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SOUHRN

Cíl: Cílem této studie bylo zhodnotit vliv hypertenze (HT) jako kardiovaskulárního rizikového faktoru a anti-
hypertenzní léčby na prognózu pacientů s onemocněním COVID-19.
Metody: Do studie bylo zařazeno celkem 117 pacientů s diagnózou onemocnění COVID-19 stanovenou tes-
tem PCR z výtěru z nosohltanu. Pacienti byli rozděleni do skupiny hypertoniků a kontrolní skupiny. Za-
znamenávaly se výsledky biochemických laboratorních vyšetření, celkový krevní obraz i výsledky vyšetření 
zobrazovacími metodami. Hodnotila se mortalita pacientů s HT i bez tohoto onemocnění stejně jako vliv 
antihypertenzní léčby na mortalitu.
Výsledky: Vyšetření hrudníku výpočetní tomografi í prokázalo statisticky významně častěji přítomnost den-
zity mléčného skla a konsolidace plicní tkáně ve skupině s HT (p < 0,001). Pobyt v nemocnici (ve dnech) byl 
statisticky významně delší ve skupině s HT a častěji bylo rovněž nutné přeložit pacienta na jednotku inten-
zivní péče (p < 0,001). Mortalita pacientů s HT byla vyšší než mortalita pacientů bez tohoto onemocnění (p < 
0,001). Nebyl nalezen statisticky významný rozdíl v mortalitě skupin podle antihypertenzní léčby (p = 0,801).
Závěr: Hypertenze představuje významný rizikový faktor zvyšující mortalitu pacientů s onemocněním CO-
VID-19. Léčba HT byla u většiny pacientů nedostatečná. Zánětlivé parametry byly zvýšené zvláště u pacientů 
s nedostatečně léčenou HT. U pacientů s nedostatečně léčenou HT existuje vyšší riziko úmrtí. Nejsou k dis-
pozici žádné údaje, z nichž by bylo možno usuzovat, že by užívání inhibitorů angiotenzin konvertujícího 
enzymu (ACE) nebo blokátorů AT

1 
zhoršovalo prognózu. Vysoký krevní tlak při příjmu do nemocnice je 

významným faktorem a probíhající antihypertenzní léčba se nesmí vysadit.
© 2021, ČKS.

ABSTRACT

Objective: In this study, we aimed to investigate the effect of hypertension (HT) and antihypertensive 
treatment on prognosis, which is one of the cardiovascular risk factors affecting the prognosis of COVID-19.
Methods: We included 117 patients diagnosed with COVID-19 by nasopharyngeal polymerase chain reaction 
(PCR). The patients were divided into a hypertensive group and a control group. Biochemical, complete 
blood count and imaging data of the patients were recorded. Mortality of patients with and without HT was 
evaluated. The effect of antihypertensive therapy on mortality was evaluated.
Results: In thorax CT, ground glass opacity and pneumonic consolidation were found statistically signifi cant-
ly higher in the hypertensive group (p <0,001). Hospital stay duration (days) of the patients were signifi cantly 
longer in the hypertensive group and need for intensive care unit was statistically higher in the hypertensive 
group (p <0,001). Mortality of hypertensive patients was higher than of those without hypertension (p 
<0,001). There was no statistically signifi cant difference in mortality in antihypertensive treatment groups 
(p = 0,801).
Conclusion: Hypertension is an important risk factor that increases mortality in COVID-19 patients. Un-
controlled hypertension was common in most patients. Infl ammatory parameters are higher especially in 
patients with uncontrolled hypertension. Patients with uncontrolled hypertension have a higher risk of 
mortality. There is no data to suggesting that the use of ACEI/ARB worsens prognosis. High blood pressure 
on admission to the hospital is important and the patient’s current antihypertensive therapy should not be 
discontinued. 
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Introduction

