
Clinical characteristics of endocrine disturbances in post-COVID-19 condition,
case report with review of literature
W. Ji, XM. Xie*, L. Zhang, HY. Zhou, GR. Bai, L. Li, YT. He, J. He, CY. Xia, H. Li, RD. Li, R. Ping and D. Qiang

The Second Clinical Medical College of Ningxia Medical University, Yinchuan, 75001, People’s Republic of China
*Correspondence: xxm2324@126.com

Post-COVID-19 condition (PCC) is frequently associated with multiple endocrine hormone disturbances, primarily involving the
hypothalamic–pituitary–adrenal axis. However, the exact cause remains unclear, particularly concerning whether these
symptoms result from hypothalamus damage. This study reports on the clinical characteristics and examination methods of
five patients exhibiting multiple endocrine disorders during PCC following SARS-CoV-2 infections, as well as the
corresponding treatment strategies. Insulin tolerance test (ITT), arginine stimulation test, rapid adrenocorticotropic
hormone (ACTH) stimulation test, and supine–standing test were used to evaluate endocrine hormone disturbances.
Magnetic resonance imaging of the pituitary and computed tomography of the adrenal gland on one patient were
performed to reveal the pathology. All five patients had hypothalamic syndrome with secondary adrenal insufficiency,
growth hormone (GH) deficiency, and secondary hyperaldosteronism. Treatment included ACTH injection, recombinant
human GH injection, and/or oral administration of synthetic glucocorticoids (prednisone acetate or methylprednisolone)
and mineralocorticoid receptor antagonist finerenone. Remarkable improvement was observed within one week for all
patients. To assess disorders in the hypothalamic–pituitary–§adrenal axis, dynamic endocrine testing is recommended.
Upon confirmation of a diagnosis, timely supplementation of ACTH, glucocorticoids, GH, and aldosterone antagonists can
yield remarkable therapeutic outcomes.

Keywords: post-COVID-19 condition, long COVID, endocrine hormone disturbances, hypothalamic–pituitary–adrenal axis,
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Introduction
Persistent, returning, or newly emerging symptoms following
infection with the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), the virus responsible for Coronavirus
Disease 2019 (COVID-19), are commonly known as post-
COVID-19 condition (PCC).1 PCC consists of multiple symptoms,
including fatigue, dyspnoea, and cognitive dysfunction. Typi-
cally, these symptoms manifest within three months of the
onset of symptomatic COVID-19, last for at least two months,
and cannot be attributed to an alternative diagnosis.1 A pro-
spective study involving South African adults indicated a close
association between the presence of acute COVID-19 symp-
toms, especially in critically ill patients, and the development
of PCC, with a tendency for patients to be female.2 In China,
the prevalence of severe PCC was estimated at 31.0%, with
the most common severe symptoms including fatigue
(33.7%), cough (31.9%), sore throat (31%), difficulty in concen-
trating (30.5%), anxiety (30.2%), myalgia (29.9%), and arthralgia
(29.9%).3

The acute phase of SARS-CoV-2 infection triggers a cytokine
storm that damages multiple organs, including potential
impact on the hypothalamic–pituitary–adrenal (HPA) axis.4–7

This damage may lead to growth hormone (GH) deficiency,
adrenal insufficiency, and reduced cortisol and adrenocortico-
tropic hormone (ACTH) levels.8–12 In the convalescent period,
some 40% of patients may experience mild secondary adrenal
insufficiency, affecting GH, ACTH, and cortisol response to
insulin tolerance tests (ITT).13,14 The exact cause of hormonal
imbalances in PCC remains unclear, particularly regarding
damage to the hypothalamus. Current understanding is that
SARS-CoV-2 infection contributes to the formation of stable

angiotensin-converting enzyme 2 (ACE2)-viral spike protein
complexes, which persist even after disease resolution.15–20 Fur-
thermore, infection can activate ACE2 receptors in the hypo-
thalamus and pituitary, resulting in increased blood–brain
barrier permeability, disruption of tight junctions, and impact-
ing angiotensin II and aldosterone levels within the renin–
angiotensin–aldosterone system (RAAS).19,21–23 However, the
association between PCC and persistently elevated aldosterone
levels remains unclear.

To explore potential PCC aetiology, this study reported on five
COVID-19 patients presenting diverse PCC symptoms. Multiple
dynamic endocrine testing revealed that these symptoms
were associated with the disruption of various endocrine
hormone axes, attributed to damage to the hypothalamic
neuroendocrine centre. Furthermore, the implemented com-
prehensive treatment strategies resulted in favourable out-
comes for these patients. These findings may contribute
valuable insights for diagnosing and treating PCC in clinical
settings.

Methods

Subjects
From June 12, 2023 to July 7, 2023, five patients with confirmed
SARS-CoV-2 infection for over three months were hospitalised
in the Endocrinology Department of the Second Affiliated Hos-
pital of Ningxia Medical University. The diagnoses of COVID-19
and PCC were in accordance with the World Health Organiz-
ation (WHO) definition. According to the American Diabetes
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Association, one had prediabetes, one had type 1 diabetes com-
bined with cirrhosis, and two had type 2 diabetes.

