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ABSTRACT: Coronavirus disease 2019 (COVID-19) has resulted in considerable morbidity and mortality
worldwide since December 2019. In order to explore the effectsof comorbidchronic diseases on clinical outcomes
of COVID-19, a search was conducted in PubMed, Ovid MEDLINE, EMBASE, CDC, and NIH databases to
April 25, 2020. A total of 24 peer-reviewed articles, including 10948 COVID-19 cases were selected. We found
diabetes was present in 10.0%, coronary artery disease/cardiovascular disease (CAD/CVD) was in 8.0%, and
hypertension was in 20.0%, which were much higher than that of chronic pulmonary disease (3.0%). Specifically,
preexisting chronic conditions are strongly correlated with disease severity [Odds ratio (OR) 3.50,95% CI 1.78
to 6.90], and being admitted to intensive care unit (ICU) (OR 3.36,95% CI 1.67 to 6.76); in addition, compared
to COVID-19 patients with no preexisting chronic diseases, COVID-19 patients who present with either diabetes,
hypertension, CAD/CVD, or chronic pulmonary disease have a higher risk of developing severe disease, with an
OR 0f2.61 (95% CI 1.93 to 3.52), 2.84 (95% CI 2.22 to 3.63),4.18 (95% CI 2.87 t0 6.09) and 3.83 (95% CI 2.15to
6.80), respectively. Surprisingly, we found no correlation between chronic conditions and increased risk of
mortality (OR 2.09, 95% Cl 0.26 t016.67). Taken together, cardio-metabolic diseases, such as diabetes,
hypertension and CAD/CVD were more common than chronic pulmonary disease in COVID-19 patients,
however, each comorbid disease was correlated with increased disease severity. After active treatment, increased
risk of mortality in patients with preexisting chronic diseases may reduce.

Key words: coronavirus disease 2019 (COVID-19), diabetes, cardiovascular diseases, hypertension, chronic

pulmonary disease, meta-analysis

The recent outbreak of COVID-19 has been rapidly
spreading on a global scale[1]. On January 30, 2020, the
World Health Organization (WHO) declared that the
epidemic of COVID-19 was a public health emergency of
international concern (PHEIC). COVID-19 has resulted in

considerable morbidity and mortality in more than 200
countries and regions worldwide. At present, the number
of patients with COVID-19 is rapidly rising to nearly 3
million, and its harm to human beings has exceeded the
outbreak of severe acute respiratory syndrome (SARS) in
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2002 and Middle East respiratory syndrome (MERS) in
2012 [2]. As of April 29, 2020, more than 200,000 people
all over the world lost their life because of the infection of
SARS-CoV-2, with a crude death rate of 6.95%.

COVID-19 is general susceptibility [3-7] and is
accompanied by a cluster of flu-like symptoms [6] and
life-threatening  severe illnesses including acute
respiratory distress syndrome (ARDS), acute kidney
injury, myocarditis, and organ failure [6, 8]. It is believed
that middle-aged and elderly patients with chronic
diseases, such as diabetes, cardiovascular diseases and
hypertension are susceptible to respiratory failure and
may have a poorer outcome [6, 8]. Evaluating the
prevalence of these chronic conditions is fundamental to
mitigate COVID-19 complications and mortality.
However, this effort has been hindered by the limited
number of cases in some studies, and the varying study
designs [9-11].

This present study was aimed to provide a systematic
evaluation and detailed estimate on the prevalence and
effects of preexisting chronic conditions in COVID-19
patients. This assessment may aid the public health sector
while developing policies for surveillance, preparedness,
and response to COVID-19 and its severe outcomes.

