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ABSTRACT 
 
The novel coronaviruses disease, namely COVID-19, caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), has spread worldwide and 
resulted in a crucial global health problem. Various studies and meta-analyses 
have demonstrated that chronic disease, including diabetes mellitus, 
hypertension, cardiovascular diseases, and chronic obstructive pulmonary 
disease, are considered as risk factors for the disease severity, poor prognosis, 
and mortality in COVID-19. Although the exact reasons for the association 
between these comorbidities and disease severity and mortality risk of COVID-
19 have not clarified, immune dysregulation and hyperinflammation in these 
chronic diseases might be contributing factors to the progression of the COVID-
19. Furthermore, most of the patients with chronic inflammatory rheumatologic 
disease have the impairment of immune system and inflammatory response due 
to underlying pathogenesis of their diseases, and thus they might be prone to 
SARS-CoV-2 infection. We have focused the attention on most common chronic 
diseases frequently observed in COVID-19 and rheumatologic diseases which 
may be related to infection and their association with course of COVID-19.  
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ÖZET 
 
Yeni koronavirüs enfeksiyonuna (COVID-19) neden olan şiddetli akut solunum 
sendromu koronavirüs 2 (SARS-CoV-2) hızlı bir şekilde bütün dünyaya yayılarak 
önemli bir global sağlık problemi haline geldi. Çeşitli çalışmalar ve meta-analizler 
diyabetes mellitus, hipertansiyon, kardiyovasküler hastalıklar ve kronik obstrüktif 
akciğer hastalığı gibi kronik hastalıkların COVID-19’da hastalık şiddeti, kötü 
prognoz ve mortalite için risk faktörü olduklarını göstermiştir. Bu komorbiditeler 
ile COVID-19’un hastalık şiddeti ve mortalite riski arasındaki ilişkinin kesin olarak 
nedenleri açığa kavuşturulamamış olmasına rağmen, bu kronik hastalıklarda 
görülen immün disregülasyon ve hiperinflamasyon hastalık progresyonuna 
katkıda bulunan faktörler olabilirler. Ayrıca kronik inflamatuar romatolojik 
hastalığı olan çoğu hastada, altta yatan hastalığın patogenezine bağlı olarak 
gelişen immün sistemde ve inflamatuar yanıtta bozukluk sebebi ile SARS-CoV-2 
enfeksiyonuna yatkınlıkları olabilir. Bu derlemede COVID-19’da en sık görülen 
kronik hastalıklara ve enfeksiyon ile ilişkili olabilecek romatolojik hastalıklara ve 
bu hastalıkların COVID-19 seyri ile ilişkisine odaklandık.  
 
 
Anahtar Sözcükler: SARS-CoV-2, COVID-19, kronik hastalık, komorbidite, 
hastalığın şiddeti   
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INTRODUCTION  
 

Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2), a newly 
identified member of betacoronaviruses has become a global catastrophe (1-3). 
First SARS-CoV-2 infection cases were observed in patients with atypical 
pneumonia characterized by fever, fatigue, dry cough, and dyspnea in the 
Chinese Province of Wuhan (4). SARS-CoV-2 infection, named coronavirus 
disease-2019 (COVID-19) by the World Health Organization (WHO), has rapidly 
spread all over the world, leading to a pandemic and serious global health 
problem (5). SARS-CoV-2 is composed of a non-segmented single-stranded 
positive-sense RNA, a lipid bilayer envelope, and main structural proteins 
including envelope (E), nucleocapsid (N), spike (S), and membrane (M) proteins 
which play significant roles in the virus entry and infectivity (6-8). The genomic 
analysis has demonstrated that the genomic sequence of SARS-CoV-2 is closely 
similar to SARS-CoV-2 (79.5% identity) and bat-CoV RATG13 (96% identity) (9). 
Therefore, the bat is implicated as a natural host of SARS-CoV-2. In the light of 
the reports of patients and retrospective case series, COVID-19 has a wide range 
of clinical severity, ranging from the asymptomatic or mild disease which usually 
represents the large part of patients to the severe disease, which progresses 
acute respiratory syndrome (ARDS), primary respiratory failure, and multi-organ 
failure (10). The recent meta-analysis has demonstrated that the overall 
estimated proportion of severe cases and the mortality rate is 25.6% and 3.6%, 
respectively (11). The frequently seen comorbidities in hospitalized patients with 
COVID-19 are hypertension (HTN), coronary artery disease (CAD), diabetes 
mellitus (DM), obesity and chronic respiratory failure (12). The important fact of 
course of the disease is that severe cases required intensive care unit (ICU) 
admission were prominently older age, and have at least one comorbidity, 
including HTN, DM, and cardiovascular diseases (CVDs) than patients with non-
required ICU admission (13). The important meta-analysis has elucidated that 
critical/mortal patients with COVID-19 have a significantly higher proportion of 
chronic diseases like CVD, DM, and chronic respiratory disease compared to non-
critical patients (14). The case fatality risk ( number of deaths/number of those 
diagnosed) of patients without comorbidities is 0.9% while chronic diseases 
significantly remarkably increase this risk  (15). The immune dysregulation in 
COVID-19 might be related to underlying comorbidities which are considered as 
risk factors for the severity of COVID-19 and affect the prognosis of COVID-19 
(16, 17). In this review, we have aimed to focus on the most common 
comorbidities in patients with COVID-19 and their possible roles in the disease 
progression.  
 

