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INTRODUCTION

Isolated adrenocorticotropic hormone (ACTH) 
deficiency is a rare cause of secondary adrenal insuf-
ficiency. It is known that patients with isolated ACTH 
hormone deficiency sometimes show an abnormal 
response of anterior pituitary hormone to stimulation 
tests, and possess antibodies against endocrine glands 
[1]. Here we describe a case of isolated ACTH defi-
ciency associated with an impaired response of growth 
hormone (GH) to GH-releasing hormone (GRH) 
stimulation test and hypothyroidism due to chronic 
thyroiditis. The impaired response of GH to GRH 
stimulation test was improved after hydrocortisone 
replacement. The hypothyroidism was also improved 
with a decreased titer of anti-thyroid antibody.

CASE REPORT

A 44-year-old Japanese man was admitted to our 
emergency room because of severe general malaise. 
He had begun to develop general malaise and an-
orexia approximately 5 years prior to admission. 
Subsequently, he had gradually lost 25 kg in weight 
and his mental activity had decreased. On admission, 
he was 173 cm in height and weighed 50 kg. His blood 
pressure was 80/40 mmHg, pulse rate, 89/min and 

regular, and body temperature 37.4 °C. Examination 
of the chest and abdomen revealed nothing abnormal. 
There was no abnormal skin pigmentation, axillary 
and pubic hair were preserved, and no edema was 
noted. Tendon reflexes showed slow relaxation. There 
were no pathological reflexes or sensory disturbance. 
He did not have any medical history and family his-
tory.

Hematological tests showed an elevated white blood 
cell count of 10400/µl. Blood chemistry examination 
showed some abnormal values as follows: plasma glu-
cose 36 mg/dl, creatine kinase (CK) 188 U/l, lactate 
dehydrogenase (LDH) 660 U/l, aspartate aminotrans-
ferase (AST) 107 U/l, alanine aminotransferase (ALT) 
47 U/l, and C-reactive protein (CRP) 4.49 mg/dl. 
Serum sodium, potassium, and chloride concentrations 
were 136 mEq/l, 4.0 mEq/l, and 97 mEq/l, respec-
tively (Table 1). Chest X-ray, brain computed tomogra-
phy (CT), and abdominal CT showed no abnormality. 
Spinal puncture yielded normal spinal fluid.

Isotonic fluid infusion with glucose, dopamine, 
and oxygen supplement was started. Meropenem, 1 
gram/day, was given because of suspected sepsis. But, 
sputum, blood, spinal fluid, and urine cultures were 
negative. The patient suffered repeated attacks of hy-
poglycemia and developed hyponatremia (130 mEq/l) 

Tokai J Exp Clin Med., Vol. 34, No. 2, pp. 34-38, 2009

Improved Response of Growth Hormone to Growth Hormone-releasing 
 Hormone and Reversible Chronic Thyroiditis after Hydrocortisone  
Replacement in Isolated Adrenocorticotropic Hormone Deficiency

Miho INAGAKI, Haruhiro SATO, Yoshiyasu MIYAMOTO, Takashi HIRUKAWA, Asako SAWAYA, 
Takayo MIYAKOGAWA, Ryoko TATSUMI and Takatoshi KAKUTA

Department of Medicine, Tokai University School of Medicine 

(Received January 16, 2009; Accepted March 9, 2009)

We report a 44-year-old Japanese man who showed a reversible blunted response of growth hormone (GH) 
to GH-releasing hormone (GRH) stimulation test and reversible chronic thyroiditis accompanied by isolated 
ACTH deficiency. He was admitted to our hospital because of severe general malaise, hypotension, and hy-
poglycemia. He showed repeated attacks of hypoglycemia, and his serum sodium level gradually decreased. 
Finally, he was referred to the endocrinology division, where his adrenocorticotropic hormone (ACTH) and 
cortisol values were found to be low, and his GH level was slightly elevated. An increased value of thyroid 
stimulating hormone (TSH) and decreased values of free triidothyronine and free thyroxine were observed 
along with anti-thyroglobulin antibody, suggesting chronic thyroiditis. Pituitary stimulation tests revealed a 
blunted response of ACTH and cortisol to corticotropin-releasing hormone, and a blunted response of GH 
to GRH. Hydrocortisone replacement was then started, and this improved the patient’s general condition. 
His hypothyroid state gradually ameliorated and his titer of anti-thyroglobulin antibody decreased to the 
normal range. Pituitary function was re-evaluated with GRH stimulation test under a maintenance dose of 
20 mg/day hydrocortisone and showed a normal response of GH to GRH. It is suggested that re-evaluation 
of pituitary and thyroid function is useful for diagnosing isolated ACTH deficiency after starting a mainte-
nance dose of hydrocortisone in order to avoid unnecessary replacement of thyroid hormone.

