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IN  the course of making hemoglobin studies on large numbers 
of individuals, primarily school children and teachers, we 
have carried out therapeutic tests with certain minerals and 

vitamins on persons having low hemoglobin levels. Adequate 
control groups always have been set up.

In the first such study set up in Florida, which included 810 
school children, we were surprised to find that one subgroup 
which had received iron for several months showed an average 
decrease in hemoglobin level of cutaneous blood while the cor­
responding control group showed an increase. This was rather 
disconcerting and caused us to check and recheck our procedures 
rather critically to convince ourselves that these variations were 
not due to alterations in the technique.

In view of these peculiar results, we rechecked the hemoglobin 
levels of these two subgroups a few days later, duplicating the 
previous situation in every way in so far as possible. Results of 
this test were quite different. A s compared with the initial tests 
done several months before, the control group was essentially 
unchanged while the group that received iron showed a small 
average increase in hemoglobin level. N o explanation was at 
hand for this apparent shift in hemoglobin levels of these two 
groups within a few days.

As part of our attempts at analysis of this situation we tested 
one small group twice during the same day as a preliminary 
check on duplicability of our technique. The results were still 
discomforting because differences of as much as 2.5 gms. per 
100 cc. were found on some individuals. However, after careful 
study of the data, it was noted that the lower values, in practically

* From Nutrition Investigations and Services, Florida State Board of Health.



every case, were obtained during the afternoon, while the higher 
values were found in the morning. In view of this apparent insta­
bility in hemoglobin levels, with a tendency toward lower values 
in the afternoon, we reexamined our data on the above-men­
tioned subgroup receiving iron and its corresponding control 
group. W e found that the initial test on the subgroup receiving 
iron had been done in the morning and the first recheck in the 
afternoon while the control group had been tested in the reverse 
order. The second recheck, however, had been done at the same 
time of day as the initial test several months before.

Obviously such variations, if disregarded, potentially could 
have a marked effect on conclusions drawn from therapy in pri­
vate practice or from therapeutic testing of groups. It seemed 
incredible that if such instability of hemoglobin values is usual 
that it was not generally known and was not given prominent 
consideration in the medical literature on hemoglobin. Also, why 
was it not mentioned in numerous textbooks on hematology, 
physiology, and biochemistry? However, Peters and Van Slyke 
( 1 )  in their Quantitative C linical C hemistry I, page 549, give 
two references (2) and (3), and state that the authors of these 
two papers, after studies on very small groups, “ agree in conclud­
ing that in a given subject the difference between the lowest and 
highest hemoglobin content observed during the same day may 
amount to 20 to 30 per cent of the average content.”  Peters and 

Van Slyke conclude: “ The fact that a difference of 10 per cent 

between maximum and minimum hemoglobin content in a day 

is common, and that greater variations can readily occur, indi­

cates the caution that must be used in interpreting single observa­
tions of minor changes or deviations from usual normal levels.”

McCarthy and Van Slyke (4) in 1939 studied eighteen young 
men for hemoglobin changes during the day using the carbon 

monoxide capacity method. The greatest change reported was 

1 1  per cent of the mean for the day. They state that values were
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usually lower during the P.M. than the A.M ., but that changes 
were inconstant. This is in accord with our initial findings.

In 1945 Mole (5) reported an analysis of the data published by 
McCarthy and Van Slyke. He showed an average fall of about 
4 per cent in hemoglobin between 9 A.M . and 11  P.M., but that 
the changes which occurred between 9 A .M . and 5 P.M. (the 
working day) were not statistically significant. A ll of our tests, 
with the exception of one small group, have been made between 
9 A.M . and 5 P.M.

In 1945 Johnson, et al. (6) reported that the average hemo­
globin value for twelve men was 0.6 gm. lower at 7:30 P.M. than 
at 7  A.M . on one day, but on two other days the averages at 1 
P.M. and 3  P.M. were about the same as at 7  A.M .

The studies mentioned above were on very small groups. The 
apparent instability of hemoglobin level, if true, could markedly 
interfere with our program of therapeutic testing unless better 
understood by us. Therefore, in order to get more specific infor­
mation on large groups, we made it routine to test each indi­
vidual both morning and afternoon. On a few individuals we 
have made tests throughout the course of the day. The results of 
these tests are described herein.

