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Abstract

Objectives

This study aimed to clarify the relationship between the white blood cell (WBC) count and

hypertension in the general Japanese population.

Methods

We conducted a population-based retrospective cohort study using annual health check-up

data of residents of Iki City, Nagasaki Prefecture, Japan. A total of 2935 participants without

hypertension at baseline were included in the present analysis. WBC counts were classified

as tertile 1 (<4700/μL), tertile 2 (4700–5999/μL), and tertile 3 (�6000/μL). The outcome was

incident hypertension (blood pressure�140 mmHg). Multivariable-adjusted hazard ratios

and 95% confidence intervals (95% CIs) were estimated using the Cox proportional hazards

model.

Result

During an average follow-up of 4.5 years, 908 participants developed hypertension. The

incidence (per 100 person-years) of hypertension increased with an elevation in the WBC

count (6.3 in tertile 1, 7.0 in tertile 2, and 7.4 in tertile 3). This association was significant,

even after adjustment for other risk factors, including age, sex, current smoking habits, cur-

rent alcohol intake, exercise habits, obesity, elevated blood pressure, diabetes mellitus, and

dyslipidemia. The hazard ratios were 1.07 for tertile 2 (95% CI 0.90–1.26) and 1.27 for tertile

3 (95% CI 1.06–1.51) compared with the reference group of tertile 1 (p = 0.009).

Conclusion

The WBC count was associated with future development of hypertension in the general Jap-

anese population.
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Introduction

Cardiovascular disease is a leading cause of premature death in Japan, as well as in other coun-

tries in the world [1, 2]. Approximately 50% of deaths from cerebrovascular disease and 59%

from coronary artery disease are attributable to hypertension [2, 3]. In Japan, the average

blood pressure (BP) value of the population has decreased, which is mainly due to an increase

in the number of people who have received BP-lowering medication and improved manage-

ment [2–5]. However, the prevalence of hypertension has not decreased during the past few

decades [2–5]. Effective prevention of hypertension and subsequent cardiovascular disease

requires strategies that are based on current knowledge of risk factors in Japan.

Chronic inflammation is a risk factor of hypertension [1, 2, 4–9]. However current evidence

of this risk factor is mainly based on the association between high-sensitivity C-reactive pro-

tein and hypertension, and is mainly derived from Western populations [10–13]. Therefore,

whether the white blood cell (WBC) count can also predict development of hypertension in

the Asian population is unclear [14]. Therefore, this study aimed to clarify the relationship

between the WBC count and hypertension in the general Japanese population.

Subjects and methods

Study design and participants

We used data from the Iki City Epidemiological Study of Atherosclerosis And Chronic Kidney

Disease (ISSA-CKD), which is a population-based retrospective cohort study of the residents

of Iki City, Nagasaki Prefecture, Japan. Details of the ISSA-CKD study have been described

previously [15]. Iki City consists of a group of islands that are located in the north of Nagasaki

Prefecture. The total population of Iki City is approximately 27,000.

Between 2008 and 2017, a total of 7895 residents aged 30 years or older underwent annual

health checks that were conducted by the local government of Iki City. We excluded 1881 resi-

dents with a follow-up duration of<1 year, 2812 who had hypertension (BP�140/90 mm Hg

or use of BP-lowering medications) at baseline, and 267 with missing information on the

WBC count at baseline. Finally, a total of 2935 participants were included in the present analy-

sis. This study was approved by the Fukuoka University Clinical Research and Ethics Centre

(No. 2017M010).

Data collection

At each health check-up, height and weight were measured with the participant wearing light

clothes without shoes, and body mass index (BMI, kg/m2) was calculated. Obesity was defined

as a BMI�25 kg/m2 [16]. BP was measured by trained staff in the right upper arm using mer-

cury, automated, or aneroid sphygmomanometers with appropriately-sized cuffs, after at least

5 min of rest in a sitting position, in accordance with standardized guidelines [17]. BP was

measured twice and the mean of the two values was used in the present analysis. Elevated BP

was defined as a BP level of 130–139/80–89 mmHg [2].

