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THE INFLUENCE OF THE THYROID ON ADRENALCORTICAL
FUNCTION
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(From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health,
Bethesda, Md.)

(Submitted for publication October 29, 1957; accepted December 17, 1957)

The evidence is quite conclusive from animal
studies that an excess of circulating thyroid hor-
mone results in adrenal enlargement, and hypo-
thyroidism produced by surgical thyroidectomy or
by administration of antithyroid drugs results in
adrenal atrophy. This subject has been exten-
sively reviewed by Money (1). Studies of adrenal
size in patients with thyroid disease coming to
autopsy have yielded conflicting reports. Means
(2) reported no change in adrenal size in hyper-
thyroidism, Marine (3) and LeCompte (4) re-
ported a decrease in size of the adrenal, and Holst
(5) found enlarged adrenals in some patients with
hyperthyroidism. Berkheiser (6) reported an ad-
vanced case of hypothyroidism, with atrophy of the
adrenals and lipoid depletion.

Measurements of adrenal size may not, how-
ever, always represent a completely satisfactory
"yardstick" for evaluation of adrenal cortical secre-
tory activity (7, 8). In the past few years, sev-
eral investigators have reported measurements of
various plasma and urinary steroid fractions in
hyper- and hypothyroidism in man. Several in-
vestigators have reported on the levels of free
urinary corticoids (9-12) in hyperthyroidism, and
in myxedema (9, 10). Because of the relatively
nonspecific methods of assay used these data are
difficult to interpret. Urinary 17-ketosteroids
have usually been found to be low in both hyper-
and hypothyroidism (9-18). Plasma 17,21-di-
hydroxy-20-ketosteroids have been reported to be
normal in these diseases (19-21). Guinea pigs,
which excrete a large fraction of the cortisol me-

tabolites as free 17,21-dihydroxy-20-ketosteroids,
show an increased excretion of free urinary corti-
coids after administration of thyroxine (20). In
patients with clinical myxedema, the urinary level
of the total free and glucuronide conjugated 17,21-
dihydroxy-20-keteosteroids has been found to be
decreased, whereas in hyperthyroidism the level

of these urinary steroids is either normal or slightly
increased (20).

Thyroidectomized rats (22) and cats (23) are
reported to survive adrenalectomy better than ani-
mals with an intact thyroid, and administration of
thyroid to the adrenalectomized cats produced
sudden death of the animals. Also, in patients
with Addison's disease, acute adrenal cortical fail-
ure may be precipitated if thyroid hormone is ad-
ministered (24, 25). Primary myxedema has
been observed in which the presenting findings
were those of adrenal cortical insufficiency, and
adrenal function returned to normal following
thyroid hormone therapy (26).

With the advent of new and improved methods
for the measurement of certain of the adrenal
cortical hormones, and the availability of cortisol-
4-C14, it has become possible to further study the
relationship of the thyroid hormone to adrenal
cortical function. These techniques have been ap-
plied to a study of the rate of degradation and the
rate of synthesis of cortisol in myxedema and thy-
rotoxicosis, before and after therapy. In this
manner, much new information has been gained
regarding the state of activity of the adrenal cor-
tex in these diseases.

MATERIALS ANDMETHODS

Eight patients with the classical symptoms, signs, and
laboratory findings of thyrotoxicosis (Grave's disease)
and seven patients with findings typical of primary myx-
edema 1 served as the subjects of these studies. All the
patients had hypo- or hyperthyroidism of moderate se-
verity. Diagnoses were established on the basis of the

1The diagnosis of hypopituitarism would appear to
have been ruled out on the basis of the following: 1)
normal plasma cortisol levels, 2) return of the urine
corticosteroid levels (A. A., M. H., G. B.) and cortisol
turnover rates (M. H., H. A., A. A., G. B.) to normal
following treatment with dessicated thyroid, and 3) nor-
mal adrenal response to corticotropin in Patients W. C.
and M. L.
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clinical picture, basal metabolic rate, thyroid uptake of
P", serum cholesterol, and serum protein-bound iodine.
One normal subject was studied prior to and during the
four week period following the administration of tri-
iodothyronine (300 ,ug. per day) to induce a hyperthy-
roid state.

