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ABSTRACT
Aims: In our study, we aimed to evaluate the endothelial functions and hemogram parameters, which are considered as 
inflammation markers, in young people with a history of COVID-19 infection.
Methods: This prospective study included 109 recovered COVID-19 patients and 50 healthy controls. Demographic 
characteristics, laboratory values and flow-mediated vasodilation test (FMD) results of the groups were compared.
Results: Demographic and biochemistry parameters of the groups were similar. The calculated FMD values were significantly 
lower in the recovered COVID-19 patient group compared to the control group (8.66±3.31 vs 11.69±3.01; p=0.001). While 
there was no difference between the groups in terms of neutrophil/lymphocyte ratio (NLR) and Platelet/Lymphocyte ratio 
(PLR), systemic immune-inflammation index (SII) was found to be higher in the patient group with recovered COVID-19 
patients (p=0.02). In correlation analysis, there was a low moderate negative correlation between FMD and SII (r=-0.35, 
p=0.002).
Conclusion: FMD measurement and SII are simple, easily accessible parameters that can be useful in the early period to 
evaluate cardiovascular risks in the long term after COVID-19. There is a need for larger and multicenter studies on this 
subject.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19), caused by 
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), is a novel viral pneumonia that evolved into a 
pandemic within three months of the first confirmed 
cases. Although COVID-19 primarily affects the lungs, 
cardiovascular involvement has also been widely 
reported.1 Direct myocardial cell damage, myocardial 
oxygen supply/demand mismatch, acute plaque ruptures 
leading to acute coronary syndrome as part of systemic 
inflammation, and catecholamine surges, and increased 
thrombosis have been reported as cardiac manifestations. 
Some of these are directly caused by the disease, while 
others are associated with potential side effects of drugs 
used in the treatment of COVID-19.2,3

Although endothelial dysfunction and inflammation 
play an important role in the initiation and progression 
of atherosclerotic disease, the biochemical and cellular 
events that initiate atherosclerosis and lead to its 
progression are not fully understood. During the 
acute phase of COVID-19 infection, a cytokine storm 
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and subsequent endothelial damage and thrombosis 
are involved in the pathogenesis of cardiovascular 
complications.4 However, few studies have focused on 
endothelial dysfunction in patients recovering from 
COVID-19. 

Flow-mediated dilatation (FMD) is a non-invasive 
method that allows accurate assessment of the function 
of vascular endothelial cells. Decreased FMD, indicating 
endothelial dysfunction, is a predictive factor for major 
vascular complications, including cardiovascular 
disease.5 

The systemic immune-inflammation index (SII), 
which is calculated by using platelet, neutrophil, and 
lymphocyte counts together, is a much more important 
marker of inflammation and immune response. Studies 
have shown that high SII values are associated with 
disease severity and poor prognosis in many diseases.6,7

Measuring endothelial function, in addition to markers 
of myocardial damage and pulmonary function in 
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patients recovered from COVID-19, may be a possible 
tool for early detection of vascular sequelae after 
COVID-19. The aim of this study was to assess the risk 
of endothelial dysfunction and preatherosclerosis in 
young people with a history of COVID-19 infection 
by measuring FMD and investigating inflammation 
parameters.

METHODS
This prospective study was carried out with the 
permission of Kayseri City Hospital Clinical Researches 
Ethics Committee (Date: 10.02.2022, Decision 
No: 2022/578). All procedures were carried out in 
accordance with the ethical rules and the principles of 
the Declaration of Helsinki. 

The study included patients aged 18-40 years who 
presented to cardiology outpatient clinic of our 
hospital between 01.10.2022 and 05.05.2022 dates and 
had history of confirmed COVID-19 by laboratory 
data. Patients who have passed at least 3 months after 
COVID-19 infection were included. Healthy individuals 
aged 18-40 years without chronic disease and without 
COVID-19 infection were included as the control group. 
Exclusion criteria were known cardiovascular disease, 
hyperlipidemia, hypertension, diabetes mellitus, chronic 
renal failure, thyroid disease, rheumatologic disease, 
malignancy, obesity, active infection, smoking, and 
alcohol use. 

