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Abstract

Objectives This study was initiated to establish the reference

values (the 95 % lower limit in particular) for white blood cell

(WBC) counts in peripheral blood of general Japanese popu-

lation. Additional attempts were made to examine whether the

reference range had changed in the past 100 years, and which

factors had induced such change in WBC counts.

Methods Data employed were WBC counts of [100

thousand apparently healthy Japanese men, collected in

2002 and in 2010, respectively. Information on smoking

habits was collected simultaneously.

Results The distribution of WBC counts was essentially

normal. Arithmetic mean (AM) WBC was 6,248 cells/mm3

in 2002 and 6,162 cells/mm3 in 2010. Based on the 2010

observation, 3 9 103 WBCs/mm3 (after rounding of the

figure) was identified as the 95 % lower limit of the ref-

erence value for the population. No clear age dependency

was detected. Smoking induced elevation in WBC,

whereas WBC returned to the level of never smokers after

quitting for 3 or more years.

Conclusions Historical review disclosed a secular trend of

decrease in WBC in the past 100 years, so that about 8 % of

never-smoking men would be considered leukocytopenic

according to the conventional cutoff of 4 9 103 cells/mm3 as

a screening level. Decreased smoking rates and improved

general hygiene are discussed as possible factors for WBC

count reduction. Thus, WBC count of 3 9 103 cells/mm3 is

recommended as the 95 % lower limit of the reference value

for screening cases with reduced WBC counts.

Keywords Annual trend � Japanese � Leukocyte counts �
Men � Reference value � White blood cell counts

Introduction

Counting of leukocytes [white blood cells (WBCs)], a

classical method to detect hematological abnormalities, is

still an important item in occupational health examination.

For example, whereas benzene-induced leukocytopenia [1]

has seldom been encountered recently in industrialized

countries including Japan as industrial use of this well-

known hematotoxic solvent has been severely controlled in

recent years [2, 3], the WBC count stands as a critical

health effect marker in health examination for radiation-

exposed subjects [4].

In preventive medicine, therefore, establishment of the

reference value for WBC counts together with clarification

of the range of distribution among Japanese general popu-

lation are of practical importance. It has been reported that

ethnic difference exists in WBC counts among adult women

[5] and presumably in general population as a whole, which

suggests the need for studies on local populations such as

Japanese for evaluation of Japanese subjects.

Substantial compilations of WBC count data for

apparently healthy men were available to this study group.

Taking advantage of these compilations, this study was

initiated to clarify the current levels of WBC counts in

general Japanese population. A secular trend of shift in the

WBC counts and possible age dependency were also

examined in comparison with retrieved reports on WBC
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counts for the Japanese population in the past. Whereas the

materials examined were for men, it was expected that the

conclusions should be applicable also to women, as there

would be no gender difference in WBC counts [6].

Subjects and methods

The study protocol was approved by the Ethics Committee of

Kyoto Industrial Health Association. Each and all of the

subjects studied provided informed consent in writing, with

understanding that physicians and/or paramedical staff of the

Association might use the results of the health examinations

for medical education and research purposes under the

condition that the results be presented generally on a group

basis or with due respect to anonymity of the subjects.

The subjects were apparently healthy adult Japanese

men who underwent hematological examinations (includ-

ing WBC counting) as part of routine annual health check-

up in clinical facilities of this Association. Those who were

under medical treatments were excluded. In practice, more

than 100 and 130 thousand cases were available during the

1-year period from 1 August 2002 to 31 July 2003 (the

2002 data) and during another 1-year period from 1 April

2010 to 31 March 2011 (the 2010 data), respectively. Many

of the examinees were full-time employees of enterprises

of various sizes, but self-employed people, university stu-

dents, and local residents were also included.

Blood samples were taken by venopuncture of cubital

vein, and immediately heparinized. Hematological exam-

inations were conducted by use of automated blood cell

counters. Depending on the survey year, two types of

counters were used, i.e., Sysmex SE9000 (Sysmex, Kobe,

Japan) in 2002, and ABX PENTRA XL80 (Horiba, Kyoto,

Japan) in 2010. A preliminary study with human blood

samples to examine possible intercounter difference in the

results [7] gave a regression line of Y = -361 ?

0.993X (r = 0.997, p \ 0.01, n = 97), where X and Y are

the measures by Sysmex and PENTRA, respectively. This

close agreement was taken to suggest that no adjustment

was necessary in evaluation. By means of self-administered

questionnaires, the subjects were asked in addition on their

smoking habits, i.e., if they were current, former, or never

smokers; in case of former smokers, they were further

asked the duration of smoking abstinence, whether it was

less than 3 years or 3 years and longer.

