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Abstract

Background: There are no data on the association between clinical course and comorbidity in
Iranian patients with COVID-19.

Aims: To determine noncommunicable disease (NCD), clinical characteristics and prognosis
of patients hospitalized with COVID-19 in Isfahan, Islamic Republic of Iran.

Methods: This multicentric retrospective observational study was performed on all patients
hospitalized with COVID-19 in Isfahan from 17 February to 6 April 2020. We recruited 5055
patients. Data on clinical course and comorbid NCDs such as hypertension, coronary heart
disease (CHD), diabetes mellitus (DM), cancer, chronic kidney disease (CKD) and chronic
respiratory disease (CRD) were collected. Statistical analyses were done by Mann—Whitney U,
x% and logistic regression tests using Stata version 14.

Results: DM and hypertension were the most prevalent comorbidities in patients with
positive and negative reverse transcription polymerase chain reaction (RT-PCR). Odds ratio
(95% confidence interval) of mortality-associated factors was significant for DM [1.35 (1.07—
1.70)], CHD [1.58 (1.26-1.96)], CRD [2.18 (1.58-3.0)], and cancer [3.55 (2.42-5.21)]. These
results remained significant for cancer after adjustment for age, sex and clinical factors.
Among patients with positive RT-PCR, death was significantly associated with CRD and cancer,
while this association disappeared after adjustment for all potential confounders. There was
a significant association between NCDs and higher occurrence of low oxygen saturation,



mechanical ventilation requirement and intensive care unit admission after adjustment for
age and sex.

Conclusion: The presence of NCDs alone did not increase mortality in patients with COVID-
19, after adjustment for all potential confounders including clinical factors.
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Introduction

In November 2019, the first cases of an epidemic of COVID-19 were detected in Wuhan, China,
and it spread rapidly around the world (1). It has been acknowledged as a major international
public health crisis, leading to a major global economic burden (2). According to the World
Health Organization (WHO) announcement, the COVID-19 outbreak became a pandemic on
11 March 2020 (3). Up to 29 April 2020, this novel virus involved 210 countries and its
territories with > 3100000 confirmed cases and 218 000 deaths worldwide (4). On 19
February 2020, the Islamic Republic of Iran reported its first cases of COVID-19 (5) and until
29 April 2020, it ranked eighth in the world for number of cases (n = 92 584) and had the
seventh highest death toll (n = 5877) (4).

Over 50% of the global burden of disease (6) and 70% of deaths have been attributed to the
epidemic of noncommunicable diseases (NCDs) worldwide (7). In the Islamic Republic of Iran,
NCDs account for 79% of all deaths and 74% of the disease burden (8). The COVID-19
pandemic has affected all aspects of life and health services worldwide. Initial case series have
shown that people with NCDs are more likely to have critical disease when infected with the
novel coronavirus (9,10). Some measures for reducing the spread of COVID-19, including
lockdowns, quarantine, social distancing, and travel limitations, could lead to restriction of
physical activity, unavailability of healthy food, limited access to health services and
postponement of routine medical examinations; all of which could interrupt NCD care.



Additionally, the economic crisis due to the pandemic can increase stressful conditions and
worsen NCD status (11).

In February 2020, Isfahan COVID-19 Registry (I-CORE) was established to register all patients
hospitalized with COVID-19 in Isfahan (12). The catchment area included Isfahan Province
except Kashan. According to WHO interim guidance for global surveillance (1), all confirmed
and probable cases of COVID-19 that were hospitalized in Isfahan University of Medical
Sciences (IlUMS) affiliated hospitals were recruited in this registry.

This paper presents the clinical course and comorbidities such as hypertension, coronary
heart disease (CHD), diabetes mellitus (DM), cancer, chronic kidney disease (CKD) and chronic
respiratory disease (CRD), in patients hospitalized with COVID-19, and the impact of NCDs on
outcomes of COVID-19.

