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Patient ‘s main points

1. Obese         Weight loss (21kg/ 4 months post covid
infection)

2. Diabetes mellitus (ketone urine+)
3. Extreme low ADH: Diabetes insipidus ?
4. Dislipidemia: LDL cholesterol 
5. Hypouricemia
6. Liver damage ( GGT& transaminase, liver  SWE # F4) 
7. Kidney damage (microalbuminuria+,    kali/urine,            

calci/ urine)
8. Coronary artery disease
9. Prehistory HBV and H. pylori infection



The Endocrine System 
and COVID-19

Long-term follow-up to screen 
possible endocrine disorders 

• SARS-CoV-2 enters host cells mainly through angiotensin-
converting enzyme 2 (ACE2) and transmembrane
protease serine 2 (TMPRSS2), well-recognized viral 
receptors . In the respiratory tract, SARS-CoV-2 infects 
ciliated, mucus-secreting, and Clara cells in the bronchial 
epithelium and type 1 pneumocyte in the lung . 
However, as SARS-CoV-2 exhibits a wide organotropism, 
it may affect other tissues, precipitating pre-existing 
conditions .

• Recent advances suggest a possible infection of the 
endocrine system in COVID-19 patients . However, the 
pathophysiological characterization and clinical relevance 
of this damage and the impact of related endocrine 
dysfunction on prognosis are still not completely 
understood. ACE2 and TMPRSS2 are expressed in several 
endocrine tissues, namely, the hypothalamus, pituitary, 
thyroid, adrenal, gonads, and pancreatic islets . As the 
endocrine system is an issue during the COVID-19 
pandemic, several clinical questions are necessary. 
Specifically, it should be clarified whether (1) patients 
with COVID-19 could be at higher risk of developing 
acute or late-onset endocrine diseases or dysfunction; 
(2) underlying endocrine diseases or dysfunctions could 
be risk factors for poor prognosis once the infection 
occurred; (3) pandemic-related community and 
healthcare service restrictions and reorganization may 
contribute to change the epidemiology of endocrine 
diseases or dysfunctions or affect their management



• The latest analysis found that people who had had 
COVID-19 were about 40% more likely to develop 
diabetes up to a year later than were veterans in the 
control groups. That meant that for every 1,000 people 
studied in each group, roughly 13 more individuals in the 
COVID-19 group were diagnosed with diabetes.

• The chance of developing diabetes rose with increasing 
severity of COVID-19. People who were hospitalized or 
admitted to intensive care had roughly triple the risk 
compared with control individuals who did not have 
COVID-19.

• Even people who had mild infections and no previous risk 
factors for diabetes had increased odds of developing the 
chronic condition. Of the people with COVID-19 who 
avoided hospitalization, an extra 8 people out of every 
1,000 studied had developed diabetes a year later 
compared with people who were not infected. People 
with a high body-mass index had more than double the 
risk of developing diabetes after a SARS-CoV-2 infection.

• Almost all cases detected were type 2 diabetes, in which 
the body becomes resistant to or doesn’t produce enough 

insulin.



• The hyperosmolar hyperglycemic state (HHS) is an acute complication of diabetes mellitus (DM) 
characterized by hyperglycemia (>600 mg/dL) and plasma hyperosmolarity (>320 mOsm/kg•H2O). It is 
often observed in diabetic patients with diseases that increase counterregulatory hormones, but HHS 
can also be caused by dehydration alone in individuals who are unable to drink water 
freely.1 Antidiuretic hormone (ADH), synthesized in the hypothalamus, is stored in the posterior 
pituitary lobe and secreted in response to plasma hyperosmolality and hypovolemic conditions, such 
as HHS. ADH concentrates urine by activating arginine vasopressin receptor 2 in the renal collecting 
ducts.2 The high-intensity signal of the posterior lobe on magnetic resonance (MR) T1-weighted 
images (T1WIs) represents the storage of ADH secretory granules.3 When ADH storage is depleted or 
exhausted, the MR T1WI signal in the posterior lobe decreases or disappears. This is known as a 
“depleted posterior lobe.”4 ADH insufficiency complicated with HHS and “depleted posterior lobe” 
has not been reported in a way that links the status of ADH secretion and MR imaging findings at each 
time point.

• We report a case of a patient with transient ADH insufficiency due to severe HHS and nephrogenic
diabetes insipidus (NDI), including a detailed description of the patient’s course of treatment along 
with MR imaging findings. Clinicians should be aware of ADH insufficiency as posing a risk of a critical 
condition in patients with DM who have been treated with lithium carbonate.

