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ABSTRACT

EETELITREL LW F Recently, coronavirus has become a major cause of death and hospital admission worldwide. This
study was aimed to assess the factors associated with the presentation via ambulance and time to in-hospital death or
discharge from the hospital using a multilevel joint modeling approach.

In this historical cohort study, hospitalized patients with COVID-19 were included from 34 medical
centers in Khuzestan province, Iran, from February 18th, 2020, to January 5t, 2021. Joint model analysis was used to assess
the impact of demographic and clinical characteristics on the mode of hospital presentation and time to death/discharge
from hospitals in Khuzestan province, Iran.

Among 22,356 patients, 14.2% presented to the hospital via ambulance, and 11.2% died in the hospital. The odds
of ambulance use was higher in patients with older age, male sex, comorbidities including respiratory disease, diabetes,
cancer, and drug abuse, and symptoms such as respiratory distress and loss of consciousness. Older age, male sex, a higher
burden of comorbidities, symptoms of chest pain, respiratory distress, and loss of consciousness, and admission to intensive
care unit were predictors of in-hospital mortality. The median survival time was longer for patients with COVID-19 who self-
presented to the hospital compared to those who presented with ambulance (31 vs 20 days; log-rank P<0.001).

Several demographic and clinical factors were found to predict the EMS utilization and in-hospital mortality in
patients hospitalized with COVID-19 and can be used for risk-stratification. Controlling for the predictors of ambulance use
in COVID-19 infection may help improve patient outcomes.
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1. Introduction

The coronavirus disease (COVID-19) pandemic has Fever, cough, sore throat, myalgia, nausea, anorexia,
caused numerous deaths and infected all facets of diarrhea, and vomiting are the most common clinical
human life since December 2019 (1). Patients with signs (2). As of May 29%™, 2021, the World Health
COVID-19 may be asymptomatic or present with a Organization (WHO) has reported over 169 million
wide variety of symptoms, ranging from respiratory to laboratory-confirmed cases of COVID-19 and over 3.5
cardiac, urinary, neurological, and other symptoms. million deaths worldwide (https://covid19.who.int/).
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By this date, Iran has reported over 2.8 million
confirmed cases and about 80 thousand deaths
related to COVID-19. The increasing trend of infected
cases in Iran might be due to several factors such as
premature and inefficient reopening policies, the
absence of traveling restrictions alongside open
borders, and the lack of public adherence to social
distancing recommendations (3).

In southwestern Iran, Khuzestan province is one of
the hardest-hit regions in Iran, facing a rapid surge in
cases during the 4™ wave of COVID-19 in recent
months (4). The novel coronavirus variant discovered
first in the United Kingdom is wreaking havoc on the
region. Besides, the hazard grows due to the
continued economic and social interactions with the
neighboring country, Iraq, during the pandemic. As
the number of cases increases, more patients may
require limited healthcare resources such as
ventilators or intensive care unit (ICU) beds, which
could overwhelm the healthcare system and lead to
increased mortality.

A proportion of cases present to the emergency
department via emergency medical services (EMS).
Delayed presentation to the hospital may negatively
affect the odds of survival from COVID-19 infection. It
is critical to assess the factors associated with
different modes of hospital presentation and experi-
encing adverse outcomes in the hospital. Hence, in
this study, we intend to investigate the factors asso-
ciated with the mode of hospital presentation and
time to death/discharge from the hospital using a joint
modeling approach.

2. Material and Methods

Patient Population

For this historical cohort study, we used the data
from the Ahvaz Jundishapur University of Medical
Sciences (AJUMS) database. The study was approved
by the Ethical Review Board of the AJUMS. The patient
population consisted of 22,356 patients with
confirmed COVID-19 infection across 34 medical cent-
ers/hospitals in Khuzestan province, lIran, from
February 18th, 2020, to January 5th, 2021. The COVID-
19 infections were confirmed using the national
protocol for COVID-19 diagnosis (5).

Variables

The studied factors included demographic variables
such as age and gender; signs or symptoms at
presentation such as asymptomatic presentation,
fever, chills, cough, respiratory distress, sore throat,
anorexia, dizziness, anosmia, dysgeusia, headache,
myalgia, chest pain, abdominal pain, nausea, vomit-
ing, gastrointestinal bleeding, diarrhea, convulsion,
loss of consciousness, paresis, and paralysis; como-
rbidities such as asthma, other chronic lung diseases,
chronic kidney disease, chronic liver disease, hyper-
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tension, diabetes, heart disease, cancer, drug abuse,
any kind of nervous system disease, and pregnancy;
clinical characteristics such as contact with a
confirmed case, Path to COVID-19 diagnosis (clinical
manifestation/ only positive PCR/ positive PCR and
abnormal computed tomography scans), and hospital
ward (general/ isolated/ICU).

Primary Outcomes
The binary outcome of interest was the mode of
presentation to the hospital (EMS=0 if self-presented,
and EMS=1 if presentation via ambulance) and the
time to death/discharge from hospital (in-hospital
mortality=1 if death, and in-hospital mortality=0 if
discharge).

Statistical Analysis

The information in this study is recorded in a two-
level framework. This hierarchical structure has a
pyramid form with observations from the patients at
the lower level (level one) nested within hospitals at
the higher level (level two). In other words, a fraction
of variability between patient outcomes may be due
to differences between hospitals. The outcome
variables for an individual patient may be influenced
by the hospital, and multilevel models has the ability
to partition variation into different levels. Two
response variables, i.e., mode of presentation (pre-
sentation via ambulance versus self-presentation) and
time to disposition from the hospital (death as failure
and discharge as censoring), are recorded at the
subject level. To combine the response variables and
to assess the simultaneous impact of independent
variables on the associated outcomes, we used a joint
model for clustered binary response and survival time
through a bivariate random effect (6). The binary
outcome was assessed using a multilevel logistic
regression submodel, and the time to death/discharge
was assessed using a multilevel cox regression sub-
model. The association between the two response
variables was subsequently studied using a covariance
matrix of random effects in each of the submodels.
The joint model is defined as follows:

Logit (pr(yij = 1|Zij'u1i)) =ziiB + uy;
0, (t|wij, uz) = 6o(D)exp (wiv + uy;)

“:y
1

In the above formula and for hospital “i” and patient
“j”, ¥i; is the binary response variable, z;; is the matrix
of covariates, § is the vector of coefficients, u,; is the
random intercept of the logistic submodel, 8, is the
baseline hazard function, “t” is the time to event, Wi
is the matrix of survival predictors, y is the vector of
survival coefficients, and u,; is the random intercept
of the survival submodel.

