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severe COVID-19.10 –14 Well-timed discrimination of severe 
COVID-19 patients may facilitate appropriate management, as 
there is evidence that early treatment of high-risk patients may 
improve prognosis.15–17

The risk of severe condition development is twice higher 
in patients with arterial hypertension.18 Patients admitted to 
the intensive care unit are 2.7-fold more likely to have arterial 
hypertension.19 The mortality rate in hypertensive patients 
is 2.7-fold higher.20 Hypertensive patients are older and are more 
likely to have comorbidities.21 As arterial hypertension significantly 
impacts clinical outcomes in COVID-19 patients, assessment of 

In t r o d u c t i o n

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was 
first described in December 2019 and catastrophically affected the 
world’s demographics, leading to over 6.5 million deaths.1,2 Patients 
with SARS-CoV-2 infection may remain asymptomatic in the early 
stages; later, it may lead to severe pneumonia, respiratory distress 
syndrome, multi-organ failure, and even lethal outcomes.3 The 
severe clinical condition develops in approximately 18.0% of 
patients.4 Inhospital mortality occurs in 19.4% of patients with 
severe COVID-19.5 Desaturated patients may need continuous 
positive airway pressure and invasive mechanical ventilation 
which are associated with barotraumatic events, such as 
pneumothorax, subcutaneous emphysema, pneumoperitoneum, 
and pneumomediastinum.6 Also, plenty of long-term unfavorable 
effects of COVID-19 are described in patients who survived severe 
COVID-19.7

In the general population, men have an 18% higher risk of severe 
COVID-19 and a 50% higher risk of death than women.8 Nearly 25.1% 
of patients with severe COVID-19 have at least one comorbidity, 
and 8.2% of patients have two or more comorbidities.9 Chronic 
obstructive pulmonary disease, diabetes, hypertension, and 
malignancy are risk factors for critical clinical conditions.9 There is 
evidence that increased D-dimer, C-reactive protein, procalcitonin, 
ferritin, interleukin-6 (IL-6), soluble interleukin-2 receptor (sIL-2R) 
levels, ESR, lymphopenia, and thrombocytopenia predicts 
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Ab s t r ac t
Introduction: The severe condition develops in every fifth patient with coronavirus disease 2019 (COVID-19). This study is aimed to assess the 
factors predicting severe and critical conditions in hypertensive patients with COVID-19-associated pneumonia.
Materials and methods: A total of 106 unvaccinated hypertensive patients hospitalized for COVID-19-associated pneumonia were enrolled 
in the study.
Results: Median body mass index (BMI) was higher in patients with severe/critical condition [30.4 (26.4–34.1) kg/m2] than in patients with moderate 
condition [25.3 (23.5–29.1) kg/m2] (p < 0.001). Diabetes mellitus was more prevalent in patients with severe/critical condition (40.7 vs 21.3%, p = 0.04).  
Erythrocyte sedimentation rate (ESR) was higher in patients with severe/critical condition [28.0 (14.0–34.5) vs 37.5 (24.0–46.5) mm/hour]  
(0.004). Patients who developed severe/critical condition were scored higher according to the community-acquired pneumonia symptom 
(CAP-Sym) questionnaire [30.0 (20.0–37.0) points] than patients who developed the moderate condition [22.0 (16.0–33.0) points] (p = 0.03). Also, 
ferritin level was higher in patients who developed severe/critical condition [430.5 (177.0–733.0) ng/mL] than in patients who developed the 
moderate condition [315.5 (169.0–396.0) ng/mL] (p = 0.03). BMI of ≥30 kg/m2 increased the odds of severe/critical condition development [odds 
ratio (OR) = 3.83 (1.61–9.09), p = 0.002] and was the only independent predictor for the severe/critical condition according to the multivariate 
logistic regression analysis.
Conclusion: Increased BMI, diabetes mellitus, high ESR, and ferritin level at admission predict severe/critical disease in unvaccinated hypertensive 
patients hospitalized for COVID-19. However, only BMI of ≥30 kg/m2 is an independent risk factor for severe/critical disease according to 
multivariate logistic regression analysis. CAP-Sym questionnaire may be used for the prediction of severe/critical COVID-19.
Keywords: Coronavirus disease 2019, Hospitalized, Hypertension, Predictors, Risk factors.
Indian Journal of Respiratory Care (2023): 10.5005/jp-journals-11010-1014
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Setting
This was a prospective single centre study and was conducted 
in Ivano-Frankivsk Central City Hospital and Ivano-Frankivsk City 
Hospital No 1.

