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Association of COVID-19 
and Endocrine Disorders

INTRODUCTION
Severe Acute Respiratory Syndrome–Coronavirus-2 (SARS-CoV 
-2), A novel Coronavirus (nCoV), that resulted in the recent outbreak 
of COVID-19, was first discovered in province of Wuhan of China 
in December 2019 [1]. COVID-19 which in the initial few days is 
asymptomatic can gradually deteriorate in few days complicated by 
pneumonia and Acute Respiratory Distress Syndrome (ARDS) [2]. 
The pathogenesis of COVID-19 has been related to entry of virus 
via the respiratory tract and its interaction with ACE 2 receptors that 
leads to entry into host pneumocytes. Moreover, the Ribonucleic Acid 
(RNA) of COVID-19 virus has been detected in the sera of patients 
thus implying free interaction of virus with any tissue containing ACE 
2 receptors [3]. Various endocrine organs like pancreas, thyroid, 
adrenals, pituitary and gonads express ACE 2 receptors, thus, 
opening up the possibility of their involvement during the course of 
disease [2]. The present article aimed to provide a narrative review 
of the involvement of endocrine system with COVID-19.

COVID-19 and Thyroid Gland
The nCoV causes “cytokine storm” which is linked to immune 
response hyperactivity involving Th1/Th17 lymphocytes resulting in 
release of various pro-inflammatory cytokines like Tumour Necrosis 
Factor-Alpha (TNFα) and Interleukin-6 (IL-6) [4]. This may lead to 
thyrotoxicosis, disruption of de-iodinases and thyroid hormone 
transport proteins, and impaired pituitary Thyroid Stimulating 
Hormone (TSH) secretion. Another unique thyroid gland dysfunction 
is known as ‘low Triiodothyronine (T3) syndrome’ or ‘sick euthyroid 
syndrome’ which is characterised by low T3 levels, normal to 
moderately decreased Tetraiodothyronine (T4) levels and normal to 
low TSH. These thyroid gland abnormalities are transient and do not 
require any treatment [5].

Autopsies done in patients with SARS-CoV-2 infection have shown 
destruction of thyroid follicular cells. Histological examination of 
thyroid gland has revealed absence of lymphocytic infiltrate but 
presence of apoptosis suggestive of thyroiditis [6]. A recent study 
done on patients with COVID-19 pneumonia showed low levels 
of T3 and TSH as compared to non COVID-19 pneumonia. A 
significant association was found between low T3 and severe form 
of COVID-19 resulting in more death than SARS-CoV-2 survivors [7]. 

In another follow-up study done by Muller I et al., on eight patients 
having findings of atypical subacute thyroiditis, two developed 
hypothyroidism while six had suppressed TSH suggesting long term 
effects of SARS-CoV-2 on thyroid gland [8].

COVID-19 and Pancreas
The ACE 2 receptors are also present in the pancreas with m-RNA 
levels being higher in the pancreas than in lungs. This expression 
involves both the exocrine and endocrine functions of pancreas 
[9]. Hyperglycaemia has been frequently reported in COVID-
19 [10]. A recent study which explored physiological model for 
SARS-CoV-2 using organoid derivatives from human pluripotent 
stem cells, demonstrated alpha and beta-cell death due to viral 
cytotoxic effects.  Islet cell injury by SARS-CoV-2 may result in 
hyperglycaemia and acute diabetes [11]. Immunohistochemistry and 
in-situ hybridisation done on pancreas of patients who died due to 
COVID-19 showed evidence of SARS-CoV-2 [12]. Worsening of 
insulin resistance has been reported in patients with pre-existing 
diabetes with SARS-CoV-2. Increased levels of glycoprotein 
called serum fetuin has been reported in SARS-CoV-2 which is 
associated with impaired insulin sensitivity [13]. Anti-retroviral drugs 
like Lopinavir–ritonavir which has been suggested as possible 
treatment for COVID-19 can lead to lipodystrophy and subsequent 
development of insulin resistance [14].