Blood testing
Fasting peripheral venous blood samples were collected after
an overnight fast (8–12 hours). Dynamic endocrine testing
was performed according to the diagnostic process (Figure 1).
Plasma levels of ACTH, GH, aldosterone, renin, and the aldoster-
one-to-renin ratio (ARR) were measured using an Autobio bio-
chemistry analyser (Autobio Diagnostics Co, Zhengzou, China).
Plasma cortisol was measured using a Cobas 6000 automated
immunoassay analyser (Roche Diagnostics, Basel, Switzerland).
Liquid chromatography tandem mass spectrometry (LC-MS/
MS) was used to measure the free cortisol, urine aldosterone,
and insulin-like growth factor 1 (IGF-1) in 24-hour urine samples.

Measurements
For ITT, blood samples were collected at 0, 30, 60, 90 and
120 minutes after insulin injection (0.10–0.15 U/kg), and the
levels of blood glucose (GLU), cortisol, ACTH, and GH were
measured. Additionally, fasting blood samples were collected
at 8 am to serve as baseline measurements. For arginine stimu-
lation test, arginine (0.5 g/kg, maximum 30 g) was administered
intravenously through a 100 mL normal saline drip over
30 minutes. The levels of GLU, cortisol, ACTH, and GH were
measured in blood samples at baseline (30 minutes before argi-
nine infusion) and at 0 (end of arginine infusion), 30, 60, 90, and
120 minutes after infusion. Regarding the rapid ACTH stimu-
lation test, ACTH (25 IU) was administrated intravenously. The

levels of cortisol and ACTH were measured in blood samples
at baseline and at 0, 30, and 60 minutes after infusion. In the
supine–standing test, patients remained in an upright position
(sitting, standing, or walking) for at least 2 hours after intramus-
cular administration of furosemide (40 mg). Subsequently,
blood samples were collected in the standing position, and
levels of aldosterone, renin, cortisol, and ACTH were measured.

Case presentation

Patient 1
A 59-year-old female was admitted to our hospital on June 12,
2023, presenting with a recurrent rash and generalised oedema
on the face and body that had lasted for 4 months. The patient
had received three doses of SARS-CoV-2 vaccine in 2022 and
had a history of rash and allergic rhinitis. There was no history
of drug or food allergies, and there were no other autoimmune
diseases. Six months previously, she had contracted SARS-CoV-2
and experienced symptoms such as dyspnoea, chest tightness,
cough, and sputum production. Haematological analysis indi-
cated a relatively lower level of peripheral blood lymphocytes
(PBL) (Table 1). After being diagnosed with severe COVID-19
and receiving comprehensive treatments (antiviral therapy,
anticoagulation, and anti-infection treatment), these symptoms
almost completely resolved.

On February 9, 2023, due to high-intensity stress and fatigue,
the patient developed generalised rash, pruritus, non-pitting
oedema, muscle pain, and insomnia, as well as brain fog.

Figure 1: Flowchart of dynamic endocrine testing.
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Table 1: Haematological analysis of the five patients

Factor
WBC
(109/L)

Neutrophil
(%)

Neutrophil
(109/L)

LYMPH
(%)

LYMPH
(109/L)

FBG
(mmol/L)

ALT
(U/L)

AST
(U/L)

Cr
(μmol/

L)

Normal reference range
3.5–
9.5 40–75% 1.8–6.3 20–50 1.1–3.2 3.9–6.1 7–40 13–35 41–73

Patient 1 First SARS-CoV-2 infection At confirmed diagnosis of pneumonia 2.50 56.90 1.44 27.00 0.69 6.00 33.00 32.00 65.60

After treatment of pneumonia 7.50 77.50 5.77 13.10 0.98 4.99 43.7 17.70 60.40

At confirmed diagnosis of immunodeficiency 12.60 84.60 10.63 8.10 1.02 5.99 42.1 15.40 64.60

After treatment of immunodeficiency 4.40 73.70 3.24 17.00 0.75 5.00 81.20 53.20 76.70

Second SARS-CoV-2
infection

At confirmed diagnosis of immunodeficiency 9.00 87.30 7.85 9.40 0.84 7.71 25.30 20.70 69.50

Before confirmed diagnosis of endocrine
imbalance

7.30 68.40 5.03 23.70 1.74 5.09 46.60 28.90 85.60

After treatment of endocrine imbalance 5.10 63.60 3.42 26.50 1.42 5.27 36.80 21.00 80.60

At 3-month follow-up after treatment 4.8 71.2 3.42 18.6 0.90 4.95 25.7 19.7 78.8

Patient 2 5.60 69.00 3.87 26.8 1.50 5.15 10.80 17.50 68.70

Patient 3 6.30 61.80 3.87 25.50 1.60 5.12 13.90 15.50 57.70

Patient 4 5.20 59.00 3.08 20.7 1.55 6.58 23.70 17.10 77.00

Patient 5 2.10 49.40 1.09 42.1 0.93 – 27.50 47.70 24.90

TP
(g/L)

ALB
(g/L)

K+

(mmol/L)

Na+

(mmol/
L)

Cl−

(mmol/
L)

Ca2+

(mmol/L)
Mg2+

(mmol/L)

Zn
(μmol/

L)

