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ARTICLE

White Blood Cell Count and the Risk of Coronary Heart Disease and All-
Cause Mortality in Elderly Men

M.P. Weijenberg, E.J.M. Feskens, and D. Kromhout

Abstract Because the importance of established risk factors for coronary heart disease (CHD) is
unclear in older people, the associations of white blood cell (WBC) count with the risk for CHD and
all-cause mortality were investigated in an elderly cohort that was followed up for 5 years. In 1985,
complete information on the risk factors of interest was available for 884 randomly selected men,
aged 64 to 84 years, from the Dutch town of Zutphen (participation rate, 74%). Relative risks
(RRs) for each 109/L increase in WBC count were obtained for the 5-year incidence of and
mortality from CHD and all causes. RRs were adjusted for age, body mass index, systolic blood
pressure, total and high density lipoprotein cholesterol levels, and cigarette smoking habit. The
WBC count was 6.7±1.8×109/L (mean±SD) at baseline. An increased WBC count was
independently associated with mortality due to CHD, and the RR amounted to 1.32 (95%
confidence interval [95% CI], 1.15 to 1.51). For the incidence of CHD the RR was 1.14 (95% CI,
0.98 to 1.32). These associations were observed regardless of cigarette smoking habit. Regarding
all-cause mortality, the RR amounted to 1.25 (95% CI, 1.17 to 1.35). This association was
especially noticeable among former smokers and those who had never smoked. In conclusion,
during 5 years of follow-up WBC count predicted CHD and all-cause mortality in elderly men,
independent of the conventional risk factors for CHD.

Key Words: white blood cell count ■ coronary heart disease ■ mortality ■ follow-up ■ elderly

pidemiological evidence is accumulating that implicates a moderately increased WBC count
as a risk factor for CHD.1 2 3 4 5 6 7 8 Although the observed effect for the most part has
often been ascribed to smoking,2 3 7 biologic mechanisms for the association have also

been described.9 10 Most evidence is based on studies of middle-aged people,1 2 3 4 5 6 7 8 but
little is known about the importance of WBC count in predicting CHD in the elderly.9

In general, there is much current debate regarding the importance of conventional risk factors
for CHD in the elderly.11 12 Likewise, it can be questioned whether WBC count continues to
predict CHD with advancing age. On the other hand, because there may be selective survival of
elderly people with elevated levels of conventional risk factors,13 other factors such as the WBC
count may assume greater importance. Because atherosclerosis is generally well advanced in the
elderly, factors that are more specifically associated with thrombosis than with atherosclerosis may
be more significant in predicting CHD in this age group.14 In the presence of atherosclerosis,
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activated monocytes and neutrophils may release products that promote plaque disruption and
subsequent thrombus formation, which may eventually lead to a coronary event.10 15 We
investigated whether an elevated WBC count might be associated with CHD and all-cause
mortality in an elderly cohort that was followed up for 5 years.

METHODS

Population
Initiated in 1960, the Zutphen Study is a longitudinal investigation of chronic-disease risk factors
among middle-aged men that was the Dutch contribution to the Seven Countries Study.16 In 1985,
555 men from the 1960 cohort were still alive and were invited for new examinations. In addition, a
random sample of all age-matched men (two of three) who were living in Zutphen and who were
not part of the 1960 cohort were invited to take part in the study. From this point, the study was
continued as the Zutphen Elderly Study. Of the 1266 men who were invited to participate, 939
(74%) agreed. One hundred nine men (9%) could not be examined because of serious illness or
death, 62 (5%) had moved from the area, and 156 (12%) either refused to participate or could not
be reached. Complete information on risk factors was available for 884 men aged 64 to 84 years.

Examinations
Physical examinations took place between March and June 1985 and were performed by five
physicians who had been trained to follow a standardized protocol. Height was measured to the
nearest 0.1 cm and body weight to the nearest 0.5 kg after the men had removed their shoes and
outer garments. Body mass index (weight in kilograms divided by the square of height [in meters
squared]) was calculated. At the end of the examination, systolic and diastolic (Korotkoff phase V)
blood pressures were measured twice with a random-zero sphygmomanometer on the right arm
while each subject was supine. The mean of the two blood pressure readings was used for
analysis.