In this study, we performed three different mode-
ling approaches, including multilevel univariate simple
(one response and one predictor in a multilevel
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framework), multilevel univariate multiple (one respo-
nse and multiple predictors in a multilevel frame-
work), and multilevel joint (two responses and
multiple predictors in a multilevel framework). The
performance of the multiple multilevel models is
compared using the likelihood ratio test. Variables
with P-value less than 0.1 in the univariate simple
models were entered in the multiple approaches.

The estimated coefficients in the logistic regression
submodel were interpreted as odds ratio, and the
estimated coefficients in the Cox regression submodel
were interpretable as hazard ratio. A penalized
likelihood function is used to estimate the coefficients,
and the Newton-Raphson method is utilized to
optimize the estimations. The package “bhm” in R
programming software (http://www.R-project.org)
was used to implement multilevel joint modeling in

(14.2%) cases were presented to the hospitals and
medical centers via ambulance. The baseline demo-
graphic and clinical characteristics in those with
different modes of presentation and different in-
hospital outcomes were presented in Table 1.

Patients who presented with ambulance and those
who had Covid-19 in-hospital mortality had higher age
and were more frequently men. These patients had a
higher burden of comorbidities than those without
these outcomes. They generally had lower rates of
non-specific viral infection-related signs and sym-
ptoms such as fever or myalgia, compared to those
who self-presented to the hospital or those who
survived, but more serious symptoms such as res-
piratory distress or loss of consciousness. Prior contact
with the confirmed cases of covid-19 was not different
between groups with and without EMS utilization, but

this study. it was associated with higher in-hospital mortality. A
higher proportion of patients who activated EMS or
died in hospital had objective findings in favor of
COVID-19 infection, and similarly, a higher proportion

was admitted to ICU (Table 1).

3. Results

Among the study patients, the mean age was 52.2
(24.4) years, and 47.9% were women. A total of 2514
(11.2%) patients died in the hospital. Only 3171

Table 1. Patient characteristics among those who self-presented or used ambulance, and among those with or without in-
hospital mortality

In-hospital mortality
VELELI
No Yes P No Yes P

Demographics

Age, years; mean (SD) 51.8(20.5) 55.3 (40.9) <0.001 50.7 (20.3) 64.9 (43.3) <0.001

Female Gender 9274 (48.3%) 1429 (45.1%)  0.001 9621 (48.5%) 1082 (43.0%) <0.001
Comorbidity

Asthma 377 (2.0%) 71 (2.2%) 0.308 404 (2.0%) 44.0 (1.8%) 0.335

Other chronic lung diseases 429 (2.2%) 97 (3.1%) 0.005 442 (2.2%) 84 (3.3%) 0.001

Chronic kidney disease 532 (2.8%) 108 (3.4%) 0.048 514 (2.6%) 126 (5.0%) <0.001

Chronic liver disease 93 (0.5%) 12 (0.4%) 0.417 85 (0.4%) 20 (0.8%) 0.001

Hypertension 2203 (11.5%) 361 (11.4%)  0.872 2184 (11.0%)  380(15.1%)  <0.001

Diabetes 2578 (13.4%) 470 (14.8%) 0.035 2600 (13.1%) 448 (17.8%)  <0.001

Heart disease 1907 (9.9%) 329 (10.4%) 0.449 1882 (9.5%) 354 (14.1%)  <0.001

Cancer 444 (2.3%) 59 (1.9%) 0.111 407 (2.1%) 96 (3.8%) <0.001

Drug abuse 96 (0.5%) 54 (1.7%) <0.001 118 (0.6%) 32 (1.3%) <0.001

Nervous system diseases 248 (1.3%) 59 (1.9%) 0.011 256 (1.3%) 51 (2.0%) 0.003

Pregnancy 188 (1.0%) 14 (0.4%) 0.003 199 (1.0%) 3 (0.1%) <0.001
Signs/Symptoms

Asymptomatic 318 (1.7%) 41 (1.3%) 0.13 328 (1.7%) 31 (1.2%) 0.115

Fever 8258 (43.0%)  1215(38.3%) <0.001 8614 (43.4%) 859 (34.2%)  <0.001

Chills 101 (0.5%) 7 (0.2%) 0.021 100 (0.5%) 8 (0.3%) 0.206
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Variables

