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Case Report

Isolated Adrenocorticotropic Hormone (ACTH) Deficiency and
Thyroid-Stimulating Hormone (TSH)-Thyroid Hormone Derangement:
Report of Three Cases
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Shinji Kitahama, Makoto litaka, Shigehiro Katayama
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Abstract: We present three cases of isolated adrenocorticotropin (ACTH) deficiency accompanied by derangement
of the thyroid-stimulating hormone (TSH)-thyroidal axis. Thyroid hormone and TSH levels were evaluated before
and after cortisol replacement. Although markedly elevated levels of TSH were noted in one case, this patient also
showed typical features of Hashimoto’s thyroiditis. In the other two cases, basal TSH levels were increased, and
replacement of cortisol reversed the values. We have previously reported that interference of thyroid hormone
synthesis and/or secretion by glucocorticoid deficiency is a major cause of TSH-thyroidal axis derangement.
However, it has been shown that a considerable number of reported cases exhibit severe hypothyroidism due to
Hashimoto’s thyroiditis, as was shown in case 2. It has been recognized that, whether the origin is the pituitary or
the adrenal gland, polyglandular failure is a complex of autoimmune endocrinopathy. Alternatively, it is assumed
that depletion of the physiological concentration of cortisol may worsen hypothyroidism due to Hashimoto’s
thyroiditis, possibly through modification of T cell function. Since transient abnormalities of the TSH-thyroidal
axis and growth hormone could occur in glucocorticoid-deficient patients along with derangement of other
pituitary hormones, hormonal evaluation should be carried out after a sufficiently long interval following cortisol
replacement.
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is the major cause of the thyroid dysfunction, rather
than autoimmune thyroid disease”. However, we
have also noticed that a considerable number of cases

Introduction

Isolated adrenocorticotropic hormone (ACTH)

deficiency is regarded as a rare disorder characterized
by hypocortisolism. It has been reported that this
disorder is often accompanied by derangement of the
thyroid-stimulating hormone (TSH)-thyroidal axis'™”. As
a considerable number of patients with isolated ACTH
deficiency have been proven to possess circulating
auto-antibodies against pituitary cells”, this disease is
presumed to be caused by an autoimmune mechanism.
We have previously reported that the abnormality
in the pituitary-thyroid axis is transient, and can be
reversed by glucocorticoid replacement”. A literature
survey revealed that interference of thyroid hormone
synthesis and/or secretion by glucocorticoid deficiency

are accompanied by severe hypothyroidism due to
Hashimoto’s thyroiditis or primary hypothyroidism®®.
Here we describe three cases of isolated ACTH
deficiency experienced recently at our hospital and
discuss the possible relationship between ACTH

deficiency and the TSH-thyroidal axis.
Case reports

Case 1

A 64-year-old man was admitted to Saitama Medical
School Hospital because of general fatigue and weight
loss. He had lost 14 kg in weight over the previous
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11 months. Physical examination showed emaciation
with a body weight of 40 kg and height of 160 cm.
Body temperature was 36.2 °C , pulse rate was 58/min,
and blood pressure was 136/74 mmHg. There was
no hyperpigmentation on his skin or mucosa. The
thyroid gland was normal in size and consistency. Blood
chemistry revealed hypoglycemia (fasting plasma
glucose (FPG): 59 mg/dl), a slightly high creatinine
kinase level (234 IU/1), and hyponatremia (121 mEq/1).
Hematological tests revealed a white blood cell count of
6870/l with 18.1 % eosinophils. Basal endocrinological
data are shown in Table 1, and the results of various
hormone-stimulating tests are summarized in Table 2.
Auto-antibodies against the pituitary and thyroid glands
were all negative. Magnetic resonance imaging (IMRI)
of the head showed no specific lesion around the
pituitary gland. Basal endocrinological data as well
as various hormone-stimulating tests showed central
hypocortisolism with mildly elevated TSH values. These
data indicated that the most compatible diagnosis was
isolated ACTH deficiency. The patient’s symptoms
gradually improved after hydrocortisone replacement.
Without thyroid hormone replacement, increased levels
of TSH and responses to TRH returned to the reference
range, as shown in Table 3.

