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Chronic Cardio-Metabolic Disease
Increases the Risk of Worse Outcomes
Among Hospitalized Patients With
COVID-19: A Multicenter, Retrospective, and
Real-World Study
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BACKGROUND: Although chronic cardio-metabolic disease is a common comorbidity among patients with COVID-19, its effects
on the clinical characteristics and outcome are not well known.

METHODS AND RESULTS: This study aimed to explore the association between underlying cardio-metabolic disease and
mortality with COVID-19 among hospitalized patients. This multicenter, retrospective, and real-world study was con-
ducted from January 22, 2020 to March 25, 2020 in China. Data between patients with and without 5 main cardio-
metabolic diseases including hypertension, diabetes mellitus, coronary heart disease, cerebrovascular disease, and
hyperlipidemia were compared. A total of 1303 hospitalized patients were included in the final analysis. Of them, 520
patients (39.9%) had cardio-metabolic disease. Compared with patients without cardio-metabolic disease, more patients
with cardio-metabolic disease had COVID-related complications including acute respiratory distress syndrome (9.81%
versus 3.32%; P<0.001), acute kidney injury (4.23% versus 1.40%; P=0.001), secondary infection (13.9% versus 9.8%;
P=0.026), hypoproteinemia (12.1% versus 5.75%; P<0.001), and coagulopathy (19.4% versus 10.3%; P<0.001), had higher
incidences of the severe type of COVID-19 (32.9% versus 16.7%; P<0.001), more were admitted to the intensive care
unit (11.7% versus 7.92%; P=0.021), and required mechanical ventilation (9.8% versus 4.3%; P<0.001). When the number
of the patients’ cardio-metabolic diseases was 0, 1, and >2, the mortality was 4.2%, 11.1%, and 19.8%, respectively.
The multivariable-adjusted hazard ratio of mortality among patients with cardio-metabolic disease was 1.80 (95% ClI,
117-2.77).

CONCLUSIONS: Cardio-metabolic disease was a common condition among hospitalized patients with COVID-19, and it was
associated with higher risks of in-hospital mortality.
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CLINICAL PERSPECTIVE

What Is New?

* The clinical characteristics and outcome of hos-
pitalized patients with COVID-19 with chronic
cardio-metabolic disease are described in this
article.

e |n this multicenter, retrospective, and real-world
study, chronic cardio-metabolic disease was a
common condition (39.9%) among 1303 hos-
pitalized patients with COVID-19 in China, and
was significantly associated with higher risks of
in-hospital mortality.

What Are the Clinical Implications?

e Patients with COVID-19 with underlying
cardio-metabolic disease have a higher risk of
in-hospital mortality, face a greater risk of devel-
oping severe outcomes, and need more medi-
cal attention and intervention.

e This study will help clinicians to identify high-risk
patients.

Nonstandard Abbreviations and Acronyms

MERS Middle East respiratory syndrome

by SARS-CoV-2, has quickly spread to the whole

world and poses a critical health threat to all
human beings." As of July 4, 2020, nearly 11 000 000
laboratory-confirmed infections had been reported
and >500 000 people lost their lives.? COVID-19 has
been declared a public health emergency by the World
Health Organization; however, until now there is no
specific medicine to cure it. Thus, people worldwide
have faced an extraordinary challenge of a previously
unrecognized viral illness with high infectivity.® It is nec-
essary to promote our in-depth study of the disease in
order to better prevent and control this disease and its
complications.

Several recent studies have reported the clin-
ical characteristics and epidemiology of patients
with COVID-19, and most of them suggest that
there is a high incidence of comorbidity among pa-
tients with COVID-19 and diabetes mellitus, hyper-
tension, coronary heart diseases, cerebrovascular
diseases, and other chronic metabolic diseases.*®
However, despite the increasing number of con-
firmed cases, the clinical investigation of patients
with COVID-19 with underlying cardio-metabolic dis-
ease was insufficient, and there are no exact data on

From December 2019, COVID-19, which is caused
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the clinical characteristics and outcome of patients
with COVID-19 with or without these chronic cardio-
metabolic diseases. Meanwhile, most of these
studies were from 1 study center. This multicenter,
retrospective, and real-world study aims to investi-
gate the clinical characteristics, laboratory findings,
computerized tomography images as well as treat-
ments and outcomes among hospitalized patients
with COVID-19 with and without cardio-metabolic
disease, to help discover which cardio-metabolic
disease is more important for causing the mortality
and disease severity of patients with COVID-19.

METHODS

Study Participants

The data that support the findings of this study are
available from the corresponding author upon reason-
able request. This multicenter, retrospective, observa-
tional, and real-world study was done in hospitalized
patients (>18 years old) who were physician-diagnosed
with COVID-19 according to the criteria published by
the World Health Organization.” Patients who had
a definite outcome (dead or discharged) between
January 22, 2020 and March 25, 2020 were enrolled
in the present analysis. We collected data of 1402 pa-
tients with laboratory-confirmed SARS-CoV-2 infection
in 6 designated tertiary hospitals in Hubei province,
with 3 in Wuhan city and 3 in cities outside Wuhan
(Table S1). This study protocol of case series was ap-
proved by each local institutional ethics committees.
Written informed consent was waived by the Ethics
Commission of the designated hospital for emerging
infectious diseases.

Data Collection

We reviewed clinical electronic medical records,
nursing records, laboratory measurements, and radi-
ological examinations for all patients with laboratory-
confirmed COVID-19 infection by using standard
data collection forms. The research team of experi-
enced clinicians analyzed patients’ medical records.
A trained teams of physicians and researchers inde-
pendently entered and cross-checked the data in
a computerized database. If the data were missing
from the records or clarification was needed, we ob-
tained data by direct communication with attending
doctors and other healthcare providers. All data were
checked by 2 physicians and a third researcher to
adjudicate any difference in interpretation between
the 2 primary reviewers.