Data on age, gender, body mass index (BMI), vital 
signs such as blood pressure (BP) and heart rate, 
biochemical parameters, and hemogram parameters 
were filled in detail in the relevant sections of the case 
report form. Blood samples were taken for hemogram 
and biochemistry parameters during admission. 
Venous blood draws were performed following vascular 
measurement. Neutrophil/lymphocyte ratio (NLR), 
platelet/lymphocyte ratio (PLR) and systemic immune-
inflammation index score (platelet × neutrophil/
lymphocyte counts) were calculated according to 
laboratory results. 

Flow-mediated Vasodilation Test (FMD)
FMD measurement was performed by the 
ultrasonographic measurement technique of the brachial 
artery. The systolic and diastolic blood pressures of 
the patients were measured after 10 minutes of rest 
before the FMD measurement. Patients were placed in 
a comfortable supine position, and the brachial artery 
was palpated in the longitudinal plane just above the 
antecubital fossa. The transducer was placed over the 
right brachial artery tracing, and the brachial artery was 
visualized longitudinally in the area where there was no 

tortuosity and the best view was obtained. The diameter 
of the brachial artery was measured three times from 
intima to intima, and the average of these measurements 
was recorded as the basal diameter (BD). These 
measurements from the brachial artery were taken at the 
end of diastole, according to ECG monitoring. The cuff of 
the sphygmomanometer was placed on the upper part of 
the right antecubital fossa to create a brachial artery flow 
stimulus. After baseline measurements were recorded, 
the cuff pressure was increased to 50 mmHg above the 
patient’s systolic blood pressure for complete cessation of 
arterial flow, and the cuff was held in this position for 
5 minutes after antegrade blood flow was interrupted. 
Antegrade blood flow was interrupted, and ischemia 
was created. After the cuff was lowered, 2-dimensional 
images of the brachial artery in the longitudinal plane 
were taken until 60 seconds later. The mean of three 
different measurements was recorded as the post-flow 
brachial artery lumen diameter (endothelium-dependent 
vasodilator response-EBVR). FMD was expressed as a 
percentage increase relative to baseline vessel diameter 
(BC). Endothelium-dependent dilatation was calculated 
by the equation FMD=“(EBVR-BC) \BC”X100. 

Statistical Analysis
The categorical variables are expressed as percent while 
continuous variables are expressed as mean±standard 
deviation. The categorical variables were compared 
using the Chi-square test. The normal distribution of 
continuous variables were tested using Kolmogorov-
Smirnov test and histograms. The variables with normal 
distribution was assessed using Student’s t test while 
those with skewed variables were assessed using Mann 
Whitney U test. Associations between FMD and SII, 
Hs-CRP, NLR, PLR were analyzed using Pearson or 
Spearman correlation. All statistical analyses were 
performed using SPSS version 22.0 (Statistical Package 
for Social Sciences; SPSS Inc., Chicago, IL). A p 
value<0.05 was considered as statistically significant. 

RESULTS
A total of 159 people were included in the study, 
including 109 patients who had recovered COVID-19 in 
the patient group (group 1) and 50 in the control group 
(group 2). The mean age of the group with COVID-19 
infection was 30.86±6.55 years, and %48.3 of the patients 
were male. The groups had similar characteristics in 
terms of gender and mean age, and no statistically 
significant difference was observed. There was no 
difference in BMI between the groups. There was no 
significant difference between the 2 groups in terms of 
systolic blood pressure (SBP), diastolic blood pressure 
(DBP), and resting heart rate (Table 1).
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Table 1. Demographic and laboratory variables of the study 
population

Variables
Recovered 
COVID-19

(n=109)
Control group

(n=50) P

Age (years) 30.86±6.55 30.02±7.69 0.54
Male/Female (n (%)) 48.3 48.6 0.97
SBP (mmHg) 110 (90-150) 110(80-140) 0.48
DBP (mmHg) 70 (50-90) 70 (50-80) 0.23
Heart rate (BPM) 76.86±8.46 77.65±9.96 0.62
BMI (kg/m2) 24.15±2.90 23.91±2.68 0.130
Fasting plasma glucose 
(mg/dl) 90 (58-110) 86 (62-106) 0.108

