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Aim: The aim of the present study was to investigate the associations of baseline and longitudinal changes in
leukocyte counts with incident cardiovascular disease (CVD).

Methods: We conducted a prospective study to investigate the associations of baseline and 5-year changes in
leukocyte counts with incident CVD and its subtypes in middle-aged and elderly Chinese. We estimated the
hazard ratios (HRs) and 95% confidence intervals (CIs) for CVD using the Cox proportional-hazards models.

Results: In the analyses of baseline total leukocyte count of 26,655 participants, compared with the lowest
quartile (<4.71x10°/L), participants in the fourth quartile (>6.70x10°/L) had 11% higher risk for CVD.
Consistent with total leukocyte count, neutrophil count also exhibited a significant positive association with the
risk of CVD. In the analyses of 5-year changes in total leukocyte count of 11,594 participants, the changes in
leukocyte count were categorized into three groups, i.e., the decreased group (<25%), stable group (25%-75%),
and increased group (>75%). Compared with participants in the stable group (-1.18 to 0.44x10°/L),
participants in the increased group (>0.44 x 10°/L) had 14% higher risk for CVD. We also observed significant
positive associations of the changes in neutrophil and monocyte counts with the risk of CVD. Furthermore, the
total leukocyte count in the second or third tertile at the first follow-up with a 5-year increase was related to

higher CVD risk.

Conclusion: High baseline total leukocyte count and a 5-year increase in total leukocyte count were related to
higher CVD risk.
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formation®®. Previous epidemiologic studies have

Introduction demonstrated that several inflammatory markers,

Cardiovascular disease (CVD) is the leading
cause of disease burden worldwide, and it is widely
accepted as an inflammatory and immune disease® ?.
Leukocyte, one of the most low-cost and widely used
markers of immune and inflammatory response, is
recognized as a major contributor to a series of
pathological processes of CVD, including oxidative
stress, atherosclerotic plaque formation, plaque
rupture, endothelial erosion, and thrombus

including high-sensitivity C-reactive protein and
interleukin-G6, are related to increased CVD risk’”?. In
addition, randomized clinical trials have been
conducted to prevent CVD through the inhibition of
inflammation pathways'® ",

Several previous studies have demonstrated that
total leukocyte count was epidemiologically associated
with the risk of CVD events, but the results of these
studies were inconsistent. The majority of previous
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studies found that high total leukocyte count was
associated with greater risk of coronary heart disease
(CHD) or stroke incidence'*??, whereas others failed
to find any significant association® *¥. Meanwhile,
evidence on the relation of total leukocyte count with
acute coronary syndrome (ACS) incidence is scarce,
although ACS is one of the life-threatening subtypes
of CHD. Results of the relation between leukocyte
counts and stroke, such as ischemic stroke (IS) and
hemorrhagic stroke (HS), were also inconsistent®” 2> 29,

Conversely, limited prospective studies have
reported conflicting relation of differential leukocyte
counts with CVD incidence. Several studies
demonstrated that higher neutrophil count increased
the risk of CVD incidence?*”, and monocyte count
was also reported as a risk factor for CVD, CHD, and
[S' 3% 3D However, eosinophil and lymphocyte
counts were reported to be inversely associated with
the risk of CVD?). Moreover, the neutrophil-to-
lymphocyte ratio (NLR) is a systemic inflammation
biomarker that could balance the opposite effects of
innate immunity (neutrophils) and adaptive immunity
(lymphocytes) on arterial atherosclerosis®. Elevated
NLR was reported to be linked to CHD incidence??.
Together, associations of total and differential
leukocyte counts with incident CVD and its subtypes
remain to be elucidated.

Furthermore, different leukocyte subtypes exhibit
lifespans varying from several hours to decades?¥,
which may change in response to age, sex, obesity,
lifestyles such as smoking and drinking, and
environmental factors®), thus accelerating or
decelerating CVD progression. To date, few studies
have prospectively assessed the relationship of long-
term changes in total leukocyte count with the risk of
CVD events**9, and existing studies only reported
significant associations of leukocyte count changes
with incident CHD and mortality*> *¥. Studies on the
associations of longitudinal changes in total and
differential leukocyte counts with other CVD subtypes
are still lacking.

Therefore, in the present study, we aimed to
investigate the independent associations of baseline
and 5-year changes in total and differential leukocyte
counts with incident CVD and its subtypes. We
further explored whether total leukocyte count at the
first follow-up and 5-year changes in total leukocyte
count were jointly associated with CVD events in

middle-aged and elderly Chinese population.

Materials and Methods

Study Population
This study was based on the Dongfeng-Tongji

(DFT]J) cohort in Shiyan City, China. As described
elsewhere®, the DFT] cohort is a prospective cohort
to investigate the causes and progression of chronic
diseases. The cohort enrolled 27,009 retirees at
baseline from the Dongfeng Motor Corporation
during September 2008 to June 2010 and then newly
recruited 14,120 retirees at the first follow-up in
2013. Finally, questionnaires and blood samples of
41,129 participants at baseline or the first follow-up
were collected when they joined the cohort for the
first time. Among the 41,129 participants, we
excluded participants who were diagnosed with CHD
(n=5,468), stroke (n=1,972), cancer (n=2,182), and
severely abnormal electrocardiogram (72=674) when
they first joined the cohort and who were lost to
follow-up (2=709). Since some of the participants
may simultaneously have two or more diseases that
were described above, we finally excluded 9,378
participants in this step. We further excluded 5,096
participants with missing data of total leukocyte count
(n=5,088), with total leukocyte count >20 x 10°/L
(n=4), and with total leukocyte count <2 x 10°/L
(n=4). Finally, we enrolled 26,655 participants in the
analyses of baseline total leukocyte count (including
participants at baseline and the first follow-up when
they first joined the cohort). Furthermore, the baseline
characteristics were similar between the overall 26,655
participants and the 5,096 participants who were
excluded due to missing and extreme values of total
leukocyte count (Supplementary Table 1). For the
24,175 individuals who participated in both the
baseline and the first follow-up of the DFTJ cohort,
we excluded those with self-reported CHD, stroke,
cancer, or severely abnormal electrocardiogram at or
prior to the first follow-up (7=5,737). Participants
with missing information on total leukocyte count,
with total leukocyte count <2 x 10°/L, and with total
leukocyte count >20 x 10°/L were also excluded
(n=6,844). Finally, 11,594 participants were
incorporated into the analyses of the association of the
changes in total leukocyte count with incident CVD
and its subtypes (Supplementary Fig. 1).

Written informed consent was obtained from all
participants, and this study was reviewed and approved
by the Ethics and Human Subject Committee of
Tongji Medical College, Huazhong University of
Science and Technology (2012-10) and Sinopharm
Dongfeng General Hospital.

Measurement of Leukocyte Counts

Total and differential leukocyte counts were
measured at two time points (baseline survey during
2008-2010 and the first follow-up in 2013) with an
average interval of 4.60 years using a fully automated
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analyzer CELL-DYN 3700 (Abbott Laboratories.
Abbott Park, Illinois, USA) of Sinopharm Dongfeng
General Hospital. NLR was calculated as the
neutrophil count divided by the lymphocyte count.
The 5-year changes in total and differential leukocyte
counts were defined as measurements at the first
follow-up in 2013 minus that at baseline during
2008-2010. Baseline measurements were categorized
into four groups according to the quartiles, and
changes in total and differential leukocyte counts were
categorized into three groups according to the 25
and 75% percentiles, i.e., the decreased group (<
25%), stable group (25%-75%), and increased group
(>75%).

Ascertainment of Outcomes

The outcomes in this study were defined and
classified based on the International Classification of
Diseases (ICD) codes of the World Health
Organization“?. The outcome of interest was incident
CVD, including CHD (ICD-10: 120-125) and stroke
(ICD-10: I60-I61, 163-164, 169.0-169.1, and
169.3-169.4), which firstly occurred from baseline to
the end of follow-up (31 Dec 2018). The Dongfeng
Motor Corporation healthcare system covered all the
retired employees and allowed us to track incident
CVD through medical insurance information. We
defined incident CHD as the first occurrence of fatal
CHD, nonfatal myocardial infarction, stable and
unstable angina, or coronary revascularization
(coronary artery bypass graft or percutaneous
transluminal coronary angioplasty) during
follow-up*”. ACS diagnosis was confirmed according
to the diagnostic criteria for acute myocardial
infarction and unstable angina®® *. Stroke was
defined as sudden or rapid onset of a typical
neurological deficit of vascular origin that persisted for
more than 24 h or death from stroke®”. Based on the
evidence from computed tomography and/or
magnetic resonance imaging, stroke was further
classified into IS or HS by expert physicians".

