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Abstract

Aim: Several studies reported the accompaniment of severe COVID-19 with comorbidities. However, there is not a systematic evaluation of all
aspects of this association. Therefore, the aim of this meta-analysis was to assess the association between all underling comorbidities in COVID-
19 infection severity.

Methods: Electronic literature search was performed via scientific search engines. After the removal of duplicates and selection of articles of
interest, 28 studies were included. A fixed-effects model was used; however, if heterogeneity was high (I>>50%) a random-effects model was

applied to combine the data.
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Results: A total of 6270 individuals were assessed (1615 severe and 4655 non-severe patients). The median age was 63 (95% CI: 49-74) and 47
(95% CI: 19-63) years in the severe and non-severe groups, respectively. Moreover, about 41% of patients had comorbidities. Severity was
higher in patients with history of cerebrovascular disease: OR 4.85 (95% CI: 3.11-7.57). The odds of being in severe group increase by
4.81(95% CI: 3.43-6.74) for history of-cardiovascular disease (CVD). This was 4.19 (95% CI: 2.84-6.19) for chronic lung disease and 3.18, 95%
CI: 2.09-4.82 for-cancer -The odds ratio of a diabetes and hypertension were 2.61 (95% CI: 2.02-3.3), and 2.37( 95% CI: 1.80-3.13) respectively.
Conclusions: The presence of comorbidities are associated with severity of COVID-19 infection. The strongest association was observed for

cerebrovascular disease, followed by CVD, chronic lung disease, cancer, diabetes, and hypertension.

Keywords: COVID-19, Disease severity, Comorbid conditions

Introduction
On December 31, 2019, a number of cases with pneumonia of unknown etiology were detected in Wuhan City, Hubei Province of China.
Different potential causes such as influenza, avian influenza, adenovirus, severe acute respiratory syndrome coronavirus (SARS-CoV), and

Middle East respiratory syndrome coronavirus (MERS-CoV) were assessed; however, the pathogen was not identified?. Consequently, the
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causative viral disease called COVID-19 by the World Health Organization (WHO)!.The 104" COVID-19 Situation Report of WHO reported3
349 786 diagnosed cases with 238 628 deaths around the world until the 3 May 2020 . Older men and those with comorbidities such as

4,5

cardiovascular disease, diabetes, hypertension, and chronic obstructive pulmonary disease (COPD) were at the highest risk for the disease *~and

higher rates of intensive care unit (ICU) admission®.

Several studies reported the prevalence of comorbidities in COVID-19 patients *’%; however, a systematic evaluation of comorbidities to
compare the relation of underlying medical conditions between severe and non-severe patients is lacking. Previous systematic reviews and meta-
analyses explored some but not all aspects of this association. Therefore, the aim of this meta-analysis is to assess the association between all
underling comorbidities in COVID-19 infection severity. The results could guide healthcare professionals to encounter properly withCOVID-19.

In addition, it will help policy-makers to design a plan for prevention, as well as respond to COVID-19 and its critical outcomes more

preparedly.

Methods

Search strategy

This systematic review and meta-analysis follows the PRISMA guidelines °. We searched PubMed, Embase, Scopus, and web of science
databases between 1 Jan 2020 and 2 April 2020. The search performed using the following search terms: “Coronavirus”, “Covid-19”, “2019-

2 13

nCov”, “nCov”, “Severe acute respiratory syndrome”, “SARS-COV-2”, “Clinical Feature”, “Clinical characteristic”, “Cardiovascular disease
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(CVD)”, “Hypertension”, *“ Diabetes”, “Comorbidity”, “severity”, “ Laboratory test”, “Biochemical test”, “ICU admission”, “Acute respiratory
distress syndrome (ARDS)”, “Paraclinic”, “CT scan”, “CT finding”, “CT image”, “Radiologic”, “Cerebrovascular disease”, “Chronic
obstructive pulmonary disease (COPD)”, “Chronic lung disease” (see Appendix 1). There was no limitation for language as well as study design
and all articles including case-control studies, and cross-sectional studies were assessed. If appropriate information was not reported in the

article, it was then excluded. All publications from January 1, 2020 until April 2, 2020 were assessed.

Study selection and data extraction

Inclusion and Exclusion Criteria

We included all relevant articles reporting clinical characteristics and epidemiological information on COVID-19 patients separately in severe
and non-severe group. The criteria for severe disease include ICU admission, acute respiratory distress syndrome (ARDS), need for
supplemental oxygen, abnormal CT imaging and severe outcome (e.g cardiac decompensation, organ failure or death). Case series with
incomplete information as well as review articles, opinion articles and letters not presenting original data as well as any type of published data

that only presented total patients were also excluded.