Nonfasting venous blood samples were taken. A Coulter S880 counter was used to determine
WBC count and Hct. The coefficients of variation for within- and between-run measurement errors
were <2% for both WBC count and Hct. Serum total and HDL cholesterol levels were determined
enzymatically with the CHOD-PAP monotest kit from Boehringer Mannheim.17 18 HDL was
isolated after precipitation of apoB-containing particles by dextran sulfate–Mg2+.19 The lipid
analyses were carried out according to standardized protocols in the lipid laboratory of the
Department of Human Nutrition, Agricultural University, Wageningen, the Netherlands. Serum
albumin levels were analyzed in an autoanalyzer (SMAC, Technicon) on blood samples from 879
men.

Information on smoking habits was assessed by a standardized questionnaire for all but one
participant. Information on the presence of diabetes mellitus, cancer, and chronic obstructive
pulmonary disease at baseline was obtained through a standardized medical questionnaire during
the physical examination and was verified by hospital discharge data and written information from
the subjects’ general practitioners.

Follow-up
Information on the prevalence and incidence of CHD was obtained during the physical
examination in 1985 and during a similar examination in 1990. For men who did not participate in
the 1990 examination, information on major chronic diseases was obtained from a questionnaire.
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CHD was considered to be present when either myocardial infarction or angina pectoris had been
diagnosed. For myocardial infarction the final diagnosis was based on whether at least two of the
following three criteria were met: (1) specific medical history, ie, severe chest pain lasting >20
minutes and not disappearing on rest; (2) characteristic electrocardiographic changes; and (3)
specific enzyme elevations. The diagnosis of angina pectoris was based on information obtained
from the Dutch translation of the Rose questionnaire.20 Additionally, all diagnoses were verified by
information from electrocardiograms, hospital discharge data, and written information from the
subjects’ general practitioners. The information was coded by one physician, and the year of first
diagnosis was recorded.

Information on the vital status of participants was obtained until July 1990. One man had
moved abroad and was lost to follow-up. The date on which he moved was used as his censored
end-point date. Information on causes of death was obtained from the Dutch Central Bureau of
Statistics, after verification by hospital discharge data and information from the deceased’s general
practitioners. Causes of death were coded according to the ninth revision of the International
Classification of Diseases (ICD),21 and both the primary and secondary cause of death were
considered. Death due to CHD was defined by ICD codes 410 to 414, death due to cardiovascular
disease by codes 410 to 448, death due to all-cause cancer by codes 140 to 239, and death due
to lung cancer by code 162.

The main end points were the incidence of a first (fatal or nonfatal) CHD event among men
without the disease at baseline (ie, incidence of CHD) and mortality from CHD and all causes.

Statistical Methods
Statistical analyses were carried out using the ��� program (SAS Institute Inc, 1989, version
6.07). All tests were two sided and values of P<5% were considered significant. Cox’s
proportional-hazards (survival) analysis was carried out to investigate the associations of WBC
count with the study end points during the 5 years of follow-up.22 The date on which an event
occurred was used in the analyses. For CHD incidence July 1 of the year of diagnosis was used
as the date of the event. RRs are presented according to a 109/L increase in WBC count.
Interaction terms were evaluated at the 10% level. Quintiles of WBC count were formed and
adjusted RRs for these quintiles were computed with the lowest category as the reference.

RESULTS
The WBC count at baseline ranged between 2.4 and 16.1×109/L. WBC count was not significantly
associated with baseline age or with most of the conventional risk factors for CHD (Table 1). There
was an inverse association between WBC count and levels of HDL cholesterol and serum albumin
and a positive association between WBC count and Hct. WBC count was higher in the 58 men
with diabetes mellitus at baseline compared with men who were free of this disease (mean±SD,
7.1±1.8×109/L versus 6.6±1.8×109/L). This difference was of borderline significance. WBC count
was significantly higher in men who were cigarette smokers at baseline compared with former and
never smokers (P<.0001; Table 2). There was no significant difference in WBC count between
former smokers who had quit >10 years ago and those who had quit ≤10 years ago or between
men who smoked differing amounts of cigarettes in 1985 (Table 2).