Comparison of M orning and A fternoon H emoglobin V alues

The results of morning and afternoon hemoglobin determina­
tions on 651 individuals are shown in Table I for six different 
groups. Most of the tests were done during the usual school day, 
i.e., between 9 A.M . and 3 P.M. Hemoglobin determinations on 
these six groups were done with four different “reading”  instru­
ments, including two photoelectric colorimeters of the alternating 
current type, one of the battery type, and one color block with 
prismatic glass standard. A ll were calibrated. Within a given 
group, the same colorimeter was used for the morning and after­
noon tests. The same calibrated 20 cu. mm. pipet was used for
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A .M . and P.M. tests. The A.M . and P.M. readings of each indi­
vidual were made in the same glass tube, and were made under 
as nearly identical conditions as possible. Details of the method 
have been described by the authors (7).

For each of the six groups the average hemoglobin level is 
lower in the afternoon than in the morning. This is true for both 
males and females, and there is little difference by sex for those 
in the same group. The average differences between morning 
and afternoon levels vary from 0.5 gm. to 1.0 gm.

Individual differences between morning and afternoon vary 
widely. While the majority have shown a drop in the afternoon 
value, some individuals have shown a gain of as much as 1.6 gms. 
The numbers in each group with an increase in the afternoon, 
with no change, and with a decrease in the afternoon are shown

362 The Milhank Memorial Fund Quarterly

Table i. Mean hemoglobin values in the morning and in the afternoon for several 
groups of children and of adults examined in Florida.

No. 
of Sub- 

jects

Males F emales

Color­
Age

Range

Mean Hb. Diff .
A.M .-
P.M .

Mean Hb. Diff.
A.M .-
P.M.Group

i m e t e r
Used M F A.M . P.M. A.M . P.M .

Group A Battery
Lumetron 11- 16 72- 57 12..9 21*9 1.0 12..4 11.5 0.9

Group B Glass
Standard 6-18 133 119 12..7 12..2. 0.5 12..1 11 .6 0.5

Group C Battery
Lumetron 6-141 42 56 11.5 II.O 0.5 11.8 11.2. 0.6

Group D Klett-
Somcrson Adults 5 2-7 16.2. 25.6 0.6 23.8 13.2. 0.6

Group E A.C.
Lumetron Adults 16 49 14.2. 232. 1.0 1L.7 12..0 0.7

Group F Battery
Lumetron 12.-19 66 23-4 I2--9 0.5

*In addition to eighty-nine children, there are eight adult women in this group.



in Table 2, and the mean difference and standard error of the 
difference are given. For every group the mean difference is very 
significant statistically.

Readings for Group A , which is composed of 129 seventh and 
eighth grade children, were made with a battery type photoelec­
tric colorimeter. Five children showed no change, n  showed an 
increase in the afternoon, and 1 13  showed an afternoon decrease. 
The greatest increase was 1.6 gms. and the average gain was 0.4 
gms. for those who showed an afternoon gain. The greatest after­
noon drop was 4.5 gms. Fifty-one children, or 40 per cent, showed 
a decrease of 1 gm. or more.
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Table 2. Distributions of differences between morning and afternoon hemoglobin 
values for individuals in six different groups examined in Florida.

Difference

A.M.-P.M.
Grams

T otal

Subjects N umber of Subjects

Num­
ber

Per
Cent

Group
A

Group
B

Group
C

Group
D

Group
E

Group
F

T otal 651 99-9 12.9 z6z 97 32. 65 66

Higher P M .
-1.6-z.o 1 0.2. 1

3 0.5 1 z
-0.6-1.0 *3 z.o z 7 1 1 z
-0.1-0.5 55 8.4 7 3 0 8 z 1 7

No Change 38 5.8 5 11 10 z 3 7

Lower P M .
+0.1-0.5 198 30.4 *9 89 3 i * 4 2-4 Z I
+0.6-1.0 104 3 i -3 50 67 4 i 8 Z I 17
+ 1.1-1.5 95 14.6 zz 42- 6 5 10 10
+1.6-2..0 2-7 4 *1 9 I Z 4. z
+Z.1-Z.5 12. 1.8 10 1 1
+2..6-3.0 2. 0.3 1 1
+ 3 -I-3-5 1 O .Z 1
+ 4 -I-4-5 2. O.3 z