On December 31st 2019 a number of unidentifi ed cases of 
pneumonia were reported, with epidemiological links to 
the Huanan Seafood Wholesale Market in Wuhan in Hu-
bei, China.1 Shortly after, the Center for Disease Control 
and Prevention of the People’s Republic of China isola-
ted a new coronavirus as the causative agent of this epi-
demic, called the human epithelial cell acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2).2 On February 12th 
2020 the World Health Organization (WHO) named the 
disease caused by SARS-CoV-2 as the Coronavirus Disease 
2019 (COVID-19). On March 11th 2020 the WHO offi cially 
announced COVID-19 to be a pandemic.3

The spread rate of the disease and the increase in mor-
tality have caused all studies to focus on this issue. When 
mortality due to COVID-19 was examined, it was found 
that patients with cardiovascular risk factors were partic-
ularly affected.4 Hypertension, diabetes mellitus, chronic 
obstructive pulmonary disease, atherosclerotic vascu-
lar diseases were observed more in patients with poor 
prognosis.5–7 Hypertension has come to the fore due to 
its higher prevalence than other risk factors. In addition, 
opinions were made that the drugs used in the treatment 
of hypertension may have harmful side effects in the fi rst 
period of the pandemic and treatment changes were rec-
ommended. This is because in animal studies, the ACE2 
receptor was found to be a potential route for SARS-
CoV-2 entry into the host cell,8 and the most widely used 
drug group in the treatment of hypertension are angio-
tensin converting enzyme inhibitors (ACEI) / angiotensin 
receptor blockers (ARB).

In our study, we evaluated the clinical, laboratory, and 
imaging results of hypertensive COVID-19 patients in Tur-
key. The relationship between hypertension and mortal-
ity in COVID-19 patients and the effect of the choice of 
antihypertensive treatment on mortality were evaluated.

Methods

This was a single-centered, retrospective, and observati-
onal study on adults with COVID-19 at Manisa Merkeze-
fendi State Hospital. The data of 117 patients hospitali-
zed between March 20th and April 20th were extracted 
from electronic medical records and evaluated. 117 pati-
ents diagnosed with COVID-19 by positive PCR tests (with 
SARS-CoV-2 [2019-nCoV] qPCR Detection Kit by Bio-Spee-
dy) were included in our study. The patients were divided 
into two groups. Those with and without hypertension 
diagnosis. The patients’ application complaints, risk fac-
tors, imaging (computed tomography [CT]) results and 
the antihypertensive drugs they used were recorded. Bio-
chemical and complete blood counts of the patients were 
recorded. With serial troponin-I and electrocardiography 
follow-up, the diagnosis of acute coronary syndrome was 
excluded. Pulmonary embolism causing high D-dimer le-
vels was excluded by computed tomography. Biochemical 
data, imaging results, and mortality of the two groups 
were compared. Hypertensive drugs were divided into 
two groups. ACEI/ARB users and others (aldosterone an-
tagonists, beta blockers, calcium channel blockers, diure-

tics, alpha blockers). Mortality data of these two groups 
were compared.

Ministry of Health of the Republic of Turkey gave 
approval for the study. The research protocol complied 
with the Declaration of Helsinki and was approved by 
Celal Bayar University Medical Faculty Non-Interventional 
Clinical Trials Ethics Committee (Decision No: 85252386-
050.04.04.04-).

Statistical analysis
In calculating the sample of this study conducted for “Pro-
gnostic implication of uncontrolled hypertension in hospi-
talized patients with COVID-19”, power was determined 
by taking at least 0.80 and 1st type error as 0.05 for each 
variable. The continuous (numeric) variables were presen-
ted by descriptive statistics such as mean and standard de-
viation; whereas the categorical variables were presented 
by numbers and percentages. The Kolmogorov–Smirnov 
test was used to check whether the continuous variables 
showed normal distribution (n >50), and nonparametric 
tests were used for analysis, as the variables did not show 
normal distribution. The Mann–Whitney U test was used 
to compare the measurements by groups. We used the 
Kruskal–Wallis H test to compare the “CRP and D-dimer 
measurements” according to the “CT result” and the 
“hospitalization times” according to the “antihyperten-
sive treatment” and the Bonferroni post-hoc (multiple) 
comparison tests to determine the different groups. We 
used the Chi-squared test to determine the correlations 
between categorical variables. Statistical signifi cance le-
vel was set at () 5%, and SPSS (IBM SPSS for Windows, 
Ver. 24) package software was used for calculations.