WBC count was not associated with the prevalence of CHD at baseline (6.7±1.7×109/L in 175
cases versus 6.6±1.8×109/L in noncases). However, in 21 men who suffered a CHD event within 6
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months before blood sampling, WBC count tended to be higher than that of men without any
evidence of CHD at baseline (7.0±1.4×109/L compared with 6.6±1.8×109/L, respectively; P=.10).

WBC count was positively and independently associated with mortality from CHD during the 5
years of follow-up (Table 3), and this association tended to be exponential (Figure). Additional
adjustment for the presence of CHD at baseline did not affect the strength of the association (RR,
1.32; 95% CI, 1.13 to 1.53). The association was of the same magnitude among the 793 men with
WBC counts within the normal range of 4.5 to 11×109/L (not shown). The association of WBC
count with the incidence of a first CHD event was also positive, although weaker than that with
mortality due to CHD (adjusted RR, 1.14; 95% CI, 0.98 to 1.32).

WBC count was also independently associated with all-cause mortality (Table 3) in a graded
fashion (Figure). This association persisted even after adjustment for the presence of major
chronic diseases at baseline, such as cardiovascular diseases, cancer, and chronic obstructive
pulmonary disease (RR, 1.15; 95% CI, 1.07 to 1.24). Additional analyses revealed that WBC count
was associated with an increased risk of death from all cardiovascular diseases (risk factor– and
disease-adjusted RR, 1.21; 95% CI, 1.09 to 1.34), cancer (adjusted RR, 1.10; 95% CI, 0.97 to
1.24), and all other causes (adjusted RR, 1.15; 95% CI, 0.98 to 1.35).

The association of WBC count with CHD has often been ascribed to the effect of smoking on
CHD. However, cigarette smoking status in 1985 was not significantly associated with mortality
from either CHD (P-trend=.64) or all causes (P-trend=.47) during 5 years of follow-up. Cigarette
smoking was significantly associated with death due to lung cancer only (P-trend=.05). WBC count
was positively associated with mortality from CHD regardless of cigarette smoking status (Table
4). This association tended to be stronger among men who had never smoked but was not
significantly different from those of the men in the other smoking status categories. Regarding all-
cause mortality there was a significant association with WBC count among nonsmokers but not
among current smokers (P-interaction=.07).

DISCUSSION
This is the first report on the association between WBC count and CHD in elderly men. An
increase of 1 SD in WBC count was associated with a 65% increase in the risk of death from
CHD. This effect is considerably higher than the 45% increased risk that is associated with a 1-SD
increase in the total cholesterol level in the same cohort during the same period.23 In studies of
middle-aged people the effect of WBC count on CHD has been found to be similar to2 or even
smaller than6 8 that of total cholesterol levels. These findings suggest that in advanced age,
factors other than the conventional risk factors for CHD, such as WBCs, become more important
in predicting disease.

Possible biologic mechanisms underlying the observed associations have been postulated. It is
widely recognized that monocytes have a role in the pathogenesis of atherosclerosis.15 After
monocytes are recruited at the site of endothelial injury, they adhere to the vessel wall, enter it,
and are eventually converted into foam cells. Because the monocyte count constitutes ≈2% to
10% of the total WBC count, monocytes are probably not the only fraction of WBCs that are
responsible for the observed association with CHD. Indeed neutrophils, the most common
granulocyte, have also been implicated in the pathogenesis of atherosclerosis.10 In the presence
of atherosclerosis, which can be viewed as an inflammatory disease,24 WBCs may become
activated. This leads to reduced deformability of the neutrophilic cells in particular and WBC
aggregation, adherence to the endothelium, and recruitment, all of which subsequently lead to
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capillary plugging and tissue ischemia. Activated neutrophils and monocytes may also release
products that induce plaque rupture and subsequent thrombus formation, which can also result in
ischemia.10 15 The main products that are released by these cells are oxidants, such as
superoxide radicals and NO,25 and proteolytic enzymes,10 all of which can induce vascular injury.
Pathological mechanisms have also been postulated for the association between WBC count and
diseases other than CHD. Oxidation metabolites that are produced by activated WBCs during
inflammation may also be involved in the pathogenesis of cancer and lung disease.10