Case 2

A 58-year-old woman was referred to Saitama Medical

Table 1. Basal endocrinological data

School Hospital for evaluation and treatment of
hypoglycemia. She had been suffering from generalized
edema and loss of appetite. Due to loss of consciousness,
she was treated at an emergency unit and found to have
bradycardia (48/min) and pericardial effusion. Since
laboratory tests showed positive anti-thyroid antibodies
and decreased thyroid hormone levels, she had been
treated as having hypothyroidism due to Hashimoto’s
thyroiditis. Replacement of L-thyroxine had improved
her general condition, but hypoglycemia was observed
(32 mg/dl). To examine further the pathogenesis of
the fasting hypoglycemia, she was referred to our
hospital. Her condition was relatively good with a body
weight of 47 kg and height of 148 cm. Blood pressure
was 128/96 mmHg and heart rate was 64/min. No
hyperpigmentation was observed on her skin and
mucosa. The thyroid gland was mildly enlarged. Blood
chemistry showed elevation of the total cholesterol
(243 mg/dl) and creatinine kinase (387 IU/ml) levels.
The serum sodium concentration was 136 mEq/1 and
FPG was 38 mg/dl. Basal endocrinological data and
results of various hormonal tests under L-thyroxine
replacement (50 pug/day) are summarized in Tables 1
and 2, respectively. Anti-pituitary auto-antibodies were
negative and thyroid-related antibodies were positive:
the titer of thyroperoxidase antibody was higher than
30 U/ml and that of thyroglobulin antibody was more
than 100 U/ml. Along with the decreased levels of ACTH

casel case2 case3

Reference range

GH 4.9 1 22 <5.0 ng/ml
LH 5.6 9.6 8.7 1.8-8.3 mIU/ml
FSH 4.1 46.6 8 1.6-11.0 mIU/ml
ACTH <5.0 <3.0 <5.0 6.0-36.0 pg/ml
Prolactin - 29.1 17.5 2.7-16.8 ng/ml
TSH 7.35 55.8 8.5 0.43-3.94 uU/ml
Free tri-iodothyronine 3.43 2.12 3.1 3.14-4.93 pg/ml
Free thyroxine 1.14 0.35 1.52 0.82-1.59 ng/dl
Thyroperoxidase antibody ~ <0.3 >100 <0.3 <0.3 U/ml
Thyroglobulin antibody <0.3 >30 <0.3 <0.3 U/ml
Serum cortisol 0.7 0.6 1 3.0-15.2 mg/dl
Urine 17-KS 0.9 0.6 1.5 4.2-12.4 mg/day
Urine 17-OHCS 3 1 0.5 3.1-8.7 mg/dl
Urine cortisol <2 <2 <2 35-160 ug/day

GH: growth hormone; LH: Luteinizing hormone; FSH: Follicle-stimulating
hormone; ACTH: adrenocorticotropin; TSH: thyroid-stimulating hormone; KS:
ketosteroids; OHCS: hydroxycorticosteroids
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and cortisol, it was found that growth hormone(GH) did
not respond well against GH-releasing hormone (GRH)
and insulin-induced hypoglycemia. MRI did not reveal
any lesions around the pituitary. Findings of thyroid
sonography, i.e. decreased and non-homogeneous
echogenicity, were compatible with the diagnosis of
Hashimoto’s thyroiditis. These data indicated that
the case was most compatible with a diagnosis of
partial hypopituitarism with hypothyroidism due to
Hashimoto’s thyroiditis. However, as Hashimoto et al.”
had noted that the low or absent response of GH in
cases of isolated ACTH deficiency would recover after
cortisol replacement, the GH response was re-evaluated
after replacement of hydrocortisone (20 pg/day) and
L-thyroxine (100 png/day). Three months later, basal
pituitary hormonal levels as well as the GH response
were studied, and it was found that the diminished
response of GH against GRH had improved (Table 3).