Creatinine (mg/dl) 0.70 (0.30-1.20) 0.80 (0.30-1.10) 0.53
AST 19.38±5.92 19.20±6.26 0.86
ALT 20.21±5.37 20.14±5.77 0.91
LDL 96.12±31.21 95.26±29.19 0.487
HDL 32.04±20.84 34.93±21.21 0.109
Triglyceride (mg/dl) 239.92±51.82 192.7±60.43 0.422
Total cholesterol (mg/dl) 152.28±44.98 147.14±43.23 0.184
Hs-CRP (mg/dl) 1.73 (0.69-9.17) 1.67(1.18-7.2) 0.345
FMD (%) 8.66±3.31 11.69±3.01 0.001
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass 
index; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; 
HDL, high density lipoprotein; AST, Aspartate Aminotransferase; ALT, Alanine 
Aminotransferase; FMD, Flow-Mediated Dilation

There were no differences between the groups in 
terms of glucose, creatine, AST/ALT, and lipid profiles 
(Table 1). Hs-CRP values were similar between the 
groups. The comparison of hematologic data for both 
groups is shown in Table 2. Hemoglobin, white blood 
cell count, platelet count, and mean platelet volume 
were similar in both groups. In addition, neutrophil/
lymphocyte ratio (NLR) and platelet/lymphocyte 
ratio (PLR) did not differ between the groups, while 
systemic immune-inflammation index (SII) was 
higher in the patient group with COVID-19 infection 
(p=0.02) (Table 2).

Table 2. Hemogram variables of the study population

Variables
Recovered 
COVID-19

(n=89)
Control Group

(n=50) P

WBC (×103/μl) 7417.04±1725.48 7203.42±1035.85 0.54
Neutrophil (K/ml) 4702.27±1429.73 4360.00±985.54 0.24
Lymphocyte (K/ml) 1950 (400-3800) 2100 (900-3700) 0.55
Hemoglobin (g/dl) 14.41±1.69  13.84±1.39 0.10

Platelet (K/ml) 233.50 
(113.00-501.00)

243.00 
(123.00-371.00) 0.46

MPV 10.05 
(8.40-12.10)

10.00 
(7.90-11.70) 0.56

NLR 2.40
(0.90-9.10)

2.10
(1.10-6.70) 0.13

PLR 143.25
(50.9-485.50)

116.80
(58.50-332.20) 0.09

SII 582.25 
(58.60-2834.70)

440.30 
(61.80-1699.30) 0.02

MPV, mean platelet volume; NLR, neutrophil lymphocyte ratio; PLR, platelet 
lymphocyte ratio; SII, systemic immune- inflammation index; WBC, white blood cell

The calculated FMD values were significantly lower in 
the patient group with COVID-19 infection compared to 
the control group (8.66±3.31 vs. 11.69±3.01; p=0.001). In 
correlation analysis, there was a low moderate negative 
correlation between FMD and SII (r=-0.35, p=0.002). 
There was a weak negative correlation between FMD 
and CRP (r=-0.251, p=0.036). There was a weak negative 
correlation between FMD and NLR and PLR (Table 3).

Table 3. Correlation analysis between FMD and other variables in 
the patient group

FMD
Variables r p

SII -0.35 0.002
Hs-CRP - 0.251 0.036

NLR -0.238 0.045
PLR -0.280 0.029

NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; SII, systemic 
immune- inflammation index, hs-CRP high-sensitivity C-reactive protein, FMD, 
Flow-Mediated Dilation.

DISCUSSION
In our study, FMD values caused by endothelium-
dependent reactive hyperemia were significantly lower 
in patients who recovered from COVID-19 infection 
compared to the control group. SII, which is predicted 
as a marker of inflammation, was found to be higher 
in patients who recovered from COVID-19 infection 
compared to the control group, and SII values were 
shown to be independently associated with decreased 
FMD.