Methods

Design and participants

This multicentre retrospective observational study was performed on all registered patients
in I-CORE who were hospitalized in IUMS affiliated hospitals from 17 February to 6 April 2020.
Isfahan is the second largest province in the Islamic Republic of Iran, with a population of
5 120 850 based on the national census in 2016. All patients who were hospitalized because
of possible diagnosis of COVID-19 based on WHO criteria were recruited to this study,
irrespective of their prognosis or real-time reverse transcription polymerase chain reaction
(RT-PCR) results. COVID-19 was diagnosed according to WHO classification and consisted of
having severe or moderate symptoms such as respiratory rate > 30 breaths/minute, oxygen
saturation <94% in room air at sea level, ratio of arterial partial pressure of oxygen to fraction
of inspired oxygen (Pa02/FiO2) < 300 mmHg, or lung infiltrates > 50% (13). Written consent
was obtained from all patients or close relatives upon admission. We analysed the data of
6831 patients who were admitted or transferred from other hospitals and health centres to
the referral hospitals. All hospitalized COVID-19 cases were either confirmed by positive RT-
PCR, unconfirmed by negative RT-PCR, or were untested. Detailed analysis was limited to
5055 patients who were tested with RT-PCR. The study was approved by the Ethics Committee
of IUMS.

Data collection

Data gathering forms were completed first by nurses upon patient admission. Our data
comprised demographics, medical history of underlying comorbidities, oxygen saturation on
admission, transfer to intensive care unit (ICU), mechanical ventilation, as well as clinical
outcomes that consisted of death or recovery and discharge. Questions on comorbid NCDs
were completed based on patients’ self-report or their close relatives’ answers if they were
in a critical medical condition. We defined comorbidities as coexisting NCDs, including
hypertension, CHD, DM, cancer, CKD and CRD. Regarding the history of these NCDs, we asked



“Have you ever been diagnosed for any of these diseases by a physician?” If the answer was
yes, then all medical records of the patients were reviewed by the physicians. To determine
history of DM or hypertension, we added other questions such as “Do you take any
hypoglycaemic or antihypertensive medication?”. Attending specialized physicians
completed clinical examination on admission and throughout hospitalization. Their daily
notes on the clinical situation of patients were accompanied by those of registered nurses. All
were reported in the medical records that were linked to the electronic health information
system of the hospitals. Our clinical outcomes were death or recovery and discharge after
COVID-19. Death due to COVID-19 was defined according to WHO guidelines and through
medical certification in hospital (14). The data were extracted on an Excel sheet from that
system to |I-CORE (12). RT-PCR was used to detect SARS-CoV-2 RNA according to the WHO
protocol from samples of throat swabs (15). Samples were sent to 2 designated laboratories
related to the provincial health centre. All routine and other necessary laboratory tests were
done for patients. I-CORE Web-based software was developed to retrieve, save, manage and
integrate collected patients’ data from admission and the health information system of
referral hospitals. If there were missing data, nurses went back to patients’ medical records
to fill the gaps.

Statistical analysis

Continuous variables including age were presented as means and standard deviation and
were compared by Mann—-Whitney U test. Categorical variables, frequency and percentage of
patients with oxygen saturation < 93%, mechanical ventilation needed, ICU transfer, and
clinical outcome based on sex and different RT-PCR results were compared by x> test. A
logistic regression model was used to determine the association of comorbidity with death as
well as clinical characteristics including oxygen saturation, need for mechanical ventilation
and ICU admission. Odds ratio (OR) and 95% confidence interval (Cl) were reported. Age as
continuous variable, sex, oxygen saturation, mechanical ventilation, ICU, and NCDs were
adjusted in the logistic regression model. P < 0.05 was considered statistically significant.
Statistical analyses were done using Stata version 14.

Results

Demographics and clinical characteristics

From 17 February to 6 April 2020, 6831 patients with a WHO definition of COVID- 19 were
admitted to referral hospitals in Isfahan Province; among whom, 5055 had RT-PCR results,
with a higher frequency of male compared to female patients (54.9% vs 45.1%). Table 1
presents the demographic and clinical characteristics of these patients. Mean age was 56.1
(20.5) years for RT-PCR-positive patients compared to 59.3 (17.3) years for negative patients.
Older age distribution was significantly higher in positive patients. Although low oxygen
saturation and ICU admission were significantly higher in the positive group, mechanical
ventilation was used more in the negative group. In the positive group, 12.6% of patients died
compared with 10.6% in the negative group, which was a significant difference. However, the



mortality rate did not differ significantly between male (11.8%) and female (11%) patients.
DM and hypertension were significantly higher in the positive patients, while cancer and CRD
were higher in the negative group. Other NCDs, including CHD and CKD, were present in both
groups without significant differences.