Mean Difference +0.63 +0.91 +0.54 +0.45 +0.59 +0.70 +0.48
Standard Error ±0.02.6 ±0.077 ±0.038 ±0.041 ±0.105 ±0.068 ±0.070
St. Deviation 0.668 0.869 0.609 0.418 o*595 0.546 0.569



The 262 children in Group B were in a consolidated school in­
cluding grades one through twelve. Finger blood was used and 
the hemoglobin determinations were made by diluting 20 cu. mm. 
of blood in a calibrated tube to match a glass standard. A s previ­
ously reported (7) we have found this method quite satisfactory. 
W e have been primarily interested in testing this method since 
many health departments throughout the country are using it. 
On this group the findings are essentially the same as with other 
groups tested by more refined methods. Eighty per cent of the 
children in this group showed an afternoon drop in hemoglobin 
level, the mean drop for the whole group being 0.5 gm. per 
100 cc.

Group C  is composed of eighty-nine rural school children and 
eight women teachers and cafeteria workers in the school. The 
determinations were made with a battery type Lumetron photo­
electric colorimeter and 80 per cent of the group showed a de­
crease in afternoon hemoglobin levels. The mean afternoon drop 
was 0.5 gm. The mean hemoglobin levels both in the morning 
and afternoon were rather low according to any standards. About 
50 per cent of these children were infested with hookworms.

For Group D , composed of thirty-two school teachers includ­
ing five men and twenty-seven women, morning and afternoon 
levels on capillary blood were made with a Klett-Somerson pho­
toelectric colorimeter which had been calibrated to allow thirty 
minutes for acid hematin color development. A ll the men except 
one showed an afternoon drop in hemoglobin level; and their 

mean drop was 0.7 gm. T w o  of the women showed no change 

between morning and afternoon, one showed an increase, and 

twenty-four showed a decrease. The mean afternoon drop for the 

entire twenty-seven women was 0.6 gm.

This group differed from the others in that the first test was 

done one afternoon between two and three o’clock, and the 

morning test was done on the following morning between nine

36 4  The Milbank Memorial Fund Quarterly



and ten o’clock. This sequence was used since there had been 
some question in our minds as to whether the higher levels usual­
ly obtained in the morning might not be due partially to the 
greater apprehension or excitement which most likely would 
occur at the first test. However, in spite of having done the 
afternoon test first, the majority of this group showed a lower 
capillary blood hemoglobin level in the afternoon.

Group E  included sixty-five teachers, forty-nine women and 
sixteen men. The greatest afternoon drop among the men was 
2.2 gms. and the mean difference was 1.0 gm. Every man in the 
group had a lower hemoglobin value in the afternoon. O f the 
forty-nine women, two showed an increase during the afternoon, 
three showed no change, and forty-four showed a decrease, the 
greatest decrease being 2.0 gms. and the mean 0.7 gm. The morn­
ing tests were done between 10 and 12  o’clock and the afternoon 
tests between 2:30 and 4:40. The determinations were made on 
an alternating current type Lumetron photoelectric colorimeter 
which was calibrated for a five-minute color-development period 
for acid hematin.

The sixty-six high-school boys who comprise Group F  were 
members of three football teams and they were tested with a bat­
tery type photoelectric colorimeter, as were Groups A  and C. 
These boys were used as subjects for special tests to obtain data on 
the effect of exercise on hemoglobin levels and these data are dis­
cussed below. Values used for Tables 1 and 2 are from determi­
nations made before exercise in the morning and in the after­
noon. This Group shows results similar to those obtained for the 
other Groups.