Myocardial damage and heart failure due to both 
arrhythmic and ischemic complications have been 
reported in COVID-19 patients.8,9 In addition, more 
severe forms have been shown to be associated with a 
high risk of stroke and thromboembolism.10 However, 
cardiovascular risk may persist beyond the acute 
phase. Abnormalities were found by echocardiography 
and cardiac MRI in patients who recovered from 
COVID-19 but subsequently had a high rate of arterial 
and venous events.11,12 However, despite the evidence, 
the mechanisms underlying these acute and post-
acute manifestations of COVID-19 are still under 
investigation. 

Recent epidemiological data show that the increased risk 
of arterial and venous thrombotic events persists for up 
to 12 months after recovery, even in non-hospitalized 
patients.13 Several mechanisms have been proposed in 
the pathogenesis of this, including immune activation, 
persistent SARS-CoV-2 infection, reactivation of 
latent viruses, prolonged inflammation, and intense 
cardiopulmonary deconditioning.14-18 Approximately 
2.5% of recovered COVID-19 patients reported arterial 
and venous thrombosis events 30 days after discharge.19 
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However, it is not unreasonable to argue that COVID-19 
has been an endothelial disease since the first moments 
of the pandemic. 

FMD has been widely accepted as an accurate and non-
invasive method for the clinical assessment of endothelial 
function, providing important prognostic data beyond 
traditional cardiovascular risk factors. Each 1% absolute 
increase in FMD has been shown to be associated with 
a 12% to 13% reduction in CV events.20,21 Endothelial 
dysfunction is a predictor of subclinical atherosclerosis and 
subsequent long-term cardiovascular events.22,23 Therefore, 
early detection reduces the incidence of cardiovascular 
events, allowing for the combating of adverse events. 
Endothelial dysfunction has been shown in studies with 
low FMD values in COVID-19 patients in the acute phase 
compared to controls.24 In the study conducted by Çiftel et 
al.25 impaired endothelial function was detected with FMD 
in children diagnosed with COVID-19. While Oliveira et 
al.24 showed endothelial vascular dysfunction with FMD at 
the early stage of the disease in patients hospitalized due 
to COVID-19, Ambrosino et al.26 found improvement 
in FMD after discharge with pulmonary rehabilitation 
in patients recovering from COVID-19. In our study, we 
found decreased FMD values in patients without chronic 
disease and recovered from COVID-19.

Increased neutrophils indicate activation of 
inflammation, and lymphopenia is an indicator of 
physiologic stress. NLR indicates the balance between 
neutrophil and lymphocyte counts and can be considered 
a measure of systemic inflammation as well as the 
response to stress. In addition, neutrophils can cause 
hypercoagulability and are associated with reperfusion 
injury.27 It is clear that COVID-19 infection causes severe 
stress, and it is plausible that it causes a decrease in the 
number of lymphocytes. Platelets play an important role 
in hemostasis, a physiological response that occurs to 
prevent extravasation of blood when vascular damage 
occurs. They also have both an inflammatory effect and 
activate the immune system by releasing chemokines 
and cytokines.27 Xue et al.1 showed a positive correlation 
between SII and COVID-19 severity in their study. Fois 
et al.2 found that SII can be used as a biomarker for 
increased mortality. Salman et al.3 showed that increased 
SII levels led to more marked progression and increased 
intubation and mortality rates. As a result of our study, 
we concluded that SII obtained from complete blood 
counts of COVID-19 patients at the time of hospital 
admission can predict disease progression, disease 
severity, and mortality in accordance with the literature.

The European Society of Cardiology (ESC) recommends 
noninvasive procedures, including FMD, for clinical 
assessment of endothelial function to monitor the risk 
of long-term cardiovascular complications in the follow-

up of recovered COVID-19 patients.28 The limitations of 
our study are that it is not multicenter and the number of 
patients participating is not large.

In the light of the results of our study, we think that 
FMD, which is a reliable and cost-effective procedure, 
can be used for cardiovascular system evaluation after 
COVID-19 in accordance with this recommendation. 

CONCLUSION
In our study, we showed that FMD, a marker of 
endothelial dysfunction, decreased as an indicator of 
early atherosclerosis in patients who had COVID-19 
and recovered. While COVID-19 causes widespread 
cardiovascular involvement in the acute disease picture, 
evidence now suggests that patients recovering from 
COVID-19 also have an increased cardiovascular risk. 
However, the long-term consequences for healthy 
survivors are still unclear. Detecting changes at an early 
stage with easily accessible parameters and determining 
treatment follow-up protocols accordingly may be useful 
to reduce cardiovascular disease in the future. Larger-
scale, long-term studies are needed for this. 