Among hospitalized patients with COVID-19 irrespective of RT-PCR results, 2940 cases were
discharged and 577 died. Table 2 shows the association of demographic characteristics and
comorbidity with death in patients hospitalized with COVID-19 with positive and negative RT-
PCR results. Death rate in patients aged > 70 years was significantly higher, while the
difference between deceased and discharged patients according to sex was not significant.
The frequency of comorbidities including DM, CHD, CRD and cancer as well as patients with
at least 1 comorbidity was higher in deceased cases than in survivors. Unadjusted analysis
indicated a significant association between age > 70 years, DM, CHD, CRD, cancer, presence
of at least 1 of 6 studied NCDs and death rate._After age and sex adjustment, we found a
significant association between CRD, cancer and presence of at least 1 of 6 studied NCDs and
death. However, following adjustment for all potential confounders, only the relationship
between age and cancer with death remained significant.

Out of the 1439 RT-PCR-positive patients, 266 died and 1173 survived and were discharged.
Table 3 presents the association of demographics and NCDs with death only in patients with
positive RT-PCR results. The mortality rate was higher in patients aged > 70 years, and
presence of at least 1 of 6 studied comorbidities. Unadjusted analysis showed that age > 70
years, and presence of CRD, cancer and any NCD were significantly associated with death.
There was no significant association between any NCD and death in the age- and sex-adjusted
model. Only age > 70 years remained significant after adjustment for all clinical parameters.

Table 4 shows a significant association between CRD and cancer and greater need for
mechanical ventilation, but hypertension was inversely related to mechanical ventilation
requirement. After age and sex adjustment, this association was decreased for CRD and
cancer and disappeared for hypertension. Hypertension, DM, CHD, CRD and CKD had a
significant relationship with lower oxygen saturation and ICU admission. After age and sex
adjustment, these relationships disappeared between CKD and low oxygen saturation but
were significant for hypertension, DM, CHD and CRD. The association of ICU admission with
hypertension and CRD disappeared after age and sex adjustment, but remained significant
for DM, CHD and CKD.

Discussion

The current study presents an overview of comorbid NCDs and prognosis in hospitalized
patients with COVID-19 in Isfahan Province, Islamic Republic of Iran, as well as the association
between clinical course and NCDs. This study included patients hospitalized according to
WHO criteria but with RT-PCR irrespective of the results, while excluding hospitalized patients



without testing. This was a departure from other studies in which cases fitting a clinical
definition were included. Our main findings were: the mean age of patients with a positive
RT-PCR was significantly higher than that of patients with negative RT-PCR, and older patients
had a higher risk of mortality compared with younger patients. This was similar to studies in
China, the United Kingdom of Great Britain and Northern Ireland, United States of America
(USA) and Republic of Korea (9,15-17). Male predominance observed in this study was similar
to that in other published studies on COVID-19 (9,15-17). Patients aged = 70 years had a
higher mortality risk and this was similar to that reported in the USA (16). In contrast to global
findings, mortality rate showed no significant difference between men and women (4),
although hospitalization was higher in men.

While low oxygen saturation and ICU admission rates were significantly more frequent in
patients with positive RT-PCR tests, mechanical ventilation was significantly higher in patients
with negative results. These results may be explained by limited validity of our RT-PCR tests.
Similar results were reported in other countries, such as 30-50% false-negative rate in China
and > 5% in the USA (18,19). Multiple factors can play a role in such results, like the method
of obtaining samples, method of transfer, technical issues and nonvalid kits.

One of our main findings was that CHD and DM were the most common NCDs in our patients
with positive or negative RT-PCR tests. This is similar to other studies (5,9,15-17,20,21).
Similarly, studies in China and Italy showed that the most prevalent underlying condition was
hypertension (9,21,22). Other comorbidities reported in our study were cancer, CKD and CRD,
which were similar to other studies (5,9,10,15-17,20-23). Differences between our and other
studies may be due to methodology as our data on the presence of NCDs were self-reported
which may have resulted in underestimation.