In-hospital mortality

No Yes P No Yes P
Cough 10103 (52.7%) 1466 (46.2%)  <0.001 10605 (53.4%) 964 (38.3%)  <0.001
Respiratory distress 8562 (44.6%) 1794 (56.6%) <0.001 8649 (43.6%) 1707 (67.9%) <0.001
Sore throat 142 (0.7%) 13 (0.4%) 0.038 150 (0.8%) 5(0.2%) 0.002
Anorexia 1372 (7.2%) 97 (3.1%) <0.001 1329 (6.7%) 140 (5.6%) 0.031
Dizziness 565 (2.9%) 32 (1.0%) <0.001 569 (2.9%) 28 (1.1%) <0.001
Anosmia 307 (1.6%) 22 (0.7%) <0.001 311 (1.6%) 18 (0.7%) 0.001
Dysgeusia 191 (1.0%) 28 (0.9%) 0.551 207 (1.0%) 12 (0.5%) 0.007
Headache 1115 (5.8%) 75 (2.4%) <0.001 1147 (5.8%) 43 (1.7%) <0.001
Myalgia 4502 (23.5%) 676 (21.3%)  0.008 4784 (24.1%) 394 (15.7%)  <0.001
Chest pain 598 (3.1%) 44 (1.4%) <0.001 570 (2.9%) 72 (2.9%) 0.98
Abdominal pain 409 (2.1%) 28 (0.9%) <0.001 408 (2.1%) 29 (1.2%) 0.002
Nausea 963 (5.0%) 88 (2.8%) <0.001 966 (4.9%) 85 (3.4%) 0.001
Vomiting 912 (4.8%) 79 (2.5%) <0.001 906 (4.6%) 85 (3.4%) 0.007
Gastrointestinal bleeding 5 (0.0%) 3(0.1%) 0.059 7 (0.0%) 1(0.0%) 0.911
Diarrhea 713 (3.7%) 59 (1.9%) <0.001 716 (3.6%) 56 (2.2%) <0.001
Convulsion 76 (0.4%) 24 (0.8%) 0.005 72 (0.4%) 28 (1.1%) <0.001
Loss of consciousness 701 (3.7%) 381 (12.0%) <0.001 409 (2.1%) 673 (26.8%) <0.001
Paresis 77 (0.4%) 15 (0.5%) 0.559 78 (0.4%) 14 (0.6%) 0.227
Paralysis 40 (0.2%) 10 (0.3%) 0.238 34 (0.2%) 16 (0.6%) <0.001
Path to diagnosis

c°"tczc:e“:ft2 g&:’:li;med 5449 (28.4%) 848 (26.7%)  0.054 5496 (27.7%)  801(31.9%)  <0.001
Diagnosis <0.001 <0.001

Clinical Manifestation 5376 (28.0%) 518 (16.3%) 555 (28.0%) 343 (13.6%)

PCR Positive 11542 (60.2%) 2325 (73.3%) 11967 (60.3%) 1900 (75.6%)

Positive PCR and Abnormal CT 2267 (11.8%) 328 (10.3%) 2324 (11.7%) 271 (10.8%)
Ward <0.001 <0.001

Icu 2332 (12.2%) 1109 (35.0%) 2036 (10.3%) 1405 (55.9%)

Isolation 6714 (35.0%) 585 (18.4%) 6843 (34.5%) 456 (18.1%)

General 10139 (52.8%) 1477 (46.6%) 10963 (55.3%) 653 (26.0%)

Note: Except age, the other variables are presented as n(%). Abbreviations: CT: computed tomography scan; EMS: emergency
medical services; ICU: intensive care unit; P: p-value; PCR: polymerase chain reaction; SD: standard deviation;

The results of multilevel univariate simple Cox,
multilevel univariate multiple Cox, and multilevel joint
models are shown in Table 2. The joint approach takes
the significant association between the two response
variables into account. The covariance between the
random effects and standard deviation for the

multilevel Cox and logistic regression random effects
were 1.98 (standard error=0.38), 2.25 (standard
error=0.54), and 1.19 (standard error=0.05), respect-
tively. An average association of 74% was found
between the random effects of the two sub-models.
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Table 2. The results of multilevel univariate simple Cox, multilevel univariate multiple Cox and multilevel joint models assessing
the impact of variables on in-hospital mortality

Variables

Demographics

Age
Female Gender
Comorbidity
Asthma
Other chronic lung diseases
Chronic kidney disease
Chronic liver disease
Hypertension
Diabetes
Heart disease
Cancer
Drug abuse
Nervous system diseases
Pregnancy
Signs/Symptoms
Asymptomatic
Fever
Chills
Cough
Respiratory distress
Sore throat
Anorexia
Dizziness
Anosmia
Dysgeusia
Headache
Myalgia
Chest pain
Abdominal pain
Nausea
Vomiting
Gastrointestinal bleeding
Diarrhea
Convulsion
Loss of consciousness

Paresis

Univariate Simple

HR (95% Cl)

1.00 (0.14-7.15)
0.87 (0.15-4.87)

0.96 (0.14-6.27)
1.14 (0.12-10.75)
1.47 (0.08-26.46)
1.46 (0.08-25.99)
1.38 (0.09-20.63)
1.27 (0.10-15.29)
1.50 (0.08-28.47)
1.44 (0.08-24.57)
1.83 (0.05-66.05)
1.11 (0.12-9.93)
0.21(0.14-0.33)

0.90 (0.15-5.27)
0.72 (0.17-2.98)
0.72 (0.17-2.98)
0.62 (0.18-2.08)
2.00 (0.04-101.59)
0.52 (0.18-1.43)
0.97 (0.14-6.60)
0.54 (0.18-1.59)
0.81(0.16-3.97)
0.66 (0.18-2.44)
0.46 (0.18-1.16)
0.76 (0.17-3.41)
1.28 (0.10-15.86)
0.75 (0.17-3.30)
0.85 (0.16-4.48)
0.81 (0.16-4.04)
1.51 (0.07-29.77)
0.78 (0.17-3.63)
1.40 (0.09-21.68)
5.46 (0.00-12.25)
1.20 (0.11-12.57)

p

<0.001
0.001

0.781
0.228
<0.001
0.088
<0.001
<0.001
<0.001
<0.001
0.001
0.440
0.008

0.565
<0.001
0.359
<0.001
<0.001
0.143
0.776
0.001
0.376
0.158
<0.001
<0.001
0.037
0.131
0.138
0.066
0.676
0.07
0.078
<0.001
0.498

Univariate Multiple

HR (95% Cl)

1.00 (0.14-1.14)
0.90 (0.15-5.38)

1.27 (0.10-15.61)
1.26 (0.10-15.17)
1.07 (0.131-8.87)
1.02 (0.14-7.56)
1.19 (0.11-12.35)
1.76 (0.05-56.59)
1.09 (0.13-9.37)

0.34 (0.17-0.66)

0.88 (0.15-5.00)

0.83 (0.16-4.20)

1.47 (0.08-26.69)

0.74 (0.17-3.18)

0.65 (0.18-2.38)
0.98 (0.14-6.85)
1.43 (0.08-24.09)

0.97 (0.14-6.61)

0.98 (0.14-6.74)

0.70 (0.17-2.79)
3.33 (0.00-12.15)