MATERIALS AND METHODS
Search strategy and selection criteria
A search was conducted in PubMed, Ovid MEDLINE,

EMBASE, CDC, and NIH databases to 25 April, 2020
using the search terms (MeSH) ‘‘Coronavirus disease

2019’7, <2019 novel coronavirus’’, ‘‘COVID-19”,
“2019-nCov’’, or ‘“SARS Cov-2’’ AND ‘‘Diabetes”,
“Hypertension”, “Chronic pulmonary disease” or
“Cardiovascular disease”. The search was limited to
articles describing the epidemiological, demographic,
clinical features, outcomes and reporting the prevalence
of chronic diseases in COVID-19 patients. Reports
published as review articles, letters, case studies,
editorials, conference abstracts, vaccination trials, family-
based studies, and articles without abstracts were
excluded.

The search identified 427 records; an additional eight
reports were identified from a search of the bibliographies
of previously obtained articles and other sources such as
Google, Google Scholar, and the AMED (Allied and
Complementary Medicine) search engine, for a total of
435 records. Following screening for duplicate records,
the 435 records were all retained for abstract scanning
against the above-mentioned inclusion/exclusion criteria.
The abstracts of the identified studies were reviewed
independently by both authors. Differences were resolved
through discussion, until a consensus was reached. The
abstract review resulted in the exclusion of 365 records.
Full-text retrieval and review were conducted for the
remaining 70 articles. 46 studies were then eliminated
based upon the above selection criteria (Fig. 1). The
percentage agreement on the inclusion between the two
reviewers was 90%, with Cohen’s kappa statistic k =0.80
[95% confidence interval (95% CI) 0.75to 0.89]. A total
of 24 peer-reviewed articles were selected for the present
study (Table 1) [3-6, 8, 12-30].

Table 1. Characteristics of the included studies and meta -analysis of the clinical symptomsand comorbid chronic diseases

in patientswith COVID-19.

Symptoms (%)

Comorbidities (%)

hoe ; shortness .
Study[ref]* NS(,) (f’ﬂl?"?-t e;y) Al M F (Yég?s) y?):?s fever cough faté?'u_e of borsath dia;rhe diabetes hyperr‘][ensio %Cg/ p:rp:g?:ry
(%) myalgia e disease
g_‘g%gg[g] 8 éi;g 1099 640 459 47.0 440 887 678 381 187 38 7.4 15.0 25 11
;?62%55[4] 7 0% 99 67 32 555 67.7 828 8L8 110 313 20 13.0 b 40.0 1
:f{;%%gt[lgl 6 o2 41 30 11 490 488 980 760 440 550 30 20.0 150 150 20
;i.‘fzeézo[g] 7 éi;g 137 61 76 55.0 b 818 482 321 19.0 8.0 10.2 95 7.3 15
S0 6 giao 8L 42 30 495 494 730 500 ° 20 40 120 150 100 11
;(_’1"2%3%[20] 6 8%8' 51 25 26 490 471 960 47.0 31.0 140  10.0 6.0 10.0 2.0 2.0
;ﬁnz%gﬂsl 7 éi;g 52 35 17 597 550 980 77.0 115 635 b 17.0 b 10.0 8
;_”’28520[19] 7 giég' 62 35 27 41.0 b 77.0 81.0 520 b 8.0 2.0 8.0 b 2.0
i‘f‘zngzgt[m 8 8;58‘ 140 71 69 570 700 786 643 643 314  12.9 121 30.0 5.0 2.8
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Z?{sz%tzoum 7 8%8' 80 39 41 460 350 78.8 6338
Hu et 01.20-
al. 202084 8 0220 24 8 16 325 375 208 83
Huang et 12.19- b
al. 2020 171 7 01.20 34 14 20 56.2 94.1 50.0
;ﬁnz%%us] 8 3;;58' 149 81 68 451 b 76.5 58.4
Wang et 01.20- b
al., 2020 B! 7 01.20 138 75 63 56.0 98.6 59.4
Xu et 01.20- b
al., 2020 211 7 02.20 90 39 51 500 78.0 63.0
Lipeal 2020 5 8%8 83 44 39 455 b 867 783
glh,lz%zoml 8 gﬁg' 416 205 211 64 b 80.3 34.6
Bhatraju et 02.20- b
al. 202024 ® 0320 24 15 9 64 50.0 88.0
Feng et 01.20- b
al.,2020 (251 7 0220 476 271 205 53 81.9 56.5
Du et 12.19-
al. 2020 261 8 4220 179 97 82 576 726 989 816
Iaﬁ{l,]zecgzo[z” 6 éﬁg 78 39 39 38 b 731 436
Grasselli et 02.20- b )
al.,2020 28] 8 03.20 1591 1304 287 63 87.2
Richardson et 03.20- )
al.,2020129] 8 04.20 5700 3437 2263 63 785 30.4
Simonnet et 02.20- b b
12.19- 52.4°
Total/Overall 0400 1094867644184 (32.5-
' 64.0)¢
Prevalence® 500 79.0 610
65.0- 54.0-
9 -
e 49.0-680 95 5 69,0
I# (%) 985 99.7 95.1