• The hyperosmolar hyperglycemic state (HHS), an acute complication of diabetes mellitus with 
plasma hyperosmolarity, promotes the secretion of anti-diuretic hormone (ADH) and reduces the 
storage of ADH. Magnetic resonance T1-weighted imaging reflects ADH storage in the posterior 
pituitary lobe, which disappears when the storage is depleted. Whether the HHS induces ADH 
depletion leading to clinical manifestations has been unclear.



• Post-COVID-19 cases of central diabetes insipidus have been described.
• Possible mechanisms for the hypothalamo-pituitary dysfunction :

1       inflammation–mediated reversible hypophysitis or
2. a direct hypothalamic damage 
3. hypoxic encephalopathy, especially among patients who experienced serious 

respiratory failure . 

• On the other hand, nephrogenic diabetes insipidus may be the 
consequence of sedation (i.e., sevoflurane) in critically ill patients who 
underwent endotracheal intubation

Diabetes insipidus



• Background
Novel coronavirus disease 2019 (COVID-19) mainly affects the lungs, but can involve several other organs. The 
diagnosis of acute and chronic sequelae is one of the challenges of COVID-19. The current literature proposes 
that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) may involve the hypothalamic-pituitary axis. 
In this case report, we present a unique case of new-onset central diabetes insipidus secondary to the COVID-19 
disease in a 54-year-old woman.
• Case presentation
A 54-year-old woman presented with the history of excessive thirst, polyuria, and polydipsia, six weeks after 
being infected by COVID-19. Laboratory tests revealed low urine osmolarity and increased serum osmolarity, and 
the patient was diagnosed with central diabetes insipidus. After administration of nasal desmopressin, urinary 
osmolarity increased, and the patient's symptoms improved. However, to stabilize her condition, desmopressin
treatment was required.
• Conclusions
We reported a unique case of diabetes insipidus in a COVID-19 patient. Central diabetes insipidus may be 
included in clinical manifestations of the COVID-19, in case of new-onset polyuria and polydipsia following 
COVID-19 disease. Nevertheless, a causal relationship has not been established between the symptoms of the 
patient and the SARS-CoV-2 infection.











Abstract
• Background: Idiopathic central diabetes insipidus (DI) 

is a rare endocrine disorder that results from total or 
partial deficiency of vasopressin secretion. It is 
idiopathic when the cause is unknown, but in many 
cases, is associated with autoimmune disorders.

• Case presentation: We present the case of a 44-year-
old male with vitiligo and a family history of diabetes 
mellitus and thyroid disease. The patient presented 
with polydipsia and polyuria greater than 8 L/day. 
After water deprivation test, the patient was 
diagnosed with partial central diabetes insipidus. 
Contrast-enhanced pituitary magnetic resonance 
imaging showed decreased brightness of the 
neurohypophysis and normal thickness of the pituitary 
stalk. Because desmopressin was not initially available, 
the patient was managed with chlorpropamide, 
carbamazepine, and hydrochlorothiazide, and 
afterwards substituted. During his outpatient 
checkups, he presented many episodes of polyuria, 
the last after 13 years, with polyuria of up to 15 L 
associated with weight loss, and abnormal blood 
glucose levels; anti-GAD 65 and IA-2 antibodies were 
negative. He was subsequently diagnosed with 
diabetes mellitus and received metformin and insulin; 
this latter was suspended in subsequent check-ups 
due to hypoglycemic episodes.

• Conclusion: We highlight the importance of treatment 
and adequate control of these pathologies, since they 
share similar clinical manifestations, can easily have 
electrolyte imbalance and represent a challenge for 
endocrinologists and internists.



HYPOURICEMIA
• Uric acid is synthesized mainly in the liver, intestines and the 

vascular endothelium as the end product of an exogenous pool 
of purines, and endogenously from damaged, dying and dead 
cells, whereby nucleic acids, adenine and guanine, are degraded 
into uric acid. 

• The kidney is an important regulator of circulating uric acid 
levels as it excretes most of total body uric acid. Serum urate is 
freely filtered by the glomeruli followed by a complex balance of 
reabsorption and secretion in the kidney proximal tubule. 
Although the molecular mechanisms of urate transport in the 
proximal tubule are still incompletely understood, URAT1 
(SLC22A12) is the main apical transporter mediating urate
reabsorption in the brush border of the proximal tubule . Its 
major role was further supported by the strong association 
between SLC22A12 gene variants and serum uric acid levels in 
the general population