Table 2. Hormone-stimulating tests (before replacement)

Time
0 30 60
Case 1
CRH test
ACTH pg/ml 8 5 4
Cortisol mg/dl 0.4 0.3 0.4
TRH test
TSH uU/ml 7.4 41 356
GRH test
GH ng/ml 4.9 19.8 20.5
Case 2
CRH test
ACTH pg/ml 4 4 3
Cortisol mg/dl 0.3 0.3 0.3
TRH test
TSH uU/ml 74.9 335 273
prolactin ng/ml 28.7 197.3 129.5
GRH test
GH ng/ml 1 2.3 2.3
Insulin tolerance test
GH ng/ml 1 1 2.5
Case 3
CRH test
ACTH pg/ml 5 5 5
Cortisol mg/dl 1 1 1
TRH test
TSH uU/ml 6.9 26.3 229
GRH test
GH ng/ml 1 2 6.2
l-arginine test
GH ng/ml 1 1 2.3

Anterior pituitary hormones and cortisol responses were
assessed by administration of CRH (100 mg), TRH (500
mg), GRH (100 mg), l-arginine (30 g), and insulin (0.05
U/kg). CRH: corticotropin-releasing hormone; GRH: growth
hormone-releasing hormone; TRH: thyrotropin-releasing
hormone. Response of these pituitary hormones was
described in ref. 16.

Table 3. Hormone-stimulating tests (after replacement)

Time
0 30 60
Case 1
TRH test
TSH wU/ml 34 14.2 15.8
Case 2
GRH test
GH ng/ml 0.1 133 15.1
Case 3
TRH test
TSH wU/ml 3 10.3 12.3
GRH test
GH ng/ml 2.1 8.6 7.2

TSH and GH responses were re-assessed by administration of
TRH (500 mg) and GRH (100 mg) after hormone replacement

Case 3

A 64-year-old man was referred to Saitama Medical
School Hospital for evaluation and treatment of
hematological abnormalities. He had been well until 18
months before, when he noticed general fatigue and
persistent cramp in the lower extremities. He had lost
6 kg in weight over the previous year. His weight was
48 kg and height was 159 cm. Body temperature was
36.6 °C , pulse rate was 78/min, and blood pressure was
150/96 mmHg. No hyperpigmentation was observed
on his skin or mucosa. His thyroid gland was normal
in size and consistency. Hematological examination
showed hypochrolemic and hypovolemic anemia (Hb
10.9 g/dl, MCV 89.4 fl, MCH 28.1 pg, MCHC 31.4 %)
and thrombocytopenia (75,000 /ul). Blood chemistry
revealed hyponatremia (126 mEq/1) and mild elevation
of the creatinine kinase level (243 1U/1). His fasting
plasma glucose level was 52 mg/dl. To examine the
hyponatremia and low plasma glucose, we evaluated
his hormonal status. Basal endocrinological data and
results of hormone-stimulating tests are shown in
Tables 1 and 2. In addition to the decreased levels of
ACTH and cortisol, it was found that GH responded to
neither GRH nor L-arginine. Auto-antibodies against
pituitary and thyroid were negative. MRI of the head
showed no specific lesion around the pituitary gland.
Anemia and thrombocytopenia improved 3 months
after cortisol replacement. As in case 2, we re-evaluated
the patient’s hormonal status and found that the low
response of GH against GRH was improved.