Normal reference range 65–85 40–55 3.6–5.2 137–147 99–110
2.11–
2.52

0.75–
1.02 9–20.7

Patient 1 First SARS-CoV-2 infection At confirmed diagnosis of pneumonia − − 3.90 139.3 106.2 2.20 0.90 2.20

After treatment of pneumonia 62.40 41.40 4.01 138.9 103.2 2.15 0.77 −

At confirmed diagnosis of immunodeficiency 62.10 28.70 − − − 2.07 0.80 6.10

After treatment of immunodeficiency 75.60 35.90 4.23 135.5 102.0 2.14 0.72 13.60

Second SARS-CoV-2
infection

At confirmed diagnosis of immunodeficiency 78.70 38.50 4.10 138.6 102.2 2.16 0.78 8.50

Before confirmed diagnosis of endocrine
imbalance

69.10 28.80 3.68 142.5 103.3 − 0.76 10.40

After treatment of endocrine imbalance 67.10 36.20 3.95 138.5 99.50 2.27 0.91 −

At 3-month follow-up after treatment 54.05 38.05 4.02 142.6 102.8 2.08 0.89 6.90

Patient 2 71.70 45.00 3.89 145.0 105.9 2.20 0.81 −

Patient 3 63.40 38.30 3.64 140.7 105.6 2.00 0.80 −

Patient 4 69.20 44.80 3.44 143.5 105.4 2.10 − −

Patient 5 50.10 21.50 3.87 137.4 104.9 1.80 0.54 4.70

WBC: white blood cell; LYMPH: lymphocytes; FBG: fasting blood glucose; ALT: alanine aminotransferase; AST: aspartate aminotransferase; Cr: creatinine; TP: total protein; ALB: albumin.
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Table 1 lists the patient’s haematological and biochemical data.
The patient was then diagnosed with secondary immunodefi-
ciency and hypoalbuminaemia. Treatment includes oral and
intravenous corticosteroids, high-dose intravenous immunoglo-
bulin, a high-protein diet, and daily intravenous albumin infu-
sions (10 g/day, for 4 days). Despite these treatments, plasma
albumin levels continued to decline (see Table 1). To address
this, recombinant human growth hormone (rhGH, 30 IU/3 mL;
Jinsai Pharmaceutical Co., Changchun, China) was injected sub-
cutaneously every night at doses of 1.0–1.5 IU. After five days of
treatment, PBL and serum albumin levels returned to normal.
Fourteen days before readmission, the patient contracted
SARS-CoV-2 again. Seven days before readmission, she experi-
enced intermittent fever (37.2–37.5°C), fatigue, and insomnia
without respiratory symptoms. The day before readmission,
the patient again developed a generalised rash (Figure 2).

As the oral antiviral medications did not produce a satisfac-
tory effect, the patient was readmitted to the hospital for
further treatment. The physical examination revealed scat-
tered red rashes, slightly elevated skin temperature, and
non-blanching rashes under pressure. No abnormalities were
observed in the heart, lungs, or abdomen. Laboratory tests
revealed PBL of 0.84 × 109/L and albumin of 38.5 g/L (see
Table 1). Chest CT showed no abnormalities. Treatment with
cortisol and high-dose intravenous immunoglobulin for one
week resulted in complete regression of the rash, but non-
pitting oedema, fatigue, insomnia, and brain fog persisted.
Furthermore, the patient reported intermittent sensations of
‘ant crawling’ on the skin, along with muscle twitching, stiff-
ness, and pain.

Further laboratory tests revealed abnormalities in high thyroid
peroxidase andprolactin levels. ITT indicated insufficient GH, cor-
tisol, and ACTH under hypoglycaemic stress, especially at 60, 90,
and 120 minutes. Arginine stimulation test results showed that
GH levels increased 7–8-fold at 0 and 30 minutes, but decreased
significantly at 60, 90, and 120 minutes. Additionally, cortisol and
ACTH levels were insufficient, with significant reduction at 60, 90,
and 120 minutes. Rapid ACTH stimulation test showed an
approximately 2.5-fold increase in plasma cortisol (Table 2).

The patient exhibited abnormal levels of aldosterone and
renin, with increased 24-hour urine aldosterone, decreased 24-
hour urine free cortisol, and increased 24-hour urine creatinine
(Table 2). Pituitary magnetic resonance imaging (MRI) revealed
pituitary enlargement (Figure 3), while adrenal computed tom-
ography (CT) indicated a suspicious nodule in the left adrenal
gland (Figure 4), suggestive of an adenoma. The patient was
diagnosedwith hypothalamic syndrome, pituitary inflammation,
secondary adrenal insufficiency, secondary GH deficiency, sec-
ondary hyperaldosteronism, secondary immunodeficiency,
hypoalbuminaemia, hypocalcaemia, and hypomagnesaemia, as
well as a pending confirmation of adrenalitis.

The treatment plan included: (1) weekly intramuscular injection of
ACTH (25 IU); (2) morning and afternoon doses of methylpredniso-
lone (4 and 2 mg, respectively, with an additional 4 mg during
stressful situations) and tapering to 4 mg in the morning after
one month; (3) nightly subcutaneous injection of rhGH (2.0 IU);
(4) twice-daily oral finerenone (10 mg); and (5) supplementation
with calcium, magnesium, and zinc elements. After one week of
treatment, generalised oedema subsided, sleep improved, and
symptoms such as brain fog disappeared. At three-month follow-
up, cortisol, ACTH, and GH levels showed apparent improvement,
and autoimmune thyroid antibodies returned to normal.