Physiological functions of uric acid:
Uric acid in healing and defense

1. Antioxidant
Most serum uric acid is freely filtered in kidney glomeruli, and approximately 90% of 
filtered uric acid is reabsorbed, implying that it has a considerable physiological role. In 
humans, over half the antioxidant capacity of blood plasma comes from uric acid.  Uric 
acid is a strong reactive oxygen species (ROS) and peroxynitrite scavenger and 
antioxidant. High levels of uric acid are readily detected in the cytosol of normal human 
and mammalian cells, especially in the liver, vascular endothelial cells, and in human 
nasal secretions, where it serves as an antioxidant
2. Endothelial function
In contrast to studies documenting the ability of uric acid to impair vascular endothelial 
cells integrity, a recent report indicated for the first time that extremely low levels of 
serum uric acid, attributed to loss-of-function mutations of SLC22A12 encoding blood 
vessels and kidney proximal tubular cells transporter, URAT1, cause endothelial 
dysfunction in vivo . This and other reports challenged the view stating that uric acid 
elicits cardiovascular and kidney diseases via impairing endothelial integrity and 
function . Indeed, uric acid may exert fundamental roles in tissue healing via initiating 
the inflammatory process that is necessary for tissue repair, scavenging oxygen free 
radicals, and mobilizing progenitor endothelial cells



3. Potent mediator of type 2 immune responses:

• Elevated concentration of uric acid was detected in the peritoneal cavity of mice following injection of 
the most widely used clinical adjuvant alum (aluminum hydroxide) . Experiments involving 
intraperitoneal injection of mice with the harmless protein, ovalbumin, or ovalbumin + alum, in 
conjunction with 0 or 50 units uricase demonstrated that uric acid is necessary and sufficient for 
induction of antibody immune responses to ovalbumin . The alum established T helper 2 (Th2) 
adjuvanticity was found to be mediated through cell injury leading to the induction of uric acid, which 
acts as a danger signal promoting the generation of inflammatory monocyte-derived dendritic cells .
These findings document the pivotal role of uric acid in induction of protective antibody responses 
to the numerous human vaccines incorporating alum as an adjuvant.

• Uric acid release was also demonstrated in the airways of allergen-challenged asthmatic patients and 
mice, and appeared necessary for mounting Th2 cell immunity, airway eosinophilia, and bronchial 
hyperreactivity to inhaled harmless proteins and house dust mite allergen. Additionally, administration 
of MSU crystals together with inhaled harmless proteins elicited vigorous type 2 immunity. Uric acid 
adjuvanticity was expressed via activating spleen tyrosine kinase (Syk) and the phosphoinositol 3 
(PI3)-kinase. Uric acid was thus identified as an essential initiator and amplifier of allergic 
inflammation in vivo.

• Allergens, which are often proteases, namely cysteine proteases, and the cysteine peptidases papain 
and bromelain are able to stimulate barrier epithelial cells to produce type 2 cytokines such as thymic
stromal lymphopoietin (TSLP), interleukin (IL)-25, and IL-33, which are responsible for directing the 
immune environment to the type 2 axis and hypersensitive inflammation. It was recently shown that 
allergens and cysteine peptidases, like papain cause stress and damage to the tissue cells, especially 
the barrier epithelial cells, triggering the release of uric acid. Uric acid was shown to activate epithelial 
cells for release of TSLP and IL-33, but not IL-25, and was identified as a key player that regulates the 
development of type 2 immune responses to cysteine peptidase allergens . Human and mouse airway 
epithelial cells secrete uric acid constitutively; in vivo exposure of mice to particulate pollutants and 
the cysteine peptidase-containing house dust mite triggered increase in uric acid production and 
release by mucosal cells and mediated allergic sensitization, which was shown to be inhibited by 
uricase . Indeed, uric acid is now recognized as an alarmin, like ATP (adenosine triphosphate), the 
high mobility group box 1 protein (HMGB1), and IL-33, and a prominent and potent mediator of type 
2 immune responses involving epithelial cells, innate lymphoid cells, eosinophils, basophils, and 
mast cells .



4. Resistance to parasites
The protective immune response against many helminth parasites is dependent 
on type 2 immune responses

5. Defense against neurological and autoimmune diseases
In support, plasma low uric acid levels, leading to decrease in antioxidant 
molecules, were evident in patients with multiple sclerosis. Peroxynitrites and 
ROS are believed to be responsible for myelin degradation in multiple sclerosis 
(MS) and can be blocked by high uric acid levels, while gout patients almost 
never present with MS disease . Several reports documented association of low 
uric acid serum levels with MS disease . A recent meta-analysis of published 
data indicated convincingly that patients with MS had lower serum uric acid 
than healthy controls, and advocated serum uric acid low level as a potential 
biomarker for multiple sclerosis . Low plasma uric acid levels were also 
associated with neurological disorders . Parkinson and Alzheimer disease, 
Pemphigus vulgaris, an autoimmune disorder characterized by blistering and 
sores (erosions) of the skin and mucous membranes , and lichen planus, an 
autoimmune inflammatory disease of the mucocutaneous tissue , which was 
also associated with low uric acid levels in saliva.