Multivariate
Multiple

HR (95% Cl)

1.002 (1.001-1.002)
0.91 (0.84-0.99)

133 (1.11-1.60)
1.31 (0.84-2.05)
1.03 (0.91-1.16)
1.01 (0.90-1.14)
1.22 (1.08-1.37)
1.93 (1.57-2.37)
0.98 (0.68-1.40)

0.35(0.11-1.09)

0.90 (0.83-0.98)

0.82 (0.75-0.89)

1.41 (1.29-1.55)

0.77 (0.52-1.12)

0.65 (0.47-0.89)
1.00 (0.89-1.11)
1.44 (1.13-1.84)

1.12 (0.89-1.41)

1.05 (0.79-1.39)

0.71 (0.48-1.05)
3.42(3.10-3.78)
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Univariate Simple

Variables
HR (95% Cl)

Paralysis

Path to diagnosis

Contact with a confirmed case of
COVID-19

Diagnostic findings
Clinical manifestation Ref
Positive PCR

Positive PCR and abnormal Chest CT

Ward
ICU Ref
Isolation 0.29 (0.16-0.53)
General 0.25 (0.15-0.42)

2.68 (0.01-510.91)

1.13 (0.12-10.51)

1.45 (0.08-25.30)
1.30 (0.10-16.56)

.. . Multivariate
Univariate Multiple

Multiple
P HR (95% CI) HR (95% Cl)
<0.001 1.40 (0.09-22.23) 1.39 (0.84-2.30)
0.003 1.01 (0.14-7.31) 0.95 (0.87-1.04)
<0.001 1.33 (0.09-18.20) 1.19 (1.05-1.34)
0.001 1.50 (0.08-28.42) 1.33(1.13-1.56)
<0.001 0.43 (0.18-0.99) 0.36 (0.32-0.40)
<0.001 0.37 (0.18-0.76) 0.35(0.32-0.39)

Abbreviations: Cl: confidence interval; CT: computed tomography scan; H.R.: hazard ratio; ICU: intensive care unit; P: p-value;

PCR: polymerase chain reaction; Ref: reference;

The predictors of EMS utilization based on the
multilevel univariate simple logistic, multilevel
univariate multiple logistic, and the multilevel joint
models are shown in Table 3. The odds of EMS use
increased by 0.3% per year increase in age and was
lower for women by 8%. Comorbidities such as drug
abuse (OR 2.41; 95%Cl 1.63-3.54), chronic lung
diseases (OR 1.62; 95%Cl 1.26-2.08), asthma (OR 1.47;
95%Cl 1.11-1.94), cancer (OR 1.60; 95%Cl 1.17-2.20),
and diabetes (OR 1.21; 95%Cl 1.06-1.37) were
independent predictors of EMS utilization. After

adjustment for covariates, headache (OR 0.65; 95%ClI
0.50-0.85), abdominal pain (OR 0.53; 95%CI 0.36-
0.80), and vomiting (OR 0.74; 95%Cl 0.55-0.98) were
associated with lower odds of EMS activation, while
severe presentations such as respiratory distress (OR
1.21; 95%Cl 1.11-1.32), or loss of consciousness (OR
2.57; 95%Cl 2.21-2.98) were associated with higher
EMS use. Positive PCR cases and those with both
positive PCR and CT had 2.5 and 1.88 times higher
odds of EMS use than those diagnosed only based on
clinical manifestation.

Table 3. Factors associated with EMS utilization based on the multilevel univariate simple logistic, multilevel univariate multiple
logistic and multilevel joint models

Univariate Simple

Variables

Demographics

OR (95% Cl)

Univariate Multiple Joint Multiple

P OR (95% Cl) OR (95% Cl)

Age 1.008 (1.006-1.01) <0.001 1.001 (0.99-1.003) 1.003 (1.001-1.005)

Female Gender
Comorbidity
Asthma
Other chronic lung diseases
Chronic kidney disease
Chronic liver disease
Hypertension
Diabetes
Heart disease

Cancer

0.87 (0.80-0.94)

1.43 (1.08-1.88)
1.67 (1.31-2.13)
1.05 (0.84-1.31)
0.79 (0.42-1.47)
1.22 (1.07-1.38)
1.32(1.18-1.49)
1.20 (1.05-1.37)
1.83 (1.34-2.51)

0.001 0.93 (0.86-1.02) 0.91 (0.84-0.99)
0.010 1.47 (1.10-1.96) 1.47 (1.11-1.94)
<0.001 1.48 (1.14-1.92) 1.62 (1.26-2.08)
0.659

0.461

0.002 0.98 (0.84-1.14) 1.00 (0.87-1.16)
<0.001 1.20 (1.05-1.37) 1.21 (1.06-1.37)
0.006 0.96 (0.83-1.11) 1.05 (0.91-1.21)
<0.001 1.54 (1.10-2.13) 1.60 (1.17-2.20)
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Variables

Drug abuse

Nervous system diseases
Pregnancy
Signs/Symptoms
Asymptomatic
Fever
Chills
Cough
Respiratory distress
Sore throat
Anorexia
Dizziness
Anosmia
Dysgeusia
Headache
Myalgia
Chest pain
Abdominal pain
Nausea
Vomiting
Gastrointestinal bleeding
Diarrhea
Convulsion
Loss of consciousness
Paresis
Paralysis

Path to diagnosis

Contact with a confirmed case of COVID-

19
Diagnostic findings

Clinical manifestation

Positive PCR

Univariate Simple

OR (95% Cl)
2.94 (2.03-4.26)
1.44 (1.06-1.95)
0.35 (0.20-0.62)

1.10 (0.77-1.56)
0.88 (0.81-0.96)
0.63 (0.28-1.44)
0.75 (0.69-0.81)
1.50 (1.38-1.63)
0.54 (0.29-1.00)
0.49 (0.39-0.61)
0.34 (0.23-0.48)
0.53 (0.34-0.83)
1.05 (0.69-1.59)
0.44 (0.34-0.56)
0.78 (0.71-0.86)
0.59 (0.42-0.81)
0.43 (0.29-0.64)
0.58 (0.46-0.73)
0.54 (0.43-0.69)
4.21(0.87-20.17)
0.66 (0.49-0.87)
2.02 (1.22-3.32)
3.27 (2.84-3.78)
0.99 (0.53-1.84)
1.93 (0.90-4.17)