Results

Hypertension group consisted of 46 patients, control 
group consisted of 71 patients. There was no statistica-
lly signifi cant difference in age, female gender, smoking, 
alcohol use and body mass index between the groups. Sy-
stolic blood pressure (p: 0.05) and diastolic blood pressu-
re (p <0.001) were statistically higher in the hypertensive 
group. The symptoms of fever, cough and shortness of 
breath were statistically signifi cantly higher in the hyper-
tensive group (p <0.001). Cough (80.4%) was the most 
common symptom in the hypertensive group. There was 
no statistically signifi cant difference between the two 
groups in terms of other risk factors (diabetes mellitus, 
anemia, renal failure, coronary artery disease, periphe-
ral vascular disease, chronic heart failure, hyperlipide-
mia, chronic obstructive pulmonary disease). In thorax 
CT, ground glass opacity, and pneumonic consolidation 
were found statistically signifi cantly higher in the hyper-
tensive group (p <0.001). Hospital stay duration (days) of 
the patients was signifi cantly longer in the hypertensive 
group and the need for intensive care unit was statisti-
cally higher in the hypertensive group (p <0.001) (Table 
1). Mortality of hypertensive patients was higher than of 
those without hypertension (p <0.001) (Table 1).

D-dimer (p <0.001), troponin-I (p <0.001), CRP (p: 
0.032) and neutrophil/lymphocyte ratio (NLR) (p: 0.049) 
were statistically signifi cantly higher in the hypertensive 
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Table 1 – Baseline characteristics of study population

Patients 
with 
hyperten-
sion
(n = 46)

Patients 
without 
hyperten-
sion 
(n = 71)

p-value

Age, years 50.86±24.6 49.65±18.1 0.113

Female sex, n (%) 21 (45.6) 33 (46.4) 0.412

Smoking, n (%) 12 (26.1) 20 (28.2) 0.556

Alcohol use, n (%) 4 (8.7) 7 (9.8) 0.341

Body mass index, kg/m2 28.9±2.3 29.4±1.9 0.267

Systolic blood pressure, mm Hg 165±20 130±15 0.050

Diastolic blood pressure, mm Hg 95±15 70±10 <0.001

Heart rate, bpm 86±26 79±32 0.118

Symptoms at admission, n (%)

Fever 35 (76.1) 41 (57.7) <0.001

Cough 37 (80.4) 36 (50.7) <0.001

Shortness of breath 16 (34.8) 11 (15.5) <0.001

Headache 4 (8.7) 6 (8.5) 0.449

Diarrhea 2 (4.3) 4 (5.6) 0.387

Fatigue, tiredness 6 (13) 9 (12.7) 0.348

Muscle ache 9 (19.6) 12 (16.9) 0.229

Sore throat 8 (17.4) 12 (16.9) 0.203

Chest pain 1 (2.2) 2 (2.8) 0.184

Comorbidities, n (%)

Diabetes mellitus 6 (13) 9 (12.7) 0.348

Anemia 2 (4.3) 4 (5.6) 0.387

Renal failure 4 (8.7) 7 (9.8) 0.477

Dialysis 0 0 –

Coronary artery disease 3 (6.5) 5 (7) 0.324

PCI/CABG 1 (2.2) 3 (4.2) 0.275

Peripheral vascular disease 1 (2.2) 2 (2.8) 0.184

Chronic heart failure (HFrEF) 1 (2.2) 2 (2.8) 0.184

Hyperlipidemia 3 (6.5) 5 (7) 0.324

Chronic obstructive pulmonary 
disease

3 (6.5) 7 (9.8) 0.498

Thorax CT fi ndings, n (%)

No signifi cant fi nding 6 (13) 38 (53.5) <0.001

Ground glass opacity 36 (78.3) 31 (43.7) <0.001

Pneumonic consolidation 4 (8.7) 2 (2.8) <0.001

Need for intensive care unit, n (%) 29 (63) 21 (29.6) <0.001

Hospital stay duration (days) 10.94±2.83 8.14±2.48 <0.001

Mortality, n (%) 17 (36.9) 9 (12.7) <0.001

±SD – standard deviation.
CABG – coronary artery bypass graft; CT – computed tomography; 
HFrEF – heart failure with reduced ejection fraction; PCI – percuta-
neous coronary intervention.