Assessment of Covariates

Baseline information (demographic
characteristics, lifestyles, family history of CVD, and
medication usage) of the DFTJ cohort was obtained
using semi-structured questionnaires. Anthropometric
indices, systolic blood pressure (SBP), and diastolic
blood pressure (DBP) were measured by trained
personnel. Body mass index (BMI) was calculated as
weight (kg) divided by height (m?). Participants who
had been smoking at least one cigarette per day for at
least 6 months were defined as current smokers.
Participants who had been drinking at least one time
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per week for more than 6 months were regarded as
current drinkers. Physical activity was identified as
regular exercise more than five times per week and at
least 30 min per time for more than 6 months.
Education status was coded as primary school or
below, junior high school, senior high school, or
higher. Hypertension was defined as a self-reported
physician diagnosis of hypertension, SBP > 140
mmHg, DBP > 90 mmHg, or intake of anti-
hypertensive medications. Hyperlipidemia was defined
as total cholesterol > 6.22 mmol/L, triglycerides >
2.26 mmol/L, high-density lipoprotein cholesterol <
1.04 mmol/L, low-density lipoprotein cholesterol >
4.14 mmol/L, intake of lipid-lowering medications, or
a self-reported physician diagnosis of hyperlipidemia.
Diabetes mellitus was defined as self-reported
physician diagnosis of diabetes mellitus, fasting
glucose > 7.0 mmol/L, or intake of anti-diabetic
medications (oral hypoglycemic medication or
insulin). Estimated glomerular filtration rate (eGFR)
was calculated using the Modification of Diet in Renal

Disease equation’?.

Statistical Analysis

Cox proportional-hazards regression models were
employed to assess the associations of baseline and
S5-year changes in total and differential leukocyte
counts with CVD events. The outcomes of interest
were followed up until 31 Dec 2018, and the results
were expressed as hazard ratios (HRs) and 95%
confidence intervals (Cls). In the analyses of the
associations between baseline leukocyte counts and
incident CVD, potential covariates in the
multivariable models were collected at the time when
the participants were first recruited (baseline or the
first follow-up), including age, sex, BMI, smoking
status, drinking status, physical activity, education,
hyperlipidemia, hypertension, diabetes mellitus,
family history of CVD/CHD/stroke, and medications
that may affect leukocyte counts (antibiotics or
aspirin), and we additionally adjusted for admission
batch (baseline or the first follow-up) in the models.
In the analyses of the associations between 5-year
changes in leukocyte counts and incident CVD,
potential covariates in the multivariable models were
collected at the first follow-up in 2013, including age,
sex, BMI, smoking status, drinking status, physical
activity, education, hyperlipidemia, hypertension,
diabetes mellitus, family history of CVD/CHD/
stroke, and medications that may affect leukocyte
counts (antibiotics or aspirin), and we additionally
adjusted for baseline leukocyte counts in the models.
Missing data of covariates were filled using imputation
methods. For continuous variables, the median values
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were used as replacement of the missing values, and
we additionally adjusted for a binary variable
indicating whether the observation is a missing value,
whereas for categorical variables, an extra group was
added to replace the missing values. Person-years was
calculated from the date of recruitment until the date
of the first onset of CVD event, the date of death, or
the end of follow-up, whichever came first. Interaction
and stratified analyses were separately conducted by
age (<060, = 60 years), sex (men, women), BMI (<
24, > 24 kg/m®), current smoker (yes, no), current
drinker (yes, no), hypertension (yes, no),
hyperlipidemia (yes, no), and diabetes mellitus (yes,
no). To avoid the effect of baseline inflammatory
diseases on leukocyte counts, sensitivity analyses were
conducted by excluding participants with baseline
diseases, including gout, major rheumatic diseases,
and end-stage renal disease (¢GFR <30 mL/min/1.73
m?). We further calculated intra-class correlation
coefficients (ICCs) to assess the consistency between
the two measurements of total and differential
leukocyte counts. Restricted cubic splines with three
knots (5%, 50%, 95™) were used to display the relations
of baseline and 5-year changes in total leukocyte count
with the risk of CVD, CHD, and stroke.

Furthermore, based on the 11,594 participants
in the analyses of changes in total leukocyte count
with the risk of CVD, we assessed the joint effects of
total leukocyte count at the first follow-up and 5-year
changes in total leukocyte count on the risk of CVD
events. Total leukocyte count at the first follow-up was
categorized into tertiles (low, moderate, and high),
together with decreased (< 25%), stable (25%-75%),
and increased (>75%) groups in the analyses of
5-year changes in total leukocyte counts, resulting in
nine subcategories. We used low total leukocyte level
at the first follow-up and a relatively stable change as
the reference group. All statistical analyses were
conducted using SAS version 9.4 (SAS institute Inc.,
Cary, NC). A two-sided P value < 0.05 was considered
statistically significant.

Results

Basic characteristics of baseline and 5-year changes
in total leukocyte count

Among the 26,655 participants in this study, the
mean age was 61.5 years (SD=8.1), and 44.1% were
men. Participants in the highest quartile were more
likely to be older, men, current smokers and drinkers,
with low educational level, and with higher prevalence
of hyperlipidemia, hypertension, and diabetes mellitus.
Meanwhile, participants who experienced an increase
in total leukocyte count were more likely to be men,

current smokers and drinkers, and with higher
prevalence of diabetes mellitus (Table 1).

Associations of Baseline Total and Differential
Leukocyte Counts with CVD Events

During a median follow-up of 10.26 years
(interquartile range [IQR], 7.06-10.31 years) for
participants who joined the cohort at baseline, and a
median follow-up of 5.69 years (IQR, 5.60-5.71
years) for participants who joined the cohort at the
first follow-up, we identified 7,285 incident CVD
cases, including 5,789 CHD (2,330 ACS) and 1,496
stroke cases (1,170 IS and 326 HS), among 26,655
participants with baseline total leukocyte count. The
CVD incidence was slightly higher than that in other
Chinese populations®>*, mainly due to the high
mean age among the participants and the relatively
comprehensive ascertainment of incident CVD
through medical insurance documents, hospital
records, and death certificates. As presented in Table
2, after multivariate adjustment for potential
confounders, total leukocyte count was associated
with incident CVD (HR, 1.03; 95% CI, 1.01-1.05),
CHD (HR, 1.03; 95% CI, 1.01-1.05), ACS (HR,
1.05; 95% CI, 1.02-1.08), stroke (HR, 1.04; 95%
CI, 1.01-1.08), and IS (HR, 1.06; 95% CI, 1.02—
1.10) per 10°/L increase in total leukocyte count
however, the association was not significant for HS
(HR, 0.99; 95% CI, 0.92-1.07).

In stratified Cox proportional-hazards regression
models, we found that the CVD risk of increased total
leukocyte count was significantly higher among men
and current smokers (the P values for interaction were
0.05 and 0.03, respectively; Supplementary Fig.2).
Therefore, we stratified the analyses of the associations
between baseline total leukocyte count and the risk of
CVD events by sex. High total leukocyte count was
associated with incident CVD (HR, 1.04; 95% CI,
1.02-1.06), CHD (HR, 1.03; 95% CI, 1.01-1.06),
ACS (HR, 1.05; 95% CI, 1.01-1.08), stroke (HR,
1.05; 95% CI, 1.01-1.09), and IS (HR, 1.07; 95%
CI, 1.02-1.12) per 10°/L increase in total leukocyte
count in men, whereas in women, high total leukocyte
count was only associated with incident CVD (HR,
1.02; 95% CI, 1.00-1.04) and ACS (HR, 1.06; 95%
CI, 1.02-1.10). Restricted cubic spline plots also
demonstrated significant linear associations of baseline
total leukocyte count with CVD, CHD, and stroke
(Fig.1). Compared with participants in the lowest
quartile of total leukocyte count (< 4.71 x 10°/L), the
HRs (95% Cls) of those in the highest quartile (>
6.70 x 10°/L) were 1.11 (1.03—1.19) (Puend=0.001) for
CVD, 1.10 (1.02-1.19) (Prend=0.023) for CHD, 1.21
(1.07-1.38) (Puend=0.002) for ACS, and 1.22 (1.02-
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Table 1. Basic characteristics of study participants for baseline total leukocyte count and changes in total leukocyte count

Quartiles of total leukocyte count, x 10°/L

Changes in total leukocyte count, x 10°/L

Characteristics <471 4.71-5.60 5.61-6.70 >6.70 P value <-1.18  -1.18t00.44 >0.44 Pralue
N 6802 6542 6865 6446 2792 5973 2829
Age (years) 60.1£7.9 61.2£8.0 62.0£8.1 62.8%8.1 <0.001 65.9%7.6 65.7%7.3 65.5%7.3 0.118
Men (%) 2335 (34.3) 2693 (41.2) 3238 (47.2) 3496 (54.2) <0.001 1436 (51.4) 3511 (58.8) 1702 (60.2) <0.001
BMI (kg/mz) 23.4%3,1 240%3.2 244%32 249%35 <0.001 24,034 24133 24234 0.063
Education (%)

Primary school or below 1272 (18.7)  1432(21.9) 1569 (22.9) 1584 (24.6) <0.001  806(28.9) 1678 (28.1) 872 (30.8) 0.187

Middle school 2382 (35.0)  2355(36.0) 2560 (37.3) 2373 (36.8) 1038 (37.2) 2237 (37.5) 1052 (37.2)