225 37.5 1.3 6.3 b 31.3 1.25
8.3 b b 8.3 8.3 4.2 0.0
64.7 14.7 14.7 11.8 23.5 17.6 8.8
3.4 1.3 7.4 6.0 b 18.8 0.7
69.6 31.2 10.1 10.1 31.2 14.5 2.9
28.0 b 6.0 6.0 19.0 3.0 1.0
18.1 10.8 8.4 7.8 6.0 1.2 6.0
13.2 28.1 3.8 14.4 30.5 10.6 2.9
P 88.0 P 58.0 b b 16.7
11.6 22.9 10.3 10.3 23.7 8.0 4.6
39.7 49.7 21.8 18.4 32.4 16.2 45
b b b 6.4 10.3 b 2.6
b b b 11.3 32.0 14.0 2.6
b 17.3 b 31.8 53.0 16.9 8.4
b b b 22.6 48.4 b b
32.0 31.0 7.0 10.0 20.0 8.0 3.0
21.0-43.0 2357% 509.0 80-120 15.0-26.0 3.0-12.0 1.0-3.0
98.5 97.4 81.1 73.0 94.2 98.0 94.5

mm, month; yy,year; M, male; F, female; SE, standard error; Cl, confidence interval, NOS, Newcastle-Ottawa Scale;

a B} 8], [12123) 24, [20

/22T sty diies were from China;
® Any empty cells represents the absence of data in the original text.
¢ the median age [IQR].

? Agerange.

Istudies were from America; ®® study was from Italy; % study was from France.

¢ Meta-analysis for the prevalence was calculated from binary random-effects model analysis.

fp<0.001.
Data Extraction and Quality Assessment

We used Newcaltle-Ottawa scale (NOS) (Table 1) for
evaluating the quality of the included studies and
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) standards (Supplementary
Table 1) for abstracting data and assessing data quality
and validity. Independent extraction was conducted by
two observers. NOS scores of at lease six were considered
high-quality literature.

The prevalence of preexisting chronic diseases
including diabetes, hypertension, coronary artery
disease/cardiovascular disease (CAD/CVD) and chronic
pulmonary disease, together with clinical symptoms such
as fever, cough, fatigue or myalgia and shortness of breath
or dyspnea were extracted from the identified studies. The
primary outcome measure was the prevalence of
comorbid chronic diseases in COVID-19 patients and the

correlation between comorbid chronic diseases and
adverse outcomes [increased risk of disease severity,
admittance to intensive care unit (ICU), and mortality].

Statistical Analysis

All analyses were performed using Stata/SE 16.0. Results
about the correlation between comorbid chronic diseases
and adverse outcomes were expressed as pooled odds
ratios (OR), and 95% CI. OR values > 1 represent a direct
association and < 1 an inverse association. The size of the
squares was correlated with the weight of the selected
study [31].

The results of the included studies were performed
with fixed/random-effect models. We used the I? statistics
to assess the magnitude of heterogeneity: 25%, 50%, and
75% represented low, moderate, and high degrees of
heterogeneity, respectively. The chosen of the proper
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effect model was based on the analysis results: the fixed
effect model was used if 1> < 50% and the random effect
model was used if 12> 50% [31].

