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R ECENT observations indicate that the adrenal cortex has a controlling in-

fluence on certain elements of the peripheral blood. The present study re-

views the blood picture in ioo cases of Addison’s disease to determine the effect of

a deficiency of adrenal cortical hormone upon the blood picture.

MATERIAL

Hematologic data were obtained from the hospital records of 100 patients in whom the diagnosis of

adrenal insufficiency seemed definitely established. In the 2.2. patients examined at autopsy there was either

atrophy or tuberculous involvement of the adrenals. Among the remaining 78 there was increased pig-

mentation in all but 2.. Estimation of the urinary ketosteroids were performed in one-half of these patients

and found to be reduced in all cases. In the 63 patients to whom specific therapy was given, the response

to treatment was clear cut. Arterial hypotension, heart size, and calcified adrenals by x-ray supplied

confirmatory evidence.

ORGANIZATION OF DATA

Patients were divided into three groups:

Group I Group 11 Group 11!

2.8 patients 63 patients 9 patients

Average age 43 years 40.5 years 43 years

No specific therapy Under replacement therapy, either de- Studied before and immedi-

soxycorticosterone or adrenal cor- ately after treatment

tical extract

Age distribution for the ioo patients showed 4 in the second decade, i6 in the third, 2.2. in the sixth

and 9 in the seventh. Tuberculosis was considered the causative agent in 42. per cent, whereas �8 per cent

were thought to be nontuberculous. In Group I (without treatment) there were i6 tuberculous versus

12. nontuberculous patients; in Group II there was a predominance of 41 nontuberculous to 2.2. tuberculous

patients. The average duration of symptoms of patients in Group I before admission was eight months;

subsequent life span was short and frequently complicated by infection. Group II consisted of patients

under treatment who had had symptoms over an average of 4.9 years.

LEUKCOCYTE CHANGES IN ADDISON’S DISEASE

Lymphocytosis and neutropenia as well as a general increase in lymphoid tissue

have been repeatedly observed in Addison’s disease.’ The recent work of Dougherty

and White2 and others has demonstrated that adrenal steroids control to a consid-

erable extent the circulating lymphocyte level and mass of lymphoid tissue.

Reifenstein and Aibright’ have compared the difference in basal bJood picture in

Addison’s disease and Cushing’s syndrome and attributed this to the level of adrenal

function. In view of these observations and the information obtained by direct

stimulation of the adrenal cortex in man, it was of interest to examine more

thoroughly the blood of patients with hypoadrenalism to determine what abnor-

malities might be present not only under basal conditions but under stress condi-

tions as well.

From the Medical Clinic, Peter Bent Brigham Hospital, l�ston, Mass.
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The most marked alteration in the leucocyte picture was found in those patients

under maintenance treatment (Group II), probably attributable to the longer dur-

ation of hypoadrenalism. Leukopenia (white cell count below �,ooo/cu. mm.) was

observed in 2.1 per cent of the patients in this group. Lymphocytosis and neutro-

penia was observed in about one-half of the patients (table i).

There was no significant difference in the level of circulating eosinophiles by

direct count in twenty Addisonian patients from a control group.* There was, how-

ever, an eosinophilia (eosinophiles over � per cent) in 14 per cent of the patients

in Groups I and II by smear. Although io patients had allergic histories, only 2.

of these had associated eosinophilia. Allergy usually antedated the Addison’s

disease and with the exception of one patient with urticaria, all patients showing

sensitivity phenomena had adrenal insufficiency of the nontuberculous origin.

It has been shown that adrenal stimulation by pituitary adrenocorticotrophic

hormone or a variety of stress conditions produces neutrophilia, lymphopenia and

a decrease in eosinophiles in the patient with normal adrenal function.4 Adreno-

corticotrophic hormone does not produce these changes in the Addisonian. The

same should be true of stress reactions, either infection or crisis, assuming the

hematologic change of stress to be mediated through the adrenal cortex. The blood

TABLE ,.-Relative Lymphocytosis

over 4O’� of
over �‘ total \�BC

Group I (2.8 patients) 35 i6

Group 11(63 patients) 68 48

picture in tuberculous versus nontuberculous Addisonians was identical except for

a slight neutrophilia in the former (table 2.). The changes in crisis and infection

are likewise insignificant except for some decrease in eosinophiles (tables 3 and 4).

The absolute lymphocyte count remains remarkably constant and leukocytosis is

suppressed. It is evident that the usual leucocyte response to stress is lost in hypo-

adrenalism.

As an explanation for the drop in eosinophiles, it would seem likely that the

stress reaction produces a stronger stimulus for oxysteroid excretion by the adrenal

than did the single injection of adrenocorticotrophic hormone. Repeated doses of

ACTH have produced in Addison’s disease a depression of eosinophiles when single

doses have failed. The eosinophile is by far the most sensitive of the blood ele-

ments in its response,4 and since no change occurred in the other elements we might

suppose that adrenal excretion was very slight. The adrenocortical extract given

in treatment of the crisis, in some instances, may have contributed to the response.

There was no recognizable effect of the maintenance treatment given on the

white cell picture. Patients in Group II were carried for the most part on desoxy-

* These data may be found in tables x and 2., ‘Changes in Circulating Leukocytes Induced b Pituitary

Adrenocorticotrophic Hormone (ACTH) in Man,” by Hills, A. G., Forsham, P. H., and Finch, C. A.;

See Blood, this issue, pp. 756, 760.
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Group I

Tuberculous

Nontuberculous

Group II

Tuberculous

Nontuberculous

B

0.2.5

0.5

0.4

0.3

2.540

2.52.0

2.550

2.650
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* Whole adrenal cortical extract in oil (Upjohn Company).

corticosterone by injection or by pellet implantation. As previously described, the

changes in the blood picture in this group were actually more pronounced than in

patients before the advent of specific therapy. Daily maintenance dose of adrenal

extract (� cc. Eschatin) and small amounts of Lipo-Adrenal Cortex* did not change

TABLE 2.