We collected data on age, sex, exposure his-
tory, chronic medical histories (chronic cardiac dis-
ease, cerebrovascular disease, diabetes mellitus,
hypertension, hyperlipidemia, and current smoking),
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symptoms from onset to hospital admission (fever,
cough, sputum production, dyspnea, hemoptysis,
fatigue, headache, and nausea or vomiting, diar-
rhea), and vital signs (temperature, pulse, respiratory
rate, blood pressure, and blood oxygen saturation).
Routine blood examinations included complete
blood count, coagulation profile, serum biochem-
ical tests (including renal and liver function, fasting
glucose, lactate dehydrogenase, and electrolytes)
and myocardial enzymes (creatine kinase, hyper-
sensitive troponin 1), inflammation biomarkers (CRP
[C-reactive protein] and procalcitonin), chest com-
puterized tomography scan data, complications, and
treatments (oxygen therapy, antiviral agents, antibac-
terial agents, corticosteroid, and intravenous immu-
noglobulin). Length of hospital stay, intensive care
unit (ICU) admission, mechanical ventilation therapy,
and mortality were also collected.

Definition

Cardio-metabolic disease was defined as patients
who had 1 or more doctor-diagnosed diseases in-
cluding hypertension, diabetes mellitus, coronary
heart disease, cerebrovascular disease, and dyslipi-
demia. All of the above diseases were ascertained
from hospital admission records and discharge reg-
istries. Hypertension was defined according to the
National Heart Lung and Blood Institute criteria,® or
by use of antihypertensive drugs. Diabetes mellitus
was defined by a history of diabetes mellitus, high
blood glucose levels (fasting glucose >7 mmol/L or
hemoglobin Alc >6.5%) at laboratory measurements
or treatment of diabetes mellitus. Coronary heart dis-
ease was defined as a history of coronary heart dis-
ease, included myocardial infarction and congestive
heart failure. Cerebrovascular disease was defined
as a history of cerebrovascular disease.® Transient
ischemic attacks were excluded from this definition.
Acute Kidney injury was doctor-diagnosed according
to the Kidney Disease: Improving Global Outcomes
clinical practice guidelines.’® Acute respiratory dis-
tress syndrome (ARDS) was physician-diagnosed
according to the Berlin Definition."" Acute cardiac
injury was defined according to the criteria men-
tioned in the literature.'”> Coagulopathy was defined
as a 3-second extension of prothrombin time or a
5-second extension of activated partial thromboplas-
tin time."® Hypoproteinemia was defined as blood al-
bumin of <30 g/L.

Outcomes

The primary outcome was in-hospital mortality after
admission. Secondary outcomes were incidences of
COVID-19-related complications, including ARDS,
acute cardiac injury, acute kidney injury, secondary
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infection, shock, hypoproteinemia, and coagulopa-
thy; the proportion of severe outcomes, such as
ICU admission, mechanical ventilation therapy, clas-
sification of disease severity, and length of hospital
stays. According to the Chinese management guide-
line for COVID-19 (version 7.0), the illness severity of
COVID-19 was divided into 4 groups (mild, general,
severe, and critical)."* We divided the patients into 2
groups: the nonsevere group (mild and general types)
and the severe group (severe and critical types).

Statistical Analysis

Differences in demographic, history of diseases,
clinical symptoms, laboratory measurements, radio-
logical examinations, treatment, and clinical outcome
between patients with and without cardio-metabolic
disease were tested using the independent sample
t test or Mann—-Whitney test for continuous variables
and Pearson x? or the Fisher exact test for categori-
cal variables. Cox proportional hazards models were
used to estimate hazard ratios (HRs) of mortality
among patients with and without cardio-metabolic
disease (or each cardio-metabolic disease). Logistic
regression models were used to estimate odds ra-
tios (ORs) of secondary outcomes, including the ICU
admission and the rate of severe type of COVID-19,
among patients with and without cardio-metabolic
disease (or each cardio-metabolic disease). All anal-
yses were adjusted for age and sex (Model 1); and
then for smoking and systolic blood pressure (Model
2); and further for hypertension, diabetes mellitus,
hyperlipidemia, coronary heart disease, and cere-
brovascular disease, other than the variable for strat-
ification (Model 3); the CRP, white blood cell count,
p-dimer, lactate dehydrogenase, and procalcitonin
were added in Model 4. The Kaplan—-Meier plot was
performed to compare 40-day survival probability for
those with and without diabetes mellitus by log-rank
test. All statistical analyses were performed with
SPSS statistics version 23.0 for Windows software
package (IBM). Two-sided P<0.05 was considered
statistically significant.

RESULTS

Patient Characteristics

By March 25, 2020, clinical data were collected on
1402 adult patients. The final sample comprised
1303 patients after excluding 55 patients physician-
diagnosed without positive SARS-CoV-2 data (clini-
cal diagnosis cases), and 44 patients with incomplete
data on main medical information or outcome. Figure 1
shows a flowchart for patient recruitment. The median
age was 56 years (range, 42—66 years), and 658 cases
(50.5%) were male.
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1402 adult cases in medical record system ,

" " 55 cases excluded with
H‘ negative detection of

coronavirus

\

1347 Adult cases with laboratory diagnosis of COVID-19

N

(' 44 cases excluded lack of
——> main medical information or
\ outcome.

\ v

1303 Adult cases with comfirmed COVID-19 included
520 cases with cardiometabolic disease(39.9%)
783 cases without cardiometabolic disease(60.1%)

Figure 1. Flowchart of patient recruitment.

Clinical Features, Vital Signs, Laboratory
Parameters, and Radiology Findings on
Admission

General characteristics of the study population at
baseline are given in Table 1. A total of 520 patients
(39.9%) had cardio-metabolic disease. Patients who
had cardio-metabolic disease were slightly older
(64.00 versus 49.00 years; P<0.001), their baseline
systolic blood pressure was higher (130.00 versus
122.00 mm Hg; P<0.001), and they had less fever
(68.1% versus 73.4%; P=0.036), more often dysp-
nea (25.0% versus 18.3%; P=0.003), and more with
blood oxygen saturation <93% (17.9% versus 7.4%;
P<0.001) as compared with those who remained free
of cardio-metabolic disease. There were no significant
differences in the gastrointestinal symptoms such as
nausea, vomiting, or diarrhea.

