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Abstract 

Background: Many survivors of the severe acute respiratory syndrome (SARS) were found to have psychosomatic 

symptoms that were similar to endocrine abnormalities. As a result, we wanted to see if there were any persistent 

endocrine sequelae in SARS survivors. 

Patients, design, and measurements: Three months after recovery, sixty-one SARS survivors were prospectively 

recruited and tested for hormonal imbalances. Patients with endocrine problems were not allowed to participate. Up to a 

year, any endocrine problems discovered were evaluated and treated as needed. Serial examination aided in the 

identification of trends and the prognosis of any endocrinological abnormalities. 

Results Twenty-four patients (39.3%) showed signs of hypocortisolism. The majority of patients' hypothalamic–pituitary–

adrenal (HPA) axis abnormalities resolved within a year. Transient subclinical thyrotoxicosis was found in two (33% of 

the hypocortisolic group). Four (67%) of the participants were biochemically hypothyroid, with three having central 

hypothyroidism and one having primary hypothyroidism. Two of the three had central hypothyroidism and central 

hypocortisolism at the same time. Eight of the participants had DHEAS levels that were below normal. 

Conclusions:These preliminary data suggest that SARS-associated coronavirus may have a role in generating reversible 

hypophysitis or a direct hypothalamic effect, with the HPA axis being affected more frequently than the HPT axis. 

Keywords:Hypothalamic–Pituitary–Adrenal, Hypophysitis, Central Hypothyroidism 

Introduction 

Since the outbreak of severe acute respiratory syndrome (SARS-CoV2) in China in Dec 2019, it has become clear that 

many survivors have suffered from persistent pulmonary morbidities as well as a variety of psychological symptoms. 

Due to their similarities to numerous hormonal and metabolic illnesses that typically show nonspecific symptomatology, 

we propose that some of these extrapulmonary symptoms have an endocrinological origin. 
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1. Abnormalities in the hypothalamic–pituitary–adrenal (HPA) axis have been related to psychiatric conditions in 

studies. 

2. In addition, several psychosomatic illnesses have been linked to hypothalamo–pituitary–thyroid (HPT) axis 

dysfunction. 

3. The primary goal of this prospective study is to see if SARS survivors have any chronic HPA axis sequelae, as well as 

to characterise their prognostic outcomes and see if they have any HPT axis dysfunction. 

Given that the endocrinopathic properties of the SARS-associated coronavirus (SARS-CoV) are currently understudied, 

any hormonal abnormalities discovered through this preliminary investigation will add to the medical database and have 

the potential to translate into clinically relevant therapeutic strategies for SARS-associated endocrinopathies. 

Patients and procedures 

Recruitment of subjects 

A total of 238 people were infected with SARS, with 33 of them dying. The study was done at Moolchand hospital, Delhi. 

All SARS survivors who were 21 years old or older were eligible. Those who had endocrine abnormalities prior to SARS 

were not eligible. 

Two patients with underlying primary hypothyroidism were excluded from the study, and 61 patients who met the 

inclusion criteria and provided written informed consent were prospectively enrolled about 3 months after discharge, with 

the last batch of patients entering the study on September 30, 2020, and followed until October 1, 2021. The majority of 

the remaining survivors who were not recruited declined for a variety of personal reasons, including inconvenience, 

incapacity to be followed up for a year, or their aversion to being subjected to laboratory testing. A number of survivors 

declined to participate because they were either psychologically unprepared or in a state of mourning over their loved 

ones who had died.Some remained unreachable and could not be recruited, while many were minor participants who were 

not included in the study. Using the intensive care unit (ICU) as an arbitrary criterion for severe SARS, 46 severe SARS 

cases were admitted to the ICU, of which 20 survived; eight severe SARS subjects were enrolled, while 12 declined. As a 

result, 131% (8/61) of the survivors with severe SARS were recruited, while 83 percent (12/144) were not. As a result, the 

study cohort included more people with severe SARS than those who were not enrolled in the trial.Collection of samples 

and methodology 

At 0800 h, blood samples were drawn into EDTA and plain tubes for the following tests: 1) whole blood count, 2) 

electrolytes, 3) cortisol, 4) ACTH, 5) free T4, 6) free T3, 7) TSH, and 8) dehydroepiandrosterone sulphate (DHEAS). 