1.06 (0.96-1.16)

2.74 (2.43-3.09)

Positive PCR and abnormal Chest CT

1.88 (1.60-2.20)

Univariate Multiple Joint Multiple
P OR (95% Cl) OR (95% Cl)

<0.001 2.15(1.44-3.21) 2.41 (1.63-3.54)
0.019 1.00 (0.72-1.39) 1.07 (0.78-1.48)
<0.001 0.57 (0.32-1.02) 0.57 (0.32-1.01)
0.591

0.003 0.99 (0.90-1.08) 0.99 (0.91-1.08)
0.279
<0.001 0.83 (0.76-0.90) 0.91 (0.81-1.08)
<0.001 1.11 (1.01-1.22) 1.21(1.11-1.32)
0.051 0.65 (0.34-1.24) 0.65 (0.35-1.19)
<0.001 0.63 (0.50-0.80) 0.88 (0.76-1.03)
<0.001 0.57 (0.38-0.83) 0.84 (0.69-1.00)
0.006 0.61 (0.37-1.01) 0.68 (0.43-1.07)
0.805
<0.001 0.70 (0.54-0.90) 0.65 (0.50-0.85)
<0.001 0.95 (0.85-1.05) 0.91 (0.82-1.01)
0.001 0.65 (0.47-0.90) 0.82 (0.65-1.06)
<0.001 0.58 (0.39-0.88) 0.53 (0.36-0.80)
<0.001 1.04 (0.78-1.37) 0.98 (0.74-1.30)
<0.001 0.73 (0.55-0.99) 0.73 (0.55-0.98)
0.072 5.82 (1.05-32.25) 4.43 (0.79-24.83)
0.004 0.87 (0.64-1.17) 0.87 (0.65-1.16)
0.006 1.19 (0.70-2.01) 1.37 (0.81-2.32)
<0.001 2.00 (1.71-2.33) 2.57(2.21-2.98)

0.98

0.091 1.22 (0.55-2.71) 1.26 (0.58-2.75)
0.203

Ref

<0.001 2.38(2.10-2.71) 2.50 (2.24-2.79)
<0.001 1.86 (1.58-2.20) 1.88 (1.60-2.20)

Abbreviations: Cl: confidence interval; CT: computed tomography scan; ICU: intensive care unit; OR: odds ratio; P: p-value;

PCR: polymerase chain reaction; Ref: reference;

The results of the multilevel joint model
demonstrated the risk of death to be increased by
0.2% per year increase in age, and the female gender
provided an 8.6% risk reduction of death. Among the
comorbidities, the presence of chronic kidney disease,
heart disease, and cancer increased the risk of death

Year 15, Issue 6 (November & December2021)

by 33% (95%Cl 11%-60%), 31% (95%CI 8%-37%), and
93% (95%Cl 57%-137%), respectively. After
adjustment for covariates, presentation with general
viral symptoms such as fever (HR 0.90; 95%CI 0.83-
0.98), cough (HR 0.82; 95%Cl 0.75-0.89), and
headache (HR 0.65; 95%Cl 0.47-0.89) was associated
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with lower hazard of death, whilst symptoms such as
respiratory distress (HR 1.41; 95%Cl 1.29-1.55), chest
pain (HR 1.44; 95%Cl 1.13-1.84), and loss of
consciousness (HR 3.42; 95%Cl 3.10-3.78) were
associated with increased risk of mortality in hospital.
Positive PCR cases and those with both positive PCR
and CT had 1.19 and 1.32 times higher risk of death
than those diagnosed only based on clinical mani-
festation. Moreover, hospitalized cases in isolated and
general wards have almost 65% less chance of death
compared to those in ICU.

The mean and median survival time was longer for
patients with COVID-19 who self-presented to the
hospital (46.6 and 31 days, respectively) compared to
cases who presented viaambulance (31.6 and 20 days,
respectively). Kaplan-Meier curves showed lower
survival from Covid-19 in those who presented with
ambulance compared to their counterparts (log-rank
test P<0.001, Figure 1).

Mode of Presentation
- Self-presented
-~ via Ambulance

1.0 Log-Rank test:
chi-square statistic: 191.80
p-value<0.001
0.8+
S os
5
&
o4
=
= 044
g
O
024  teemaa-
0.0
T T T T T T
00 20.00 40.00 60.00 80.00 100.00
Time (Day)

Figure 1. The Kaplan-Meyer survival curve for groups with different modes of hospital presentation

4. Discussion

In this retrospective analysis of patients hospitalized
with COVID-19 in the province of Khuzestan in
southwestern Iran, we had several key findings: First,
only one in seven patients presented to the hospital
with an ambulance. Second, patients who presented
with an ambulance had distinct clinical characteristics
compared to those who self-presented. Third, multi-
ple factors were found to predict the EMS utilization
and in-hospital mortality in patients hospitalized with
COVID-19, and those features can be leveraged to
distinguish those at higher risk of adverse outcomes
from COVID-19 infection.

In the current study, presentation via ambulance
was a harbinger of poorer in-hospital outcomes
among patients hospitalized with COVID-19. This
observation may not be specific to COVID-19, as the
phenomenon was previously reported for many other
disease conditions as well (7-10).

The pandemic has changed care delivery worldwide,
across its spectrum from EMS to emergency
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department to inpatient/ICU care. EMS protocols
needed to be adapted, as the existing protocols were
insufficient for dealing with issues such as
resuscitating out-of-hospital cardiac arrest in cases
with suspected COVID-19, etc. (11-15). The EMS use
remained stable (16) or increased in some jurisdictions
(17-19), where additional roles were assigned to the
EMS as a part of the pandemic response, such as home
testing, etc.

