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Abstract

Aims White blood cell (WBC) count in healthy people is associated with the risk of coronary artery disease (CAD) and mor-
tality. This study aimed to determine whether WBC count predicts heart failure (HF) requiring hospitalization as well as
all-cause death, acute myocardial infarction (AMI) and stroke in patients with Type 2 diabetes mellitus and established CAD.
Methods We conducted this retrospective registry study that enrolled consecutive patients with Type 2 diabetes mellitus
and CAD based on coronary arteriography records and medical charts at 70 teaching hospitals in Japan from 2005 to 2015.
A total of 7608 participants (28.2% women, mean age 68 + 10 years) were eligible. In the cohort, the median (interquartile
range) and mean follow-up durations were 39 (16.5-66.1 months) and 44.3 + 32.7 months, respectively. The primary outcome
was HF requiring hospitalization. The secondary outcomes were AMI, stroke, all-cause death, 3-point major adverse cardiovas-
cular events (MACE) (AMI/stroke/death) and 4-point MACE (AMI/stroke/death/HF requiring hospitalization). Outcomes were
reported as cumulative incidences (proportion of patients experiencing an event) and incidence rates (events/100 person-
years). The primary and secondary outcomes were assessed using the Kaplan—Meier method and were compared using the
log-rank test stratified by the baseline WBC count. The association between the WBC count at baseline and each MACE
was assessed using the Cox proportional hazard model and expressed as the hazard ratio (HR) and 95% confidence interval
(CI) after adjusting for other well-known risk factors for MACE.

Results During the follow-up, 880 patients were hospitalized owing to HF. The WBC Quartile 4 (>7700 cells/pL) had signif-
icantly lower HF event-free survival rate (log-rank test, P < 0.001). The HRs for HF events requiring hospitalization with each
WBC quartile compared with the lowest in the first WBC quartile were 1 for Quartile 1 (WBC < 5300 cells/pL), 1.20 (95% ClI,
0.96-1.5; P = 0.1) for Quartile 2 (5300 < WBC < 6400), 1.34 (95% Cl, 1.08-1.67; P = 0.009) for Quartile 3 (6400 < WBC < 7700)
and 1.62 (95% Cl, 1.31-2.00; P < 0.001) for Quartile 4 after adjusting for covariates. Similar findings were observed for the
risk of AMI and death; however, no significant difference was found for stroke. WBC Quartile 4 patients had a significantly
lower 3- or 4-point MACE-free survival rate (log-rank test, P < 0.0001).

Conclusions A higher WBC count is a predictor of hospitalization for HF, all-cause death and AMI but not for stroke in pa-
tients with concurrent Type 2 diabetes mellitus and established CAD.

Keywords Coronary heart disease; Diabetes mellitus; Heart failure; Major adverse cardiovascular event; Stroke; White blood cell
count
Received: 21 November 2020; Revised: 14 May 2021; Accepted: 4 July 2021

*Correspondence to: Takanori Yasu, Department of Cardiovascular Medicine and Nephrology, Dokkyo Medical University Nikko Medical Center, 632 Takatoku, Nikko, Tochigi
321-2593 Japan. Tel: 81-288-76-1515; Fax: 81-288-76-1030. Email: tyasu@dokkyomed.ac.jp

© 2021 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


mailto:tyasu@dokkyomed.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/

WBC count predicts heart failure in diabetes and coronary artery disease patients: a retrospective cohort study

3749

Introduction

Accumulated experimental data and clinical evidence support
the role of chronic inflammation in atherosclerosis and
its complications.*™ Recent randomized controlled studies*®
evaluating the effect of anti-inflammatory medications
on cardiovascular outcomes may suggest additional
therapeutic  strategies. In the Canakinumab Anti-
inflammatory Thrombosis Outcomes Study (CANTOS),
inhibition of interleukin-1 using injectable monoclonal
antibody—canakinumab—resulted in a 15% reduction in car-
diovascular events and a 31% reduction in all-cause death as
compared with the use of placebo, if the C-reactive protein
(CRP) concentration fell below the median in response to
the first treatment with canakinumab.> The Colchicine
Cardiovascular Outcomes Trial (COLCOT) revealed that in
patients with recent myocardial infarction, inhibition of
inflammation by low-dose colchicine significantly reduced
the risk of recurrent cardiovascular events compared with
placebo.® White blood cell (WBC)-derived inflammatory cyto-
kines such as tumour necrosis factor alpha®? and interleukin
6’ also have been reported to contribute to the development
of heart failure (HF) and coronary artery disease (CAD).