The presence of any of the 6 studied NCDs increased mortality by more than twice in patients
with positive or negative RT-PCR results and by 58% only in patients with positive RT-PCR
results. Unadjusted analysis showed that DM, CHD, CRD and cancer were significant risk
factors for death in all COVID-19 patients with negative and positive RT-PCR results; however,
in our full adjustment analysis, only cancer showed a significant association with death.
Among patients with positive RT-PCR results, CRD and cancer were significantly associated
with death, which vanished after adjustment for confounders including clinical course. A
strong association between NCDs and some clinical characteristics may affect COVID-19
prognosis and cause disappearance of the association of NCDs and COVID-19 death after
adjustment for clinical factors. CRD and cancer were associated with increased frequency of
mechanical ventilation by 1.74 and 2 times, respectively. Hypertension, DM, CHD and CRD
had 34-54% greater occurrence of oxygen saturation < 93%. DM, CHD and CKD were
associated with increased frequency of ICU transfer by 43%, 52% and 59%, respectively.
Similarly, previous studies have shown the predictive effects of underlying NCDs in increasing



the number of patients with clinical features such as ICU transfer, oxygen saturation and
mechanical ventilation (24,25).

A meta-analysis of 40 studies on 18 012 COVID-19 patients showed that DM, hypertension
and CVD were important risk factors for COVID-19 mortality (26). However, most studies did
not adjust all the confounders that we did in our study. A study in Italy showed that
hypertension was not an independent predictor of COVID-19 outcomes (27). Consistent with
the current study, cancer comorbidity was associated with more adverse COVID-19 outcomes
(28). In patients with DM, immune dysfunction, proinflammatory and prothrombotic
hypercoagulable state are related to COVID-19 mortality (29).

To the best of our knowledge, this is the first report from the Islamic Republic of Iran on the
association of some clinical characteristics of COVID-19 with comorbid NCDs that worsen the
prognosis of hospitalized patients. The study had some limitations. Firstly, comorbidities were
self-reported by patients or their close relatives which may have led to under-reporting the
frequency due to lack of awareness. Secondly, the limited validity of RT-PCR testing may have
underestimated the number of confirmed cases of COVID-19.

Conclusions

We conclude that COVID-19 infection and death were associated with age and male sex in
patients hospitalized with COVID-19 in the Islamic Republic of Iran. DM, CHD and
hypertension were the most prevalent underlying comorbidities. The presence of at least 1
of the studied NCDs increased mortality in patients with positive or negative RT-PCR results.
However, none of the NCDs was associated significantly with death after adjustment of all
confounders in patients with positive RT-PCR results. This analysis and other reports from |-
CORE can be helpful for policy-makers to make proper decisions on referring patients,
facilities, management and treatment of high-risk patients.
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Table 1. Distribution of patients by RT-PCR tests results

Characteristics RT-PCR negative RT-PCR positive P
N (%) N (%)
Sex
Male 1598 (54.4) 1175 (55.5) 0.415
Female 1,341(45.6) 941 (44.5) ’
Age
Mean (SD), yr 56.1 (20.5) 59.3 (17.3) <0.0001°
Age groups n (%)
<1 11 (0.37) 3(0.14)
1-15 80 (2.7) 8 (0.38)
16-30 252 (8.6) 92 (4.4)
31-45 544 (18.5) 387 (18.3) <0.0001°
46-60 745 (25.4) 557 (26.3)
61-75 724 (24.6) 676 (32.0)
» 75 583 (19.8) 393 (18.6)
S0,< 93% n (%) 1679 (57.1) 1285 (60.7) 0.01°
Mechanical ventilation, n (%) 194 (6.6) 89 (4.2) < 0.0001°
ICU admission, n (%) 342 (11.6) 281 (13.3) 0.045P
Clinical outcome, n (%)
Deceased, n (%) 311 (10.6) 266 (12.6) 0.028°
Mean (SD) age, yr 67.9 (18.8) 72.0 (14.5) 0.0042
Recovered/discharge, n (%) 1767 (60.1) 1173 (55.4) 0.001°
Mean (SD) age, yr 53.7 (20.3) 56.5 (16.6) <0.0001°
Hospitalized, n (%) 861 (29.3) 677 (32.0) 0.040°
Mean (SD) age, yr 56.6 (20.0) 59.2 (17.4) 0.0072
NCD
DM 402 (13.7) 362 (17.1) 0.001°
Hypertension 200 (6.8) 206 (9.7) < 0.0001°