Patient 2
A 53-year-old female was admitted to our hospital on July 20,
2023. She had previously contracted SARS-CoV-2 in December
2022, experiencing symptoms such as fever, cough, and
sputum production. After one week of treatment, these symp-
toms improved. However, three months before admission, she
began experiencing symptoms such as excessive sweating,
cold intolerance, fatigue, intermittent joint and muscle pain,
and poor sleep. Additionally, there was oedema in her hands
and lower extremities, with the oedema becoming more pro-
nounced over time.

Physical examination upon admission revealed no abnormal-
ities in the heart, lungs, or abdomen. Haematological analysis
details are indicated in Table 1. The circadian rhythm of
serum cortisol levels was 339.3 nmol/L at 8 am, 221.1 nmol/L
at 4 pm, and 32.37 nmol/L at 0 am. The circadian rhythm of
serum ACTH levels was 7.05 pmol/L at 8 am, 2.55 pmol/L at 4,
and 0.86 pmol/L at 0 am. The results of ITT, arginine stimulation
test, rapid ACTH stimulation test, and supine–standing test are
detailed in Table 2. The diagnosis for the patient included hypo-
thalamic syndrome with secondary adrenal insufficiency and
secondary GH deficiency, secondary hyperaldosteronism, and
primary hypothyroidism.

The treatment plan included (1) weekly intramuscular injection
of ACTH (12.5 IU); (2) morning and afternoon dose of predni-
sone acetate (2.5 and 1.25 mg, respectively, with an additional
2.5 mg during stressful situations) and tapering to 2.5 mg in
the morning after one month; (3) twice-daily oral finerenone
at 5 mg, eventually reduced to 5 mg in the morning after one
month. Remarkable improvement in symptoms was observed
after one week of treatment.

Patient 3
A 38-year-old female patient was admitted to our hospital on
July 5, 2023. Four years earlier, she was diagnosed with type 2
diabetes, took oral medication for one year, and discontinued
this herself. In December 2022, she contracted SARS-CoV-2,
with symptoms of cough, sputum production, and fatigue.

Figure 2: Generalised rash of patient 1.
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Table 2: Endocrine hormones analysis of the five patients

Factor Insulin tolerance test (ITT) Arginine stimulation test Rapid ACTH test

GLU
(mmol/L)

GH
(mIU/L)

Cortisol
(nmol/L) ACTH (pmol/L)

GLU
(mmol/L)

GH
(mIU/L)

Cortisol
(nmol/L)

ACTH
(pmol/L)

Cortisol
(nmol/L)

ACTH
(pmol/L)

3.90–6.10 0.09–11.50 133.0–537.0
(6–10 am)
68.20–327.0
(4–8 pm)

1.59–13.96 3.90–6.10 0.09–11.50 133.0–537.0 (6–
10 am)

68.20–327.0 (4–8
pm)

1.59–13.96 133.0–537.0 (6–
10 am)

68.20–327.0 (4–
8 pm)

