemic medica-
tion. After excluding 13 outliers of leukocyte, neutro-
phil, and lymphocyte counts, the final analytic sample
of 10,866 participants was obtained.

and mortality. Misialek et al. (16) prospectively examined
the relationship between total white blood cell (WBC)
count with incident atrial fibrillation (AF) in the Athero-
sclerosis Risk in Communities study and found that high
total WBC, neutrophil, and monocyte counts were each
associated with higher AF risk, while lymphocyte count was
inversely associated with AF risk. A study by Sharma et al.
(17) indicated that among patients with evidence of acute
coronary syndrome, those who were hypertensive, dia-
betic, or habitual smokers had significantly higher levels
of total WBC, neutrophil, NLR, and platelet/lymphocyte
ratio. The authors also demonstrated that neutrophil, lym-
phocyte, and total WBC counts, along with their ratios,
predicted mortality.

However, there is a dearth of reports on the association
of total leukocyte and its subset counts with cardiovascular
risk factors leading to atherosclerotic vascular diseases in
Asian populations. Recently, a cross-sectional study from a
population of 2,953 healthy Japanese men and women
(18) showed that lymphocyte count was significantly as-
sociated with high LDL-C, high TG, and low HDL cho-
lesterol (HDL-C) in men and high LDL-C in women.
Moreover, a prospective investigation from a Chinese pop-
ulation involving 1,287 patients with a mean age of
58 years provided convincing evidence that both neutro-
phil count and the Global Registry of Acute Coronary
Events risk score are independent and joint predictors for
major adverse cardiovascular events in patients with ST-
elevation myocardial infarction (19).

Our present study design is the first large-scale cross-
sectional study in a Chinese hypertensive population to
investigate the association between peripheral differential
leukocyte counts (total leukocytes, neutrophils, and lym-
phocytes) and lipid profiles. We hypothesized that partici-
pants with elevated leukocyte counts would have increased
dyslipidemia.
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RESEARCH DESIGN AND METHODS

Study population

All subjects came from the China Stroke Primary Prevention
Trial (CSPPT, clinicaltrials.gov identifier: NCT00794885). The
CSPPT was a large community-based, randomized, double-blind,
and parallel-controlled trial with a total of 20,702 participants. It
was designed to evaluate whether combination therapy with enal-
april and folic acid is more effective in reducing first stroke than
enalapril alone among Chinese adults with hypertension. Partici-
pants in the CSPPT study were deemed “relatively healthy” hyper-
tensives without histories of myocardial infarction, stroke, heart
failure, cancer, or serious mental disorder. Details regarding the
inclusion/exclusion criteria, treatment assignment, and outcome
measures of the trial have been previously described (http://
clinicaltrials.gov/ ct2/show/NCT00794885).

In the present study, 15,486 patients were recruited from the
Lianyungang region of Jiangsu Province. Among them, 11,345
participants had complete data on lipid measurements and total
leukocyte, neutrophil, and lymphocyte counts, after excluding
446 participants who were taking anti-platelet and anti-hyperlipid-
emic medication. Moreover, after 13 outliers of leukocyte, neutro-
phil, and lymphocyte counts were excluded, the final analytic
sample of 10,866 participants was obtained (as shown in Fig. 1).
The present study was approved by the Ethics Committee of the
Institute of Biomedicine, Anhui Medical University, Hefei, China.
Written informed consent was obtained from each participant be-
fore data collection.

Questionnaire

All participants were administered a standardized question-
naire that requested information on occupation, medical history,
past and current medications, and personal habits such as ciga-
rette smoking and alcohol consumption.

Measurements

After an overnight fast, a venous blood sample was obtained
from each subject. Serum or plasma samples were separated within
30 min of collection and stored at —70°C. The serum levels of TG,
total cholesterol (TC), LDL-C, HDL-C, and fasting glucose were
determined enzymatically with a commercially available assay kit
(Hitachi P800, Holliston, MA). A complete blood count analysis
including leukocytes was performed within 2 h of collection using
a Beckman Coulter Gen-S automated analyzer (High Wycombe,
UK), following the hospital laboratory policy. Resting seated blood
pressure (BP) measurements were obtained using a mercury sphyg-
momanometer with an appropriate cuff size. BP was measured
three times, with a 5 min rest period in between each and the aver-
age of the three measurements was used for statistical analyses.

Statistical analysis

All analyses were performed using EmpowerStats (http://www.
empowerstats.com) and the statistical package R (3.2.3 version).
Leukocyte counts were divided into quartiles to create a categori-
cal variable. Data were presented as mean + SD or proportions.
Comparisons between groups were performed using chi-square
tests for categorical variables and ANOVA for continuous vari-
ables. Because baseline leukocyte counts had a skewed distribu-
tion, multiple linear regression analyses were used to assess the
associations between log-transformed baseline leukocyte counts
and serum lipid levels (including log-transformed TC and HDL-C).
Odds ratios (ORs) and 95% confidence intervals (CIs) of those
having high lipid levels were estimated by multiple logistic regres-
sion analyses with the lowest quartile as the reference class. Ad-
justed smoothing spline plots of lipid levels by leukocyte counts
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were created. Multiple logistic regression analyses were also used
to verify an interaction scale for diabetes x leukocyte counts cate-
gories on lipid profiles. Diabetes was defined as a fasting plasma
glucose concentration greater than or equal to 7.0 mmol/1 (20),
or self-reported diabetes paired with the use of hypoglycemic
medication. Serum lipids were dichotomized (dyslipidemia/nor-
molipidemia). High TC was defined as TC =200 mg/dl; high TG
was defined as TG =150 mg/dl; high LDL-C was defined as LDL-
C =130 mg/dl; and low HDL-C was defined as HDL-C <40 mg/
dl (21). Patients with diastolic BP (DBP) =90 mmHg or systolic
BP (SBP) =140 mmHg or, who were currently taking antihyper-
tensive medication, were defined as having hypertension (22).
Trend tests were calculated by modeling the differential leukocyte
count quartile categories as continuous variables. A two-sided
Pvalue <0.05 was considered to be significant.