The number of WBCs is a cellular marker of systemic
inflammation.*® Higher WBC counts and an increased risk
of CAD, stroke and all-cause mortality have been reported
in a population of apparently healthy middle-aged women.®
An increased number of WBCs are also an independent pre-
dictor of major adverse cardiovascular event (MACE) after
percutaneous coronary intervention (PCl) in a cohort study
in the United States and Europe.’® In addition, WBC counts
have been associated with the risk of HF in an occidental
population-based study.’**?> HF is becoming a global
epidemic in the ageing population.

However, whether the WBC count is associated with
adverse outcomes in a high-risk population of Type 2 diabe-
tes patients with CAD is unknown. The aim of this study
was to investigate the prospective association of WBC count
with HF requiring hospitalization as well as all-cause death,
acute myocardial infarction (AMI) and stroke in consecutively
registered patients with Type 2 diabetes and established CAD
using a prospective large cohort database in Japan.

Methods
Study design and patients

We conducted a retrospective registry study that enrolled
consecutive patients, aged 20 years or older, with concurrent
Type 2 diabetes mellitus and CAD based on the coronary
arteriography records and medical charts at 70 teaching hos-
pitals in Japan from 2005 to 2015. They were followed

through December 2016. CAD in patients with Type 2 diabe-
tes was defined as stenosis of 75% or greater, based on the
American Heart Association classification, in at least one ma-
jor coronary artery by coronary arteriography since January
2005 or a history of PCl, coronary artery bypass grafting
(CABG) or acute coronary syndrome (ACS). The diagnosis of
Type 2 diabetes was determined based on the criteria of
the Japanese Diabetes Society, which are consistent with
European Society of Cardiology/European Association for
the Study of Diabetes criteria. Patients with CAD who were
receiving anti-diabetic treatment were also included. Patients
who had an active malignant tumour with a disease-free sur-
vival of less than 3 years were excluded. Patients in the acute
phase, such as those with ACS or infection, were registered at
least 3 months after the onset, at which point the WBC
counts were analysed.

Data collection

Patients with concurrent Type 2 diabetes and CAD were
defined by investigators and/or trained clinical research
coordinators of research sharing facilities. Clinical research
coordinators visited shared research facilities and collected
experimental data every 6 months. All records of the pa-
tients’ coronary arteriography that had been performed since
January 2005 were screened. At registration and during fol-
low-up, relevant data such as demographic information,
smoking status, medical history, results from laboratory tests
and drug treatments were collected from the medical
records.

Ethics approval

The cohort study was conducted in accordance with the
Declaration of Helsinki guidelines and the ethics guidelines
for clinical research from the Ministry of Health, Labour and
Welfare (Tokyo, Japan). Informed consent was obtained in
the form of opt-out in each institute; those who rejected
were excluded. The protocol was reviewed and accepted by
the ethics committee of the University of the Ryukyus (104
Nishihara, Japan) as the central ethics committee and by each
ethics committee where the study was conducted, including
Dokkyo Medical University (Nikko 30005).

Outcome measures

The primary outcome was HF requiring hospitalization. The
secondary outcomes were AMI, stroke, all-cause death,
3-point MACE (AMI/stroke/death) and 4-point MACE (AMI/
stroke/death/HF requiring hospitalization). Information
regarding outcomes was derived from medical records by
clinical research coordinators. The diagnosis was confirmed
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by physicians in charge or investigators. Hospitalization due
to HF was defined as hospitalization for worsening HF
requiring intravenous treatment. In our study, HF was princi-
pally diagnosed according to the diagnostic criteria of the
Framingham Heart Study® and based on the information in
the medical records (i.e. responses to treatments with di-
uretics and vasodilators). Events were judged by cardiologists
and/or general physicians who were not in charge of pa-
tients. All events were reported to the study office and subse-
quently adjudicated by the event evaluation committee.

Statistical analysis

The analysis of each outcome was categorized into quartiles,
based on the baseline WBC count. A statistical significance of
a potential association between the WBC quartiles and risk
factors was appropriately compared using analysis of vari-
ance or the Kruskal-Wallis test for continuous variables and
using the chi-square test for categorical variables. Outcomes
were reported as cumulative incidences (proportion of pa-
tients experiencing an event) and incidence rates (events/
100 person-years). The primary and secondary outcomes
were assessed using the Kaplan—Meier method and com-
pared using the log-rank test stratified by the baseline WBC
count. The association of the WBC count at baseline and each
MACE was estimated using the Cox proportional hazard
model and expressed as the hazard ratio (HR) and 95%
confidence interval (Cl). Adjusters for multivariate analysis
were age; sex; body mass index; ejection fraction at the time
of registration; estimated glomerular filtration rate;
end-stage renal failure on maintenance dialysis; smoking
habit; medical history of PCl, CABG, cardiac infarction, stroke;
the use of statins, metformin, aspirin, beta blockers,
angiotensin-converting enzyme inhibitors and angiotensin Il
receptor blockers; Hb Alc; low-density lipoprotein choles-
terol level; and systolic blood pressure. Patients with missing
values were excluded from all multivariable analyses. Data
were statistically analysed using JMP 14.0J software (SAS
Institute, Cary, NC, USA) and R (Version 4.0.2; The R
Foundation for Statistical Computing, Vienna, Austria).
Two-tailed P < 0.05 was considered significant.