Key words: Isolated ACTH deficiency, growth hormone, reversible chronic thyroiditis

Haruhiro SATO, Department of Medicine, Tokai University School of Medicine, 143 Shimokasuya, Isehara, Kanagawa 259-1193, Japan　
Tel: +81-463-93-1121 Fax: +81-463-91-3350　E-mail: hrhrsato@is.icc.u-tokai.ac.jp



M. INAGAKI et al. /Isolated ACTH Deficiency

― 35―

regardless of glucose and sodium supplementation. 
Hypotension and fever continued. Therefore the pa-
tient was referred to the division of endocrinology, and 
endocrinological studies were performed.

Table 2 shows the basal endocrinological data. 
ACTH and cortisol levels were low, and 24-hour 
urinary determinations of cortisol, 17-hydroxycorti-
costeroid (17-OHCS) and 17-ketosteroid (17-KS) were 
within the normal ranges but low concentrations 
under the stress state. GH level was slightly elevated. 
In addition, an increased value of thyroid stimulating 
hormone (TSH), and decreased levels of free triiodo-
thyronine (T3) and free thyroxine (T4) were observed. 
Anti-thyroglobulin (Tg) antibody was positive. These 
findings were compatible with chronic thyroiditis. 
Immunoreactive insulin level was low. Luteinizing 
hormone (LH), follicle-stimulating hormone (FSH), 
prolactin (PRL), testosterone, plasma renin activ-
ity, and aldosterone were within the normal ranges. 
Autoantibody against pituitary cells was negative.

Assessment of anterior pituitary function test and 
its evaluation were performed, using a stimulation test 
as follows [2]. Corticotropin-releasing hormone (CRH) 
(human corticorelin 100 µg), LH-releasing hormone 
(LH-RH) (gonadorelin acetate 100 µg), Thyrotropin-
releasing hormone (TRH) (protirelin 500 µg), and 
GRH (somatorelin acetate 100 µg) were intravenously 
administrated. Results of the stimulation test were sum-
marized in Table 3A. Normal responses are indicated 
in parentheses [3-5]. CRH stimulation demonstrated 
a poor response of ACTH (normal response of peak 

ACTH ≥ 2-4-fold) and cortisol (normal response of 
peak cortisol ≥ 20 µg/dl). Upon LH-RH stimulation, 
LH and FSH showed a normal response (normal 
response of peak LH ≥ 2-3-fold, and normal response 
of peak FSH ≥ 1.5-2-fold). TRH stimulation revealed 
elevated basal level of TSH and a normal response 
of TSH (normal response of peak TSH ≥ 6 µU/ml or 
2.5-fold). Prolactin response to TRH stimulation was 
normal (normal response of peak PRL ≥ 2.0-fold). 
GRH stimulation elicited elevated basal level of GH 
but a poor response (normal response of peak GH 
≥ 15 ng/ml). Magnetic resonance imaging (MRI) re-
vealed a normal pituitary. An ultrasonic imaging study 
of the thyroid gave normal results.

The patient received an intravenous replacement 
of hydrocortisone (300 mg/day) immediately after the 
stimulation tests, and his symptoms including general 
malaise, anorexia and fever were gradually resolved. 
Hypoglycemia and hyponatremia did not recur. The 
elevated values of CK, LDH, AST, ALT, and CRP 
decreased to the normal ranges.

