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I. INTRO DUCTION 

Clinicians often feel the total ieukocyte count 

to be an indication only of infection or disease when

ever that count lies outside its ttnormal"' limits of 

5,000 to 1O,OOO/cmm. Nevertheless, it is commonly 

known among these same clinicians that the white 

blood cell count (WBC) can vary from hour to hour with 

physic_al exertion, meals, emotional states, and the 

time of day. 

Why, then, is so much weight attached to a single 

WBC determination in actual practice? 

This study is presented in an effort to determine 

what the normal WBC limits might be for a ttnormal~, 

healthy adult with no evidence of infection or disease, 

and how those limits can vary under the body's physio

logic responses to the usual day-to-day stresses of 

life. The following information shows l) that present 

WBC limits of 5,OOO-1O,OOO/cmm are wholly arbitrary, 

and 2) that a high WBC is not necessarily evidence of 

clinical disease. No effort is made to find the cause 

of these fluctuat ions; an attempt is set forth to note 

the diverse conditions wit h which the WBC varies. 
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II. PREVIOUS STUDIES 

Mora noted in 1926 (10) that patients awaiting 

elective surgery and having no evidence of infection 

commonly had a WBC rise of 12-100% on the day preceding 

their surgery. Mora attributed this to anxiety and was 

able to duplicate his observations experimentally in 

dogs. Hence, emotion appea rs to play a part in WBC 

fluctuation. 

Another physiologic rise in WBC has been noted by 

Pepper and Lindsay in 1959 (11) in regard to the mens

trual c~cle; during 39 observed cycles the WBC wa s 

observed to peak on the day of ovulation and then return 

to the previous base line during the rema inder of the 

cycle. Ovulation wa s determined by oral temperature 

rise and by hormonal studies of the urine and blood. 

The study encompassed 583 counts with a WB C range of 

6,000-12,500/cmm and a mean of 7,800/cmm . This mi ght 

arouse speculation a s to a possible hormonal relation 

to WBC fluctuation . 

A si~ilar conclusion can be drawn from work pub-

lished by Altman in 1961 (1) concerning pregnant and 

post-partum patients. WBC's were high -- 10,000 to 
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11,000/cmm -- through the latter two trimesters, rose 

somewhat -- 12,000-13,000/cmm -- during labor, and peak

ed at 16,400/cmm during the first week post-partum. 

Sex also seems to have an effect on the healthy 

adult's total WBC, as evidenced by work of Tullis pub

lished in 1953 (15) wherein he noted that the total 

WBC was directly proportional to the mola rity of the 

blood; he found th&t mal es had consistently higher WBC 

and molarity than did females. 

Venous and arterial WBC's were determined by 

Bierman in 1952 (2) in regard to respiration. He 

found that inspiration caused a decline in arterial 

WBC and a ri s e in venous W'.BC, while expiration caused 

a reve r se effect. The Valsalva maneuver occasioned a 

marked drop in art erial WBC and little change in venous 

WB C. Bierman furt her observed t hat these changes were 

not due to a change in blood concentration but did 

suggest a tidal flow of leukocytes into and out of the 

pulmonary circulation. 

A few studies on many "healthy" subjects over 

varying lengths of time have been done. A comparative 

study was reported in 1961 by Jeffrey (8) in which he 
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did hourly counts for 12-hour periods on 69 men. He 

compared his results with those of other authors whose 

methods had not necessarily been the same and showed 

the following: 

No. of 
Subjects 

Osgood 
1939 269 

Blackburn 
1947 642 

Chamberlain 
& Turner 

1951 3098 
Jeffrey 

196J. 69 
T'otai or 

mean 4,078 

No. of WBC 
Counts Mean 

269 

642 

3098 

16.43 

5i652 

7,350 

7,372 

7,741 

7.,650 

7,528 

Range 
WBC 

4,400-13,200 

2,360-20,000 

4, 500-12 ,)100 

3,050-15,800 

2, 360-20 ,.ooo 

Jeffrey also n~ted a gradual rise in WBC from 

morning to late afternoon, with peaks of digestive 

leukocytosis occurring. He concluded that little emph

asis should be placed on a single WBC. 

In the work cited by Jeffrey above to Blackburn 

(3), it was determined that 68% of Blackburn's results 

lay within the r ange of 5, 365-9 ,.365/ cmm, that 95% lay 

within 4 ,,170-12 ,,500, and that 99. 7"/o lay within 2 Ji 760-

18 , 750. These counts were done on healthy men between 

the ages of 18 and 49 . 