1.59–13.96

Patient 1 Before
treatment

Baseline 5.27 6.06 274.8 2.45 5.91 < 0.06 49.03 0.58 206.4 2.53

0 min 1.05 4.32 229.0 0.27 8.46 7.59 42.50 0.75 208.8 > 440.4

30 min 4.67 3.69 372.6 0.38 7.32 8.78 43.99 0.85 469.7 > 440.4

60 min 4.99 3.69 382.2 0.25 5.80 3.34 51.50 1.02 532.8 > 440.4

90 min 6.95 2.52 230.0 0.25 5.68 1.35 50.63 0.91 − −

120 min 5.75 2.73 302.8 <0.22 6.12 0.91 50.24 0.94 − −

After treatment Baseline 4.99 3.99 350.5 3.01 5.14 41.31 362.4 1.90 261.0 1.89

0 min 1.21 15.38 275.7 2.09 7.25 57.84 308.7 1.59 287.9 > 440.4

30 min 2.04 27.92 458.6 5.65 5.36 44.68 272.4 1.57 624.3 > 440.4

60 min 3.61 14.56 508.6 9.64 5.43 30.78 220.1 1.40 687.7 > 440.4

90 min 5.32 5.63 420.6 3.03 5.56 16.33 176.6 1.13 − −

120 min 5.21 3.52 328.9 1.43 5.05 9.17 148.6 0.98 − −

Patient 2 Baseline 5.15 0.72 224.7 2.47 7.28 8.63 256.2 2.73 275.0 5.78

0 min 1.52 0.22 191.7 1.86 4.84 4.15 254.8 4.36 345.3 > 440.4

30 min 2.32 8.73 156.2 2.19 5.35 2.41 232.2 3.03 517.8 > 440.4

60 min 5.51 3.91 190.6 2.34 4.99 7.32 174.9 2.37 570.5 > 440.4

90 min 3.02 0.80 137.6 1.82 5.21 2.35 138.9 2.12 − −

120 min 5.01 0.33 185.9 3.28 5.37 1.01 134.9 2.00 − −

Patient 3 Baseline 5.63 0.34 179.9 3.37 5.38 2.93 242.6 4.76 − −

0 min 2.53 0.06 148.9 3.56 7.67 11.06 185.5 5.90 − −

30 min 5.42 0.17 208.6 6.55 6.12 6.24 200.1 6.24 − −

60 min 5.86 < 0.06 268.7 6.58 4.95 1.92 161.2 5.69 − −

90 min 4.51 < 0.06 233.8 6.61 5.44 0.44 166.7 7.01 − −

120 min 4.97 0.56 244.0 7.70 5.51 0.11 144.2 5.96 − −

Patient 4 Baseline 7.41 0.07 435.2 9.53 7.06 0.10 323.6 3.49 269.80 3.43

0 min 3.04 4.12 402.7 5.63 9.25 4.00 222.4 2.29 312.30 > 440.4

30 min 6.53 4.69 460.4 6.06 8.89 2.21 195.8 2.43 660.9 > 440.4

60 min 6.07 0.83 360.2 3.93 7.27 1.77 187.2 2.65 668.6 > 440.4

90 min 6.47 0.25 276.1 1.98 6.55 0.45 184.6 2.99 − −

120 min 5.10 0.06 226.0 2.46 6.23 0.11 225.7 3.51 − −

(Continued )
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Table 2: Continued.

Factor Insulin tolerance test (ITT) Arginine stimulation test Rapid ACTH test

GLU
(mmol/L)

GH
(mIU/L)

Cortisol
(nmol/L) ACTH (pmol/L)

GLU
(mmol/L)

GH
(mIU/L)

Cortisol
(nmol/L)

ACTH
(pmol/L)

Cortisol
(nmol/L)

ACTH
(pmol/L)

Patient 5 Baseline 11.89 13.67 332.4 6.58 10.84 12.93 480.9 17.69 175.0 2.63

0 min 2.97 50.43 433.3 32.62 10.11 14.58 365.7 11.96 162.8 > 440.4

30 min 7.76 33.02 443.3 15.49 10.51 32.70 339.5 8.86 564.3 > 440.4

60 min 9.65 20.89 370.6 7.54 9.83 19.44 278.0 6.83 620.4 > 440.4

90 min 6.21 20.54 344.8 7.11 9.20 17.85 253.2 6.27 − −

120 min 6.97 11.56 249.5 3.77 8.88 13.03 197.1 5.46 − −

Supine–standing test
24 h urine free

cortisol (μg/24 h)
24 h urine ALD
(nmol/24 h)

IGF-1
(ng/mL)

Prolactin
(μIU/mL)

ALD (pg/
mL)

REN
(pg/mL) ARR

Cortisol (nmol/
L)

ACTH
(pmol/L)

10–160
(supine)
40–310

(standing)

2.4–32.8
(supine)
3.8–38.8
(standing)

< 30 133–537
(6–10 am)
68.2–327
(4–8 pm)

1.59–13.96 3.5–45 (for adults) < 16.5 50.0–317.0 102–496

Patient 1 Before
treatment

Supine 183.7 24.50 7.02 33.07 0.67 < 3.90 49.00 278.9 505.7

Standing 493.4 76.78 6.43 140.7 2.96 616.5

After treatment Supine 133.4 18.22 7.32 − − 18.00 36.70 − 529.1

Standing 388.6 43.58 8.92 − −

Patient 2 Supine 82.29 0.50 164.6 363.1 8.30 26.00 6.80 133.6 17.8

Standing 98.66 2.15 45.89 318.1 8.93

Patient 3 Supine 119.1 3.87 30.78 302.3 8.86 14.20 17.00 154.2 −

Standing 225.5 10.69 21.10 223.5 3.46

Patient 4 Supine − − − − − 23.20 13.20 133.4 269.9

Standing − − − − −

Patient 5 Supine 83.57 1.46 57.24 172.30 9.25 33.60 6.70 21.70 109.9

Standing 115.15 5.70 20.20 406.10 16.58

GLU: blood glucose; GH: growth hormone; ACTH: adrenocorticotropic hormone; ALD: aldosterone; REN: renin; ARR: aldosterone/renin ratio; IGF-1: insulin-like growth factor 1.
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The patient self-administered unspecified oral antiviral medi-
cations and showed improvement within a week. Two months
before admission, she began experiencing intermittent
fatigue, plus non-pitting oedema of the face and extremities,
along with numbness and pain in the back. Occasional
blurred vision, chest tightness, and dyspnoea occurred after
light physical labour.

Physical examination revealed non-pitting oedema of the face
and lower limbs (Figure 5). No abnormal findings were observed
in the heart, lungs, and abdomen. Table 1 lists the patient’s hae-
matological and biochemical data. Thyroid function was
normal. The circadian rhythm of serum cortisol levels was
176.5 nmol/L at 8 am, 129.9 nmol/L at 4 pm, and 37.26 nmol/L
at 0 am. The circadian rhythm of serum ACTH levels was
6.31 pmol/L at 8 am, 2.26 pmol/L at 4, and 1.20 pmol/L at 0
am. The results of ITT, arginine stimulation test, and supine–
standing test are detailed in Table 2. The diagnosis for this
patient included hypothalamic syndrome with secondary
adrenal insufficiency and secondary GH deficiency, secondary
hyperaldosteronism, hypoalbuminaemia, hypocalcaemia, hypo-
magnesaemia, and type 2 diabetes.

