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Abstract

19 patients.

ment of this infection.

Background: The aim of this study is to evaluate the impact of diabetes, hypertension, cardiovascular disease and
the use of angiotensin converting enzyme inhibitors/angiotensin Il receptor blockers (ACEI/ARB) with severity (inva-
sive mechanical ventilation or intensive care unit admission or O2 saturation < 90%) and mortality of COVID-19 cases.

Methods: Systematic review of the PubMed, Cochrane Library and SciELO databases was performed to identify rel-
evant articles published from December 2019 to 6th May 2020. Forty articles were included involving 18.012 COVID-

Results: The random-effect meta-analysis showed that diabetes mellitus and hypertension were moderately associ-
ated respectively with severity and mortality for COVID-19: Diabetes [OR 2.35 95% Cl 1.80-3.06 and OR 2.50 95% Cl
1.74-3.59] Hypertension: [OR 2.98 95% Cl 2.37-3.75 and OR 2.88 (2.22-3.74)]. Cardiovascular disease was strongly asso-
ciated with both severity and mortality, respectively [OR 4.02 (2.76-5.86) and OR 6.34 (3.71-10.84)]. On the contrary,
the use of ACEI/ARB, was not associate with severity of COVID-19.

Conclusion: In conclusion, diabetes, hypertension and especially cardiovascular disease, are important risk factors for
severity and mortality in COVID-19 infected people and are targets that must be intensively addressed in the manage-
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Introduction

The World Health Organization declared the SARS-
CoV-2 outbreak, the Coronavirus Disease—COVID-19,
as pandemic on 11th of March of 2020. At that time, it
affected 114 different countries, being responsible for
about 4 thousand deaths around the world. Until the end
of May, SARS-CoV-2 infection had already affected more
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than 200 countries/regions and accounted for more than
360 thousand deaths worldwide [1].

Considering the prognosis of the COVID-19, approxi-
mately 80% of patients have mild illness, 14% have
severe illness and 5% critical illness [2, 3]. Current stud-
ies and reviews have helped to clarify the clinical pro-
file of COVID-19 [4], regarding to the most prominent
symptoms, as well as to factors associated with greater
susceptibility to infection and severity of the disease.
The initial symptoms do not seem to differ by the pres-
ence of comorbidities and the mild clinical presentation
of cases was similar in different countries and at differ-
ent ages [4, 5]. Despite that, studies have shown a worse
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prognosis for individuals with chronic diseases, such as
diabetes (DM), hypertension (HT) or cardiovascular dis-
ease (CVD) [4, 5].

Since the first reports of COVID-19 in Wuhan, China,
high frequencies of diabetes, hypertension and car-
diovascular disease among hospitalized patients and in
those with fatal outcome have shown the importance of
these co-morbidities as a risk factor for serious outcomes
and lethality [6]. Moreover, medications’ mechanism
arise as some explanatory hypothesis emerges for this
association. It was documented that angiotensin-convert-
ing enzyme 2 (ACE2) receptor expression is increased in
individuals with diabetes. It has been also hypothesized
that some medications could increase ACE2 expression,
such as ACE inhibitors and angiotensin 2 receptor block-
ers (ARBs) that might result in worsening infectivity and
severity of SARS-CoV-2 infection due to increased bind-
ing to their target cells through ACE2 [7]. However, until
now, the evidence has been controversial, as potential
adverse effects of these agents on the prognosis of indi-
viduals with COVID-19 have not been confirmed.

As the pandemic advanced to other continents, data
from Europe and Americas have confirmed the disturb-
ing relationship between diabetes, hypertension and
cardiovascular disease and COVID-19 outcomes [8,
9]. These findings represent a worrying public health
problem worldwide, when we face the actual burden of
non-communicable chronic diseases (NCDs), especially
diabetes, hypertension and cardiovascular disease [10].
It is relevant to notice that NCDs accounted for 79.5%
of total years lived with disability (YLDs) in 2017, with a
total of 678 million YLDs for NCDs causes. In 2019, the
International Diabetes Federation (IDF) estimated that
8.8% of the world population between 20 and 79 years old
were living with diabetes, representing 415 million peo-
ple [11]. Considering this scenario, it is critical to better
define the precise strength of the association between
cardiovascular disease, diabetes and hypertension, with
the prognosis of COVID-19, which might help to create
more effective prevention strategies in the population.
The aim of this study is to evaluate the association of dia-
betes, hypertension, cardiovascular disease and ACEI/
ARBs exposure with severity—intensive care unit treat-
ment or mechanical ventilation necessity or O2 satura-
tion < 90%—or mortality from COVID-19 infection.

Material and methods

Systematic literature search

We conducted this study in accordance with the
PRISMA Checklist (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) [12] and it was
registered in the International Prospective Register of
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Systematic Reviews (PROSPERO, registration number is
CRD42020184254).

A comprehensive search of the PubMed, Cochrane
Library and SciELO databases was performed to iden-
tify relevant articles published in English and Chinese
from December 2019 to 6th May 2020. The search terms
were as follows: “ COVID19 disease-CoV-2 infection”
(COVID-19 virus disease OR 2019 novel coronavirus
infection OR 2019-nCoV infection OR coronavirus dis-
ease 2019 OR coronavirus disease-19 OR 2019-nCoV
disease OR COVID-19 virus infection) AND sever-
ity outcomes terms, that includes “Intensive Care Unit”
(Intensive Care Units OR Care Unit, Intensive OR Care
Units, Intensive OR Unit, Intensive Care OR Units,
Intensive Care), “Need for Mechanical Ventilation” (Res-
piration, Artificial OR Artificial Respiration OR Artificial
Respirations OR Respirations, Artificial OR Ventilation,
Mechanical OR Mechanical Ventilations OR Ventila-
tions, Mechanical OR Mechanical Ventilation) or “Death”
(Fatal Outcome OR Fatal Outcomes OR Outcome, Fatal
OR Outcomes, Fatal OR Determination of Death OR
Near-Death Experience OR Cardiac Death OR Death,
Cardiac) AND Comorbidities Including “Hypertension
and cardiovascular disease” (Blood Pressure, High OR
Blood Pressures, High OR High Blood Pressure OR High
Blood Pressure OR Vascular Resistance OR Resistance,
Vascular OR Total Peripheral Resistance OR Peripheral
Resistance, Total OR Resistance, Total Peripheral OR
Systemic Vascular Resistance OR Resistance, Systemic
Vascular OR Vascular Resistance, Systemic OR Periph-
eral Resistance OR Resistance, Peripheral), “Diabetes
Mellitus” (Glucose Intolerance OR Glucose Intolerances
OR Intolerance, Glucose OR Intolerances, Glucose OR
Blood Glucose OR Blood Sugar OR Sugar, Blood OR
Glucose, Blood OR Hyperglycemia OR Hyperglycemias
OR Hyperglycemia, Postprandial OR Hyperglycemias,
Postprandial OR Postprandial Hyperglycemias OR Post-
prandial Hyperglycemia OR Metabolic Cardiovascular
Syndrome OR Cardiovascular Syndrome, Metabolic OR
Cardiovascular Syndromes, Metabolic OR Syndrome,
Metabolic Cardiovascular OR Insulin Resistance). Addi-
tionally, references cited in the retrieved articles were
also examined to find relevant studies that had not been
identified by database searches.

Inclusion criteria

Observational studies that met the following criteria
were included: (1) study design (cross-sectional, self-
controlled case series or retrospective cohort studies); (2)
presence of the following comorbidities (diabetes mel-
litus, hypertension or cardiovascular disease); (3) use of
ACE inhibitors and/or ARB. Only adult patients aged
18 years or older were included. We excluded reviews,
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case report, editorials, letters, expert opinions, animal
and experimental studies. We also did not include stud-
ies that did not report the interest outcomes (severity
or mortality) (see below). Articles in English and Chi-
nese were included. The inclusion process followed the
PRISMA flow-chart and is depicted in detail in Fig. 1.

Outcomes

The primary outcomes were (1) Severity of COVID-19
including: (Intensive Care Unit (ICU) admission or need
for mechanical ventilation or low O2 saturation (<90%)
and (2) mortality due to confirmed COVID-19. Only
intra-hospital mortality was considered.