Sampling
Each patient (who met the inclusion criterion and none of the 
exclusion criteria) hospitalized from March to June 2021 was 
proposed to be a participant in the study.

Ethics Statement
A consent form was signed by each prospective participant before 
recruitment into the study. All of the procedures in the study 
met bioethical standards according to the Helsinki Declaration. 
The study was approved by the Bioethical Commission of 
Ivano-Frankivsk National Medical University, Ivano-Frankivsk, 
Ivano-Frankivsk Oblast, Ukraine.

Stat i s t i c a l An a lys i s

Statistical processing of the study results was performed using the 
software Statistica 10 and Microsoft Excel and an online calculator 
Stats.Blue.26 Shapiro–Wilk test was performed to establish the 
type of distribution. Descriptive statistics for data with the normal 
distribution are presented as the mean with standard deviation 
(SD) (mean ± SD). The median and interquartile range [Me (Q1–Q3)] 
was calculated for data with the abnormal distribution. Categorical 
data are presented as counts and percentages. The t-test was used 
for the comparison of two variables with the normal distribution. 
Mann–Whitney U test was performed to compare variables 
with the abnormal distribution. Fisher’s exact test was used for 
the comparison of two categorical variables. Also, the OR with 
a 95% confidence interval (CI) was calculated. Multivariate logistic 
regression was used. The null hypothesis suggested that there is no 
statistical significance. If the p-value was <0.05, the null hypothesis 
was rejected; if the p-value was ≥0.05, the null hypothesis was 
accepted, which is common in biomedical studies.

Re s u lts

A total of 46 (43.4%) patients had a severe clinical condition and 
13 (12.3%) patients had a critical clinical condition. In 47 (44.3%) 
patients, the clinical condition was labeled as moderate.

The main clinical parameters at the moment of hospital 
admission in patients who developed moderate and severe/critical 
clinical conditions are shown in Table 1. BMI was higher in patients 
with severe/critical clinical condition (p < 0.001). History of diabetes 
mellitus was more prevalent in patients with severe/critical clinical 
condition (p = 0.04). Patients who developed severe/critical clinical 
condition had higher CURB-65 (p = 0.02) and CAP-Sym questionnaire 
(p = 0.03) scores at the moment of hospital admission. Laboratory 
parameters at the moment of hospital admission in patients who 
developed moderate and severe/critical clinical conditions are shown 
in Table 2. Also, patients in severe/critical clinical condition had higher 
total leukocyte count (p = 0.02), segmented neutrophil percentage  
(p = 0.03), ESR (p = 0.004), fasting capillary glucose (p = 0.002), 
aspartate aminotransferase (p = 0.04), alanine aminotransferase  
(p = 0.006), and activated partial prothrombin time (APPT) (p = 0.03) 
at the moment of hospital admission. Ferritin level at the moment 
of hospital admission was significantly higher in patients with 
severe/critical clinical condition (p = 0.03). sIL-2R and IL-6 levels at the 

severe clinical condition predictors in hypertensive patients is 
important to improve the efficacy of the treatment and the patient’s 
prognosis.

Ai m

This study is aimed to assess the factors predicting severe and 
critical clinical conditions in hypertensive hospitalized patients 
with COVID-19-associated pneumonia.

Mat e r ia  l s a n d Me t h o d s

Participants
A total  of  106 hyper tensive patients hospital ized for 
COVID-19-associated pneumonia from March to June 2021 were 
enrolled in the study. All enrolled patients were not vaccinated 
for COVID-19.

Variables
Pneumonia was confirmed with chest computed tomography or 
chest X-ray. Coronavirus SARS-CoV-2 as an etiological factor of 
pneumonia was confirmed with either polymerase chain reaction 
or enzyme-linked immunosorbent assay test with the assessment 
of immunoglobulin M level.