Along with the amelioration of general malaise, 
hypoglycemia, hypotension, and hyponatremia, the 
dose of hydrocortisone was tapered to 20 mg a day. 
After the improvement in his general condition with 
hydrocortisone replacement, the patient was discharged 
32 days after the admission. His endocrinological 
profiles had been re-evaluated in the outpatient clinic. 
After hydrocortisone replacement (20 mg daily), the 
basal levels of TSH and GH were normal, and the 
stimulation test (TRH and GRH) responses of TSH 

Table 1	 Laboratory Findings on Admission
Complete blood cell counts value normal range
WBC (/µl) 10400 4000-8000
RBC (×104/µl) 441 380-480
Hemoglobin (g/dl) 12.9 11.5-15.5
Hematocrit (%) 36.7 34.0-42.0
MCV (fl) 83.2 84.0-99.0
MCH (pg) 29.3 27.0-32.0
MCHC (%) 35.2 32.0-36.0
Platelet (×104/µl) 14.2 14.0-40.0

Blood chemistry value normal range
Plasma glucose (mg/dl) 36 70-109
CK (U/l) 188 30-140
LDH (U/l) 660 110-219
AST (U/l) 107 <30
ALT (U/l) 47 <35
Total protein (g/dl) 7.2 6.5-8.0
Albumin (g/dl) 3.9 3.9-4.8
Total cholesterol (mg/dl) 128 140-220
Triglyceride (mg/dl) 154 50-150
Urea nitrogen (mg/dl) 16 8-20
Creatinine (mg/dl) 1.0 0.5-0.8
Sodium (mEq/l) 136 136-145
Potassium (mEq/l) 4.0 3.5-4.8
Chloride (mEq/l) 97 98-108
CRP (mg/dl) 4.49 <0.3
WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular volume; MCH, mean 
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; CK, creatine 
kinase; LDH, lactate dehydrogenase; AST, aspartate aminotransferase; ALT, alanine amino-
transferase; CRP, C-reactive protein.
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and GH improved three months after the discharge 
(Table 3B). Thyroid function improved and the titer 
of anti-Tg antibody gradually decreased to the normal 

range (Table 4). This case was, therefore, diagnosed as 
isolated ACTH deficiency accompanied by reversible 
chronic thyroiditis. The patient has been doing well as 

Table 2	 Endocrinological Findings on Admission
Values Normal range

ACTH (pg/ml) 3 6-36
Cortisol (µg/dl) 1.8 3.8-18.4
Urine free cortisol (µg/day) 13 11-80
Urine 17-OHCS (mg/day) 8.2 3.4-12.4
Urine 17-KS (mg/day) 6.5 4.6-18.0
GH (ng/ml) 6.93 <1.46
LH (mU/ml) 7.2 1.1-8.8
FSH (mU/ml) 2.1 1.8-13.6
Testosterone (ng/dl) 340 320-1030
PRL (ng/dl) 25.6 <30
TSH (µU/ml) 4.77 0.3-4.0
Free T3 (pg/ml) 1.59 2.50-4.50
Free T4 (ng/dl) 0.48 0.75-1.75
Tg Ab (U/ml) 451.4 <55.0
TPO Ab (U/ml) 2.7 <10.0
PRA (ng/ml/h) 2.2 0.3-2.9
Aldosterone (pg/ml) 56 30-159
IRI (µU/ml) 1.7 3.0-17.0
Anti-pituitary antibody (-) (-)
ACTH, adrenocorticotropic hormone; 17-OHCS, 17-hydroxycorticosteroids; 17-KS, 17-keto-
steroids; GH, growth hormone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; 
PRL, prolactin; TSH, thyroid stimulating hormone; T3, triiodothyronine; T4, thyroxine; Tg 
Ab, anti-thyroglobulin antibody; TPO Ab, anti-thyroid peroxidase antibody; PRA, plasma 
renin activity; IRI, immunoreactive insulin.