Results

Among 7785 CAD cohort participants, 7608 had their WBC
count measured at baseline and were eligible for this
analysis. We excluded patients with missing WBC count data
at the time of enrolment (n = 177). The demographic charac-
teristics of the participants based on the WBC quartile are
shown in Table 1. The median WBC count, top 25th percen-
tile of WBC count and 75th percentile of WBC count were
6400, 5300 and 7700 cells/uL, respectively. Differences

among the WBC quartiles were significant (P < 0.05) for
age, sex, body mass index, left ventricular ejection fraction,
current smoker, history of hypertension, history of malig-
nancy, history of PCI, duration of diabetes mellitus, baseline
triglyceride, baseline high-density lipoprotein cholesterol,
baseline low-density lipoprotein cholesterol, baseline HbAlc,
use of insulin, medication of metformin, medication of
angiotensin-converting enzyme inhibitors and medication
of diuretics. Current smoker status, mean values of
low-density lipoprotein cholesterol and haemoglobin Alc
and use of insulin and metformin were the highest in the
fourth WBC quartile (>7700 cells/uL). In contrast, age, history
of malignancy, post-PCl and high-density lipoprotein choles-
terol level were the lowest in the fourth WBC quartile.

In the cohort, the median (interquartile range) and mean
follow-up were 39 (16.5-66.1 months) and 44.3 £ 32.7 months,
respectively. During the follow-up, 880 patients were hospi-
talized owing to HF. A comparison of baseline characteristics
between patients with or without HF requiring hospitaliza-
tion is shown in Table S1. Age, WBC count, duration of diabe-
tes, low-density lipoprotein cholesterol, haemoglobin Alc
and estimated glomerular filtration rate were significantly
higher in the HF group. Conversely, body mass index, left ven-
tricular ejection fraction and high-density lipoprotein choles-
terol were significantly lower in the HF group. Male sex,
history of hypertension, stroke, AMI, malignancy, CABG and
end-stage renal failure on maintenance dialysis were more
common in the HF group. The use of statins was less common
in the HF group, whereas the use of insulin, beta blockers,
angiotensin 1l receptor blockers, angiotensin-converting
enzyme inhibitors and diuretics was more common.

A graphical distribution of WBC did not show normal distri-
bution owing to outliers (WBC > mean + 2SD) according to
Lilliefors test (P < 0.01) (Figure S1). First, we showed HR and
the corresponding P-value for WBC as the continuous vari-
ables (for an increment of +500 cells/uL) in the subgroup
(n = 7277) excluding patients who showed baseline
WBC > 10 600 (mean+2SD) (Table S2). HR increased by 1.04
(95% Cl: 1.02-1.06; P < 0.001) for every 500-cell/uL increase
in the WBC count. Considering the above data and the results
of Cochran—Armitage trend test (Table S3), the WBC count
with its continuous variables emerged as a significant predic-
tor of HF requiring hospitalization. Of note, patients with the
highest values in the fourth WBC quartile had a significantly
lower HF event-free survival rate (Figure 1A, log-rank test,
P < 0.001). The adjusted HRs for HF events requiring hospital-
ization with each WBC quartile compared with the lowest in
the fourth WBC quartile (WBC < 5300 cells/uL) were 1 for
Quartile 1 (WBC < 5300 cells/uL), 1.20 (95% Cl, 0.96-1.5;
P = 0.1) for Quartile 2 (5300 < WBC < 6400), 1.34 (95% Cl,
0.90-2.16; P = 0.14) for Quartile 3 (6400 < WBC < 7700) and
1.62 (95% Cl, 1.04-2.44; P < 0.034) for Quartile 4
(WBC > 7700 cells/uL) after adjusting for covariates (Figure
1B and Table 2A). The incidence rate of HF hospitalization

ESC Heart Failure 2021; 8: 3748-3759
DOI: 10.1002/ehf2.13513



3751

WBC count predicts heart failure in diabetes and coronary artery disease patients: a retrospective cohort study

00£L < ¥O70D9M ‘00£L > €D¥DIEM > 0079 ‘00¥9 > ZOYODAM > 00€S ‘00€S > LDODIM
‘dnoub ajiuenb |92 poojq 91yM ‘DD (|92 POO|g SHYM ‘DGAA ‘UoIUSAIRIUI A1euolod snosueindsad ‘[Dd ‘uol
-del) uondald JenouuaA 13| ‘43T ‘joss1ssjoyd uieyosdodi| Ayisusp-mo| ‘D-1@7 ‘ebuel sjienbisiul ‘Y| {jolaissjoyd uisroadodil Aysusp-ybiy ‘D-1gH ‘uiqojbowsey paiedh|b D yqH ‘o1ed
uonesyiy Jejniswo|b pajewnss ‘Y409 ‘bunyeib ssedAq Liarie Aieuoiod ‘ngyd xapul ssew Apoq ‘|INIg ‘49320|q J01dedal || uisualolbue ‘gyy ‘10lqIyul swAzus Bunusauod-uisuslolbue 13Dy