Data extraction and quality assessment

The systematic search was performed by 3 pairs of
reviewers who extracted data in a double-blinded man-
ner. Disagreements were solved by discussion within
the pair of delegated authors and then confirmed by the
whole group.

Data were extracted from the 40 studies selected and
recorded using standardized forms. It included authors’
first names, study location, type of study, numbers of
participants, the exposition factors (existence of co-
morbidities: hypertension, diabetes, cardiovascular dis-
ease, use of ACEI/ARB) and the outcomes (Table 1). The
quality assessment was performed using the checklist of
JBI (Joanna Briggs Institute) Critical Appraisal Tools, for
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the different type of study included: Critical Appraisal
Checklist for Cohort Studies and Critical Appraisal
Checklist for Analytical Cross Sectional Studies [54].

Data synthesis and analysis

All meta-analytical calculations were performed with
Comprehensive Meta-Analysis Software (CMA) version
3.0. To provide a quantitative estimate of the associa-
tion of the morbidities of interest (diabetes, hypertension
and cardiovascular disease) with severity outcomes (ICU
admission or need for mechanical ventilation) or death
in COVID-19 patients, adjusted ORs with correspond-
ing 95% confidence intervals (Cls) (Table 1) were calcu-
lated from crude frequency of exposed and non-exposed
cases. Statistical heterogeneity was estimated by x* test
and the I? statistic. A p value <0.05 for the Q-statistic was
considered to indicate substantial heterogeneity. Ran-
dom-effects model was used for comparison to address
heterogeneity. To assess publication bias, through the
qualitative assessment, we performed Funnel Plots and
evaluated the distribution visually and by performing the
Egger’s regression test (Additional file 1) [13]. Statistical
significance was set at a level of p <0.05.

Results

Search results

The initial search strategy identified 729 studies, and
617 were excluded after reading title and abstract,

c
o
5
:u‘:; :I Article indentified from database using specific keywords revealed 729 abstracts.
c
g v
S Excluded (n =617)
Reviews (n = 261)
?:D Editorials, Commentarys (n = 48)
'c _ Letters (n =59)
8 v Case reports (n = 46)
S Experimental studies (n = 24)
m Duplicated studies (n = 20)
Severity outcomes not analyzed (n = 39)
Other (Public recommendations, Projection models, Economic studies, Protocols, Tecnologies...) (n = 120)
2 L
2 #'I Available full text of potential article retrieved (n = 112)
% o
" 72 studies excluded
(Severity outcomes not described by comorbidity, No
— control group, Duplicated studies...)
S | v
E > 40 studies entered for quantitative analysis (meta-analysis)
Q
c
Fig. 1 Flow chart (PRISMA) showing the meta-analysis studies selection
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Table 1 Characteristics of studies included in meta-analysis
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Reference First author Type of study Location Sample size Morbidities (HAS/DM/DCV/ Outcome (severity
numbers ACE OU BRA) and/or mortality)
[14] Lietal Case Series CHINA 362 HAS/DM/DCV/ACEI/ARB uses Severity and Mortality
[15] Giamarellos- Case Series GREECE 54 DM/DCV Severity

Bourboulis

etal.
[16] Zhang et al. Retrospective Cohort CHINA 19 HAS/DM/DCV Mortality
[17] Zhou et al. Retrospective Cohort CHINA 191 HAS/DM/DCV Mortality
[18] Colombi et al. Retrospective Cohort ITALY 236 DMm/DCV Severity
[19] Lietal. Cross Sectional CHINA 548 HAS/DM/DCV/ACEI/ARB use Severity
[20] Leietal. Retrospective Cohort CHINA 34 DM/DCV Severity
[21] Deng etal. Retrospective Cohort CHINA 112 HAS/DM/DCV Severity
[22] Guo et al. Case Series CHINA 187 HAS/DM/DCV/ACEI/ARB use Severity
[23] Huang et al. Retrospective Cohort CHINA 41 HAS/DM/DCV Severity
[24] Zhang et al. Case Series CHINA 140 HAS/DM/DCV Severity
[25] Liuetal. Retrospective Cohort CHINA 78 HAS/DM/DCV Severity
[26] Wang et al. Retrospective Cohort CHINA 138 HAS/DM/DCV Severity
[27] Guanetal. Retrospective Cohort CHINA 1099 HAS/DM/DCV Severity and Mortality
[28] Wu et al. Retrospective Cohort CHINA 84 HAS/DM/DCV Mortality
[29] Zhang et al. Retrospective Cohort CHINA 221 HAS/DM/DCV Severity
[30] Chenetal. Retrospective Cohort CHINA 274 HAS/DM/DCV Mortality
[31] Deng et al. Retrospective Cohort CHINA 225 HAS/DM/DCV Mortality
[32] Wang et al. Case Series CHINA 69 HAS/DM/DCV Severity
[33] Yang et al. Retrospective Cohort CHINA 52 DM/DCV Mortality
[34] Guan et al. Case Series CHINA 1590 DM/DCV Mortality
[35] Zheng et al. Retrospective Cohort CHINA 161 HAS/DM/DCV Severity
[36] Fan et al. Retrospective Cohort CHINA 21 HAS/DM/DCV Mortality
[37] Yuan et al. Case Series CHINA 27 HAS/DM/DCV Severity
[38] Feng et al. Retrospective Cohort CHINA 476 HAS/DM/DCV Severity
[39] Mao et al. Case Series CHINA 214 HAS/DM/DCV Severity
[40] Wang et al. Retrospective Cohort CHINA 339 HAS/DM/DCV Mortality
[41] Simonet et al. Retrospective Cohort FRANCE 124 HAS/DM/DCV Severity
[42] Chenetal. Cross Sectional CHINA 150 HAS Severity
[43] Wu et al. Retrospective Cohort CHINA 201 HAS Severity
[44] Xiang et al. Cross Sectional CHINA 49 HAS Severity
[45] Wan et al. Cross Sectional CHINA 135 HAS/DM/DCV Severity
[46] Qin et al. Retrospective Cohort CHINA 452 HAS Severity
[47] Ruan et al. Retrospective Cohort CHINA 150 HAS Mortality
[48] Zhang et al. Retrospective Cohort CHINA 1128 ACEI/ARB use Mortality
[49] Xu et al. Retrospective Cohort CHINA 187 HAS Mortality
[50] Meng et al. Case series CHINA 42 ACEI/ARB use Severity
[51] Yang et al. Retrospective Cohort CHINA 125 ACEI/ARB use Severity
[52] Mancia et al. Retrospective Cohort ITALY 6272 ACEI/ARB use Severity
[53] Reynolds et al. Retrospective Cohort USA 2005 ACEI/ARB use Severity

DM, diabetes mellitus; HAS, hypertension; DCV, cardiovascular disease; ACEI/ARB, angiotensin converting enzyme inhibitors/angiotensin Il receptor blockers

because of excluding criteria, including duplicated
studies and lack of specified outcomes. The remain-
ing 112 articles underwent full-text-evaluation. This
phase retrieved 40 articles which were included in the

meta-analysis. This involved 18.012 COVID-19 patients
from 27 retrospective cohorts, 9 case-series and 4
cross-sectionals studies. The studies characteristics are
shown in Table 1. Thirty-five studies were performed
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in China and 5 were from France, Italy, Greece, and
United States of America. All selected studies were
published in 2020. In 25 studies clinical outcomes were
exclusively severity, in 12 studies the only outcome was
mortality and 2 studies evaluated both “Severity” and

“Mortality”.
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Meta-analysis

Diabetes mellitus

For the analysis of severity, 18 studies were included,
with a total of 4.305 patients with 564 diabetes ana-
lyzed. A random-effect meta-analysis estimated a
pooled odds-ratio (OR) of 2.35 (95% CI 1.80-3.06)
(Fig. 2a). In this analysis, there was mild heterogeneity