The laboratory parameters among patients with
COVID-19 with or without cardio-metabolic disease
are also presented in Table 2. Patients with cardio-
metabolic disease had higher median levels of leu-
kocyte counts (5.91 versus 5.2x10° per L), neutrophil
count (4.19 versus 3.28x10° per L), CRP (26.30 versus
7.30 mg/dL), procalcitonin (0.059 versus 0.044 ng/mL),
fasting plasma glucose (6.80 versus 5.40 mmol/L),
blood uric acid (279 versus 250.45 pumol/L), triglycer-
ide (1.37 versus 113 mmol/L), homocysteine (8.10
versus 7.50 pmol/L), b-dimer (0.79 versus 0.41 ng/
mL), activated partial thromboplastin time (36.3 ver-
sus 34.6 seconds) and prothrombin time (13.6 versus
12.9 seconds), but lower median levels of hemoglobin
(126 versus 131 g/L) and albumin (36.1 versus 39.0 g/L)
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than patients without cardio-metabolic disease.
Compared with patients without cardio-metabolic dis-
ease, patients with cardio-metabolic disease had a
higher proportion of bilateral involvement (75.4% ver-
sus 63.0%) and interstitial abnormalities (2.7% versus
0.4%) assessed by chest computerized tomography
images.

Treatments and Outcomes

All patients were given aggressive treatment according
to their conditions and expert suggestions and treat-
ment guidelines at that time. Table 3 shows the treat-
ments and outcomes among patients with COVID-19
with and without cardio-metabolic disease. Compared
with patients without cardio-metabolic disease, more
patients with cardio-metabolic disease had COVID-19-
related complications including ARDS (9.81% versus
3.32%; P<0.001), acute kidney injury (4.23% versus
1.40%; P=0.001), secondary infection (13.9% ver-
sus 9.83%; P=0.026), hypoproteinemia (12.1% versus
5.75%; P<0.001), and coagulopathy (19.4% versus
10.3%; P<0.001), had higher incidences of the severe
type of COVID-19 (32.9% versus 16.7%; P<0.001),
were admitted to ICU (11.7% versus 7.92%; P=0.021),
required more mechanical ventilation (included nonin-
vasive mechanical ventilation and invasive mechanical
ventilation, 9.81% versus 4.34%; P<0.001), and renal
replacement (2.50% versus 0.13%, P<0.001). There
were no significant differences on the antiviral therapy,
antibiotic therapy, and use of corticosteroid and in-
travenous immunoglobin treatment between patients
with and without cardio-metabolic disease. The ORs of
secondary outcomes, including the ICU admission, the
rate of severe type of COVID-19, and mechanical venti-
lation therapy among patients with and without cardio-
metabolic disease (or each cardio-metabolic disease)
are respectively shown in Tables S2 through S4.

Predictors of Mortality in Patients With
COVID-19

In order to compare the risk factor for severity and death
of COVID-19, all the cases were divided into severe
and nonsevere groups, and survivor and nonsurvivor;
we found that there were more patients with cardio-
metabolic disease in the nonsurvivor (69.4% versus
37.2%; P<0.001) (Figure 2A) and severe groups (56.6%
versus 34.9%; P<0.001) (Figure 2B). The number of pa-
tients with cardio-metabolic disease is associated with
the mortality of COVID-19. When the number of the pa-
tients’ cardio-metabolic diseases was O, 1, and >2, the
mortality was 4.2%, 11.1%, and 19.8%, respectively. The
multivariable-adjusted (age, sex, smoking, and systolic
blood pressure) OR of mortality among patients with
cardio-metabolic disease, compared with those without
it, was 1.86 (95% CI, 1.17-2.97). The survival curve of
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Table 1. Baseline Characteristics of Patients With Cardio-Metabolic Disease and Non-Cardio-Metabolic Disease and
CoVID-19
Total Non-Cardio-Metabolic Group Cardio-Metabolic Group P Value
No. of participants 1303 783 (60.1%) 520 (39.9%)
Male sex, n (%) 658 (50.5%) 374 (47.8%) 284 (54.6%) 0.017
Age, y 56.0 (42.0-66.0) 49.0 (36.0-61.0) 64.0 (56.0-70.0) <0.001
18-49, n (%) 475 (36.5%) 409 (52.2%) 66 (12.7%) <0.001
50-64, n (%) 452 (34.7%) 254 (32.4%) 198 (38.1%)
=65, n (%) 376 (28.9%) 120 (15.3%) 256 (49.2%)
Current smoking, n (%) 107 (8.21%) 58 (7.41%) 49 (9.42%) 0.194
Onset of symptoms to 9.00 (5.00-14.0) 7.50 (5.00-14.0) 10.0 (6.00-15.0) 0.007
hospital admission, d
Wuhan exposure, n (%) 1069 (82.1%) 609 (77.8%) 460 (88.6%) <0.001
Symptoms
Fever, n (%) 929 (71.3%) 575 (73.4%) 354 (68.1%) 0.036
Dyspnea, n (%) 273 (21.0%) 143 (18.3%) 130 (25.0%) 0.003
Cough, n (%) 757 (58.1%) 446 (57.0%) 311 (59.8%) 0.308
Sputum production, 182 (14%) 108 (13.8%) 74 (14.2%) 0.823
n (%)
Hemoptysis, n (%) 3 (0.20%) 2 (0.30%) 1(0.20%) 0.816
Fatigue, n (%) 360 (27.6%) 220 (28.1%) 140 (26.9%) 0.643
Headache, n (%) 47 (3.61%) 32 (4.09%) 15 (2.88%) 0.254
Nausea or vomiting, 47 (3.61%) 25 (3.19%) 22 (4.23%) 0.325
n (%)
Diarrhea, n (%) 107 (8.21%) 59 (7.54%) 48 (9.23%) 0.275
Admission vital signs
Temperature
<37.3°C 868 (67.2%) 485 (62.5%) 383 (74.2%) <0.001
37.3-38.0°C 261 (20.2%) 180 (23.2%) 81 (15.7%)
38.1-39.0°C 132 (10.2%) 94 (12.1%) 38 (7.4%)
>39.0°C 31 (2.38%) 17 (217%) 14 (2.69%)
Pulse >100 beats/min 241 (18.6%) 137 (17.5%) 104 (20.1%) 0.243
Blood oxygen 128 (11.6%) 49 (7.45%) 79 (17.9%) <0.001
saturation <93%, n (%)
Respiratory rate 96 (7.37%) 42 (5.36%) 54 (10.38%) 0.001
>24 breaths/min, n (%)
SBP, mm Hg 125 (120-135) 122 (118-132) 130 (120-140) <0.001
DBP, mm Hg 80.0 (74.0-85.0) 80.00 (73.8-83.0) 80.0 (74.0-86.0) 0.021