RESULTS

Baseline characteristics

The cross-sectional population in the current study con-
sisted of 10,866 hypertensive patients with an average age of
59.5 + 7.6 years (Table 1). The mean total leukocyte count
was 6.6+ 1.8 x 10° cells/1 (median = 6.3 x 10° cells/I; ranged

TABLE 1. Baseline demographic and clinical parameters in total
hypertensive patients

Variables Mean + SD
Anthropometrics
10,866
Age (years) 59.5 + 7.6
SBP (mmHg) 168.1 + 20.8
DBP (mmHg) 95.0+11.8
BMI (kg/m”) 25.6 + 3.6
Platelet go"/l) 256.6 + 90.9
RBC (10'%/1) 47+0.7
Lymphocyte (10°/1) 2.1+0.6
Neutrophil (109/1) 39+1.4
Total leukocytes (10°/1) 6.6+1.8
CREA (pmol/1) 65.1 +18.8
GLU (mmol/1) 6.1+1.8
Albumin (g/1) 49.2 +5.6
TC (mg/dl) 218.6 = 45.2
TG (mg/dl) 143.6 + 66.1
LDL-C (mg/dl) 138.8 +40.9
HDL-C (mg/dl) 51.3 + 14.1
Diabetes [N (%)] 1,474 (13.6)
Sex [N (%)]
Male 4,157 (38.3)
Female 6,709 (61.7)
Smoking status [N (%) ]
Never 7,688 (70.8)
Former 824 (7.6)
Current 2,352 (21.7)
Alcohol consumption [N (%)]
Never 7,800 (71.8)
Former 715 (6.6)
Current 2,348 (21.6)
Drug treatment [N, (%) ]
Antihypertensive drug use 5,203 (47.9)
Beta-blocker 103 (0.9)
Diuretics 252 (2.3)
Angiotensin receptor blocker 12 (0.1)
Calcium channel blockers 693 (6.4)
ACE-inhibitors 898 (8.3)
Glucose-lowering drugs 177 (1.6)

GLU, glucosamine; ACE, angiotensin converting enzyme; CREA,
creatinine; RBC, red blood cell.



from 0.6 x 10° cells/1to 17.1 x 10° cells/1); the mean neu-
trophil count was 3.9 + 1.4 x 10° cells/1 (median = 3.7 x 10°
cells/I; ranged from 0.3 x 10° cells/I to 13.1 x 10° cells/1);
the mean lymphocyte count was 2.1 + 0.6 x 10° cells/1
(median = 2.0 x 10° cells/1; ranged from 0.3 x 10° cells/1 to
6.3 x 10° cells/1). The baseline demographic and clinical
characteristics and laboratory measurements of the enrolled
subjects by quartile of total leukocyte, neutrophil, and lym-
phocyte counts are summarized in supplemental Tables
S1-S3. In summary, patients with higher total leukocyte,
neutrophil, and lymphocyte counts consistently showed
higher LDL-C, TC, and TG levels, but lower HDL-C levels.

Association between differential leukocyte counts and
baseline lipid parameters

When analyzed as continuous variables, multiple linear
regression models showed that baseline TC, TG, and LDL-C
levels were positively associated with total leukocyte, neu-
trophil, and lymphocyte counts after adjusting for sex, age,
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baseline SBP, baseline DBP, BMI, alcohol consumption,
smoking status, and diabetic status (all P< 0.05). However,
baseline HDL-C level was inversely associated with total
leukocyte, neutrophil, and lymphocyte counts after adjust-
ment for the confounding factors listed above (supplemental
Tables S4-S6). We found a dose-response association be-
tween baseline TC, TG, LDL-C, and HDL-C levels, and dif-
ferential leukocyte counts. That is, the Pfor trend tests was
statistically significant for baseline TC, TG, LDL-C, and
HDL-C levels without a clear threshold. Multivariate adjusted
smoothing spline plots suggest that serum TC, TG, and
LDL-C levels increased with increasing total leukocyte, neu-
trophil, and lymphocyte counts, while HDL-C levels de-
creased as total leukocyte, neutrophil, and lymphocyte counts
increased (as shown in Fig. 2A—C). Similar to differential
leukocyte counts, baseline TC, TG, and LDL-C levels were
positively associated with erythrocyte or platelet counts af-
ter adjusting for multiple covariables, while baseline HDL-C
levels were inversely associated with erythrocyte counts
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Fig. 2. A: Multivariate adjusted smoothing spline plots of baseline lipid profiles by leukocyte count. Red dotted lines represent the spline
plots of leukocyte counts and blue dotted lines represent the 95% ClIs of the spline plots. Adjusted for sex, age, smoking status, alcohol con-
sumption, SBP, DBP, BMI, and diabetes. B: Multivariate adjusted smoothing spline plots of baseline lipid profiles by neutrophil count. Red
dotted lines represent the spline plots of neutrophil counts and blue dotted lines represent the 95% ClIs of the spline plots. Adjusted for sex,
age, smoking status, alcohol consumption, SBP, DBP, BMI, and diabetes. C: Multivariate adjusted smoothing spline plots of baseline lipid
profiles by lymphocyte count. Red dotted lines represent the spline plots of lymphocyte counts and blue dotted lines represent the 95% Cls
of the spline plots. Adjusted for sex, age, smoking status, alcohol consumption, SBP, DBP, BMI, and diabetes.
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Fig. 2. Continued.
(supplemental Tables S7, S8). We also detected an associa-  alcohol consumption, smoking status, diabetic status, and
tion between NLR and lipid profiles, but almost no signifi- previous medications (all adjusted Pvalues <0.05), although
cant trends were observed (supplemental Table S9). the results did not hold for low HDL-C levels.
Association between differential leukocyte counts and Associations of differential leukocyte counts with
dyslipidemia odds dyslipidemia profiles by subgroup analysis
Each serum lipid variable was then analyzed as a binary We further explored the relationship between total leu-
variable (low/high) using multivariate logistic regression. kocyte, neutrophil, and lymphocyte counts and serum lip-
As shown in Tables 24, multivariate logistic regression analy-  ids among diabetics. As shown in Tables 5-7, subgroup
ses demonstrated that, after adjustment for age and sex  analyses stratified by diabetic status showed that the associ-
and using the lowest quartile of total leukocytes as the ref-  ations between differential leukocyte counts and high TC
erence, the ORs of having high TC increased in parallel ~ and LDL-C remained significant in patients without diabe-
with the quartiles of total leukocytes (ORs were 1.17, 1.39, tes (all Pvalues <0.001). However, there was no significant
and 1.41 from the second to the fourth quartiles, respectively, modification effect of diabetes on the associations of leuko-
P<0.001 for trend). The ORs of having high TG were 1.37, cyte counts with either high TG or low HDL-C risks. Addi-
1.67, and 1.85 from the second to the fourth quartiles, re- tionally, interaction analyses found significant interaction

spectively (P < 0.001 for trend). The ORs of having high terms between diabetes and neutrophil counts on TC and
LDL-C were 1.18, 1.27, and 1.31 from the second to the LDL-C risks (P=0.033 and P= 0.024, respectively).