A

Diabetes and COVID 19 Severity

12=50.72; p=0.032

Study name Statistics for each study Severe /Total QOdds ratio and 95% Cl
Odds Lower Upper Relative
ratio limit limit p-Value DM N-DM Total weight
LiJetal 212 1,37 329 000 76/127 97/235 173/362 - 12,39
Giamarellos-Bourboulisetal. 1,50 0,37 6,06 0,57 6/10 22 /44 28/54 —_— 3,02
Colombi D et al. 193 094 393 007 22/37 8/199 108/236 —— 7,95
LiXetal 192 1,19 3,10 001 52/83 217/465 269/548 e = 11,61
LeiSetal. 567 094 3403 006 6/8 9/26 15/34 1,96
GuoTetal 456 1,98 1051 000 16/28 36/159 52/187 —— 6,55
Huang Cetal. 025 003 228 0,22 1/8 12/33 13/41 133
Zhang J) et al. 1,70 061 470 031 9/17 49/123  58/140 — 498
LiuW et al. 474 069 3235 0,11 2/5 9/73 11/78 173
Wang D et al. 457 146 1428 001 8/14 28/124 36/138 —_— 4,20
Zhang G et al. 147 057 381 043 7/22 48/199 55/221 — 547
Wang Zetal. 40,50 4,30 381,74 000 6/7 8/62 14/69 1,30
Zheng Kl etal. 180 033 976 050 2/7  28/154  30/161 217
GuanWJ et al. 318 1,95 519 000 28/81 145/1018 173/1099 - 11,43
FengYetal. 159 085 298 015 17/49 107/427 124/476 i 9,15
Wans etal. 890 227 3499 000 9/12 31/123 40/135 —_—— 312
Deng Qetal. 211 070 635 018 14/19 53/93  67/112 —— 443
Mao L et al. 152 070 330 029 15/30 73/184 88/214 —— 7,21
235 1,80 3,06 000 296/564 1058/3741 1354/4305 Ie)
0,01 0,1 1 10 100
Favours Non-Severity Favours Severity
12:34.78; p=0.073
Random Effects
Diabetes and COVID 19 Mortality
Study name Statistics for each study Severe / Total Odds ratio and 95%Cl
Odds Lower Upper Relative
ratio limit limit p-Value DM N-DM Total weight
LiJetal2. 215 129 358 000 38/127 39/235 77/362 - 15,08
ZhangJetal.2 600 049 7345 0,16 3/4 5/15 8/19 = 1,89
Zhou Fetal.2 3,10 146 655 000 17/36 37/165 54/201 —— 11,19
GuanWetal.2 565 3,11 1027 000 18/81 49/1018 67/1099 —H 13,59
WuCetal 2 167 058 481 035 11/18 33/68 44/86 —1 7,54
Chen Tetal.2 1,62 086 304 0,13 24/47 89/227 113/274 - 13,03
DengYetal.2 220 093 516 007 17/26 92/199 109/ 225 —— 9,77
YangXetal.2 252 047 13,58 0,28 7/9 25/43  32/52 3,78
GuanWJetal2 427 221 826 000 13/130 37/1460 50/1590 —— 12,57
Wangletal2 109 053 226 081 11/54 54/285 65/339 11,55
250 1,74 359 000 159/532460/3715619/ 4247 <
0,01 0,1 1 10 100

Favours Survival ~ Favours Mortality

Random Effects

Fig. 2 Meta-analysis with forest plot presenting the OR and 95% Cl for severity or mortality of COVID-19 according to the presence of diabetes
mellitus, hypertension, cardiovascular disease or ACEI/ARB exposure. a Diabetes and COVID-19 severity, b Diabetes and COVID-19 mortality, ¢
Hypertension and COVID-19 severity, d Hypertension and COVID-19 mortality, e Cardiovascular disease and COVID-19 severity, f Cardiovascular
disease and COVID-19 mortality, g ACEI/ARBs exposure and COVID-19 severity
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Hypertension and COVID 19 Severity

12: 49.89; p=0.009

Favours Non-Severity Favours Severity

Study name Statistics for each study Severe / Total QOdds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit p-Value HT N-HT Total weight
Zhang Getal. 3 442 227 861 000 26/54 29/167 55/221 —— 6,38
Zhang JJetal.3 1,89 091 394 0,09 22/ 42 36/98 58/140 —i— 575
GuanWetal.3 2,01 135 299 000 41/165 132/934 173/1099 - 9,78
Huang Cetal.3 1,09 0,17 6,88 093 2/6 11735 13/41 —_— 1,40
LiuWetal.3 226 039 1296 0,36 2/8 9/70 11/78 & 1,53
Wang Detal.3 509 226 11,48 0,00 21/43 15795 36/138 —a— 5,05
Wang Zetal.3 7,08 159 31,54 0,01 5/9 9/60 14/69 —a— 2,02
ChenCetal.3 364 148 896 000 14/49 10/101 24/150 —a— 4,42
Wu Cetal.3 238 117 485 002 23/39 61/162 84/201 —a— 593
Xiang Tetal.3 1520 2,19 10542 0,01 4/6 5/43 9/49 127
WanSetal.3 1,06 031 367 092 4/13 36/122 40/135 —_— 2,74
Deng Qetal3 1,53 067 351 031 24/ 36 43/76 67/112 -1 494
GuoTetal.3 6,64 329 1338 0,00 33/61 19/126 52/187 —r 6,04
LiXetal 3 221 1,52 321 000 104/166 165/382 269/548 - 1013
SimoneAetal3292 131 652 001 48 /60 37/64 85/124 —— 513
Maoletal. 3 322 167 618 000 32/51 56/163 88/214 —a— 6,53
FengYetal3 529 341 822 000 72/145 52/331 124/476 - 9,18
LiJetal.3 259 200 336 000 173/362 213/816 386/1178 =» 11,78

298 237 375 000 650/1315938/3845 1588 /5160 <

0,01 0,1 1 10 100

Random Effects

(D)

Hypertension and COVID 19 Mortality

12=35.57; p=0.098

Favours Survival

Favours Mortality

Study name Statistics for each study Severe /Total QOdds ratio and 95% CI

Odds Lower Upper Relative

ratio  limit  limit p-Value HT N-HT Total weight
Giamarellos-Bourboulisetal. 1,50 0,37 606 057 6/10 22/44 28 /54 —_—t 3,08
ZhangJ et al 4 139 022 892 073 5/1 3/8 8/19 184
GuanWetal 4 353 208 599 000 24/165 43/934 67/1099 - 12,30
Chenetal. 4 286 171 480 000 54/93 59/181 113/274 — 12,63
Wu Cetal 4 269 097 748 006 16/23 28/61 44 /84 —a— 520
FanJetal. 4 1,13 013 994 092 2/10 2/1 4/21 136
Deng Yetal. 4 316 167 596 0,00 40/58 69/167 109/225 —— 10,07
YuanMetal. 4 3500 1,66 73865 0,02 5/5 5/22 10/27 072
ZhouF etal. 4 305 157 592 0,00 26/58 28/133 54/191 —— 955
Zheng Kletal. 4 8,07 3,04 2137 000 12722  18/139 30/161 —— 559
RuanQetal. 4 191 097 377 006 29/52 39/98 68/150 —— 9.27
LiJetal. 4 389 267 566 000 77/362 53/816 130/1178 E o 16,43
Wang Letal 4 1,54 089 265 012 32/138 33/201 65/339 HE— 11,98

2,88 222 374 000 328/1007 402/2815730/3822 <

001 0,1 1 10 100

Random Effects
Fig. 2 continued

(I’=34.78; p=0.073), with no significant publication
bias (Eggers test intercept: 0.5817, p=0.37).

For the analysis of mortality, 10 studies were
included (8 retrospective cohort and 2 case-series
studies). A random-effects analysis showed a pooled
OR of 2.50 (95% CI 1.74-3.59). There was a moderate

heterogeneity 1> 50.72 p=0.032. No publication bias
was detected. Eggers test intercept was —0.0397;
p=0.977. (Fig. 2b).