The diagnosis of arterial hypertension was established in 
accordance with the criteria of the 2018 European Society of 
Cardiology guideline.22 Pneumonia severity was assessed in 
accordance with the confusion, uremia, respiratory rate, BP, age 
≥ 65 years (CURB-65) score.23 Patients’ symptoms were assessed 
using the CAP-Sym questionnaire.24

Coronavirus disease 2019 (COVID-19)—associated pneumonia 
severity was assessed according to the protocol of medical care for 
treatment of COVID-19.25 A severe clinical condition was considered 
in the presence of at least one of the following characteristics—
respiratory rate of ≥30 breaths/minute, oxygen saturation of ≤93%, 
and pulmonary infiltrates occupying >50% of the lung area. The 
critical condition was defined in the presence of at least one of the 
followings—acute respiratory distress syndrome, sepsis, altered 
consciousness, and multiple organ dysfunction syndrome.

A total of 46 (43.4%) patients had a severe clinical condition 
and 13 (12.3%) patients had a critical clinical condition. In 47 (44.3%) 
patients, the clinical condition was labeled as moderate.

Besides the conventional laboratory tests (total blood count, 
urinalysis, fasting glucose, and biochemical profile), IL-6, ferritin, 
and sIL-2R levels were measured.

Inclusion Criterion
•	 Pneumonia associated with COVID-19 in a hospitalized 

hypertensive patient.

Exclusion Criteria

•	 Pregnancy.
•	 Age of <18 years.
•	 Moderate and severe cognitive decline.
•	 Acute myocardial infarction.
•	 Acute phase of ischemic stroke and transient ischemic attack.
•	 Acute phase of intracerebral hemorrhage.
•	 Active cancer.
•	 Active gastrointestinal bleeding.
•	 Stage 5 chronic kidney disease.
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clinical condition development. Similar results showed the study 
performed by Sun et  al.; there was no significant difference in 
age between patients with severe COVID-19 and the ones with 
moderate COVID-19.27 However, the study performed by Zhao 
et  al. showed that age was an independent predictor of severe 
COVID-19.28

Espiritu et al. reports an association between BMI abnormalities 
and odds of severe/critical COVID-19,29 which corresponds to our 
data that high BMI is more prevalent in patients with severe/critical 
clinical condition.

Our study showed that diabetes mellitus was more prevalent in 
patients in severe/critical clinical condition. Our data corresponds 
to the results of the meta-analysis performed by Shang et al. that 
showed an association of diabetes mellitus with an increased risk 
of the severe condition and a higher mortality rate.30

Our data showed that the CURB-65 score of >1 predicts 
severe/critical clinical condition, which corresponds to the results 
of the study performed in China that showed CURB-65 might serve 
as a useful prognostic marker in COVID-19 patients.31

Our study showed that ferritin level at the moment of hospital 
admission was significantly higher in patients with severe/critical 
clinical condition. This data corresponds to the results of the 
meta-analysis that confirmed an association between high serum 
ferritin levels and severe COVID-19.32

Serum IL-6 and sIL-2R levels in our study were somewhat higher 
in patients with severe/critical COVID-19, but statistical significance 

moment of hospital admission were lower in patients in moderate 
clinical condition; however, statistical significance was not met.

Univariate analysis of risk factors for the development of the 
severe/critical condition is shown in Table 3. Therefore, risk factors 
for the development of the severe/critical condition during hospital 
stay include BMI of ≥30 kg/m2, history of diabetes mellitus, CURB-65 
score of >1, CAP-Sym score of ≥30, ESR of ≥35 mm/hour, ferritin 
level of >350 ng/mL.

Multivariate logistic regression analysis showed that BMI is 
an independent risk factor for the development of severe/critical 
clinical condition (Table 4).

Multivariate logistic regression analysis of the laboratory 
predictors of severe/critical condition development is shown in 
Table 5. Levels of ferritin of >350 ng/mL, sIL-2R of >6 ng/mL, and 
IL-6 of >48 pg/mL at the moment of hospital admission failed to 
show independent risk factors

Statins and antihypertensive agents prescribed to patients 
with moderate and severe/critical clinical conditions are listed in 
Table 6. There was no statistically significant difference in statin and 
antihypertensive therapy in patients with moderate and severe/
critical conditions.