Fig. 1 – Troponin I levels in antihypertensive groups.

Fig. 3 – CRP levels in antihypertensive groups.

Fig. 2 – D-dimer levels in antihypertensive groups.
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group. There was no statistically signifi cant difference be-
tween the two groups in other parameters (urea, serum 
creatinine, serum potassium, serum calcium, uric acid, 
albumin, aspartate transaminase, alanine transaminase, 
ferritin, hemoglobin, leukocyte, lymphocyte) (Table 2).

H ypertensive patients mostly used angiotensin con-
verting enzyme inhibitor (ACEI) / angiotensin II receptor 
blockers (ARB) class drugs (69.6%). There was no statisti-
cally signifi cant difference in mortality in antihyperten-
sive treatment groups (p: 0.801) (Table 3).

There was no statistically signifi cant difference in tro-
ponin I (p: 0.187) (Fig. 1), D-dimer (p: 0.341) (Fig. 2), CRP 
(p: 0.743) (Fig. 3) and NLR (p: 0.264) levels between anti-
hypertensive treatment groups (Table 3).

Discussion

The number of patients infected with COVID-19 is 
growing rapidly worldwide. COVID-19 is detected in all 
age groups. Studies have shown that mortality increases 
with increasing age. The reason for this is thought to be 
that cardiovascular risk factors increase with increasing 
age. Guan et al. on 1099 COVID-19 cases in China repor-
ted hypertension to be observed in 15% of all cases, in 
24% of severe cases, and 13% of mild cases.9 The most 
common risk factor seen in our patients was hypertensi-
on (39.3%). It suggests that patients with hypertension 
experience more severe COVID-19. In our study, we found 
that hypertensive patients had longer hospitalization and 
treatment periods. Most of the patients in need of inten-
sive care had hypertension. The mortality of hypertensive 
patients was statistically higher.

In the initial stage of the COVID-19 outbreak, pa-
tients were admitted to the hospital with atypical viral 
symptoms. Among the symptoms, cough and fever were 
the most common. Symptoms such as fever, cough, and 
shortness of breath were statistically higher in the hy-
pertensive patient group. The clinical symptoms of the 
non-hypertensive patient group were more atypical. This 
situation seems to be related to the more serious clinical 
presentation of the hypertensive group. The most impor-
tant involvement determining the COVID-19 mortality is 
respiratory system involvement and the pulmonary lesion 
(ground glass opacity and pneumonic consolidation) was 
observed higher in the hypertensive group in thorax CT. 
CT fi ndings have been reported in correlation with the 
prognosis of patients.10 In this study, evaluation of CT re-
sults of all patients concluded that CRP and D-dimer lev-
els in GGO patients were signifi cantly higher than those 
without. We found signifi cantly higher D-dimer levels in 
patients with hypertension than those who did not suf-
fer from hypertension. D-dimer levels correlate with the 
severity of the disease.11 Intermittent D-Dimer can be fol-
lowed for prognosis. 

Matsumoto et al. reported that the CRP levels revealed 
a positive correlation with the severity of lung disease.12 
Higher CRP levels are associated with the severity of in-
fl ammation and are not affected by age, gender, or 
physical condition.13 The CRP levels were signifi cantly 
higher in hypertensive patients compared to others. CRP 
levels are thought to vary depending on the course of 
pulmonary disease. Measuring and monitoring CRP levels 
in the early stages can help to appreciate the severity of 
the course of COVID-19. Another value that indicates the 
patient’s infl ammatory status is neutrophil lymphocyte 
ratio (NLR).14 Qin et al. reported severe COVID-19 cases 
to have higher neutrophil counts but lower lymphocyte 
counts compared to non-severe cases, suggesting that 
NLR tends to be higher in patients with severe infec-
tion.15 The NLR levels of our hypertensive patients were 
signifi cantly higher as well. The infl ammatory response 
is impaired in COVID-19 patients. COVID-19 induced neu-
trophil production and lymphocyte apoptosis may accel-
erate. An increase in neutrophil count and a decrease in 
lymphocyte count were observed in Middle East respira-
tory syndrome coronavirus (MERS-CoV) infected patients, 
which were similar to the SARS-CoV-2 virus. This change is 