For time trend analysis, literature was sorted by use of a

retrieval system, ‘‘Ichushi-Web,’’ a system founded by the

Japan Medical Abstracts Society (Tokyo, Japan) in 1983

specifically for Japan-based literature published in the

1980s and afterwards; it was found that the target literature

was usually in Japanese, for which search by PubMed was

not productive enough. Literature published in the 1970s

and earlier was traced by taking advantage of references

given in published articles. Thus, best efforts were made to

collect publications even in the period not covered by the

retrieval system.

With regard to statistical analyses, normal distribution

was assumed for WBC counts, as discussed later in detail,

so that the distributions were expressed in terms of arith-

metic means (AMs) and arithmetic standard deviations

(ASDs). Unpaired t test and analysis of variance (ANOVA)

(followed by post hoc test, Scheffé) were employed to

detect possible significance of differences in the distribu-

tions. Possible difference in parameters between two

regression lines were examined after Ichihara [8].

Results

Distribution patterns among total subjects, smokers,

and nonsmokers

Distribution histograms for total, never-smoking, and cur-

rently smoking cases are depicted in Fig. 1a–c, respectively,

to show that the distributions were essentially normal. It

should be noted that the mode of WBC counts for never

smokers [WBC count, about 5.0 9 103 cells/mm3; Fig. 1b]

was slightly smaller than that for current smokers [WBC

count; about 6.0 9 103 cells/mm3; Fig. 1c].

WBC counts in 2002 and in 2010

In practice, 103,492 and 130,431 cases were available in

2002 and 2010, respectively. Breakdown of the total cases

by smoking habits to never, former, and current smokers

(Table 1) showed that former smokers were older than the

other two groups by about 5 years. When WBC counts

were compared, WBC counts for the total group in 2010

differed significantly from the counts in 2002 (p \ 0.01),

but the net difference (a decrease) in AM was as small as

86 cells/mm3. Similar comparison of WBC for the never-

smoker group in 2002 and in 2010 also showed a signifi-

cant (p \ 0.01) difference with a small net increase in AM

WBC of 57 cells/mm3. It was considered that both changes

were medically meaningless, although statistically signifi-

cant due to the large numbers of cases studied (i.e.,

[30,000 cases even for never smokers).

WBC counts for current smokers were significantly higher

(p \ 0.01) than those for never or former smokers in both

2002 and 2010. The net difference was about 1,000 cells/

mm3. In contrast, the net difference between former and never

smokers was quite smaller, e.g., about 100 cells/mm3,

although it was statistically significant (p \ 0.01).

Further calculation for 5 percentile values to find the

95 % lower limit of the WBC counts (Table 1) revealed
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that, in 2010, the values were 2,899, 2,925, and 3,123 cells/

mm3 for never, former, and current smokers, respectively.

After rounding the figures, 3.0 9 103 cells/mm3 would be

the 95 % lower limit of the current reference for general

population including current smokers.

Effect of abstinence of smoking

Analysis of 2010 data on the duration of abstinence of

smoking showed that AM WBC counts for those with

abstinence for 3 years or longer (5,591 cells/mm3;

n = 603) did not differ significantly (p [ 0.10 by Scheffé)

from the values for never smokers (5,666 cells/mm3;

n = 40,748), whereas AM WBC for those who had quit for

less than 3 years (5,753 cells/mm3; n = 35,438) was still

more than that for never smokers.

Possible effect of aging

To examine possible age-dependent changes in WBC

counts, total cases were divided by decades of age, and 7

age groups were subjected to ANOVA (Table 2). It should

be noted that the cases at 80? years of age were limited,

i.e., 48 and 11 cases in 2002 and 2010, respectively

(\0.05 % of the cases studied). It turned out that there was

a steady trend of decrease in the three youngest age groups

in both 2002 and 2010. For older ages, however, the

changes were in the opposite direction in the 50–59-year

group in 2002 and insignificant in 2010. In addition, the net

difference between the age groups was\150 cells/mm3. In

overall evaluation, therefore, it was concluded that the age-

dependent changes should be not meaningful medicobio-

logically, although statistically significant in some cases.

Discussion

The present analysis has made it clear that WBC count of

3.0 9 103 cells/mm3 can be used as the cutoff level for

screening cases with reduced WBC counts. Taking a con-

ventional criterion of 4.0 9 103 WBCs/mm3 as the lower

limit of the normal range for WBC counts [6], 7,206 and

3,256 cases of total (5.52 %) and never-smoking men

(7.99 %) in 2010, respectively, would be below the limit.