Treatment with chloroquine/hydroxylchloroquine can lead to 
hypoglycaemia, especially, if the patient is on insulin or sulfonylureas 
with possible mechanisms being interaction with insulin release, 
degradation and action [15]. Diabetic patients with COVID-19 are at 
increased risk of developing severe pneumonia, ARDS and mortality 
as compared to non diabetics; with possible explanation in such 
patients being suppressed immunity and down-regulation of ACE 2 
levels [16]. Recent survey done in United Kingdom (UK) on 23,804 
patients who died due to COVID-19 showed that about 32% had 
type 2 Diabetes Mellitus (DM) while 1.5% had type 1 DM with odds 
ratio of 2.03 and 3.5 respectively of dying from large number of  
COVID-19 patients have been reported to develop diabetic 
ketoacidosis and hyperglycaemic hyperosmolar syndrome during 
the course of illness. In one study, ketosis was reported in 6.4% in 
COVID-19 patients, with incidence rising to 11.6% in patients with 
diabetes and was associated with higher mortality rate (33%) [17,18].
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ABSTRACT
Coronavirus Disease 2019 (COVID-19), caused by the coronavirus, since its start in Wuhan a city in China has spread like a wild 
fire and created havoc all over the globe. Initially, the disease was thought to be causing only respiratory complications, but 
gradually it was found to be causing multiorgan complications. Due to the hypercoagulable property of coronavirus, it has shown 
neurological, cardiological and endocrine complications. Recently, the effect of the virus on endocrine system has also been noted. 
Evidence has shown that COVID-19 can hamper the hypothalamo-pituitary axis resulting in altered adrenal response to stress. The 
immune-mediated damage to the endocrine glands results in subacute thyroiditis. The presence of Angiotensin Converting Enzyme 
2 (ACE 2) receptors on various tissues could be the cause of this immune mediated damage. The COVID-19 has also precipitated 
hyperglycaemia and in few cases, uncovered the insulin resistance in previously undiagnosed cases. It is crucial to have knowledge 
about the impact of endocrine system, as it is the powerhouse of the body.
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Obese patients are more likely to develop severe pneumonia and 
ARDS and are more likely to die from COVID-19 as compared to 
non obese individuals [19]. Adipose tissue also expresses ACE 2 
receptor and obese persons have higher adipose tissue, leading to 
increased ACE 2 receptors for binding of SARS-CoV-2 [20]. Various 
mechanisms have been proposed for higher mortality in obese 
individuals. Obesity often co-exists with diabetes and both are pro-
inflammatory states leading to increase levels of pro-inflammatory 
markers like leptin and decreased levels of anti-inflammatory markers 
like adiponectin [17]. Also, obesity is associated with lower vitamin D 
levels, which might impair the immune response [21]. In a study, the 
requirement of invasive mechanical ventilation in individuals admitted 
in Invasive Care Unit (ICU) with Body Mass Index (BMI) more than 
35 kg/m2 was seven times more than persons with BMI of less than 
25 kg/m2 [22]. Another study concluded that individuals with BMI 
more than 25 kg/m2 and non alcoholic fatty liver disease were six 
times more likely to develop severe infection as compared to non 
obese individuals [23]. It has been hypothesised that the vaccines 
that are being developed to control the COVID-19 pandemic, will 
be less effective in obese individuals due to poor immune response 
due to altered immunity pathway [24].

COVID-19 and Adrenal Gland
The ACE 2 receptor is also expressed in adrenal glands. In a study 
done by Freire Santana M et al., autopsy findings of adrenal glands 
of 28 patients who died of severe COVID-19 infection, microscopic 
lesions were identified in the adrenal glands in 13/28 patients (46%) 
[25]. Seven cases showed necrosis, generally ischaemic; four showed 
cortical lipid degeneration; two showed haemorrhage; and one 
unspecific focal adrenalitis [25].

The primary mechanism adopted by SARS-CoV virus is to blunt 
the host cortisol stress response. A very interesting mechanism 
has been proposed to explain this finding- “molecular mimicry” 
i.e., sharing of certain amino acid sequence by SARS-CoV with 
the host Adrenocorticotropic Hormone (ACTH) sequence [26]. 
Since proteins of SARS-CoV-2 share similarity (95-100%) with 
original SARS-CoV, similar mechanism of molecular mimicry has 
been proposed for blunted adrenal response [2]. The benefits of 
glucocorticoid therapy in COVID-19 could be because of propensity 
of SARS-CoV-2 to cause impaired host stress cortisol response and 
subsequent adrenal insufficiency. Another mechanism of benefit 
could be the tackling of the phenomenon of ‘cytokine storm’ by 
reducing inflammation [27].