Hypertension
The association of hypertension and severity of COVID-
19 18 studies were analyzed, including a total of 5160
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() Cardiovascular Disease and COVID 19 Severity

Study name Statistics for each study Severe / Total Odds ratio and 95% CI
Odds Lower Upper Std
ratio limit limit p-Value DCV ~ N-DCV Total Residual
LiJetal.5 382 242 604 000 89/130 84/232 173/362 -0,10

-

ColombiDetal5 387 224 6,70 000 77/127 31/109 108/236 — -0,07
LeiSetal 5 24,00 247 23345 0,01 8/9 6/24 14/33 & 143
Deng Qetal.5 201 060 677 026 11/15 56/97 67/112 -1 -0,89
— .

GuoTetal. 5 1591 503 5030 000 17/21 35/166 52/187 —i— 184
Huang Cetal.5 250 043 1454 031 3/6 10/35 13/41 -0,47

Wang Detal.5 457 146 1428 0,01 8/14 28/124 36/138 — 0,17
Guan Wetal,5 081 031 209 066 5/38 168/1061 173 /1099 —— -2,39
ZhangKletal.5 638 295 1379 000 22/35 39/186 61/221 —8 0,76
WangZetal.5 963 195 47,54 0,01 5/8 9/61 14/ 69 —_— 093
ZhengKletal.5 280 063 1243 0,18 3/8 27/153  30/161 = -0,41
Feng Yetal.5 462 230 928 000 17/38 58/389 75/427 —— 0,24
WanSetal.5 16,59 1,93 14284 0,01 6/7 34/128 40/135 = 119
Mao Letal .5 127 044 365 065 7/15 81/199 88/214 —— -1,62
LiXetal 5 529 215 1298 000 28/34 241/514 269/548 —a+ 0,42
402 276 586 0,00 306/505907/3478 1213 /3983 <>
0,01 01 1 10 100

Favour Non-Severe  Favours Severe
12:53.08 p=0.008

Random Effects

(F) Cardiovascular Disease and COVID 19 Mortality

Study name Statistics for each study DEATH / Total Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio limit limit Z-Valuep-Value CVD N-CVD Total weight
LiJ etal. 903 504 16,18 740 00058/130 19/232 77/362 - 25,78
Zhou Fetal. 2140 464 9876 393 000 13/15 41/176 54/191 —t— 923
Chen T etal. 363 144 9,14 273 001 16/23 97/251 113/274 —— 17,65
Guan WJetal. 556 248 12,45 417 000 8/59 42/1531 50/1590 — 20,17
Wang Letal. 361 191 6,83 3,95 000 21/53 44/286 65/339 —.— 24,33
Yuan M etal. 50,56 2,38 107532 2,51 001 6/6 4/21 10727 2,84
634 371 10,84 6,76 000122/ 286 247 / 2497 369/ 2783 <>
0,01 0.1 1 10 100
Favours Survival ~ Favours Mortality
1250.14 p=0.074
Random Effects
(G) Use of ACE/ARB and Severity of COVID 19
Study name Statistics for each study SEVERE / Total Odds ratio and 95% Cl
Odds Lower Upper
ratio limit limit Z-Valuep-Value ACE/ARB N-ACE/ARB Total
ReynoldsHetal. 097 0,79 119 -027 0,79252/1019 249/986 501/2005
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Random Effects
Fig. 2 continued
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patients, being 1315 with hypertension. The random-
effects meta-analysis calculated an OR 2.98 (95% CI
2.37-3.75) (Fig. 2c) There was a moderate heterogeneity
>=49.89 p=0.009. There was no publication bias: Egg-
ers test: —0.4887; p=0.48. In the analysis of mortality,
13 studies were included, with a total of 3.822 patients,
being 1007 with hypertension. The random-effect analy-
sis indicated an OR 2.88 (95% CI 2.22-3.74) (Fig. 2d). In
this analysis, there was no publication bias: Eggers test
~0.20021; p=0.80.

Cardiovascular disease

The association with COVID-19 severity was analyzed
in 15 studies, enrolling a total of 3983 patients being
505 with previous history of cardiovascular disease. The
random-effects analysis lead to an OR of 4.02 (95% CI
2.76-5.86) (Fig. 2e). There was no publication bias. Egg-
ers test 0.49655 p=0.59. The analysis considering mor-
tality due to COVID-19 retrieved 6 studies evaluating
2783 individuals being 286 with cardiovascular disease.
The random-effects analysis resulted a pooled OR of 6.34
(95% CI 3.71-10.84) (Fig. 2f).

ACEI/ARB use

For this analysis, 9 studies were included, with a total
of 10.900 COVID-19 cases, being 4.765 on ACEI/ARB.
The random-effects analysis showed a combined OR for
severity 0.76 (95% CI 0.39-1.49) (Fig. 2g). There was a
high heterogeneity 12:95.79, p=0.00. This indicated that
there was no association between use of ACEI/ARB and
COVID-19 severity.

Discussion

This is one of the largest meta-analysis, to our knowledge,
associating cardiovascular disease, diabetes and hyper-
tension with COVID-19 outcomes. It was able to analyze
40 papers, with 18.012 confirmed COVID-19 patients,
including 564 with diabetes, 1315 with hypertension and
505 with cardiovascular disease. We identified a moder-
ate positive association between diabetes mellitus and
hypertension with COVID-19 severity and mortality, and
a strong positive association with the report of previous
cardiovascular disease with both outcomes. On the other
hand, no association was found between the use of ACE/
ARBs with severity.

The link between diabetes and COVID-19 outcomes
was previously detected in meta-analyses with a smaller
number of studies [55-58]. In a previous meta-analysis
from our group [59], we analyzed 7 studies, including
1.592 confirmed COVID-19 patients, being 138 with dia-
betes. We showed that diabetes is an important risk fac-
tor for COVID-19 severity [OR: 3.53 (1.48-8.39)]. In that
study there was a high heterogeneity that was addressed
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by random-effect analysis and meta-regression, using
the mean age as a covariate, with no impact on results,
indicating that diabetes risk was independent of age. In
the present study, we identified a 2.3-fold increase in the
risk of severity and a 2.5-fold increase for mortality asso-
ciated with COVID-19 in patients with DM. Our results
are similar to data reported by Kumar et al., who showed
an OR of 2.75 (95% CI 2.09-3.62) for the association of
diabetes with severity and an OR of 1.90 (95% CI 1.37-
2.64 for diabetes and mortality [60]. Other recent meta-
analysis including approximately 30 studies each (16.003
and 6.452 patients, respectively) were performed aiming
to investigate the association between solely diabetes
with severity and mortality of COVID-19, but the criteria
to define disease severity were more variable than those
defined in the present study. The authors found that dia-
betes was associated with mortality (RR 2.12 [1.44, 3.11],
p<0.001; I*: 72%) and severity of the COVID-19 infec-
tion (RR 2.45 [1.79, 3.35], p<0.001; I*: 45%) [61]. Patients
with diabetes also have a more unfavorable outcome in
others common infections such as Severe Acute Respira-
tory Syndrome (SARS-CoV) and Middle East Respiratory
Syndrome (MERS-Cov) as was described in previous out
brakes [62, 63].

Multiple pathophysiological mechanisms can support
the association between DM and COVID-19 severity;
however, much of knowledge is derived from SARS-COV
infection rather than COVID-19. Compromised innate
immune system due to chronic hyperglycemia, pro-
inflammatory state characterized by inappropriate and
exaggerated cytokine response and underlying pro-
thrombotic hypercoagulable have been implicated in this
association [62, 63].

Regarding hypertension, Pranata et al. have performed
a meta-analysis, searching for the association including
solely hypertension and COVID-19 severity/mortality,
with 6.560 patients from 30 studies published in PUB-
MED and in other databases. The authors found that a
diagnosis of hypertension was associated with increased
mortality (RR 2.21 (1.74, 2.81), p<0.001) and COVID-19
severity (RR 2.04 (1.69, 2.47), p<0.001) [64]. However,
the association between hypertension and worse out-
comes of COVID-19 infection may be due to the higher
frequency of comorbidities and a more advanced age of
these individuals. An Italian cross-sectional study did not
find hypertension as an independent factor affecting the
outcome of COVID-19 [65].