Table 2 – Laboratory data of population

Patients 
with 
hypertension 
(n = 46)

Patients 
without 
hypertension 
(n = 71)

p-value

Urea, mg/dL 52±17 69±22 0.345

Serum creatinine, mg/dL 1.12±0.62 1.23±0.54 0.089

Serum potassium, mmol/L 3.8±0.6 4.1±0.4 0.402

Serum calcium, mg/dL 9.2±0.3 9.0±0.6 0.399

Uric acid, mg/dL 5.6±2.8 6.8±1.9 0.585

Albumin, g/dL 4.1±0.3 4.3±0.2 0.341

Aspartate transaminase, u/L 32±11 21±20 0.246

Alanine transaminase, u/L 27±16 22±17 0.281

D-dimer, ng/mL 309.98±229.44 180.27±82.84 <0.001

Troponin, ng/mL 0.012±0.04 0.003±0.00 <0.001

Ferritin, ng/mL 92.49±106.29 60.91±54.93 0.276

Hemoglobin, g/dL 11.8±1.4 11.3±1.2 0.181

Leukocyte, × 103/μL 6.71±3.04 6.43±2.27 0.886

Lymphocyte, × 103/μL 1.44±0.86 1.56±0.98 0.143

C-reactive protein (CRP), 
mg/L

32.37±32.01 28.18±23.8 0.032

Neutrophil/lymhocyte ratio 
(NLR), (uL)

3.65±1.86 3.12±2.11 0.049

±SD – standard deviation.

Table 3 – Comparison of laboratory data and mortality of ACEI/ARB 
and other antihypertensive drugs groups

ACEI/ARB 
(n = 32)

Other anti-
hypertensive 
drugs
(n = 14)

p-value

C-reactive protein (CRP), 
mg/L

31.12±32.03 35.52±33.28 0.743

D-dimer, ng/mL 315.92±227.81 294.81±244.06 0.341

Troponin-I, ng/mL 0.015±0.004 0.011±0.003 0.187

Neutrophil/lymphocyte 
ratio (NLR),  uL

3.59±1.61 3.68±1.53 0.264

Mortality, n (%) 12 (37.5) 5 (35.7) 0.801

±SD – standard deviation.
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remarkable especially in patients who died due to MERS-
CoV.16,17 Since NLR can be quickly calculated, clinicians 
can identify high-risk COVID-19 patients at early stages. 
In hypertensive patients diagnosed with COVID-19, it can 
provide valuable information about the severity of the 
infl ammation process. It is safe to assume that it would 
be lower in early stage COVID-19 patients. 

It is known that there is a relationship between infl am-
mation and blood pressure. Studies have shown that the 
increase in infl ammatory markers has an increased effect 
on blood pressure.18,19 It causes endothelial dysfunction 
due to high blood pressure.20 Vascular endothelial func-
tion is closely related to infl ammation.21 The synergistic 
effect of high blood pressure and infl ammation may in-
crease endothelial dysfunction. In a study found that the 
interactions between infl ammatory markers and blood 
pressure had an effect on hospital outcome.22 It was 
found that the blood pressure of the patients during the 
fi rst admission to the emergency service was higher in the 
hypertensive patient group. High blood pressure and in-
creased infl ammatory mediators in the hypertensive pa-
tient group may have contributed to the increase in en-
dothelial dysfunction. Endothelial dysfunction has been 
shown to be associated with microvascular thrombosis 
and prothrombotic state in COVID-19 patients.23 With the 
prothrombotic effect, hypertensive patients need higher 
mean blood pressure levels for perfusion of vital organs 
than normotensive patients.