Booth and Hancock (4) re ported a study in 1961 
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in which 104 men and 23 women were counted every three 

months over a two-yea r period f or a tot al of 1,143 

counts. The total range was 3,700-18.400 with a total 

mean of 8 ~100 . It was noted that 10% of the counts lay 

outside a 4,000-11,000 range, nearly all being above 

11,000. It is of practical interest to note that 

14.3% of the counts were above the usual limit of 10,000. 

The s e counts were all done at mid-morning after rest. 

In an experiment re ported by Sharp in 1960 (12), 

it was found possible to reverse the usual diurnal WBC 

rise b y working at night and sleeping by day with con

stant diet, ac~ivity, and lighting. Such reversal was 

effected in less than three days f or all WBC's except 

neutrophils, whose periodicity was revers ed in three 

to six days. Sharp felt that t h is reversal might be 

due to a reversal in adrenoaortical activity in respons e 

to t he activity--sleep reversal. 

A review article by Squier (13) quotes Sturgis 

(Oxford Med. 2:531, 1947) as reporting total leuko

cyte counts of 14,000--27,000 when taken i mmediately 

aft er a mar athon r a ce, with 40-80% of the c ount being 

neutrophils. 
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• 
Squier also quotes Sabin (Bull. Johns Hopkins 

Hosp . 37:14, 1925), who found an afternoon rise in WBC 

regardless of food ingestion. 

Garrey and Bryan (6) note that "It is well estab

lished that exce s sive physiological activity as well as 

disease may alter the leukocyte content beyond the usual 

limits so t h at there is often a gr ~dation between normal 

and diseas ed states, such that it become s difficult ••• 

to draw a clear cut line which delimits the normal 

from the abnormal states ." (p. 599) The authors then 

note a series of 627 observations on 200 subjects under 

r andom physiological conditions with a norm.a l r ange of 

2,700-14,000 . Included in this report is a gr aph of 

frequency di stributions of results by Garrey and Bryan 

compared to othe r Vi Orke rs, a s depicted on the following 

page. 
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i . Bryan , Chast a in and Garrey (1935) , after one 
hour ' s recumbent rest in the morning 

2. Shaw (1927) , morning re s t 
3 . Torday (1913) , ~orning counts on f a sting 

subjects 
4 . Galambos (1912) , r andom counts t hroughout the 

day 
5 . Osgood (1934) , r andom counts 
6 . Schweizer (1933) , counts duri ng morning re st 

Ga rrey and Br yan n ot e that" • · · t he tot al range 

Lof an .. i ndividual7 is no great e r than th· t of the s ame 

individu a l f or a single day but is l es s than in a pop-
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ulation ••• " (p. 606). They also generalize that the 

count is lowest in the morning hours when at rest and 

varies least when determined under those conditions. 

These authors quote Stetson (Stetson, R. P., Arch. Int. 

Med. 40:488, 1927) as showing that an individual's WBC 

varies from day to day as much as 30%. 

These authors then note both controversy and agree

ment in the literature with the correlation of WBC 

to random activity, exercise, epilepsy, adrenalin, 

digestion, starvation, climate, pregnancy, emotion, 

and tra ining. In general, a lower WBC and less change 

due to exercise is shown by well trained subjects than 

by tho se with no training . Similarly, an emotionally 

labile person shows a higher and more widely varying 

WBC than a habitually phlegmatic individual. 

The se previous studies have shown that the leuko

cyte count normally varies widely with the day's act

ivity, digest ion, emotional expre ssion , physical 

exertion ,, s ex , ovulation, and parturition. "Normal" 

ranges of 2,360-20,000 and "normal" WBC means of 

7,350-8,100 have been report ed . The present study 

seeks to duplicate these findings • 
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III. PRESENT STUDY 

A. Method 

Five individuals were selected who were judged 

free from infection or disease ; almost daily tot al 

leukocyte counts were made on t he se subjects using 

accepted clinical methods. The t h ird' drop of blood 

from a finger puncture was diluted with O~lN HCl at a 

1:20 r at io in a WBC pipette . In counting, the mean of 

six squares on the hemocytometer wa s used in calculation. 

All counts were done by the author. 