The potential for publication bias was addressed by
drawing Begg funnel plots and Egger’s linear regression
test plots; and p<0.05 indicates obvious publication bias.

.g Records identified through Additional records identified through
§ database searching bibliography search and other sources
= (n=427) (n=8)
=
)
1o
A 4
Records after duplicates
removed
(=)
= (n=435)
=
o
2
(‘n', A4
Records screened Records excluded
(n=435) (n=365)
A4
g‘ Full-text articles assessed Full-text articles excluded,
8 for eligibility - 46 studies not reporting
'I% (n=70) preexisting chronic diseases
v
Studies included in qualitative
synthesis
(n=24)
o
Q
E Y
g Studies included in quantitative
synthesis (meta-analysis)
(n=24)

Figure 1. Systematic literature review process. The flow diagram describes the systematic review of the literature for
the proportion of comorbid chronic diseases in patients with COVID-19.

RESULTS

Characteristics of the included studies and meta-
analysis of the clinical symptoms in patients with
COVID-19

A total of 24 studies were included in our final analysis
[3-6, 8, 12-30], with a total of 10948 COVID-19
patients(Table 1). Among them, 20 studies were from
China, 2 from United States, 1 from Italy, and 1 from
France. The number of cases in the selected studies varied
by approximately 238-fold and ranged from 24 [14, 24] to
5700 [29] cases. The sex ratio (male to female) was 1.62
and the overall median age of the subjects was 52.4 years
(range 32.5 to 64.0 years) (Table 1). Meta-analysis also

suggests that people aged more than 50 years occurred
59.0 % (95% CI 49.0% to 68.0 %) in patients with
COVID-19 (Table 1).

Meta-analysis of the included studies showed that the
most prevalent clinical symptoms were fever (79.0 %,
95% CI 65.0% to 92.0%) and cough (61.0%, 95% CI
54.0% to 69.0%), followed by fatigue or myalgia (32.0%,
95% CI 21.0% to 43.0%), shortness of breath or dyspnea
(31.0%, 95% CI 25.0% to 37.0%) and diarrhea (7.0%,
95% Cl 5.0% to 9.0%). There was significant
heterogeneity (Cochran’s Q) in the estimates of clinical
symptoms among the examined studies (p<0.05) with an
12 index varying from 81.1% to 99.7% (Table 1).

Aging and Disease * Volume 1 1, Number 3, April 2020
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Characteristics of the included studies grouped by
disease severity in patients with COVID-19

Among the 10948 cases, 2699 cases were severe patients
(Table 2). The sex ratio (male to female) in severe and
non-severe group has no statistical significance (the ratio
is 2.66 and 1.21, respectively, p=0.55), and the median
age of the subjects in severe group was older than non-
severe group [60.9 years (range 45.0to 74.0 years) vs 43.8
years (range 37.0 to 60.0 years), p=0.003] (Table 2).

Meta-analysis of the identified studies showed that
the incidence of fever, cough and fatigue or myalgia in
severe patients was higher than that in mild patients, but
there was no significant difference (p was 0.28, 0.10 and
0.24, respectively). The incidence of shortness of breath
or dyspnea in severe patients was significantly higher than
that in mild patients (p=0.006). The incidence of diarrhea
was the same in the two groups (p=0.18) (Table 2).

Table 2. Characteristics of the included studies grouped by severe and non-severe cases and meta-analysis of the clinical
symptomsand comorbid chronic diseases in patientswith COVID-19.