Data are expressed as n (%), or mean (interquartile range. P values were calculated by independent sample t test, Mann-Whitney U test, Pearson x?, or Fisher
exact test, as appropriate. DBP indicates diastolic blood pressure; and SBP, systolic blood pressure.

patients with and without cardio-metabolic disease with
COVID-19 is shown in Figure 3. Among the patients with
cardio-metabolic disease, 75 of 520 (14.42%) patients
died, while of those who were without cardio-metabolic
disease, 33 of 783 (4.21%) died. Patients with COVID-19
with cardio-metabolic disease appeared to have an
elevated risk of death compared with patients without
cardio-metabolic disease.

The multivariable-adjusted HR of in-hospital mortal-
ity was also higher in patients with hypertension (HR,
1.86; 95% Cl, 1.23-2.82) and cerebrovascular dis-
ease (HR, 2.78; 95% ClI, 1.57-4.93) compared with
patients without hypertension and cerebrovascular
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disease, respectively (Table 4). Furthermore in the
adjusted model 4, which added the coagulation and
inflammation-related biomarkers such as CRP, white
blood cell count, p-dimer, lactate dehydrogenase,
and procalcitonin, there was no statistically significant
difference in HR between different cardio-metabolic
diseases.

DISCUSSION

Coronavirus is one of the main pathogens of respiratory
infection. Two highly pathogenic viruses, SARS-CoV
and MERS-CoV, respectively, resulted in outbreaks of
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Table 2. Laboratory Results and Radiology Results of Patients With Cardio-Metabolic Disease and Non-Cardio-Metabolic
Disease and With COVID-19

Non-Cardio-Metabolic Cardio-Metabolic
Total Group Group P Value

White blood cell count, x10° per L 5.42 (418-7.13) 5.20 (3.96-6.77) 5.91 (4.52-7.72) <0.001
<4 n (%) 281 (21.7%) 201 (25.8%) 80 (15.5%) <0.001
4-9.9, n (%) 917 (70.8%) 532 (68.4%) 385 (74.5%)
>10, n (%) 97 (7.44%) 45 (5.75%) 52 (10.00%)

Neutrophil count, x10° per L 3.60 (2.55-5.14) 3.28 (2.32-4.67) 419 (2.92-5.82) <0.001

Lymphocyte count, x10° per L 114 (0.77-1.58) 1.22 (0.84-1.63) 1.00 (0.70-1.44) <0.001
<1.0, n (%) 531 (41.1%) 277 (35.7%) 254 (49.1%) <0.001
>1.0, n (%) 761 (58.9%) 498 (64.3%) 263 (50.9%)

Hemoglobin, g/L 129 (117-139) 131 (119-141) 126 (114-137) <0.001

Platelet count, x10° per L 196 (150-251) 195 (149-241) 202 (150-256) 0177
<100, n (%) 56 (4.30%) 30 (3.83%) 26 (5.00%) 0.307
>100, n (%) 1235 (95.7%) 746 (96.1%) 489 (95.0%)

Prothrombin time, s 13.1 (11.3-15.1) 12.9 (11.3-14.5) 13.6 (11.5-15.6) <0.001
<16, n (%) 799 (83.1%) 494 (87.0%) 305 (77.6%) <0.001
>16, n (%) 162 (16.9%) 74 (13.0%) 88 (22.4%)

APTT, s 35.6 (28.1-40.5) 34.6 (27.6-40.0) 36.3 (28.7-41.1) 0.021

o-dimer, pg/mL 0.50 (0.27-1.24) 0.41 (0.24-0.94) 0.79 (0.36-1.80) <0.001
<0.5, n (%) 516 (50.4%) 364 (60.1%) 152 (36.4%) <0.001
>0.5to <1, n (%) 202 (19.7%) 100 (16.5%) 102 (24.4%)
>1,n (%) 306 (29.9%) 142 (23.4%) 164 (39.2%)

Albumin, g/L 38.0 (33.9-41.9) 39.0 (35.2-42.8) 36.1(32.4-40.2) <0.001

Alanine aminotransferase, U/L 23.0 (14.0-38.7) 22.0 (13.1-40.0) 24.0 (156.9-36.5) 0.232

Aspartate aminotransferase, U/L 28.7 (21.4-40.0) 27.6 (21.0-39.0) 30.8 (22.0-42.0) 0.005
<40, n (%) 966 (75.1%) 595 (77.0%) 371 (72.2%) 0.052
>40, n (%) 321 (24.9%) 178 (23.0%) 143 (27.8%)

Total bilirubin, pmol/L 11.0 (8.20-14.7) 10.7 (8.17-14.3) 11.3 (8.20-15.2) 0.106

Potassium, mmol/L 3.90 (3.59-4.23) 3.90 (3.60-4.25) 3.81 (3.55-4.20) 0.032

Sodium, mmol/L 139 (137-141) 139 (137-141) 139 (137-142) 0.682

Calcium, mmol/L 211 (2.00-2.21) 212 (2.02-2.22) 210 (1.98-2.20) 0.016

Phosphorus, mmol/L 1.04 (0.89-1.19) 1.04 (0.90-1.19) 1.02 (0.87-1.20) 0.210

Creatinine, pmol/L 64.0 (563.7-79.0) 62.0 (63.0-74.4) 68.0 (55.0-89.0) <0.001
<133, n (%) 1245 (94.9%) 760 (97.9%) 465 (90.3%) <0.001
>133, n (%) 66 (5.07%) 16 (2.04%) 50 (9.62%)