100°0> (z€g) L99 (8'87) LTS (z'62) 86t (5'€7) 8ty (LLo)olle (%) u 'sdn2aniq
6%0°0 (8'17) 06v (9°€0) Lev (€20 tvy (1'12) s8¢ (0°€0) 8vLL (%) u 13DV
v€0 (z'ev) 968 (zvv) 808 (z'sP) v68 (rev) TiL (8'€v) 6TEE (%) u 'adv
150 (9'6€) €8L (8'£€) 769 (9'8€) €92 (€'£€) 089 (7'8¢€) 816¢ (%) u 43x20|q e13g
[4%0) (€°£8) LzLL (188) ¢l9l (£'68) SLLL (88) Z09L (€88) 9149 (%) u 'unidsy
100°0> (8'81) zL€ (rLl)6le (9's1) 60€ (8'€l) LT (r'9l) Lszl (%) U ‘ulwIopIsIN
100°0> (6'27) €SP (1'12) 98¢ (7'81) S9¢ (8'91) 90¢€ (8'61)0LSL (%) u "ulnsu]
] (6'29) SvzL (6'9) 8811 (2°59) 0621 6719) LTLL (£°€9) 098Y (%) u ‘uneis jo co_zu__owsh
%
85000 (8'0l) €lLC (€'6) 0LL (8'8) vLL (6'LL) 21T (zol) viL u ‘sishjeip s>ueusjulew uo ainjiey euds abeys-puy
zL0 987 ¥ 9'8S €97 ¥ 565 6'vC F ¥'09 €97 ¥ 9'85 997 ¥ €65 A EL L/UWW Y499
100°0> VIFVL vLFEL ELFTL ELFL eLFeL % 21y uiqo|bowaeH
Z4l0) LZ F vEL 0 ¥ S€1L Lz ¥ vEL 6l F €€1L 0 * pElL BHww ‘ainssaid poojq d101sAs
100°0> €6 F 9401 L'Ze ¥ €°€0L L'2€ ¥ €0l 8'LE ¥ 700l 0°€€ ¥ L'€0L p/Bw >-1a1
100°0> 6C7L F 'Sk STl F v or STLF VLY vl ¥ 867 L'ELF TLY 1p/Bw >-1aH
L00°0>  (L0Z-L6) 8€L (807-£6) TVl (€61-€6) ZEL (S91-64) ¥LL (€61-16) LEL p/Bw “(4OI) uelpaw ‘sapLadA|bu L
100°0> (S1-0) L (S1-2) ¢ 91-2) 8 (L1206 91-2) 8 A *(40I) uelpaw ‘sa3aqelp Jo uoneing
L1°0 (€'01) v0¢ (6'0l) 661 ('LL) 22T (CRANE 144 (€'L1) 858 (%) U ‘©gvD j0 A1o1siH
100°0> (5'Ly) 028 (zev) L6L ('st) 868 (9'6%) V06 (6'vY) €LvE (%) U 'IDd 30 A103sIH
100 (9¢) 1L (8'v) £8 (8'%) s6 (6'S) L0L (L'v) 09¢ (%) u “foueubijew jo AioysiH
150 (L'v€) 989 (S€) 019 (r'9¢) LzL (zve) €29 (1'G€) 0£9¢ (%) u ‘uonJeyul jeipsedofw yo AioisiH
€0 (z'L1) ove (5'sl) ¥8¢ (9'91) 62€ (8'L1) ve (8'91) LLTL (%) u ‘®jo1ns jo A101sIH
€000 (¥8) 799l (£'Z8) v1SL (5'€8) 799l (8'6L) €SP (9'28) 1829 (%) u ‘uoisuspiadAy jo A1o3siH
100°0> TLLL F SOV6 LLE ¥ 9569 OLE * 1285 €09 F LLVY §90Z ¥ 0.9 1/5]193 JUnod g
100°0> (¢zv) ves (5'9v) LS8 (0'S) 8901 (1°09) ¥601 (9°09) L¥8€ % '19OWs JIASN
1610 (5'97) vzs (9'62) L¥S (9'£2) 9vS (€827) SlS (6L0)9T1L'C % '19¥ows-x3
100°0> (€71€) 029 (6'€2) 8¢v (7'81) S9¢ (9L zie ('12) s€9°L % "4 OWS JudIIND
100°0> 9L ¥ 78S TELF 009 €€l ¥ 809 L'€EL ¥ 909 9€lL ¥ 6'6S % ‘431
100°0> L'y ¥ G§'ST L'y ¥ 9°S¢ L'EFEST L€ F 9T ¥ F €8T LU/BY “IINg
€000 (6'2L) TvvlL (L'zL) oggl (zeL) syl (r'89) 9velL (871£) 99vS (%) u "sleN
100°0> Ll ¥ 99 0L ¥ 89 0L ¥ 89 6 ¥ 69 0oL ¥ 89 K 'aby
anjen-d (8/61 = U) (0og8lL = v) (6461 = U) (Lzg8l = u) (8092 = u)
00/, < D9M 669/-00t79 D9M 66£9-00£S DIM 00€S > DAM syuaned ||y