n Symptoms (%) Comorbidities (%)
shortness .
fatigueor ofbreath . . hypertensio CAD/CV chronic
Study[ref]® non-severe severe fever cough myalgia or diarrhea diabetes n pulmonary
dyspnea disease
Al M F age Al M F age mild > mild ™% mild S mild UL mild € md" SEE mild severemd" SEVEr ild severe
Sl”;gzeé[a] 926 540 386 450 173 100 73 520 88.1 919 673 705 37.8 399 151 376 35 58 57 162 135 237 18 58 06 35
Huanget
al2o20l8 28 19 9 490 13 11 2 490 960 1000 710 850 390 540 37.0 920 40 00 250 80 140 150 11.0 230 00 80
Yang et b b b b
al2020@ 20 14 6 519 32 21 11 6461000970 750 780 100 125 60.0 66.0 10.0 22.0 100 90 100 60
Xu
etal.,2020 29 16 13 39 33 19 14 45 83 73 79 82 45 58 ° P 0 9 00 30 30 120 ° ° 0 30
[19]
Zhang et
al.oo20ls 82 38 44 515 58 33 25 640 720 879 549 776 622 672 244 414 110 155 110 138 244 379 37 69 00 34
Wang et
al.2o20® 102 53 51 510 36 22 14 660 9801000 508 583 353 333 196 639 7.8 167 59 222 216 583 108 250 10 83
;Igtozolm 58 29 29 419 25 15 10 53.7 86.2 880 707 960 172 200 34 280 86 80 00 280 52 80 00 40 17 160
:lhlzztzo[zz] 334 161 173 60 82 44 38 74 811 768 347 341 12 183 272 317 45 12 12 244 234 598 6 293 18 85
Stgft;aégo[m bbb b 94 15 9 640 ° 50 ° 880 " P b ggo P ° b 589 b b b b b 457
gf“z%g‘om] bbb b 476271 205 ° 0 859 0 594 0 126 0 244 0 110 0 103 0 237 0 80 0 46
3”29520 g 158 87 71 56 21 10 11 702 987 100 835 66.7 36.7 619 449 857 19.6 381 17.1 286 285 619 108 571 51 0
;‘“23‘20[27] 32 3 37 11 7 4 66 " ° 448464 P b b b b b 45182 9 182 ° ° 15 91
Grasse“izaet b b b p 159 1304 287 63 ° b b b b b b b b b b q13 °® 32 b1y b 26
al.2020% 1
aSIirT;%r;ré?;[O;at b b b b 124 90 34 60 b b b b b b b b b b b oopg D 484 b b b
60.9°
438° (45.0
lTOta'lovera'lg4 989 817 (37.0- 239 1062 737 -
60.0) ¢ 74.0)
d
Prevalence® 90.0 99.0 64.0 71.0 32.0 37.0 270 550 80 80
95% Cl 86.0- 98.0- 52_'0 60.0- 21_'0 24.0- 17_'0 39.0- 40- 40-
95.0 1000 .., 810 ,, ; 500 4.0 710 110 130
Qf
12 (%) 955 940 954 917 956 94.2 944 959 812 925

M, male; F, female; SE, standard error; Cl, confidence interval.
a 3] (18] 1. (191, Bl (21 [0 [31. 290, 1281 27) gy djes were from China; 24! study was from America; ?® study was from Italy; % study was from France.

® Any empty cells represents the absence of data in the original text.
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¢ .
the median age [IQR].
d
Age range.
e . . .
Meta-analysis for the prevalence was calculated from binary random-effects model analysis.
fp<0.001.
: CADICVD ;
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Figure 2. The proportions of comorbid chronic diseases in patients with COVID-19. Forest plot showing the proportion of
comorbid diabetes (A), coronary artery disease/cardiovascular disease (CAD/CVD) (B), hypertension (C), and chronic pulmonary
disease (D) in SARS-CoV-2-infected patients. Weights were calculated from random-effects model analyses. The size of the squares
reflects the relative weight of each study in the meta-analysis. Inserts within each panel show the total number of subjects analyzed
(n) and prevalence (%) of the comorbid diseases (%), together with heterogeneity analysis carried out using the Q test and the

among-studies variation (12 index).