Early studies failed to show benefit of glucocorticoid therapy in 
reducing mortality and was instead associated with increased 
hospital stay and delayed viral clearing [27]. On the basis of these 
studies, World Health Organisation (WHO) recommended against 
the use of glucocorticoids in COVID-19 except in refractory 
shock [28]. However, the ‘RECOVERY’ trial was a landmark study 
which showed that use of dexamethasone is associated with 
17% reduction in mortality of ill-ventilated ventilated patients [29]. 
Accordingly, dexamethasone has been recommended for use in 
moderate and severe COVID-19 patients. In a recent study by Tan T 
et al., patients with severe COVID-19 infections were found to have 
blunted adrenal response and baseline serum cortisol level was a 
reliable indicator of mortality in COVID-19 [30].

COVID-19 and Pituitary Gland
Leow MK-S et al., first reported disruption of pituitary gland function 
during SARS-CoV-2 outbreak. A total of 61 patients were followed 
up at three months after recovery, of which 40% had mild central 
hypocortisolism. Among this 62.5% resolved within a year, while 5% 
developed central hypothyroidism. Autopsy findings showed evidence 
of oedema and neuronal degeneration of hypothalamus along with 
SARS-CoV genome. The authors had proposed the possibility 
of reversible hypophysitis or direct involvement of hypothalamus 

leading to disruption of hypothalamic-pituitary axis [31]. ACE 2 
receptors are involved in the SARS- CoV-2 infection. These same, 
ACE 2 receptors are present in hypothalamus and pituitary gland 
which leads to its affect in COVID-19 infection. However, at present 
ample data of pituitary involvement in COVID-19 is not available. It 
is thought that due to higher incidence of neurological symptoms 
in SARS-CoV-2, involvement of hypothalamus and pituitary gland 
can occur either directly or due to immune mediated hypophysitis. 
Thus, an eagles eye should be kept on hypothyroidism in cases with 
unexplained symptoms like fatigue, lassitude, malaise, orthostatic 
dizziness, anorexia and apathy [2].

COVID-19 and Lipid Profile
Four cases of hypertriglyceridemia have been reported till date, 
possibly, as a side effect of drugs used in the treatment of COVID-
19. Two cases were due to use of combination of lopinavir/ritonavir 
[32] while remaining two were due to simultaneous use of the above 
combination along with tocilizumab [33].

Due to immunomodulatory actions, statins have been proposed 
as a possible add-on drug therapy in patients with COVID-19 
[34]. Statins exert pleiotropic effects on inflammation and oxidative 
stress and modulate the immune response at different levels, 
including immune cell adhesion and migration, antigen presentation, 
and cytokine production [34]. Studies in the past have reported 
efficiency of statins in treatment of various influenza virus by reducing 
hospital stay and mortality [35]. Moreover, statins are economical, 
extensively studied and widely available and can be explored as a 
possible adjunctive treatment option.

COVID-19 and Andrgens
Males are more prone to develop infection on exposure to the virus 
and have higher mortality than females [36]. The viral entry requires 
two host proteins- ACE 2 receptor and transmembrane protease, 
serine 2 (TMPRSS2). Transcription of TMPRSS2 requires androgen 
receptor activity. This modulation of TMPRSS2 by testosterone has 
been considered as major reason for male predominance of worse 
outcomes. Since, TMPPRSS2 is expressed in lungs and its inhibitor 
has been widely used in treatment of prostate cancer, it can emerge 
as a target specific treatment for prevention or treatment of COVID-
19 pneumonia [37].

CONCLUSION(S)
There appears to be widespread involvement of endocrine organs in 
patient with COVID-19. Considering the ongoing COVID-19 pandemic, 
future prospective studies are needed to increase epidemiological 
and clinical knowledge and optimise the management of endocrine 
disorders in COVID-19 patients.

REFERENCES
	 Hui DS, I Azhar E, Madani TA, Ntoumi F, Kock R, Dar O, et al. The continuing 2019-[1]

nCoV epidemic threat of novel corona virus to global health- The latest 2019 novel 
coronavirus outbreak in Wuhan, China. Int J Infect Dis. 2020;91:264-66.

	 Mung SM, Jude EB. Interplay between endocrinology, metabolism and COVID-[2]
19 infection. Clin Med (London, England). 2021;21(5):e499-e504.

	 Zhu C, Sun B, Zhang X, Zhang B. Research progress of genetic structure, [3]
pathogenic mechanism, clinical characteristics, and potential treatments of 
Coronavirus disease 2019. Front Pharmacol. 2020;11:1327.

	 Wu D, Yang XO. TH17 responses in cytokine storm of COVID-19: An emerging target [4]
of JAK2 inhibitor Fedratinib. J Microbiol Immunol Infect. 2020;53(3):368-70.

	 Fliers E, Bianco AC, Langouche L, Boelen A. Thyroid function in critically ill [5]
patients. Lancet Diabetes Endocrinol. 2015;3(10):816-25.