Desoriptions of those persons counted follow: 

Person Age Sex Occupation 
1. J. V ~ 19 Female Full time college student 

2. M. T.B . 25 Female Full time college student 

3. M.C.B. 51 Female Housewife 

4. T.H.G . 32 Male Full time college student and 
hospital orderly 

5 . c.v.B. 29 Male Medical student 

At the time of e a ch finger puncture, the individual 

wa s a ske d the following questions in reg&rd to the 

previous 24 hours: 

1. Anyth ing unusu~l to eat or dri nk . 
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2. Any medications. 
3. Unusual physical exertion. 
4. Menses, with details. 
5. Aches, pains, or signs of infection 
6. Mood and "how do you feel?" 
7. Hours of sleep. 
8 . Other remarks. 

In addition , the barometric pressure was recorded. 

Blood was taken at times varying from 2:00 p . m. to 

10:00 p.m.; these times are appropriately noted in 

the Appendix , where copies of the actual worksheets 

appear . These finger punctures continued until a total 

of 200 leukocyte counts had been tabulated. 

B. Results 

Finding~from the 200 total leukocyte counts 

taken from five healthy individuals over an approxi

mate period of two months yielded t he following: 

Total counts 200 
Total r&nge 5,200-16,200 
Total me an 8,900 
Standard deviation 1,674 

50% of counts in range 6,778-10,022 
68% of counts in range 6,226-10,574 
95% of counts in range 5,552-12,448 
99.7% counts in range 3,878-13,922 

24% of counts lay above 10,000 
12~ of counts lay above 11,000 

5% of counts lay above 12,000 
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Individual results which form the basis for the 

information t abulated above are represent ed in the 

following data : 

Individual J. V ., M. T. B. M.C. B .. T . H . G. c.v.B. 
Age 19 25 51 32 29 
Sex F F F M M 

Counts 34 43 35 43 45 
Range 5 ,,600- 7,800- 5,200- 6,800- 7 ,600-

9,200 13,600 10,.000 11,200 16,200 
Mean 7,165 9,847 7,726 9 ,526 10,000 

t andard 
Deviation 2,655 1,500 1,067 1,054 432 

Two of the subjects had blood drawn at two different 

times of day . The following shows what difference 

time of day can make: 

(1) Blood drawn at 3-5 p.m. 

T . H . G. C .• V~B. 
Range 8,200-9,800 9 , 600-12,200 
Mean 9,180 9 ,580 

(2) Blood drawn at 8-10 p .m. 

T'.H.G. c.v.B. 
Range 6, 800-11,200 8 ,,200-16, 200 
Mean 9,085 10,417 

More detailed results are available in the a ctual 

worksheets appended to this report . No dis cernible 

correlation was noted between the WBC and ba rometric 

pressure or transient diet ary changes. Likewise, 

amount of sleep &nd day-to-day a ches and pains had 

-11-



little signif icant ef fect on the WBC. One episode of 

unexpla ined diarrhea may have cau sed a jump of 2,000 . 

Although the sampling of indi viduals was small, 

the impression that males have h i gher counts than 

females seems to be borne out. Another impression 

ga ined from this study is t hat the quest i on of mood and 

"how do you feel"· had the most cor relation with the 

actual WBC; anxiety, apprehension, and perhaps depres

sion appe a r to elevate the total leukocyte count. It 

is the opinion of the writer, in f a ct, that if an ob

jective "anxiety l ability index" for individuals could 

be formulated, that "index" would correlate almost ex

actly with the WBC me ans det ermined f or the individuals 

participating in this s t udy. For example: 

Individua l 

J.v. 
M.C.B. 
T.H.G. 
M.T".B. 
c.v.B. 

WBC Mean 

7.,165 
7,726 
9,526 
9, 847 
10,000 

Subjective Lability 
"Anxiey Level" 

l+ 
l+ 
3+ 
4+ 
4+ 
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IV. COMPARISON OF PRESENT ru°\JD PREVIOUS STUDIES 

Nearly all the results of t his study are higher 

than those reported for previous similar studies; the 

basis for this is probably that afternoon and evening 

determinations were used here and co~pared with deter

minations taken under basal condit i ons or scattered 

throughout the day in the previous reports. The results 

are tabulated here fo r easier comparison. 

