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ABSTRACT

Idiopathic isolated adrenocorticotrophic hormone deficiency
(IIAD) is rare, with high clinical omission and misdiagnosis rates.
This study retrospectively collected information on clinical
presentation, laboratory findings, and treatment response of
17 patients with IIAD at Jining No. 1 People's Hospital from
January 2014 to December 2022. The clinical characteristics
were summarized, and the pertinent data were analyzed. As a
result, most of the patients with [IAD were male (94.12 %), with
age at onset ranging from 13 to 80 years. The primary mani-
festations were anorexia (88.24 %), nausea (70.59 %), vomiting
(47.06 %), fatigue (64.71 %), and neurological or psychiatric
symptoms (88.24 %). The median time to diagnosis was 2
months and the longest was 10 years. Laboratory tests mostly
showed hyponatremia (88.24 %) and hypoglycemia (70.59 %).
The symptoms and laboratory indicators returned to normal
after supplementing patients with glucocorticoids. IIAD has an
insidious onset and atypical symptoms; it was often misdiag-
nosed as gastrointestinal, neurological, or psychiatric disease.
The aim of this study was to improve clinicians' understanding
of lIAD, patients with unexplained gastrointestinal symptoms,
neurological and psychiatric symptoms, hyponatremia, or hy-
poglycemia should be evaluated for IIAD and ensure early dia-
gnosis and treatment.

Introduction

Idiopathicisolated adrenocorticotrophic hormone (ACTH) deficien-
cy (IIAD) is characterized by the sole involvement of the pituitary-
adrenal axis (HPA axis), low serum cortisol levels, and low or nor-
mal ACTH levels, with no impairment or transient reversible chang-
es in the thyroid axis, gonad axis, prolactin axis, and growth
hormone axis function. Pituitary magnetic resonance imaging
(MRI) is mostly normal or displays empty sella syndrome. lIAD is di-
vided into congenital I1AD (CIIAD), which is thought to be genetic
and heredity, whereas, in adult IIAD (AIIAD), the etiology is unclear
and often considered to be related to autoimmunity. The clinical
manifestations of IIAD are widespread and lack specificity, and
many patients remain undiagnosed for a long time. The aim of the

study was to improve clinicians' understanding of IIAD to improve
the diagnosis rate.

Materials and Methods

Study subjects

The inclusion criteria for IAD were as following: functional decrease
in the HPA axis only, serum cortisol levels below the normal range
(AM: 185-624 nmol/L, PM: <276 nmol/L), ACTH levels within the
normal range (AM: 1.6-13.9 pmol/L, PM: <1.6 pmol/L) or low (cor-
tisol and ACTH levels were measured by chemiluminescent immu-
noassay), normal levels of other anterior pituitary hormones, and
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pituitary MRIis normal or shows empty sella. The exclusion criteria
for IIAD were as follows: abnormalities in other axes of the anterior
pituitary, history of glucocorticoid therapy, history of pituitary sur-
gery, and patients with tumors.

Clinical indicators

We collected the following patient information: gender, age at
onset, length of time from symptom onset to diagnosis, drinking
history, first department visit, clinical manifestations, routine blood
tests (leukocytes, lymphocytes, eosinophils, hemoglobin), blood
glucose, electrolytes, the function of the HPA axis, thyroid axis,
gonad axis, and growth hormone axis; pituitary MRI, adrenal gland
computed tomography (CT), and type and dose of medication.

Statistical methods

Data were processed by SPSS 26.0. Normality testing of quantita-
tive data was performed by the Shapiro-Wilk test. Data that con-
formed to the normal distribution were expressed as mean + stand-
ard deviation (X+SD), non-normally distributed data were ex-
pressed as median (interquartile range) (M [IQR]), and qualitative
data were expressed as percentages.

Ethics approval

This retrospective study involving human participants was in ac-
cordance with the ethical standards of the institutional and nation-
al research committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards. The Medi-
cal Ethics Committee of Jining No.1 People’s Hospital approved this
study.
The study was not registered to a clinical trials registry (CTR)
The study was not registered to a CTR because it is a retrospec-
tive study.