High school or beyond 3112 (45.8) 2702 (41.3) 2693 (39.2) 2442 (37.9) 925(33.1) 2013 (33.7) 883 (31.2)
Smoking status (%)

Gzt e 798(117) 1063 (162) 1391 (20.3) 1850(287)  <0.001  530(19.0)  862(144)  395(140)  <0.001

Former smokers 532 (7.8) 648 (9.9) 700 (10.2)  717(11.1) 344(12.3) 721 (10.4) 300 (10.6)

Never smokers 5445 (80.0) 4808 (73.5)  4750(69.2) 3863 (59.9) 1889 (67.7) 4421 (74.0) 2098 (74.2)
Drinking status (%)

Current drinkers 1524 (22.4) 1560 (23.8) 1793 (26.1) 1730 (26.8) <0.001 761 (27.3) 1481 (24.8) 734 (22.4) 0.001

Former drinkers 241 (3.5) 298 (4.4) 299 (4.4) 357 (5.5) 154 (5.5) 276 (4.6) 136 (4.8)

Never drinkers 5024 (73.9) 4671 (71.4) 4767 (69.4) 4350 (67.5) 1846 (66.1) 4145 (69.4) 2028 (71.7)
Physical activity (%) 4810 (70.7) 4698 (71.8) 4903 (71.4) 4528 (70.2) <0.001 2073 (74.2) 4383 (73.4) 2074 (73.3) 0.605
Antibiotics use (%) 593 (8.7) 496 (7.6) 500 (7.3) 463 (7.2) 0.003  222(8.0) 459 (7.7) 193 (7.8) 0.050
Aspirin use (%) 573 (8.4) 618 (9.4) 677 (9.9) 713 (11.1) <0.001 352 (12.6) 761 (11.1) 318 (11.2) 0.076
Family history of CVD (%) 943(13.9)  752(115)  715(104) 617(9.6) <0001 218(78)  528(88)  217(77) 0.098
Hyperlipidemia (%) 2176 (32.0) 2554 (39.0) 3008 (43.8) 3258 (50.5) <0.001 1100 (39.4) 2410 (40.3) 1201 (42.5) 0.054
Hypertension (%) 2844 (41.8) 3183 (48.7) 3550 (51.7) 3898 (60.5) <0.001 1761 (63.1) 3707 (62.1) 1801 (63.7) 0.417
Diabetes mellitus (%) 763 (11.2) 933 (14.3) 1224 (17.8) 1535 (23.8) <0.001 566 (20.3) 1066 (17.8) 582 (20.6) 0.008
Lymphocyte count, x 10°/L 4(12-17) 17(15-20) 2.0 (16-23) 23(19-2.8) <0001  16(1.1-22) 17(L1-22) 2.0(12-27) <0.001
Monocyte count, x 10°/L 3(0.2-0.3) 0.4(0.3-0.4) 0.4(0.3-0.5) 0.5(0.4-0.6) <0.001 3(0.2-0.5)  0.3(0.0-0.5) 0.4 (0.2-0.6) <0.001
Neutrophil count, x 10%/L 3(20-2.6) 3.0(2.6-33) 3.6 (3.2-4.0) (4 1-54) <0001 3.0 (21-40) 312241 4127-55) <0.001
Eosinophil count, x 10%/L 1(0.0-01) 0.1(0.0-0.2) 0.1(0.1-0.2) 0.1(0.1-02) <0.001  0.1(0.0-0.3) 0.1(0.0-0.3) 0.1(0.0-0.3) <0.001
Basophil count, x 10°/L .1(0.0-0.1) 0.1(0.0-0.1) 0.1(0.0-0.1) 0.1(0.1-0.1) <0.001 .1(0.0-0.2) 0.1(0.0-0.2) 0.2(0.0-0.3) <0.001
Neutrophil-to-Lymphocyte Ratio 6(1.2-2.1) 1.7(1.3-22) 1.8(1.4-2.4) 2.0(1.5-2.7) <0.001 1(0.6-3.6) 2.1(1.1-3.1) 24(1.1-3.7) <0.001

Abbreviation: BMI, body mass index; CVD, cardiovascular disease.

Continuous variables were described as mean + SD if normally distributed, or median (interquartile range) if skewed distributed. Categorical

variables were described as number (%).

P values were derived from ANOVA tests for continuous variables, and Chi-square test for the category variables.

1.45) (Pxend=0.001) for IS. When we restrict the
analyses to men, the HRs (95% Cls) of those in the
highest quartile were 1.17 (1.06-1.30) (Pcend=0.002)
for CVD, 1.17 (1.05-1.32) (Puend=0.008) for CHD,
1.26 (1.05-1.52) (Puend=0.013) for ACS, and 1.31
(1.04—1.64) (Pxend=0.001) for IS; however, when we
restrict the analyses to women, no significant
association was observed.

In sensitivity analyses, after excluding
participants with gout, major rheumatic diseases, and
end-stage renal disease, the associations of total
leukocyte count with incident CVD, CHD, and
stroke did not materially change (Supplementary
Fig.2). The associations between other differential
leukocyte counts and the risk of CVD events are
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presented in Supplementary Tables 2—-3.

Associations of Longitudinal Changes in Total and
Differential Leukocyte Counts with CVD Events
During a median follow-up of 5.69 years (IQR,
4.81-5.71 years) from the first follow-up in 2013, we
identified 2,971 incident CVD cases, including 2,461
CHD (916 ACS) and 510 stroke (404 IS and 106
HS) cases among 11,594 participants. Within a 4.60-
year period between baseline and the first follow-up,
the participants experienced a decrease of 0.37 x 10°/
L in total leukocyte count on average, and the
reproducibility of measurements at baseline and the
first follow-up was moderate for total leukocyte count

(ICC=0.58), neutrophil count (ICC=0.53),
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Table 2. Adjusted HRs (95% Cls) of cardiovascular events according to quartiles of total leukocyte count in men and women

Quartiles of total leukocyte count, x 10°/L QI (<4.71) Q2 (4.71-5.60) Q3 (5.61-6.70) Q4 (>6.70) P for trend Per 10°/L increase
CVD
All
Cases/person-years 1464/47376 1673146946 1953/49467 2195/45921
HR (95% CI) 1.00 (ref) 1.01 (0.94-1.08) 1.04 (0.97-1.11) 1.11 (1.03-1.19) 0.001 1.03 (1.01-1.05)
Men
Cases/person-years 597115396 785/18551 1045/22400 1289/24026
HR (95% CI) 1.00 (ref) 1.01 (0.91-1.13) 1.08 (0.98-1.20) 1.17 (1.06-1.30) 0.002 1.04 (1.02-1.06)
Woman
Cases/person-years 867/31980 888/28395 908/27067 906/21895
HR (95% CI) 1.00 (ref) 1.00 (0.91-1.10) 1.00 (0.91-1.10) 1.04 (0.95-1.15) 0.390 1.02 (1.00-1.04)
CHD
All
Cases/person-years 1187/48405 1375/47810 1539/50665 1688/47360
HR (95% CI) 1.00 (ref) 1.05 (0.97-1.14) 1.05 (0.97-1.13) 1.10 (1.02-1.19) 0.023 1.03 (1.01-1.05)
Men
Cases/person-years 445115930 609/19040 779123166 933/25009
HR (95% CI) 1.00 (ref) 1.09 (0.96-1.23) 1.12 (0.99-1.26) 1.17 (1.05-1.32) 0.008 1.03 (1.01-1.06)
Woman
Cases/person-years 742132475 766/28771 760/27499 755/22351
HR (95% CI) 1.00 (ref) 1.03 (0.93-1.14) 1.00 (0.90-1.10) 1.04 (0.94-1.16) 0.581 1.02 (0.99-1.04)
ACS
All
Cases/person-years 409/43460 528/42562 654144985 739/40991
HR (95% Cl) 1,00 (ref) 110(096-125) 116 (1.02-131) 121 (107-1.38) 0.002 1.05 (1.02-1.08)
Men
Cases/person-years 169/14063 258/16903 349120374 429121508
HR (95% CI) 1.00 (ref) 1.13 (0.93-1.37) 1.19 (0.99-1.44) 1.26 (1.05-1.52) 0.013 1.05 (1.01-1.08)
Woman
Cases/person-years 240129396 270/25659 305/24610 310/19483
HR (95% CI) 1.00 (ref) 1.07 (0.90-1.27) 1.12 (0.94-1.33) 1.16 (0.98-1.39) 0.084 1.06 (1.02-1.10)
Stroke
All
Cases/person-years 277151317 298/51547 414/54683 507/51577
HR (95% Cl) 1,00 (ref) 0.88 (0.75-1.04)  1.04 (0.89-122)  1.15 (0.99-1.34) 0.006 1.04 (1.01-1,08)
Men
Cases/person-years 152/16822 176/20574 266124977 356127032
HR (95% CI) 1.00 (ref) 0.86 (0.69-1.07) 1.03 (0.84-1.26) 1.17 (0.96-1.43) 0.007 1.05 (1.01-1.09)
Woman
Cases/person-years 125/34495 122/30974 148/29706 151/24545
HR (95% CI) 1.00 (ref) 0.93 (0.72-1.20) 1.08 (0.85-1.37) 1.08 (0.84-1.39) 0.338 1.03 (0.97-1.09)
IS
All
Cases/person-years 203/51003 224/51201 337154311 406/51110
HR (95% CI) 1.00 (ref) 0.90 (0.74-1.09) 1.14 (0.95-1.36) 1.22 (1.02-1.45) 0.001 1.06 (1.02-1.10)
Men
Cases/person-years 108/16645 136/20387 214124746 291/26734
HR (95% Cl) 1.00 (tef) 092(071-119)  1.14(0.90-143)  1.31 (1.04-1.64) 0.001 1.07 (1.02-1.12)
Woman
Cases/person-years 95/34358 88/30814 123/29565 115/24376
HR (95% Cl) 1,00 (ref) 0.88 (0.66-1.18)  1.17(0.89-1.54)  1.07 (0.81-1.43) 0319 1.04 (0.97-1.10)
HS
All
Cases/person-years 74150433 74150490 77153097 101/49743
HR (95% CI) 1.00 (ref) 0.85 (0.62-1.18) 0.78 (0.57-1.08) 0.96 (0.70-1.31) 0.938 0.99 (0.92-1.07)
Men
Cases/person-years 44116351 40/19912 52123987 65125733
HR (95% CI) 1.00 (ref) 0.71 (0.46-1.09) 0.77 (0.51-1.15) 0.85 (0.57-1.27) 0.764 0.99 (0.90-1.09)
Woman
Cases/person-years 30/34082 34130578 25/29110 36/24009
HR (95% CI) 1.00 (ref) 1.09 (0.66-1.78) 0.78 (0.46-1.34) 1.12 (0.67-1.86) 0.840 1.00 (0.88-1.12)