Troponin-I levels have been reported to be a strong 
indicator of prognosis in COVID-19 patients. It was ob-
served that troponin-I levels of patients who were fol-
lowed up in intensive care unit due to severe COVID-19 
were higher than of patients with mild clinical course.24 
High troponin-I levels were detected in our hypertensive 
patients. Our hypertensive patients did not have a history 
of coronary artery disease or cardiomyopathy. In patients 
with serial angina, electrocardiography, and troponin-
I follow-up, there was no evidence of acute coronary 
syndrome, but an increase in mild and non-progressive 
troponin-I levels was observed in hypertensive patients. 
Direct (not coronary) myocardial injury appears to be the 
most common mechanism due to viral myocarditis or sys-
temic infl ammation. We observed higher troponin-I lev-
els, especially in hypertensive patients with high mortal-
ity. Aggressive treatment may be considered for patients 
at high risk of myocardial ischemia.

Antihypertensive treatments were held responsible 
for the high mortality rate of hypertensive patients. 
During the early stages of the outbreak, Lei Fang et al. 
reported that CCB should be preferred instead of ACEI 
or ARB in COVID-19 patients due to the increase of wors-
ened clinical outcomes.25 The hypothesis behind this 
recommendation was that the entry point of the SARS-
CoV-2 was the ACE2 receptor and that ACEIs and ARBs 
had the potential to upregulate ACE2. Thereupon, some 
medical centers have proposed to stop the use of renin-
angiotensin system (RAS) inhibitors. With increasing ex-
perience on COVID-19 and obtaining more patient data, 
this proposal turned out to be wrong. Studies show that 
daily intake of antihypertensive medications by CO-
VID-19 patients should not be discontinued and ACEI/
ARB class drugs may have mortality-reducing effects.26,27 

In our study, no relation was found between antihyper-
tensive drug type and mortality. We did not fi nd any 
difference according to the antihypertensive treatment 
type in terms of CRP, troponin-I, D-dimer levels which 
we evaluated as a prognosis indicator in hypertensive 
patients. In a meta-analysis including 27 studies; the ex-
posure to ACEI/ARB did not increase the risk of all-cause 
mortality among patients with COVID-19.28 Conversely, 
exploratory analysis in studies involving hypertensive 
patients showed an association between ACEI/ARB and 
a signifi cant reduction in mortality risk. In another me-
ta-analysis that included 59 studies, use of an ACEI/ARB 
in COVID-19 patients was signifi cantly associated with 
lower odds or hazard of mortality compared with non-
use of ACEI/ARB.29 In another study analyzing 4069 pa-
tients with laboratory-confi rmed SARS-CoV-2 infection 
and hospitalized at 34 clinical centers, the use of neither 
ACE-I nor ARB was associated with mortality.30 It seems 
wise to continue the current antihypertensive treatment 
that keeps blood pressure under control following the 
recommendations of international scientifi c communi-
ties (e.g. the European Society of Cardiology, Hyperten-
sion Canada, The Canadian Cardiovascular Society, UK 
Renal Association and the International Society of Hy-
pertension). 

Study limitations 
This study has several limitations. First, the number of pa-
tients included in the study is low. Second, ACEI/ARB was 
considered as a group, so it did not have the power to 
detect if there was a different effect between ACEI and 
ARB. Third, since the retrospective nature of this study, 
some parameters were not available in all patients, and 
in-hospital medications might be not fully recorded.

Conclusion

Considering its rapid clinical course, the risk factors of CO-
VID-19 need to be evaluated at initial hospital admission 
as soon as possible. Hypertension per se is not a risk factor 
for COVID-19. The hypertensive patients had higher infl a-
mmatory markers and longer hospitalizations compared 
to patients with other risk factors. One may conclude that 
hypertension should be given particular attention in ini-
tial evaluation. Uncontrolled hypertension was common 
in most patients. Infl ammatory parameters are higher 
especially in patients with uncontrolled hypertension. 
CRP and D-dimer levels both seem to be especially crucial 
in the follow-up. The patients with uncontrolled hyper-
tension have a higher risk of mortality. It should be kept 
in mind that all patients may have mildly elevated tro-
ponin-I levels, which is more likely to be related to viral 
myocardial damage rather than acute coronary syndro-
me. There is no data to suggest that the use of ACEI/ARB 
worsens prognosis. 