fourth quartiles, respectively (P< 0.001 for trend). The ORs

of having low HDL-C were 1.11, 1.18 and 1.23 from the

second Fo t.he fourth quartiles, respectively (P < 0.001 for DISCUSSION
trend). Similar patterns between leukocyte subtypes (neutro-
phils and lymphocytes) and high TC, TG, and LDL-C levels In the present cross-sectional study, differential leuko-

remained significant after adjustment for confounding  cyte counts were consistently and significantly associated
factors, including sex, age, baseline SBP, baseline DBP, BMI, with serum HDIL-C, LDIL-C, TG, and TC levels and increased
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Fig. 2. Continued.

the odds of high LDL-C, TG, and TC after adjustment for
multiple potential confounding variables. Moreover, our
study further demonstrated that the associations of total
leukocyte, neutrophil, and lymphocyte counts with dyslip-
idemia were significantly modified by the status of diabetes.

There is compelling evidence that inflammation partici-
pates in both the initiation and perpetuation of the athero-
sclerotic process (23-25). A large-scale longitudinal survey
in African-American and Caucasian men and women pro-
vided convincing evidence that elevated WBC count was
directly associated with increased incidence of coronary
heart disease, ischemic stroke, and mortality from CVD
(26). Huang et al. (27) reported that in male nonsmokers,
the presence of carotid atherosclerosis was significantly as-
sociated with total leukocyte count, although there was no
significant association in female nonsmokers. Data from a
relatively small sample size (N = 264) of participants with
suspected coronary artery disease conducted by Rasouli
et al. (28) showed that the frequency and severity of coro-
nary artery disease, as well as the prevalence of diabetes
mellitus and smoking, were significantly higher in the third
tertile of leukocyte count relative to the first tertile. A dose-
response association between smoking, serum glucose, TG,

hsCRP, and other risk factors, and leukocyte count was
found: the higher the smoking, serum glucose, TG, or hsCRP
levels, the greater the leukocyte count. Moreover, leukocyte
count interacted on a multiplicative scale with smoking, hy-
pertension, and diabetes to increase the risk of coronary
heart disease (28). Similarly, our findings showed (supple-
mental Tables S1-S3) that cigarette smoking can contribute
to increased differential leukocyte counts. However, no in-
teractive effects of differential leukocyte counts by smoking
status on dyslipidemia risks were observed (data not shown).

Using data from a cohort of 6,328 individuals, the
Framingham Heart Study Cohort and Offspring reported
a relationship between lipoprotein cholesterol levels and
leukocyte count (29). The authors found that elevated leu-
kocyte count was associated with decreased HDL-C and in-
creased LDIL-C and VLDL-C levels. In addition to HDL-C
and LDL-C levels, our present study further identified that
TC and TG levels were also consistently and positively as-
sociated with total leukocyte, neutrophil, and lymphocyte
counts, suggesting possible ethnic differences in lipid-specific
associations with total leukocyte, neutrophil, and lympho-
cyte counts. In addition, the age of sampling and current
smoking and alcohol intake prevalence rates between the
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TABLE 2. Adjusted ORs (95% CI) for the association between quartiles of total leukocyte count and dyslipidemia by multivariate logistic

regression models

Leukocyte Count

(x10" cells/1) Serum Lipids [Low/High (N)] Model I[OR (95% CI) P] Pfor Trend Model II'[OR (95% CI) P Pfor Trend
TC status"
Q1 (0.6-5.3) 1,046/1,541 1 <0.001 1 <0.001
Q2 (5.4-6.3) 970/1,660 1.17 (1.05, 1.31) 0.005 1.15 (1.03, 1.29) 0.016
Q3 (6.4-7.5) 926/1,874 1.39 (1.24, 1.55) <0.001 1.32(1.18,1.48) <0.001
Q4 (7.6-17.1) 930,/1,919 1.41 (1.26, 1.57) <0.001 1.34(1.20,1.50) <0.001
TG status”
Q1 (0.6-5.3) 1,819/768 1 <0.001 1 <0.001
Q2 (5.4-6.3) 1,682/948 1.37 (1.22, 1.54) <0.001 1.27 (1.18, 1.44) <0.001
Q3 (6.4-7.5) 1,667/1,133 1.67 (1.49, 1.87) <0.001 1.48(1.31, 1.66) <0.001
Q4 (7.6-17.1) 1,623/1,226 1.85 (1.65, 2.07) <0.001 1.64(1.46, 1.85) <0.001
LDL-C status’
Q1 (0.6-5.3) 1,243/1,344 1 <0.001 1 <0.001
Q2 (5.4-6.3) 1,161/1,469 1.18 (1.06, 1.31) 0.004 1.15 (1.03, 1.28) 0.014
Q3 (6.4-7.5) 1,178/1,622 1.27 (1.14, 1.42) <0.001 1.21 (1.09, 1.35) <0.001
Q4 (7.6-17.1) 1,175/1,674 1.31 (1.18, 1.46) <0.001 1.24 (1.12, 1.89) <0.001
HDL-C status’
Q1 (0.6-5.3) 477/2,110 1 0.002 1 0.261
Q2 (5.4-6.3) 529/2,101 1.11 (0.97, 1.28) 0.132 1.04 (0.90, 1.20) 0.588
Q3 (6.4-7.5) 587/2,213 1.18 (1.03, 1.35) 0.019 1.05 (0.92, 1.21) 0.457
Q4 (7.6-17.1) 616/2,233 1.23 (1.07, 1.40) 0.003 1.08 (0.94, 1.24) 0.260

“Model 1: adjusted for sex and age.