Abbreviation: CVD, cardiovascular disease; CHD, coronary heart disease; ACS, acute coronary syndrome; IS, ischemic stroke; HS, hemorrhagic stroke.
P for trend was calculated when we assigned the median value to each quartile and entered this as a continuous variable in Cox regression models to
test its linear effect.

Models were adjusted for age, sex, admission batch, BMI, smoking status, drinking status, education, physical activity, hypertension, diabetes mellitus,
hyperlipidemia, family history of CVD/CHD/stroke, and intake of antibiotics or aspirin. Sex-stratified analyses were conducted without adjusting for sex.

1045



Wang et al.

(a) CVD

20

(b) CHD

(c) Stroke

P for overall association < 0.001
P for nonlinear association = 0.576

&)
™

04

T
o

o
L

Percentage ofcpopulatinn (%)

Hazard Ratios for Incident CVD

Hazard Ratios for Incident CHD

T
o
o

5

4 [ 8 10 q 12
Baseline total leukocyte count, x 10°/L
(d) CVD

25 20

P for overall association = 0.007
P for nonlinear association = 0.407

4 ] 8 10 o 12
Baseline total leukocyte count, x 10°/L

(e) CHD

20 5

20
P for overall association = 0.039

P for nonlinear association = 0.891

A
T
o
T
o

Percentage ofGPopuIation (%)
Hazard Ratios for Incident Stroke
Percentage ofGPopuIation (%)

T

o
T

o

4 6 8 10 g 12
Baseline total leukocyte count, x 10°/L

(f) Stroke

P for overall association = 0.003
P for nonlinear association = 0.392

™
=Y

L
™

04

{%)

o
I

opulation
i

T
=)

Percentage of P

(=)
I

o
'

Hazard Ratios for Incident CVD
&

Hazard Ratios for Incident CVD

E -4 2 0 2 4 4
Changes in fotal leukocyte count, x107/L

P for overall association = 0.130
P for nonlinear association = 0.912

E 4 2 0 2 4
Changes in fotal leukocyte count, x 10°/L

20 25

20
P for overall association = 0.002 1

P for nonlinear association = 0.185 Jf

T
o
™
o
L

Percentage of Population (%)

Hazard Ratios for Incident CVD
o

in
L

10,

Percentage ofGPopuIation (%)

=)
|

T

o
T

o

- 4 2 0 2 4
Changes in total leukocyte count, x 107/

Fig. 1. Restricted cubic splines for the associations of baseline and 5-year changes in total leukocyte count with the risk of CVD,

CHD, and stroke

The associations of baseline total leukocyte count with incident CVD (a), CHD (b), and stroke (c) were quantified by Cox proportional-
hazards regression, adjusted for age, sex, BMI, smoking status, drinking status, physical activity, education, hyperlipidemia, hypertension,
diabetes mellitus, family history of CVD/CHD/stroke, intake of antibiotics or aspirin, and admission batch (baseline or the first follow-up).
The associations of changes in total leukocyte count with incident CVD (d), CHD (e), and (f) stroke were adjusted for age, sex, BMI,
smoking status, drinking status, physical activity, education, hyperlipidemia, hypertension, diabetes mellitus, family history of CVD/CHD/
stroke, intake of antibiotics or aspirin at the first follow-up and additionally adjusted for baseline total leukocyte count. Abbreviation: CVD,

cardiovascular disease; CHD, coronary heart disease.

lymphocyte count (ICC=0.53), monocyte count
(ICC=0.42), and eosinophil count (ICC=0.61), but
low for basophil count (ICC=0.10) and NLR
(ICC=0.35). Therefore, the associations of changes in
basophil count and NLR with CVD events were not
further analyzed.

Compared with the stable group (-1.18 to
0.44 x 10°/L), the adjusted HRs (95% ClIs) of an
increase of >0.44 x 10°/L in total leukocyte count
were 1.14 (1.04—1.24) for incident CVD, 1.11 (1.01—
1.22) for CHD, and 1.26 (1.03-1.55) for stroke
(Table 3), and the association between 5-year changes
in total leukocyte count and incident CVD was
consistent in men (HR, 1.15; 95% CI, 1.01-1.31)
and women (HR, 1.14; 95% CI, 1.01-1.28).
Restricted cubic spline plots demonstrated a J-shaped
association between 5-year changes in total leukocyte
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count and incident CVD and stroke but not CHD
(Fig.1). The associations of changes in differential
leukocyte counts with CVD events are presented in
Supplementary Tables 4-5.

Joint Effects of Total Leukocyte Count at the First
Follow-Up and 5-Year Changes in Total Leukocyte
Count on the Risk of CVD Events

We examined the joint effects of total leukocyte
count at the first follow-up and 5-year changes in total
leukocyte count on incident CVD and its subtypes.
As can be seen from Fig. 2, compared with participants
with low total leukocyte count at the first follow-up
(<4.83 x 10°/L) and who experienced stable changes
(-1.18 to 0.44x 10°/L) in total leukocyte count,
participants with high levels at the first follow-up (>
6.00 x 10°/L) and experienced increased changes (>
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Table 3. Adjusted HRs (95% Cls) of cardiovascular events according to total leukocyte count changes in men and women

<-1.18x10°/L

-1.18 to 0.44 % 10°/L

>0.44x10°/L

CVD
All
Cases/person-years 711/13629 1481/29488 779113624
HR (95% CI) 0.94 (0.85-1.04) 1.00 (ref) 1.14 (1.04-1.24)
Men
Cases/person-years 366/6521 701/11831 34715248
HR (95% CI) 0.87 (0.76-1.01) 1.00 (ref) 1.15 (1.01-1.31)
Woman
Cases/person-years 345/7108 780/17658 432/8376
HR (95% CI) 1.01 (0.88-1.16) 1.00 (ref) 1.14 (1.01-1.28)
CHD
All
Cases/person-years 592/13910 1235/30033 634/13981
HR (95% CI) 0.95 (0.85-1.00) 1.00 (ref) 1.11 (1.01-1.22)
Men
Cases/person-years 293/6702 551/12109 26415444
HR (95% CI) 0.90 (0.76-1.05) 1.00 (ref) 1.10 (0.95-1.28)
Woman
Cases/person-years 299/7209 684/17924 370/8538
HR (95% CI) 1.01 (0.87-1.17) 1.00 (ref) 1.12 (0.99-1.27)
ACS
All
Cases/person-years 233/12607 467127110 216/12436
HR (95% CI) 0.91 (0.77-1.08) 1.00 (ref) 1.02 (0.87-1.20)
Men
Cases/person-years 124/6042 245/10896 101/4786
HR (95% CI) 0.81 (0.63-1.03) 1.00 (ref) 0.96 (0.76-1.21)
Woman
Cases/person-years 109/6566 222/16214 115/7650
HR (95% CI) 1.05 (0.82-1.35) 1.00 (ref) 1.09 (0.86-1.37)
Stroke
All
Cases/person-years 119/15113 246/32396 145/15201
HR (95% CI) 0.88 (0.69-1.12) 1.00 (ref) 1.26 (1.03-1.55)
Men
Cases/person-years 7317204 150/13046 83/5905
HR (95% CI) 0.77 (0.56-1.05) 1.00 (ref) 1.27 (0.97-1.67)
Woman
Cases/person-years 46/7909 96/19350 62/9296
HR (95% CI) 1.10 (0.75-1.61) 1.00 (ref) 1.25 (0.90-1.73)
IS
All
Cases/person-years 93/15044 197/32234 114/15110
HR (95% CI) 0.84 (0.64-1.10) 1.00 (ref) 1.24 (0.98-1.57)
Men
Cases/person-years 60/7168 121/12956 65/5851
HR (95% CI) 0.76 (0.54-1.07) 1.00 (ref) 1.24 (0.91-1.68)
Woman
Cases/person-years 33/7875 76/19277 49/9260
HR (95% CI) 0.99 (0.63-1.54) 1.00 (ref) 1.22 (0.85-1.77)
HS
All
Cases/person-years 26/14835 49/31808 31/14896
HR (95% CI) 1.07 (0.64-1.82) 1.00 (ref) 1.37 (0.87-2.15)
Men
Cases/person-years 13/7034 29/12686 18/5711
HR (95% CI) 0.80 (0.39-1.66) 1.00 (ref) 1.45 (0.80-2.63)
Woman
Cases/person-years 13/7801 20/19122 13/9185
HR (95% CI) 1.54 (0.71-3.36) 1.00 (ref) 1.32 (0.65-2.67)