	 Caron P. Thyroid disorders and SARS-CoV-2 infection: From pathophysiological [6]
mechanism to patient management. Annales d’endocrinologie. 2020;81(5):507-10.

	 Scappaticcio L, Pitoia F, Esposito K, Piccardo A, Trimboli P. Impact of COVID-19 [7]
on the thyroid gland: An update. Rev Endocr Metab Disord. 2020:01-13.

	 Muller I, Cannavaro D, Dazzi D, Covelli D, Mantovani G, Muscatello A, et al. SARS-[8]
CoV-2-related atypical thyroiditis. Lancet Diabetes Endocrinol. 2020;8(9):739-41.

	 Liu F, Long X, Zou W, Fang M, Wu W, Li W, et al. Highly ACE2 expression in pancreas [9]
may cause pancreas damage after SARS-CoV-2 infection [Internet]. bioRxiv. 2020.

	 Michalakis K, Ilias I. COVID-19 and hyperglycemia/diabetes. World J Diabetes. [10]
2021;12(5):642-50.



www.jcdr.net	 Deep Hathi et al., COVID-19 and Endocrine Disorders: A Physician’s Perspective

Journal of Clinical and Diagnostic Research. 2022 Feb, Vol-16(2): OE01-OE03 33

	 Yang L, Han Y, Nilsson-Payant BE, Gupta V, Wang P, Duan X, et al. A human [11]
pluripotent stem cell-based platform to study SARS-CoV-2 tropism and model virus 
infection in human cells and organoids. Cell Stem Cell. 2020;27(1):125-36.e7.

	 Fignani D, Licata G, Brusco N, Nigi L, Grieco GE, Marselli L, et al. SARS-CoV-2 [12]
receptor Angiotensin I-Converting Enzyme type 2 (ACE2) is expressed in human 
pancreatic β-cells and in the human pancreas microvasculature. Frontiers in 
Endocrinology. 2020;11:596898.

	 Wan J, Sun W, Li X, Ying W, Dai J, Kuai X, et al. Inflammation inhibitors were [13]
remarkably up-regulated in plasma of severe acute respiratory syndrome patients 
at progressive phase. Proteomics. 2006;6(9):2886-94.

	 Pal R, Banerjee M. COVID-19 and the endocrine system: Exploring the [14]
unexplored. Journal of Endocrinological Investigation. 2020;43(7):1027-31.

	 Ni W, Yang X, Yang D, Bao J, Li R, Xiao Y, et al. Role of angiotensin-converting [15]
enzyme 2 (ACE2) in COVID-19. Crit Care. 2020;24(1):422.

	 Unubol M, Ayhan M, Guney E. Hypoglycemia induced by hydroxychloroquine in [16]
a patient treated for rheumatoid arthritis. J Clin Rheumatol. 2011;17(1):46-47.

	 Tandon N, Anjana RM, Mohan V, Kaur T, Afshin A, Ong K, et al. The increasing [17]
burden of diabetes and variations among the states of India: The Global Burden 
of Disease Study 1990–2016. Lancet Glob Health. 2018;6(12):e1352-62.

	 Li J, Wang X, Chen J, Zuo X, Zhang H, Deng A. COVID-19 infection may cause [18]
ketosis and ketoacidosis. Diabetes Obes Metab. 2020;22(10):1935-41.

	 Kassir R. Risk of COVID-19 for patients with obesity. Obes Rev. 2020;21(6):e13034.[19]
	 Drucker DJ. Diabetes, obesity, metabolism, and SARS-CoV-2 infection: The end [20]

of the beginning. Cell Metab. 2021;33(3):479-98.
	 Zheng KI, Gao F, Wang XB, Sun QF, Pan KH, Wang TY, et al. Letter to the [21]

Editor: Obesity as a risk factor for greater severity of COVID-19 in patients with 
metabolic associated fatty liver disease. Metabolism. 2020;108:154244.

	 Popkin BM, Du S, Green WD, Beck MA, Algaith T, Herbst CH, et al. Individuals [22]
with obesity and COVID-19: A global perspective on the epidemiology and 
biological relationships. Obes Rev. 2020;21(11):e13128.

	 Hurt RT, Kulisek C, Buchanan LA, McClave SA. The obesity epidemic: Challenges, [23]
health initiatives, and implications for gastroenterologists. Gastroenterol Hepatol 
(N Y). 2010;6(12):780-92.