The incidence of comorbid chronic diseases in patients
with COVID-19

As shown in Fig. 2 (inserts A and B), diabetes was present
in 10.0% (95% Cl 8.0% to 12.0%) and CAD/CVD was
prevalent in 8.0% (95% CI 3.0% to 12.0%) of the patients.
Hypertension was present in 20.0% (95% CI 15.0% to
26.0%) and chronic pulmonary disease in 3.0% (95% ClI

1.0% to 4.0%) (Fig. 2, inserts C and D). The proportions
of diabetes, hypertension, CAD/CVD and chronic
pulmonary disease varied by 11.5-, 8.0-, 17.0- and 8.0-
fold, respectively, among the identified studies. This wide
among-studies variation in the proportion of comorbid
diseases may have resulted in the significant
heterogeneity (Cochran’s Q) observed for estimates of
diabetes, hypertension, CAD/CVD and chronic
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pulmonary disease (p < 0.001), with an 12 index ranging
from 73.0% to 98.0% (Fig. 2).

The effects of comorbid chronic diseases on the clinical
outcomes in patients with COVID-19

We screened out articles that included the numbers of
death, disease severity, or admittance to ICU, which
allowed us to pool their data into a further analysis. Next,
we performed a meta-analysis in order to examine the
association between preexisting chronic diseases and
clinical outcomes (disease severity, admittance to ICU
and mortality rate) in patients with COVID-19. We found
that preexisting chronic diseases were strongly correlated
with increased disease severity (OR 3.50, 95% CI 1.78 to
6.90), with moderate heterogeneity (12°=60.9%); increased

admittance to ICU (OR 3.36, 95% CI 1.67 to 6.76), with
low heterogeneity (12=36.0%) (Supplementary Fig. 1,
inserts A and B). To our surprise, our analysis revealed
that preexisting chronic diseases were not significantly
correlated with COVID-19 mortality (OR 2.09, 95% CI
0.26 t0 16.67) (Supplementary Fig. 1, inserts C).

Next, we found that both preexisting diabetes and
hypertension are highly correlated with increased risk of
disease severity (OR 2.61, 95% Cl 1.93t0 3.52, 12=26.7%;
and OR 2.84, 95% Cl 2.22 to 3.63, 1°=36.8%,
respectively); and that preexisting CAD/CVD and chronic
pulmonary disease are also correlated with disease
severity (OR 4.18, 95% CI 2.87 to 6.09, 1°=31.6%; and
OR 3.83, 95% CI 2.15 to 6.80, 12=0.0%, respectively)
(Fig. 3, inserts A-D).

Study ID fixed-effect model Odds ratio (95% CI) ~ Weight (%) Study ID fixed-effect model Odds ratio (95% CI) ~ Weight (%)
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Figure 3. Correlation between comorbid chronic diseases and severe COVID-19 in SARS-CoV-2 infected patients. Forest
plot showing the effects of comorbid diabetes (A), hypertension (B), CAD/CVD (C), and chronic pulmonary disease (D) on the risk
of severe COVID-19 in SARS-CoV-2-infected patients. In this figures, the horizontal lines indicate the lower and upper limits of the
95% CI, and the size of the squares reflects the relative weight of each study in the meta-analysis. Weights were calculated from
fixed-effects model analyses. Heterogeneity analysis was carried out using Q test and among-studies variation (12 index).

Publication bias

Begg’s test (all Pr >0.05) and Egger’s regression test (all
P>0.05) suggest no significant publication bias
(Supplementary Fig. 2, inserts A-H).

DISCUSSION

Recent studies had confirmed that SARS-CoV-2 infection
can bring human-to- human transmission and lead to a
serious of respiratory, enteric, hepatic, and neurologic
damage [32]. SARS-CoV-2 is one type of coronaviruses
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that belongs to the B-coronavirus cluster. It causes the
third kind of zoonotic coronavirus disease after SARS and
Middle East respiratory syndrome (MERS) [32]. Both
MERS-CoV and SARS-CoV have much higher case
fatality rates (40% and 10%, respectively). Though the
current SARS-CoV-2 shares 79% of its genome with
SARS-CoV, it appears to be much more transmissible
[32-33].