Abbreviation: CVD, cardiovascular disease; CHD, coronary heart disease; ACS, acute coronary syndrome; IS, ischemic stroke; HS, hemorrhagic stroke.
Models were adjusted for age, sex, BMI, education, smoking status, drinking status, physical activity, hypertension, diabetes mellitus,
hyperlipidemia, family history of CVD/CHD/stroke, intake of antibiotics or aspirin and baseline total leukocyte count. Sex-stratified analyses were
conducted without adjusting for sex.
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Fig.2. Joint effect of total leukocyte count at the first follow-up and 5-year changes in total leukocyte count on the risk of incident
CVD events

Joint effect of total leukocyte count at the first follow-up and 5-year changes in total leukocyte count on the risk of incident CVD (a), CHD
(b), ACS (0), stroke (d), IS (e), and HS (f). Hazard ratios and 95% ClIs were obtained by using Cox proportional-hazards regression model,
adjusting for age, sex, BMI, smoking status, drinking status, physical activity, education, hyperlipidemia, hypertension, diabetes mellitus,
family history of CVD/CHD/stroke, intake of antibiotics or aspirin at the first follow-up of the DFTJ cohort. Total leukocyte count at the
first follow-up was categorized into tertiles (low, moderate, and high). Five-year changes in leukocyte count were categorized into three groups,
i.e., the decreased group (<25%), stable group (25%-75%), and increased group (>75%). Abbreviation: CVD, cardiovascular disease;
CHD, coronary heart disease; ACS, acute coronary syndrome; IS, ischemic stroke; HS, hemorrhagic stroke.

0.44 x 10°/L) had a higher risk of incident CVD (HR
1.15; 95% CI, 1.01-1.30), stroke (HR 1.62; 95% CI,
1.18-2.24), and IS (HR 1.90; 95% CI, 1.29-2.79)
but not of CHD, ACS, and HS. Notably, participants
in the moderate and high total leukocyte count group
at the first follow-up with a 5-year increase in total
leukocyte count had 102% and 90% higher risk of IS,
respectively, and participants in the moderate and
high total leukocyte count group at the first follow-up
with stable changes also had 90% and 83% higher risk
of IS, respectively.

Discussion

In this large prospective cohort comprised of
middle-aged and elderly Chinese individuals, we
found that high total and differential leukocyte counts
as well as their 5-year changes were associated with
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higher risk of CVD events. In addition, high total
leukocyte count at the first follow-up with a 5-year
increase in total leukocyte count was associated with
higher risk of CVD, stroke, and IS.

Consistent with our findings, the positive associations
of increased total leukocyte count with elevated risk of
ischemic CVD have been previously reported in
different ethnic, age, and sex groups'> ' 13459 Qur
results indicated that the association of total leukocyte
count with CVD was mostly explained by its relations
with ACS and IS, and this study additionally
suggested that participants with high total leukocyte
count had a greater risk of ACS than CHD. ACS is
considered to be the most serious clinical type of
CHD, with serious thrombotic complications on the
basis of atherosclerosis and activated immune cells
contributing to plaque rupture and endothelial erosion
of this process®”. Friedman et l.°® measured the total
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leukocyte count 16.8 months before the onset of
myocardial infarction and demonstrated that the total
leukocyte count was a predictor of myocardial
infarction. Furthermore, the Women’s Health
Initiative study, in which 72,242 participants (701
cases) were enrolled, suggested that women in the
upper quartile of total leukocyte count had a 40%
higher risk of nonfatal myocardial infarction'®.
Similarly, this present study measured the leukocyte
counts several years before the onset of ACS and
suggested that the upper quartile of total leukocyte
count had a 21% higher risk of ACS.

In line with previous studies™ ** >, we found
significant associations of total leukocyte count with
incident IS. The Honolulu Heart Program reported
that increased total leukocyte count was an
independent predictor of stroke and IS, but not HS,
among 3,342 elderly Japanese-American men®”°”, a
finding that is in agreement with the results of this
study. Moreover, the non-significant association
between total leukocyte count and incident HS may
be attributed to the fact that there were only 326 cases
of HS. Nonetheless, data from the Malmé Diet and
Cancer Study indicated that the total leukocyte count
was inversely related to the risk of HS, at marginal
significance (P for trend=0.046). However, high NLR
was found to be independently associated with greater
risk of stroke, IS, and HS in the present study, and the
prospective relation between NLR and risk of HS has
not been reported before 3>

In the sex-stratified analyses of baseline and
5-year changes in total leukocyte count, the main
results were consistent among men. However, the
baseline total leukocyte count among women only
indicated a linear correlation with incident CVD and
ACS. This can be explained by different lifestyles,
estrogen bioactivity, and medication usage, such as
hormone replacement therapy or oral contraceptives,
in different sexes'® 7.

The design of this cohort study enabled us to
investigate the 5-year changes in total leukocyte count
with the risk of CVD events. A previous study found
that change in total leukocyte count was an
independent predictor of CHD*?, a finding consistent
with the results of this study. In addition, we reported
that longitudinal change in total leukocyte count was
related to increased risk of CVD and stroke in the
general population. However, no significant
associations were observed between 5-year changes in
total leukocyte count and subtypes of CHD or stroke.
The risk may be underestimated in these analyses as
most severe cases had higher baseline total leukocyte
count but lower total leukocyte count during the first
follow-up. This is also why we conducted joint

analyses to further investigate the joint associations of
total leukocyte count at the first follow-up and 5-year
changes in total leukocyte count with CVD risk. The
Metabolic, Lifestyle and Nutrition Assessment in
Young Adults study among Israeli army young adults
found that a persistently high total leukocyte count
was significantly associated with CHD incidence®?.
Furthermore, we reported that high total leukocyte
count at the first follow-up with a 5-year increase in
total leukocyte count was related to higher risk of
CVD. The findings in these analyses indicate that
serial measurements of total leukocyte count might
help monitor the health status of middle-aged and
elderly individuals; therefore, we could prevent CVD
in time.

Different leukocyte subtypes play a role in
inflammation and immune response, and
atherosclerosis is an immune-mediated inflammatory
disease that involves both innate and adaptive
immunities®”. Monocyte-derived macrophage is the
main innate immunity cell in the atherosclerotic
plague. The plasma lipoproteins beneath the
endothelial cell recruit monocytes and trigger
monocytes, which differentiate into macrophages or
foam cells and further form atherosclerotic plaques”.
Neutrophils and eosinophils might contribute to the
emergence of atherosclerosis and thrombosis through
an interplay with platelets and overactivity of
extracellular traps®” ®?. Neutrophils can also release
myeloperoxidase and matrix metalloproteinase, which
leads to endothelial dysfunction and atherosclerotic
plaque instability®. Eosinophil degranulation and
basophil activation are involved in the progression and
rupture of coronary plaque®”. Moreover, different
lymphocyte subtypes play both pro-atherogenic and
anti-atherosclerotic roles in the process of
atherosclerosis™ ¢¥. This study suggested a significant
association between high levels of baseline NLR and
the risk of CVD, ACS, and the two stroke subtypes,
especially HS. In addition, we found that decreased
lymphocyte count was related to higher risk of HS,
which indicates that lymphocyte-mediated adaptive
immunity, together with innate immunity, is involved
in the pathogenesis of HS. A potential explanation
might be that regulatory T-cell-mediated
immunosuppression could balance the adverse effects
of excessive inflammation® and plays a positive role in
the pathogenesis of HS.