Creatine kinase, U/L 64.0 (43.0-110) 62.0 (44.0-103) 67.0 (41.0-123) 0.188
<185, n (%) 1074 (88.2%) 656 (90.5%) 418 (84.8%) 0.003
>185, n (%) 144 (11.80%) 69 (9.50%) 75 (15.20%)

Lactate dehydrogenase, U/L 205 (163-274) 191 (156-248) 228 (180-316) <0.001
<245, n (%) 781 (66.9%) 510 (74.0%) 271 (56.7%) <0.001
>245, n (%) 386 (33.1%) 179 (26.0%) 207 (43.3%)

Hypersensitive troponin |, pg/mL 0.01 (0.009-0.019) 0.01 (0.009-0.03) 0.01 (0.009-0.02) 0.903
>28 (99th percentile) 133 (10.2%) 78 (10.0%) 55 (10.6%) 0.719

Procalcitonin, ng/mL 0.05 (0.03-0.13) 0.04 (0.03-0.10) 0.06 (0.03-0.17) <0.001
<0.1, n (%) 698 (68.2%) 433 (71.3%) 265 (63.5%) 0.001
>0.1t0 <0.25, n (%) 180 (17.6%) 110 (18.1%) 70 (16.8%)
>0.25t0 <0.5, n (%) 69 (6.70%) 38 (6.30%) 31 (7.40%)

(Continued)

J Am Heart Assoc. 2021;10:e018451.

DOI: 10.1161/JAHA.120.018451




Chen et al

Table 2. Continued

Chronic Cardio-Metabolic Disease and COVID-19

Non-Cardio-Metabolic Cardio-Metabolic
Total Group Group P Value

>0.5, n (%) 77 (7.50%) 26 (4.30%) 51 (12.2%)
C-reactive protein, mg/L 12.2 (1.90-49.08) 7.30 (1.20-30.91) 26.3 (4.70-78.45) <0.001
FBG, mmol/L 5.80 (5.04-7.50) 5.40 (4.88-6.62) 6.80 (5.50-9.10) <0.001

>7.0, n (%) 309 (31.1%) 124 (20.5%) 185 (47.4%) <0.001

<7.0,n (%) 686 (68.9%) 481 (79.5%) 205 (52.6%)
Cholesterol, mmol/L 4.00 (3.40-4.80) 4.00 (3.43-4.72) 4.03 (3.30-4.80) 0.869
TG, mmol/L 1.24 (0.93-1.78) 113 (0.85-1.62) 1.37 (1.02-1.95) <0.001
HDL-C, mmol/L 1.01 (0.81-1.22) 1.04 (0.85-1.26) 0.97 (0.78-1.15) <0.001
LDL-C, mmol/L 2.50 (1.99-3.12) 2.50 (2.01-3.06) 2.50 (1.94-3.17) 0.944
Homocysteine, umol/L 7.70 (6.30-9.80) 7.50 (6.05-9.10) 8.10 (6.60-10.3) 0.002
Uric acid, pmol/L 260 (204-339) 250 (199-326) 279 (217-355) <0.001
Imaging features

Ground-glass opacity 275 (22.7%) 196 (26.8%) 79 (16.5%) <0.001

Local patchy shadowing 98 (8.1%) 72 (9.8%) 26 (5.4%)

Bilateral patchy shadowing 822 (67.9%) 461 (63.0%) 361 (75.4%)

Interstitial abnormalities 16 (1.3%) 3(0.4%) 13 (2.7%)

Data are expressed as n (%) or mean (interquartile range). P values were calculated by independent sample t test, Mann-Whitney U test, Pearson x?, or Fisher
exact test, as appropriate. APTT indicates activated partial thromboplastin time; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-

G, low-density lipoprotein cholesterol; and TG, triglyceride.

severe acute respiratory syndrome (SARS) in China and
Middle East respiratory syndrome (MERS) in Middle
Eastern countries.'® SARS-CoV and MERS-CoV are as-
sociated with cardio-metabolic disease. In a Hong Kong
retrospective cohort study, diabetes mellitus was found
to be an important risk factor for adverse outcome.'®
Another retrospective study reported that hypertension
was one of the frequent underlying conditions associ-
ated with death among MERS-CoV-infected patients.!”
Although SARS-CoV and MERS-CoV have the same
origin, the relationships between cardio-metabolic dis-
ease and the different outcomes among patients with
SARS-CoV-2 infection remain unclear.

Several recent studies have found that patients with
COVID-19 have high morbidity of cardio-metabolic dis-
ease. In 1 study of 99 cases with COVID-19 in China,
50 (51%) patients had chronic diseases including car-
diovascular and cerebrovascular diseases (40%), and
endocrine system disease (13%).* In the other study
of 5700 patients in New York City, the most common
comorbidities were hypertension (3026; 56.6%), obe-
sity (1737; 41.7%), and diabetes mellitus (1808; 33.8%).°
The present study indicated that 39.9% of patients with
COVID-19 had cardio-metabolic disease including pa-
tients with more than 2 diseases (197 of 520 [37.9%)),
27.32% patients had hypertension, and 15.35% patients
had diabetes mellitus. Race, selection of population,
and study design are all important factors contribut-
ing to the heterogeneity of prevalence estimates. One
recent study by Guo et al reported that diabetes mel-
litus was a risk factor for rapid progression and poor