Because the WBC count is a general indicator of inflammation it may also be a marker for
underlying atherothrombotic disease. The observed association with CHD is therefore not
necessarily causal; which mechanisms underlie the association cannot be derived from this study.

In this study the association between WBC count and CHD incidence was weaker than that
between WBC count and CHD mortality. Owing to plaque rupture and thrombus formation, WBC
count may be more strongly associated with severe subsequently fatal CHD.15 This may also
explain the baseline results, because there was no clear evidence that men with CHD at baseline
had elevated WBC counts compared with men who were free of the disease. This was especially
noticeable in those who were first diagnosed with CHD >6 months before blood sampling. It is
possible that men with elevated WBC counts and a long-term history of CHD had died before the
baseline measurement. The elevated WBC counts in men who suffered a CHD event in the same
year that blood samples were taken may have been due to active atherosclerosis, ie, progression
of atherosclerosis.

WBC count also predicted all-cause mortality, which has previously been observed in middle-
aged populations.8 26 An elevated WBC count may be a marker for inflammation and is therefore
also associated with an increased risk of mortality. Although the association between WBC count
and all-cause mortality remained after adjustment for clinical diagnosis of major chronic diseases,
possible underlying (subclinical) disease may have affected the observed association. Part of the
association may be a consequence of the strong association between WBC count and CHD
mortality.

The association between WBC count and CHD has at least partially been attributed to
smoking.2 3 7 In the present study the positive association between WBC count and CHD was
observed regardless of smoking status. WBC count predicted CHD and all-cause mortality in
nonsmokers; thus, smoking status alone does not explain our findings.

Surprisingly, smoking status does not appear to be associated with CHD in the present study.
Because most of the men in our study smoked during at least part of their lifetime, a larger
population may be needed to examine this association.27 In addition, men who continued to
smoke in advanced age and survived its detrimental effects might be less susceptible to such
effects than those who did not reach old age. The smokers in this study may be a select group of
healthy men, regardless of smoking habit, who are less susceptible to CHD. In a larger cohort
study of older people, cigarette smoking is clearly associated with increased mortality outcomes
and cessation of smoking is known to improve survival in the elderly.27 Therefore, caution is
warranted in interpreting our findings regarding the risk of cigarette smoking.

In conclusion, WBC count appears to predict future CHD and mortality independent of
conventional risk factors. WBC count is probably not only an indicator of clinical or subclinical
disease but also a true risk factor for CHD. Whether a causal pathway is involved should be
assessed in future experimental studies. Nevertheless, WBC count could be important in public
health, because it is routinely measured by clinicians. Moreover, WBC count seems to be
important in older people specifically, as it appears to be more strongly associated with CHD than
are other conventional risk factors, such as total cholesterol, in this age group.



9/23/21, 10:01 AM White Blood Cell Count and the Risk of Coronary Heart Disease and All-Cause Mortality in Elderly Men

https://www.ahajournals.org/doi/epub/10.1161/01.ATV.16.4.499 6/10

SELECTED ABBREVIATIONS AND ACRONYMS

CHD = coronary heart disease
CI(s) = confidence interval(s)
Hct = hematocrit
RR(s) = relative risk(s)
WBC(s) = white blood cell(s)

Figure 1. RRs and 95% CIs for mortality from CHD and from all causes according to quintiles of WBC count.