The COVID-19 caused a pandemic all over the world.
The sex ratio (male to female) was 1.62 observed in the
10948 cases examined in our study. It shows that male
was more susceptible to COVID-19. And both sexes
exhibited clinical presentations similar in
symptomatology. These generally include fever, cough,
fatigue or myalgia, breathing difficulty, and diarrhea
(Table 1). According to the results of meta-analysis, the
top four symptoms of patients with COVID-19 were
fever, cough, fatigue or myalgia, and shortness of breath
or dyspnea. Diarrhea only occurred among a small
number of patients (7.0%, 95% Cl 5.0% to 9.0%).
However, a recent study reported that diarrhoea was
observed in 21% patients with COVID-19, and patients
with diarrhoea were older and more likely to have
comorbid chronic diseases than patients without diarrhoea
[34]. It showed that diarrhoea may be a risk factor for
disease severity. Meta-analysis also suggests that people
aged more than 50 years occurred 59.0 % (95% CI 49.0%
to 68.0 %) during patients with COVID-19 (Table 1).
Another meta-analysis showed that elderly people had the
highest risk of death during both seasonal and pandemic
influenza seasons; in contrast, children and young people
aged less than 18 years had a significantly reduced risk of
death compared with non-elderly adults during pandemics
[35].

Meta-analysis of the data extracted from the included
studies (Fig. 2) suggested that diabetes and CAD/CVD
were prevalent in 10.0% and 8.0% of the patients,
respectively. The proportion of hypertension (20.0%) was
much higher than that of chronic pulmonary disease
(3.0%) in COVID-19 patients. In April 2016, a study
showed that about one-third (32.5%) of Chinese adults
had hypertension [35]. The incidence of diabetes,
coronary artery disease, and chronic pulmonary disease in
Chinawas 10.4%, 1.02%, and 8.0% according to the latest
epidemiological data. In  conclusion,  because
hypertension has a much higher prevalence in the
population, the incidence of hypertension in patients with
COVID-19 was also significantly higher than other
comorbid chronic diseases. However, the possible another
reason for the low incidence of chronic pulmonary disease
in COVID-19 patients is that patients with chronic
pulmonary disease may pay more attention to themselves
or that virus deposition in the lung could be inhibited by
the long-term use of inhaled hormones during patients

with asthma. However, another study [36] noted that,
patients with chronic pulmonary disease were more likely
to need for ICU treatment and ventilator support once they
infected pandemic influenza. Our meta-analysis also
found that chronic pulmonary disease was a risk factor for
increased disease severity in SARS-CoV-2 infected
patients. This suggests that the underlying lesions of the
lungs in chronic pulmonary disease patients make them
more likely to develop into severe cases of influenza or
COVID-19. Our finding is consistent with the conclusion
of a meta-analysis [37] published a few days ago which
included six literatures and found that chronic obstructive
pulmonary disease (COPD) was associated with increased
disease severity in COVID-19 patients. The sample size
included in our present study was larger and the results
may be more convincing. Alaa Badawi et al. [38] reported
that diabetes and hypertension were equally prevalent in
approximately 50%, and CAD/CVD was present in 30%
of the severe MERS patients. We also found that the
prevalence of diabetes in two studies [24, 29] (cases were
from America) was much higher than other 22 studies [3-
6, 8, 12-23, 25-28, 30] (cases were from China, Italy, and
France) included in our final meta-analysis. However,
these could be a reflection of the prevalence of chronic
diseases in different regions and races.

Inour analysis, we also found that preexisting chronic
diseases were strongly correlated with the increased
disease severity and increased admittance to ICU. To our
surprise, our analysis revealed that preexisting chronic
diseases were not significantly correlated with COVID-19
mortality. The possible reason may be the limited
literatures. Though there were 24 articles included in our
final analysis, only 3 reported the death numbers in
COVID-19 patients based on whether there were
comorbid chronic diseases. Among the three studies, two
studies revealed that compared to COVID-19 patients
with no preexisting chronic diseases, COVID-19 patients
who present with chronic diseases have a higher rate for
mortality; another one study revealed that there was no
significant difference in mortality between the two
groups. Next, we need more high-quality literatures to
confirm the conclusion. The significance of this result is
that SARS-CoV-2 infected patients who have preexisting
chronic diseases should be hospitalized earlier and get
more medical intervention such as ICU admission and
mechanical ventilation therapy.