prognosis of COVID-19."® A meta-analysis including
6263 COVID-19 cases has identified that preexisting
chronic conditions such as hypertension, cardiovascu-
lar disease, chronic kidney disease, and diabetes mel-
litus were strongly associated with an increased risk
of developing severe COVID-19."® However, very few
studies have assessed the direct association between
cardio-metabolic disease and several important out-
comes including in-hospital mortality, COVID-related
complications, ICU admission, and mechanical ven-
tilation among patients with COVID-19. The present
study found that patients with COVID-19 with cardio-
metabolic disease were more common in COVID-
related complications including ARDS, acute heart
injury, acute kidney injury, secondary infection, hypo-
proteinemia, and coagulopathy, were more admitted
to the ICU, required more mechanical ventilation ther-
apy, and had a higher risk of mortality compared with
patients without cardio-metabolic disease. Moreover,
our study demonstrated that patients with COVID-19
with hypertension and cerebrovascular disease may
be independent risk factors for all-cause mortality in
patients with COVID-19. All these data suggest that
patients with SARS-CoV-2 infection who had under-
lying cardio-metabolic disease should be hospitalized
earlier and get more medical intervention.

Several studies of COVID-19 have proposed that
SARS-CoV-2 induces a cytokine storm in the body,
generates a series of immune responses, and causes
changes in peripheral white blood cells and im-
mune cells such as lymphocytes.#?% In the present
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Table 3. Treatments and Outcomes of Patients With Cardio-Metabolic Disease and Non-Cardio-Metabolic Disease and

CoVvID-19
Total Non-Cardio-Metabolic Group Cardio-Metabolic Group P Value
Treatments
Antiviral therapy 1196 (91.8%) 728 (93.0%) 468 (90%) 0.055
Antibiotic therapy 1124 (86.3%) 681 (87.0%) 443 (85.2%) 0.360
Use of corticosteroid 521 (40.0%) 320 (40.9%) 201 (38.7%) 0.424
Intravenous immunoglobin 391 (30.0%) 224 (28.6%) 167 (32.1%) 0.176
Oxygen support
Nasal cannula 782 (60.0%) 454 (58.0%) 328 (63.1%) 0.066
Mechanical ventilation 85 (6.52%) 34 (4.34%) 51 (9.81%) <0.001
Renal replacement 14 (1.07%) 1(0.13%) 13 (2.50%) <0.001
liness severity
Nonsevere 1001 (76.8%) 652 (83.3%) 349 (67.1%) <0.001
Severe 302 (23.2%) 131 (16.7%) 171 (32.9%)
Complications
Acute respiratory distress 77 (5.91%) 26 (3.32%) 51 (9.81%) <0.001
syndrome
Acute cardiac injury 135 (10.4%) 80 (10.2%) 55 (10.6%) 0.835
Acute kidney injury 33 (2.53%) 11 (1.40%) 22 (4.23%) 0.001
Secondary infection 149 (11.44%) 77 (9.83%) 72 (13.85%) 0.026
Hypoproteinemia <30 g/L 108 (8.29%) 45 (5.75%) 63 (12.12%) <0.001
Coagulopathy 182 (14.0%) 81 (10.3%) 101 (19.4%) <0.001
Shock 21 (1.61%) 9 (1.15%) 12 (2.31%) 0.104
Length of hospital stay, d 17.0 (10.0-24.0) 18.0 (11.0-24.0) 17.0 (9.00-24.0) 0.043
Intensive care unit 123 (9.44%) 62 (7.92%) 61 (11.73%) 0.021
admission
Prognosis
Discharge, No 1195 (91.7%) 750 (95.8%) 445 (85.6%) <0.001
Death, No 108 (8.29%) 33 (4.21%) 75 (14.42%) <0.001

Data are expressed as n (%), or mean (interquartile range). P values were calculated by independent sample t test, Mann-Whitney U test, Pearson x2, or

Fisher exact test, as appropriate.

study, we found that patients with COVID-19 with
cardio-metabolic disease had higher levels of sev-
eral inflammation-related biomarkers such as CRP,
procalcitonin, the absolute count of neutrophils and
white blood cells, and lactate dehydrogenase com-
pared with patients without cardio-metabolic dis-
ease. These data provide further evidence for the
presence of cytokine storm that can further contrib-
ute to complications. For the inflammatory storm,
several studies indicated that p-dimer was signifi-
cantly higher in severe cases than in moderate cases
with COVID-19.2" Our study found that patients with
cardio-metabolic disease had higher levels of b-
dimer and higher incidence of coagulopathy than pa-
tients without cardio-metabolic disease. According
to our results, we found that the coagulation and
inflammation-related biomarkers had a strong rela-
tionship with COVID-19 related death, influenced the
relationship between cardio-metabolic diseases and
the COVID-19 related death. So we speculated that
the relationship between cardio-metabolic diseases

J Am Heart Assoc. 2021;10:e018451. DOI: 10.1161/JAHA.120.018451

and COVID-19-related death may be modified by co-
agulation and inflammation-related biomarkers. Guo
et al hypothesized that hypoxia-induced molecules
can activate thrombin directly, and the activation of
monocyte-macrophages would also secrete a mass
of tissue factors and activate the exogenous coag-
ulation pathway, which lead to an overall hyperco-
agulable state or even disseminated intravascular
coagulation.®

Recent studies have confirmed that SARS-CoV-2
uses the same cell entry receptor (angiotensin- con-
verting enzyme ll) as SARS-CoV, which does not use
other coronavirus receptors, such as aminopeptidase
N, and dipeptidyl peptidase 4.22 This leads to the ac-
tivation of CD4+ T cells, which proliferate and dif-
ferentiate into Th1 cells that secrete proinflammatory
cytokines such as IL-6, interferon, and granulocyte-
macrophage colony-stimulating factor; this can
eventually develop into a cytokine storm, which can
cause progression to ARDS, multiple organ failure,
and even death.?® Angiotensin-converting enzyme
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Figure 2. Risk factors with the severity and mortality of disease in patients with COVID-19.
A, Component of cardio-metabolic disease in the nonsevere and severe patients with COVID-19. B, Component of cardio-metabolic

disease in the survivor and nonsurvivor patients with COVID-19.