9| enb 1uNnod [|92 Poo|q 31YM 3y} uo paseq spuedpiped Apnis ay) Jo sonsuSIdRIRYD [EdIUID | d|qeL

ESC Heart Failure 2021; 8: 3748-3759

DOI: 10.1002/ehf2.13513



3752 A. Kawabe et al.

Figure 1 (A) Kaplan—Meier curves for heart failure hospitalization event-free survival rate stratified by the baseline white blood cell (WBC) count.
Patients in the WBC Quartile 4 (WBC > 7700 cells/uL) had a significantly lower cumulative survival rate without heart failure hospitalization events,
compared with patients in the WBC Quartile 1 (WBC < 5300 cells/uL, P < 0.0001). (B) Relative hazard ratio of heart failure hospitalization event during
the follow-up period adjusted for confounders in a multivariate Cox-regression model, compared with the lowest quartile WBC count of <5300 cells/
uL. WBCQG = white blood cell quartile group. WBCQG1 = (WBC counts < 5300 cells/uL), WBCQG2 = (5300 < WBC < 6400),
WBCQG3 = (6400 < WBC < 7700), WBCQG4 = (>7700 cells/pL).
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Table 2A Relative hazard of heart failure event requiring hospitalization, adjusted for confounders in a multivariate Cox-regression
model, compared with the lowest quartile white blood cell count of <5300 cells/uL

95% confidence interval

Variables HR Lower Upper P-value
5300 < WBC < 6400 1.2 0.96 1.5 0.1
6400 < WBC < 7700 1.34 1.08 1.67 0.009
7700 < WBC 1.62 1.31 2 <0.001
Age > 65 1.5 1.26 1.79 <0.001
Male 0.79 0.66 0.94 0.007
BMI <25 1.18 1.02 1.37 0.027
EF > 40 0.32 0.26 0.38 <0.001
eGFR > 60 0.47 0.4 0.55 <0.001
End-stage renal failure on maintenance dialysis 1.36 1.07 1.72 0.011
Current smoker 1.1 0.89 1.35 0.38
Ex-smoker 1.2 1.01 1.43 0.043
History of malignancy 1.21 0.9 1.62 0.21
History of stroke 1.36 1.14 1.62 <0.001
History of AMI 1.13 0.96 1.34 0.15
History of PCI 0.92 0.78 1.08 0.31
History of CABG 1.53 1.26 1.85 <0.001
Medication of ACEi 1.37 1.15 1.63 <0.001
ARB 1.21 1.04 1.42 0.015
f-Blocker 1.2 1.03 1.39 0.018
Biguanide 1.18 0.97 1.43 0.1
Aspirin 0.78 0.64 0.96 0.017
Statin 0.68 0.59 0.79 <0.001
HbA1c>7.0 1.29 1.11 1.5 <0.001
LDL-C> 100 0.91 0.79 1.06 0.23
SBP > 140 1.03 0.88 1.19 0.75

ACEi, angiotensin-converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin Il receptor blocker; BMI, body mass
index; CABG, coronary artery bypass grafting; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HbA1c, glycated
haemoglobin; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; PCl, percutaneous coronary intervention; SBP, systolic blood
pressure; WBC, white blood cell.
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was 3.28/100 person-years overall with 2.63/100 person-years
in WBC Quartile 1 patients, 2.89/100 person-years in WBC
Quartile 2 patients, 3.35/100 person-years in WBC Quartile 3
patients and 4.27/100 person-years in WBC Quartile 4 patients
(Table 3A). A sensitivity analysis of the association between
WBC counts and HF requiring hospitalization in a subgroup
(n = 6834) that excluded maintenance dialysis patients
(Figure S2 and Table S4) showed consistent findings. The
incidence rate of HF (100 person-years) in patients with a clear
history regarding HF was similar to that of the overall cohort
(Tables 2B and 3B).