"Model 2: adjusted for sex, age, smoking status, alcohol consumption, SBP, DBP, BMI, and diabetes.

‘High: TC =200 mg/dl, Low: TC <200 mg/dl.
“High: TG =150 mg/dl, Low: TG <150 mg/dL.
‘High: LDL-C =130 mg/dl, Low: LDL-C <130 mg/dl.
Y High: HDL-C =40 mg/dl, Low: HDL-C <40 mg/dl.

Framingham study and our present study are all pro-
nouncedly different. A relatively large study performed by
Oda et al. (30) in 2,953 apparently healthy Japanese pa-
tients found that total leukocyte count was significantly as-
sociated with high LDL-C, high TG, and low HDL-C levels
in men. Our findings, based on the largest survey ever con-
ducted in a community-based population, were consistent
with the results from Oda et al. (18). Differential leukocyte
counts were significantly associated with serum HDL-C,
LDL-C, TG, and TC levels, and with an increased odds of
high LDL-C, TG, and TC in a Chinese mild-to-moderate
hypertensive population. However, in our present popula-
tion, we detected no obvious significant trends between
NLR and lipid profiles (supplemental Table S9).

Similar to differential leukocyte counts, baseline TC,
TG, and LDL-C levels were positively associated with eryth-
rocyte or platelet counts after adjusting for multiple co-
variables, while baseline HDL-C level was marginally and
inversely associated with platelet or erythrocyte counts
(shown in supplemental Tables S7, S8). The National
Health and Nutrition Examination Survey (NHANES) in-
dependently examined the relationship between serum
cholesterol and circulating erythrocyte/platelet indices on
4,469 adult participants from 2005 to 2006 and on 5,318
adult participants from 2007 to 2008. Consistent with our
findings, serum non-HDL-C, such as TC, was positively as-
sociated with mean erythrocyte and platelet count (30).
Platelet activation plays a key role in the pathogenesis of
atherothrombosis and acute coronary syndrome (31). Pre-
vious epidemiological studies found that LDL-C enhances
platelet activation, leads to platelet hyperactivity, and sub-
sequently increases the risk of arterial thrombosis (32).
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However, the HDL-C effect on platelet activation is contro-
versial. Our findings showed only a marginal association
between erythrocytes and HDL-C. Previous studies have
shown that high erythrocyte count can potentially play an
atheroprotective role in patients with coronary atheroscle-
rosis. It has been shown that HDL-C levels are directly re-
lated to erythrocyte count and inversely related to the
prevalence and extent of coronary disease (33). This is in
opposition to our findings where TC, TG, and LDL-C levels
were positively associated with erythrocytes, and HDL-C
level was marginally and inversely associated with erythro-
cytes. The underlying mechanism has yet to be elucidated.

Furthermore, our study also demonstrated that elevated
leukocyte counts were more significantly associated with in-
creased odds of high TC and LDL-C in patients without dia-
betes, rather than in patients with diabetes. Based on spline
smoothing plots of various lipid profiles by glucose levels,
we found that, especially for TC and LDL-C levels, when
blood glucose levels were less than 8 mmol/1, TC and LDL-C
were linearly correlated to glucose levels. At glucose levels
above 8 mmol/l, TC and LDL-C levels reached a plateau
and were not associated with differential leukocyte counts
(as shown in supplemental Fig. S1). In a cross-sectional sur-
vey including 5,260 participants from the National Health
and Nutrition Examination Survey, the authors demon-
strated that the positive association between WBC count
and peripheral artery disease risk was dependent on diabe-
tes and smoking status (34). One plausible explanation is
that diabetes most likely imposes a more pronounced and
variable effect on the pathogenesis of dyslipidemia, render-
ing the correlation between higher WBC count and blood
lipids difficult to detect. Previous studies (34) and our data



TABLE 3. Adjusted ORs (95% CI) for the association between quartiles of lymphocyte count and dyslipidemia by multivariate
logistic regression models

Lymphocyte Count

(x10” cells/1) Serum Lipids [Low/High (N)] Model I“[OR (95% CI) P Pfor Trend Model II'[OR (95% CI) P] Ptor Trend
TC status’
Q1 (0.3-1.5) 825/1,323 1 <0.001 1 <0.001
Q2 (1.6-1.9) 1,098/1,857 1.05 (0.93, 1.18) 0.424 1.03 (0.92, 1.16) 0.611
Q3 (2.0-2.3) 958/1,685 1.07 (0.95, 1.21) 0.239 1.04 (0.92, 1.17) 0.520
Q4 (2.4-6.3) 991/2,129 1.29 (1.15, 1.45) <0.001 1.24 (1.10, 1.40) <0.001
TG status
Q1 (0.3-1.5) 1,543/605 1 <0.001 1 <0.001
Q2 (1.6-1.9) 1,995/960 1.21(1.07, 1.36) 0.003 1.15 (1.01, 1.30) 0.034
Q3 (2.0-2.3) 1,583/1,060 1.64 (1.45, 1.86) <0.001 1.50 (1.32, 1.71) <0.001
Q4 (2.4-6.3) 1,670/1,450 2.11 (1.87, 2.38) <0.001 1.82 (1.61, 2.06) <0.001
LDL-C status”
Q1 (0.3-1.5) 973/1,175 1 0.001 1 0.020
Q2 (1.6-1.9) 1,348/1,609 0.99 (0.88, 1.10) 0.819 0.97 (0.87, 1.09) 0.593
Q3 (2.0-2.3) 1,168/1,475 1.03 (0.92, 1.16) 0.573 1.00 (0.89, 1.13) 0.948
Q4 (2.4-6.3) 1,273/1,858 1.18 (1.05, 1.32) 0.004 1.12 (1.00, 1.26) 0.047
HDL-C status”
Q1 (0.3-1.5) 356,/1,792 1 <0.001 1 <0.001
Q2 (1.6-1.9) 560/2,395 1.18 (1.02, 1.37) 0.026 1.13 (0.97, 1.32) 0.107
Q3 (2.0-2.3) 579/2,064 1.43 (1.23, 1.65) <0.001 1.32 (1.13, 1.53) <0.001
Q4 (2.4-6.3) 714/2,406 1.52 (1.32, 1.76) <0.001 1.31 (1.13, 1.52) <0.001

“Model 1: adjusted for sex and age.