inhibitors and angiotensin receptor blockers are the
2 types of renin-angiotensin-aldosterone system in-
hibitors widely used for treating hypertension. This
may be one of the underlying mechanisms why pa-
tients with COVID-19 with hypertension or cerebro-
vascular disease had more rates of worse outcomes.
But there were also studies that did not support the
significant interference of hypertension on COVID-19
lethality.?* Previously published data have shown that
use of renin-angiotensin-aldosterone system inhibi-
tors by patients with COVID-19 was associated with
a reduced risk of all-cause mortality.?>26 Therefore,
some researchers have hypothesized that high
angiotensin-converting enzyme |l expression could

non-cardiometabolic disease
3
=
-
®
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[
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[
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From hospital admission(days)
NO. at risk
non-cardio-metabolic disease: 783 763 752 751 751
cardio-metabolic disease: 520 467 449 446 445

Figure 3. Survival cure of patients with COVID-19 with and
without cardio-metabolic disease.
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be deleterious during the contamination phase,
whereas the high angiotensin-converting enzyme |l
expression could, in contrast, be beneficial during
the inflammation phase and may possibly prevent
organ injury in COVID-19.%7

An earlier report of 72 314 cases from the Chinese
Center for Disease Control and Prevention showed that
the overall case-fatality rate was 2.3% (1023 deaths
among 44 672 confirmed cases).?® A research study
of 1099 patients with COVID-19 from 552 hospitals in
30 provinces, autonomous regions, and municipalities
in China reported that the morality was 1.4%.% In the
present study the mortality is 8.29%, higher than the
reports mentioned above. We proposed that our data
were from mortality in hospital patients in Hubei prov-
ince; the patients had more severe disease than those
in the temporary treatment centers (as Fangcang
hospitals), and the patients out of Hubei province,
subsequently the mortality was higher. Moreover,
our study demonstrated that patients with COVID-19
with hypertension and cerebrovascular disease also
had an increased risk of death, and the more cardio-
metabolic diseases the patients had, the higher the
morbidity patients with COVID-19 presented.

The study also has some limitations. First, because
of the retrospective, multiple-center, and real-world
study design, some information, such as patients’
height, weight, several laboratory items (such as gly-
cosylated hemoglobin) and lipid-lowering and other
cardio-preventive treatments were not available for
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Table 4. Hazard Ratio of Death According to Cardio-Metabolic Disease Status and Its Individual Components

Hazard Ratio (95% CIl)
No. of
Participants No. of Deaths Model 1 Model 2 Model 3 Model 4
Cardio-metabolic 520 75 1.77 (1.15-2.71) 1.80 (1.17-2.77) 0.98 (0.41-2.34)
diseases
One cardio-metabolic 323 36 1.46 (0.89-2.37) 1.48 (0.91-2.40) 0.78 (0.33-1.85)
disease
More than 2 cardio- 197 39 2.24 (1.38-3.65) 2.31 (1.42-3.77) 1.28 (0.53-3.09)
metabolic diseases
Hypertension 356 60 1.80 (1.20-2.68) 1.87 (1.25-2.79) 1.86 (1.23-2.82) 1.20 (0.52-2.75)
Diabetes mellitus 200 26 1.09 (0.69-1.69) 1.09 (0.69-1.69) 0.93 (0.59-1.46) 0.65 (0.23-1.81)
Hyperlipidemia 100 7 0.87 (0.40-1.87) 0.88 (0.41-1.89) 0.91 (0.42-1.97) 0.43 (0.06-2.94)
Coronary heart 63 14 1.36 (0.76-2.41) 1.34 (0.75-2.38) 1.18 (0.65-2.12) 1.08 (0.34-3.47)
disease
Cerebrovascular 44 15 2.59 (1.49-4.54) 2.0 (1.58-4.96) 2.78 (1.57-4.93) 215 (0.61-7.53)
disease

Model 1 adjusted for age and sex; model 2 adjusted for age, sex, smoking, and systolic blood pressure; model 3 adjusted for age, sex, smoking, systolic
blood pressure, hypertension, diabetes mellitus, hyperlipidemia, coronary heart disease, and cerebrovascular disease, other than the variable for stratification;
model 4 adjusted for age, sex, smoking, systolic blood pressure, C-reactive protein, white blood cell count, o-dimer, lactate dehydrogenase, and procalcitonin.
Cox proportional hazards models were used to estimate hazard ratios of mortality among patients with and without cardio-metabolic disease (or each cardio-

metabolic disease).

all patients. We can only draw correlations rather
than causal relationships between cardio-metabolic
disease and COVID-19. Second, study samples were
only from Hubei province, China; thus more studies
in other regions or even other countries might provide
a more comprehensive understanding of COVID-19.
For the data analysis, there was no adjustment for
multiple testing and an inflated type-1 error was
made. However, this study is one of the largest retro-
spective, multicenter, and real-world studies among
patients with COVID-19. Compared with the study in
New York City,'® all the cases of the present study
had a definite end point, and we all have more than
1 month follow-up of these cases. The relatively rich
clinical data and numerous events also strengthen
the results. The conclusion will help clinicians to
identify high-risk patients.

CONCLUSION

We found that cardio-metabolic disease was a com-
mon condition among hospitalized patients with
COVID-19, and was associated with higher risks of
in-hospital mortality. Hypertension and cerebrovascu-
lar disease may be 2 important diseases associated
with in-hospital death after adjusting for age, sex, and
smoking. More intensive attention should be paid to
those patients with COVID-19 who had underlying
cardio-metabolic disease.
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Table S1. The list of six designated tertiary hospitals in Hubei province.