H emoglobin Changes T hroughout the D ay

A ll of the tests discussed above were done once in the morning 
and once in the afternoon, the actual times being quite variable. 
W e felt that a small group should be tested several times during
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the day using both venous and capillary blood. For this purpose, 
twenty-four college girls, aged 18 to 26, volunteered for five veni­
punctures and five finger pricks during a single day. Data for 
three girls are omitted 
because one girl missed 
the late afternoon test, 
another missed the eve­
ning test, and the third 
fainted immediately af­
ter the venous blood 
sample was drawn at 
the two o’clock test and 
her hemoglobin level at 
this test was much 
lower than that for any 
of the other tests. Du­
p lica te  or trip lic a te  
hemoglobin tests were 
done on each venous 
and capillary blood 

sample. The acid hem- 
atin method was used 
and the readings were made with a battery-type Lumitron photo­
electric colorimeter.

The twenty-one girls for whom average hemoglobin values are 
shown in Table 3  are divided into two groups. For one group, the 
hours at which tests were made were as follows: between 6:30 
and 7:30 A.M . except for one test at about 8 o’clock, between 
9:30 and 10:30 A.M ., between 1:30 and 2:30 P.M., between 3:30  
and 4:30 P.M., and between 7:30 and 8:30 P.M. except for one 
test at about 9 o’clock; for the second group, the tests were made 
at the following hours: between 7:30 and 8:30 A.M ., between 
11:30  A.M . and 12:45 P-M. except for one test at 1 1  o’clock, be-
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Table 3. Average hemoglobin values at dif­
ferent hours of the day for college girls tested 
five times during one day on both a venous 
and capillary blood specimen at each test.

Time of Test 
(Approximate)

Capillary 
Hemoglobin 
Mean Gms.

Venous 
Hemoglobin 
Mean Gms.

1 1  Subjects:
7 A.M . 12-73 n .43

10 A .M . 11.80 11.6 7
1P .M . 11.87 11.87
4 P.M . 11.68 11.89
8 P.M . 11 .0 1 11.93

Average for Day 11 .1 1 1 1 .16

10 Subjects:
8 A .M . 13.15 11.77

iz  Noon 11.79 11.83
3 P.M. 12..13 1 1 . 1 1
5 P.M . 11.79 11.74
9:30 P.M . 12..2.7 1 1 .16

Average for Day n .4 3 11.34
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Fig. 1. Diurnal variation in hemoglobin levels of twenty-one college girls tested 
five times in one day. Average grams of hemoglobin per 100 cc. of whole blood for 
eleven girls tested at approximately the same hours and for another group of ten 
girls tested at approximately the same hours.

tween 2:45 and 3:30 P.M., between 4:45 and 5:45 P.M., and be­
tween 9 and 10 P.M. except for one test at 8 o’clock. Average 
values for each group for both venous and capillary blood at the 
five examinations are shown in Figure 1.

The curves for venous and capillary blood show a distinct 
tendency to be parallel. However, early in the morning, mean 
hemoglobin levels for capillary blood were somewhat higher2 
than those for venous blood. The principal drop in hemoglobin 
values, in both capillary and venous blood, occurred between the 
10 and 2  o’clock tests and between noon and 3 P.M. The values 
continued low or showed a further slight decline in the late 
afternoon. The average evening values at 8 o’clock on venous 
blood are the same as in the afternoon, but on capillary blood a 
slight but significant increase over the 4 o’clock average is shown

9 For the 105 hemoglobin determinations on both venous and capillary blood, the mean 
difference is 0.07 ± : 0.04 gm., and the difference is not significant. At the early morning 
test, much higher capillary than venous values were obtained for three subjects, the 
differences being 1 .3 ,1 .4 ,  and 1.8 gms.; no other differences exceeded 0.9 gm.



(P. is .02-.05). The average values at 9:30 P.M. on both venous 
and capillary blood are significantly higher than at 5 o’clock.

Most of the individual curves corresponded in general with the 
group pattern. Six of the eleven girls had their minimum capil­
lary value at 4 o’clock, four at 2  o’clock, and one had the same 
minimum value at 2 and also at 4 o’clock; on venous blood, nine 
of the eleven girls had a minimum value at either 2  or 4 o’clock 
but two of them had a minimum value at 8 o’clock. In the other 
group of ten girls the capillary value was at a minimum at 5  
o’clock for eight and at 3 o’clock for two; the venous value was 
at a minimum at 5 o’clock also for eight, at 3  o’clock for one girl 
and at 8 A.M . and 10 P.M. for one girl.