ETHICAL DECLARATIONS
Ethics Committee Approval: The study was carried 
out with the permission of Kayseri City Hospital 
Clinical Researches Ethics Committee (Date:10.02.2022, 
Decision No: 2022/578).
Informed Consent: All patients signed the free and 
informed consent form.
Referee Evaluation Process: Externally peer-reviewed. 
Conflict of Interest Statement: The authors have no 
conflicts of interest to declare.
Financial Disclosure: The authors declared that this 
study has received no financial support.
Author Contributions: All of the authors declare that 
they have all participated in the design, execution, and 
analysis of the paper, and that they have approved the 
final version.

REFERENCES
1. Xue G, Gan X, Wu Z, et al. Novel serological biomarkers for 

inflammation in predicting disease severity in patients with 
COVID-19. Int Immunopharmacol. 2020;89(PtA):107065. doi: 
10.1016/j.intimp.2020.107065

2. Fois AG, Paliogiannis P, Scano V, et al. The systemic 
ınflammation ındex on admission predicts ın-hospital mortality 
in COVID-19 patients. Molecules. 2020;25(23):5725. doi:10.3390/
molecules25235725

3. Salman E, Çelikbilek N, Aydoğan S, et al. Investigation of the 
relationship of systemic ımmune-ınflammation ındex, C-reactive 
protein and ınterleukin-6 with viral dynamics in patients with 
COVID-19]. Mikrobiyol Bul. 2021;55(4):539-552. doi:10.5578/
mb.20219706



515

Doğan et al. Endothelial dysfunction and inflammationJ Med Palliat Care. 2023;4(5):511-515

4. Magadum A, Kishore R. Cardiovascular manifestations of 
COVID-19 infection. Cells. 2020;9(11):2508. doi:10.3390/
cells9112508

5. Yeboah J, Folsom AR, Burke GL, et al. Predictive value of 
brachial flow-mediated dilation for incident cardiovascular 
events in a population-based study: the multi-ethnic study of 
atherosclerosis. Circulation. 2009;120(6):502-509. doi:10.1161/
CIRCULATIONAHA.109.864801

6. Yang R, Chang Q, Meng X, Gao N, Wang W. Prognostic value 
of systemic immune-inflammation index in cancer: A meta-
analysis. J Cancer. 2018;9(18):3295-3302

7. Zhong JH, Huang DH, Chen ZY. Prognostic role of systemic 
immune-inflammation index in solid tumors: a systematic review 
and meta-analysis. Oncotarget. 2017;8(43):75381-75388.

8. Shi S, Qin M, Shen B, et al. Association of cardiac ınjury with 
mortality in hospitalized patients with COVID-19 in Wuhan, 
China. JAMA Cardiol. 2020;5(7):802-810. doi:10.1001/ 
jamacardio.2020.0950

9. Guo T, Fan Y, Chen M, et al. Cardiovascular implications 
of fatal outcomes of patients with coronavirus disease 2019 
(COVID-19). JAMA Cardiol. 2020;5(7):811-818. doi:10.1001/
jamacardio.2020.1017.

10. Mao L, Jin H, Wang M, et al. Neurologic manifestations of hospitalized 
patients with coronavirus disease 2019 in Wuhan, China. JAMA 
Neurol. 2020;77(6):683-690. doi:10.1001/ jamaneurol.2020.1127

11. Puntmann VO, Carerj ML, Wieters I, et al. Outcomes of 
cardiovascular magnetic resonance ımaging in patients recently 
recovered from coronavirus disease 2019 (COVID-19). JAMA 
Cardiol. 2020;5(11): 1265-1273. doi:10.1001/jamacardio.2020.3557

12. Fayol A, Livrozet M, Boutouyrie P, et al. Cardiac performance in 
patients hospitalized with COVID-19: a 6 month follow-up study. 
ESC Heart Fail. 2021;8(3):2232-2239. doi:10. 1002/ehf2.13315

13. Xie Y, Xu E, Bowe B, et al. Long-term cardiovascular outcomes of 
COVID-19. Nat Med. 2022;28(3):583-590

14. Peluso MJ, Lu S, Tang AF, et al. Markers of immüne activation 
and inflammation in individuals with postacute sequelae of 
severe acute respiratory syndrome coronavirus 2 infection. J 
Infect Dis. 2021;224(11):1839-1848.