Hospital Name

Relationships

with Wuhan
1 Hubei No.3 People’s Hospital of Jianghan University, Wuhan, In Wuhan
Hubei, China.
2 the Fifth Hospital in Wuhan, Wuhan, Hubei, China. In Wuhan
3 Guanggu Area of Tongji Hospital Affiliated Huazhong University In Wuhan
of Science and Technology, Ningbo aid Hubei Medical Team
4 the First Hospital of Jingzhou, Clinical Medical College, Yangtze Out of Wuhan
University, Jingzhou, Hubei, China
5 People's Hospital of Nanzhang County, Xiangyang, Hubei, China. Out of Wuhan
6 People's Hospital of Jiayu County, Jiayu, Hubei, China. Out of Wuhan




Table S2. Odds Ratios of ICU Admission According to Cardio-metabolic Disease Status and its

Individual Components.

No. of No. of Odds Ratios (95% confidence intervals)
participants ey Model 1 Model 2 Model 3
admission
Non-cardio-metabolic 783 62 1.00 1.00
diseases
Cardio-metabolic diseases 520 61 0.89(0.59-1.35)  0.87 (0.57-1.32)
Non-hypertension 947 74 1.00 1.00 1.00
Hypertension 356 49 1.14 (0.75-1.74)  1.10(0.72-1.69)  1.15 (0.74-1.79)
Non-diabetes 1103 101 1.00 1.00 1.00
Diabetes 200 22 0.87 (0.53-1.43)  0.84 (0.51-1.40)  0.86 (0.51-1.45)
Non-hyperlipidemia 1203 121 1.00 1.00 1.00
Hyperlipidemia 100 2 0.17 (0.04-0.68)  0.16 (0.04-0.67)  0.17 (0.04-0.70)
Non-coronary heart disease 1240 117 1.00 1.00 1.00
Coronary heart disease 63 6 0.58 (0.24-1.40)  0.59 (0.24-1.44) 0.61 (0.25-1.5)
Non-cerebrovascular disease 1259 113 1.00 1.00 1.00
Cerebrovascular disease 44 10 1.85(0.87-3.94)  1.98(0.92-4.26) 1.94 (0.89-4.22)

Model 1 adjusted for age and sex; model 2 adjusted for age, sex, smoking, and systolic blood pressure;
Model 3 adjusted for age, sex, smoking, systolic blood pressure, hypertension, diabetes, hyperlipidemia,
coronary heart disease, and cerebrovascular disease, other than the variable for stratification. Logistic
regression modes were used to estimate odds ratios of ICU admission among patients with and without

cardio-metabolic disease (or each cardio-metabolic disease).



Table S3. Odds Ratios of Severe Group According to Cardio-metabolic Disease Status and its

Individual Components.

No. of No. of Odds Ratios (95% confidence intervals)
particlpants  severe Model 1 Model 2 Model 3
group
Non-cardio-metabolic 783 131 1.00 1.00
diseases
Cardio-metabolic diseases 520 171 1.31(0.98-1.76) 1.28 (0.95-1.73)
Non-hypertension 947 172 1.00 1.00 1.00
Hypertension 356 130 1.39(1.03-1.89)  1.36 (1.00-1.86)  1.29 (0.94-1.78)
Non-diabetes 1103 236 1.00 1.00 1.00
Diabetes 200 66 1.18 (0.83-1.67) 1.15 (0.81-1.63) 1.03 (0.71-1.48)
Non-hyperlipidemia 1203 284 1.00 1.00 1.00
Hyperlipidemia 100 18 0.62 (0.36-1.06)  0.61(0.35-1.06)  0.60 (0.35-1.05)
Non-coronary heart disease 1240 273 1.00 1.00 1.00
Coronary heart disease 63 29 1.58 (0.92-2.72) 1.64 (0.95-2.82) 1.56 (0.89-2.73)
Non-cerebrovascular disease 1259 278 1.00 1.00 1.00
Cerebrovascular disease 44 24 2.31(1.23-4.36) 2.37(1.25-4.49) 2.23 (1.17-4.25)

Model 1 adjusted for age and sex; model 2 adjusted for age, sex, smoking, and systolic blood pressure;

Model 3 adjusted for age, sex, smoking, systolic blood pressure, hypertension, diabetes, hyperlipidemia,

coronary heart disease, and cerebrovascular disease, other than the variable for stratification. Logistic

regression modes were used to estimate odds ratios of severe group among patients with and without

cardio-metabolic disease (or each cardio-metabolic disease).



Table S4. Odds Ratios of Mechanical Ventilation Therapy According to Cardio-metabolic Disease Status and its

Individual Components.

No. of No. of Odds Ratios (95% confidence intervals)
participants mechanical
Model 1 Model 2 Model 3
ventilation
therapy
Non-cardio-metabolic 783 34 1.00 1.00
diseases
Cardio-metabolic diseases 520 51 1.34(0.82-2.19) 1.39(0.85-2.28)
Non-hypertension 947 47 1.00 1.00 1.00
Hypertension 356 38 0.78(0.48-1.28) 1.34(0.81-2.19)  1.30(0.78-2.18)
Non-diabetes 1103 67 1.00 1.00 1.00
Diabetes 200 18 1.03(0.59-1.81) 1.04(0.59-1.82)  0.95(0.53-1.71)
Non-hyperlipidemia 1203 81 1.00 1.00 1.00
Hyperlipidemia 100 4 0.53(0.19-1.50) 0.54(0.19-1.51)  0.56(0.20-1.59)
Non-coronary heart disease 1240 78 1.00 1.00 1.00
Coronary heart disease 63 7 0.99(0.42-2.31) 0.99(0.43-2.35)  0.94(0.39-2.28)
Non-cerebrovascular disease 1259 73 1.00 1.00 1.00
cerebrovascular disease 44 12 3.67(1.75-7.69) 4.05(1.90-8.64)  3.91(1.82-8.38)

Model 1 adjusted for age and sex; model 2 adjusted for age, sex, smoking, and systolic blood pressure; Model 3 adjusted

for age, sex, smoking, systolic blood pressure, hypertension, diabetes, hyperlipidemia, coronary heart disease, and

cerebrovascular disease, other than the variable for stratification. Logistic regression modes were used to estimate odds

ratios of ICU admission among patients with and without cardio-metabolic disease (or each cardio-metabolic disease).