Discussion

Several hormonal abnormalities have been reported
in cases of isolated ACTH deficiency” " ?. We and
others have demonstrated increased basal TSH or
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TSH hyper-responsiveness to TRH in about half
of all reported cases; increased basal TSH levels
were observed even in patients with normal thyroid
hormone values. To date, several interactions between
glucocorticoid and the pituitary-thyroid axis have been
reported””. It is suggested that the physiological
concentration of glucocorticoid has a suppressive
effect on TSH secretion. Glucocorticoid deficiency
may therefore be one of the causes of the increased
basal TSH level in isolated ACTH deficiency. Similarly,
the cases presented also showed increased values of
basal TSH. Hyper-responsiveness of TSH to TRH was
diminished after hydrocortisone replacement, although
the values of TSH were only observed until 60 min
after TRH administration. It is likely that glucocorticoid
affects thyroid hormone synthesis and/or secretion
more easily in patients with intrinsic thyroid disease.
TSH secretion can be impaired not only quantitatively,
but also qualitatively'”: TSH secreted in response
to TRH is biologically inactive in some cases of
hypothalamic hypothyroidism. It is therefore possible
that elevated levels of TSH in isolated ACTH deficiency
would have no stimulatory effect on the thyroid gland.
In a review of 103 reported cases with isolated ACTH
deficiency, we found that 12.6 % of the patients were
positive for anti-thyroid antibodies”. Autoimmune
thyroiditis is common in both female and male Japanese
individuals, and the prevalence of autoimmune thyroid
disease among patients with isolated ACTH deficiency
was almost the same in the general Japanese population.
However, we also noticed that a considerable number
of the patients had severe hypothyroidism due to
Hashimoto’s thyroiditis, as seen in the second of the
present cases®®. There must be a unique relationship
between hypocortisolism and Hashimoto’s thyroiditis;
primary adrenal insufficiency accompanied by
Hashimoto’s thyroiditis was a well-known complex of
polyglandular autoimmune syndrome'. It is mostly
recognized that, whether the origin is the pituitary or
the adrenal gland, polyglandular failure is a complex
of autoimmune endocrinopathy. Furthermore, there
may be an additional explanation that a depleted
physiological concentration of cortisol may worsen
hypothyroidism due to Hashimoto’s thyroiditis possibly
through modification of T-cell function. It has been
reported that codon 17 polymorphism of the cytotoxic
T lymphocyte antigen 4 (CTLA4) gene is related to
Hashimoto’s thyroiditis and Addison’s disease'. An
alanine residue at CTLA4 codon 17 confers genetic
susceptibility to Hashimoto’s thyroiditis, and this was

shown to apply to the subgroup with the susceptibility
marker, human leukocyte antigen DQA1*0501+, in
patients with adrenal hypocortisolism'”. It would
therefore be intriguing to investigate T-cell function
and CTLA4 gene in cases of isolated ACTH deficiency
as well.

It has been shown that serum GH levels change
little or not at all in response to GRH, insulin-induced
hypoglycemia, glucagon and /-arginine in patients
with isolated ACTH deficiency; GH secretion is more
responsive than before hydrocortisone replacement
in 78.9 % of cases”. These results suggest that the
impaired GH response in ACTH-deficient patients is
due mostly to hypocortisolism. It is well known that
an excess dosage of hydrocortisone suppresses GH
secretion in patients with Cushing syndrome and
patients treated with high-dose glucocorticoids™.
It has also been shown that cortisol replacement in
physiological daily doses increases GH output in
patients with Addison’s disease by augmenting GH
pulse amplitude and interpulse levels'. This is likely
due to attenuation of hypothalamic somatostatin
secretion by physiological levels of cortisol, implying
that hypocortisolism leads to diminution of GH
output with a low GH pulse amplitude. Therefore, it is
suggested that a physiological dosage of glucocorticoid
is indispensable for normal GH secretion.

The patients presented here were diagnosed as
having isolated ACTH deficiency, according to the
typical endocrinological findings as well as hormonal
re-evaluation after a sufficient time interval on
replacement therapy. In case 2, the patient had been
supplemented with L-thyroxine before hypocortisolism
replacement. It is generally recognized that thyroxine
therapy should be carried out after evaluation of
ACTH-cortisol axis, which might contribute to earlier
diagnosis of this rare complex of isolated ACTH
deficiency and severe hypothyroidism. Forster et al.
reported that polyglandular autoimmune syndrome
occurred relatively often among patients visiting a
core medical center, with a 3:1 female to male ratio™.
Although the etiology of severe hypothyroidism due
to Hashimoto’s thyroiditis seen in isolated ACTH
syndrome is uncertain, depletion of the physiological
concentration of cortisol may worsen the thyroid
destruction through an autoimmune mechanism. Since
transient abnormalities of pituitary hormones could
occur in glucocorticoid-deficient patients, hormonal
evaluation should be carried out after a sufficient period
of cortisol replacement.



ACTH deficiency and thyroid 119

References

1) Miller MJ, Horst TV. Isolated ACTH deficiency and
primary hypothyroidism. Acta Endocrinol (Copenh)
1982;99:573-6.