15. Visvabharathy L, Hanson B, Orban Z, et al. NeuroCOVID 
long-haulers exhibit broad dysfunction in T cell memory 
generation and responses to vaccination. MedRxiv. 2021. doi: 
10.1101/2021.08.08.21261763

16. Gold JE, Okyay RA, Licht WE, Hurley DJ. Investigation of 
long COVID prevalence and ıts relationship to epstein-barr 
virus reactivation. Pathogens. 2021;10(6):763. doi:10.3390/
pathogens10060763

17. Wang EY, Mao T, Klein J, et al. Diverse functional autoantibodies 
in patients with COVID-19. Nature. 2021;595(7866):283-288.

18. Rinaldo RF, Mondoni M, Parazzini EM, et al. Deconditioning as 
main mechanism of impaired exercise response in COVID-19 
survivors. Eur Respir J. 2021;58(2):2100870.

19. Patell R, Bogue T, Koshy A, et al. Postdischarge thrombosis 
and hemorrhage in patients with COVID-19. Blood. 
2020;136(11):1342-1346. doi:10.1182/blood.2020007938

20. Matsuzawa Y, Kwon TG, Lennon RJ, Lerman LO, Lerman A. 
Prognostic value of flow-mediated vasodilation in brachial artery 
and fingertip artery for cardiovascular events: a systematic review 
and meta-analysis. J Am Heart Assoc. 2015;4(11):e002270. doi:10. 
1161/JAHA.115.002270

21. Inaba Y, Chen JA, Bergmann SR. Prediction of future 
cardiovascular outcomes by flow-mediated vasodilatation 
of brachial artery: a meta-analysis. Int J Cardiovasc Imaging. 
2010;26(6):631-640. doi:10.1007/s10554-010-9616-1

22. Celermajer DS, Sorensen KE, Gooch VM, et al. Non-invasive 
detection of endothelial dysfunction in children and adults at risk 
of atherosclerosis. Lancet. 1992; 340:1111-1115. 

23. Kitta Y, Obata JE, Nakamura T, et al. Persistent impairment 
of endothelial vasomotor function has a negative impact on 
outcome in patients with coronary artery disease. J Am Coll 
Cardiol. 2009;53:323-330. 

24. Oliveira MR, Back GD, da Luz GC, Domingos BC, Arena R, 
Borghi-Silva A. Endothelial function provides early prognostic 
information in patients with COVID-19: a cohort study. Respir 
Med. 2021;185:106469. 

25. Çiftel M, Ateş N, Yılmaz O. Investigation of endothelial 
dysfunction and arterial stiffness in multisystem inflammatory 
syndrome in children. Eur J Pediatr. 2021;181:91-97. 

26. Ambrosino P, Molino A, Calcaterra I, et al. Clinical assessment 
of endothelial function in convalescent COVID-19 patients 
undergoing multidisciplinary pulmonary rehabilitation. 
Biomedicines. 2021;9(6):614. doi:10.3390/biomedicines9060614

27. Yilmaz Y, Kelesoglu S, Elcik D, Ozmen R, Kalay N. Predictive 
values of systemic ımmune-ınflammation ındex in new-onset 
atrial fibrillation following coronary artery bypass grafting. Braz 
J Cardiovasc Surg. 2023;38(1):96-103. doi:10.21470/1678-9741-
2021-0278

28. Evans PC, Rainger GE, Mason JC, et al. Endothelial dysfunction 
in COVID-19: a position paper of the ESC Working Group for 
Atherosclerosis and Vascular Biology, and the ESC Council of 
Basic Cardiovascular Science. Cardiovasc Res. 2020, 116, 2177-
2184.

https://doi.org/10.1101%2F2021.08.08.21261763