Table 3A	Responses of anterior pituitary hormone to stimulation tests (CRH, LH-RH, TRH, and GRH) be-
fore hydrocortisone replacement

Basal 30 min 60 min 90 min 120 min
ACTH (pg/ml) <3 5 5 5 6
Cortisol (µg/dl) 0.7 0.9 1.1 1.0 0.9
LH (m U/ml) 8.1 26.1 28.0 24.5 21.8
FSH (m U/ml) 2.4 3.3 3.6 3.7 3.6
TSH (µ U/ml) 19.90 36.34 32.96 29.13 25.23
Prolactin (ng/dl) 25.6 52.7 47.0 40.3 33.3
GH (ng/ml) 4.26 3.92 5.22 5.46 4.24

Table 3B	Responses of anterior pituitary hormone to stimulation tests (TRH and GRH) after hydrocortisone 
replacement

Basal 30 min 60 min 90 min 120 min
TSH (µ U/ml) 2.78 15.79 12.55 8.89 6.69
Prolactin (ng/dl) 13.5 44.0 28.9 17.1 12.3
GH (ng/ml) 0.93 27.83 12.50 9.62 7.81
CRH, corticotrophin-releasing hormone; LH-RH, luteinizing hormone-releasing hormone; TRH, thyrotropin-releasing hormone; GRH, 
growth hormone-releasing hormone; ACTH, adrenocorticotropic hormone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; 
TSH, thyroid stimulating hormone; GH, growth hormone.

Table 4	 Thyroid function and titers of anti-thyroid antibody
A/D 3 mo after D/C normal range

TSH (µU/ml) 4.77 2.908 0.3-4.0
Free T3 (pg/ml) 1.59 3.52 2.50-4.50
Free T4 (ng/dl) 0.48 1.04 0.75-1.75
Tg Ab (U/ml) 451.4 48.3 <55.0
TPO Ab (U/ml) 2.7 4.4 <10.0
A/D, admission; mo, month; D/C, discharge; TSH, thyroid stimulating hormone; T3, triiodothyronine; T4, thyroxine; Tg Ab, 
anti-thyroglobulin antibody; TPO Ab, anti-thyroid peroxidase antibody.
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an outpatient for the last six years.

DISCUSSION

We have reported a patient with isolated ACTH de-
ficiency, chronic thyroiditis with anti-Tg antibody, and 
a poor response of GH to GRH stimulation test. After 
a maintenance dose of hydrocortisone, the chronic 
thyroiditis and poor GH response were improved. The 
patient showed that immunoreactive insulin level was 
low. It was suggested that hypoglycemia induced sup-
pressed immunoreactive insulin level to increase blood 
glucose in the patient.

Isolated ACTH deficiency is a heterogeneous disor-
der with several etiologies reported including a congen-
ital defect [6], incomplete pituitary infarction associ-
ated with pregnancy [7], hypothalamic damage due to 
birth trauma [8], acute intermittent porphyria [9], and 
lymphocytic hypophysitis [10]. It is also reported that 
isolated ACTH deficiency is caused by extremely rare 
genetic disorders, pro-opiomelanocortin gene disorders 
[11], congenital impaired function of pro-hormone 
convertase 1 [12], and TPIT gene mutations found in 
neonatal isolated ACTH deficiency [13]. These genetic 
disorders are congenital or the onset is neonatal. But, 
the majority of cases are most likely due to an autoim-
mune disorder. It was reported that anti-pituitary anti-
body in the serum of 10 of 21 patients (48% positive) 
[14], and the presence of anti-corticotropic antibody in 
the serum of at least one patient [15]. This patient did 
not show positive titer of the anti-pituitary antibody. 
But, findings of brain CT and pituitary MRI showed 
no abnormality, such as tumor, infarction, trauma, 
and inflammation. Furthermore, the patient had nei-
ther past medical history nor family history of adrenal 
insufficiency. Thus, it was suggested that autoimmune 
mechanism might cause destruction of ACTH produc-
ing cells of the pituitary in the patient.

