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Abstract: Scientific studies conducted worldwide have shown that hypertension is the most common 

comorbidity in COVID-19, confirming that it is registered in 10-34% of cases. Their combination leads to 

severe complications not only of COVID-19, but also of hypertension, including kidney damage. The 

article presents the results of a study of modern approaches to the early diagnosis of nephropathy caused by 

the above diseases. 
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According to the World Health Organization (WHO) Among people infected with COVID-19, the main risk 

group is patients with comorbid conditions. On the other hand, the coexistence of coronavirus with other 

chronic diseases creates unique difficulties in the diagnosis and treatment of patients. A series of 

observations noted a high incidence of cardiovascular diseases (CVD) , including arterial hypertension, 

diabetes mellitus and chronic obstructive pulmonary disease among patients suffering from COVID-19. 

Among them, arterial hypertension (AH) occupies one of the leading places in the development and severity 

of COVID-19 [1]. Although the incidence of this infection in the world has stabilized, as of today (March 

2023), 676.1 million people are infected with the SARS-CoV-2 virus, and the mortality rate is 6.8 million 

[7]. 

Scientific studies conducted around the world prove the importance of arterial hypertension, which is the 

most common concomitant disease in COVID-19 , which is confirmed by statistics where it is registered in 

10-34% of cases [4]. This combination leads to serious complications not only of COVID-19, but also of 

hypertension, including worsening kidney function [5,8]. In this case, high blood pressure (BP) and the 

direct negative impact of the virus on the kidneys due to the penetration of coronavirus into target cells 

through the receptors of the angiotensin-converting enzyme inhibitor-2 (ACE-2) can be of decisive 

importance. It is known that angiotensin-1 is separated from angiotensinogen by renin and converted to 

angiotensin II by the action of angiotensin-converting enzyme [9]. ACE-2 receptors are found in the 

kidneys, lung tissue , heart, intestines and other organs. As discussed above, the renin-angiotensin-

aldosterone system plays an important role in human physiology and blood pressure control. At this time, 

the use of angiotensin-converting enzyme inhibitors (ACE inhibitors) and angiotensin II receptor blockers 

(ARBs) in the treatment of patients with hypertension during COVID-19 is controversial [2,3,6]. 

The aim of the study is to determine the diagnostic and prognostic value of uromodulin in assessing the 

development of nephropathy and to evaluate the effectiveness of antihypertensive and nephroprotective 
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treatment based on uromodulin levels in the comorbid state of COVID-19 against the background of arterial 

hypertension. 

Material and methods. The source of the study was 120 patients with a history of post-COVID syndrome, 

who had COVID -19 and were treated on an outpatient and inpatient basis at the Multidisciplinary Medical 

Center of the Bukhara Region. They, in turn, were divided into 2 groups: COVID-19 with a mild course , 

who were treated on an outpatient basis (49.2%), and with a moderate severity of COVID-19 (50.8%), who 

received inpatient treatment. There were 57 women (47.5%), 63 men (52.5%). These groups were also 

divided into subgroups according to the stage of arterial hypertension, including 29 patients with stage 1 

arterial hypertension, 28 patients with stage II arterial hypertension and 2 patients with stage III arterial 

hypertension in the group of mild COVID-19. In a study of patients with moderate severity of COVID-19 

by the stage of arterial hypertension, the numbers were 18; 16 and 27 people, respectively. The control 

group consisted of 30 patients with mild and moderate severity of COVID-19 without arterial hypertension. 

The work used clinical, biochemical (serum urea, creatinine), enzyme immunoassay (cystatin-C, TGF β 1 - 

transforming growth factor), urine analysis (microalbuminuria ( MAU) , uromodulin) and statistical 

methods. 

Research results. Uromodulin is a glycoprotein with a molecular weight of 80-90 kDa, which is excreted 

mainly from the initial sections of the distal renal tubules and is normally present in daily urine from 15 to 

100 mg [10.6]. 

 

Figure 1. Comparative analysis of renal tubular function indicators depending on the stage of arterial 

hypertension in patients with mild COVID-19 against the background of arterial hypertension. 