Confl ict of interest 
None declared.

Funding information 
None declared.

668_673_Puvodni_sdeleni_Ozdemir.indd   672668_673_Puvodni_sdeleni_Ozdemir.indd   672 07/12/2021   11:28:3707/12/2021   11:28:37



İ. H. Özdemir et al. 673

Financial disclosure 
None declared by the authors.

Acknowledgements 
None declared by the authors.

 
Author contributions 
Idea/concept: İ. H. Özdemir, N. Çetin; design: İ. H. Öz-
demir, M. B. Özen, R. Gündüz; data collection/processing: 
R. Gündüz, M. B. Özen; analysis/interpretation: İ. H. Öz-
demir, N. Çetin; literature review: M. B. Özen, R. Gündüz; 
drafting/writing: İ. H. Özdemir, N. Çetin; critical review: İ. 
H. Özdemir, M. B. Özen

References
 1. Chen L, Liu W, Zhang Q, et al. RNA based mNGS approach 

identifi es a novel human coronavirus from two individual 
pneumonia cases in 2019 Wuhan outbreak. Emerg Microbes 
Infect 2020;9:313–319.

 2. Zhu N, Zhang D, Wang W, et al. A Novel Coronavirus from 
Patients with Pneumonia in China, 2019. N Engl J Med 
2020;382:727–733.

 3. Mahase E. Covid-19: WHO declares pandemic because of 
“alarming levels” of spread, severity, and inaction. BMJ (Clinical 
research ed) 2020;368:m1036.

 4. Li X, Xu S, Yu M, et al. Risk factors for severity and mortality in 
adult COVID-19 inpatients in Wuhan. J Allergy Clin Immunol 
2020;146:110–118.

 5. Huang C, Wang Y, Li X, et al. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China. Lancet 
(London, England) 2020;395:497–506.

 6. Chen N, Zhou M, Dong X, et al. Epidemiological and clinical 
characteristics of 99 cases of 2019 novel coronavirus pneumonia 
in Wuhan, China: a descriptive study. Lancet (London, England) 
2020;395:507–513.

 7. Liu K, Fang YY, Deng Y, et al. Clinical characteristics of novel 
coronavirus cases in tertiary hospitals in Hubei Province. Chin 
Med J 2020;133:1025–1031.

 8. Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 
Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a 
Clinically Proven Protease Inhibitor. Cell 2020;181:271–280.e8.

 9. Guan WJ, Ni ZY, Hu Y, et al. Clinical Characteristics 
of Coronavirus Disease 2019 in China. N Engl J Med 
2020;382:1708–1720.

 10. Lee KS. Pneumonia Associated with 2019 Novel Coronavirus: 
Can Computed Tomographic Findings Help Predict the 
Prognosis of the Disease? Korean J Radiol 2020;21:257–258.

 11. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters 
are associated with poor prognosis in patients with novel 
coronavirus pneumonia. J Thromb Haemost 2020;18:844–847.

 12. Matsumoto H, Kasai T, Sato A, et al. Association between 
C-reactive protein levels at hospital admission and long-term 
mortality in patients with acute decompensated heart failure. 
Heart Vessels 2019;34:1961–1968.

 13. Bilgir O, Bilgir F, Calan M, et al. Comparison of pre- and 
post-levothyroxine high-sensitivity c-reactive protein and 
fetuin-a levels in subclinical hypothyroidism. Clinics (Sao Paulo) 
2015;70:97–101.

 14. Faria SS, Fernandes Jr PC, Silva MJB, et al. The neutrophil-to-
lymphocyte ratio: a narrative review. Ecancermedicalscience 
2016;10:702.