	 Schultze JL, Aschenbrenner AC. COVID-19 and the human innate immune [24]
system. Cell. 2021;184(7):1671-92.

	 Freire Santana M, Borba MGS, Baía-da-Silva DC, Val F, Alexandre MAA, Brito-[25]
Sousa JD, et al. Case report: Adrenal pathology findings in severe COVID-19: 
An autopsy study. 2020;103(4):1604-07.

	 Wheatland R. Molecular mimicry of ACTH in SARS- Implications for corticosteroid [26]
treatment and prophylaxis. Med Hypotheses. 2004;63(5):855-62.

	 Ye Q, Wang B, Mao J. The pathogenesis and treatment of the ‘Cytokine Storm’ [27]
in COVID-19. J Infect. 2020;80(6):607-13.

	 Sahilu T, Sheleme T, Melaku T. Severity and mortality associated with steroid [28]
use among patients with COVID-19: A systematic review and meta-analysis. 
Interdiscip Perspect Infect Dis. 2021;2021:6650469.

	 RECOVERY Collaborative Group, Horby P, Lim WS, Emberson JR, Mafham M, [29]
Bell JL, et al. Dexamethasone in hospitalized patients with COVID-19. N Engl J 
Med. 2021;384(8):693-704.

	 Tan T, Khoo B, Mills EG, Phylactou M, Patel B, Eng PC, et al. Association [30]
between high serum total cortisol concentrations and mortality from COVID-19. 
Lancet Diabetes Endocrinol. 2020;8(8):659-60.

	 Leow MKS, Kwek DSK, Ng AWK, Ong KC, Kaw GJL, Lee LSU. Hypocortisolism [31]
in survivors of Severe Acute Respiratory Syndrome (SARS). Clin Endocrinol (Oxf). 
2005;63(2):197-202.

	 Rubel AR, Chong PL, Abdullah MS, Asli R, Momin RN, Mani BI, et al. Lipemic [32]
serum in patients with Coronavirus Disease 2019 (COVID-19) undergoing 
treatment. J Med Virol. 2020;92(10):1810-11.

	 Morrison AR, Johnson JM, Ramesh M, Bradley P, Jennings J, Smith ZR. Acute [33]
hypertriglyceridemia in patients with COVID-19 receiving tocilizumab. J Med 
Virol. 2020;92(10):1791-92.

	 Castiglione V, Chiriacò M, Emdin M, Taddei S, Vergaro G. Statin therapy in [34]
COVID-19 infection. Eur Heart J Cardiovasc Pharmacother. 2020;6(4):258-59.

	 Fedson DS. Treating influenza with statins and other immunomodulatory agents. [35]
Antiviral Res. 2013;99(3):417-35.

	 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical characteristics of [36]
Coronavirus disease 2019 in China. N Engl J Med. 2020;382(18):1708-20.

	 Ragia G, Manolopoulos VG. Inhibition of SARS-CoV-2 entry through the [37]
ACE2/TMPRSS2 pathway: A promising approach for uncovering early 
COVID-19 drug therapies. European Journal of Clinical Pharmacology. 
2020:76(12);1623-30.

PARTICULARS OF CONTRIBUTORS:
1.	 Resident, Department of Medicine, Datta Meghe Institute of Medical Sciences, Wardha, Maharashtra, India.
2.	 Professor and Head, Department of Medicine, Datta Meghe Institute of Medical Sciences, Wardha, Maharashtra, India.
3.	 Professor, Department of Pathology, Datta Meghe Institute of Medical Sciences, Wardha, Maharashtra, India.
4.	 Resident, Department of Medicine, Datta Meghe Institute of Medical Sciences, Wardha, Maharashtra, India.

PLAGIARISM CHECKING METHODS: [Jain H et al.]

•  Plagiarism X-checker: Jun 24, 2021
•  Manual Googling: Sep 27, 2021
•  iThenticate Software: Nov 09, 2021 (21%)

Etymology: Author OriginNAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Vidyashree S Hulkoti,
Resident, Department of Medicine, 3rd Floor, Acharya Vinoba Bhave Hospital, 
Wardha-442001, Maharashtra, India.
E-mail: drvidyahulkoti@gmail.com

Date of Submission: Jun 22, 2021
Date of Peer Review: Jul 30, 2021
Date of Acceptance: Sep 29, 2021

Date of Publishing: Feb 01, 2022

Author declaration:
•  Financial or Other Competing Interests:  None
•  Was informed consent obtained from the subjects involved in the study?  No
•  For any images presented appropriate consent has been obtained from the subjects.  No

http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