METHODS 
 

We performed systemic literature search from Pubmed and Google Scholar 
databases until 2 May 2020 with using  combination of following keywords: 
‘‘SARS-CoV-2’’, ‘‘COVID-19’’, ‘‘comorbidity’’, ‘‘chronic disease’’, ‘‘diabetes 
mellitus’’, ‘‘hypertension’’, ‘‘cardiovascular disease’’, ‘‘chronic respiratory 
disease’’, and ‘‘rheumatologic disease’’.  We included case reports, retrospective 
studies, systemic reviews, meta-analyses, clinical guidelines, and 
recommendations.  We reviewed relevant references cited in retrieved articles. 
The literature search was limited to studies published in English. 
 
COVID-19 in patients with diabetes mellitus 
DM is one of the most important chronic diseases, resulting in severe 
macrovascular and microvascular complications, and the estimation of the global 
diabetes prevalence is 9.3% in 2019 and rising to 10.2% in 2030 (18). The 
association between DM and increased susceptibility to infections is well-known, 
particularly in older patients (19). Several studies have supported the immune 
dysregulation in DM by inhibition of neutrophil chemotaxis, phagocytic 
dysfunction of monocytes, impaired T cell-mediated response, and inefficient 
microbial clearance, all of which might be a potential reason of the increase in 
risk of infections (20-24). Hyperglycemia enhances the production of adhesion 
molecules on endothelial cells, which promotes the adherence of leukocytes 
(25). The plasma concentration of proinflammatory cytokines, including 
interleukin (IL)-6, IL-8, and tumor necrosis alpha (TNF-α) in diabetic patients is 
higher than non-diabetic controls (26). The synthesis of advanced glycation end 
products (AGEs) induced by hyperglycemia and insulin resistance leads to the 
production of potent inflammatory cytokines such as interferon-gamma (IFN-γ) 
and an increase in basal cytokine secretion (27, 28). These results might offer 
evidences of immune dysregulation in patients with DM.  

 In COVID-19, the level of IL-6, IL-8, IFN-γ, and TNF-α is elevated in both mild and 
severe cases, while severe cases possess significantly higher cytokine levels 
except for IFN-γ compared to non-severe cases (29). IL-6 and IFN-γ are the major 
contributing cytokines of macrophage activation syndrome whose serologic 
markers and clinical symptoms markedly resemble  severe COVID-19 (30-33).  
Furthermore, the increased level of IL-6 is significantly related to lung infiltration 
of ARDS in COVID-19 (34). In particular, diabetic patients in COVID-19 have 
substantially higher level of inflammatory markers, involving IL-6, C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR), and serum ferritin, tissue 
injury related enzymes, and computerized tomography (CT) imaging score 
compared to non-diabetes patients (35), suggesting laboratory evidence of poor 
prognosis in DM patients. Those laboratory findings were supported with clinical 
observations. DM is one of the most frequently observed comorbidities in 
COVID-19 patients. According to the result of meta-analysis, the prevalence of 
DM in COVID-19 is 7.7%, while the proportion of DM in critical cases increases up 
to 44.5% (16). Besides, the novel study included 5700 hospitalized patients with 
COVID-19 from the New York City Area has reported that 33.8% of patients have 
DM (12). According to reports from the Chinese Center for Disease Control, the 
case-fatality rate in DM is 7.3% in contrast to the overall case-fatality rate of 2.3% 
(15). The novel meta-analysis has shown that DM is associated with poor 
outcome of COVID-19, including mortality, severe disease, ARDS, and disease 
progression. Moreover, DM has a strong relationship with poor outcome in non-
hypertensive patients with younger than 55 years old (36).  DM is considered as 
a risk factor of disease severity and poor prognosis in  SARS-CoV-2 infection as in 
epidemic betacoronavirus infections such as SARS-CoV and MERS-CoV previously 
demonstrated (37, 38).   
 