Data extraction
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Two authors (M.H and R.A)screened and evaluated the titles and abstracts of citations independently and then, third author (ME.Kh) checked the
screening results. Then, full text of potentially eligible articles was obtained and reviewed for further assessment according to the inclusion and exclusion
criteria. Data extraction forms including the following items were also filled out: name of the first authors, date of publication, DOI, the number
of reported cases, age, sex, and coexisting underlying diseases such as diabetes, as well as the number of patients in severe and non-severe

groups.

Risk of bias assessment

Newcastle-Ottawa Scale was used to evaluate quality of the included studies.The Funnel plots were used to investigate possible publication bias.

Statistical analysis

All Statistical analyses were performed using Stata version 14 (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX:
StataCorp LP.). We employed “metaprop” command to calculate the pooled prevalence estimates of comorbidities with 95% confidence. The
associations between comorbidities and severity of disease, were expressed as odds ratios (ORs) and 95% confidence intervals
(Cls).Heterogeneity among the primary studies was evaluated by the forest plots, Cochran’s Q statistic, and I? statistic. A random-effects model
was used if heterogeneity was high (I 2 > 50%); otherwise, a fixed-effects model was applied. Also, the publication bias was formally tested

with Egger’s regression asymmetry tests to determine the asymmetry of the funnel plots, where p <0.10 was considered as evidence of bias.
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Results

Characteristics of included studies

In the initial search, 559 articles were found in different databases. Two papers were excluded due to being duplicates. All papers were screened
by reading their title and abstract and 499 studies were excluded based because of the irrelevant data. Figurel shows the search details, and table
1 shows details of included studies. In total, 28 studies on 6276 patients (32.2% female) were included (Figure 1) .All studies were conducted
between January and April 2020 during the novel coronavirus (SARS-2-CoV) outbreak. The heterogeneity of all selected studies were low (I?
between 0.0-30) except for hypertension (I =58.6). A total of 1615 individuals were identified as severe disease whereas 4655 individuals had

non-severe disease. The median age was 63 (95% CI: 49-74) years in the severe group compared to 47 (95% CI: 19-63) years in the non-severe

group.

Prevalence of underlying diseases in COVID-19

We found that 41.1% of patients had associated comorbidities such as hypertension (20.9%), diabetes (9.96%), and cardiovascular disease
(4.8%) (Figure 2, Table 2).

Figure 2, illustrates the relationship between associated comorbidities and disease severity. The most strongly associated comorbidities with

severity of COVID-19 were cerebrovascular disease(OR 4.85, 95% CI: 3.11-7.57), cardiovascular disease (OR 4.81, 95% CI: 3.43-6.74), and
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chronic lung disease (OR 4.19, 95% CI: 2.84-6.19) followed by cancer (OR 3.18, 95% CI: 2.09-4.82), diabetes (OR 2.61, 95% CI: 2.02-3.39),

and Hypertension (OR 2.37, 95% CI: 1.80-3.13) respectively (Figure 3).

Discussion

Care of COVID-19 patients is presenting a major challenge for health care systems. This include dealing with rapidly growing numbers of
patients, inadequate response to current treatments, limited care staffing, and inadequate of medical supplies *°>. Moreover, many factors can lead
to severe COVID-19, especially in older adults. Disease severity was defined as need for hospitalization , admission to an intensive care unit,
and death % Classification of COVID-19 patients into severe and non-severe cases improves patient outcomes®’.Previous studies demonstrated
that comorbidities such as diabetes, COPD, hypertension and malignancy may lead to poorer prognosis >>*%#*!. Therefore; in this study we tried
to explore the impact of comorbidities on the prognosis of the COVID-19 infection(Figure 3).

We found disease severity was highly associated with presence of cerebrovascular disease (OR 4.85, P<0.01).It seems that the nervous system
disease, may be linked to the pathogenesis of COVID-19.In addition to respiratory tract system, nervous system may be invaded by SARS-CoV-
2 via hematogenous system or retrograde neuronal route, the same as SARS and MERS viruses leading to wide spectrum of neurological
manifestations from taste and smell impairment to acute cerebrovascular diseases and impaired consciousness **. Furthermore, lymphocyte

counts have been shown to be lower for patients with CNS involvement. This might be explained by immune suppression in patients with


https://doi.org/10.20944/preprints202008.0475.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 August 2020 d0i:10.20944/preprints202008.0475.v1

COVID-19 with CNS involvement, especially in severe cases. Moreover, acute cerebrovascular disease with severe infection leads to rapid
clinical deterioration contributing to high mortality rate*?.