Plasma cortisol and urinary corticosteroids were de-
termined by the modified (27, 28) procedure of Silber
and Porter (29). Urinary 17-ketosteroids were deter-
mined by the Zimmermann procedure modified from the
Holtorff and Koch method (30).

The steroids for intravenous administration were dis-
solved in ethanol and diluted to 300 or 500 ml. with 5
per cent dextrose in water to a final alcohol concentra-
tion of approximately 5 per cent. Following rapid infu-
sion of the steroids, plasma samples were collected and
assayed. The rate of disappearance of the steroids was
expressed as a biologic half-time. Cortisol was assayed
by the modified Silber-Porter procedure. The speci-
ficity of this assay procedure for cortisol in plasma fol-
lowing infusion of cortisol has been evaluated by isotope
dilution (28) and found to be good. Cortisone and corti-
costerone were assayed by an isotope dilution method,
since the phenylhydrazine assay for cortisone (31), and,
to a lesser extent, the fluorometric assay for corticos-
terone (32), were not found to be specific for the de-
termination of these steroids in plasma following their
infusion. Urine cortisol concentration following the infu-
sion of cortisol was also determined by the isotope dilu-
tion procedure.

The rapidly exchangeable miscible pool of cortisol and
the rate of turnover of the pool 2 were determined by the
previously described method (33). Two hundred to
300 l'g. of cortisol-4-C' (10 to 20 per cent of the pool
size) were injected over a two to three minute period at
9:00 a.m. Plasma samples were collected every 30 min-
utes for the next three hours for measurement of the
specific activity of cortisol.

RESULTS

Table I lists the plasma cortisol and urinary
corticosteroid and 17-ketosteroid levels in the
patients studied. The plasma cortisol level was
found to be slightly elevated in one patient (G. B.)
with untreated myxedema. In two patients with
untreated hyperthyroidism, low values were found
(D. Y., B. M.). In some of the subjects, de-
terminations were made during the myxedematous
or thyrotoxic period and again several months (3
to 12 months) following therapy; however, sig-
nificant changes were not usually observed. The

2 Turnover rate is defined as the quantity of newly syn-
thesized cortisol added to the miscible pool, presumably
by the adrenals, per unit time. The miscible pool is de-
fined as that body of cortisol whose mixing is rapid rela-
tive to its turnover.

patients with myxedema were treated with desic-
cated thyroid (90 to 180 mg. per day). The pa-
tients with hyperthyroidism were treated with
propylthiouracil (100 to 300 mg. per day), or with
methimazole, except for Patient C. M., who re-
ceived a therapeutic dose of radioactive iodine (4
mc.). D. B. was a normal subject made hyper-
thyroid by administration of triiodothyronine for
four weeks.

All of the subjects with thyrotoxicosis had low
levels of 17-ketosteroids in the urine. Normal
subject D. B. showed a decline in excretion of 17-
ketosteroids after the fourth week of therapy
with triiodothyronine. All of the subjects with
myxedema had a decreased urine 17-ketosteroids
output, and the urine steroid level rose slightly
following therapy with thyroid.

In the patients with thyrotoxicosis, the urinary
corticoid levels were clearly elevated in D. Y. and
B. M. In Patients B. D., C. M., and R. W. (fe-
males), the urinary corticoid levels were only
slightly above the normal range of 4 to 10 mg. per
day for females. No elevation of urinary corti-
coids occurred in the normal subject (D. B.)
until the third week of treatment with triiodothy-
ronine. All of the subjects with myxedema had
urine corticoid levels below normal, and these re-
turned to normal following therapy with thyroid.

Cortisol (100 to 200 mg.) was infused into eight
subjects with thyrotoxicosis and five patients with
myxedema (Table I). Figure 1 shows the curves
of disappearance of cortisol from the plasma of a
normal subject, and a patient with hyperthyroid-
ism, and one with myxedema. In the hyperthyroid
group, the infused cortisol was removed from the
plasma at a greatly accelerated rate, except in the
case of Patient V. H. This subject had a moder-
ately enlarged liver and minimally abnormal liver
function tests. In all but one of the patients
(M. H.) with myxedema, there was a delayed
disappearance of cortisol from the plasma. In
both groups, following appropriate therapy for
the thyroid disorder, the plasma disappearance
rates of the infused cortisol returned toward the
normal range.