COVID-19 in patients with cardiovascular disease and hypertension 
CVDs is the major factor of mortality and morbidity worldwide and responsible 
for approximately one third of all deaths (39, 40). The prevalence of CVD 
remarkably increases with aging which is an independent risk factor of the 
mortality in COVID-19 (41-43). The presence of CVDs is substantial risk factors of 
disease severity and mortality in COVID-19. The study included 191 patients from 
China has shown that the most frequent comorbidity is HTN (30%) followed by 
DM (19%) and CAD (8%) and these ratios are elevated in non-survivor patients 
(4). The meta-analysis, including 1.576 patients with COVID-19 from China has 
elicited that patients had comorbidities with 21.1% having HTN, 9.7% with DM 
and with 8.4% CVD. Moreover, severe cases more likely to have HTN (odds ratio, 
(OR):2.36, (95% confidence interval (CI):1.46-3.83)), respiratory system disease 
(OR:2.46, CI:1.76-3.44), and CVDs (OR:3.42, CI:1.88-6.22) (44). The results of the 
inpatient reports, the most seen comorbidity is HTN (56%), and other observed 
CVDs are CAD (11.1%) and chronic congestive heart failure (6.9%) (12). In 
addition to the frequency of these chronic diseases, the mortality rate of patients 
having HT or CVD is markedly higher. The case fatality risk of CVD and HTN in 
infected patients is 10.5% and 6%, respectively, in contrast to the overall 
mortality rate (2.3%) without age adjustment (15). The recent multicentered 
study included 8910 hospitalized patients from different countries has elicited 
that the independent risk factors of mortality in hospitalized patients are older 
age (greater than 65 years), CAD, heart failure, arrhythmias, chronic obstructive 
pulmonary disease (COPD) and current smoking. However, HTN was not 
detected as a risk factor of mortality in COVID-19 by contrast with previous 
studies (43). This conflicting result might be related to previous analyses with the 
lack of adjustment for age. The exact underlying mechanism of the association 
between CVDs and the disease severity and the mortality rate of COVID-19 has 
not clearly comprehended yet. The increment in the incidence of CVD with aging, 
the impairment of immune system, and the involvement of angiotensin-
converting enzyme 2 (ACE2) in the cardiovascular system might be potential 
explanations for this association (42, 45-47).  

The S glycoproteins on the surface of CoVs, contain two domains (S1 and S2) 
which are responsible for binding to host cell, the fusion of viral-host cell 
membrane, and the entry to host cell (8). S1 domain attaches to ACE2 on host 
cells as the cellular entry receptor (9). ACE2, a type 1 transmembrane protein, is 
expressed on cells in heart, gastrointestinal tract, blood vessels, oral and nasal 
mucosa, kidney and particularly type 2 alveolar cells in lung (48, 49). ACE2, a main 
member of the renin-angiotensin system (RAS), converts angiotensin (Ang) I to 
Ang 1-7 and Ang I to Ang 1-9, which are protective proteins for the cardiovascular 
system (50).  
 



Review / Derleme                                                                                                          GMJ 2020; 31: 266-270 
Avanoğlu Güler and Öztürk 

 

2
6

8
 

The dysregulation of RAS/ACE2 plays a vital role in the pathophysiology of CVD 
and HTN; therefore, this system might be considered as a possible underlying 
factor for the relationship between COVID-19 and HTN or CVD. ACE inhibitors 
(ACEIs) and angiotensin receptor blockers (ARBs) are frequently used in CVD, 
HTN, and DM. A few animal studies have displayed that RAS inhibitors lead to a 
compensatory increase in tissue level of ACE2 (51, 52). However, the number of 
studies has emerged that there is not definite relationship between plasma level 
of ACE2 and the use of RAS inhibitors. In fact, the upregulation of ACE2 in human 
tissues by RAS inhibitors has not been supported by any evidence (53). European 
Society of Cardiology, the American Heart Association, Heart Failure Society of 
America and American College of Cardiology have strongly recommended the 
continuation of  RAS inhibitors (54, 55). 

When focused on the effects of SARS-CoV-2 infection on cardiovascular 
system, it leads to detrimental cardiovascular complications, including 
myocardial injury, myocarditis, acute myocardial infarction, acute heart failure, 
a wide range of arrhythmia, and cardiomyopathy all of which could be fatal (56). 
Various possible factors might be incriminated to cardiovascular complications 
in COVID-19, and these are direct virus injury to myocardium; aberrant 
inflammatory response; impairment of myocardial demand due to hypoxia and 
increased cardiometabolic demand; plaque rupture and coronary thrombosis 
induced by systemic inflammation and enhanced shear stress; adverse effects of 
several therapies such as corticosteroids anti-viral drugs, and electrolyte 
imbalances such as hypokalemia, resulting in lethal arrhythmias (57, 56, 58, 59).  

Acute cardiac injury (assessed with an elevation of Troponin I/T or creatine 
kinase) is occurred in at least 8% of patients with COVID-19. However, the 
incidence of acute cardiac injury in severe/ICU patients is 13 folds higher than in 
non-ICU/severe patients (58). The elevation of troponin T level is considered as 
an independent risk factor for the mortality in hospitalized patients with COVID-
19 (60). Similarly, the increase in cardiac troponin I level is an independent risk 
factor for critical disease (61). The investigation including 187 patients has 
evaluated the association between myocardial injury and underlying CVDs in 
patients with COVID-19 and demonstrated that myocardial injury prominently 
more observed in patients with CVD and other chronic diseases such as DM, 
COPD and chronic kidney disease. The level of plasma troponin T is positively 
correlated with inflammatory marker, CRP. Furthermore, the mortality rate of 
patients with elevated troponin T levels notably increased compared to patients 
with normal troponin T levels. Nevertheless, patients with CVD and  increased 
troponin T have the highest mortality rate, which implicates that CVD might 
prone to myocardial injury, resulting in high risk for mortality (62).  
 