11



CHD 447 (16.2) 323 (15.3) 0.848
CRD 182 (6.2) 89 (4.2) 0.002
Cancer 113 (3.8) 44 (2.1) < 0.0001°
CKD 113 (3.8) 63 (3.0) 0.242
Any NCD® 1043 (35.5) 736 (34.8) 0.604

Independent test and °}? test considered significant at P < 0.05.

‘Presence of at least 1 of 6 studied NCDs.

CHD = coronary heart disease; CKD = chronic kidney disease; CRD = chronic respiratory disease; DM = diabetes mellitus; ICU = intensive care
unit; IQR = interquartile range; NCD = noncommunicable disease; RT-PCR = reverse transcription polymerase chain reaction; SD = standard
deviation; SO> = oxygen saturation.



Table 2.

Risk factors associated with death in COVID-19 hospitalized patients with positive and negative result of RT-PCR

Factor Survivors, Nonsurvivors, P Unadjusted OR p ngis:: (s)eRx p Adjusted® OR p

n (%) N (%) (95% ClI) (95% Cl) (95% ClI)
Demographics
Age 270 yr 729 (24.8) | 338(58.6) <0.0001 | 4.29(3.56-5.16) | <0.0001 1.05 (1.04-1.06) | < 0.0001
Sex-male 1609 (54.7) | 326 (56.5) 0.231 1.07 (0.90-1.29) | 0.434 0.84 (0.68-1.05) | 0.128
Comorbidities
Hypertension 260 (8.8) 58 (10.1) 0.198 1.15(0.85-1.55) | 0.355 0.76 (0.53-1.10) | 0.143 0.89 (0.63-1.25) | 0.506
DM 441 (15.0) | 111(19.2) 0.007 1.35(1.07-1.70) | 0.011 1.00(0.79-1.27) | 0.994 1.11(0.83-1.47) | 0.480
CHD 454 (15.4) | 129 (22.4) <0.0001 | 1.58(1.26-1.96) | <0.0001 0.95(0.75-1.20) | 0.683 0.93(0.71-1.22) | 0.582
CRD 141 (4.8) 57 (9.9) <0.0001 | 2.18(1.58-3.00) | <0.0001 1.53(1.09-2.16) | 0.013 1.44(0.98-2.12) | 0.061
Cancer 70 (2.4) 46 (8.0) <0.0001 | 3.55(2.42-5.21) | <0.0001 3.73(2.46-5.66) | <0.0001 | 3.74(2.36-5.94) | <0.0001
CKD 108 (3.7) 28 (4.9) 0.112 1.34 (0.87-2.05) | 0.181 0.99 (0.64-1.55) | 0.978 0.84 (0.51-1.39) | 0.506
Any NCD" 1000 (34.0) | 297 (36.9) <0.0001 | 2.06(1.72-2.46) | <0.0001 1.27 (1.05-1.55) | 0.014

9Adjusted for all comorbidities.
bpresence of at least 1 of 6 studied NCDs.
CHD = coronary heart disease; Cl = confidence interval; CKD = chronic kidney disease; CRD = chronic respiratory disease; DM = diabetes mellitus;