With a tentative limit of 3.5 9 103 cells/mm3, the preva-

lence would be 2,152 cases (1.65 %) and 984 cases

(2.41 %), respectively.

WBC counts have been a focus of medical attention

since as early as the 1910s. In practice, 15 articles reporting

WBC counts of Japanese men at the time of the study were

available through literature survey [6, 9–22]; they are

tabulated in Table 3 in combination with the present

results. The target populations were men in many cases,

whereas WBC counts for women were reported either

separately or in combination with those for men. In most of

the reports, the results were presented in terms of AM and

ASD. Breakdown by decades of years of age were also

presented in selected cases [9–13], and the results of such

cases are presented as a range of AM values in Table 3.

Perusal of Table 3 suggests that WBC counts appear to

be reducing with time. For quantitative evaluation of a

possible secular trend of the decrease, one representative

value was selected for each article. In cases where AM

values were shown as a range, an arithmetic mean of the

a

b

Fig. 1 Distribution histograms of white blood cell counts among

Japanese men, as studied in 2010: a total cases, b never smokers,

c current smokers
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lower and upper limit values was taken. As sex difference

in WBC counts has been considered as insignificant among

Japanese populations (e.g., [6]), the values for men and

women in combination (shown as M ? W in Table 3) were

taken, whereas values for women only in Table 3 were not

taken up because values for women were always accom-

panied by values for men.

WBC counting was conducted manually in early time

studies, whereas it is presently by use of automated cell

counters. Possible method-dependent difference was,

however, not taken into account as it was reported that no

differences in the results were observed between manual

and instrumental counting [23], while no information on

the method of counting was available for each report in the

literature.

A linear regression analysis was conducted, taking year of

publication and WBC counts on the horizontal and vertical

axis, respectively (Fig. 2a); the data cited from Asai et al.

[11] were prepared by Hibino in 1954–1955, and therefore

the year 1954–1955 was taken in preparing Fig. 2. The

publication year and WBC counts correlated significantly

(r = 0.581, p \ 0.05, n = 16) with a calculated regression

line of Y = 25518 - 9.538X, where X is the year of publi-

cation and Y is the reported WBC counts. Worthy of note in

Fig. 1 is that the slope is negative (i.e., \0), and that the

present study results for 2002 and 2010 lie between the

regression line and the curve for the lower limit of the 95 %

range of the regression line. As a result, in 2010 for example,

the prevalence of those with less than 4,000 WBC/mm3 is as

high as 8 % among never-smoking men, as discussed above.

Thus, care should be practiced in making diagnosis of leu-

kocytopenia, e.g., for radiation-exposed subjects.

It was considered possible that concepts and practice of

statistical analysis made substantial progress in the late

Table 1 Basic parameters

Year of study No. of cases Age (years) White blood cell counts (cells/mm3)

Group by smoking AM ASD p AM ASD 2.5 percentile 5.0 percentile 95.0 percentile 97.5 percentile p

2002

Total 103,492 43.0 12.0 6,248 1,751 2,325 2,815 9,681 10,171

Never smokers 34,298 42.5 12.3 5,609 1,373 2,534 2,918 8,299 8,684

Former smokers 12,665 47.9 11.7 a 5,713 1,384 2,613 3,001 8,424 8,812 a

Current smokers 56,529 42.2 11.7 a,b 6,756 1,864 2,581 3,103 10,409 10,931 a,b

2010

Total 130,431 44.2 11.7 6,162 1,719 2,311 2,793 9,531 10,012

Never smokers 40,748 41.2 11.6 5,666 1,412 2,503 2,899 8,434 8,829

Former smokers 36,041 48.3 11.1 a 5,750 1,441 2,522 2,925 8,575 8,979 a

Current smokers 53,642 43.7 11.5 a,b 6,815 1,884 2,596 3,123 10,507 11,034 a,b

a p for difference from never smokers by Scheffé; for p B 0.01
b p for difference from former smokers by Scheffé; for p B 0.01

Table 2 White blood cell counts (cells/mm3) by decade of age of never smokers

Group by

decade of age

(years)

Year of study

2002 2010

No.a AM ASD 5 percentile 95 percentile pb No.a AM ASD 5 percentile 95 percentile pb

20–29 5,762 5,728.2 1,434.6 2,916 8,540 7,455 5,846.5 1,459.0 2,987 8,706

30–39 10,031 5,600.8 1,382.5 2,891 8,311 ;; 11,563 5,685.5 1,414.0 2,914 8,457 ;;

40–49 7,367 5,539.5 1,333.6 2,926 8,153 ;; 12,173 5,588.8 1,384.3 2,876 8,302 ;;