COVID-19 in patients with chronic respiratory diseases  
The most prominent target tissue of SARS-CoV-2 infection is doubtlessly lungs. 
SARS-CoV-2 promotes enormously production of proinflammatory cytokines 
which mediate ‘the cytokine release syndrome’ which result in serious 
complications such as ARDS (29, 63).  It might be presumed that patients with 
chronic respiratory diseases (CRDs) like COPD, asthma, and interstitial lung 
disease (ILD) are prone to SARS-CoV-2 infection and severe or critical disease.  
However, it is unknown whether patients with ILD or asthma have more severe 
disease of COVID-19 or susceptibility of SARS-CoV-2 infection.  
COPD is one of the major chronic inflammatory disorder throughout the world 
and increasing with aging. COPD is characterized by persistent chronic 
inflammation, mediating with macrophages, T cells and neutrophils, and 
increased proinflammatory cytokines, in lung parenchyma and airways and 
destruction of lung parenchyma (64-66). COPD is one of the most remarkable risk 
factors for developing severe disease in COVID-19. COPD in patients increases 
nearly four-fold the risk of severe COVID-19 compared to patients without COPD 
(67). The mortality rate of patients with COPD in COVID-19 is 6.3% without age 
adjustment (15). Moreover, results of the recent study included 1.590 inpatients 
has displayed that COPD is considered as a risk factor (hazard ratio (HR) 2.68, 95 
% CI 1.42-5.08) for poor outcomes (admission to ICU, invasive ventilation or 
death) after adjustment of smoking and age status in addition to DM (HR 1.59, 
95 %CI 1.03-2.45) and HTN (HR 1.58, 95%CI 1.07-2.32) (68). The dysregulation of 
immune system, impairment of resolution of inflammation, and defect in repair 
mechanism in COPD might contribute progression and severity of COVID-19 (69, 
66). Although the effect of ACE2 expression on COPD might be a feasible reason 
for disease severity, unfortunately, there is limited data in the literature. The just 
reported investigation has demonstrated increased ACE2 expression on 
epithelial cells of lower airways in COPD compared to non-COPD (70). However, 

several animal models studies have shown the protective effect of ACE2 in acute 
lung injury and COPD (71-73).  
 
COVID-19 in patients with rheumatologic diseases 
Rheumatologic diseases contain a wide range of inflammatory disorders through 
various type of arthritis, autoimmune connective tissue disorders to vasculitis. 
Most of the rheumatic patients use numerous types of immunosuppressive and 
immunomodulatory therapies to control the diseases and their activities. 
Besides, the impairment of immune system can be detected in nature of 
rheumatologic diseases. Thus, patients with inflammatory rheumatologic 
diseases are inclined to increased risk of infections compared to the general 
population (74-78). Besides, as mentioned before comorbidities such as chronic 
respiratory disease, CVD, HTN and DM, considered as risk factors for poor 
outcome in COVID-19, are frequently observed in patients with rheumatologic 
diseases (79-82). Moreover, COVID-19 leads to acute interstitial lung disease and 
acute lung injury (29, 83).  
 
 
 
Therefore, the course of COVID-19 might be unfavorably affected in patients with 
the lung involvement of rheumatologic diseases such as rheumatoid arthritis 
(RA), systemic sclerosis (SSc), Sjogren’s syndrome (SS), and other connective 
tissue disorders, as in chronic respiratory diseases (84-88). However, only a few 
descriptive analyses have demonstrated rheumatologic patients with COVID-19. 
The study involved 530 patients, mostly having RA or spondyloarthropathies 
(SpA), treated with immunosuppressive targeted therapies, has detected only 
three patients with mild COVID-19 confirmed with a positive nasopharyngeal 
swab (89). The similar study evaluating COVID-19 in 320 patients having RA or 
SpA treated with immunosuppressive targeted therapies has shown that COVID-
19 was determined in four patients and four symptomatic patients were 
reported. Severe respiratory complications and death were not observed in 
patients with COVID-19 or symptomatic individuals (90). The descriptive analysis 
of 123 patients with connective tissue disorders from Italy has found that COVID-
19 was detected in the only patient who had SSc treated with rituximab and 
hydroxychloroquine and developed severe disease and died. Fourteen patients 
had respiratory symptoms consistent with the viral infection, and their 
symptoms resolved rapidly. The disease activity was stable in most of the 
patients (91). Although the immunosuppressive effects of rheumatologic drugs 
are significant doubt, some anti-rheumatologic therapies, including IL-6 
antagonists, anakinra, intravenous immunoglobulin, chloroquine (CQ) and 
hydroxychloroquine (HCQ) might be suggested as potential treatment for COVID-
19 because of their anti-viral and immunomodulatory effects (33).  Even though 
lack of exact evidence for the management of rheumatologic treatment in 
COVID-19, there are expert opinion recommendations for rheumatic disease 
with COVID-19. According to American College of Rheumatology Guidance, 
glucocorticoids should be used at the lowest effective doses to control 
rheumatologic disease and not be suddenly stopped due to the possibility of 
hypothalamic-pituitary-adrenal axis suppression. If patients have vital organ 
threatening diseases like lupus nephritis or vasculitis, high-dose glucocorticoids 
might be initiated. Conventional synthetic disease-modifying anti-rheumatic 
drugs (csDMARDs), immunosuppressants, biologics, and JAK inhibitors may be 
recommended to continue in patients with a stable rheumatic disease without 
SARS-CoV-2 exposure or COVID-19 in order to prevent the flare of the disease. In 
patients with SARS-CoV-2 exposure, the continuation of 
hydroxychloroquine/chloroquine, sulfasalazine and non-steroidal anti-
inflammatory drugs may be recommended while the interruption of 
immunosuppressant, non-IL-6 biologics and JAK inhibitors are recommended 
until negative test result for COVID-19 or two weeks symptom-free period. The 
use of csDMARDs except for HCQ/CQ, immunosuppressants, non-IL-6 biologics, 
and JAK inhibitors is recommended to cease in patients with reported or  possible 
COVID-19  (92). 
 