The metabolisms of infused cortisone and corti-
costerone were found to be altered in the same
direction as cortisol (Table I). .

The urinary concentration of cortisol was de-
termined in three patients (D. Y., R. W., and
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TABLE I

Plasma and urine steroid levels and biologic half-times of infused steroids

Urinary steroids Biologic half-times* (hrs.)

Plasma 17-Keto-
cortisol Corticoids steroids F E B

lig. % mg./day

Hyperthyroidism
V. H. 9 untreated 15 1.83 0.53
E. S. 9 untreated 11 1.0 0.67
B. D. 9 untreated 8 12.0 5.0 0.92 0.27
C. M. 9 untreated 18 11.2 4.7 0.63

myxedema 15 k2.6 3.3 2.15
treated 15 4.0 4.0

D. Y. c' untreated 3 25.0 0.67
treated 13

R. W. 9 untreated 11 10.9 3.6 0.92
W. C. 6' untreated 13 7.5 7.5
B. M. 9 untreated 4 28.0 5.5 0.83 0.20 0.67

treated 14 7.8 10.5 1.83 1.33
D. B. e T-3t 8 22.0 15 1.16

control 22 12.0 25 1.83

Myxedema
N. F. 9 untreated 21 2.5 1.8 3.25 0.92
A. A. 9 untreated 19 2.8 3.5 2.35 2.35

treated 20 8.5 4.5 1.50 1.43
W. C. 6' untreated 18 5.0 8.8
M. H. 9 untreated 11 2.5 3.0 1.83 0.60

treated 13 6.2 5.2
M. L. 9 untreated 9 2.2 2.3 2.60
H. A. 6' untreated 11 3.5 3.1
G. B. 9 untreated 28 2.0 2.5 2.70 0.58 1.83

treated 19 7.0 5.4 1.58

Normals
Range 6-25 9 4-10 9 6-15 1.50-2.00 0.38-0.58 1.16-1.50
Mean, S. D. 1443.5 641.2 101.0 1.83-0.10 0.4540.03 1.33d0.05

c? 4-14 a' 10-25
7 -i1 .5 i154~1.5

* F = Cortisol; E = Cortisone; B = Corticosterone.
t T-3 = Triiodothyronine.

B. M.) with thyrotoxicosis following the infusion
of 200 mg. of cortisol. In all subjects, the urine
cortisol concentration (0.8, 1.0, and 2.0 mg. per
24 hours) was found to be lower than that obtained
in five normal subjects given 200 mg. cortisol in-
travenously (2.5 to 3.8 mg. per 24 hours). In
one patient with myxedema (M. L.), the urine
cortisol concentration in the 24 hour urine obtained
following the infusion of 200 mg. of cortisol was
5.6 mg.

Table II shows the data on the miscible pool of
cortisol and its turnover rate in the patients with
myxedema and thyrotoxicosis. For several of
these patients data are also included for the period
(3 to 12 months) following therapy for the thyroid
disorder. In the normal subject (D. B.), the
control studies were carried out prior to treatment

with triiodothyronine. It may be noted that the
fraction of the pool replaced per hour was much
increased above normal in the hyperthyroid sub-
jects and less than normal in the myxedema pa-
tients. The size of the miscible pool of cortisol in
both the hyperthyroid and myxedema patients was
not greatly different from that found in normal
subjects. Also, in most of the patients studied be-
fore and after therapy the pool did not show a
striking change in size. In Subject D. B., and
Patients D. Y. and B. M. with hyperthyroidism,
both the plasma cortisol and miscible pool of cor-
tisol changed significantly in the same direction
with a change to the euthyroid state.

In Table II the figures listed for milligrams of
cortisol secreted per day may have much less sig-
nificance than those listed for milligrams of corti-
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sol secreted per hour. This results from the fact
that the turnover rate studies cover only a three
hour period of the day (9:00 a.m. to noon).
These figures are, however, included for the bene-
fit of those who may wish to compare them to the
milligrams of urinary corticoids secreted per day
in these same patients.