We found that the highest effect size for severity and
mortality was related to cardiovascular disease (which
comprised atherosclerotic cardiovascular disease in most
studies and included myocardial infarction, stroke and/or
peripheral arterial disease). This corresponds about the
double of the risk attributed to diabetes and hypertension
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for mortality alone, indicating that pre-existing cardio-
vascular disease is the greatest risk factor to be addressed.
Although cardiovascular disease was recognized as an
important risk factor for these outcomes in most studies,
the intensity of association is variable, possibly due to dif-
ferent definitions and severity of cardiovascular disease.
While some authors included cerebrovascular diseases,
others included only those with coronary heart disease
and/or heart failure.

The mechanism associated for the development of
atherosclerotic cardiovascular disease is complex and
involves a pathological process associated with oxida-
tive stress, inflammation and a prothrombotic status [66].
These same mechanisms that cause damage and vascu-
lar remodeling are observed in individuals with type 2
diabetes, obesity and hypertension [65]. Infections with
other species of coronaviruses such as SARS-CoV and
MERS-COV also pointed to an increased risk of mor-
tality in patients with cardiovascular disease [62, 63].
Initial reports indicated similar outcome with the novel
coronavirus [55, 56]. The mechanism implicated in the
association between COVID-19 severity or mortality
and cardiometabolic factors is still under investigation.
Potential explanations include the high prevalence of car-
diovascular disease in older people (another established
risk factor for adverse outcome), a functionally impaired
immune system, and an elevated angiotensin converting
enzyme-2 (ACE2) receptor expression [66]. Coronavi-
ruses can bind to target cells through angiotensin-con-
verting enzyme 2 (ACE2) receptor which is expressed
in several tissues and is involved in the renin—angioten-
sin—aldosterone system (RAAS) [67]. ACE2 receptor
is a homologue of the angiotensin-converting enzyme
that converts angiotensin II to angiotensin 1 to 7 and
decreases the vasoconstriction mediated by the renin-
angiotensin system and, also, the pro-inflammatory role
of angiotensin II. The binding of SARS-CoV-2 to ACE2
receptor can result in alteration of its post-receptor sign-
aling pathways, leading to vasoconstriction, pro-inflam-
matory response and to endothelial dysfunction that
could result into myocardial injury and prothrombotic
processes [68].

It is possible that mechanism mediated by ACE2
receptor links type 2 diabetes, hypertension and cardi-
ovascular disease with a higher risk of severe manifes-
tations of COVID-19 infection. It was also documented
that some medications can increase ACE2 expres-
sion, such as ACE inhibitors (ACEI) and angiotensin
2 receptor blockers (ARBs). In this study, however, the
association between the use ACE or ARB and sever-
ity or mortality of COVID-19 was not conclusive. We
found a remarkably high heterogeneity even after
random-effects analysis. We identified the source of
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heterogeneity in the 9 studies included in this analysis.
There were 3 studies [38, 48, 50] indicating a protective
effect of ACE/ARBs, 2 were neutral [19, 53] and 4 [14,
22, 52, 69] indicated a trend to deleterious effect. This
discrepancy may be related to the age of individuals
included in these various studies, since in some analy-
sis, the deleterious effect of ACEI and ARBs seemed to
occur in those with an older age [52, 70, 71], while in
others, the association disappeared after adjustments
for age [52]. Further studies are necessary to elucidate
the risk association in different age groups.

This study has several limitations. First, it included
cross-sectional, retrospective cohort and series of
cases, with a lack of prospective studies in the field.
Second, most of the studies were performed exclu-
sively in China. As the pandemic is advanced through
different countries, more data will become available
to understand if these results are also valid for other
populations. Third, although we have observed a higher
intensity in the association between mortality and
severity of COVID-19 with cardiovascular disease in
comparison to hypertension and diabetes, all three dis-
eases commonly coexist in the same individuals and it
is likely that one might have influenced the risk attrib-
uted to the others. As the number of patients with an
overlap of these conditions was not reported in most
studies, it was not possible to determine the independ-
ent risk for each of these factors. Finally, since infor-
mation was scarce in the studies, we were not able to
investigate the interference of age, type of diabetes,
glycemic control and obesity, a significant risk factor
for COVID-19 severity and/or mortality [71, 72]. The
strength of this meta-analysis was the large number of
patients evaluated that brought important novel data. It
is currently one of the largest meta-analysis to investi-
gate the association between the severity and mortality
of COVID-19 and hypertension, diabetes, cardiovascu-
lar disease and ACEI/ARBs exposure. It is relevant to
notice that, although it has been few months since the
pandemic started, our results of association have some
important criteria to rely in these associations. One of
these is the consistency of the data throughout many
studies, which is the main strength in metanalysis in
general and so is in our study. In our study, the meta-
nalysis showed Odds Ratio with relevant strength of
association (OR was around 2, 00 or more) and statisti-
cal significance (by 95% CI and p values), which means
that the probability of this association to be by random
is very low (less than 5%). Also, the biological plausi-
bility corroborates for this association. Considering all
these points together, our results reinforce the relevant
association of diabetes, hypertension and cardiovascu-
lar disease with severity and mortality in COVID-19.
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In conclusion, diabetes, hypertension and especially
cardiovascular disease, are important risk factors for
severity and mortality in COVID-19 infected people and
are targets that must be intensively addressed in the man-
agement of COVID-19.

Supplementary information

Supplementary information accompanies this paper at https://doi.
org/10.1186/513098-020-00586-4.

Additional file 1. Funnel Plot of each of the morbidities and severity or
mortality in COVID-19.

Abbreviations

ACEI/ARB: angiotensin converting enzyme inibitors/angiotensin Il receptor
blockers; ACE: angiotensin-converting enzyme; ACE2: angiotensin-converting
enzyme 2 receptor; ARB: angiotensin Il receptor blocker; Cls: confidence
intervals; CMA: Comprehensive Meta-Analysis Software; COVID-19: 2019
novel coronavirus; CVD: cardiovascular disease; DM: diabetes mellitus; ICU:
intensive care unit; IDF: International Diabetes Federation; MERS-Cov: Middle
East Respiratory Syndrome; NCDs: non-communicable chronic diseases;
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
PROSPERO: International Prospective Register of Systematic Reviews; RAAS:
renin-angiotensin-aldosterone system; SARS-CoV: Severe Acute Respiratory
Syndrome; SBD: Brazilian Diabetes Society/Sociedade Brasileira de Diabetes;
YLDs: years lived with disability.

Acknowledgements

This manuscript was written upon invitation by Brazilian Diabetes Society
(Sociedade Brasileira de Diabetes (SBD). We thank Domingos Malerbi, MD,
Ph.D. for support.

Authors’ contributions

BAP participated in the data extraction, organization of the data, interpreta-
tion of the results, revised and draft the article. PMD participated in the search
for databases, data extraction, interpretation of the results. LZ participated in
the data extraction, interpretation of the results and revised the article. JRD
participated in the data extraction, interpretation of the results. FDS partici-
pated in the search for databases, data extraction, interpretation of the results.
MR participated in the data extraction, interpretation of the results and revised
the article. MCB participated in interpretation of the results, statistical analysis
and revised the article.

Funding

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors. Statistical software was an acqui-
sition of Brazilian Diabetes Society (Sociedade Brasileira de Diabetes (SBD).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Departamento de Medicina Preventiva, Escola Paulista de Medicina, Univer-
sidade Federal de Sdo Paulo, Rua Botucatu, n° 740, Vila Clementino, Séo Paulo,
SP CEP 04023-062, Brazil. 2 Sociedade Brasileira de Diabetes—SBD, Rua Afonso
Braz, 579, Salas 72/74, Vila Nova Conceigao, Sao Paulo, SP CEP 04511-011,

Page 10 of 12

Brazil. * Programa de Pés-Graduacao Em Endocrinologia E Metabologia, Escola
Paulista de Medicina, Universidade Federal de S&o Paulo, Rua Estado de Israel,
n° 639, Vila Clementino, Sao Paulo, SP CEP 04022-001, Brazil. “ Departamento
de Medicina, Escola Paulista de Medicina, Universidade Federal de Sao Paulo,
Rua Sena Madureira, 1500, Vila Clementino, Sdo Paulo, SP CEP 04021-001,
Brazil. > Departamento de Clinica Médica, Servico de Nutrologia, Hospital
Universitario Clementino Fraga Filho, Universidade Federal Do Rio de Janeiro,
Rua Professor Rodolpho Paulo Rocco, 255/sala 9E14, Cidade Universitaria, Rio
de Janeiro, RJ CEP 21941-590, Brazil. ® Departamento de Medicina Interna, Fac-
uldade de Medicina, Universidade Federal Do Rio Grande Do Sul (UFRGS), Rua
Ramiro Barcelos, 2350, 4° Andar, Porto Alegre, RS CEP 90035-007, Brazil. / Uni-
dade de Endocrinologia, Hospital de Clinicas de Porto Alegre (HCPA-UFRGS),
Rua Ramiro Barcelos, 2350, 4° Andar, Porto Alegre, RS CEP 90035-007, Brazil.