Di s c u s s i o n

Our study showed that among hypertensive patients, the elderly 
were not associated with a higher prevalence of severe/critical 

Table 1:  The main clinical parameters at the moment of hospital admission in patients who developed moderate and severe/critical clinical conditions

Parameter
Patients with moderate condition  

(n = 47)
Patients with severe/critical condition  

(n = 59) p-value

Patients’ characteristics
Age, years 67.6 ± 2.7 69.0 ± 2.0 0.43
BMI, kg/m2 25.3 (23.5–29.1) 30.4 (26.4–34.1) <0.001
Male gender 20 (42.6%) 21 (35.6%) 0.55

Comorbidities
Prior myocardial infarction 6 (12.8%) 7 (11.9%) 1.0
Prior stroke 4 (8.5%) 5 (8.5%) 1.0
History of diabetes mellitus 10 (21.3%) 24 (40.7%) 0.04
Atrial fibrillation 5 (10.6%) 6 (10.2%) 1.0
Severe valvular heart disease 3 (6.4%) 1 (1.7%) 0.32
Hypothyroidism 1 (2.1%) 5 (8.4%) 0.22

Complaints at the hospital admission
Cough 36 (76.6%) 51 (86.4%) 0.21
Breathlessness 22 (46.8%) 45 (76.3%) 0.002
Fatigue 38 (80.9%) 54 (91.5%) 0.15
Leg pain 21 (44.7%) 29 (49.2%) 0.70
Back pain 22 (46.8%) 16 (27.1%) 0.04
Headache 17 (36.2%) 15 (25.4%) 0.29
Insomnia 28 (59.6%) 39 (66.1%) 0.55
Taste disorders 10 (21.3%) 13 (22.0%) 1.0
Smell disorders 10 (21.3%) 11 (18.6%) 0.81

CURB-65 and CAP-Sym scores at the moment of hospital admission
CURB-65 score 1.0 (0.0–1.0) 1.0 (0.0–2.0) 0.02

CAP-Sym questionnaire 22.0 (16.0–33.0) 30.0 (20.0–37.0) 0.03

Note:  Data are presented as either absolute number (%), mean value (CI) for variables with a normal distribution, or median value (lower and upper quar-
tiles) for variables with an abnormal distribution. BMI, body mass index
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duration of illness.38 sIL-2R levels at the moment of hospital 
admission and in dynamic may reflect COVID-19 severity and 
predict severe respiratory failure.12

The controversies between our study and the studies mentioned 
above may be explained by differences in populations. Our study 
included only hospitalized hypertensive patients with COVID-19. 

was not met. Many studies showed that increased IL-6 level is 
associated with severe disease and adverse outcomes.33–35 In 
patients aged ≥60-year-old, a high sIL-2R level was associated 
with mortality.36 However, the study conducted by Liu et  al., 
showed that the IL-6 level predicts a severe disease but not 
mortality.37 Also, sIL-2R levels were associated with a prolonged 

Table 2:  Laboratory parameters at the moment of hospital admission in patients who developed moderate and severe/critical clinical conditions

Parameter Patients with moderate condition (n = 47) Patients with severe/critical condition (n = 59) p-value