During follow-up, 232 patients had a new AMI episode,
which included 182 patients with non-fatal AMI. Kaplan—
Meier curves of AMI-free survival in relation to quartiles of
WABC count are shown in Figure 2ZA. WBC Quartile 4 patients
had a significantly lower AMI-free survival rate (log-rank test,
P = 0.023). The adjusted HR for AMI with each WBC
quartile, compared with the WBC Quartile 1, was 1.35 (95%
Cl, 0.87-2.07; P = 0.18) for WBC Quartile 2, 1.39 (95% ClI,
0.90-2.06; P = 0.14) for WBC Quartile 3 and 1.59 (95% ClI,
1.04-2.44; P = 0.034) for WBC Quartile 4 after adjusting for
covariates (Figure 3A and Table S5a). The incidence rate of

Table 2B Relative hazard of heart failure events requiring hospitalization, adjusted for confounders in a multivariate Cox-regression
model, compared with the lowest quartile white blood cell count of <5300 cells/uL in the subgroup with a clear history of heart failure

(n = 4908)
95% confidence interval

Variables HR Lower Upper P-value
5300 < WBC < 6400 1.17 0.91 1.51 0.21
6400 < WBC < 7700 1.45 1.13 1.85 0.003
7700 < WBC 1.54 1.21 1.95 <0.001
Age > 65 1.55 1.27 1.89 <0.001
Male 0.81 0.67 0.98 0.03
BMI < 25 1.22 1.04 1.44 0.016
EF > 40 0.40 0.32 0.50 <0.001
eGFR > 60 0.50 0.42 0.61 <0.001
HD 1.28 0.98 1.68 0.07
Current smoker 1.26 1.00 1.60 0.053
Past smoker 1.15 0.95 1.40 0.15
History of malignancy 1.23 0.90 1.70 0.20
History of stroke 1.40 1.16 1.69 <0.001
History of AMI 1.13 0.93 1.37 0.23
History of PCl 0.96 0.80 1.15 0.67
History of CABG 1.52 1.23 1.89 <0.001
ACEi 1.19 0.98 1.44 0.08
ARB 1.29 1.09 1.54 0.004
B-Blocker 1.07 0.90 1.27 0.45
Biguanide 1.17 0.94 1.45 0.15
Aspirin 0.82 0.65 1.04 0.10
Statin 0.70 0.59 0.83 <0.001
HbA1c>7.0 1.20 1.01 1.41 0.04
LDL > 100 0.94 0.80 1.1 0.47
SBP > 140 1.05 0.89 1.24 0.58
HF History 2.45 2.02 2.97 <0.001

ACE, angiotensin-converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin-Il receptor blocker; BMI, body mass in-
dex; CABG, coronary artery bypass grafting; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HbA1lc, glycated
haemoglobin; HD, haemodialysis; LDL, low-density lipoprotein; PCl, percutaneous coronary intervention; SBP, systolic blood pressure;

WBC, white blood cell.

Table 3A Incidence rate of each cardiovascular adverse event (100 person-years) and event number

WBC < 5300 < 6400 < 7700 <
All 5300 WBC < 6400 WBC < 7700 WBC
n = 7608 n = 1821 n = 1979 n = 1830 n = 1978
Incidence rate of hospitalization for HF 3.28 (880) 2.63 2.89 3.35 4.27
Incidence rate of AMI 0.83 (233) 0.6 0.77 0.85 1.07
Incidence rate of stroke 1.32 (377) 1.27 1.33 1.19 1.52
Incidence rate of all-cause death 3.47 (1002) 3.1 2.88 3.26 4.69
Incidence rate of 3-point MACE (AMI/stroke/death) 5.05 (1396) 4.44 4.39 4.79 6.62
Incidence rate of 4-point MACE (death/AMI/stroke/HF) 7.17 (1857) 6.08 6.28 6.94 9.56

AMI, acute myocardial infarction; HF, heart failure; MACE, major adverse cardiovascular event; WBC, white blood cell.
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Table 3B Incidence rate of heart failure (100 person-years) in patients with a clear history of heart failure (n = 4908)

All WBC < 5300 5300<WBC < 6400 6400 <WBC < 7700 7700 < WBC
n = 4908 n = 1220 n=1225 n=1223 n = 1240
Incidence rate of hospitalization for HF ~ 3.03 2.28 2.65 3.16 4.02

HF, heart failure.

Figure 2 Cumulative incidences of the secondary outcomes based on the baseline WBC count at registration. Kaplan—Meier curves of (A) fatal and
non-fatal AMI, (B) fatal and non-fatal stroke events, (C) all-cause death, (D) 3-point MACE (AMI/stroke/death) and (E) 4-point MACE (AMI/stroke/
death/heart failure hospitalization event) stratified by the baseline WBC count.AMI, acute myocardial infarction; HF, heart failure; MACE, major ad-
verse cardiovascular event; WBC, white blood cell; WBCQG = white blood cell quartile group. WBCQG1 = (WBC counts < 5300 cells/pL),
WBCQG?2 = (5300 < WBC < 6400), WBCQG3 = (6400 < WBC < 7700), WBCQG4 = (>7700 cells/pL).
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AMI in patients of WBC Quartiles 1-4 was 0.6/100 person-
years, 0.77/100 person-years, 0.85/100 person-years and
1.07/100 person-years, respectively, and the overall inci-
dence rate was 0.83/100 person-years (Table 3A).