Received: 15 July 2020 Accepted: 21 August 2020
Published online: 31 August 2020

References

1. https://covid.saude.gov.br/. Accessed 29 May 2020.

2. Novel Coronavirus Pneumonia Emergency Response Epidemiology Team.
The epidemiological characteristics of an outbreak of 2019 novel corona-
virus diseases (COVID-19) in China. Zhonghua Liu Xing Bing Xue Za Zhi.
2020;41(2):145-51.

3. ChenN, Zhou M, Dong X, Qu J, Gong F, et al. Epidemiological and clini-
cal characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet. 2020. https://doi.org/10.1016/
S0140-6736(20)30211-7.

4. Qi LuMD, Yuan S. Coronavirus disease (COVID-19) and neonate: What
neonatologist need to know. J Med Virol. 2020. https://doi.org/10.1002/
JmMV.25740.

5. Richardson S, Hirsch JS, Narasimhan M, Crawfors 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. 2020,323(20):2052-9. https://doi.org/10.1001/jama.2020.6775.

6.  Wu Z, McGoogan JM. Characteristics of and important lessons from the
Coronavirus Disease 2019 (COVID-19) outbreak in China: summary of a
report of 72314 cases from the Chinese Center for Disease Control and
Prevention. JAMA. 2020. https://doi.org/10.1001/jama.2020.2648.

7. Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabe-
tes mellitus at increased risk for COVID-19 infection? Lancet Respir Med.
2020. https://doi.org/10.1016/52213-2600(20)30116-8.

8. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, et al.
Baseline characteristics and outcomes of 1591 patients infected with
SARS-CoV-2 admitted to ICUs of the Lombardy Region Italy. JAMA.
2020;323(16):1574-81. https://doi.org/10.1001/jama.2020.5394.

9. Garg S, Kim L, Whitaker M, O'Halloran A, Cummings C, Holstein R, et al.
Hospitalized rates and characteristics of patients with laboratory-con-
firmed Coronavirus Disease 2019—COVID-NET, 14 States, March 1-30,
2020. MMWR Morb Mortal Wkly Rep. 2020,69(15),458-64. https://doi.
org/10.15585/mmwr.mme6915e3.

10. GBD 2017 DALYs and HALE Collaborators. Global, regional, and national
disability-adjusted life-years (DALYs) for 359 diseases and injuries
and healthy life expectancy (HALE) for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet. 2018;392(10159):1859-922. https://doi.org/10.1016/50140
-6736(18)32335-3.

11. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived with
disability for 354 diseases and injuries for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet. 2018. https://doi.org/10.1016/5S0140-6736(18)32279-7.

12. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;350:g7647.

13. Egger M, Davey SG, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997,315:629-34.

14 LiJ,Wang X, Chen J, Zhang H, Deng A. Association of renin-angiotensin
system inhibitors with severity or risk of death in patients with hyperten-
sion hospitalized for coronavirus disease 2019 (COVID-19) Infection in


https://doi.org/10.1186/s13098-020-00586-4
https://doi.org/10.1186/s13098-020-00586-4
https://covid.saude.gov.br/
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1002/jmv.25740
https://doi.org/10.1002/jmv.25740
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.15585/mmwr.mm6915e3
https://doi.org/10.15585/mmwr.mm6915e3
https://doi.org/10.1016/S0140-6736(18)32335-3
https://doi.org/10.1016/S0140-6736(18)32335-3
https://doi.org/10.1016/S0140-6736(18)32279-7

de Almeida-Pititto et al. Diabetol Metab Syndr

20

21.

22.

23

24

25.

26.

27

28

29.

30

31

32.

33.

(2020) 12:75

Wuhan China. JAMA Cardiol. 2020. https://doi.org/10.1001/jamacardio
.2020.1624.

Giamarellos-Bourboulis EJ, Netea MG, Rovina N, Akinosoglou K, Antonia-
dou A, Antonakos N, et al. Complex immune dysregulation in COVID-19
patients with severe respiratory failure. Cell Host Microbe. 2020. https://
doi.org/10.1016/j.chom.2020.04.009.

Zhang J, Liu P, Wang M, Wang J, Chen J, Yuan W, et al. The clinical data
from 19 critically ill patients with coronavirus disease 2019: a single-
centered, retrospective, observational study. Z Gesundh Wiss. 2020.
https://doi.org/10.1007/510389-020-01291-2.

Zhou F,YuT, DuR, Fan G, Liu Y, Liu Z, et al. Clinical course and risk fac-
tors for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020;395(10229):1054-62. https://
doi.org/10.1016/50140-6736(20)30566-3.

. Colombi D, Bodini FC, Petrini M, Maffi G, Morelli N, Milanese G, et al.

Well-aerated Lung on Admitting Chest CT to Predict Adverse Outcome
in COVID-19 Pneumonia. Radiology. 2020. https://doi.org/10.1148/
radiol.2020201433.

. LiX, XuS,YuM,Wang K, Tao Y, Zhou Y, et al. Risk factors for severity and

mortalityin adult COVID-19 inpatients in Wuhan. J Allergy Clin Immu-
nol. 2020. https://doi.org/10.1016/j.jaci.2020.04.006.

Lei S, Jiang F, SuW, Chen C, Chen J, Mei W, et al. Clinical characteristics
and outcomes of patients undergoing surgeries during the incuba-
tion period of COVID-19 infection. EClinicalMedicine. 2020. https://doi.
org/10.1016/j.eclinm.2020.100331.

Deng Q, Hu B, Zhang Y, Wanh H, Zhou X, Hu W, et al. Suspected
myocardial injury in patients with COVID-19: evidence from front-line
clinical observation in Wuhan. China Int J Cardiol. 2020. https://doi.
org/10.1016/j.ijcard.2020.03.087.

GuoT, FanY, Chen M, Wu X, Zhang L, He T, et al. Cardiovascular implica-
tions of fatal outcomes of patients with coronavirus disease 2019
(COVID-19). JAMA Cardiol. 2020. https://doi.org/10.1001/jamacardio
.2020.1017.

Huang C,WangY, 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(10223):497-506. https://doi.org/10.1016/50140
-6736(20)30183-5.

Zhang JJ, Dong X, Cao YY, Yuan YD, Yang YB, Yan YQ, et al. Clinical char-
acteristics of 140 patients infected with SARS-CoV-2 in Wuhan China.
Allergy. 2020. https://doi.org/10.1111/all.14238.

Liu W, Tao ZW, Lei W, Yuan ML, Liu K, Wei S, et al. Analysis of factors
associated with disease outcomes in hospitalized patients with 2019
novel coronavirus disease. Chin Med J (Engl). 2020;133(9):1032-8. https
://doi.org/10.1097/CM9.0000000000000775.

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;323:1061-9.

Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, et al. Clinical Characteristics of
Coronavirus Disease 2019. N Engl J Med. 2020. https://doi.org/10.1056/
NEJM0a2002032.

Wu C, Chen X, CaiY, Xia J, Zhou X, Xu S, et al. Risk factors associated
with acute respiratory distress syndrome and death in patients with
coronavirus disease 2019 pneumonia in Wuhan. China. JAMA Intern
Med. 2020. https://doi.org/10.1001/jamainternmed.2020.0994.