Casual blood and urine samples were collected. The WBC count was determined using a

multi-item automatic hemocytometer (XN-10001; Sysmex Corporation, Kobe, Japan). Partic-

ipants were classified into tertile groups of the WBC count as follows: tertile 1 (<4700/μL), ter-

tile 2 (4700–5999/μL), and tertile 3 (�6000/μL). Plasma glucose concentrations were

determined using an enzymatic method and glycated hemoglobin (HbA1c) levels (NGSP

value) were determined using high-performance liquid chromatography. The presence of dia-

betes was defined by a fasting glucose concentration�7.0 mmol/L, a non-fasting glucose con-

centration�11.1 mmol/L, HbA1c value�6.5% [18], or the use of glucose-lowering therapies.
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Serum low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol,

and triglyceride concentrations were determined enzymatically. Dyslipidemia was defined by

LDL cholesterol concentrations�3.62 mmol/l, HDL cholesterol concentrations <1.03 mmol/

l, triglyceride concentrations�1.69 mmol/l [2], or the use of lipid-lowering medication. Infor-

mation regarding the participants’ smoking habits, alcohol intake, and regular exercise was

obtained using a standard questionnaire. Current smokers were defined as participants who

had smoked 100 cigarettes or more, or those who had smoked regularly for more than 6

months at baseline. Alcohol intake was classified into current daily drinking or no daily drink-

ing. Regular exercise was defined as exercise habits of�30 minutes per day, two times or more

per week.

Definition of outcome

The outcome of the present analysis was development of hypertension (BP�140 mmHg or

initiation of BP-lowering medications), which was confirmed at the end of follow-up.

Statistical analysis

Continuous variables are expressed as the mean ± SD, and trends across tertile groups of the

WBC count were tested using simple regression models. Categorical variables are expressed as

the number of participants (percentage), and trends across groups were tested using logistic

regression models. Incidence rates of hypertension were calculated using the person-year

approach. Crude and multivariable-adjusted hazard ratios (HRs) and their 95% confidence

intervals (95% CIs) were estimated using the Cox proportional hazards model. The effects of

the WBC count on development of hypertension were compared between subgroups defined

by other risk factors (age, sex, smoking, obesity, and dyslipidemia) by adding an interaction

term to the statistical models. A two-tailed p value of<0.05 was considered statistically signifi-

cant. All data analyses were carried out using SAS version 9.4.

Results

Table 1 shows the baseline characteristics according to tertile groups of the WBC count. Partic-

ipants with a higher WBC count were younger and more likely to be men, with higher rates of

current smoking, current daily alcohol intake, obesity, and dyslipidemia.

During an average follow-up of 4.5 years, 908 participants developed hypertension. Table 2

shows the risks of hypertension according to tertile groups of the WBC count. The incidence

rate of hypertension increased with elevation of the WBC count (6.3% per 100 person-years in

tertile 1, 7.0% in tertile 2, and 7.4% in tertile 3). This association was significant after adjust-

ment for other risk factors, including age, sex, current smoking habits, current alcohol intake,

exercise habits, obesity, elevated BP, diabetes, and dyslipidemia (HRs of 1.07 [95% CI 0.90–

1.26] for tertile 2 and 1.27 [1.06–1.51] for tertile 3 compared with tertile1 (p = 0.009).

Table 3 shows multivariable-adjusted HRs of the WBC count for the incidence of hyperten-

sion in subgroups. There were no clear differences in the effects of the WBC count on hyper-

tension in subgroups defined by age (<65 vs.�65 years), sex, obesity, smoking, and

dyslipidemia (all p>0.1 for interactions).

Discussion

The present observational study of the general Japanese population showed a close association

between the WBC count and future development of hypertension. This association was signifi-

cant after adjustment for the effects of confounding factors, such as age, sex, current smoking
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habits, current alcohol intake, regular exercise habits, obesity, elevated BP, diabetes, and dysli-

pidemia. There were also similar associations between the WBC count and hypertension

across subgroups defined by age, sex, smoking, obesity, and dyslipidemia.