CONCLUSION 
 

Most frequently seen comorbidities such as DM, CVDs, HTN, and COPD are 
closely related to the severity of disease and mortality of COVID-19. These 
chronic diseases and their underlying pathologic inflammatory response and 
immune dysregulation might be responsible for the progression of SARS-CoV-2 
infection.  
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Besides, rheumatologic patients might be considered at risk for COVID-19 due to 
their immunocompromised situation from their underlying impairment of the 
immune system and the use of immunosuppressant and targeted 
immunomodulatory therapies. On the other hand, we need further urgent 
investigations to explain the relationship between these chronic diseases and 
pathogenesis of SARS-CoV-2 for proper management of COVID-19. Patients with 
these chronic diseases should be carefully monitored, and these patients should 
be promoted to adopt more restrictive measures for minimizing potential 
exposure of SARS-CoV-2. 
 
Conflict of interest 
No conflict of interest was declared by the authors. 

 
REFERENCES 
 
1. World Health Organization (2020). Naming the coronavirus disease (COVID-19) and the 
virus that causes it [online]. WHO. (Accesed March 28, 2020, Available from: URL: 
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-
guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it )  
2. Woo PC, Huang Y, Lau SK, Yuen KY. Coronavirus genomics and bioinformatics analysis. 
Viruses. 2010;2:1804-20.  
3. Forni D, Cagliani R, Clerici M, Sironi M. Molecular evolution of human coronavirus 
genomes. Trends Microbiol. 2017;25:35-48.  
4. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z et al. Clinical course and risk factors for mortality of 
adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 
2020;395:1054-62.  
5. World Health Organization. Rolling updates on coronavirus disease (COVID-19) 2020. 
(Accesed March 31, 2020, Available from: URL: 
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-
happen). 
6. Ashour HM, Elkhatib WF, Rahman MM, Elshabrawy HA. Insights into the Recent 2019 
Novel Coronavirus (SARS-CoV-2) in Light of Past Human Coronavirus Outbreaks. Pathogens 
(Basel, Switzerland). 2020;9(3).  
7. Hussain S, Pan J, Chen Y, Yang Y, Xu J, Peng Y et al. Identification of novel subgenomic 
RNAs and noncanonical transcription initiation signals of severe acute respiratory syndrome 
coronavirus. J Virol. 2005;79:5288-95.  
8. Masters PS. The molecular biology of coronaviruses. Adv Virus Res. 2006;66:193-292.  
9. Zhou P, Yang X-L, Wang X-G, Hu B, Zhang L, Zhang W et al. Discovery of a novel coronavirus 
associated with the recent pneumonia outbreak in humans and its potential bat origin. 
BioRxiv. 2020.  
10. Guan W-j, Ni Z-y, Hu Y, Liang W-h, Ou C-q, He J-x et al. Clinical characteristics of 
coronavirus disease 2019 in China. N Engl J Med. 2020.  
11. Fu L, Wang B, Yuan T, Chen X, Ao Y, Fitzpatrick T et al. Clinical characteristics of 
coronavirus disease 2019 (COVID-19) in China: A systematic review and meta-analysis. J 
Infect. 2020.  
12. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW et al. 
Presenting Characteristics, Comorbidities, and Outcomes Among 5700 Patients Hospitalized 
With COVID-19 in the New York City Area. JAMA. 2020.  
13. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J et al. Clinical Characteristics of 138 Hospitalized 
Patients With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA. 2020.  
14. Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J et al. Risk factors of critical & mortal COVID-
19 cases: A systematic literature review and meta-analysis.  J Infect. 2020.  
15. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus 
Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 72 314 Cases From the 
Chinese Center for Disease Control and Prevention. Jama. 2020;323:1239-42.  
16. Hu Y, Sun J, Dai Z, Deng H, Li X, Huang Q et al. Prevalence and severity of corona virus 
disease 2019 (COVID-19): A systematic review and meta-analysis. J Clin Virol. 
2020;127:104371. 
17. Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase the risk of patients with COVID-
19: evidence from meta-analysis. Aging (Albany NY). 2020;12:6049-57.  
18. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N et al. Global and 
regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results 
from the International Diabetes Federation Diabetes Atlas, 9(th) edition. Diabetes Res Clin 
Pract. 2019;157:107843. 
19. Joshi N, Caputo GM, Weitekamp MR, Karchmer AW. Infections in patients with diabetes 
mellitus. N Engl J Med. 1999;341:1906-12.  
20. Shah BR, Hux JE. Quantifying the risk of infectious diseases for people with diabetes. 
Diabetes Care. 2003;26:510-3.  
21. Knapp S. Diabetes and infection: is there a link?--A mini-review. Gerontology. 
2013;59:99-104. 
22. Berbudi A, Rahmadika N, Cahyadi AI, Ruslami R. Type 2 Diabetes and its Impact on the 
Immune System. Curr Diabetes Rev. 2019.  
23. Delamaire M, Maugendre D, Moreno M, Le Goff MC, Allannic H, Genetet B. Impaired 
leucocyte functions in diabetic patients. Diabet Med. 1997;14:29-34.  