"Model 2: adjusted for sex, age, smoking status, alcohol consumption, SBP, DBP, BMI, and diabetes.

‘High: TC =200 mg/dl, Low: TC <200 mg/dl.
“High: TG =150 mg/dl, Low: TG <150 mg/dL.
‘High: LDL-C =130 mg/dl, Low: LDL-C <130 mg/dl.
/High: HDL-C =40 mg/dl, Low: HDL-C <40 mg/dl.

commonly showed that differential leukocyte counts
were higher in those with diabetes. The higher differential
leukocyte counts in these hypertensive patients may mask
the relationship with dyslipidemia. However, unlike the
NHANES study, our study results did not demonstrate any
effect modification of the association between WBC count
and dyslipidemia by smoking (data not shown).

A strength of our current study is that, to date, it is the
largest study to assess an association of differential leuko-
cyte counts with vascular risk factors. Moreover, our popu-
lation is ideal in that it is a natural representation with only
a3.93% rate of anti-platelet and lipid lowering drug usage.
In the final analyses, all treated patients were omitted to
ensure reliability of our findings. It is anticipated that

TABLE 4. Adjusted ORs (95% CI) for the association between quartiles of neutrophil count and dyslipidemia by multivariate
logistic regression models

Neutrophil Count

(x10" cells/1) Serum Lipids [Low/High (N)] Model I“[OR (95% CI) P Pfor Trend Model II'OR (95% CI) P Pfor Trend
TC status"
Q1 (0.3-2.8) 966,/1,510 1 <0.001 1 <0.001
Q2 (2.9-3.6) 1,035/1,853 1.16 (1.04, 1.30) 0.009 1.13 (1.01, 1.27) 0.029
Q3 (3.7-4.5) 921/1,727 1.23 (1.10, 1.38) <0.001 1.18 (1.05, 1.32) 0.006
Q4 (4.6-13.1) 950/1,904 1.32 (1.18, 1.47) <0.001 1.27 (1.13, 1.42) <0.001
TG status*
Q1 (0.3-2.8) 1,680/796 1 <0.001 1 <0.001
Q2 (2.9-3.6) 1,780/1108 1.36 (1.21, 1.52) <0.001 1.28 (1.14, 1.43) <0.001
Q3 (3.7-4.5) 1,611/1,037 1.44 (1.28, 1.62) <0.001 1.30 (1.15, 1.46) <0.001
Q4 (4.6-13.1) 1,720/1,134 1.49 (1.33, 1.67) <0.001 1.38 (1.23, 1.55) <0.001
LDL-C status”
Q1 (0.3-2.8) 1,157/1,319 1 <0.001 1 0.001
Q2 (2.9-3.6) 1271/1,617 1.12 (1.01, 1.25) 0.037 1.09 (0.98, 1.22) 0.104
Q3 (3.7-4.5) 1,145/1,503 1.17 (1.04, 1.30) 0.006 1.12 (1.00, 1.25) 0.054
Q4 (4.6-13.1) 1,184/1,670 1.25 (1.12, 1.40) <0.001 1.20 (1.08, 1.34) 0.001
HDL-C status’
Q1 (0.3-2.8) 469/2,007 1 0.106 1 0.628
Q2 (2.9-3.6) 595/2,093 1.11 (0.97, 1.27) 0.136 1.04 (0.91, 1.20) 0.544
Q3 (3.7-4.5) 547/2,101 1.11 (0.97, 1.27) 0.144 1.01 (0.87, 1.16) 0.912
Q4 (4.6-13.1) 598/2,256 1.13 (0.99, 1.29) 0.077 1.05 (0.91, 1.21) 0.492

“Model 1: adjusted for sex and age.

"Model 2: adjusted for sex, age, smoking status, alcohol consumption, SBP, DBP, BMI, and diabetes.

‘High: TC =200 mg/dl, Low: TC <200 mg/dl.
“High: TG =150 mg/dl, Low: TG <150 mg/dl.
‘High: LDL-C =130 mg/dl, Low: LDL-C <130 mg/dl.
/High: HDL-C =40 mg/dl, Low: HDL-C <40 mg/dl.
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TABLE 5. Adjusted ORs (95% CI) for the association between dyslipidemia and the quartiles of leukocyte count by diabetic status

Diabetes
No Yes
Leukocyte Count Serum Lipids Serum Lipids
(><10g cells/1) [Low/High (N)] OR (95% CI) P Pfor Trend  [Low/High (N)] OR (95% CI) P Ptor Trend  Pfor Interaction
TC status”
Q1 (0.6-5.3) 975/1,348 1 <0.001 71/193 1 0.478 0.552
Q2 (5.4-6.3) 884/1,440 1.17 (1.04, 1.32) 0.009 86,219 0.94 (0.64, 1.37) 0.743
Q3 (6.4-7.5) 816/1,563 1.35 (1.20, 1.53) <0.001 110/311 1.04 (0.73, 1.50) 0.810
Q4 (7.6-17.1) 810/1,555 1.36 (1.21, 1.54) <0.001 120/364 1.09 (0.76, 1.55) 0.638
TG status’
Q1 (0.6-5.3) 1,660/663 1 <0.001 159/105 1 <0.001 0.785
Q2 (5.4-6.3) 1,529/795 1.25 (1.10, 1.42) 0.0007 153/152 1.51 (1.07,2.13) 0.019
Q3 (6.4-7.5) 1,468/911 1.45 (1.28, 1.65) <0.001 199/222 1.63 (1.18, 2.25) 0.003
Q4 (7.6-17.1) 1,402/963 1.62 (1.43, 1.84) <0.001 221/263 1.79 (1.31, 2.46) <0.001
LDI-C status"
Q1 (0.6-5.3) 1,150/1,173 1 <0.001 93/171 1 0.497 0.311
Q2 (5.4-6.3) 1,057/1,267 1.16 (1.03, 1.30) 0.014 104/201 1.05 (0.74, 1.50) 0.779
Q3 (6.4-7.5) 1,023/1,355 1.26 (1.12, 1.41) <0.001 155/266 0.93 (0.67, 1.29) 0.651
Q4 (7.6-17.1) 1,021/1,344 1.25 (1.11, 1.40) 0.002 154/330 1.15 (0.84, 1.58) 0.405
HDL-C status’
Q1 (0.6-5.3) 424/1,899 1 0.496 53/211 1 0.180 0.519
Q2 (5.4-6.3) 449/1,875 1.00 (0.86, 1.17) 0.951 79/226 1.35 (0.89, 2.03) 0.154
Q3 (6.4-7.5) 477/1,902 1.02 (0.88, 1.19) 0.801 110/311 1.34 (0.91, 1.96) 0.137
Q4 (7.6-17.1) 489/1,876 1.05 (0.90, 1.22) 0.517 127/357 1.36 (0.93,1.98) 0.111