A number of previous observational studies reported associations between indicators of

inflammation, such as C-reactive protein, interleukin-6, interleukin-8, WBC count, neutrophil

count, neutrophil to lymphocyte ratio, and incidence of hypertension [10–13, 19–21]. A pro-

spective cohort study of atomic bomb survivors in Japan reported that an elevation in the

WBC and neutrophil counts, which were measured in the 1960’s, were clearly related to an

increased risk of future development of hypertension [22]. Our study supports findings from

previous studies and showed that there was a significant association between the WBC count

and the incidence of hypertension in the Japanese general population in the current era.

Table 1. Baseline characteristics according to tertiles of the white blood cell count.

White blood cell count (/μL) p value for trend

<4,700/μL (N = 951) 4,700–5,999/μL (N = 1040) �6,000/μL (N = 944)

Age, mean (SD), years 59.0 (10.7) 57.5 (11.4) 54.3 (12.1) <0.0001

Male, N (%) 273 (28.7) 472 (45.4) 505 (53.5) <0.0001

Smoking, N (%) 81 (8.5) 157 (15.1) 361 (38.2) <0.0001

Current daily alcohol intake, N (%) 127 (13.5) 218 (21.2) 230 (24.7) <0.0001

Regular exercise�, N (%) 273 (25.5) 252 (24.6) 214 (23.1) 0.2290

Body mass index, mean (SD), kg/m2 22.4 (3.1) 23.0 (3.2) 23.5 (3.3) <0.0001

Obesity��, N(%) 168 (17.7) 250 (24.0) 274 (29.0) <0.0001

Systolic blood pressure, mean (SD), mmHg 118.4 (12.1) 119.2 (12.1) 118.8 (11.9) 0.4983

Diastolic blood pressure, mesa (SD), mmHg 69.7 (8.6) 70.9 (8.2) 70.8 (8.8) 0.0046

Elevated blood pressure���, N (%) 292 (30.7) 368 (35.4) 303 (32.1) 0.5154

Diabetes mellitus����, N (%) 37 (3.8) 53 (5.1) 55 (5.8) 0.0525

HbA1c, mean (SD) 5.1 (0.5) 5.1 (0.7) 5.2 (0.8) 0.0128

High-density lipoprotein cholesterol, mean (SD), mmol/L 1.70 (0.42) 1.63 (0.44) 1.55 (0.40) <0.0001

Low-density lipoprotein cholesterol, mean (SD), mmol/L 3.14 (0.80) 3.19 (0.82) 3.23 (0.84) 0.0251

Triglyceride, mean (SD), mmol/L 1.08 (0.76) 1.25 (0.31) 1.46 (1.12) <0.0001

Dyslipidemia�����, mean (SD), mmol/L 332 (34.1) 250 (24.0) 274 (29.0) <0.0001

�Exercise habits of�30 minutes per day for twice or more per week.

�� Body mass index of �25 kg/m2.

��� BP of 130–139/80–89 mmHg. Body mass index of�25 kg/m2.

����Casual serum glucose concentrations �11.1 mmol/L, HbA1c values�6.5%, or use of glucose-lowering therapy.

�����LDL cholesterol concentrations�3.62 mmol/L, HDL cholesterol concentrations <1.03 mmol/L, triglyceride concentrations �1.69 mmol/L, or use of lipid-

lowering medication.

https://doi.org/10.1371/journal.pone.0246304.t001

Table 2. Risk of hypertension according to tertiles of the white blood cell count.