24. Hodgson K, Morris J, Bridson T, Govan B, Rush C, Ketheesan N. Immunological 
mechanisms contributing to the double burden of diabetes and intracellular bacterial 
infections. Immunology. 2015;144:171-85.. 
25. Morigi M, Angioletti S, Imberti B, Donadelli R, Micheletti G, Figliuzzi M et al. Leukocyte-
endothelial interaction is augmented by high glucose concentrations and hyperglycemia in 
a NF-kB-dependent fashion. J Clin Invest. 1998;101:1905-15.  
26. Geerlings SE, Hoepelman AI. Immune dysfunction in patients with diabetes mellitus 
(DM). FEMS Immunol Med Microbiol. 1999;26:259-65.  
27. Vlassara H, Brownlee M, Manogue KR, Dinarello CA, Pasagian A. Cachectin/TNF and IL-1 
induced by glucose-modified proteins: role in normal tissue remodeling. Science. 
1988;240:1546-8.  
28. Imani F, Horii Y, Suthanthiran M, Skolnik EY, Makita Z, Sharma V et al. Advanced 
glycosylation endproduct-specific receptors on human and rat T-lymphocytes mediate 
synthesis of interferon gamma: role in tissue remodeling. J Exp Med. 1993;178:2165-72. 
29. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y et al. Clinical features of patients infected with 
2019 novel coronavirus in Wuhan, China. Lancet. 2020;395:497-506.  
30. Ramos-Casals M, Brito-Zeron P, Lopez-Guillermo A, Khamashta MA, Bosch X. Adult 
haemophagocytic syndrome. Lancet (London, England). 2014;383:1503-16.  
31. Wan S, Yi Q, Fan S, Lv J, Zhang X, Guo L et al. Characteristics of lymphocyte subsets and 
cytokines in peripheral blood of 123 hospitalized patients with 2019 novel coronavirus 
pneumonia (NCP). medRxiv. 2020:2020.02.10.20021832. 
32. Crayne CB, Albeituni S, Nichols KE, Cron RQ. The Immunology of Macrophage Activation 
Syndrome. Front Immunol. 2019;10(119).  
33. TUFAN A, GÜLER AA, MATUCCI-CERINIC M. COVID-19, immune system response, 
hyperinflammation and repurposing antirheumatic drugs. Turk J  Med Sci. 2020;50:620-32.  
34. Wang W, He J, Lie p, Huang l, Wu S, lin y et al. The definition and risks of Cytokine Release 
Syndrome-Like in 11 COVID-19-Infected Pneumonia critically ill patients: Disease 
Characteristics and Retrospective Analysis. medRxiv. 2020:2020.02.26.20026989.  
35. Guo W, Li M, Dong Y, Zhou H, Zhang Z, Tian C et al. Diabetes is a risk factor for the 
progression and prognosis of COVID-19. Diabetes Metab Res Rev. 2020:e3319.  
36. Huang I, Lim MA, Pranata R. Diabetes mellitus is associated with increased mortality and 
severity of disease in COVID-19 pneumonia - A systematic review, meta-analysis, and meta-
regression. Diabetes Metab Syndr. 2020;14:395-403.  
37. Yang JK, Feng Y, Yuan MY, Yuan SY, Fu HJ, Wu BY et al. Plasma glucose levels and diabetes 
are independent predictors for mortality and morbidity in patients with SARS. Diabet Med. 
2006;23:623-8.  
38. Banik GR, Alqahtani AS, Booy R, Rashid H. Risk factors for severity and mortality in 
patients with MERS-CoV: Analysis of publicly available data from Saudi Arabia. Virol Sin. 
2016;31:81-4. 
39. Joseph P, Leong D, McKee M, Anand SS, Schwalm JD, Teo K et al. Reducing the Global 
Burden of Cardiovascular Disease, Part 1: The Epidemiology and Risk Factors. Circ Res. 
2017;121:677-94.  
40. Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A et al. Global, regional, and 
national life expectancy, all-cause mortality, and cause-specific mortality for 249 causes of 
death, 1980–2015: a systematic analysis for the Global Burden of Disease Study 2015. The 
lancet. 2016;388:1459-544.  
41. van der Ende MY, Hartman MH, Hagemeijer Y, Meems LM, de Vries HS, Stolk RP et al. 
The LifeLines Cohort Study: Prevalence and treatment of cardiovascular disease and risk 
factors. Int J Cardiol. 2017;228:495-500.  
42. Costantino S, Paneni F, Cosentino F. Ageing, metabolism and cardiovascular disease. J 
Physiol. 2016;594:2061-73.  
43. Mehra MR, Desai SS, Kuy S, Henry TD, Patel AN. Cardiovascular Disease, Drug Therapy, 
and Mortality in Covid-19. N Engl J Med. 2020.  
44. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q et al. Prevalence of comorbidities in the 
novel Wuhan coronavirus (COVID-19) infection: a systematic review and meta-analysis. Int J 
Infect Dis. 2020.  
45. Drummond GR, Vinh A, Guzik TJ, Sobey CG. Immune mechanisms of hypertension. Nat 
Rev Immunol. 2019;19:517-32.  
46. Meng X, Yang J, Dong M, Zhang K, Tu E, Gao Q et al. Regulatory T cells in cardiovascular 
diseases. Nat Rev Cardiol. 2016;13:167-79. 
47. Hu YF, Chen YJ, Lin YJ, Chen SA. Inflammation and the pathogenesis of atrial fibrillation. 
Nat Rev Cardiol. 2015;12:230-43.  
48. Zhao Y, Zhao Z, Wang Y, Zhou Y, Ma Y, Zuo W. Single-cell RNA expression profiling of 
ACE2, the putative receptor of Wuhan 2019-nCov. BioRxiv. 2020.  
49. Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X et al. High expression of ACE2 receptor of 
2019-nCoV on the epithelial cells of oral mucosa. Int J Oral Sci. 2020;12:1-5.  
50. Santos RA, Ferreira AJ. Angiotensin-(1-7) and the renin-angiotensin system. Curr Opin 
Nephrol Hypertens. 2007;16:122-8.  
51. Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan KB, Tallant EA et al. Effect of 
angiotensin-converting enzyme inhibition and angiotensin II receptor blockers on cardiac 
angiotensin-converting enzyme 2. Circulation. 2005;111:2605-10.  
52. Ishiyama Y, Gallagher PE, Averill DB, Tallant EA, Brosnihan KB, Ferrario CM. Upregulation 
of angiotensin-converting enzyme 2 after myocardial infarction by blockade of angiotensin 
II receptors. Hypertension. 2004;43:970-6.  
53. Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer MA, Solomon SD. Renin-
Angiotensin-Aldosterone System Inhibitors in Patients with Covid-19. N Engl J Med. 
2020;382:1653-9.  
 