Adjusted for sex, age, smoking status, alcohol consumption, SBP, DBP, and BMI.
“High: TC =200 mg/dl, Low: TC <200 mg/dl.
"High: TG =150 mg/dl,Low: TG <150 mg/dl.

"High: LDL-C =130 mg/dl, Low: LDL-C <130 mg/dl.
"High: HDL-C =40 mg/dl, Low: HDL-C <40 mg/dl.

once the interactions between lipids and inflammatory
factors are better understood, current anti-inflammatory
approaches that address low-grade inflammation will be
combined with lipid lowering approaches to provide optimal

treatment regimens for atherosclerosis. Of course, several
limitations are also present: I) As a cross-sectional study,
the causes of the correlations between elevated differ-
ential leukocytes on the risk of developing dyslipidemia

TABLE 6. Adjusted ORs (95% CI) for the association between dyslipidemia and the quartiles of lymphocyte count by diabetic status

Diabetes
No Yes
Lymphocyte Count Serum Lipids Serum Lipids
(x107 cells/1) [Low/High (N)] OR (95% CI) P Pfor Trend  [Low/High (N)] OR (95% CI) P Pfor Trend  Pfor Interaction
TC status”
Q1 (0.3-1.5) 756,/1,162 1 0.001 69/161 1 0.119 0.727
Q2 (1.6-1.9) 990/1,582 1.03 (0.91, 1.16) 0.682 108/274 1.09 (0.75, 1.58) 0.657
Q3 (2.0-2.3) 871/1,422 1.02 (0.89, 1.15) 0.805 87/263 1.25 (0.85, 1.84) 0.254
Q4 (2.4-6.3) 868/1,740 1.24 (1.09, 1.40) 0.001 123/389 1.29 (0.90, 1.86) 0.159
TG status’
Q1 (0.3-1.5) 1,397/521 1 <0.001 146/84 1 <0.001 0.350
Q2 (1.6-1.9) 1,790,782 1.10 (0.96, 1.26) 0.163 205/177 1.48 (1.05, 2.09) 0.025
Q3 (2.0-2.3) 1,422/871 1.45 (1.27, 1.67) <0.001 161/189 1.89 (1.33, 2.68) <0.001
Q4 (2.4-6.3) 1,450/1158 1.80 (1.58, 2.05) <0.001 220/292 2.03 (1.46, 2.83) <0.001
LDL-C status”
Q1 (0.3-1.5) 887/1,031 1 0.020 86/144 1 0.681 0.324
Q2 (1.6-1.9) 1,215/1,357 0.95 (0.84, 1.07) 0.417 132/250 1.13 (0.80, 1.60) 0.496
Q3 (2.0-2.3) 1,055/1,238 0.98 (0.86, 1.11) 0.732 113/237 1.22 (0.85, 1.74) 0.279
Q4 (2.4-6.3) 1,094/1,514 1.13 (1.00, 1.28) 0.045 175/337 1.10 (0.78, 1.53) 0.562
HDL-C status*
Q1 (0.3-1.5) 306/1,612 1 <0.001 50/180 1 0.211 0.944
Q2 (1.6-1.9) 470/2,102 1.14 (0.97, 1.34) 0.110 89/293 1.07 (0.71, 1.61) 0.744
Q3 (2.0-2.3) 489/1,804 1.35 (1.14, 1.59) <0.001 90/260 1.17 (0.78, 1.77) 0.447
Q4 (2.4-6.3) 574/2,034 1.32 (1.13, 1.55) <0.001 140/372 1.24 (0.84, 1.83) 0.271

Adjusted for sex, age, smoking status, alcohol consumption, SBP, DBP, and BMI.
"High: TC =200 mg/dl, Low: TC <200 mg/dl.
"High: TG =150 mg/dl, Low: TG <150 mg/dl.
‘High: LDL-C =130 mg/dl, Low: LDL-C <130 mg/dl.
“High: HDL-C =40 mg/dl, Low: HDL-C <40 mg/dl.

264

Journal of Lipid Research Volume 58, 2017



TABLE 7. Adjusted ORs (95% CI) for the association between dyslipidemia and the quartiles of neutrophil count by diabetic status