.uthors 

Pepper & 
Lindsay 

Booth & 
Hancock 

Garr ey & 
Bryan 

Osgood 

Blackburn 

Chamberlain 
& Turner 
Jeffery 

Beghtol 

Subjects Counts Range 

127 

200 

269 

642 

3,098 

69 

5 

583 

1,143 

627 

269 

642 

3,098 
1,643 

200 

6,000-12,500 

3,700-18,400 

2,700-14,000 

4,400-13,200 

2,360-20,000 

4,500-12,100 

3,050-15,800 

5,200-16,200 

Mean 

7,800 

8,100 

7,350 

7,372 

7,741 
7,650 

8,900 

Booth and Hancock (4) found 14.3% of their counts 

above 10,000 ; the present study finds 24% lying above 

that figure. They also found ne a rly 10% of their counts 

above 11,000 ; the present co,nparable figure is 12.5%. 

Booth &nd Hancock's determinat ions were made at mid-
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morni ng after rest and the present determinations were 

made in afternoon or evening after no rest; the com

parison of figures is therefore probably valid if the 

difference in conditions is t aken i nto a ccount. 

Another interesting co~parison is afforded be

tween Bla ckburn's (3) finding of s tandard deviat i on 

and the pre s ent f i ndi ng, set out here: 

Bla ckburn Beghtol 
50% of counts in r ange -- - -- 6,778-10,022 
68% of counts in r ange 5,365-9,365 6,226-10,574 
95% of counts in r ange 4,170-12,500 5, 552-12,448 

99-7% counts in range 2,670-18 ,750 3, 878-13,922 

Other Point s of Comparison 

( A) As pointed out above by Mor a (10), anxiety does 

a ppear to cau s e a leukocytosis, perhaps as much as 

his quoted 12-100% . Other inve stigators have found 

that blood cholesterol rises 11-16% in he a lthy i n dividuals 

under stress (5,7,9,14.) 

(B) Although t he s ampling he r e is small, Tull is ' 

(15) contention that males have higher counts than 

female s seems to be supported . 

(C) Squier (13), quoting Sabin , notes the diurna l 
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rise in WBC~ regardless of diet ar y intake. This rise 

s eems to be supported by the present work. 

(D) Garrey and Bryan (6) quote Stetson as saying 

that any one individual can be expected to have a normal 

daily variation of a s much a s 30% i n h is WBC. Compared 

here are each individual's actual r ange and a 30% range 

from ea ch individual's mean: 

Individual .2,Q! r ange Actual r ange 

J.v. 5 ,015-9, 315, 5,600-9,200 
M.T .B. 6,893-12,801 7 , 800-13, 600 

M.C.B. 5,408-10,044 5,200-10, 000 

T.H.G. 6,668-12,384 6,800-11,200 

c.v. B. 7,000-13,000 7,600-16,200 

Although the present series is too small a samp-

ling f or definite conclusions, it a ppea rs that it does 

support the opinions of previous workers in re gard to 

the effects of anxiety, sex, and diurnal a ctivity on 

the WBC r ange. When it is allowed that conditions 

under which the pr e sent s tudy was conducted differ 

from previous similar studies, a r ather close degree 

of correlation of r anges, means, st anda rd devia tions, 

and variations with those previous s t udies is evident. 

-15-
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V. SUMW!.A.RY hND CON CLUSI ONS 

A study was conducted in the fall of 1961 to 

determine the day-to-day variability of the total leuko

cyte count in five individuals over an approximate 

period of t wo months. No basal conditions were set up 

except that finger punctures were made at roughly the 

s ame time of day. 

A total of 200 total leukocyte counts were made. 

The total range was 5,200-16,200 with a total mean of 

8 ,900. Of t hose counts, 24% lay above the "normal" 

limit of 10,000 and 5% lay above 12,000 . 

Little correlation of variation was noted with 

diet, barometric pressure, amount of sleep, or day

to-day aches and pains. Male counts were noted to be 

higher than female counts. 

The i mpression was gained but not proved that the 

WBC did vary directly with emotional lability; viz, 

subjects with the hi ghest "anxiety lability index" 

had the widest WBC variation and the highest mean 

tota l leukocyte counts. This would correlate well with 

the findings of others (5,7,9,14) that blood cholesterol 

levels are directly proportional to anxiety and stress . 
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Each individual's WBC varied roughly 3~ from his 

mean count during the time in which t h e s tudy was being 

made. 

It is suggested that f ruitful data mi ght be obtain

ed in the future by correlating the WBC fluctuation 

with some sort of individual "anxiety lability index" 

dete rmined by objective means. 
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VIII • .APPENDIX 

Following appear true copies of the actual 

worksheets used in compiling this report. 
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