Informed consent

In this retrospective study, ethics approval was obtained, and writ-
ten informed consent was not needed.

Results

General clinical characteristics

Sixteen patients were male and one was female. The minimum age
at symptom onset was 13 years and the maximum age was 80 years
(median: 62 years). The length of time from symptom onset to di-
agnosis ranged from 0 to 10 years (median: 2 months)(> Table 1),
and were mostly misdiagnosed as gastrointestinal diseases (6
cases), neurological or psychiatric diseases (3 cases), and thyroid
disease (1 case).

Fourteen patients had both gastrointestinal and neurological or
psychiatric symptoms (82.35 %). Among the 17 patients, the clini-
cal manifestations included anorexia (n=15, 88.24 %), nausea
(n=12,70.59%), fatigue (n=11,64.71%), vomiting (n=8,47.06 %),
unconsciousness (n=7,41.18 %), and weight loss (n=4, 23.53 %)
(> Fig. 1). Furthermore, one patient had transient hypotension and
there was no decrease in blood pressure in three hypertensive pa-
tients. There were also some rare manifestations, including loss of
axillary and pubic hair (case 6).

Regarding the department that visited first, only four patients
(23.53 %) were triaged to the endocrinology department for hypo-
glycemia or hyponatremia, and among them, case 5 was first tri-
aged to the endocrinology department because of a history of hy-
pothyroidism; 11 patients were triaged to the gastroenterology
department (64.71 %); and two patients were triaged to the neu-
rology or psychiatry department (11.76 %). Case 8, who had already
been diagnosed with IIAD 1 year prior, was triaged to the gastro-
enterology department again when he showed gastrointestinal
symptoms.

Five patients (cases 4,7, 14, 15, 17) had a history of cerebral in-
farction and case 1 had a history of cerebral hemorrhage. Three pa-
tients (cases 5, 10, 11) were diagnosed with depression; their symp-
toms improved after changing to cortisol therapy, so whether their
depressive state was due to hyponatremia cannot be excluded.

Laboratory tests

Fifteen patients had hyponatremia (88.24 %), 11 patients had hy-
pochloremia (64.71%), one patient had hypokalemia, and none
had hyperkalemia. The median of blood glucose was 3.5 mmol/L,
and 12 patients (70.59 %) had varying degrees of hypoglycemia
(range: 1.1-3.7 mmol/L), with three cases of hypoglycemic coma
(case 2, 16, 17) and one of type 2 diabetes (case 1) who took met-
formin glibenclamide previously, his fasting blood glucose was
3.17 mmol/L, which increased (6.6-9.4 mmol/L) after supplement-
ing with glucocorticoids.

Three patients had leukopenia, nine had anemia, two had eo-
sinophilia, and none had lymphocytosis.

Anterior pituitary function and imaging findings

HPA axis function was decreased in all 17 cases (> Table 2). The me-
dian serum cortisol and ACTH were 10.91 nmol/Land 1.04 pmol/L,
respectively. Thyroid antibodies were collected in 13 of the 17 pa-
tients. Seven patients (41.18 %) had thyroid disease, including el-
evated thyroid stimulating hormone (TSH) in six patients (35.29 %)
and positive thyroid autoantibodies in one patient (7.69 %). Case 8
was previously diagnosed with hypothyroidism due to Hashimoto's
thyroiditis. Three patients (17.65 %) had hyperprolactinemia, but
no occupancy was found on pituitary MRI and no prolactinoma.
Growth hormone levels were examined in two patients and were
found to be normal. Pituitary MRI was performed in 16 patients,
and no pituitary abnormality was seen in the remaining one patient
by cranial CT; the final results of imaging were empty sellain seven
patients (> Fig. 2) and normal in the remaining 10 patients. Adre-
nal CT examination found no abnormalities in seven patients.

Treatment and follow-up

No oral preparation of hydrocortisone was available in our center;
therefore, all patients were given prednisone tablets (mean dose:
7.21 mg/day) after a clear diagnosis of IIAD. Although case 11 was
a minor, his gonad axis was initiating and his predicted outcome
was satisfactory; thus, he was administered prednisone tablets. At
follow-up, the HPA axis function had not recovered in all patients
at the time of writing this article. Fig. 3 shows the ACTH and corti-
sol levels of case 9 at multiple follow-ups.