Diabetes
No Yes
Neutrophll Count Serum Lipids Serum Lipids
(><10 cells/1) [Low/High (N)] OR (95% CI) P Pfor Trend [Low/High (N)] OR (95% CI) P Pfor Trend  Pfor Interaction
TC status”
Q1 (0.3-2.8) 903/1,308 1 <0.001 63/202 1 0.314 0.033
Q2 (2.9-3.6) 948/1,585 1.15 (1.02,1.29) 0.021 87/267 0.93 (0.63,1.37) 0.714
Q3 (3.7-4.5) 802/1,452 1.25 (1.10, 1.41) <0.001 119/275 0.73 (0.51, 1.05) 0.093
Q4 (4. 6—1% 1) 832/1,561 1.32 (1.16, 1.49) <0.001 118/343 0.87 (0.60, 1.25) 0.453
TG status’
Q1 (0.3-2.8) 1,522/689 1 0.001 158/107 1 0.034 0.342
Q2 (2.9-3.6) 1,619/914 1.23 (1.08,1.39) 0.001 161/193 .67 (1.20,2.33) 0.002
Q3 (3.7-4.5) 1,424/830 1.26 (1.10, 1.43) <0.001 187/207 l 6 (1.15, 2.21) 0.005
Q4 (4.6-13.1) 1,494/899 1.36 (1.20, 1.55) <0.001 226/235 1.56 (1.13, 2.14) 0.006
LDIL-C status"
Q1 (0.3-2.8) 1,071/1,140 1 <0.001 86/179 1 0.614 0.024
Q2 (2.9-3.6) 1,158/1,357 1.10 (0.98,1.23) 0.107 113/241 1.02 (0.72,1.44) 0.915
Q3 (3.7-4.5) 987/1,267 1.19 (1.05, 1.34) 0.005 158/236 0.73 (0.52, 1.01) 0.061
Q4 (4.6-13. 1) 1,035/1,358 1.22 (1.09, 1.38) <0.001 149/312 0.99 (0.72, 1.38) 0.972
HDL-C status”
Q1 (0.3-2.8) 419/1,792 1 0.794 50/215 1 0.057 0.167
Q2 (2.9-3.6) 501/2,032 1.00 (0.86,1.16) 0.990 93/261 1.46 (0.97,2.18) 0.067
Q3 (3.7-4.5) 443/1,811 0.96 (0.82, 1.12) 0.615 104/290 1.43 (0.96, 2.12) 0.079
Q4 (4.6-13.1) 476/1,917 0.99 (0.85, 1.16) 0.915 122/339 1.55 (1.05, 2.29) 0.026
Adjusted for sex, age, smoking status, alcohol consumption, SBP, DBP, and BMI.
“High: TC =200 mg/dl, Low: TC <200 mg/dl.
"High: TG =150 mg/dl,Low: TG <150 mg/dl.
"High: LDL-C =130 mg/dl, Low: LDL-C <130 mg/dl.
"High: HDL-C =40 mg/dl, Low: HDL-C <40 mg/dl.
cannot be elucidated. Additional prospective studies on REFERENCES

the relationship between elevated differential leukocyte
counts and vascular diseases including dyslipidemia is war-
ranted in different populations. 2) Data on some inflam-
matory cytokines such as CRP, IL-1$3, and monocytes were
unavailable. Ruan and colleagues found that these inflam-
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cumulation in vascular smooth muscle cells specifically via
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betes in hypertensive patients may mask the relationship
between differential leukocyte counts and dyslipidemia.Hi

The authors gratefully acknowledge the assistance and cooperation
of the faculty and staff of the Anhui Medical University and
thank all of the participants in our study. This study was
conducted in accordance with the current regulations of the
People’s Republic of China.

Peripheral differential leukocyte counts and dyslipidemia risk

1. Libby, P., A. H. Lichtman, and G. K. Hansson. 2013. Immune ef-
fector mechanisms implicated in atherosclerosis: from mice to hu-
mans. Immunity. 38: 1092-1104.

2. Hansson, G. K., and A. Hermansson. 2011. The immune system in
atherosclerosis. Nat. Immunol. 12: 204-212.

3. Legein, B., L. Temmerman, E. A. Biessen, and E. Lutgens. 2013.
Inflammation and immune system interactions in atherosclerosis.
Cell. Mol. Life Sci. 70: 3847-3869.

4. Schaftenaar, F., V. Frodermann, J. Kuiper, and E. Lutgens. 2016.
Atherosclerosis: the interplay between lipids and immune cells.
Curr. Opin. Lipidol. 27: 209-215.

5. Tall, A. R., and L. Yvan-Charvet. 2015. Cholesterol, inflammation
and innate immunity. Nat. Rev. Immunol. 15: 104-116.

6. Simon, A. 2014. Cholesterol metabolism and immunity. N. Engl. J.
Med. 371: 1933-1935.

7. Moore, K. J., and I. Tabas. 2011. Macrophages in the pathogenesis
of atherosclerosis. Cell. 145: 341-355.

8. Ouimet, M., M. D. Wang, N. Cadotte, K. Ho, and Y. L. Marcel.
2008. Epoxycholesterol impairs cholesteryl ester hydrolysis in
macrophage foam cells, resulting in decreased cholesterol efflux.
Arterioscler. Thromb. Vasc. Biol. 28: 1144-1150.

9. Stewart, C. R., L. M. Stuart, K. Wilkinson, J. M. van Gils, J. Deng,
A. Halle, K. J. Rayner, L. Boyer, R. Zhong, W. A. Frazier, et al.
2010. CD36 ligands promote sterile inflammation through assem-
bly of a Toll-like receptor 4 and 6 heterodimer. Nat. Immunol. 11:
155-161.

10. Zhu, X.,].S. Owen, M. D. Wilson, H. Li, G. L. Griffiths, M. J. Thomas,
E. M. Hiltbold, M. B. Fessler, and J. S. Parks. 2010. Macrophage
ABCALI reduces MyD88-dependent Toll-like receptor trafficking
to lipid rafts by reduction of lipid raft cholesterol. J. Lipid Res. 51:
3196-3206.

11. Glass, C. K., and J. L. Witztum. 2001. Atherosclerosis. the road
ahead. Cell. 104: 503-516.

12. Mestas, J., and K. Ley. 2008. Monocyte-endothelial cell interactions
in the development of atherosclerosis. Trends Cardiovasc. Med. 18:
228-232.

13. Guasti, L., F. Dentali, L. Castiglioni, L. Maroni, F. Marino, A.
Squizzato, W. Ageno, M. Gianni, G. Gaudio, A.M. Grandi, et al.
2011. Neutrophils and clinical outcomes in patients with acute

265



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

266

coronary syndromes and/or cardiac revascularisation. A systematic
review on more than 34,000 subjects. Thromb. Haemost. 106: 591-599.
Gillum, R. F., M. E. Mussolino, and J. H. Madans. 2005. Counts of
neutrophils, lymphocytes, and monocytes, cause-specific mortality
and coronary heart disease: the NHANES-I epidemiologic follow-up
study. Ann. Epidemiol. 15: 266-271.