NCD = noncommunicable disease; OR = odds ratio; RT-PCR = reverse transcription polymerase chain reaction.
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Table 3. Risk factors associated with death in COVID-19 hospitalized patients with positive result of RT-PCR
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Survivors | Nonsurvivo | P . .
Factor , rs, fggf‘;jted OR 1p gie('gasf/dcsl)ex'ad’”“ed p Adjusted? OR (95% Cl) | P
n (%) n (%) ° 0
Demographics
Age 270 yr (227,3? 8) 167 (62.8) | <0.0001 | 5.40(4.07-7.17) | <0.0001 5.44 (3.89-7.62) <0.0001
Male (6:;9) 156 (58.6) 0.149 1.16 (0.89-1.53) | 0.267 1.32 (0.95-1.83) 0.093
Comorbidities:
. 126 0.305
Hypertension (107) 32 (12.0) 1.14 (0.75-1.72) | 0.544 1.27 (0.82-1.96) 0.279 0.99 (0.61-1.60) 0.971
205 0.284
DM (17.5) 51(19.2) 1.12 (0.80-1.57) | 0.514 0.83 (0.58-1.20) 0.324 0.90 (0.58-1.39) 0.638
189 0.104
CHD (16.1) 52 (19.5) 1.26 (0.90-1.78) | 0.176 0.74 (0.51-1.06) 0.099 0.81(0.53-1.22) 0.295
CRD 44 (3.8) | 18(6.8) 0.026 1.86 (1.06-3.28) | 0.031 1.28 (0.69-2.35) 0.433 1.42 (0.72-2.81) 0.313
Cancer 17 (1.4) | 11(4.1) 0.008 2.93(1.36-6.34) | 0.006 1.93 (0.84-4.45) 0.122 2.24 (0.90-5.58) 0.085
CKD 31(2.6) | 11(4.1) 0.136 1.59 (0.79-3.20) | 0.195 1.14 (0.54-2.40) 0.737 1.42 (0.62-3.26) 0.404
Any NCDP ???35 2) 121 (45.5) 0.001 1.58 (1.21-2.07) | <0.0001 | 0.87 (0.65-1.18) 0.374

9Adjusted for all comorbidities.
bpresence of at least 1 of 6 studied NCDs.

CHD = coronary heart disease; Cl = confidence interval; CKD = chronic kidney disease; CRD = chronic respiratory disease; DM = diabetes mellitus;

NCD = noncommunicable disease; OR = odds ratio; RT-PCR = reverse transcription polymerase chain reaction.



Table 4. Association of comorbidities and clinical course in hospitalized patients with COVID-19
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Mechanical ventilation

S0,<93%

ICU admission

Comorbidity

Crude

Age and sex adjusted

Crude

Age and sex adjusted

Crude

Age and sex adjusted

Hypertension

OR (95 % Cl)

0.47 (0.27-0.88)

0.58 (0.34-1.0)

1.87 (1.50-2.34)

1.34 (1.06-1.69)

1.39 (1.06-1.85)

1.27 (0.96-1.69)

p

0.008

0.052

< 0.0001

0.013

0.019

0.099

DM

OR (95 % Cl)

1.01 (0.72-1.41)

0.87 (0.62-1.22)

1.91 (1.62-2.26)

1.49 (1.25-1.77)

1.52 (1.23-1.88)

1.43 (1.15-177)

p

0.969

0.423

< 0.0001

< 0.0001

< 0.0001

<0.0001

CHD

OR (95 % Cl)

0.75 (0.55-1.01)

0.93 (0.68-1.27)

2.16 (1.83-2.56)

1.54 (1.29-1.83)

1.66 (1.35-2.03)

1.52 (1.23-1.89)

p

0.061

0.642

< 0.0001

< 0.0001

< 0.0001

<0.0001

CRD

OR (95 % Cl)

2.05 (1.36-3.09)

1.74 (1.15-2.63)

1.98 (1.50-2.61)

1.54 (1.16-2.04)

1.41(1.01-1.97)

1.30(0.93-1.82)

p

<0.0001

0.009

< 0.0001

0.003

0.045

0.130

Cancer

OR (95 % Cl)

2.11 (1.26-3.55)

2.00 (1.18-3.36)

1.28 (0.92-1.79)

1.18 (0.84-1.66)

1.23(0.78-1.93)

1.19 (0.76-1.88)

p

0.005

0.009

0.142

0.344

0.369

0.440

CKD

OR (95 % Cl)

1.48 (0.85-2.59)

1.31 (0.75-2.30)

1.45 (1.06-2.00)

1.20 (0.86-1.67)

1.68 (1.14-2.47)

1.59 (1.07-2.34)

p

0.169

0.348

0.022

0.269

0.009

0.020

CHD = coronary heart disease; Cl = confidence interval; CKD = chronic kidney disease; CRD = chronic respiratory disease; DM = diabetes mellitus;
ICU = intensive care unit; OR = odds ratio; SO, = oxygen saturation.