WBC P L M E

8640 60.4 7.9.4 7.7 2.05

7700 54.9 32.7 7.8 3.9

667.0 52..5 38.5 5.5 3.3

6380 51.3 41.6 3.9 2..9

TABLE 3 .-Effect of infection on the Blood Picture in Addison’s Disease

Absolute
lymph
count

I
WBC P

Group I

Infection-9 patients

Temp. Ioo#{176}orover 7455 �8

No infection-i9 patients 9066 6o

Groups II and Ii!

Infection-6 patients

Temp. ioo#{176}orover 6191 52.

No infection-66 patients 67.90 5�

L

34

2.6

39

39

M

7

9

7

5

E

I

4

I

4

B

i

I

I

Absolute
lymph
count

2.535

2.357

2.404

2.453

TABLE 4.-Blood Picture in Patients with Crisis

Average of Ten Cases

WBC P L M
.�

Baseline 6040 45 43 6

Uncontrolled crisis 7835 �6 35 6

Crisisduringtreatment 7140 62. 30 4.6

After crisis, still on treatment 62.40 47 43 3.4

E

�

2..9

3.2.

6.o

Absolute
B lymph

count

i 2.640

0,1 2.740

0.7. 2.240

o.6 2.680

the blood picture. It has been found4 that single doses up to 30 mg. of desoxycorti-

costerone have no effect on the blood picture while 2.0 mg. of Compound F (Ken-

dall) results in definite eosinophile and lymphocyte alterations four hours after

administration. It seems evident that only appreciable amounts of corticosteroids

with the oxygen on C11 and C17 have the capacity to produce hematologic changes.
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ANEMIA OF ADDISON’S DISEASE

It is frequently difficult to estimate the degree of anemia in Addison’s disease

because of the variations in plasma volume characteristic of this disease. However,

in a group of stabilized patients there was an average hemoglobin of 13.35 grams

per cent. In several patients with hemoglobins of ii to 13 grams, liver and iron

therapy did not affect the degree of anemia. On the other hand, an abrupt change in

blood volume, as followed treatment in Group III, results in a temporary hemoglo-

bin depression followed by reticulocytosis and return of the hemoglobin to almost

precisely the same level as was present before treatment. It would thus appear that

with the general metabolic disturbance of Addison’s disease, the circulating hemo-

globin is set at a lower level.

TABLE 5

Hgb gm/tOO cc Avg. Range

Group 1

Men 14.2.
13.2. 9.4t018

Women ii.6

Group II

Men 03.4
13.3 9.1t017

Women 03.3

TABLE 6

Hgb/gm Hct Rbc

Group Ill

Before treatment 03.7 41.6

After treatment 20.7 32.5

5.1

3.8

Averages, � decrease

The anemia found in Addison’s disease is normocytic and normochromic. In

40 patients of Group II, the average mean corpuscular volume was 92. cubic micra;

mean corpuscular hemoglobin 32. micra micrograms; and mean corpuscular hemo-

globin concentration was 34.8 per cent. In a small series in which careful cell

measurements were made, the same normal cell indices were found. There was no

difference in the degree of anemia between tuberculous and nontuberculous pa-

tients. In Group I, there was a sex difference not seen in Group II. This might

suggest that in the first group, due to the short duration of the illness, the pre-

existing sex difference was maintained, and that in Group II this difference had dis-

appeared.

The values for formed elements of the blood in untreated Addison’s disease are

deceptive because of the markedly contracted blood volume (table �). Some of the

patients, just as do experimental animals in crisis, showed elevated levels of hemo-

globin.5 The actual change in blood volume following treatment may be estimated
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from the hematocrit; for during this short time the red cell mass may be regarded

as relatively fixed, and fall in hematocrit will be proportional to the increase in

plasma volume.* This change averaged over 2.0 per cent in the � patients of Group

III, and, as was to be expected, was somewhat greater than that occurring in nor-

mal subjects on the same 6

The anemia may be estimated to be about 2.0 per cent more severe in the un-

treated group than in treated patients on the basis of our findings in Group III.t This

is consistent with the concept that here the bone marrow responds to the relative

concentration of hemoglobin in the blood rather than the total cell mass.

There was no evidence ofincreased blood destruction. Total bilirubin determina-

tions ranged between .i8 and .59 mg. per ioo cc. in i6 patients with an average of

.33 mg. per cent. In 4 patients, radioactive iron was injected intravenously and the

rate measured at which the tagged iron was incorporated into new red cells.7 The

iron utilization for hemoglobin production was only slightly less than normal over

a period of two to three weeks. Serum iron was also within normal limits.

SUMMARY

The blood picture of ioo patients with Addison’s disease was analyzed. Under

basal conditions, there was a tendency toward lymphocytosis and neutropenia.

Under stress, the blood picture remained fixed. The impaired ability of those pa-

tients to show leucocytosis and lymphopenia is attributable to their impaired

adrenal function. While large doses of desoxycorticosterone and maintenance doses

of adrenal extract had no effect on the blood picture, 17-oxysteroids produce both

neutrophilia and lymphopenia. The anemia present in Addison’s disease is normo-

cytic and normochromic.
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* There are probably changes in cell volume due to change in osmolar concentration of intra- and

extracellular fluid which cannot be evaluated from the present data. That these changes are not great is

shown by the parallel fall of hematocrit, hemoglobin and red count.

t Although average hemoglobin of Group I was 13.7., in Group II 03.3, we can assume a 2.0 per cent

drop following treatment in Group I. This has been observed to be followed by a reticulocytosis and

return to the initial level.
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