2) Kamijo K, Kato T, Saito A, Kawasaki K, Suzuki M,
Yachi A. A case with isolated ACTH deficiency
accompanying chronic thyroiditis. Endocrinol Jpn
1982;29:183-9.

3) Roosens B, Maes E, Van Steirteghem A, Vanhaelst L.
Primary hypothyroidism associated with secondary
adrenocortical insufficiency. J Endocrinol Invest
1982;5:251-4.

4) Nishiki M, Murakami Y, Ozawa Y, Kato Y. Serum
antibodies to human pituitary membrane antigens in
patients with autoimmune lymphocytic hypophysitis
and infundibuloneurohypophysitis. Clin Endocrinol
(Oxf) 2001;54:327-33.

5) Murakami T, Wada S, Katayama Y, Nemoto Y,
Kugai N, Nagata N. Thyroid dysfunction in isolated
adrenocorticotropic hormone (ACTH) deficiency:
case report and literature review. Endocr J 1993;40:
473-8.

6) Horii K, Adachi Y, Aoki N, Yamamoto T. Isolated
ACTH deficiency associated with Hashimoto’s
thyroiditis: report of a case. Jpn ] Med 1984;23:53-7.

7) Shigemasa C, Kouchi T, Ueta Y, Mitani Y, Yoshida A,
Mashiba H. Evaluation of thyroid function in patients
with isolated adrenocorticotropin deficiency. Am J
Med Sci 1992;304:279-84.

8) Nagai Y, Ieki Y, Ohsawa K, Kobayashi K. Simulta-
neously found transient hypothyroidism due to
Hashimoto’s thyroiditis, autoimmune hepatitis
and isolated ACTH deficiency after cessation of
glucocorticoid administration. Endocr J 1997;44:
453-8.

9) Hashimoto K, Nishioka T, Iyota K, Nakayama T,

Itoh H, Takeda K, et al. Hyperresponsiveness of TSH
and prolactin and impaired responsiveness of GH
in Japanese patients with isolated ACTH deficiency.
Nippon Naibunpi Gakkai Zasshi 1992;68:1096-111.

10) Ahlquist JA, Franklyn JA, Ramsden DB, Sheppard MC.
The influence of dexamethasone on serum thyro-
trophin and thyrotrophin synthesis in the rat. Mol
Cell Endocrinol 1989;64:55-61.

11)Beck-Peccoz P, Amr S, Menezes-Ferreira MM,
Faglia G, Weintraub BD. Decreased receptor bind-
ing of biologically inactive thyrotropin in central
hypothyroidism: effect of treatment with thyrotropin-
releasing hormone. N Engl ] Med 1985;312:1085-90.

12)Forster G, Krummenauer F, Kuhn I, Beyer ],
Kahaly G. Polyglandular autoimmune syndrome
type II: epidemiology and forms of manifestation.
Dtsch Med Wochenschr 1999;124:1476-81.

13)Donner H, Braun ], Seidl C, Rau H, Finke R, Ventz M,
et al. Codon 17 polymorphism of the cytotoxic
T lymphocyte antigen 4 gene in Hashimoto’s
thyroiditis and Addison’s disease. J Clin Endocrinol
Metab 1997;82:4130-2.

14)Wajchenberg BL, Liberman B, Giannella Neto D,
Morozimato MY, Semer M, Bracco LO, et al. Growth
hormone axis in Cushing’s syndrome. Horm Res
1996;45:99-107.

15)Barkan AL, DeMott-Friberg R, Samuels MH.
Growth hormone (GH) secretion in primary adrenal
insufficiency: effects of cortisol withdrawal and
patterned replacement on GH pulsatility and circa-
dian rhythmicity. Pituitary 2000;3:175-9.

16) Thorner MO, Vance ML, Laws ER Jr, Horvath E,
Kovacs. The anterior pituitary. In: Wilson JD,
Foster DW, Kronenberg HM, Larsen PR editors.
Williams Textbook of Endocrinology. 9th ed.
Philadelphia: WB Saunders; 1998. p. 279-80.

© 2004 The Medical Society of Saitama Medical School



120 Shigemitsu Yasuda, et al

MRS
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