Another study [35] noted that severe pandemic
influenza occurred significantly more often in those who
were obese (OR 2.74, 95% CI 1.56 to 4.80) and in those
who had cardiovascular disease (OR 2.92, 95% CI 1.76 to
4.86), hypertension (OR 1.49, 95% CI 1.10 to 2.01) and
neuromuscular disease (OR 2.68, 95% CI 1.91 to 3.75).
The comorbid chronic diseases influencing the COVID-
19 outcomes may have similar effects in severe MERS
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and other respiratory illnesses such as influenza HIN1
[39-40]. Common chronic conditions during older people
such as diabetes, hypertension, and CAD/CVD, together
with their predisposing conditions, may be linked
etiologically to the pathogenesis of COVID-19. Chronic
diseases share several common features with infectious
disorders and their complications, such as endothelial
dysfunction, the pro-inflammatory state, and alterations in
the innate immune response [41-43]. For example,
diabetes and hyperglycemia increase systemic oxidative
stress and vascular inflammation. Excessive vascular
oxidative stress and vascular inflammation are central
characteristics of phonotypical endothelial dysfunction.
Chronic diseases associated vascular endothelial
dysfunction relates to local vascular inflammation as well
as to systemic inflammation. Research also delineate
novel roles for elements of both innate and adaptive
immune responses in regulating endothelial function
under hypertensive conditions. Activation of innate
immunity’s complement pathway may negatively impact
vascular endothelial function in hypertension [44],
whereas increased anti-inflammatory interleukin-10
expression from the adaptive immune response blunts the
adverse effects on endothelial function of angiotensin 11—
associated hypertension [45].

Diabetes mellitus is closely related to the occurrence
of severe viral pneumonia and death. For example, in
2003, the mortality of SARS-infected patients who had
diabetes mellitus was 3.0-3.3 times higher than that of
patients without diabetes mellitus [46, 47]. In 2009, the
number of being admitted to ICU in H1N1-infected
patients who had diabetes was 4.29 times higher than that
of patients without diabetes [48]. Diabetes is also a high
risk factor for developing severe MERS in 2014 [48]. Due
to abnormal immune functions such as decreased CD3* T
cells, imbalance of CD4*/CD8" T cells and decreased
natural Killer T cell activity, the immune response ability
of the body is decreased [49]. Therefore, preexisting
diabetes is a predictive factor for virus infection. On the
other hand, angiotensin converting enzyme 2 (ACE2), the
functional receptor of SARS-CoV, is also expressed in the
islets of the pancreas, so the virus may destroy the islets
and aggravate diabetes during infection [50]. SARS-CoV-
2 virus can also bind to ACE2 on cells [51]. Virus
infection may interact with diabetes, causing SARS-CoV-
2 infected patients who had diabetes to be more
susceptible to developing severe cases and death.

Strengths and Limitations of Study

The present study has several limitations. First, the
included studies showed a wide variance among studies in
the proportion of diabetes, hypertension, CAD/CVD, and
chronic pulmonary disease, which may have contributed

to the observed significant heterogeneity. Additional
sources of heterogeneity may relate to the large variation
among studies in the sample size (24 to 5700 patients).
Second, most of the studies were from China. These
factors may cause some limitations on the estimated
contribution of comorbid chronic diseases to COVID-19
cases. Further investigations are needed to examine the
nature and extent of coexistence between COVID-19 and
non-communicable diseases.

Despite these limitations, our study also has notable
strengths. First, this analysis was obtained by pooling data
from a number of clinical studies which significantly
increased the statistical power of the analysis compared to
a single study. Second, the included studies originated
from different countries and included different ethnic
backgrounds, allowing for the generalization of our
results. In conclusion, patients with preexisting chronic
diseases may have a higher risk for developing severe
COVID-19 and should be given close attention.
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