However, numerous studies from a wide variety of
countries reported decreased EMS calls and dis-
patches, at least in the initial phases of the pandemic.
In line with an earlier preliminary report from the
United States (U.S.) (20), Satty et al. reported a 26.5%
decrease in the EMS responses for the March-May
2020 period compared to the corresponding 2-month
periods in 2016-2019 in a region with the low-mode-
rate burden of COVID-19 infection in the U.S. (21).
Similarly, the EMS calls significantly decreased in
Canada since the beginning of the pandemic in 2020
compared to the 2016-2019 period (22).
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A US survey found that people were abstaining from
calling EMS due to the fear of contracting COVID-19,
regardless of the severity of their health condition
(23), making it important to study how patients who
activated EMS differed from those who self-presented
in terms of demographic and clinical characteristics.

Although there has been studies exploring the
predictors of poorer in-hospital outcome in patients
with COVID-19, there is a paucity of studies investi-
gating the factors associated with EMS utilization in
the pandemic setting with considering its impact on
in-hospital outcomes. To do so, we used a joint
modeling approach in which EMS utilization and the
time to in-hospital mortality were combined as the
outcomes of COVID-19, and the impact of several
demographic and clinical variables on the response
variables was investigated.

In our study, older age and male sex were respon-
sible for a higher ratio of EMS use and in-hospital
death. Previous studies from different regions have
reported higher age in patients who die in hospital due
to COVID-19 compared to those who survive (24-34),
and older age and male sex have been independent
predictors of mortality (31, 34-38). Besides increased
comorbidities, the loss of control over viral replication
due to age-related deficiencies in lymphocyte active-
ties and the dysregulation of type 2 cytokine response
are some purported contributing factors to the
prognostic impact of age in COVID-19 infection (24).
Furthermore, sex differences in innate immunity and
the effect of steroidal hormones could be the
underlying mechanism behind risk protection in
women (24).

Several studies have shown increased adverse
outcomes in the setting of COVID-19 in patients with
comorbidities (31, 34, 37-41). In our study, comor-
bidities such as asthma, other chronic lung diseases,
diabetes, cancer, and drug abuse were strongly
associated with EMS utilization, and the presence of
chronic kidney disease, heart disease, and cancer was
associated with in-hospital mortality in patients
hospitalized with COVID-19.

Patients with respiratory distress and loss of cons-
cioussness were more likely to present to the hospital
via ambulance, and symptoms such as respiratory
distress, chest pain, and loss of consciousness
significantly predicted death following COVID-19
infection. This was in line with previous reports from
China showing the symptoms of dyspnea, chest
tightness, and loss of consciousness to be more
common among deceased patients compared to those
who survived (26). Unlike our study, chest pain was
not a predictor of mortality in some previous studies
(29). A decreased level of consciousness is among the
presenting features of COVID-19 and can be attributed
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to a variety of etiologies, from hypoxia to neurologic
issues. In our study, loss of consciousness was present
in ~10% of patients and was three times more
common in those who died in the hospital compared
to those who survived. In keeping with the study of
Trigo et al.,, the headache was an independent
predictor of lower mortality risk in COVID-19 patients
(42).

Some of the clinical predictors mentioned in the
current study are similar to features reported from
SARS or MERS (43, 44). This could be a good reminder
that COVID-19 is not going to be our last epidemic or
pandemic, so whilst we are trying to manage the
current pandemic, we should learn on how to prepare
ourselves for the future ones. These factors can help
in identifying those at increased risk of poor outcomes
and can inform current and future pandemic/-
epidemic responses.

We considered the multilevel structure of the data
in the modeling procedures to achieve estimations
with the least bias. Regarding the confidence intervals
for the parameter estimations, it is shown that the
joint modeling approach results in narrower intervals.
In other words, the standard error of the estimation in
the joint model is shown to be lower than those of
univariate multiple and simple methods. Therefore
the estimated parameters are more reliable. Litera-
ture has proven that ignoring the multilevel structure
negatively affects the model's performance, the
classification of individuals into response variable
classes, and the standard errors for parameter
estimates (45). It has been argued that the use of the
joint modeling approach reduces the bias in the
estimation of fixed-effect parameters and variance
components, decreases the mean square of errors,
and increases the efficiency of parameter estimation.
It has been shown that when there is a
positive/negative association between the time to
event outcome and the binary response variable,
using separate models yields to less precise estimation
and lower power in comparison with the joint
modeling (6).

Several strengths and limitations are noteworthy.
The database is a large multi-center database from an
entire province in a country highly affected by the
COVID-19 pandemic. As mentioned above, the joint
modeling used in this study yields a more accurate
estimation of the effect size for the effect of different
covariates on the outcomes of interest than studying
those outcomes separately. The use of multilevel
modeling takes into account the impact of clusters of
care (centers and hospitals) and their potential
heterogeneity in providing health care services. We
lacked data on some predictors of outcomes, including
the laboratory results, baseline medications, and
COVID-19-related therapies. However, all patients in
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this cohort were treated according to the national
COVID-19 treatment protocols. We did not have data
on distance from the patients’ residence to the health
facility and cannot rule that out as a potential
confounder of the patients’ EMS utilization decision
(9, 46). The database is limited to those admitted to
the hospital due to COVID-19 infection, so the results
may not be generalizable to the patients with COVID-
19 infection who do not present to the hospital.

5. Conclusion

Using the joint modeling approach, several demo-
graphic and clinical factors were found to predict the
EMS utilization and in-hospital mortality in patients
hospitalized with COVID-19. Controlling for the
predictors of EMS utilization in COVID-19 infection
may significantly increase the survival time and the
survival probability of patients.

Acknowledgment

The authors would like to thank the vice-chancellor of
the Islamic Republic of Iran’s Ministry of Health and
Medical Education for providing the database for this
analysis.

Funding

This research did not receive any specific grant from
any agency in the public, commercial, or not-for-profit
sector.