During follow-up, 362 patients had a new stroke episode,
which included 326 patients with non-fatal stroke. No signif-
icant association was observed between the WBC count and
stroke events (Figures 2B and 3B and Tables 3A and S5b).
During follow-up, 1002 patients died. Figure 2C shows the
all-cause death based on the Kaplan—Meier curves. WBC
Quartile 1 patients had a significantly lower death-free rate
(log-rank test, P < 0.001). The adjusted death HR for WBC
Quartile 4, compared with WBC Quartile 1, was 1.62 (95%
Cl, 1.33-1.98; P < 0.001) (Figure 3C and Table S5c). Incidence
rate of death in patients of WBC Quartiles 1-4 was 3.1/100

person-years, 2.88/100 person-years, 3.26/100 person-years
and 4.69/100 person-years, respectively, and the overall
incidence rate was 3.47/100 person-years (Table 3A).

The Kaplan—Meier curves of 3-point MACE (i.e. AMI,
stroke and all-cause death)-free survival and 4-point MACE
(i.e. AMI, stroke, all-cause death and HF hospitalization)-free
survival in relation to the quartiles of WBC count are shown
in Figure 2 and 2E. WBC Quartile 4 patients had a signifi-
cantly lower composite-free survival rate (log-rank test,
P < 0.0001). The adjusted HRs for 3-point MACE and
4-point MACE composite outcomes with each WBC quartile
compared with the WBC Quartile 1 are shown in Figure 3D
and 3E and Tables S5d and S5e. The incidence rates of
3-point MACE and 4-point MACE for each WBC quartile
are shown in Table 3A.
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Figure 3 Adjusted hazard ratio of each secondary outcome: (A) AMI, (B) stroke, (C) all-cause death, (D) 3-point MACE (AMI/stroke/death) and (E)
4-point MACE (AMI/stroke/death/heart failure hospitalization event) stratified by the baseline WBC count. AMI, acute myocardial infarction; HF, heart

failure; MACE, major adverse cardiovascular event; WBC, white blood cell.
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Discussion with end-stage renal failure were under maintenance dialysis

In this study, a multi-institute cohort database in Japan was
used to determine whether WBC count could predict cardio-
vascular outcome, including HF, mortality, AMI and stroke, in
patients with Type 2 diabetes and established CAD. We found
an incremental association between the baseline WBC count
and the primary cardiovascular outcome of HF event requir-
ing hospitalization, even in the subgroup excluding mainte-
nance dialysis patients. Similarly, an association with
secondary outcomes, such as AMI and mortality, but not
stroke, in consecutively registered patients with Type 2 dia-
betes and established CAD was observed. Our data aligned
with the findings of previous reports in population-based co-
hort studies,******?> a postmenopausal women cohort
study,® and in patients with established CAD after PCI*® and
before CABG surgery.'® To the best of our knowledge, this
study is the first to demonstrate that the WBC count is a
strong predictor of the incidence of hospitalization due to
HF in a dose—-response manner in patients with concurrent
Type 2 diabetes and established CAD.

Our patient cohort included 10% with end-stage renal fail-
ure on maintenance dialysis. According to the annual survey
of the Japanese Society for Dialysis Therapy Renal Data Reg-
istry, 339 841 patients (2688 patients per million population)

in 2018.'” Diabetic nephropathy was the most common pri-
mary disease among the patients on dialysis (39.0%),
followed by chronic glomerulonephritis (26.8%) and
nephrosclerosis (10.8%).%” Accordingly, our cohort represents
a real-world population from Japan. A sensitivity analysis of
WBC counts’ association with HF requiring hospitalization in
a subgroup excluding maintenance dialysis patients also
showed consistent findings.