Figure 2 shows the specific activity curves of
cortisol-4-C0 following the infusion of a trace
quantity of labeled cortisol into Patient C. M.

DISCUSSION

The presence of normal plasma cortisol levels
in most of the subjects with thyrotoxicosis or

myxedema might at first suggest that there is no

alteration in adrenal cortical secretion or rate of
degradation of cortisol. The concentration of
cortisol in the plasma is, however, not always a

reliable index of the state of activity of the adrenal
cortex since the level of cortisol in the plasma is
maintained through the balance of the forces of
production and destruction of the hormone.

The 24 hour urinary steroid assay is essentially

a measure of metabolites of cortisol and is a reflec-
tion of the quantity of cortisol secreted during
a day. This procedure represents, however, a
rather crude index and suffers the following short-
comings: (a) except for a small fraction of free
steroid metabolites, it measures only the fraction
of steroid metabolites of cortisol excreted as ster-
oids conjugated as glucuronides (27); (b) the
steroid glucuronide conjugates in the urine nor-
mally make up only about 60 per cent of the me-
tabolites of cortisol, but only about one-half of the
60 per cent retain the dihydroxy acetone side chain
(27) and thus react with phenylhydrazine in sul-
furic acid and ethanol to form the characteristic
yellow chromophore absorbing maximally at 410
mF; (c) a small but variable fraction of the phenyl-
hydrazine reacting material may be nonsteroidal.

Disappearance of cortisol from the plasma is a
reflection of the rate of catabolism of the hormone
by the liver (27), since only a small quantity is
excreted as unaltered cortisol. With but one ex-
ception, all of the patients with thyrotoxicosis stud-
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TABLE II

Miscible pool and turnover rate of cortisol in thyroid disease

Pool tj* kt Turnover rate
mg. hrs. mg./hr. mg./day

Hyperthyroid
D. B. T-3t 1.2 0.38 1.82 2.26 55

control 2.4 1.30 0.51 1.22 29
D. Y. untreated 1.0 0.28 3.90 3.90 94

treated 3.6 1.07 0.65 1.30 31
C. M. untreated 1.3 0.38 1.82 2.41 58

myxedema 1.2 3.92 0.18 0.22 5.3
treated 1.2 0.83 0.83 1.02 24

B. M. untreated 0.8 0.18 5.75 4.60 110
treated 1.5 0.89 0.72 1.08 26

W. C. untreated 1.8 0.67 1.04 1.91 46
R. W. untreated 1.6 0.61 1.14 1.83 44

Myxedema
M. H. untreated 2.0 9.64 0.07 0.15 3.5

treated 1.4 1.05 0.66 0.94 23
H. A. untreated 1.1 2.08 0.33 0.37 8.8

treated 3.3 1.77 0.40 1.30 31
A. A. untreated 0.8 2.33 0.29 0.23 4.5

treated 1.3 0.55 1.26 1.64 39
G. B. untreated 2.4 4.60 0.15 0.36 8.6

treated 2.0 1.10 0.63 1.25 30
M. L. untreated 1.1 2.64 0.26 0.29 7.0
W. C. untreated 2.2 2.75 0.25 0.55 14

Normals
Range 1.1-2.4 1.0-2.3 0.3-0.7 0.7-1.2 17-29
Mean, S. D. 1.710.2 1.410.2 0.540.1 0.8540.08 2041.0

* tj = Time for the specific activity of plasma cortisol to be reduced by 50 per cent.
t k = Fraction pool replaced per hour.
t T-3 = Triiodothyronine.

ied showed a very significantly increased plasma
clearance (metabolism) of infused cortisol. The
patients with myxedema showed a moderately de-
layed rate of transformation of infused cortisol.

The above observations have previously been
made by Levin and Daughaday (20) and recently
confirmed by Di Raimondo, Sagan, Perloff, and
Forsham (34).