References

1. Varela-Santos S, Melin P. A new approach for
classifying coronavirus COVID-19 based on its
manifestation on chest X-rays using texture
features and neural networks. Inf Sci.
2021;545:403-14. [PMID] [PMCID]
[DOI:10.1016/j.ins.2020.09.041]

2. Schettino M, Pellegrini L, Picascia D, Saibeni S,
Bezzio C, Bini F, et al. Clinical Characteristics of
COVID-19 Patients With Gastrointestinal
Symptoms in Northern Italy: A Single-Center
Cohort Study. Am J Gastroenterol. 2021;
116(2):306-10.
[DOI:10.14309/2ajg.0000000000000965] [PMID]

3. Zand AD, Heir AV. Environmental impacts of
new Coronavirus outbreak in Iran with an
emphasis on waste management sector. J
Mater Cycles. 2021;23(1):240-7.
[DOI:10.1007/s10163-020-01123-1] [PMCID]

4. Zarei J, Dastoorpoor M, Jamshidnezhad A,
Cheraghi M, Sheikhtaheri A. Regional COVID-19
registry in Khuzestan, Iran: A study protocol and

Year 15, Issue 6 (November & December2021)

Ethical Approval

The Ethics Committee of Ahvaz Jundishapur
University of medical sciences approved the study
protocol under the code: I.R.AJUMS.REC.1400.200.

Availability of Data and Materials

The datasets used and/or analyzed during the
current study would be available from the
corresponding author on reasonable request.

Author Contributions

PA & SGH: Conception and design of the research;
Statistical analysis; Interpretation of data; Writing of
the manuscript. AS & J.Z.: Conception and design of
the study; Acquisition of data. NS: Interpretation of
data; Writing of the manuscript. All authors approved
the final version of the article for submission.

Ethics Approval and Consent to

Participate
Ethical approval to perform this study was obtained

by the Ethical Review Board of the Ahvaz Jundishapur
University of Medical Sciences.

Conflict of Interest

The authors declared no competing interests.

lessons learned from a pilot implementation.
Infform  Med Unlocked. 2021;23:100520.
[DOI:10.1016/j.imu.2021.100520] [PMID]
[PMCID]

5. Raeisi A, Tabrizi JS, Gouya MM. IR of Iran
National Mobilization against COVID-19
Epidemic. Arch Iran Med. 2020;23(4):216-9.
[DOI:10.34172/aim.2020.01] [PMID]

6. Chen BE, Wang J. Joint modeling of binary
response and survival for clustered data in
clinical trials. Stat Med. 2020;39(3):326-39.
[DOI:10.1002/sim.8403] [PMID]

7. Boothroyd LJ, Lambert LJ, Segal E, Ross D, Kouz
S, Maire S, et al. Comparison of outcomes of
ambulance users and nonusers in ST elevation
myocardial infarction. The American journal of
cardiology. 2014;114(9):1289-94.
[DOI:10.1016/j.amjcard.2014.07.060] [PMID]

8. Kaul P, Welsh RC, Liu W, Savu A, Weiss DR,
Armstrong PW. Temporal and Provincial

Iranian Journal of Medical Microbiology


https://www.ncbi.nlm.nih.gov/pubmed/32999505
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7513693
https://doi.org/10.1016/j.ins.2020.09.041
https://doi.org/10.14309/ajg.0000000000000965
https://www.ncbi.nlm.nih.gov/pubmed/33009054
https://doi.org/10.1007/s10163-020-01123-1
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7532732
https://doi.org/10.1016/j.imu.2021.100520
https://www.ncbi.nlm.nih.gov/pubmed/33495736
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7816600
https://doi.org/10.34172/aim.2020.01
https://www.ncbi.nlm.nih.gov/pubmed/32271593
https://doi.org/10.1002/sim.8403
https://www.ncbi.nlm.nih.gov/pubmed/31777115
https://doi.org/10.1016/j.amjcard.2014.07.060
https://www.ncbi.nlm.nih.gov/pubmed/25201215

622 COVID-19 Survival and Emergency Refer Modeling

10.

11.

12.

13.

14.

15.

Variation in Ambulance Use Among Patients
Who Present to Acute Care Hospitals With ST-
Elevation Myocardial Infarction. The Canadian
journal of cardiology. 2016;32(8):949-55.
[DOI:10.1016/j.cjca.2015.09.017] [PMID]

Sepehrvand N, Alemayehu W, Kaul P, Pelletier
R, Bello AK, Welsh RC, et al. Ambulance use,
distance and outcomes in patients with
suspected cardiovascular disease: a registry-
based geographic information system study.
European heart journal Acute cardiovascular
care. 2020;9(1_suppl):45-58.
[DOI:10.1177/2048872618769872] [PMID]

Smith EE, Shobha N, Dai D, Olson DM, Reeves
MJ, Saver JL, et al. Risk score for in-hospital
ischemic stroke mortality derived and validated
within the Get With the Guidelines-Stroke
Program. Circulation. 2010;122(15):1496-504.
[DOI:10.1161/CIRCULATIONAHA.109.932822]
[PMID]

Boehringer B, O'Meara P, Wingrove G, Nudell
NG. An Emergency Amendment to the National
Scope of Practice for Paramedics in the Setting
of a Global Pandemic. J Rural Health. 2021;37
(1):191-3. [DOI:10.1111/jrh.12441]  [PMID]
[PMCID]

Cabanas JG, Williams JG, Gallagher JM, Brice JH.
COVID-19 Pandemic: The Role of EMS
Physicians in a Community Response Effort.
Prehospital emergency care : official journal of
the National Association of EMS Physicians and
the National Association of State EMS Directors.
2021;25(1):8-15.

[DOI:10.1080/10903127.2020.1838676] [PMID]

Ghazali DA, Ouersighni A, Gay M, Audebault V,
Pavlovsky T, Casalino E. Feedback to Prepare
EMS Teams to Manage Infected Patients with
COVID-19: A Case Series. Prehospital and
disaster medicine. 2020;35(4):451-3.
[DOI:10.1017/51049023X20000783] [PMID]
[PMCID]

Jensen T, Holgersen MG, Jespersen MS,
Blomberg SN, Folke F, Lippert F, et al. Strategies
to Handle Increased Demand in the COVID-19
Crisis: A Coronavirus EMS Support Track and a
Web-Based Self-Triage System. Prehospital
emergency care : official journal of the National
Association of EMS Physicians and the National
Association of State EMS Directors. 2021;25 (1):
28-38. [DOI:10.1080/10903127.2020.1817212]
[PMID]

Masterson S, Heffernan E, Keegan D, Clarke B,
Deasy C, O'Donnell C, et al. Rapid response and
learning for later: establishing high quality

Year 15, Issue 6 (November & December2021)

16.