White blood cell count

<4,700/μL (N = 951) 4,700–5,999/μL (N = 1040) �6,000/μL (N = 944) p value for trend

N of events / person-years 273/4353 332/4736 303/4097

Annual incidence rate 6.3% 7.0% 7.4%

Crude hazard ratio (95% confidence interval) 1.00 (Reference) 1.12 (0.95–1.31) 1.17 (1.00–1.38) 0.056

Adjusted hazard ratio� (95% confidence interval) 1.00 (Reference) 1.07 (0.90–1.26) 1.27 (1.06–1.51) 0.009

�Adjusted for age, sex, smoking, current daily alcohol intake, exercise, obesity, elevated blood pressure, diabetes mellitus, and dyslipidemia.

https://doi.org/10.1371/journal.pone.0246304.t002
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The mechanisms underlying the relationship between WBC count and hypertension has not

been clearly defined. An increase in the number of WBCs in blood may promote leukocyte–endo-

thelial cell adhesion, which plays a major role in development and progression of atherosclerosis

[14, 19, 23, 24]. Therefore, long-term exposure to increased numbers of WBCs in blood may result

in an increase in arterial stiffness and subsequent development of systemic hypertension. Another

possibility is that WBC count may in part be associated with hypertension in part as a maker of

obesity, because obesity is associated with higher WBC count [25] and weight gain [26] has been

shown to be associated with increasing levels in blood pressure levels.

Although this was a large-scale study of the general Japanese population, it has some limita-

tions. First, because of the retrospective nature of the study design, the findings of the present

analysis may have been affected by selection bias. Second, people who were aware of healthy

behavior were more likely to have attended the health check-ups and to have been included in

the present analysis than those with an unhealthy lifestyle. Third, because frequency of people

aged 65 years or older (“aging rate”) was higher in the Iki City (35.5% in 2015) than that of the

total Japan (26.5%in 2015), our findings may not be applicable to other regions of Japan with

lower aging rates. Fourth, the actual data of the new onset of hypertension was uncertain

because some participants did not return to follow up to health check-up regularly. Fifth,

although some studies have reported the relationship of the neutrophil count or neutrophil to

lymphocyte ratio with hypertension, we do not have information of the WBC fraction.

Conclusion

In conclusion, WBC count was associated with future development of hypertension in the gen-

eral Japanese population. A high-risk strategy under guidance of the WBC count may provide

better prevention of future development of hypertension.

Table 3. Multivariable-adjusted hazard ratios of the white blood cell count for the incidence of hypertension in subgroups.

White blood cell count p value for interaction

<4,700/μL (N = 951) 4,700–5,999/μL (N = 1040) �6,000/μL (N = 944)

Age

<65 years 1 (reference) 1.09 (0.88–1.36) 1.20 (0.96–1.51) 0.109

�65 years 1 (reference) 1.01 (0.78–1.30) 1.08 (0.81–1.44)

Gender

Male 1 (reference) 1.09 (0.83–1.43) 1.07 (0.80–1.42) 0.775

Female 1 (reference) 0.98 (0.79–1.21) 1.10 (0.87–1.38)

Current smoking

Yes 1 (reference) 0.74 (0.44–1.24) 0.86 (0.54–1.38) 0.371

No 1 (reference) 1.09 (0.92–1.31) 1.34 (1.10–1.62)

Obesity

Yes 1 (reference) 1.28 (0.93–1.75) 1.34 (0.96–1.86) 0.577

No 1 (reference) 0.99 (0.81–1.20) 1.22 (0.99–1.52)

Dyslipidemia

Yes 1 (reference) 1.00 (0.78–1.29) 1.21 (0.93–1.57) 0.889

No 1 (reference) 1.12 (0.90–1.40) 1.29 (1.01–1.65)

Values are hazard ratios (95% confidence intervals) adjusted for age (except for subgroup analysis by age), sex (except for subgroup analysis by sex), current smoking

(except for subgroup analysis by current smoking), current alcohol intake, regular exercise, obesity (except for subgroup analysis by obesity), elevated blood pressure,

and diabetes and dyslipidemia (except for subgroup analysis by dyslipidemia). Obesity: body mass index�25 kg/m2. Dyslipidemia: LDL cholesterol concentrations

�3.62 mmol/l, HDL cholesterol concentrations <1.03 mmol/l, triglyceride concentrations �1.69 mmol/l, or use of lipid-lowering medications.

https://doi.org/10.1371/journal.pone.0246304.t003
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