Engstrom et al.> measured WBC counts of 16 940 men
from the general population who had a mean age of 44 years
and no history of myocardial infarction or stroke. During
23 years of follow-up, 436 men were hospitalized due to
HF. The adjusted HR (95% Cl) for HF hospitalization was
1.00 as the reference, 1.26 (0.93-1.7), 1.24 (0.91-1.7) and
1.73 (1.3-2.3) for men in the first, second, third and fourth
WBC count quartiles, respectively. An increase in the WBC
count and activation of WBCs have key roles in organ injury
induced by atherosclerotic disease, diabetes mellitus or in-
creased free fatty acid associated with diabetes via microcir-
culatory dysfunction.”®2' Due to the larger volume and
higher cellular viscosity, each WBC is equivalent to approxi-
mately 700 erythrocytes in its tendency to block capillary
channels.?? The rheology of leukocytes has significant impli-
cations on their functional behaviour such as flow-through
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capillaries and interactions with endothelial cells.?*?* Cohort
studies have shown that blood viscosity is a strong predictor
of cardiovascular events,® particularly in patients with
diabetes.?®?” Ates et al.?® reported that WBC counts were
associated with the presence, severity and extent of coronary
atherosclerosis, as evaluated with multislice computed
tomographic coronary angiography, among 817 patients with
suspected CAD.

In contrast to HF requiring hospitalization, AMI or death,
no significant association was shown between the WBC count
and non-fatal stroke events. This result is consistent with the
findings of a population-based cohort study by Li et al.> An
explanation of the different relationships between WBC
counts and the incidences of stroke and other events remains
unclear. Another risk factor other than the WBC count may
more strongly contribute to the incidence of stroke. A
population-based study by Gillum et al.?® demonstrated that
white men with a WBC count > 8100 cells/mm? had a 39%
increase in age-adjusted stroke incidence, compared with
white men with a WBC count of <6600 cells/mm?>. However,
controlling for cigarette smoking reduced the association and
rendered it statistically insignificant. No significant associa-
tions of the WBC count with stroke incidence were observed
in white women or in black women and men. In white men,
an elevated WBC count may be a mediator of the
cardiovascular effects of smoking, an indicator of smoking
exposure or both. In our study, 1635 (21.5%) patients were
current smokers.

The prevalence of Type 2 diabetes mellitus, another condi-
tion of low-grade inflammation as well as CAD, is increasing
throughout the world. The number of affected individuals is
expected to be approximately 640 million in the year
2040.3° Ppatients with diabetes mellitus have an approxi-
mately two times greater risk of developing macroangiopathy
(e.g. CAD and stroke)®*' and two- to fourfold risk of HF,*?
compared with individuals without diabetes. Multivariable
HF risk models showed diabetes mellitus as an independent
risk factor for death.®® A meta-analysis reported that diabetes
mellitus is associated with the risk of HF.3*** The risk of
hospitalization for HF is up to 50% higher in patients with
diabetes mellitus than in those without it.>%37 Patients with
diabetes mellitus and HF have worse QOL than patients
with HF alone.®®3° Our data suggest that WBC count helps
stratify the risk of HF in patients with diabetes mellitus and
CAD. The goal of diabetes mellitus treatment is to prevent
complications from developing or worsening, to ensure the
same quality of life as that of non-diabetic individuals and
to maximize life expectancy. The present results may be
useful to approach the goal.

Leukocyte-associated inflammation has been demon-
strated as the next target for residual cardiovascular event
risk by pharmacological intervention in recent randomized
controlled trials.*™® In addition, canakinumab, an IL-1 beta-
neutralizing antibody, is used to treat patients with stable

atherosclerosis, a history of prior myocardial infarction and
a CRP level > 2 mg/L.5 Canakinumab resulted in a 15% reduc-
tion in cardiovascular events and a 31% reduction in all-cause
death if the CRP level decreased below the median in re-
sponse to the first treatment of canakinumab. Colchicine
has potent anti-inflammatory properties and has been used
for gout attack, familial Mediterranean fever and pericarditis.
Solomon et al.*® have reported beneficial effects of colchicine
on the risk of cardiovascular events and mortality among pa-
tients with gout in a cohort study. Colchicine also has been
reported to improve survival, left ventricular remodelling
and chronic cardiac function in AMI mice model.** Moreover,
the COLCOT trial showed that colchicine was effective in
preventing MACE after AMI® In fact, colchicine was
associated with an absolute reduction of 1.6% in the primary
endpoint of MACE at a median of 22.6 months.®

Our study had several limitations. First, the findings of our
retrospective cohort study could be limited by unknown
confounding factors. Second, a cohort study based on data
obtained from the medical records of patients visiting for
routine clinical practice has been intentionally and systemat-
ically not been collected for research and therefore has sev-
eral inherent limitations (e.g. lack of detailed description of
medical history and events and missing data). Third, we mea-
sured the patients” WBC count only at the baseline. Fourth,
we did not collect data regarding left ventricular ejection
fraction at the hospitalization for HF.

Conclusions

A higher WBC count is a predictor of hospitalization for HF,
all-cause death and AMI but not for stroke in patients with
Type 2 diabetes mellitus and established CAD. WBC count is
proven to be a less expensive and readily available surrogate
marker for secondary prevention of cardiovascular events in
such a high-risk population. Further research is needed to
evaluate whether high WBC counts can predict adverse
clinical outcomes such as HF and AMI in other populations.
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