 15. Qin C, Zhou L, Hu Z, et al. Dysregulation of immune response in 
patients with COVID-19 in Wuhan. Clin Infect Dis. 2020 Mar 12 : 
ciaa248. Published online 2020 Mar 12. doi: 10.1093/cid/ciaa248

 16. Alfaraj SH, Al-Tawfi q JA, Assiri AY, et al. Clinical predictors of 
mortality of Middle East Respiratory Syndrome Coronavirus 
(MERS-CoV) infection: A cohort study. Travel Med Infect Dis 
2019;29:48–50.

 17. Leist SR, Jensen KL, Baric RS, Sheahan TP. Increasing 
the translation of mouse models of MERS coronavirus 
pathogenesis through kinetic hematological analysis. PLoS One 
2019;14:e0220126.

 18. Magen E, Mishal J, Paskin J, et al. Resistant arterial 
hypertension is associated with higher blood levels of 
complement C3 and C-reactive protein. J Clin Hypertens 
(Greenwich) 2008;10:677–683.

 19. Hosford-Donovan A, Nilsson A, Wåhlin-Larsson B, Kadi F. 
Observational and mechanistic links between C-reactive protein 
and blood pressure in elderly women. Maturitas 2016;89:52–57.

 20. Perticone F, Maio R, Perticone M, et al. Endothelial dysfunction 
and subsequent decline in glomerular fi ltration rate in 
hypertensive patients. Circulation 2010;122:379–384.

 21. Bautista LE. Infl ammation, endothelial dysfunction, and the risk 
of high blood pressure: epidemiologic and biological evidence. 
J Hum Hypertens 2003;17:223–230.

 22. Amar J, Touront N, Ciron AM, Pendaries C. Interactions 
between hypertension and infl ammatory tone and the effect 
on blood pressure and outcomes in patients with COVID-19. J 
Clin Hypertens (Greenwich) 2021;23:238–244.

 23. Sardu C, Gambardella J, Morelli MB, et al. Hypertension, 
Thrombosis, Kidney Failure, and Diabetes: Is COVID-19 an 
Endothelial Disease? A Comprehensive Evaluation of Clinical 
and Basic Evidence. J Clin Med 2020;9:1417.

 24. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a 
retrospective cohort study. Lancet 2020;395:1054–1062.

 25. Fang L, Karakiulakis G, Roth M. Are patients with hypertension 
and diabetes mellitus at increased risk for COVID-19 infection? 
Lancet Respir Med 2020;8:e21.

 26. Wang Y, Chen B, Li Y, et al. The use of renin-angiotensin-
aldosterone system (RAAS) inhibitors is associated with a 
lower risk of mortality in hypertensive COVID-19 patients: A 
systematic review and meta-analysis. J Med Virol 2021;93:1370–
1377.

 27. Desai A, Voza G, Paiardi S, et al. The role of anti-hypertensive 
treatment, comorbidities and early introduction of LMWH in 
the setting of COVID-19: A retrospective, observational study in 
Northern Italy. Int J Cardiol 2021;324:249–254.

 28. Caldeira D, Alves M, Gouveia E Melo R, et al. Angiotensin-
-converting enzyme inhibitors and angiotensin-receptor 
blockers and the risk of COVID-19 infection or severe disease: 
Systematic review and meta-analysis. Int J Cardiol Heart Vasc 
2020;31:100627.

 29. Hasan SS, Kow CS, Hadi MA, et al. Mortality and Disease 
severity. Among COVID-19 Patients Receiving Renin-
Angiotensin System Inhibitors: A Systematic Review and Meta-
-analysis. Am J Cardiovasc Drugs 2020;20:571–590.

 30. RAAS inhibitors are not associated with mortality in COVID-19 
patients: Findings from an observational multicenter study in 
Italy and a meta-analysis of 19 studies. Vascular pharmacology. 
Vascul Pharmacol 2020;135:106805.

668_673_Puvodni_sdeleni_Ozdemir.indd   673668_673_Puvodni_sdeleni_Ozdemir.indd   673 07/12/2021   11:28:3707/12/2021   11:28:37



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