As can be seen from the data presented in the attached diagram (Fig. 1), in the group of patients with a mild 

degree of coronavirus infection against the background of arterial hypertension, the MAU indicator of 

traditional markers of nephropathy development tended to increase in accordance with the stage of arterial 

hypertension , respectively, 38.4 ± 1.2 mg / day; 56.7 ± 0.9 and 102.3 ± 0.4 mg / day. Among the 

biomarkers, an increase in the content of type IV collagen was practically not observed at the level of stage 
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1 of hypertension, the manifestation of this biomarker with a pathological shift was obvious at stage 3 of 

hypertension, it turned out to be 1.5 times higher than the indicator in the control group. A comparative 

analysis of the uromodulin indicator in urine in relation to the stage and hypertension in patients of group 1 

shows that with an increase in the stage and background disease, the amount of uromodulin in the urine 

decreased in inverse proportion . The amount of uromodulin in urine at stage 1 of the disease decreased by 

1.12 times compared to the control group, by 1.2 times in the group of patients with stage 2 of the disease 

and by 1.3 times at stage 3 of arterial hypertension (p˂0.001). A strong negative correlation was found 

between the amount of uromodulin excretion in urine and the stage of the underlying disease (r=-1.12; 

p˂0.01). 

 

Figure 2. Comparative analysis of renal tubular function indicators depending on the stage of arterial 

hypertension in patients Moderate COVID-19 against the background of arterial hypertension. 

Among patients with arterial hypertension who had mild COVID-19, a positive correlation was found 

between microalbuminuria and the stage of the underlying disease ( r=0.5; p˂0.01), type IV collagen 

(r=0.628; p˂0.01), TGF-β1 (r=0.4; p˂0.05) and a strong negative correlation was found with uromodulin 

(r=-1.05; p˂0.01). A strong positive correlation was also noted between uromodulin values and 

microalbuminuria (r=0.758; p˂0.001). 

In addition, a correlation between the above indicators was also found in patients with moderate to severe 

COVID -19, but it was found that the amount of uromodulin was reduced less compared to patients with 

mild COVID -19. 

Uromodulin levels were 91.6±5.8 ng/ml in patients with stage 1 hypertension who had experienced 

moderate COVID -19 and 87.2±6.1 ng/ml in those who had experienced mild severity of COVID-19 

(p<0.01). In patients with stage 2 hypertension, 88.3±6.5 ng/ml and 84.3±7.1 ng/ml, respectively (p<0.01). 

In patients with stage 3 hypertension with moderate to severe COVID -19, the uromodulin level was 81.5 ± 

8.2 ng/ml, and in patients who had a mild degree of COVID-19 75.6±9.7 ng/ml , which was 1.07 times 

lower (p <0.05). (Fig. 2) 
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This means that the degree of damage to the renal tubules in post-COVID syndrome in patients with a mild 

degree of coronavirus infection against the background of arterial hypertension is higher than in patients 

treated in hospital settings in accordance with recommendations. 

angiotensin-converting enzyme inhibitors , and azilsartan (at a dose of 40, 80 mg), which belong to the 

group of angiotensin receptor blockers, with a nephroprotective effect. 

Uromodulin levels increased by 1.6 times after treatment in patients with stage I hypertension with mild 

COVID-19, in patients with moderate COVID-19 it increased by 1.57 times and a significant difference was 

noted ( p <0.05). In patients with stage II hypertension, these indicators were increased by 1.53 and 1.5 

times, respectively ( p <0.01). 

It was noted that in stage III of hypertension, the uromodulin level increased by 1.37 times in patients who 

had a mild form of COVID-19 and by 1.25 times in patients with moderate COVID-19. When comparing 

the results, a highly reliable difference was found ( p <0.01). (Fig. 3). 

 

Figure 3. Post-treatment uromodulin levels (ng/ml) in patients with mild to moderate COVID-19 with 

arterial hypertension and 

Note: * - differences are significant for indicators before and after treatment in groups with mild and 

moderate severity of COVID-19 (* - p<0.05, ** - p<0.01). 

The results obtained in the study showed that the level of uromodulin significantly increased after standard 

treatment in groups of patients who had COVID-19 with arterial hypertension. This confirms that 

inflammatory processes persist in the body for a long time in those who have had this infection. The fact 

that highly reliable changes were found in patients with hypertension who had a mild form of COVID-19 

can be explained by the effect of the complex of standard treatment procedures. 

Conclusions. The uromodulin level was 91.6±5.8 ng/ml in patients with stage 1 hypertension who had 

moderate COVID -19 and 87.2±6.1 ng/ml in those who had mild COVID - 19 , with a highly significant 

difference (p<0.01). In patients with stage 2 hypertension , the uromodulin level was 88.3±6.5 ng/ml and 

84.3±7.1 ng/ml, respectively (p<0.01). In patients with stage 3 hypertension, the uromodulin level was 

81.5±8.2 ng / ml in patients with moderate COVID-19 and 75.6±9.7 ng/ml in patients with mild COVID - 

19 (p<0.05). The identified changes confirm that uromodulin is a reliable indicator of renal dysfunction; 
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