Zhang G, Hu C, Luo L, Fang F, ChenY, Li J, et al. Clinical features and
short-term outcomes of 221 patients with COVID-19 in Wuhan China. J
Clin Virol. 2020. https://doi.org/10.1016/j.jcv.2020.104364.

Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical characteris-
tics of 113 deceased patients with coronavirus disease 2019: retrospec-
tive study. BMJ. 2020;368:m1091. https://doi.org/10.1136/bmj.m1091.
Deng, Liu W, Liu K, Fang Y, Shang J, Zhou L, et al. Clinical characteris-
tics of fatal and recovered cases of coronavirus disease 2019 (COVID-
19) in Wuhan, China: a retrospective study. Chin Med J (Engl). 2020.
https://doi.org/10.1097/CM9.0000000000000824.

Wang Z, Yang B, Li Q, Wen L, Zhang R. Clinical features of 69 cases with
coronavirus disease 2019 in Wuhan China. Clin Infect Dis. 2020. https://
doi.org/10.1093/cid/ciaa272.

Yang X, Yu'Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and out-
comes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan,
China: a single-centered, retrospective, observational study. Lancet
Respir Med. 2020. https://doi.org/10.1016/52213-2600(20)30079-5.

34

35.

36

37.

38.

39

40.

41.

42.

43.

44,

45

46

47.

48.

49.

50.

51

52

53.

Page 11 of 12

Guan WJ, Liang WH, Zhao Y, Liang H, Chen Z, Li Y. Comorbidity and its
impact on 1590 patients with Covid-19 in China: A Nationwide Analy-
sis. Eur Respir J. 2020. https://doi.org/10.1183/13993003.00547-2020.
Zheng Kl, Gao F, Wang XB, Sun QF, Pan K, Wang TY. Obesity as a risk
factor for greater severity of COVID-19 in patients with metabolic asso-
ciated fatty liver disease. Metabolism. 2020. https://doi.org/10.1016/j.
metabol.2020.154244.

Fan J,Wang H, Ye G, Cao X, Xu X, Tan W, et al. Low-density lipoprotein is a
potential predictor of poor prognosis in patients with coronavirus disease
2019. Metabolism. 2020. https://doi.org/10.1016/j.metabol.2020.154243.
Yuan M, Yin W, Tao Z, Tan W, Hu Y. Association of radiologic findings with
mortality of patients infected with 2019 novel coronavirus in Wuhan,
China. PLoS ONE. 2020;15(3):e0230548. https://doi.org/10.1371/journ
al.pone.0230548.

FengY, Ling Y, BaiT, Xie L, Huang J, Li J, et al. Affiliations expand COVID-19
with different severity: a multi-center study of clinical features. Am J
Respir Crit Care Med. 2020. https://doi.org/10.1164/rccm.202002-04450C.
Mao L, Jin H, Wang M, Hu'Y, Chen S, He Q. Neurologic manifestations of
hospitalized patients with coronavirus disease 2019 in Wuhan China.
JAMA Neurol. 2020. https://doi.org/10.1001/jamaneurol.2020.1127.
Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. Coronavirus disease 2019 in
elderly patients: characteristics and prognostic factors based on 4-week
follow-up. J Infect. 2020. https://doi.org/10.1016/},jinf.2020.03.019.
Simonnet A, Chetboun M, Poissy J, Raverdy V, Noulette J, Duhamel, et al.
Lille Intensive Care COVID-19 and Obesity study group. Obesity (Silver
Spring). 2020.

Chen C, Chen C,Yan JT, Zhou N, Zhao JP, Wang DW, et al. Analysis of
myocardial injury in patients with COVID-19 and association between
concomitant cardiovascular diseases and severity of COVID-19. Zhon-
ghua Xin Xue Guan Bing Za Zhi. 2020;48:E008. https://doi.org/10.3760/
cma.,j.cn112148-20200225-00123.

Wu C. Risk factors associated with acute respiratory distress syndrome
and death in patients with coronavirus disease 2019 Pneumonia

in Wuhan China. JAMA Intern Med. 2020;13:6200994. https://doi.
org/10.1001/jamainternmed.2020.0994.

Xiang T, Liu J, Xu F, et al. Analysis of clinical characteristics of 49 patients
with new type of coronavirus pneumonia in Jiangxi region. Chin J Respir
Crit Care. 2020;19:154-60.

Wan S, Xiang Y, Fang W, Zheng Y, Li B, Lang C. Clinical features and treat-
ment of COVID-19 patients in northeast Chongging. J Med Virol. 2020.
https://doi.org/10.1002/jmv.25783.

Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao V. Dysregulation of immune
response in patients with COVID-19 in Wuhan China. Clin Infect Dis. 2020.
https://doi.org/10.1093/cid/ciaa248.

Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortal-

ity due to COVID-19 based on an analysis of data of 150 patients from
Wuhan. China. Intensive Care Med. 2020. https://doi.org/10.1007/s0013
4-020-05991-x.

Zhang P, Zhu L, Cai J, Lei F, Qin JJ, Xie J. Association of inpatient use of
angiotensin converting enzyme inhibitors and angiotensin Il receptor
blockers with mortality among patients with hypertension hospitalized
with COVID-19. Circ Res. 2020. https://doi.org/10.1161/CIRCRESAHA
120317134,

Xu B, Fan C,Wang A, Zou Y, He C, Xia W, et al. Suppressed T cell-mediated
immunity in patients with COVID-19: A clinical retrospective study in
Wuhan. China J Infect. 2020. https://doi.org/10.1016/},jinf.2020.04.012.
Meng J, Xiao G, Zhang J, He X, Ou M, Bi J, et al. Renin-angiotensin

system inhibitors improve the clinical outcomes of COVID-19

patients with hypertension. Emerg Microbes Infect. 2020. https://doi.
0rg/10.1080/22221751.2020.1746200.

Zhang G, Tan Z, Zhou L, Yang M, Peng L, Liu J, et al. Effects Of ARBs And
ACEls on virus infection, inflammatory status and clinical outcomes

in COVID-19 patients with hypertension: a single center retrospective
study. Hypertension. 2020. https://doi.org/10.1161/HYPERTENSIONAHA
.120.15143.

Mancia G, Rea F, Ludergnani M, Apolone G, Corrao G. Renin-angiotensin-
aldosterone system blockers and the risk of Covid-19. N Engl J Med. 2020.
https://doi.org/10.1056/NEJM0a2006923.

Reynolds HR, Adhikari S, Pulgarin C, Troxel AB, Iturrate E, Johnson SB, et al.
Renin-angiotensin-aldosterone system inhibitors and Risk of Covid-19. N
EnglJ Med. 2020. https://doi.org/10.1056/NEJM0a2008975.


https://doi.org/10.1001/jamacardio.2020.1624
https://doi.org/10.1001/jamacardio.2020.1624
https://doi.org/10.1016/j.chom.2020.04.009
https://doi.org/10.1016/j.chom.2020.04.009
https://doi.org/10.1007/s10389-020-01291-2
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1148/radiol.2020201433
https://doi.org/10.1148/radiol.2020201433
https://doi.org/10.1016/j.jaci.2020.04.006
https://doi.org/10.1016/j.eclinm.2020.100331
https://doi.org/10.1016/j.eclinm.2020.100331
https://doi.org/10.1016/j.ijcard.2020.03.087
https://doi.org/10.1016/j.ijcard.2020.03.087
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1111/all.14238
https://doi.org/10.1097/CM9.0000000000000775
https://doi.org/10.1097/CM9.0000000000000775
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1016/j.jcv.2020.104364
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1097/CM9.0000000000000824
https://doi.org/10.1093/cid/ciaa272
https://doi.org/10.1093/cid/ciaa272
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1016/j.metabol.2020.154244
https://doi.org/10.1016/j.metabol.2020.154244
https://doi.org/10.1016/j.metabol.2020.154243
https://doi.org/10.1371/journal.pone.0230548
https://doi.org/10.1371/journal.pone.0230548
https://doi.org/10.1164/rccm.202002-0445OC
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1016/j.jinf.2020.03.019
https://doi.org/10.3760/cma.j.cn112148-20200225-00123
https://doi.org/10.3760/cma.j.cn112148-20200225-00123
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1002/jmv.25783
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1161/CIRCRESAHA.120.317134
https://doi.org/10.1161/CIRCRESAHA.120.317134
https://doi.org/10.1016/j.jinf.2020.04.012
https://doi.org/10.1080/22221751.2020.1746200
https://doi.org/10.1080/22221751.2020.1746200
https://doi.org/10.1161/HYPERTENSIONAHA.120.15143
https://doi.org/10.1161/HYPERTENSIONAHA.120.15143
https://doi.org/10.1056/NEJMoa2006923
https://doi.org/10.1056/NEJMoa2008975

de Almeida-Pititto et al. Diabetol Metab Syndr (2020) 12:75

54.