The increased metabolic transformation of cor-
tisol in thyrotoxicosis is not a unique feature of
the metabolism of cortisol since the metabolism of
other compounds, viz., cholesterol (35), may be
similarly altered by an excess of thyroxine. The
specific nature of the defect in the capacity of the
liver to metabolize cortisol in thyrotoxicosis has
not been elucidated; however, there may be an
increase in level of the enzymes or co-enzymes in
the liver required for the biotransformation of
cortisol and many other steroids." The concentra-

3 Crude liver homogenates from rats made thyrotoxic
with thyroxine produce a twofold increase in the rate of
degradation of cortisol when compared to liver homoge-
nates from normal rats (36).

tion of a number of oxidative enzymes is increased
in the liver and other tissues of animals following
the administration of thyroid, and thyroidectomy
is usually followed by a decreased level of these
same enzymes (37). The data obtained on the
rate of metabolism of other steroids (cortisone,
corticosterone) infused into patients with thyro-
toxicosis suggests that there may be an increased
level of many of the enzymes involved in the meta-
bolic transformations of steroids (38).

With the aid of cortisol-4-C14 and utilization of
conventional tracer techniques to study the mis-
cible pool and turnover rate of cortisol, it has been
possible to show that in patients with myxedema,
the rate of synthesis of cortisol by the adrenals
was decreased in the presence of a normal miscible
pool. In thyrotoxicosis the turnover rate studies
showed that the adrenals were producing an in-
creased amount of cortisol in the presence of a

normal miscible pool.
In thyrotoxicosis the increased production of

cortisol in the presence of' eucorticism was in many
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cases reflected by an increase in the concentration
of cortisol metabolites in the urine. Patient W. C.,
however, had a normal urine corticoid level, yet
the calculated value for daily cortisol production
was about twice normal. Also, cortisol turnover
was increased approximately twofold in Patients
C. M. and R. W.; however, the urinary corticoid
level was only slightly above normal. An ex-
planation for this apparent discrepancy may be
related to the unreliability of the urine corticoid
assay as discussed previously.' Bradlow, Hell-
man, Zumoff, and Gallagher (39) have recently
published data showing that the level of thyroid
function alters the type of urinary metabolites
from both endogenous and exogenously adminis-
tered androgens.

The findings reported in this paper may be ex-
plained on the basis of a single primary defect,
i.e., alteration in rate of enzymatic transformation
of the circulating cortisol by the liver. The liver
may thus influence indirectly the production of
cortisol through its control of one of the humerol
regulators (plasma cortisol level) controlling se-
cretion of corticotropin. In thyroid disease, as in
liver disease, it may be the functional capacity of
the liver to metabolize cortisol and not the re-
quirements of the tissue cells that dictate the con-
trol of the pituitary adrenal cortical system.

An alternate hypothesis might be that thyroid
hormone acts directly on the pituitary or adrenal
to control cortisol secretion. In animals it has
been found that an intact pituitary is necessary to
obtain adrenal cortical hypertrophy following thy-
roid administration (40, 41). This observation
in animals would also seem to rule out the pos-
sibility that the excess circulating thyroid hor-

4 Following the injection of cortisol-4-C' to patients
with thyrotoxicosis and myxedema, an average of 77 per
cent of the radioactivity was present in the first 24 hour
urine collection. Glucuronidase hydrolysis and dichloro-
methane extraction of these same urines resulted in an
average recovery of 45 per cent of the administered radio-
activity. These data are similar to the data reported for
normals (27), and demonstrate that in thyroid disease
there is no alteration in either the total quantity of the
cortisol metabolites excreted or that fraction conjugated
as glucuronides. It is possible, as suggested by the stud-
ies of Levin and Daughaday (20), that in thyrotoxicosis
there is a more extensive degradation of the steroid
molecule; viz., a preferential increased reduction of the
C-20 ketone group of cortisol to form a larger fraction of
nonphenylhydrazine-reacting urinary steroid metabolites.

mone acts directly on the adrenal cortex inde-
pendent of the pituitary (or circulating corti-
cotropin) to increase cortisol secretion. If the
thyroid hormone were to act directly on the pitui-
tary or adrenal, it would be necessary to invoke
more than a single defect since the liver is clearly
involved and must be included in any explanation
in order to account for the normal plasma cortisol
level.