HYPOURICEMIA CAUSES: Decreased uric acid production( inherited disorder , 
acquired disorder), Uric acid oxidation due to treatment with uricase, Increased 
kidney secretion (decreased renal tubular reabsorption due to inherited or 
acquired disorders )

1. Familial  renal hypouricemia

2. Acquired disorders: Fanconi syndrome, volume expansion,  intracranial diseases, acquired 
immunodeficiency syndrome

3. Minerals: Inadequate dietary zinc intake , Wilson disease ( an inherited disorder that causes 
high copper/Fe levels)

4. Medication/Treatments : salicylates, allopurinol, x-ray contrast agents, glyceryl guaiacolate , 
losartan ,fenofibrate ,NSAIDs

5. Chemotherapy and Cancer: IV (parenteral) nutrition, chemotherapy, cancer tissue-specific 
metabolism and abnormal antidiuretic hormone production (Hodgkin’s disease, sarcoma, 
and glioblastoma )

6. Other Genetic Influences : genetic mutations in  two transporters : urate transporter 1 
(URAT 1) and human glucose transporter-like protein 9 (GLUT 9) . Variants of the gene 
SLC2A9 (encodes a protein 

7. Hormones: Animal studies suggest that estrogen suppresses the production of the protein 
that eliminates urate in the kidney (proximal tubule epithelial cell organic anion transporter), 
while androgens stimulate it. Scientists hypothesize that this may explain lower serum urate
levels in postmenopausal women as opposed to men,

8. In type 2 diabetes hypouricemia is associated with worse metabolic control, hyperfiltration
and a late onset or decreased progression to overt nephropathy.



The U-Shaped Relationship Between Serum Uric Acid and 
Long-Term All-Cause Mortality in Coronary Artery Disease 

Patients: A Cohort Study of 33,034 Patients

• This study also illustrated 
an approximate U-shape 
association between serum 
uric acic (SUA) and all-cause 
mortality when compared 
with 5.95 mg/lL ≤ SUA <6.8 
mg/dl, SUA <5.0 5mg/dl 
(adjusted hazard ratio (aHR) 
=1.13, 95% CI: 1.01-1.26, p = 
0.03), and SUA ≥8 mg/dL
(aHR = 1.18, 95% CI: 1.06-
1.32, p = 0.003).



•High serum uric acid levels ≧7.6 mg/dl were associated 
with the requirement of invasive mechanical ventilation and 
risk of death (on admission or a history of hyperuricemia)

•Low serum uric acid levels were also associated with the 
requirement invasive mechanical ventilation



Defective tubular handling of urate contributes to the 
development of hypouricemia in patients with life-threatening 
COVID-19, a mechanism that is supported by the presence of 
inappropriate uricosuria and by the association with other 
features of proximal tubule dysfunction . In a small subset of 
kidney samples from patients who died from COVID-19, we 
showed that life-threatening SARS-CoV-2 infection is associated 
with a significant (~ 70%) decrease in the expression of the apical 
urate transporter URAT1 in the kidney proximal tubule, 
contributing to the impaired tubular absorption of urate. Of 
note, experimental data showed that acute inflammation elicited 
by viral mimetics in rats downregulates the expression of kidney 
tubule transporters, including URAT1 . Upstream mechanisms 
linking viral infection and downregulation of proximal tubule 
transporters remain to be elucidated, but may involve either 
direct viral cytotoxic effects on the proximal tubule and/or 
indirect effects resulting from pro-inflammatory cytokines 



• Low serum uric acid levels may directly reflect COVID-19 
severity through renal tubular dysfunction. Previously, a 
clinical and autopsy study reported evidence for proximal 
tubule dysfunction in a subset of patients with COVID-19, 
with low-molecular-weight proteinuria, 
neutral aminoaciduria, and defective handling of uric acid or 
phosphate (Dufour et al., 2021; Werion et al., 2020). The 
previously mentioned studies confirmed the relationship 
between low serum uric acid levels and COVID-19 severity, 
such as the rate of IMV use and death. Serum uric acid levels 
are lowest 2-3 weeks after hospitalization and subsequently 
increase (Liu et al., 2021). Therefore, low serum uric acid 
levels are also a possible biomarker reflecting COVID-19 
severity through renal dysfunction, particularly proximal 
tubule dysfunction.
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