50–59 8,134 5,603.4 1,368.0 2,922 8,285 :: 6,440 5,606.3 1,382.3 2,897 8,316 ns

60–69 2,542 5,613.8 1,303.8 3,058 8,169 ns 2,787 5,587.3 1,419.9 2,804 8,370 ns

70–79 414 5,462.3 1,342.3 2,831 8,093 ; 319 5,599.7 1,402.0 2,852 8,348 ns

80? 48 5,391.7 1,411.9 2,624 8,159 ns 11 5,427.3 1,530.4 2,428 8,427 ns

a Number of cases
b p for difference from the immediately younger group by Scheffé; two arrows, one arrow, and ns show p B0.01, B0.05, and[0.05, respectively.

The direction of arrows indicates an increase or a decrease
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1940s. Thus, the studies conducted in 1950? were

re-evaluated separately from previous studies. The regres-

sion analysis (Fig. 2b) gave a calculated regression line of

Y = 12,544 - 3.023X (r = 0.150, p [ 0.05, n = 12),

where X is the year of publication and Y is the reported

WBC counts. Although the slope appeared to be less

steep (i.e., -3.023), it was negative (i.e., \0) and did not

differ significantly (p \ 0.05) from the slope (-9.538) for

total cases. The absence of the difference might be due to

wide variation around the regression line. The lack of

statistical significance of the correlation coefficient

(r = 0.150, p [ 0.05) may be attributable at least in part

Table 3 Historical review of reference values for WBC counts in healthy Japanese

Authors Years Ref. Sex (M for

men, W for

women)

WBC counts (cells/mm3) Notes

AM ASD Min. Max.

Masai 1914 [14] M 7,473 4,220 12,600 Healthy medical students

Kura 1925 [15] M 7,718 4,200 12,900 Healthy army soldiers

Kitajima 1928 [9] M ? W 5,981–7,827a 4,200 12,437 Healthy men and women of various

occupations aged 20–60 years

Komiya 1938 [6] 4,000 10,000 Statement in a textbook

[6] 6,000 8,000

Miyazu 1943 [10] M ? W 6,652–7,295a 4,700 13,800 Healthy subjects

Asai et al. 1974 [11] M 6,000–7,000b \4,000 [11,000 Citation of the study by Hibino which was

conducted in 1954–1955

Miyasaka 1957 [12] M 6,616–6,933 4,000 10,000

1957 [12] W 6,545–6,870 3,500 9,000

Maekawa

and

Kinugasa

1957 [16] M ? W 6,480 1,110 B60 years

1957 [16] M ? W 6,680 110 18–30 years

Inoue et al. 1959 [17] M 6,314 1,375 2,550–3,000 13,350–13,800 Adult healthy workers; min. and max.

values are shown by ranges

1959 [17] W 6,286 1,465 2,550–3,000 12,000–12,450 Adult healthy workers; min. and max.

values are shown by ranges

Shirakura

et al.

1978 [18] M 6,949 1,632

1978 [18] W 6,756 1,852

Goto et al. 1993 [13] M 6,080–6,380 3,400 9,190

1993 [13] W 5,500–5,650 3,270 7,930

Okabe 1995 [19] M 7,500 1,400 Up to 59 years

1995 [19] W 7,600 1,100 Up to 59 years

Shiga et al. 1999 [20] M ? W 6,800 2,900 10,700 Minimum and maximum values reported

for each of decades of years of age

(20–69 years)

Hasegawa

et al.

2002 [21] M ? W 5,795 1,521 See footnote c

Tatsukawa

et al.

2008 [22] M 6,700 1,700

2008 [22] W 6,000 1,600

The

present

study

2002 M 6,248 1,751 20–60-year-old men (for details, see

Table 1)

2002 M (never

smokers)

5,609 1,373 20–60-year-old never-smoking men (for

details, see Table 1)

2010 M 6,162 1,719 20–60-year-old men (for details, see

Table 1)

2010 M (never

smokers)

5,666 1,412 20–60-year-old never-smoking men (for

details, see Table 1)

a Variation by decades of age, with no consistent age-dependent trends
b The range of modes for each of decades of years of age (20–59 years)
c Data on smokers and nonsmokers were combined by the present authors for a whole group
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to the narrowing of the study year range from 96 to

55 years.

No reports were available on secular trend analyses

in WBC counts for other (i.e., non-Japanese) popula-

tions. In the years around 2000, Bovill et al. [24] reported

6.2–6.4 9 103 cells/mm3 for men, and 6.1–6.2 9

103 cells/mm3 for women. In addition, van Oostrom et al.