A renal mechanism probably need not be intro-
duced to explain the reported observations since
only a small fraction of the secreted cortisol is
lost via the kidneys [50 to 150 Mug. per day (42)].
Also, the data on the concentrations of cortisol in
the urine after infusion of cortisol to normals and
patients with thyroid disease demonstrate that
very little of the circulating cortisol is disposed of
by the kidneys.

In both the thyrotoxic and myxedematous pa-
tients, there was a low urinary output of neutral
17-ketosteroids. In the patients with thyrotoxi-
cosis, the low 17-ketosteroids are probably not the
result of a decreased conversion of 17-hydroxy
steroids such as cortisol or its metabolites to 17-
ketosteroids, since normally only a small fraction
(about 10 per cent) of the cortisol is metabolized
to 17-ketosteroids. Also, these patients actually
had a greater quantity of cortisol available for
transformation to 17-ketosteroids. The only ex-
planation that is apparent at this time without ad-
ditional data is that in thyrotoxicosis, the adrenal
cortex secretes cortisol in preference to the andro-
gens (17-ketosteroids).

The various clinical implications of these stud-
ies deserve some comment. The data would in-
dicate that patients with myxedema have a relative
adrenal insufficiency, especially as regards secre-
tion of cortisol. Under normal or basal conditions,
such patients experience no difficulty because they
metabolize the secreted cortisol at a decreased rate.
By virtue of a normally intact pituitary-adrenal
cortical system, the patient with myxedema is not
subjected to a plethora of cortisol. Under condi-
tions of stress, the adrenals of these patients may
be able to effect an adequate response, which,
however, need only be subnormal since any addi-
tional cortisol secreted will remain for a longer
time in the miscible pool. It is well known that
administration of thyroxine to patients with Addi-
son's disease may precipitate adrenal crisis (24,
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25), and it might be anticipated that if a patient
with severe myxedema were treated too vigorously
with thyroid, adrenal cortical insufficiency could
be induced.

The thyrotoxic individual is capable of manu-
facturing each day a quantity of cortisol that in a
normal subject would quickly induce a state of
hypercorticism. It might be postulated that if the
hyperthyroid state were severe enough, as in a
thyroid crisis, the rate of transformation of se-
creted cortisol might exceed the capacity of the
adrenal to synthesize cortisol, and thus adrenal in-
sufficiency might develop in the presence of an
overproduction of cortisol. [In normal subjects,
the adrenal appears to be capable of synthesizing
150 to 200 mg. of cortisol per day with maximal
corticotropin stimulation (33).] Thus, such pa-
tients might be benefitted by exogenously ad-
ministered cortisol and indeed this has been advo-
cated as an important therapeutic adjunct to the
treatment of the thyroid crisis (43).

SUMMARY

Plasma cortisol levels were normal in most pa-
tients with myxedema or thyrotoxicosis. Urine
17-ketosteroids were low in both myxedema and
thyrotoxicosis. Urine corticoids were low in
myxedema, and normal or moderately elevated in
thyrotoxicosis. The urine corticoids returned to
normal more promptly than the 17-ketosteroids fol-
lowing treatment of the thyroid disorder. Infused
steroids were found to disappear from the plasma
at an increased rate in thyrotoxicosis, and at
a decreased rate in myxedema. Appropriate
therapy for the thyroid disease returned the
metabolism of the infused steroids to normal. The
rate of synthesis of cortisol was reduced in myx-
edema and increased in thyrotoxicosis, and these
alterations in the rate of secretion of cortisol were
not associated with a significant change in the size
of the miscible pool. Institution of the euthyroid
state in these patients returned adrenal cortisol
production to normal.

It is suggested from these data that there is a
homeostatic mechanism mediated through the
liver-pituitary-adrenals which results in a de-
creased synthesis of cortisol in patients with myx-
edema in whom the rate of removal of cortisol by
the liver is impaired, and an increased synthesis of

cortisol in patients with thyrotoxicosis in whom
the rate of removal of cortisol by the liver is
accelerated.
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