Erythrocytes, 1012/L 4.6 (4.1–4.9) 4.6 (4.2–5.0) 0.80
Hemoglobin, gm/L 129.0 (120.0–140.0) 131.0 (121.0–142.0) 0.86
Leukocytes, 109/L 5.4 (4.3–7.1) 7.2 (5.0–9.8) 0.02
Band neutrophils, % 5.0 (3.0–8.0) 4.0 (3.0–7.0) 0.53
Segmented neutrophils, % 68.5 (60.0–76.0) 74.0 (65.0–81.0) 0.03
Lymphocytes, % 19.0 (15.0–24.0) 16.0 (10.5–22.0) 0.057
Monocytes, % 4.0 (2.0–6.0) 4.0 (2.5–6.0] 0.72
Platelets, 109/L 187.0 (141.0-283.5) 204.0 (160.0–245.0) 0.69
ESR, mm/hour 28.0 (14.0–34.5) 37.5 (24.0–46.5) 0.004
Fasting glucose, mmol/L 5.6 (5.2–6.6) 6.9 (5.7–9.5) 0.002
Total protein, gm/L 72.0 (64.5–76.3) 68.0 (62.7–73.7) 0.35
Total bilirubin, µmol/L 10.2 (8.4–13.4) 9.9 (8.4–13.1) 0.80
Aspartate aminotransferase, IU/L 24.8 (16.2–36.7) 32.0 (21.9–39.5) 0.04
Alanine aminotransferase, IU/L 22.8 (14.4–34.4) 28.1 (23.4–46.4) 0.006
Creatinine, µmol/L 95.4 (86.7–104.6) 100.2 (86.0–117.0) 0.25
Blood urea nitrogen, mmol/L 5.6 (4.9–7.1) 6.8 (5.0–8.0) 0.052
Total cholesterol, mmol/L 4.82 ± 0.39 4.83 ± 0.38 0.97
Prothrombin index, % 104.0 (96.4–111.0) 103.0 (87.5–112.5) 0.58
APPT, seconds (s) 22.7 (21.3–24.2) 25.5 (22.1–28.5) 0.03
Fibrinogen, gm/L 4.9 (4.2–5.9) 5.2 (4.7–6.4) 0.31
Ferritin, ng/mL 315.5 (169.0–396.0) 430.5 (177.0–733.0) 0.03
sIL-2R, ng/mL 5.59 (4.29–7.30) 6.29 (4.68–9.46) 0.15

IL-6, pg/mL 37.8 (13.6–74.4) 52.6 (19.1–110.8) 0.13

Note:  Data are presented as either mean value (CI) for variables with a normal distribution or median value (lower and upper quartiles) for variables with 
an abnormal distribution. APPT, activated partial prothrombin time; ESR, erythrocyte sedimentation rate; IL-6, interleukin-6; sIL-2R, soluble interleukin-2 
receptor

Table 3:  Univariate analysis of risk factors for the development of the severe/critical condition

Risk factor OR 95% CI p-value

Age of ≥70-year-old 1.28 0.59–2.76 0.528
BMI ≥ 30.0 kg/m2 3.83 1.61–9.09 0.002
History of diabetes mellitus 2.54 1.06–6.06 0.036
CURB-65 score >1 7.67 1.66–35.52 0.009
CAP-Sym score ≥ 30 2.44 1.09–5.47 0.030
Total leukocyte count ≥ 10.0 × 109 /L 2.67 0.88–8.07 0.081
Lymphocyte percentage <19.0% 1.95 0.89–4.28 0.096
ESR ≥ 35.0 mm/hour 4.11 1.52–11.12 0.005
Aspartate aminotransferase ≥40.0 IU/L 1.59 0.60–4.19 0.351
Alanine aminotransferase ≥40.0 IU/L 2.64 0.99–7.01 0.052
APPT > 35.0 s 6.80 0.34–134.27 0.208
Fibrinogen > 4.0 gm/L 0.92 0.29–2.87 0.885
Ferritin > 350.0 ng/mL 2.42 1.09–5.35 0.030
sIL-2R > 6.0 ng/mL 1.49 0.69–3.23 0.307

IL-6 > 48.0 pg/mL 1.91 0.88–4.17 0.104

APPT, activated partial prothrombin time; BMI, body mass index; CI, confidence interval; ESR, erythrocyte sedimentation rate; IL-6, interleukin-6; OR, odds 
ratio; sIL-2R, soluble interleukin-2 receptor
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None of the enrolled patients had a mild clinical condition. Each 
participant had pulmonary involvement confirmed radiologically.

Further perspectives include an assessment of lethal outcome 
predictors in hypertensive hospitalized patients and CAP-Sym 
questionnaire validation for COVID-19-associated pneumonia.

Co n c lu s i o n

Increased BMI, diabetes mellitus, high ESR, and ferritin level 
at admission predict severe/critical disease in unvaccinated 
hypertensive patients hospitalized for COVID-19. However, only a 
BMI of ≥30 kg/m2 is an independent risk factor for severe/critical 
disease according to multivariate logistic regression analysis. 
The CAP-Sym questionnaire may be used for the prediction of 
severe/critical COVID-19.

Limitations
Our study has some limitations within which the findings need to 
be interpreted carefully. First, our study was limited by the number 
of participants. Second, our study included only unvaccinated 
patients. Third, all patients were hospitalized for pneumonia 
confirmed by a radiological study, and none of the patients had a 
mild clinical course.
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