[25] reported 5.41 9 103 cells/mm3 for healthy adult men.

Compared with these levels, surveys in the years around

1980 reported somewhat higher levels. For example,

Godwin et al. [26] observed in a large-scale survey that the

means were 6.0–6.5 9 103 cells/mm3 (with small age-

dependent variations) and that the minimum and the

maximum were 3.5 and 12.0 9 103 cells/mm3, respec-

tively. Barrett et al. [27] found that the mean and the range

for WBC counts were 6.3 (4.2–11.2) 9 103 cells/mm3 for

men and 6.8 (4.0–10.4) 9103 cells/mm3 for women. Galen

[28] reported that mean WBC counts were 6.7 to

7.0 9 103 cells/mm3 (3.5 and 11.9 9 103 cells/mm3 for

2.5 and 97.5 percentile, respectively). According to Giorno

et al. [29], WBC counts were in ranges of 3.13–

10.84 9 103 cells/mm3 for men and 3.28–11.05 9 103

cells/mm3 for women. Thus, it appears likely that higher

WBC counts were reported in the years about 20 years ago

than at present time, although the ethnic backgrounds of

the populations studied might vary.

With regard to possible explanations for the secular

decrease in WBC counts in Japan, it is quite conceivable

that at least two factors have been involved, i.e., infectious

diseases and smoking. First, the decrease may be associ-

ated with reduced prevalence of infectious diseases, as

WBC counts are known to increase in response to infec-

tions. For example, the Ministry of Health, Labor, and

Welfare, Japan recorded 533 9 103 cases of patients with

infectious diseases (including parasitosis and tuberculosis)

in 1953. The number stayed at a high level of 563 9 103

cases in 1963, but was reduced to 219 9 103 cases in 2008

[30–32]. No separate statistics are available for parasitosis

among adult population. School health statistics, however,

suggest an even more dramatic improvement in hygienic

conditions. Namely, the percentage for 6–8-year-old chil-

dren in primary schools who had eggs of gastrointestinal

tract parasites was 50.7 % in 1953, which dropped to

17.9 % in 1963 and 0.4 % in 2008 [33–35].

Another possible cause of reduction in WBC counts is

the increase in the never-smoking ratio, as previously

pointed out by Schwartz et al. [36]. Articles are accumu-

lating to report that smoking induces an increase in WBC

counts, although this may not be due to inflammation of the

respiratory tract [37]. Thus, Smith et al. [38] observed that

WBC counts were higher (7.4 9 103 cells/mm3) among

839 male current smokers than among 2,421 male never

smokers (6.2 9 103 cells/mm3). The value for 3,597

former smokers (6.4 9 103 cells/mm3) was between the

current and never smokers. A similar difference was

observed among 925 current, 2,688 former, and 4,721

never-smoking women (7.4, 6.3, and 6.2 9 103 cells/mm3,

respectively).

Ishizaka et al. [39] also showed higher WBC counts

(6.3 9 103 cells/mm3) among 1,158 current smokers (men

and women combined) as compared with the counts in

1,130 former smokers (5.3 9 103 cells/mm3) and 1,399

never smokers (5.1 9 103 cells/mm3). The WBC counts

correlated significantly (p \ 0.01) with current smoking

after logistic regression analysis [40]. Similarly, Al-Awa-

dhi et al. [41] found in a small-scale epidemiology study

with 49 smokers (31 men and 18 women) and 43 non-

smokers (24 men and 19 women) that WBC counts were

higher in smokers than in nonsmokers (p \ 0.05). Lee

et al. [42] made a survey of community residents near

nuclear power plants. WBC counts were higher for

Fig. 2 Secular trends in average white blood cell counts in peripheral

blood of adult male Japanese subjects. Each dot in the figure

represents a representative arithmetic mean value in a report. See the

text for selection of each represent value. The line in the middle of the
figure is a calculated regression line, and two dotted curves on both

sides of the line show the 95 % range for the means
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smokers (6.7 9 103 cells/mm3 for 1,054 men and 86

women) than for nonsmokers (6.3 9 103 cells/mm3 for

649 men and 6.1 9 103 cells/mm3 for 1,813 women),

although the effect of distance from the plants appeared to

be negative (i.e., those who lived closer to the plants had

higher WBC counts).

Thus, it appears to be prudent to conclude that smoking

induces an increase in WBC counts, and that smoking

cessation most probably results in reduction in WBC

counts. During the period 1998–2008, for example, the

smoking rate among male Japanese population gradually

decreasing from 52.8 % in 1998 [43] to 46.8 % in 2003

[44] and 36.8 % in 2008 [44].
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