Urinary free cortisol (UFC) was measured over 24 hours to determine integrated cortisol secretion. Subjects with blood 

cortisol levels below 275 nmol/l were given a low dose (1 g) Synacthen (ACTH-1- 24) test to assess the dynamic HPA 

axis (SST). Hypocortisolic subjects had blood cortisol levels of less than 138 nmol/l at 0800 h and/or less than 550 nmol/l 

at 30 min after stimulation. SST evaluations for HPA axis recovery were done every three to six months. Despite the fact 

that the trial concluded after one year, participants with persistent hypocortisolism had their reviews prolonged as 

medically necessary. Physiological doses of hydrocortisone replacement were provided to symptomatic individuals with 

orthostatic hypotension until their SST corrected.Determinations based on biochemistry and immunoassays 
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The blood was centrifuged the plasma was separated, frozen, and kept at 30°C until testing. Hormone measuring 

techniques such as immunochemiluminometric assay (ICMA), radioimmunoassay (RIA), and immunoradiometric assay 

(IRMA) were used in accordance with established manufacturers' protocols, with detection limits, intra- and interassay 

coefficients of variation included in the package. 

Analytical statistics 

Where applicable, descriptive statistical analysis was done on raw data. The nonparametric Wilcoxon signed ranks test 

was used to evaluate paired numerical data for stimulated cortisol end-points at successive evaluations. To demonstrate 

statistical significance, a two-tailed P value of 005 or less was employed as a criteria. On a personal computer (version 

120), the analysis was carried out using the sss statistical software package. 

Approval on ethical grounds 

The study was authorised by the institutional review board (Research and Ethics Committee) since it followed existing 

good clinical practice recommendations and complied with the Declaration of Helsinki4. 

Results 

The demographic and clinical profile of the study population is shown in Table 1. Twenty-four patients (39.33%) 

exhibited hypocortisolism, with 20 (83.33%) having clear central hypocortisolism as evidenced by low or abnormally 

normal ACTH levels (Table 2). Four (16.7%) of the participants showed hypocortisolism due to plasma ACTH levels 

exceeding the upper reference range of 11 pmol/l (50 pg/ml). Although the levels of ACTH were high enough to suggest 

primary hypocortisolism, they were not high enough to be diagnostic of primary hypocortisolism. Primary care is used in 

the absence of renin–aldosterone data and overt addisonian crises.Primary adrenal insufficiency was improbable given the 

lack of renin–aldosterone data and overt addisonian crisis, but secondary hypocortisolism appears to be the most common 

form of HPA axis dysfunction seen here. Indeed, the increased ACTH could be a sign of the HPA axis regaining function 

after steroid suppression. Among these four patients, the one who was given systemic steroids during SARS was most 

likely a case of central hypocortisolism rather than primary hypocortisolism, having been recruited at a time when the 

hypothalamo-pituitary unit was recovering from transient HPA axis suppression, while the other three with elevated 

ACTH who had no steroids exposure during SARS or prior to SARS could arguably be cases of SARS-induced central 

hypocortisolism showing evidence ofearly hypothalamo-pituitary recovery rather than primary adrenal insufficiency. 
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Variable Value 

Age 36.5 (25.5 - 47.5) 

Gender (Male: Female) 14:47 

Use of corticosteroids during SARS 10 

Number who required ICU care 8 

Mechanical ventilation 7 

Need for tracheostomy 3 

 

Table1: Clinical characteristics of the study population (n= 61)  

24h UFC S ST1: F (n mol /l) n=21SS T2: F (n mol/l) n=21SS T3: F (n mol/l) n=8 

 

Patient  

(NR:2–11) 

 

(NR:59–413) 

0 min 30 

min 

 0 min 30 

min 

 0 min 30 

min 

1 4·3 42 108 174  170 582  – – 

2 11·6 160 259 307  253 504  Default – 

3 16·9 106 368 391  322 588  – – 

4 3·0 118 58 207  269 649  – – 

5 4·6 Not done 214 279  188 485  Default – 

6 2·9 200 159 244  216 720  – – 

7 2·3 Not done 254 272  213 586  – – 

8 18·7 56 90 443  106 469  Default – 

9 3·7 150 225 262  251 708  – – 

10 3·2 Not done 146 273  190 528  Default – 

11 3·9 128 104 133  220 579  – – 

12 6·1 173 279 299  519 760  – – 

13 6·1 Not done 181 189  268 652  – – 

14 2·3 73 201 384  274 363  223 537 

15 7·4 24 90 205  171 483  526 575 

16 6·4 84 191 225  174 310  131 662 

17 2·0 102 93 117  167 234  196 676 

18 3·9 139 201 222  262 299  108 554 

19 7·3 76 280 322  441 455  565 750 

20 4·6 13 165 240  226 309  182 678 

21 16·9 133 130 151  294 305  185 255 
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Table 2: SST1, SST2 and SST3 represent these quintal order (i.e.1st, 2nd, and 3rd) of the low dose short Sync then test 