This study was mainly strengthened by its large
sample size, prospective design, and inclusion of a
wide range of established risk factors of CVD as
covariates. The cohort study design enabled us to
evaluate the relations of total and differential leukocyte
counts with the subtypes of CHD and stroke in one
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general population. In addition, two measurements
over time allowed us to investigate the longitudinal
changes in total and differential leukocyte counts with
incident CVD and its subtypes, and serial monitoring
of total and differential leukocyte counts could better
reflect the long-term inflammatory state and help in
the prevention of CVD. Furthermore, the results in
this study confirmed the important role of innate and
adaptive immunities in the pathogenesis of different
CVD subtypes. This suggests that controlling and
balancing the innate and adaptive immune responses
might be preventive measures for different CVD
subtypes. However, this study has several limitations.
Although we carefully adjusted for a wide range of
potential confounding factors, residual confounding
may still be present. As the study population was
comprised of middle-aged and elderly Chinese
individuals without CVD or cancer, caution needs to
be taken when applying findings in this study to
populations of other age, ethnicity, or health condition
groups. Finally, medication usage and baseline
inflammatory diseases may have an impact on
leukocyte counts. However, we adjusted for
medications that may affect leukocyte counts
(antibiotics or aspirin) and conducted sensitivity
analyses by excluding baseline inflammatory diseases,
and the results were materially unchanged.

In conclusion, high total and differential
leukocyte counts as well as their changes were
associated with elevated risk of CVD events in middle-
aged and elderly Chinese population. Our findings
further confirm that monitoring longitudinal changes
in leukocyte markers may help provide an avenue for
the primary prevention of future cardiovascular events.
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Supplementary Table 1. A comparison of the basic characteristics between the included participants and participants
who were excluded due to missing and extreme values of the total leukocyte count

Characteristics Included Excluded
N 26655 5096
Age (years) 61.5+8.1 62.6+7.7
Men (%) 11762 (44.1) 2216 (43.5)
BMI (kg/m?)® 24.2%33 24.5+3.4
Education (%)§

Primary school or below 5857 (22.1) 1084 (21.4)

Middle school 9670 (36.5) 1773 (35.0)

High school or beyond 10949 (41.4) 2202 (43.5)
Smoking status (%)§

Current smokers 5102 (19.2) 931 (18.5)

Former smokers 2597 (9.8) 480 (9.5)

Never smokers 18866 (71.0) 3629 (72.0)
Drinking status (%)§

Current drinkers 6607 (24.8) 1088 (21.4)

Former drinkers 1195 (4.5) 232 (4.6)

Never drinkers 18812 (70.7) 3764 (74.0)
Physical activity (%) 18939 (71.1) 3344 (65.6)
Antibiotics use (%) 2052 (7.7) 427 (8.4)
Aspirin use (%) 2581 (9.7) 459 (9.0)
Family history of CVD (%) 2849 (10.7) 509 (10.0)
Hyperlipidemia (%) 10996 (41.3) 1433 (28.1)
Hypertension (%) 13475 (50.6) 2409 (47.3)
Diabetes mellitus (%) 4455 (16.7) 562 (11.0)

Abbreviation: BMI, body mass index; CVD, cardiovascular disease.
Continuous variables were described as mea=SD if normally distributed, or median (interquartile range) if skewed distributed.
Categoncal variables were described as number (%).

$Data were 1ncomplete for these variables. For totally 26655 participants included in the analysis, 357 (1.3%), 179 (0.7%), 90 (0.3%)
and 41 (0.2%) of participants had missing data for BMI, education, smoking status and drinking status, respectively. The other variables
included in the analyses did not have missing data. For the 5096 participants who were excluded due to missing and extreme values of
total leukocyte count, 1585 (31.1%), 37 (0.7%), 56 (1.1%), and12 (2.4%) of participants had missing data for BMI, education,
smoking status and drinking status, respectively.
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i Excluded participants with diagnosed
The DFTJ cohort baseline survey CHD. stroke. cancer, severely
in 2008-2010 ™ abnormal electrocardiogram and
N=27009 icl 'ho | follow- H
g part1c1pams]\\; ;07(‘)22[0 Y Excluded participants with missing | | | Final analyses of baseline total leukocyte
data of total leukocyte count. total | count N = 26655
leukocyte count > 20 x 10°/Lor [ 7285 Incident CVD
B O total leukocyte count <2 < 10°L | | 5789 Incident CHD (2330 ACS)
Newly enrolled in DFTJ cohort at | | EXcluded participants with diagnosed N = 5096 i | 1496 Incident stroke (1170 TS & 326 HS)
y s CHD, stroke. cancer, severely : /
the first follow-up in 2013 > .
N= 14120 abnormal electrocardiogram
B N =1926
/) !
Follow-up till 31 Dec 2018
- - ) Excluded participants with missing . } Final analyses of 5-year changes in total
Individuals who participated in the data of total leukocyte count, total Excluded participants with CHD, il _
) - ) Y 3 o eukocyte count N = 11594
baseline and the first follow-up of leukocyte count > 20 x 10°/L or total stroke. cancer. severely abnormal | 2971 Incident CVD
DFTJ cohort leukoc3'te count <2 x 10°/L in the electrocardiogram 2461 Incident CHD (916 ACS)
N =24175 baseline or the first follow-up survey N =5737 :

e 510 Incident stroke (404 IS & 106 HS)

Supplementary Fig. 1. Flow chart of participants ultimately included in this study

Abbreviation: DFT]J, Dongfeng-Tongji cohort; CHD, coronary heart disease; CVD, cardiovascular disease; ACS, acute coronary syndrome;
IS, ischemic stroke; HS, hemorrhagic stroke.

Severely abnormal electrocardiogram included myocardial infarction, atrial fibrillation/flutter, frequent premature ventricular contractions,
pacemaker rhythm and pre-excitation syndrome.

Subgroups Number Hazard ratios P for Hazard ratios P for Hazard ratios P for
(95% ClIs)  interaction (95% Cls)  interaction (95%Cls)  interaction

Age

<60 years 11311 —_— LO1(089-116) — 1.00 (0.86-1.15)  0.93 1.09 (0.79-1.51) 0.97

>=60 years 15,344 —— 1.17 (1.08-1.27) —— 1.16 (1.06 1.28) —— 1.19 (1.00 1.42) )

Sex

men 11,762 —— 1.17 (1.06-1.30) 0.05 —— 1.18 (1.05-1.32) 0.18 —— 1.17 (0.96-1.43) 0.46

women 14,893 Ho— 1.04 (0.95 1.15) —— 1.04 (0.94-1.16) —— 1.08 (0.84-1.37) :
BMI

<24 kg/m® 13,184 +— 1.06 (0.96-1.18) 0.16 —_—— 1.07 (0.95 1.20) 0.42 —t— 1.08 (0.86-1.36) 036

>=24 kg/m* 13,114 —— 1.17 (1.07-1.29) ) —— 1.14 (1.03-1.27) p—— 1.26 (1.02-1.56) :

Current smoker

yes 7,699 —e— 124(1.09-140) . ——— 127(1.10-147)  0.07 — 1.16 (0.91-1.47) 0.69

no 18,866 -+— 1.05 (0.96-1.14) —— 1.03 (0.94 1.14) _— 1.13 (0.93-1.38)
Current drinker

yes 7,802 —e——  1.18(1.04-1.35) 014 —— 1.16 (1.00-1.34) 0.43 —— 1.22 (0.94-1.58) 037

no 18812 — 1.08 (1.00-1.18) —— 1.09 (0.99-1.19) -+ 1.11 (0.91-1.34)
Hypertension

ves 13,475 — 116 (1.06-127) o, —_— 1.16 (1.05 1.28)  0.51 —— 1.17 (0.97-1.41) 0.55

no 13,180 —— 1.03 (0.92-1.16) ; —t— 1.04 (0.91-1.17) —_ 1.06 (0.81-1.40) ’
Hyperlipidemia

yes 10,996 —— L12(101-124) o —— 114 (1.02-1.28)  0.92 - 107 (085134 o)

no 15,659 —— 1.09 (0.99-1.20) —— 1.06 (0.95 1.18) e 1.20 (0.97-1.47)
Diabetes mellitus

yes 4455 - 1.09 (0.94-1.26) 0.55 —f—— 1.06 (0.89-1.26) 0.18 —_—— 1.21 (0.88-1.66) 036

no 22200 —— 1.11 (1.03-1.20) ) — 1.12 (1.02-1.22) T 1.13 (0.95-1.34)
Sensitivity analysis

Excluded baseline diseases 26,467 —— 1.11 (1.04-1.19) —— 1.10 (1.02 1.19) —— 1.16 (0.99-1.35)

e e e — — e S
050 075 1.00 125 150 050 075 1.00 125 1.50 0.5 1.0 15 2.0
Hazard Ratio Hazard Ratio Hazard Ratio
(A) CVD (B) CHD (C) Stroke

Supplementary Fig.2. Adjusted HRs (95% Cls) of incident CVD, CHD and stroke according to total leukocyte count in subgroups
Adjusted HRs (95% Cls) for incident CVD/CHD/Stroke in the highest compared with the lowest total leukocyte count quartiles in

subgroups stratified by age, sex and other cardiovascular risk factors; The models in Table 2 were used in these analyses. P value was tested by
including the respective multiplicative interaction terms between these characteristics and total leukocyte count on incident CVD/CHD/
stroke; Because of missing values for BMI (z=357), smoking status (z=90) and drinking status (#=41) hence not the same total number for
each stratification characteristics. The sensitivity analysis excluded baseline diseases including gout, major rheumatic diseases and end-stage
renal disease (estimated glomerular filtration rate <30 ml/min).
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Supplementary Table 2. Adjusted HRs (95% Cls) of incident CVD, CHD and ACS according to quartiles of differential
leukocyte counts and neutrophil-to-lymphocyte ratio