Table 1. Population Characteristics and Associations With WBC Count in 884 Men Aged 64-84 Years: The
Zutphen Elderly Study, 1985 (Table view)

Variable Mean±SD1 Spearman Correlation Coefficient With WBC Count
WBC count, ×109/L 6.7±1.8 …
Age, y 71.5±5.3 −.01
Body mass index, kg/m2 25.45±3.20 −.00
Systolic blood pressure, mm Hg 151.0±21.5 .03
Diastolic blood pressure, mm Hg 85.4±11.5 −.01
Serum total cholesterol, mmol/L 6.10±1.11 .01
Serum HDL cholesterol, mmol/L 1.12±0.29 −.082

Serum albumin, g/L 44.1±2.7 −.143

Hct 0.45±0.04 .123

https://www.ahajournals.org/reader/content/1719fc74110/10.1161/01.ATV.16.4.499/format/epub/EPUB/xhtml/f1.xhtml
https://www.ahajournals.org/reader/content/1719fc74110/10.1161/01.ATV.16.4.499/format/epub/EPUB/xhtml/t1.xhtml
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Variable Mean±SD1 Spearman Correlation Coefficient With WBC Count
Diabetes mellitus, n (%) 58 (6.6) .074

1 All values are mean±SD, except where noted otherwise.
2 P<.05,
3 P<.001,
4 P=NS for the Mann-Whitney U test of the difference in mean WBC count between those with and those without

diabetes mellitus.

Table 2. Mean WBC Count According to Cigarette Smoking Habit in Elderly Men: The Zutphen Elderly Study,
1985 (Table view)

Cigarette Smoking Habit in 1985 n WBC Count, ×109/L
Never smoker 162 6.4±1.71

Former smoker 454 6.3±1.71

>10 Years ago 268 6.2 ±1.6
≤10 Years ago 168 6.5±1.9
Current smoker 267 7.3±1.81

1-9 Cigarettes/d 63 7.2±1.9
10-19 Cigarettes/d 111 7.3±1.7
≥20 Cigarettes/d 92 7.5±1.8

1 Overall Kruskal-Wallis test comparing never, former, and current smokers: P<.0001.

Table 3. RRs for Mortality From CHD and All Causes Associated With WBC Count in Elderly Men: The
Zutphen Elderly Study, 1985 (Table view)

 CHD1 All Causes1

No. of/percent deaths 53/6 211/24
Crude RR 1.27 (1.11-1.44) 1.20 (1.12-1.28)
RR adjusted for age 1.30 (1.14-1.49) 1.24 (1.15-1.33)
RR adjusted for conventional risk factors2 1.32 (1.15-1.51) 1.25 (1.17-1.35)
RR adjusted for additional risk factors3 1.27 (1.10-1.46) 1.21 (1.12-1.30)

1 All values are presented as the RR and (95% CI) for each 109/L increase in WBC count, except where noted otherwise.
2 Age, body mass index, systolic blood pressure, total cholesterol, HDL cholesterol, and cigarette smoking.
3 Conventional risk factors and serum albumin, Hct, and diabetes mellitus at baseline.

Table 4. RRs for Mortality From CHD and All Causes Associated With WBC Count in Elderly Men According
to Smoking Status at Baseline: The Zutphen Elderly Study, 1985 (Table view)

 Smoking Status in 1985

CHD All Causes

Never
(n=162)

Former
(n=454)

Current
(n=267)

Never
(n=162)

Former
(n=454)

Current
(n=267)

No. of/percent deaths 9/5.6 25/7.2 22/8.2 40/24.5 106/23.4 65/24.3
Crude RR 1.47 (1.10-

1.96)1
1.28 (1.07-
1.53)

1.21 (0.94-
1.56)

1.28 (1.10-
1.40)

1.29 (1.18-
1.41)

1.05 (0.92-
1.20)

RR adjusted for age 1.47 (1.10-
1.95)

1.32 (1.09-
1.59)

1.26 (0.97-
1.63)

1.28 (1.10-
1.49)

1.33 (1.21-
1.46)

1.09 (0.95-
1.25)
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