being per formed during the follow-up of hypocortisolic patients. Wilcoxon signed ranked test on 30 min F between SST1 

and SST2 revealed a statistically significant improvement in stimulated serum cortisol’s over time(P<0•001).(Abbrev: Fis 

serum cortisol, UFC is urinary free cortisol, NR is normal range, while n is the number of patients) 

 

Table 3: Baseline and stimulated plasma cortisols of 15 critically ill SARS patients (eight of whom survived and 

participated in our study) prior to parenteral glucocorticoid therapy 

Discussion 

SARS is a unique infection with high morbidity and fatality rates that poses a serious threat to humanity in the new 

millennium.5 During clinical follow-up, survivors of SARS experienced a cluster of chronic extrapulmonary symptoms 

including lethargy, malaise, lassitude, fatigue, weakness, orthostatic dizziness, anorexia, apathy, anxiety, and melancholy. 

These symptoms were similar to those reported in a variety of endocrine illnesses, including hypothyroidism, 

hypocortisolism, thyrotoxicosis, hypercalcaemia, hypopituitarism, and Cushing's syndrome, despite being generally 

vague, ambiguous, and ill-defined. During the viraemic phase, this coronavirus might theoretically infect any organ. 

Because viral aetiologies can induce hypophysitis, thyroiditis, and adrenalitis,6–8 it's important to figure out how SARS-

CoV affects the endocrinology. Researchers have recently looked into the pulmonary and psychological effects of SARS 

survivors. 9,10 However, the majority of investigations were cross-sectional with minimal longitudinal data, and no 

endocrine abnormalities have been documented to our knowledge. 

For up to a year, our inquiry documented an unparalleled effort to track the natural history of endocrine dysfunction, 

particularly that of the HPA axis, in SARS survivors. The ability to characterise patterns and predict outcomes was aided 

by serial longitudinal examination. Surprisingly, cortisol deficiency was found in a significant number of people, rather 

than the up-regulated HPA axis or thyroid status seen in depression and panic disorder. 11–13 The cortisol disturbances 
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seen here are similar to those seen in chronic fatigue syndrome, post-traumatic stress disorder, and primary fibromyalgia 

syndrome, in which the HPA axis appears to be disrupted.14,15 

The absence of steroid use in approximately two-thirds of this cohort indicates central hypocortisolism caused by a 

pathogenic impact of SARS rather than glucocorticoid-induced HPA axis suppression. Furthermore, those who had a 

normal reaction to the low-dose SST despite having taken high-dose glucocorticoids support the glucocorticoid regimen's 

temporary and minimally suppressive effect on the HPA axis. Taken together, this suggests that HPA axis dysfunction is 

more likely a delayed pathological complication of SARS than a result of exogenous steroid suppression. Apart from a 

moderate reduction in MAP during SARS-related pyrexia, the absence of overt hypotension during the acute febrile phase 

of SARS in survivors who developed hypocortisolism later also shows that SARS-related hypocortisolism is caused by 

SARS.Evidence from those who had an undamaged HPA axis by standard dosage SST during acute SARS but had an 

impaired HPA axis by low dose SST three months later backs this up. 

Despite being speculative, the overall data are consistent with the concept that hypocortisolism develops gradually as a 

late consequence in SARS survivors some weeks after infection. Because the majority of these patients were young (mean 

age 365), previously healthy, and had no prior corticosteroid exposure, the SARS-CoV is a compelling candidate for 

being the aetiologic agent causing hypocortisolism. 

Conclusion 

Overall, the data point to SARS causing reversible hypophysitis or a direct hypothalamic effect, with the HPA axis being 

more frequently disrupted in SARS survivors than the HPT axis. These findings, albeit speculative, point to a putative 

aetiologic involvement of SARS-CoV as an endocrinopathic component that deserves further investigation through in 

vitro, animal, and clinical research. 
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