 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen


Review / Derleme                                                                                                          GMJ 2020; 31: 266-270 
Avanoğlu Güler and Öztürk 

 

2
7

0
 

54. European Society of Cardiology, ESC Guidance for the Diagnosis and Management of CV 
Disease during the COVID-19 Pandemic, 21 April 2020. (Accesed April 30,  2020, Available 
from: URL: https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-
Guidance). 
55. American College of Cardiology, HFSA/ACC/AHA Statement Addresses Concerns Re: 
Using RAAS Antagonists in COVID-19, March 17 2020. ( Accesed May 1, 2020, Available from: 
URL: https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-
statement-addresses-concerns-re-using-raas-antagonists-in-covid-19). 
56. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular complications in COVID-19. Am 
J Emerg Med. 2020.  
57. Bansal M. Cardiovascular disease and COVID-19. Diabetes Metab Syndr. 2020;14:247-50. 
58. Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L et al. Prevalence and impact of cardiovascular 
metabolic diseases on COVID-19 in China. Clin Res Cardiol. 2020;109:531-8.  
59. Xiong T-Y, Redwood S, Prendergast B, Chen M. Coronaviruses and the cardiovascular 
system: acute and long-term implications. Eur Heart J. 2020.  
60. Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F et al. Association of Cardiac Injury With Mortality 
in Hospitalized Patients With COVID-19 in Wuhan, China. JAMA Cardiol. 2020.  
61. Chen C, Chen C, Yan JT, Zhou N, Zhao JP, Wang DW. [Analysis of myocardial injury in 
patients with COVID-19 and association between concomitant cardiovascular diseases and 
severity of COVID-19]. Zhonghua Xin Xue Guan Bing Za Zhi. 2020;48:E008.  
62. Guo T, Fan Y, Chen M, Wu X, Zhang L, He T et al. Cardiovascular Implications of Fatal 
Outcomes of Patients With Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020.  
63. Chen L, Liu HG, Liu W, Liu J, Liu K, Shang J et al. [Analysis of clinical features of 29 patients 
with 2019 novel coronavirus pneumonia]. Zhonghua Jie He He Hu Xi Za Zhi. 2020;43:E005.  
64. Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS. Global strategy for the 
diagnosis, management, and prevention of chronic obstructive pulmonary disease. 
NHLBI/WHO Global Initiative for Chronic Obstructive Lung Disease (GOLD) Workshop 
summary. Am J Respir Crit Care Med. 2001;163:1256-76.  
65. Saetta M, Turato G, Maestrelli P, Mapp CE, Fabbri LM. Cellular and structural bases of 
chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2001;163:1304-9.  
66. Barnes PJ. Inflammatory mechanisms in patients with chronic obstructive pulmonary 
disease. J Allergy Clin Immunol. 2016;138:16-27.  
67. Zhao Q, Meng M, Kumar R, Wu Y, Huang J, Lian N et al. The impact of COPD and smoking 
history on the severity of Covid-19: A systemic review and meta-analysis. J Med Virol. 2020.  
68. Guan WJ, Liang WH, Zhao Y, Liang HR, Chen ZS, Li YM et al. Comorbidity and its impact 
on 1590 patients with Covid-19 in China: A Nationwide Analysis. Eur Respir J. 2020.  
69. Leung JM, Tiew PY, Mac Aogain M, Budden KF, Yong VF, Thomas SS et al. The role of 
acute and chronic respiratory colonization and infections in the pathogenesis of COPD. 
Respirology. 2017;22:634-50.  
70. Leung JM, Yang CX, Tam A, Shaipanich T, Hackett TL, Singhera GK et al. ACE-2 Expression 
in the Small Airway Epithelia of Smokers and COPD Patients: Implications for COVID-19. Eur 
Respir J. 2020.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