CVD CHD ACS
Events/ Person- HR (95% CI)  Events/ Person- HR (95% CI)  Events/ Person- HR (95% CI)
years years years

Neutrophil count

Q1 (<2.601, x 10°/L) 1425/43934 1.0 (ref) 1167/44840  1.00 (ref) 427140058 1.0 (ref)

Q2 (2.601-3.230, x 10°/L)  1508/41275 0.99 (0.92-1.07) 1232/41275 1.01 (0.94-1.10)  473/37238 1.03 (0.91-1.18)

Q3 (3.231-4.030, x 10°/L) 1743/42235 1.03 (0.96-1.11)  1381/42235 1.03 (0.95-1.12) 584/38228 1.10 (0.97-1.25)

Q4 (>4.030, x10°/L) 1988/41800 1.09 (1.01-1.16)  1523/43061 1.05 (0.97-1.14) 679/37493 1.15 (1.01-1.30)

P for trend® 0.013 0.221 0.022

Pet 10°/L. increase 1.03 (1.01-1.05) 1.01 (0.99-1.04) 1.05 (1.01-1.09)
Lymphocyte count

Q1 (<1.461, x 10°/L) 1449/39467 1.0 (ref) 1152/40411  1.00 (ref) 436/36270 1.0 (ref)

Q2 (1.461-1.810, x 10°/L) 1588/42569 0.98 (0.92-1.06)  1279/43484 1.00 (0.92—1.08) 527/38553 1.03 (0.91-1.17)

Q3 (1.811-2.250, x 10°/L) 1697/43708 0.99 (0.92-1.06)  1333/44773 0.99 (0.91-1.07) 550/39547 1.00 (0.88—1.13)

Q4 (>2.250, x10°/L) 1932/43612 1.02 (0.95-1.10)  1540/44779 1.05 (0.97-1.14) 650/38756 1.05 (0.92-1.19)

P for trend® 0.448 0.208 0.538

Per 10°/L increase 1.02 (0.98-1.05) 1.03 (0.99-1.08) 1.03 (0.96-1.09)
Monocyte count

Q1 (<0.281, x10°/L) 921/28218 1.00 (ref) 787/28650 1.00 (ref) 267/26129  1.00 (ref)

Q2 (0.281-0.374, x10°/L)  1171/32663 1.01 (0.92-1.10)  961/33327 0.99 (0.90-1.09)  389/29874 0.99 (0.84—1.16)

Q3 (0.375-0.480, x10°/L) 1366/33357 1.06 (0.97-1.16)  1084/34157 1.02 (0.93-1.13) 449/30005 1.01 (0.86-1.18)

Q4 (>0.480, x 10°/L) 1425/30878  1.05 (0.96-1.14)  1118/31699 1.03 (0.93-1.13)  503/27899 1.05 (0.90-1.24)

P for trend® 0.261 0.449 0.399

Per 10°/L increase 1.10 (0.92-1.32) 1.09 (0.89-1.33) 1.14 (0.85-1.54)
Eosinophil count

Q1 (<0.061, x 10°/L) 1038/31636 1.0 (ref) 844/32226  1.00 (ref) 324/29221 1.00 (ref)

Q2 (0.061-0.100, x 10°/L) 1222/32338 1.07 (0.98-1.16) 997/33012 1.09 (0.99-1.19) 406/29496 1.13 (0.97-1.31)

Q3 (0.101-0.164, x 10°/L) 1265/30022 1.09 (1.01-1.19) 1016/30775 1.10 (1.00-1.20) 429/27211 1.15 (0.99-1.33)

Q4 (>0.164, x10°/L) 1362/31126  1.09 (1.00-1.18)  1097/31826 1.12 (1.02—1.23) 450/27963 1.12 (0.97-1.30)

P for trend® 0.128 0.049 0.295

Per 102/ increase 1.18 (0.99-1.41) 1.27 (1.05-1.53) 1.08 (0.78-1.51)
Basophil count

Q1 (<0.047, x10°/L) 996/28409  1.00 (ref) 813/28897 1.00 (ref) 282/26334 1.00 (ref)

Q2 (0.047-0.072, x 10°/L) 1331/34933  0.99 (0.91-1.08)  1080/35779 1.01 (0.92-1.11) 462/31534 1.02 (0.87-1.19)

Q3 (0.073-0.109, x10°/L) 1392/33830 1.03 (0.95-1.13)  1106/34662 1.04 (0.94-1.14) 478/30383 1.02 (0.87-1.19)

Q4 (>0.109, x10°/L) 1159/27790 1.03 (0.95-1.13) 946/28342 1.06 (0.97-1.17) 386/25519 1.13 (0.97-1.32)

P for trend® 0.365 0.175 0.071

Per 10°/L increase 1.08 (0.88-1.32) 1.19 (0.96-1.48) 1.00 (0.66—1.54)
Neutrophil-to-lymphocyte ratio

Q1 (<1.34) 1588/43431 1.00 (ref) 1306/44362  1.00 (ref) 511/39074 1.00 (ref)

Q2 (1.34-1.79) 1743/45363 1.02 (0.95-1.09) 1389/46440 0.99 (0.92-1.07) 545/40879 1.00 (0.89-1.13)

Q3 (1.80-2.37) 1686/42043 1.01 (0.95-1.09) 1350/43059 1.00 (0.92-1.07) 573/38042 1.06 (0.94—1.20)

Q4 (>2.37) 1651/38557 1.06 (0.98-1.13)  1260/39617 0.99 (0.91-1.07) 533/35152 1.07 (0.94-1.20)

P for trend®
Per one unit increase

0.148
1.03 (1.00-1.06)

0.836
1.02 (0.99-1.05)

0.224
1.07 (1.02-1.11)

Abbreviation: CVD, cardiovascular disease; CHD, coronary heart disease; ACS, acute coronary syndrome; CI, confidence interval; HR, hazard

ratio.

HRs were adjusted for age, sex, admission batch, BMI, smoking status, drinking status, education, physical activity, hypertension, diabetes mellitus,
hyperlipidemia, family history of CVD/CHD, and intake of antibiotics or aspirin.
P for trend was calculated when we assigned the median value to each quartile and entered this as a continuous variable in the model to test its

linear effect.
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Supplementary Table 3. Adjusted HRs (95% Cls) of incident stroke, IS and HS according to quartiles of differential leukocyte

P for trend ¥
Per one unit increase

0.002
1.06 (1.01-1.12)

0.085
1.05 (0.99-1.11)

Stroke Ischemic stroke Hemorrhagic stroke
Events/ Person- HR (95% CI)  Events/ Person- HR (95% CI)  Events/ Person- HR (95% CI)
years years years

Neutrophil count

Q1 (<£2.601, x10°/L) 258/47903 1.00 (ref) 202/47671 1.00 (ref) 56/47034 1.00 (ref)

Q2 (2.601-3.230, x 10°/L) 276/45389 0.93 (0.79-1.11) 213/45070 0.91 (0.75-1.11) 63/44374 1.01 (0.70-1.45)

Q3 (3.231-4.030, x 10°/L) 362/46948 1.06 (0.90-1.24) 279/46536  1.03 (0.86-1.24) 83/45676 1.17 (0.83-1.65)

Q4 (>4.030, x10°/L) 465/46781 1.20 (1.02—1.40) 377146401 1.22 (1.02—1.46) 88/45039 1.13 (0.80-1.60)

P for trend® 0.003 0.003 0.387

Per 10°/L increase 1.08 (1.03-1.13) 1.08 (1.03—-1.14) 1.08 (0.98-1.19)
Lymphocyte count

Q1 (<1.461, x 10°/L) 297/43197 1.0 (ref) 207/42812  1.00 (ref) 90/42337  1.00 (ref)

Q2 (1.461-1.810, x10°L)  309/46884 0.94 (0.80-1.10)  256/46646 1.11 (0.92-1.34)  53/45692 0.56 (0.40—0.79)

Q3 (1.811-2.250, x 10°/L) 364/48177 1.03 (0.88-1.21) 297/47841 1.21 (1.01-1.45) 67/46798 0.63 (0.45-0.86)

Q4 (>2.250, x10°/L) 392/48897 0.96 (0.82-1.12) 312/48514 1.08 (0.90-1.30) 80/47427 0.67 (0.49-0.92)

P for trend® 0.792 0.515 0.066

Per 10°/L increase 0.96 (0.89-1.05) 0.99 (0.91-1.09) 0.85 (0.71-1.02)
Monocyte count

Q1 (<0.281, x10°/L) 134/30663  1.00 (ref) 99/30521 1.00 (ref) 35/30301 1.00 (ref)

Q2 (0.281-0.374, x10°/L) 210/36003 1.14 (0.91-1.42) 159/35789 1.15 (0.89-1.49) 51/35269 1.12 (0.72-1.74)