The five greatest differences in capillary blood during the day 
were 1.6, 2.0, 2.0, 2.1, and 2.9 gms. The five greatest drops in 
venous blood hemoglobin were 1.5, 1.6, 1.7, 1.8, and 2.1 gms. 
A ll represented differences between morning and afternoon. 
These changes in both capillary and venous blood show very def­
initely that, under the conditions of this experiment, blood hemo­
globin is quite variable during the day. One hemoglobin deter­
mination on an individual, even when carefully and accurately 
made, may give results quite different from another determina­
tion made at some other time.

Five determinations during the day, of course, greatly increase 
the chance of getting blood samples near the maximum and min­
imum hemoglobin levels as compared with taking only two sam­
ples during the day. This would account for the higher percent­
age of the twenty-one college girls showing greater changes in 
hemoglobin levels during the day than did any other group. It 

seems likely that actual differences between the morning maxi­

mum and the afternoon minimum may be greater than shown 

by the mean differences observed when only two tests are done, 
since the chances are against getting the two samples at the exact 

times that these extremes occur in the blood stream.
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Fig. 2. Average hemoglobin levels before and after exercise for tests made in the 
morning and again in the afternoon on sixty-six high school boys classified accord­
ing to age.

E ffect of Several F actors on H emoglobin L evel

In order to check certain factors which are thought or known 
to produce fleeting changes in hemoglobin level, on limited 
groups we have recorded pulse rates at the time the blood was 
taken, made tests before and after exercise, and tested individuals 
who skipped the mid-day meal.

"Excitement ”  W e have observed repeatedly that individuals 
coming up for blood tests, although attempting to appear calm, 
actually may be quite excited. Excitement is said to increase the 
blood hemoglobin level ( ( 1 ) ,  p. 557)- To  check this on a larger 
scale, we took pulse rates on several hundred children and adults 
at the time the morning and afternoon blood specimens were be­
ing taken. In a typical group of 361 children, pulse rates averaged 
104 both in the morning and in the afternoon. There seemed to 
be no correlation between pulse rate as such and temporary 

hemoglobin level.
“Exercise.”  Figure 2 shows the finger blood hemoglobin levels



of sixty-six high school boys before and after exercise, both 
morning and afternoon, by age groups. There was an increase 
in the “ resting” hemoglobin level with age, which is to be ex­
pected for boys of high school age. A s previously shown (Group 
F , Tables i and 2), resting levels are lower in the afternoon and 
this is consistent for the different age groups. The exercise con­
sisted of a ten-minute trot on a cinder track followed by a one- 
minute rapid sprint.

After exercise, the average hemoglobin level was higher than 
before exercise both for the morning tests and the afternoon 
tests. The mean difference for the total group in the morning is 
0.39 gm. and in the afternoon is 0.66 gm .; both of these differ­
ences are statistically significant. A  greater elevation in hemo­
globin after exercise for the afternoon tests is consistent for each 
age group, and the greater increase in the afternoon than in the 

morning is statistically significant.
The distribution of individual differences between resting
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Table 4. Individual differences between hemoglobin values obtained before and 
after exercise from tests made in the morning and the afternoon on sixty-six boys 
ages 12-19  years.

Difference 
(After Ex.-Resting) 

Hb. Gms.

M orning  T ests A fternoon T ests

Number Per Cent Number Per Cent

T otal 66 9 9 -9 66 ICO.O

-0.6-1.0 1 3.0 1
-0.1-0.5 8 1 1 .1 1 3.0
No Change 10 I 5 -2- *T 6.1
+0.1-0.5 1 1 33-3 17 15.8
+0.6-1.0 10 30.3 33 50.0
+ 1 .1 - 1 .5 1 3.0 7 10.6
+1.6-L. 0 0 1 i -5
+ 1 .1 - 1 .5 1 3.0 1 i -5

Mean Difference +0.39 +0.66
St. Error ±0.070 ±0.059
St. Deviation 0.566 0.479



hemoglobin values and after exercise values is shown in Table 4. 
In the morning ten subjects showed a drop after exercise and 
ten showed no change, leaving forty-six, or 70 per cent, that 
increased. In the after­
noon, only three cases 
showed a decrease after 
exercise, four showed 
no change, and fifty- 
nine, or 89 per cent, 
showed an increase.
The maximum increase 
in the morning was 2.4 
gms. and in the after­
noon was 2.5 gms.