The treatment plan included (1) prednisone acetate 5.0 mg in
the morning, 2.5 mg in the afternoon, and an additional
2.5 mg during stressful situations; (2) rhGH at a nightly
dosage of 2.0 IU; and (3) finerenone 10 mg twice daily. Follow-
ing one week of treatment, notable improvements were
observed, with fatigue alleviating and oedema diminishing
remarkably.

Patient 4
A 59-year-old male patient was admitted to our hospital on July
18, 2023, reporting intermittent fatigue and skin itching within

the last 6 months, with a recent worsening of symptoms over
the last month. The patient had a 15-year history of type 2 dia-
betes and hypertension. In December 2022, the patient con-
tracted SARS-CoV-2, presenting symptoms of cough, limited
sputum production, fever (peaking at 38.5°C), and generalised
muscle pain. Despite self-administration of oral acetaminophen
and traditional Chinese medicine, and a subsequent negative
result in the SARS-CoV-2 examination, there was no improve-
ment. The persistent cough continued for over four months,
accompanied by intermittent itching of the neck and back. In
the past month, skin itching had worsened, extended to the
lower back and ankles, and was accompanied by nasal conges-
tion and rhinorrhoea.

No abnormality was found on physical examination. Table 1 lists
thepatient’s haematological andbiochemical data. The circadian
rhythm of serum cortisol levels was 295.4 nmol/L at 8 am,
178.7 nmol/L at 4 pm, and 81.34 nmol/L at 0 am. The circadian
rhythm of serum ACTH levels was 4.61 pmol/L at 8 am,
2.21 pmol/L at 4, and 1.31 pmol/L at 0 am. The results of ITT, argi-
nine stimulation test, and rapid ACTH stimulation test are
detailed in Table 2. The diagnosis for this patient included hypo-
thalamic syndrome with secondary adrenal insufficiency and
secondary GH deficiency, secondary hyperaldosteronism,
hypothyroidism, type 2 diabetes, and hypertension.

Treatment involved oral finerenone (10 mg, twice daily). One week
after discharge, the patient was reinfected with SARS-CoV-2, pre-
sentingwith fever (38–38.9°C), cough,minimal sputumproduction,
chest tightness, dyspnoea, scattered skin rashes, and itching. The
physical examination indicated a pulmonary infection, manifested
by moist rales in both lungs and a lymphocyte count of 0.64 ×
109/L. The patient was given antiviral treatment with nirmatrelvir/
ritonavir and methylprednisolone sodium succinate (40 mg twice

Figure 3.Magnetic resonance imaging of the pituitary in patient 1 upon hospital admission. (A) Coronal T1-weighted image. (B) Coronal T2-weighted
image. (C) sagittal image.

Figure 4: Computed tomography images of the left adrenal gland in patient 1. (A) Plain scan. (B) Contrast-enhanced scan.

Clinical characteristics of endocrine disturbances in post-COVID-19 83



daily), alongwith appropriate symptomatic treatments of infection,
resulting in significant improvement after 24 hours. Afterdischarge,
the patient received: (1) weekly intramuscular injection of ACTH (25
IU); (2) hydrocortisone (4 mg) in the morning; (3) rhGH at a nightly
dosage of 2.0 IU; and (4) finerenone (10 mg twice daily). At one-
month follow-up, significant improvement was noted, with stabil-
ised blood sugar reaching normal standard.

Patient 5
A 33-year-old female was admitted to our hospital on July 17,
2023, reporting fatigue and weight loss for 3 months, and
oedema for the last 2 days. Medical history included tubercu-
lous peritonitis, cirrhosis, hypersplenism, and upper gastrointes-
tinal bleeding. In November 2022 she had contracted SARS-
CoV-2, experiencing symptoms of fever, cough, and muscle
pain. Self-administered medication led to recovery within 10
days (the specific medication was unknown). Three months
ago, she once again experienced symptoms of low-grade
fever, sore throat, and muscle pain, which were relieved
within 10 days through self-medication (the specific medication
was unknown). Despite this, symptoms of fatigue and weight
loss persisted. Furthermore, she noted intermittent foamy
urine, with no changes in urine colour or volume. Over the
past six months, she gradually lost approximately 10 kg in
weight. Two days before admission, she developed bilateral
lower limb oedema, worsening with physical activity.

The physical examinations indicated normal findings in the heart
and lungs. However, abdominal examination showed positive
shifting dullness, while oedema was noted bilaterally in the
lower limbs during assessment of the extremities. Abdominal
CT revealed cirrhosis, splenomegaly, and a large amount of
ascites. Table 1 lists the patient’s haematological and biochemi-
cal data. The circadian rhythm of serum cortisol levels was
392.4 nmol/L at 8 am, 248.6 nmol/L at 4 pm, and 45.03 nmol/L
at 0 am. The circadian rhythm of serum ACTH levels was
8.43 pmol/L at 8 am, 6.17 pmol/L at 4, and 0.54 pmol/L at 0 am.
The results of ITT, arginine stimulation test, and rapid ACTH
stimulation test are detailed in Table 2. The patient was

diagnosed with hypothalamic syndrome with secondary
adrenal insufficiency and secondary GH deficiency, secondary
hyperaldosteronism, type 1 diabetes, and decompensated cir-
rhosis (ascites, hypoalbuminaemia, portal hypertension, splenic
hyperfunction, leukopaenia, and thrombocytopaenia).