Following prednisone supplementation, clinical symptoms and
laboratory indicators mostly returned to normal. Ten of 11 reviewed
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> Table 1 Summary of the characteristics of 17 patients with IIAD (n=17)

Indicators IIAD
(Frequency
[Frequency],
XtSDor M
[1QR])

Male, n (%) 16 (94.12%)

Female, n (%) 1(5.88%)

Age at onset (years) 62 (20)

Length of time from symptom onset
to diagnosis (months)

2(29.8)

Drinking history, n (%) 2/16(12.5%)
First = Endocrinology department, n (%) 4(23.53%)
department Gastroenterology department, n (%) | 11 (64.71%)

visited
2(11.76%)

Neurology or psychiatry depart-
ment, n (%)

Gastrointesti-
nal symptoms

Anorexia, n (%)
Nausea, n (%)

Vomiting, n (%)

15 (88.24%)
12 (70.59%)
8 (47.06%)

Neurological = Unconscious, n (%) 7 (41.18%)

and « All symptoms, n (%) 15 (88.24%)

psychiatric =2 % 1 (64.71%

symptoms atigue, n (%) (64.71%)
Weight loss, n (%) 4(23.53%)
Hypotension, n (%) 1(5.88%)

Blood glucose | = Hypoglycemia, n (%) 12 (70.59 %)
= Blood glucose level (mmol/L) 3.5(1.11)

Blood routine

Leukocytopenia, n (%) 3(17.65%)
tests Anemia, n (%) 9(52.94%)
Lymphocytosis, n (%) 0(0%)
2(11.76%)
15 (88.24 %)
11 (64.71%)

Eosinophilia, n (%)

o

Electrolytes Hyponatremia, n (%)

Hypochloremia, n (%)

= Hypokalemia, n (%) 1(5.88%)

= Hyperkalemia, n (%) 0(0%)
Function of = Cortisol level (nmol/L) 10.91 (33.33)
the anterior | . ACTH level (pmol/L) 1.04 (2.95)
pituitary « TSH elevated, n (%) 6(35.29%)

= Positive thyroid antibodies, n (%) 1/13 (7.69%)

= Hyperprolactinemia, n (%) 3(17.65%)

= Growth hormone deficiency, n (%) | 0/2 (0%)
Pituitary MRI = Normal, n (%) 10 (58.82%)

= Empty sella, n (%) 7(41.18%)
Medication = Using prednisone tablet, n (%) 17 (100 %)

7.21£2.63
4(23.53%)

Prednisone tablet dose (mg/day)

= Using levothyroxine tablet, n (%)

IIAD idiopathic isolated adrenocorticotropic hormone deficiency,
X+SD mean #standard deviation, M (IQR) median (interquartile
range), ACTH adrenocorticotropic hormone, TSH thyroid stimulating
hormone, MRI magnetic resonance imaging.

patients with hyponatremia had returned to normal, although this
was not so in case 8, which was considered to be related to discon-
tinuing prednisone tablets >10 days before follow-up. All eight re-
viewed patients with hypoglycemia recovered, and two reviewed

patients with leukopenia were normal. Of the four reviewed patients
with anemia, two returned to normal and one reviewed case of eo-
sinophilia returned to normal. Of the three reviewed patients with
elevated TSH, one (case 10) returned to normal, and one (case 11)
showed a downward trend (8.76 to 6.59 pulU/mL).

Discussion

IIAD is a rare disease first proposed by Steinberg [1]. It is usually
documented in case reports or small case series in China [2]. The
exact prevalence of lIAD is difficult to establish as there is no con-
sensus on the disease definition. In the past 9 years, 17 cases of IAD
were reported at our center; the low incidence of this disease may
be due to insidious symptoms and lack of sufficient understanding
of IIAD. This article provides a comprehensive account of the whole
process of diagnosis and treatment of IIAD cases to improve physi-
cians’ understanding of lIAD and increase the diagnosis rate.