55

56.

57

58.

59

60

61.

62.

63

64.

Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, Currie M,
Qureshi R, Mattis P, Lisy K, Mu P-F. Chapter 7: Systematic reviews of etiol-
ogy and risk. In: Aromataris E, Munn Z (Editors). JBI Manual for Evidence
Synthesis. JBI. 2020. https://synthesismanual.jbi.global.

Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L. Prevalence and impact of
cardiovascular metabolic diseases on COVID-19 in China. Clin Res Cardiol.
2020;109(5):531-8. https://doi.org/10.1007/500392-020-01626-9.

Wang X, Fang X, Cai Z, Wu X, Gao X, Min J. Comorbid chronic diseases
and acute organ injuries are strongly correlated with disease severity and

mortality among COVID-19 patients: a systemic review and meta-analysis.

Research (WashDC). 2020. https://doi.org/10.34133/2020/2402961.
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(7):6049-57. https://doi.org/10.18632/aging.103000.

Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q. Prevalence of comorbidities
and its effects in patients infected with SARS-CoV-2: a systematic review
and meta-analysis. Int J Infect Dis. 2020,94:91-5. https://doi.org/10.1016/].
jid.2020.03.017.

Pinto LC. Bertoluci MC Type 2 diabetes as a major risk factor for COVID-19
severity: a meta-analysis. Arch Endocrinol Metab. 2020;64(3):199-200.
https://doi.org/10.20945/2359-3997000000256.

Kumar A, Arora A, Sharma P, Anikhindi SA, Bansal N, Singla V. Is dia-

betes mellitus associated with mortality and severity of COVID-19? A
meta-analysis. Diabetes Metab Syndr. 2020;14(4):535-45. https://doi.
0rg/10.1016/].dsx.2020.04.044.

Huang |, 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(4):395-403. https://doi.org/10.1016/}.dsx.2020.04.018.

Chan JW, Ng CK, Chan YH, Mok TYW, Lee S, Chu SYY. Short term outcome
and risk factors for adverse clinical outcomes in adults with severe acute
respiratory syndrome (SARS). Thorax. 2003;58(8):686-9. https://doi.
0rg/10.1136/thorax.58.8.686.

Morra ME, Van Thanh L, Kamel MG, Ghazy AA, Altibi AMA, Dat LM. Clini-
cal outcomes of current medical approaches for Middle East respira-

tory syndrome: A systematic review and meta-analysis. Rev Med Virol.
2018;28(3):1977. https://doi.org/10.1002/rmv.1977.

Pranata R, Lim MA, Huang |, Raharjo SB, Lukito AA. Hypertension is
associated with increased mortality and severity of disease in COVID-19

Page 12 of 12

pneumonia: A systematic review, meta-analysis and meta-regression. J
Renin Angiotensin Aldosterone Syst. 2020;21(2):1470320320926899. https
///doi.org/10.1177/1470320320926899.

65. Iccarino G, Grassi G, Borghi C, Ferri C, Salvetti M, Vole M, et al. Age and
Multimorbidity Predict Death Among COVID-19 Patients. Results of the
SARS-RAS Study of the Italian Society of Hypertension. Hypertension.
2020;76:366-72. https://doi.org/10.1161/HYPERTENSIONAHA.120.15324
Hypertension.

66 Petrie JR, Guzik TJ, Touyz RM. Diabetes, hypertension, and cardiovas-
cular disease: clinical insights and vascular mechanisms. Can J Cardiol.
2018;34(5):575-84. https://doi.org/10.1016/j.cjca.2017.12.005.

67 Clerkin KJ, Fried JA, Raikhelkar J, Sayer G, Griffin JM, Masoumi A. COVID-19
and cardiovascular disease. Circulation. 2020;141(20):1648-55. https://doi.
org/10.1161/CIRCULATIONAHA.120.046941.

68 Kai H, Kai M. Interactions of coronaviruses with ACE2, angiotensin Il, and
RAS inhibitors-lessons from available evidence and insights into COVID-
19. Hypertens Res. 2020. https://doi.org/10.1038/541440-020-0455-8.

69. Yang G, Tan Z, Zhou L, Yang M, Peng L, Liu J, Cai J, Yang R, Han J, Huang Y,
He S. Effects of Angiotensin Il Receptor Blockers and ACE (Angiotensin-
Converting Enzyme) inhibitors on virus infection, inflammatory status,
and clinical outcomes in patients With COVID-19 and hypertension: a
single-center retrospective study. Hypertension. 2020;76(1):51-8. https://
doi.org/10.1161/HYPERTENSIONAHA.120.15143.

70. Rico-Mesa JS, White A, Anderson AS. Outcomes in patients with COVID-
19 infection taking ACEI/ARB. Curr Cardiol Rep. 2020;22(5):31. https://doi.
0rg/10.1007/511886-020-01291-4.

71 Zhang X, Yu J, Pan LY, Jiang HY. ACEI/ARB use and risk of infection
or severity or mortality of COVID-19: a systematic review and meta-
analysis. Pharmacol Res. 2020;158:104927. https://doi.org/10.1016/j.
phrs.2020.104927.

72 CaiQ Chen F,Wang T, Luo F, Wu Q, He Q. Obesity and COVID-19 Severity
in a Designated Hospital in Shenzhen. China. Diabetes Care. 2020. https://
doi.org/10.2337/dc20-0576.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://synthesismanual.jbi.global
https://doi.org/10.1007/s00392-020-01626-9
https://doi.org/10.34133/2020/2402961
https://doi.org/10.18632/aging.103000
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.20945/2359-3997000000256
https://doi.org/10.1016/j.dsx.2020.04.044
https://doi.org/10.1016/j.dsx.2020.04.044
https://doi.org/10.1016/j.dsx.2020.04.018
https://doi.org/10.1136/thorax.58.8.686
https://doi.org/10.1136/thorax.58.8.686
https://doi.org/10.1002/rmv.1977
https://doi.org/10.1177/1470320320926899
https://doi.org/10.1177/1470320320926899
https://doi.org/10.1161/HYPERTENSIONAHA.120.15324Hypertension
https://doi.org/10.1161/HYPERTENSIONAHA.120.15324Hypertension
https://doi.org/10.1016/j.cjca.2017.12.005
https://doi.org/10.1161/CIRCULATIONAHA.120.046941
https://doi.org/10.1161/CIRCULATIONAHA.120.046941
https://doi.org/10.1038/s41440-020-0455-8
https://doi.org/10.1161/HYPERTENSIONAHA.120.15143
https://doi.org/10.1161/HYPERTENSIONAHA.120.15143
https://doi.org/10.1007/s11886-020-01291-4
https://doi.org/10.1007/s11886-020-01291-4
https://doi.org/10.1016/j.phrs.2020.104927
https://doi.org/10.1016/j.phrs.2020.104927
https://doi.org/10.2337/dc20-0576
https://doi.org/10.2337/dc20-0576

	Severity and mortality of COVID 19 in patients with diabetes, hypertension and cardiovascular disease: a meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Material and methods
	Systematic literature search
	Inclusion criteria
	Outcomes
	Data extraction and quality assessment
	Data synthesis and analysis

	Results
	Search results
	Meta-analysis
	Diabetes mellitus

	Hypertension
	Cardiovascular disease
	ACEIARB use

	Discussion
	Acknowledgements
	References