Pre-existing CVD is also an important Underlying disease for more severe COVID-19 accompanied by worse clinical outcomes **. Our meta-
analysis revealed that Pre-existing CVD is associated with a nearly 4.8 fold significantly increased risk of severe COVID-19 disease (Figure3).
In a meta-analysis on six published studies on 1527 patients with COVID-19 from China, the prevalence of diabetes, cardio-cerebrovascular
disease and hypertension were reported to be 9.7%, 16.4% and 17.1%, respectively **.In addition, diabetes and hypertension were shown to
increase the risk of severity or requiring ICU admission by 2-fold while this figure was reported to be 3-fold for cardio-cerebrovascular
disease®. In addition, in a study by Clerkin et al, CVD Was associated with disease severity and ICU admission by 4.4 times(95% CI 2.64—
7.47).Furthermore, disease severity Is associated with higherCFR*. In addition, in a study by Shi et al, it was shown that preexisting
cardiovascular diseases may predispose COVID-19 patients toCOVID-19—induced heart injury *.

Our study also showed that chronic lung disease was significantly related to development of severeCOVID-19 infection (OR 4.19 P<0.01)
(Figure 3).Severe COPD is also a risk factor for severe COVID-19. In a meta-analysis conducted on seven studies, COPD was shown to increase
the risk of developing severe COVID-19 infections*’.In a case series report from Chinese Center for Disease Control and Prevention, the overall
case fatality rate (CFR) was 2.3%, while this figure was 6.3% for people with COPD *‘.In a study by Jain et al, COPD was shown as the

strongest predictive factor for disease severity (OR 6.42, 95% CI 2.44 — 16.9) as well as ICU admission (OR 17.8, 95% CI 6.56 — 48.2)%.


https://doi.org/10.20944/preprints202008.0475.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 August 2020 d0i:10.20944/preprints202008.0475.v1

Malignancy was also a risk factor for COVID-19 severity. The results of our pooled analysis also show that pre-existing cancer is associated
with an up to 3.18-fold higher risk of severe COVID-19 (Figure 3). Infections are the leading cause of mortality in malignancy *¢. The
underlying disease, malignancy-related treatments as well as accompanied comorbidities are three main reasons in susceptibility to infections in
this group of patients. Both malignancy and its related treatment result in compromised immune systems and a higher risk of infection®S.
Moreover, accompanied comorbidities were previously shown to increase the risk of mortality in MERS-CoV infection “°. Furthermore, Liang et
al showed that among patients with malignancy, older age was the only risk factor for severe events (OR 1.43, 95% CI 0.97-2.12; p=0.072)"".

In this Meta-analysis, we found that diabetes(OR 2.61, 95% CI: 2.02-3.39)and hypertension (OR 2.37, 95% CI: 1.80-3.13) also increase the risk
of severity in COVID-19.Diabetes was an important risk factor for mortality in patients infected with Pandemic Influenza A (HIN1), SARS-
CoV as well as MERS-CoV*, In a study that was conducted by Fadini et al, the pooled rate ratio of diabetes among patients with severe disease
compared to those with non-severe disease was 2.26 (95% CI 1.47-3.49)* Moreover, diabetes related complications as the indicators of
advanced diabetes may increase the risk of mortality in COVID-19 3%,

Globally, hypertension is a prevalent disease reported in 26% of population worldwide *'.However, Previous studies showed controversial
results regarding on the association between hypertension and COVID-19 severity*'.In a study by Lippi et al., hypertension was shown to
increase both severity and mortality of COVID-19 by ~2.5-fold. This effect was mainly demonstrated in people older than the age of 60, in a
meta-regression *!. In addition, Jain et al, showed that hypertension increased disease severity and ICU admission by 3.7 times (95% CI 2.22—

5.99) *.In a meta-analysis by Yang et al. on eight studies, comorbidities such as hypertension (OR 2.36, 95% CI: 1.46-3.83), respiratory system
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disease (OR 2.46, 95% CI: 1.76-3.44), and cardiovascular diseases (OR 3.42, 95% CI: 1.88-6.22) were shown to impose higher risk for disease
severity®. However, diabetes did not have statistically significant effect (OR2.07, 95% CI: 0.89-4.82)°.

In general, our findings indicate that the individuals with associated comorbidities are more susceptible to severe COVID-19 infection. Those at
highest risk for severe disease include people with underlying conditions such as cerebro-cardiovascular disease, chronic respiratory disease,
cancer , diabetes, and hypertension.

The key strengths of this study are its quality assessments of studies, large sample size, and desirable I? of chosen studies. The funnel plot results
indicated that our selected studies had high precision which mostly plotted near the average (Figure 4).

One issue with the current study was that the generalizability of findings to other population was unclear because published reports being
restricted to China and a few other countries. Moreover, considering uncertainty about data collection methods and consistency,the results

should be interpreted cautiously.

Conclusion

The findings clearly indicate that the presence of associated comorbidities are associated with worse outcome in COVID-19
infection.Cerebrovascular disease was the most strongly predictive comorbidity for severe disease, followed by CVD, chronic lung disease,
cancer, diabetes and hypertension.
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Figure 3.Prevalence of comorbid conditions among patients with severe COVID-19 compared with non-severe patients
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Figure 4.Funnel plot for meta-analysis of the prevalence of comorbidity in COVID-19 patients
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