Potential pathogenesis of idiopathic isolated
adrenocorticotrophic hormone deficiency

The specific pathogenesis of [IAD is unknown; it may be related to
genetic defects, autoimmunity, pituitary ischemia, long-term al-
cohol consumption, drugs, etc. (> Table 3). Proopiomelanocortin
(POMCQ) is a precursor of ACTH, POMC deficiency syndrome is a ge-
netic defect disease, of which IIAD is one of the manifestations [3].
TBX19 encodes a transcription factor specifically expressed in pi-
tuitary ACTH cells. Mutations in TBX19 eventually lead to ACTH de-
ficiency [4], accounting for 65 % of neonatal IIAD cases [5]. In our
study, we observed an adolescent patient (13 years old); unfortu-
nately, neither he nor his parents had undergone genetic screen-
ing. NFKB2 encodes a transcription factor that requlates the ex-
pression of severalimmune-related genes, and mutations in NFKB2
may lead to IIAD [6]. Prohormone convertase 1 (PC1) catalyzes the
conversion of POMC proteins into ACTH; a structural mutation in
PC1 can ultimately lead to ACTH deficiency [7].

Autoimmunity is currently considered to be the most likely
pathogenesis of IIAD due to the following reasons. (1) IIAD is often
observed in combination with autoimmune diseases [8], such as
Hashimoto's thyroiditis, primary hypothyroidism, type 1 diabetes,
Crohn's disease, etc. [2]. Thyroid disease may be due to the simi-
larity between certain antigens in ACTH cells and thyroid follicular
epithelial cells [9]. (2) Pituitary tissue from IIAD patients exhibits
infiltration of lymphocytes [10]. Fujita's study confirmed the pres-
ence of anti-ACTH antibodies in 58 % of IIAD patients [11]. (3) Pa-
tients with traumatic brain injury were also diagnosed with IIAD
due toimmune system attacks on exposed ACTH cells [12]. (4) Im-
mune checkpoint inhibitors (ICls) cause IIAD in 0.8 % of patients
[13], because over-activated immune cells lead to autoimmune
damage. (5) The formation of the empty sella may be related to au-
toimmunity [14]. Seven patients in our center showed an empty
sella, providing much evidence to suggest that autoimmunity is in-
volved in the pathogenesis of IIAD.

Some vascular high-risk factors or pituitary ischemic diseases,
such as type 2 diabetes, hypertension [15], cerebral hemorrhage
[9], cerebral infarction, etc., may lead to inadequate pituitary per-
fusion and cause IIAD. Our center has one patient with type 2 dia-
betes, three hypertensive patients, one cerebral hemorrhage pa-
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> Fig. 1 Percentage of clinical presentations.

tient five cerebral infarction patients. Furthermore, studies have
reported that a history of chronic alcoholism may be associated
with the development of IIAD [16, 17]. Chronic alcohol intoxication
can cause ultra-microscopic pathological changes in the endocrine
cells of the rat adenohypophysis, resulting in pituitary damage [18].
In our study, two patients had a long-term history of alcohol con-
sumption; however, the the relationship between alcoholism and
IIAD remains unknown. Long-term history of the use of opioid
drugs caninhibit endogenous endorphin production and the gen-
eration of ACTH [19, 20].

The pathogenesis of IIAD has not yet been fully defined. It is a
complex condition involving multiple factors, and further clinical
studies are needed to summarize and confirm these factors. Of
course, IIAD may be a heterogeneous group of conditions; future
developments will allow us to better subclassify different types of
IIAD, and at that point, we will develop a more fitting name for this
condition.

Clinical characteristics of idiopathic isolated
adrenocorticotrophic hormone deficiency

The clinical manifestations of IIAD are diverse and lack specificity.
As aresult, patients with IIAD may often first visit the department
of gastroenterology and not the endocrinology department. Many
patients remain undiagnosed for a long time. The population with
IIAD is predominantly middle-aged and elderly, and predominant-
ly male. One study involving 72 patients, reported the male-to-fe-
male ratio as 1.2:1, and although the disease was distributed in all
age groups, it was predominantin the 50-60 years age group [16].
Our study included 16 male and only one female, and the median
age was 62 years; the clinical manifestations usually started with
gastrointestinal symptoms or neurological symptoms, manifest-
ing as anorexia, nausea, fatigue, vomiting, unconsciousness, and
weight loss. Likewise, the major clinical manifestations of Iglesias’s
study were fatigue, anorexia, nausea or vomiting [21]. Patients with
CIIAD usually have severe hypoglycemia, seizures, and prolonged
cholestatic jaundice [22]. The clinical manifestations of the patients
in our study were generally consistent with those reported in pre-
vious studies in China and foreign countries [8, 23]. Laboratory tests
in our study mostly showed hyponatremia (88.24 %) and hypogly-