71. Xue T, Wei N, Xin Z, Qingyu X. Angiotensin-converting enzyme-2 overexpression 
attenuates inflammation in rat model of chronic obstructive pulmonary disease. Inhal 
Toxicol. 2014;26:14-22.  
72. mai Y, Kuba K, Rao S, Huan Y, Guo F, Guan B et al. Angiotensin-converting enzyme 2 
protects from severe acute lung failure. Nature. 2005;436:112-6.  
73. Kuba K, Imai Y, Penninger JM. Angiotensin-converting enzyme 2 in lung diseases. Curr 
Opin Pharmacol. 2006;6:271-6. 
74. Goldblatt F, Chambers S, Rahman A, Isenberg DA. Serious infections in British patients 
with systemic lupus erythematosus: hospitalisations and mortality. Lupus. 2009;18:682-9.  
75. Alarcon GS. Infections in systemic connective tissue diseases: systemic lupus 
erythematosus, scleroderma, and polymyositis/dermatomyositis. Infect Dis Clin North Am. 
2006;20:849-75. 
76. Atzeni F, Masala IF, di Franco M, Sarzi-Puttini P. Infections in rheumatoid arthritis. Curr 
Opin Rheumatol. 2017;29:323-30.  
77. Hsu CY, Ko CH, Wang JL, Hsu TC, Lin CY. Comparing the burdens of opportunistic 
infections among patients with systemic rheumatic diseases: a nationally representative 
cohort study. Arthritis Res Ther. 2019;21:211. 
78. Mehta B, Pedro S, Ozen G, Kalil A, Wolfe F, Mikuls T et al. Serious infection risk in 
rheumatoid arthritis compared with non-inflammatory rheumatic and musculoskeletal 
diseases: a US national cohort study. RMD Open. 2019;5:e000935.  
79. Nurmohamed MT, Heslinga M, Kitas GD. Cardiovascular comorbidity in rheumatic 
diseases. Nat Rev Rheumatol. 2015;11:693-704.  
80. Bichile T, Petri M. Prevention and management of co-morbidities in SLE. Presse Med. 
2014;43:e187-95.  
81. Mikuls TR. Co-morbidity in rheumatoid arthritis. Best Pract Res Clin Rheumatol. 
2003;17:729-52. 
82. Burner TW, Rosenthal AK. Diabetes and rheumatic diseases. Curr Opin Rheumatol. 
2009;21:50-4.  
83. Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W et al. Correlation of Chest CT and RT-PCR Testing 
in Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 Cases. Radiology. 
2020:200642.  
84. Perelas A, Silver RM, Arrossi AV, Highland KB. Systemic sclerosis-associated interstitial 
lung disease. Lancet Respir Med. 2020;8(3):304-20. doi:10.1016/s2213-260030480-1. 
85. Antin-Ozerkis D, Hinchcliff M. Connective Tissue Disease-Associated Interstitial Lung 
Disease: Evaluation and Management. Clin Chest Med. 2019;40:617-36.  
86. Bendstrup E, Moller J, Kronborg-White S, Prior TS, Hyldgaard C. Interstitial Lung Disease 
in Rheumatoid Arthritis Remains a Challenge for Clinicians. J Clin Med. 2019;8(12).  
87. Kelly C. Lung Disease in Rheumatic Disorders. Mediterr J Rheumatol. 2019;30:147-54.  
88. Gupta S, Ferrada MA, Hasni SA. Pulmonary Manifestations of Primary Sjogren's 
Syndrome: Underlying Immunological Mechanisms, Clinical Presentation, and Management. 
Front Immunol. 2019;10:1327.  
89. Favalli EG, Ingegnoli F, Cimaz R, Caporali R. What is the true incidence of COVID-19 in 
patients with rheumatic diseases? Ann Rheum Dis. 2020. doi:10.1136/annrheumdis-2020-
217615. 
90. Monti S, Balduzzi S, Delvino P, Bellis E, Quadrelli VS, Montecucco C. Clinical course of 
COVID-19 in a series of patients with chronic arthritis treated with immunosuppressive 
targeted therapies. Ann Rheum Dis. 2020;79:667-8.  
91. Favalli EG, Agape E, Caporali R. Incidence and clinical course of COVID-19 in patients with 
connective tissue diseases: a descriptive observational analysis. J Rheumatol. 2020. 
doi:10.3899/jrheum.200507. 
92. Mikuls TR, Johnson SR, Fraenkel L, Arasaratnam RJ, Baden LR, Bermas BL et al. American 
College of Rheumatology Guidance for the Management of Adult Patients with Rheumatic 
Disease During the COVID-19 Pandemic. Arthritis Rheumatol. 2020.  

https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19