Kato, A., T. Takita, M. Furuhashi, Y. Maruyama, H. Kumagai, and A.
Hishida. 2008. Blood monocyte count is a predictor of total and car-
diovascular mortality in hemodialysis patients. Nephron Clin. Pract.
110: c235-c243.

Misialek, J. R., W. Bekwelem, L. Y. Chen, L. R. Loehr, S. K. Agarwal,
E. Z. Soliman, F. L. Norby, and A. Alonso. 2015. Association of white
blood cell count and differential with the incidence of atrial fibril-
lation: the Atherosclerosis Risk in Communities (ARIC) study. PLoS
One. 10: €0136219.

Sharma, K. H., K. H. Shah, I. Patel, A. K. Patel, and S. Chaudhari.
2015. Do circulating blood cell types correlate with modifiable risk
factors and outcomes in patients with acute coronary syndrome
(ACS)? Indian Heart J. 67: 444-451.

Oda, E., R. Kawai, and Y. Aizawa. 2012. Lymphocyte count was
significantly associated with hyper-LDL cholesterolemia indepen-
dently of high-sensitivity C-reactive protein in apparently healthy
Japanese. Heart Vessels. 27: 377-383.

Zhang, S., Z. Wan, Y. Zhang, Y. Fan, W. Gu, F. Li, L. Meng, X. Zeng,
D. Han, and X. Li. 2015. Neutrophil count improves the GRACE risk
score prediction of clinical outcomes in patients with ST-elevation
myocardial infarction. Atherosclerosis. 241: 723-728.

Chinese Diabetes Society. 2012. China guideline for type-2 diabetes.
Chinese Journal of Diabetes. 20: 81-117.

Joint Committee for Developing Chinese guidelines on Prevention
and Treatment of Dyslipidemia in Adults. 2007. Chinese guidelines
on prevention and treatment of dyslipidemia in adults [Article in
Chinese]. Zhonghua Xin Xue Guan Bing Za Zhi. 35: 390-419.
Wang, J. G. 2015. Chinese hypertension guidelines. Pulse (Basel). 3:
14-20.

Sarndahl, E., I. Bergstrom, V. P. Brodin, J. Nijm, H. Lundqvist
Setterud, and L. Jonasson. 2007. Neutrophil activation status in
stable coronary artery disease. PLoS One. 2: €1056.

Madjid, M., I. Awan, J. T. Willerson, and S. W. Casscells. 2004.
Leukocyte count and coronary heart disease. . Am. Coll. Cardiol. 44:
1945-1956.

Nunez, J., E. Nunez, J. Sanchis, V. Bodi, and A. Llacer. 2006.
Prognostic value of leukocytosis in acute coronary syndromes:
the cinderella of the inflammatory markers. Curr. Med. Chem. 13:
2113-2118.

Journal of Lipid Research Volume 58, 2017

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Lee, C. D., A. R. Folsom, F. ]. Nieto, L. E. Chambless, E. Shahar, and
D. A. Wolfe. 2001. White blood cell count and incidence of coronary
heart disease and ischemic stroke and mortality from cardiovascular
disease in African-American and White men and women: athero-
sclerosis risk in communities study. Am. J. Epidemiol. 154: 758-764.
Huang, Z. S., ]. S. Jeng, C. H. Wang, P. K. Yip, T. H. Wu, and T. K.
Lee. 2001. Correlations between peripheral differential leukocyte
counts and carotid atherosclerosis in non-smokers. Atherosclerosis.
158: 431-436.

Rasouli, M., V. Nesarhosseini, A. M. Kiasari, S. Arab, R. Shariati,
D. Kazemi, N. Daneshpour, and S. Heidari. 2011. The multiplica-
tive interactions of leukocyte counts with some other risk factors
enhance the prognostic value for coronary artery disease. Cardiol. J.
18: 246-253.

Wilson, P. W., R. J. Garrison, R. D. Abbott, and W. P. Castelli.
1983. Factors associated with lipoprotein cholesterol levels. The
Framingham study. Arteriosclerosis. 3: 273-281.

Fessler, M. B., K. Rose, Y. Zhang, R. Jaramillo, and D. C. Zeldin. 2013.
Relationship between serum cholesterol and indices of erythrocytes
and platelets in the US population. J. Lipid Res. 54: 3177-3188.
Fuster, V., L. Badimon, J. ]J. Badimon, and J. H. Chesebro. 1992.
The pathogenesis of coronary artery disease and the acute coronary
syndromes (2). N. Engl. J. Med. 326: 310-318.

Nagy, B. Jr., J. Jin, B. Ashby, M. P. Reilly, and S. P. Kunapuli. 2011.
Contribution of the P2Y12 receptor-mediated pathway to plate-
let hyperreactivity in hypercholesterolemia. J. Thromb. Haemost. 9:
810-819.

Schaffer, A., M. Verdoia, E. Cassetti, L. Barbieri, P. Perrone-Filardi,
P. Marino, and G. De Luca. 2015. Impact of red blood cells count on
the relationship between high density lipoproteins and the preva-
lence and extent of coronary artery disease: a single centre study. /.
Thromb. Thrombolysis. 40: 61-68.

Chen, J.J., L. Y. Lin, H. H. Lee, L. P. Lai, J. L. Lin, J. J. Huang, and
C. D. Tseng. 2010. Association of white blood cell count and pe-
ripheral arterial disease in patients with and without traditional risk
factors. Angiology. 61: 382-387.

Ruan, X. Z., Z. Varghese, S. H. Powis, and J. F. Moorhead. 2001.
Dysregulation of LDL receptor under the influence of inflamma-
tory cytokines: a new pathway for foam cell formation. Kidney Int. 60:
1716-1725.

Ruan, X. Z., J. F. Moorhead, ]. L. Tao, K. L. Ma, D. C. Wheeler, S. H.
Powis, and Z. Varghese. 2006. Mechanisms of dysregulation of low-
density lipoprotein receptor expression in vascular smooth muscle
cells by inflammatory cytokines. Arterioscler. Thromb. Vasc. Biol. 26:
1150-1155.