cemia (70.59 %), with hyponatremia also being the most common
laboratory finding in the studies by Iglesias (68.2 %) [21] and Han-
non (39.13 %) [8]. In one study, eosinophilia (31.8 %) was common
in IIAD caused by ICls [21], while our study only had two patients
with eosinophilia (11.76 %); this discrepancy is considered to be re-
lated to ICl because eosinophils are involved in immunity.

In Japan, approximately 10 % of the more than 300 IIAD cases
were found to be complicated with thyroid disease, with Hashimo-
to's thyroiditis being the most common [24]. Murakami’s study
speculated that elevated TSH is mostly related to cortisol deficien-
cy rather than autoimmunity [25]. However, data derived from the
National Pituitary Database of Ireland showed that 12 (56.52 %) of
23 patients had autoimmune disease, including nine patients
(39.13 %) with documented autoimmune hypothyroidism, high-
lighting an autoimmune basis for patients with autoimmune hypo-
thyroidism and IIAD [8]. Two patients with high prolactin levels
were reported in the study by Sun Chan, which returned to normal
after supplementing with glucocorticoids. The high prolactin lev-
els may be related to cortisol deficiency because prolactin was
found to overreact in patients with IIAD in response to thyrotropin-
releasing hormone, which resumed to normal level after glucocor-
ticoid replacement [26]. There were three hyperprolactinemia
cases in our study, and pituitary MRI excluded prolactinoma. Un-
fortunately, the lack of follow-up information restricts our ability
to know whether the prolactin levels of these patients decreased
after glucocorticoid supplementation.

Diagnosis of idiopathic isolated adrenocorticotrophic
hormone deficiency

The key to diagnosing IIAD is evaluating anterior pituitary function
(> Fig. 4). The diagnosis of IIAD includes the following elements:
the fasting serum cortisol at 8 am without stress of <80 nmol/L
(3 ug/dL) (>500nmol/L[18 ug/dL] can be excluded) [27], the ACTH
levels should be either low or normal, and other anterior pituitary
hormones levels are normal. If available, ACTH excitation tests can
be performed to confirm that the hypoadrenocorticism in the pa-
tient is secondary (in patients with longer disease duration, ACTH
stimulation tests may give false negative results). In addition, pi-
tuitary MRI shows it to be mostly normal or empty sella, and the
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> Fig. 2 Pituitary magnetic resonance imaging in seven patients with empty sella (T2 image).

> Table 3 Potential pathogenesis of IIAD

Potential pathogenesis of Details
IIAD
Genetic defects = POMC genetic defects [3], TBX19 mutations [4], NFKB2 mutations [6], structural mutation in PC1 [7].

Autoimmunity(highest

IIAD is often associated with many autoimmune diseases: Hashimoto's thyroiditis, primary hypothyroidism, Graves'

probability) disease, type 1 diabetes, ulcerative colitis, Crohn's disease, etc., especially autoimmune thyroid disease [2, 8];

Infiltration of lymphocytes was found in pituitary tissue [10];

Patients with traumatic brain injury develop IAD due to immune system attack on exposed ACTH cells [12];

0.8% of patients developed IIAD after ICI therapy [13];

The formation of the empty sella may also be related to autoimmunity [14].

Pituitary ischemia

Various vascular risk factors, such as hyperglycemia and hypertension, can cause inadequate perfusion of the
pituitary, resulting in ischemic damage to the pituitary [9, 15].

Alcohol

Chronic alcohol intoxication can cause ultra-microscopic pathological changes in the endocrine cells [16-18].

Drugs

Long-term using of narcotic psychotropic drugs may cause IIAD [19, 20].