In the present case, measurement of anti-Tg anti-
body detected an autoimmune mechanism, and the 
improvement of thyroid function after hydrocortisone 
replacement was accompanied by a decrease in the an-
ti-Tg antibody titer. There have been reports of adrenal 
insufficiency (isolated ACTH deficiency and Addison’s 
disease) accompanied by reversible hypothyroidism, in 
which two theories to explain the mechanisms of thy-
roid dysfunction have been proposed [16, 17]. The first 
possibility is chronic thyroiditis associated with isolated 
ACTH deficiency, which may affect thyroid function 
with cortisol deficiency. It is reported that adminis-
tration of glucocorticoid replacement can clinically 
improve thyroid function in chronic thyroiditis [18, 
19]. This improvement of thyroid function may be as-
sociated with resolution of intrathyroidal autoimmune 
processes inhibiting thyroid hormone synthesis. The 
second possibility is that chronic cortisol deficiency 
in isolated ACTH deficiency may directly impair the 
thyroid response to TSH, synthesis and/or secretion of 
the thyroid hormone [20, 21].

Abnormal responses of anterior pituitary hormone 
to stimulation tests were sometimes observed [1]. It is 
reported that glucocorticoid affects secretion of GH 
from the pituitary in vitro [22, 23], and that an abnor-
mal GH response to stimulation in cortisol deficiency 
is improved by cortisol replacement [24]. In our pa-

tient, GH responsiveness to GRH was improved. Thus 
it is suggested that cortisol is responsible for normal 
secretion of GH in response to GRH stimulation.

In conclusion, the findings in the present case 
indicate that chronic cortisol deficiency may impair 
the response of GH to GRH stimulation and thyroid 
function with anti-thyroid antibody. A follow-up re-
evaluation of the anterior lobe of the pituitary and 
thyroid function a few months after hydrocortisone 
replacement is recommended for diagnosis of isolated 
ACTH deficiency in order to avoid unnecessary re-
placement of thyroid hormone.

REFERENCES
1) Hashimoto K, Nishioka T, Iyota K, Nakayama T, Itoh H, Takeda 

K, et al. Hyperresponsiveness of TSH and prolactin and im-
paired responsiveness of GH in Japanese patients with isolated 
ACTH deficiency. Folia Endocrinol 1992; 68: 1096-1111 (in 
Japanese, Abstract in English).

2) Sakihara S, Kageyama K, Nigawara T, Kidani Y, Suda T. 
Ampulla (Takotsubo) Cardiomypathy caused by secondary ad-
renal insufficiency in ACTH isolated deficiency. Endocr J 2007; 
54: 631-636.

3) Melmed S, Kleinberg D. Anterior Pituitary. In: Kronenberg HM, 
Melmed S, Polonsky KS, Larsen PR. eds. Williams Textbook of 
Endocrinology. 11th ed. Pennsylvania: Saunders Elsevier, 2008: 
240-242.

4) Inoue K, Takeda S. GRH test. Nippon Rinsho 1997; 55 suppl 2: 
217-218 (in Japanese).

5) Fukuda I, Hizuka N. Hypopituitarism. In: Takano K. eds. 
Manual of Tests for Endocrine Disease. 2nd ed. Tokyo: Nippon 
Ijishinpou-sha, 2007: 21-28 (in Japanese).

6) Koide Y, Yamashita N, Kurusu T, Kugai N, Kuzuhara S, Fujita 
T, et al. Association of isolated adrenocorticotropic deficiency 
with a variety of neruo-somatic abnoemalities in congenital 
facial diplegia (Moebius) syndrome. Endocrinol Jpn 1983; 30: 
499-507.

7) Stacpoole PW, Kandell TW, Fisher WR. Primary empty sella, 
hyperprolactinemia, and isolated ACTH deficiency after postpar-
tum hemorrhage. Am J Med 1983; 74: 905-908.

8)  Martin MM, Martin AL. Idiopathic hypoglycemia: a defect in 
hypothalamic ACTH-releasing factor secretion. Pediatr Res 1971; 
5: 396.

9)  Waxman AD, Berk PD, Schalch D, Tschudy DP. Isolated adreno-
corticotropic hormone deficiency in acute intermittent porphyria. 
Ann Intern Med 1969; 70: 317-323.

10) Richtsmeier AJ, Henry RA, Bloodworth JM, Ehrlich EN. 
Lymphoid hypophysitis with selective adrenocorticotropic hor-
mone deficiency. Arch Intern Med 1980; 140: 1243-1245.