The treatment plan included: (1) weekly intramuscular injection
of ACTH (12.5 IU); (2) prednisone acetate 5.0 mg in the morning,
2.5 mg in the afternoon, and an additional 2.5 mg during stress-
ful situations; (3) rhGH at a nightly dosage of 2.0 IU; and (4) finer-
enone 2 mg twice daily. Following one week of treatment,
fatigue and oedema remarkably improved, her spirits became
better, and weight increased. One month later, the patient
self-discontinued ACTH and rhGH and reported regaining the
ability to perform daily work.

Discussion
Infection with SARS-CoV-2 has been implicated in hypothalamic
damage through the activation of ACE2 receptors. leading to
dysfunction of multiple endocrine hormone axes.24,25 The
impairment of the hypothalamic median eminence can lead
to abnormalities in the secretion of ACTH, GH, prolactin, and
thyrotropin-releasing hormone (TRH). However, discerning
whether abnormalities in ACTH, cortisol, and GH secretion are
attributable to hypothalamic damage is challenging in clinical
practice. Patient 1, the first in this series, showed unexplained
hypoalbuminaemia and elevated creatinine six months before
hospitalisation. She developed secondary immunodeficiency
within 50 days of diagnosis of SARS-CoV-2 infection (first infec-
tion). After second infection, recurrence of secondary immuno-
deficiency happened in 15 days. Despite treatments,
hypoalbuminaemia persisted, with noticeable potassium and
sodium fluctuations. To elucidate the cause and pathogenesis
of the patient’s condition, a dynamic evaluation of multiple
endocrine hormone axes was conducted. This evaluation was
subsequently validated in four other patients with a history of
SARS-CoV-2 infection, all of whom were hospitalised for PCC-
related symptoms during the same period.

The hypothalamus plays a dual role in regulating GH secretion
from pituitary cells through two mechanisms: (1) via growth
hormone-releasing hormone (GHRH) and (2) via somatostatin
(growth hormone-inhibiting peptide, GHIP). IGF-1, produced
in the liver and peripheral tissues, functionally participates in
the negative feedback regulation of GH through IGF-binding
proteins (IGF-BP). Therefore, the multiple activities of the
GH-IGF-1 axis are primarily regulated through the synergy of
GH and IGF-I.26 While several studies indicated GH deficiency
during the acute phase of SARS-CoV-2 infection, and ITT
revealed impaired GH response during the convalescent
period, the mechanism underlying the impaired GH response
in PCC patients remains unclear.6,14 In normal circumstances,
insulin injection triggers a robust increase in GH and cortisol
in response to hypoglycaemia. However, in the present
study, all five patients exhibited decreased GH secretion,
with no peak values observed at 60, 90, and 120 minutes.
Arginine stimulation test further showed a two-fold increase
in GH levels after arginine stimulation. However, no distinct
peaks were observed at 60 and 90 minutes, with values
below the lower limit of measurability. Despite normal IGF-1
levels, reduced GH secretion may be attributed to impaired
hypothalamic median eminence, coupled with
varying degrees of pituitary damage. Notably, damage to
the hypothalamic median eminence was also reported to be
associated with elevated PRL levels.27 In the present study,

Figure 5: Non-pitting oedema of the face and bilateral lower limbs in
patient 3.
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patients 1–4 exhibited noticeable high PRL levels, further sup-
porting the notion that the hypothalamic median eminence is
the damaged site following SARS-CoV-2 infection.28,29 In clini-
cal practice, if patients with a history of the SARS-CoV-2 infec-
tion develop unexplained hypoalbuminaemia during PCC
period, it is recommended to explore the possibility of sec-
ondary GH deficiency due to hypothalamic and pituitary
damage.

The cytokine storm induced by SARS-CoV-2 infection may
damage the HPA axis, resulting in adrenal insufficiency and
GH deficiency. In the present study, all five patients under-
went a comprehensive evaluation, including ITT, arginine
stimulation test, rapid ACTH stimulation test, and supine–
standing test. The results revealed insufficient cortisol
secretion, absence of normal ACTH rhythm, and noticeable
reduction in cortisol and ACTH production, particularly in
the arginine stimulation test as compared with ITT. Secondary
adrenal insufficiency can be attributed to factors such as pitu-
itary inflammation, pituitary infection, pituitary tumours, and
prolonged high-dose use of glucocorticoids, which suppress
the secretion of corticotropin-releasing hormone (CRH) and
ACTH by the hypothalamus and pituitary.30 In a recent case
report involving a women with mild COVID-19, it was con-
cluded that the development of secondary adrenal insuffi-
ciency was not attributed to prolonged steroid treatment.6

Consistent with our study, patients 2–4, who did not receive
steroid treatment, exhibited normal levels in 24-hour urinary
free cortisol, 24-hour blood cortisol, and ACTH rhythm.
These findings suggest that conventional diagnostic pro-
cedures for adrenal insufficiency may face challenges in iden-
tifying the aetiology for COVID-19 patients with PCC condition
exhibiting normal cortisol and ACTH rhythm, 24-hour urinary
free cortisol, and rapid ACTH test. Therefore, it is rec-
ommended to adopt a timely and scientifically rational diag-
nostic procedure, as depicted in Figure 1.