IIAD idiopathic isolated adrenocorticotropic hormone deficiency, PC1 Prohormone convertase 1, ACTH adrenocorticotropic hormone, ICI immune

checkpoint inhibitor.

adrenal gland can be shriveled due to a prolonged lack of ACTH
[28]. Hematological examination mostly shows hyponatremia and
hypoglycemia, and if available, anti-pituitary antibody testing
should be implemented to assess the involvement of immune fac-
tors. Furthermore, genetic screening should be performed when a
newborn is suspected to have IIAD.

Differential diagnosis of idiopathic isolated
adrenocorticotrophic hormone deficiency

Being familiar with the differential diagnosis of IIAD helps to im-
prove the diagnosis rate. For example, compared with primary
adrenocortical hypofunction, patients with IIAD do not have skin
pigmentation and a reduction in cortisol and ACTH. In addition,
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the non-specific symptoms of patients with IIAD are often similar
to those of gastrointestinal disease, cardiovascular disease, and
neurological or psychiatric disease; however, the symptoms of gas-
trointestinal disease are regular, whereas IIAD patients lack regular
symptoms and symptomatic treatment is invalid. Hypotensive
shock and coma associated with cardiovascular disease mostly
occur with underlying vascular diseases, while coma and seizures
in patients with [IAD are mostly due to hypoglycemia and hypona-

1IAD caused by
hypothalamus
lesions

tremia. These symptoms are recovered quickly after supplement-
ing IIAD patients with glucocorticoids.

Treatment and prognosis of idiopathic isolated
adrenocorticotrophic hormone deficiency

The treatment of IIAD broadly follows the treatment principles of
secondary adrenocortical hypofunction [29]. Glucocorticoid sup-
plementation is the first choice, and the main oral drugs are hydro-
cortisone and prednisone, and hydrocortisone is generally pre-
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ferred [13]. The doses of hydrocortisone are as follows: 10-25mg/
day for adults and 8-10 [mg/m2]/day for children. The mode of
administration is mostly half to two-thirds of the total dose at 8
am, followed by the remaining dose given divided and given once
or twice at noon and/or in the evening. Adult patients can be ad-
ministered prednisone [30]. The dose is 3-7.5mg at 8 am alone.
The selection of drug dose should be individualized; mild patients
do not require interventions during non-stressful conditions, but
glucocorticoid supplementation is required during stressful condi-
tions. In other patients, the dose should be adjusted upward dur-
ing stressful conditions, such as fever, surgery, and adrenal crisis.
Whether the supplement dose is appropriate is mainly based on
clinical manifestations and laboratory tests rather than cortisol and
ACTH levels. Prenatal diagnosis is recommended for pregnant
women with a family history of IIAD, and tumor patients treated
with ICls require monitoring of the HPA axis function both during
treatment and following treatment completion because the effects
of ICls persist even after discontinuation [31,32].

The symptoms and laboratory indicators of IIAD mostly return
to normal after glucocorticoid supplementation; however, the HPA
axis function had not recovered in all patients at the time of writ-
ing this article. In another study, some patients progressed to hy-
pofunctioning of multiple pituitary axes [8]; strictly speaking, these
patients cannot be diagnosed with IIAD and be more appropriate-
ly diagnosed with partial or total hypopituitarism.

Conclusions

In conclusion, IIAD has an insidious onset and atypical symptoms
and can seriously affect the quality of life. The possibility of IIAD
should be considered in any patient with acute, unexplained recur-
rent anorexia, fatigue, hyponatremia, or hypoglycemia. In addition,
for patients with hypertension or diabetes, we should be alert to
the possibility of IIAD when a sudden drop or significant improve-
ment in blood pressure or blood glucose occurs or even with the
appearance of non-drug-related hypotension or hypoglycemia[15].
Finally, more cases are required to understand the clinical charac-
teristics of IIAD, thus further improving the diagnosis rate.

The limitations of this study are as follows: (1) the study focused
on arare disease; thus, the sample size was small, (2) due to limit-
ed laboratory conditions and the physical condition of the patients,
the study failed to complete ACTH provocation test and insulin
stress test, and (3) no pathological evidence was available.
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