H em o g lo b in  ele­
vations of venous blood 
following the type of 

exercise m en tion ed  
above are shown in 
Figure 3 for seventy- 
eight boys 12  years of age or older. A t each age, the average 
hemoglobin level after exercise is higher than before exercise. 
The increase with exercise is 0.2 to 0.5 gm. for the different age 
groups.

“Effect of Mid-Day Meal ”  W e have not as yet studied this 
factor on a large scale but have merely observed that individuals 
who skipped the mid-day meal, for one reason or another, 
showed no trend in hemoglobin values different from those who 
had a large one. This is now being studied on larger groups.

“Temperature.” Most of our work has been done either in 
school buildings or in a trailer-laboratory. Thus it has not been 
possible to control the temperature. Study of our data seems to 

show a slight trend toward less afternoon drop in hemoglobin
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Fig. 3. Average hemoglobin levels before and 
after exercise for seventy-eight high school boys 
classified according to age. Grams of hemoglobin 
per 100 cc. of venous blood.



level when the weather was unusually cool in the afternoon. 
This, however, is a very preliminary observation. Plans are under 
way to study this more specifically on a group of college students. 
W e have arranged to use the facilities of a cold storage plant hav­
ing large rooms maintained at different temperatures.

Sum m ary

Data on morning and afternoon hemoglobin determinations 
are presented for 651 adults and children. These show appreciable 
variation during the day and the majority of individuals tested 
show lower levels in the afternoon. This was found for deter­
minations on venous and on capillary blood.

Twenty-one college girls were tested five times during the day 
from 7  A.M . to 10 P.M. for hemoglobin values on both venous 
and capillary blood. The highest values obtained were in the 
morning for every subject and the lowest were between 2  and 5  
o’clock in the afternoon with the exception of three subjects for 
whom venous values, but not capillary, were lowest at 8 to 10 
P.M. There was a significant tendency for values to rise in the 
evening above the afternoon minimum value.

Aided by grants from the Milbank Memorial Fund, the Williams Waterman Fund for 
the Combat of Dietary Diseases, and the Nutrition Foundation.

R e f e r e n c e s

1 .  Peters, John P. and Van Slyke, D. D.: Q u a n t i t a t i v e  C l i n i c a l  C h e m i s t r y , I. Inter­
pretations. Baltimore, The Williams & Wilkins Company, 19 3 1, p. 549.

2. Dreyer, G.; Bazett, H. C.; and Pierce, H. F.: Diurnal Variations in the Hemoglobin 
Content of the Blood. Lancet, 1920, 2, p. 588.

3. Rabinovitch, I. M.: Variations of the Percentage of the Hemoglobin in Man During 
the Day. Journal of Laboratory and Clinical Medicine, 1923-1924, 9, p. 120.

4. McCarthy, E. F. and Van Slyke, D. D.: Hemoglobin Diurnal Variation. Journal of 
Biological Chemistry, 1939, 128, pp. 567-572.

5. Mole, R. H.: Diurnal and Sampling Variations in the Determination of Hemoglobin. 
Journal of Physiology, London, June, 19 45 ,104 , pp. 1-5.

6. Johnson, R. E.; Henderson, C.; Robinson, P. F.; and Consolazio, F. C.: Comparative 
Merits of Fasting Specimens, Random Specimens, and Oral Loading Tests in Field Nutri­
tional Surveys. Journal of Nutrition, August, 1945, 30, No. 2, pp. 89-98.

7. Wilkins, Walter and Blakely, Ruth: Rapid Hemoglobin Determinations on School 
Children. Journal of School Health (in Press).

372 The Milbank Memorial Fund Quarterly