While the acute-phase of SARS-CoV-2 infection can potentially
lead to an overstimulation of the immune response, the ques-
tion remains unanswered regarding the presence of auto-
immune disease in patients with PCC.31 In a case report by
Suryadevara et al., a patient with type 2 autoimmune polyendo-
crine syndrome developed adrenal crises due to SARS-CoV-2
infection.32 In this study, the first patient developed a secondary
immunodeficiency with thyroid peroxidase antibody titres that
began to rise after the first infection with SARS-CoV-2. Concur-
rently, she gradually experienced intermittent sensations of skin
crawling that worsened after exertion. Symptoms of adrenal
insufficiency and the activation of autoimmune thyroiditis
became apparent during this period. Subsequent to the
second SARS-CoV-2 infection, the patient experienced a recur-
rent episode of secondary immunodeficiency, characterised
by a quick onset, more severe symptoms, and a substantial
increase in medication dosage. Furthermore, there was a rise
in thyroglobulin antibody titres, a further increase in thyroid
peroxidase antibody titres, overall enlargement of the pituitary,
and the presence of adrenal masses. These collective obser-
vations suggest the possibility that this patient might have
been infected with SARS-CoV-2 at an early stage without a diag-
nosis. Successive triple SARS-CoV-2 vaccinations and two later
subsequent SARS-CoV-2 infections may have led to repeated
viral attack to the hypothalamus, pituitary, and adrenal
glands, resulting in prolonged reduction of adrenocortical
hormone and the development of closely related autoimmune
diseases.6,24,25,33

On the other hand, SARS-CoV-2 infection may affect the
renin–angiotensin–aldosterone axis, leading to alterations in
angiotensin II and aldosterone levels.19,22,23 In this study, all
patients exhibited secondary hyperaldosteronism. We
propose that this condition may be a consequence of gluco-
corticoid deficiency, as demonstrated in Pomc (−/−) mice
lacking endogenous ACTH.34 The potential mechanism of sec-
ondary hyperaldosteronism involves damage to the hypo-
thalamus and/or pituitary, resulting in reduced ACTH levels.
This, in turn, causes adrenocortical hormone deficiency and
hyponatraemia.34 Long-term adrenocortical hormone
deficiency is characterised by manifestations such as hypona-
traemia, elevated plasma potassium, and increased free water,
potentially leading to water intoxication. In contrast, second-
ary hyperaldosteronism is associated with hypokalaemia, elev-
ated plasma sodium, fluid retention, and metabolic alkalosis.18

Coexistence of both adrenocortical hormone deficiency and
hyperaldosteronism in a patient can pose challenges in
observing typical changes in plasma sodium and potassium
levels. This complexity arises because hyperaldosteronism
causes thirst by stimulating the hypothalamus, which in
turn accelerates the secretion of antidiuretic hormones. This
cascade of effects contributes to potassium excretion,
sodium retention, and water conservation.35–37 In this
study, Patient 1 experienced persistent hypotension after
two SARS-CoV-2 infections. Following the diagnosis of second-
ary adrenal insufficiency and secondary hyperaldosteronism,
adrenocortical hormones and aldosterone antagonists were
administered, resulting in the resolution of generalised
oedema.

In these patients with PCC, simultaneous dysfunction in the
HPA axis, GH-IGF-1 axis, and renin–angiotensin–aldosterone
axis may result in a variety of clinical symptoms, including
hyponatraemia, increased free water, formication, rashes,
oedema, weakness, fatigue, hypotension, or neuromuscular
pain. While ACTH supplementation is thought to alleviate
pressure on the hypothalamic–pituitary axis caused by low
cortisol levels by stimulating adrenal glands to secrete cortisol,
this notion remains controversial.6 Nonetheless, our study
revealed promising outcomes, with all patients showing
remarkable improvement after just one to four weeks of
multi-hormone combination therapy. For patients with mild
symptoms, judicious use of adrenocortical hormones and GH
is recommended based on disease condition. Nevertheless,
there is a need for careful consideration regarding whether
adrenocortical hormones should be used/promptly adminis-
tered for diabetic patients with the complication of multiple
endocrine hormone axes disorders.

Conclusion
Patients after SARS-CoV-2 infections, irrespective of the dur-
ation of their PCC, may suffer damage to the hypothalamic
median eminence, resulting in dysfunction in the HPA axis,
GH-IGF-1 axis, and renin–angiotensin–aldosterone axis. If a
patient presents with symptoms as described in this study, a
thorough evaluation of hypothalamic and pituitary endocrine
function is warranted. Recommended diagnostic tests include
the ITT and the supine–-standing test. Once a diagnosis is con-
firmed, timely supplementation of ACTH, glucocorticoids, GH,
and oral aldosterone antagonists can yield remarkable thera-
peutic outcomes.
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