11) Krude H, Biebermann H, Luck W, Horn R, Brabant G, Grüters 
A. Severe early-onset obesity, adrenal insufficiency and red hair 
pigmentation caused by POMC mutations in humans. Nat Genet 
1998; 19: 155-157.

12) Nussey SS, Soo SC, Gibson S, Gout I, White A, Bain M, et al. 
Isolated congenital ACTH deficiency: A cleavage enzyme defect? 
Clin Endocrinol 1993; 39: 381-385.

13) Vallette-Kasic S, Brue T, Pulichino AM, Gueydan M, Barlier 
A, David M, et al. Congenital isolated adrenocorticotropin defi-
ciency: an underestimated cause of neonatal death, explained by 
TPIT gene mutations. J Clin Endocrinol Metab 2001; 86: 3692.

14) Sugiura M, Hashimoto A, Shizawa M, Tsukada M, Maruyama S, 
Ishido T, et al. Heterogeneity of anterior pituitary cell antibodies 
detected in insulin-dependent diabetes mellitus and adrenocorti-
cotropic hormone deficiency. Diabetes Res 1986; 3: 111-114.

15) Sauter NP, Toni R, McLaughlin CD, Dyess EM, Kritzman J, 
Lechan RM. Isolated adrenocorticotropin deficiency associ-
ated with an autoantibody to a corticotroph antigen that is not 
adrenocorticotropin or other proopiomelanocortin or other 
proopiomelanocortin-derived peptides. J Clin Endocrinol Metab 
1990; 70: 1391-1397.

16) Tamura M, Yokoyama N, Nishikawa T, Takeshita A, Kimura H, 
Ashizawa K, et al. Improvement of hypothyroidism after gluco-



M. INAGAKI et al. /Isolated ACTH Deficiency

― 38―

corticoid replacement in isolated adrenocorticotropin deficiency. 
Intern Med 1995; 34: 559-563.

17) Topliss DJ, White EL, Stockigt JR. Significance of thyrotropin 
excess in untreated primary adrenal insufficiency. J Clin 
Endocrinol Metab 1980; 50: 52-56.

18) Gharib H, Hodgson SF, Gastineau CF, Scholz DA, Smith LA. 
Reversible hypothyroidism in Addison’s disease. Lancet 1972; 
7780: 734-736.

19) Nagai Y, Ieki Y, Ohsawa K, Kobayashi K. Simultaneously found 
transient hypothyroidism due to Hashimoto's thyroiditis, autoim-
mune hepatitis and isolated ACTH deficiency after cessation of 
glucocorticoid administration. Endocr J 1997; 44: 453-458.

20) Barnett AH, Donald RA, Espiner EA. High concentrations of 
thyroid-stimulating hormone in untreated glucocorticoid defi-
ciency: indication of primary hypothyroidism? Br Med J 1982; 
285: 172-173.

21) Re RN, Kourides IA, Ridgway EC, Weintraub BD, Maloof F. 

The effect of glucocorticoid administration on human pituitary 
secretion of thyrotropin and prolactin. J Clin Endocrinol Metab 
1976; 43: 338-346.

22) Adams EF, Brajkovich IE, Mashiter K. Growth hormone and 
prolactin secretion by dispersed cell cultures of human pituitary 
adenomas: long term effects of hydrocortisone, estradiol, insulin, 
3, 5, 3’-triiodothyronine and thyroxine. J Clin Endocrinol Metab 
1981; 53: 381-386.

23) Vale W, Vaugham J, Yamamoto G, Spiess J, Rivier J. Effect 
of synthetic human pancreatic tumor GH releasing factor and 
somatostatin, triiodothyronine and dexamethasone on GH secre-
tion in vitro. Endocrinology 1983; 112: 1553-1555.

24) Kamijo K, Saito T, Sato M, Kawasaki K, Yachi A. Reports of 
two cases of selective adrenocorticotropin (ACTH) and growth 
hormone (GH) deficiency: differential diagnosis from cases with 
isolated ACTH deficiency associated with transient GH insuf-
ficiency. Endocrinol Jpn 1989; 36: 781-786.