Q3 (0.375-0.480, x10°/L) 282/37039 1.25 (1.01-1.56) 222/36748 1.30 (1.02-1.67) 60/36054 1.12 (0.73-1.74)

Q4 (>0.480, x10°/L) 307/34614 1.17 (0.94—1.45) 249/34346 1.23 (0.96-1.59) 58/33515 0.97 (0.62—1.53)

P for trend® 0.263 0.139 0.720

Per 10°/L increase 1.20 (0.84-1.71) 1.26 (0.87-1.84) 0.96 (0.40-2.31)
Eosinophil count

Q1 (<0.061, x10°/L) 194/34377  1.00 (ref) 142/34139  1.00 (ref) 52/33738 1.00 (ref)

Q2 (0.061-0.100, x10°/L) 225/35778 0.99 (0.81-1.20) 169/35568 1.00 (0.80—1.26) 56/35014 0.94 (0.64-1.37)

Q3 (0.101-0.164, x10%L)  249/33479 1.06 (0.87-1.28)  206/33242 1.18 (0.95-1.46)  43/32644 0.73 (0.49-1.10)

Q4 (>0.164, x10°/L) 265/34701 0.96 (0.80-1.17) 212/34470 1.03 (0.83—1.28) 53/33759 0.78 (0.52-1.15)

P for trend® 0.678 0.833 0.181

Per 10°/L increase 0.86 (0.54-1.37) 1.01 (0.62-1.64) 0.37 (0.10-1.32)
Basophil count

Q1 (<0.047, x10°/L) 183/31037 1.0 (ref) 138/30876  1.00 (ref) 45/30536  1.00 (ref)

Q2 (0.047-0.072, x 10°/L) 251/38543 0.92 (0.76-1.13) 197/38269 0.95 (0.76-1.20) 54/37640 0.84 (0.55-1.28)

Q3 (0.073-0.109, x10°/L) 286/37786 0.98 (0.81-1.20) 224/37482 1.00 (0.79-1.26) 62/36737 0.94 (0.62-1.41)

Q4 (>0.109, x10°/L) 213/30789 0.92 (0.76-1.13) 170/30613 0.95 (0.76-1.20) 43/30063 0.84 (0.55-1.28)

P for trend® 0.579 0.762 0.554

Per 10°/L increase 0.67 (0.38-1.16) 0.69 (0.37-1.28) 0.61 (0.18-2.02)
Neutrophil-to-lymphocyte ratio

Q1 (<1.34) 282/47980 1.00 (ref) 232/47747  1.00 (ref) 50/46887 1.00 (ref)

Q2 (1.34-1.79) 354/50088 1.16 (0.99-1.35) 281/49728 1.12 (0.94-1.33) 73148856 1.35 (0.94-1.93)

Q3 (1.80-2.37) 336/46393 1.11 (0.95-1.30) 267146083 1.07 (0.90-1.28) 69/45096 1.32 (0.92-1.90)

Q4 (>2.37) 391/42734 1.30 (1.12-1.52) 293/42295 1.19 (1.00-1.42) 98/41442 1.89 (1.34-2.67)

<0.001
1.11 (1.01-1.23)

Abbreviation: CI, confidence interval; HR, hazard ratio.
HRs were adjusted for age, sex, admission batch, BMI, smoking status, drinking status, education, physical activity, hypertension, diabetes mellitus,
hyperlipidemia, family history of stroke, and intake of antibiotics or aspirin.

P for trend was calculated when we assigned the median value to each quartile and entered this as a continuous variable in the model to test its
linear effect.
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Supplementary Table 4. Adjusted HRs (95% Cls) of incident CVD, CHD and ACS according to groups of 5-year changes in

differential leukocyte counts

Changes (% 10°/L)

CVD

CHD ACS

Events/
Person-years

HR (95% CI)

Events/
Person-years

HR (95% CI)

Events/
Person-years

HR (95% CI)

Neutrophil count change
Q1 (<-0.65)
Q2-Q3 (-0.65 to 0.49)
Q4 (>0.49)

Lymphocyte count change
Q1 (<-0.56)
Q2-Q3 (-0.56 t0 0.07)
Q4 (>0.07)

Monocyte count change
Q1 (<=0.26)
Q2-Q3 (-0.26 t0 0)
Q4 (>0)

Eosinophil count change
Q1 (<-0.08)
Q2-Q3 (~0.08 t0 0.06)
Q4 (>0.006)

648/12900
1349/26274
730/12561

788/13870
1275/24836
664/13073

31715550
1142/22947
332/5796

216/4298
1358/26305
218/3676

0.96 (0.86-1.06)
1.00 (ref)
1.10 (1.00-1.20)

0.98 (0.89-1.09)
1.00 (ref)
0.99 (0.90-1.09)

1.02 (0.88-1.17)
1.00 (ref)
1.16 (1.03-1.32)

0.89 (0.75-1.05)
1.00 (ref)
1.03 (0.89-1.19)

539/13134 0.97 (0.86-1.08)  213/11946 0.98 (0.82—1.18)
1131/26789  1.00 (ref) 413/24074 1.0 (ref)
596/12884 1.06 (0.96-1.18)  221/11497 1.08 (0.91-1.27)
662/14145 0.98 (0.88-1.09)  276/12730 1.13 (0.95-1.34)
1072/25320  1.00 (ref) 390/22819  1.00 (ref)
532/13387 0.93 (0.84-1.04)  181/12015 0.88 (0.74-1.05)
263/5684  0.98 (0.84-1.15)  118/5145  1.01 (0.80-1.27)
975/23336  1.00 (ref) 393/21206  1.00 (ref)
273/5931  1.12 (0.98-1.28) 96/5311  0.99 (0.79-1.24)
184/4376  0.90 (0.75-1.08) 72/3986  0.87 (0.65-1.16)
1146/26806 1.0 (ref) 447124264 1.00 (ref)
182/3757  1.03 (0.88-1.21) 88/3394  1.26 (1.00-1.59)

Abbreviation: CVD, cardiovascular disease; CHD, coronary heart disease; ACS, acute coronary syndrome; CI, confidence interval; HR, hazard

ratio.

HRs were adjusted for age, sex, BMI, education, smoking status, drinking status, physical activity, hypertension, diabetes mellitus, hyperlipidemia,
family history of CVD/CHD, intake of antibiotics or aspirin, and baseline differential leukocyte counts.

Supplementary Table 5. Adjusted HRs (95% Cls) of incident stroke, IS and HS according to groups of 5-year changes in

differential leukocyte counts

Changes (% 10°/L)

stroke

Ischemic stroke

Hemorrhagic stroke

Events/
Person-years

HR (95% CI)

Events/
Person-years

HR (95% CI)

Events/
Person-years

HR (95% CI)

Neutrophil count change
Q1 (<-0.65)
Q2-Q3 (-0.65 t0 0.49)
Q4 (>0.49)

Lymphocyte count change
Q1 (<-0.56)
Q2-Q3 (-0.56 t0 0.07)
Q4 (>0.07)

Monocyte count change
Q1 (<-0.26)
Q2-Q3 (-0.26 to 0)
Q4 (>0)

Eosinophil count change
Q1 (<-0.08)
Q2-Q3 (~0.08 t0 0.06)
Q4 (>0.06)

109/14215  0.91 (0.71-1.18)
218/28969  1.00 (ref)
134/14048  1.23 (0.99-1.53)
126/15457  1.03 (0.81-1.32)
250/27512  1.00 (ref)
132/14312  1.30 (1.04-1.62)
54/6190  1.12 (0.79-1.59)
167/25313  1.00 (ref)
59/6477  1.37 (1.01-1.86)
32/4705  0.85 (0.55-1.31)
212/29170  1.00 (ref)
36/4093  1.03 (0.72-1.49)

90/14156  0.99 (0.74-1.32) 19/13929  0.64 (0.35-1.18)
171/28823  1.00 (ref) 4728468  1.00 (ref)
106/13971  1.24 (0.97-1.59)  28/13755 1.20 (0.75-1.92)

97/15373  0.93 (0.70-1.23)  29/15173 1.59 (0.92-2.76)
169/27414  1.00 (ref) 34/26994  1.00 (ref)
101/14211  1.21 (0.94-1.55)  31/14035 1.75 (1.07-2.86)

42/6155  1.08 (0.73-1.61) 12/6066  1.27 (0.60-2.70)
127/25205 1.0 (ref) 40/24925  1.00 (ref)

50/6450  1.54 (1.10-2.16) 9/6327  0.85 (0.41-1.76)

24/4680  0.78 (0.47-1.27) 8/4640  1.20 (0.49-2.97)
167/29047 1.0 (ref) 45/28658  1.00 (ref)

28/4071  0.99 (0.65-1.50) 8/4009  1.24 (0.58-2.67)

Abbreviation: CI, confidence interval; HR, hazard ratio.
HRs were adjusted for age, sex, BMI, education, smoking status, drinking status, physical activity, hypertension, diabetes mellitus, hyperlipidemia,
family history of stroke, intake of antibiotics or aspirin, and baseline differential leukocyte counts.

1058




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