17.

18.

19.

20.

21.

22.

23.

information networks and evaluation
frameworks for the National Ambulance Service
response to COVID-19 - the ENCORE COVID
Project Protocol. HRB Open Res. 2020;3(68):68.
[DOI:10.12688/hrbopenres.13149.1] [PMID]
[PMCID]

Ng QX, Lee EZ, Tay JA, Arulanandam S. Impact of
COVID-19  'circuit-breaker' = measures on
emergency medical services utilisation and out-
of-hospital cardiac arrest outcomes in
Singapore. Emerg Med Australas. 2021;33 (1):
149-51. [DOI:10.1111/1742-6723.13668]
[PMID]

Al-Wathinani A, Hertelendy AJ, Alhurishi S,
Mobrad A, Alhazmi R, Altuwaijri M, et al.
Increased Emergency Calls during the COVID-19

Pandemic in Saudi Arabia: A National
Retrospective  Study. Healthcare (Basel).
2020;9(1):14.

[DOI:10.3390/healthcare9010014] [PMID]

[PMCID]

Jaffe E, Sonkin R, Alpert EA, Magid A, Knobler
HY. Flattening the COVID-19 Curve: The Unique
Role of Emergency Medical Services in
Containing a Global Pandemic. The Israel
Medical Association journal: IMAJ. 2020;22
(8):476-82.

Saberian P, Conovaloff JL, Vahidi E, Hasani-
Sharamin P, Kolivand PH. How the COVID-19
Epidemic Affected Prehospital Emergency
Medical Services in Tehran, Iran. The western
journal of emergency medicine. 2020;21 (6):
110-6. [DOI:10.5811/westjem.2020.8.48679]
[PMID] [PMCID]

Lerner EB, Newgard CD, Mann NC. Effect of the
Coronavirus Disease 2019 (COVID-19) Pandemic
on the U.S. Emergency Medical Services System:
A Preliminary Report. Acad Emerg Med.
2020;27(8):693-9. [DOI:10.1111/acem.14051]
[PMID] [PMCID]

Satty T, Ramgopal S, Elmer J, Mosesso VN,
Martin-Gill C. EMS responses and non-
transports during the COVID-19 pandemic. AmJ
Emerg Med. 2021;42:1-8. [PMID] [PMCID]
[DOI:10.1016/j.ajem.2020.12.078]

Ferron R, Agarwal G, Cooper R, Munkley D. The
effect of COVID-19 on emergency medical
service call volumes and patient acuity: a cross-
sectional study in Niagara, Ontario. BMC Emerg
Med. 2021;21(1):39. [DOI:10.1186/s12873-021-
00431-5] [PMID] [PMCID]

Wong LE, Hawkins JE, Langness S, Murrell KL, Iris
P, Sammann A. Where Are All the Patients?

Iranian Journal of Medical Microbiology


https://doi.org/10.1016/j.cjca.2015.09.017
https://www.ncbi.nlm.nih.gov/pubmed/26860779
https://doi.org/10.1177/2048872618769872
https://www.ncbi.nlm.nih.gov/pubmed/29652166
https://doi.org/10.1161/CIRCULATIONAHA.109.932822
https://www.ncbi.nlm.nih.gov/pubmed/20876438
https://doi.org/10.1111/jrh.12441
https://www.ncbi.nlm.nih.gov/pubmed/32277773
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262298
https://doi.org/10.1080/10903127.2020.1838676
https://www.ncbi.nlm.nih.gov/pubmed/33074060
https://doi.org/10.1017/S1049023X20000783
https://www.ncbi.nlm.nih.gov/pubmed/32507122
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7298088
https://doi.org/10.1080/10903127.2020.1817212
https://www.ncbi.nlm.nih.gov/pubmed/32870754
https://doi.org/10.12688/hrbopenres.13149.1
https://www.ncbi.nlm.nih.gov/pubmed/33537553
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7836028
https://doi.org/10.1111/1742-6723.13668
https://www.ncbi.nlm.nih.gov/pubmed/33074594
https://doi.org/10.3390/healthcare9010014
https://www.ncbi.nlm.nih.gov/pubmed/33374453
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7823911
https://doi.org/10.5811/westjem.2020.8.48679
https://www.ncbi.nlm.nih.gov/pubmed/33052824
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7673868
https://doi.org/10.1111/acem.14051
https://www.ncbi.nlm.nih.gov/pubmed/32557999
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7323429
https://www.ncbi.nlm.nih.gov/pubmed/33429185
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7836527
https://doi.org/10.1016/j.ajem.2020.12.078
https://doi.org/10.1186/s12873-021-00431-5
https://doi.org/10.1186/s12873-021-00431-5
https://www.ncbi.nlm.nih.gov/pubmed/33781229
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8006102

Payam Amini et al., 623

24,

25.

26.

27.

28.

29.

30.

31.

32.

Addressing Covid-19 Fear to Encourage Sick
Patients to Seek Emergency Care. NEJM Catal
Innov Care Deliv. 2020:10.1056/CAT.20.0193.

Alamdari NM, Afaghi S, Rahimi FS, Tarki FE,
Tavana S, Zali A, et al. Mortality Risk Factors
among Hospitalized COVID-19 Patients in a
Major Referral Center in Iran. Tohoku J Exp
Med. 2020;252(1):73-84.
[DOI:10.1620/tjem.252.73] [PMID]

Cecconi M, Piovani D, Brunetta E, Aghemo A,
Greco M, Ciccarelli M, et al. Early Predictors of
Clinical Deterioration in a Cohort of 239 Patients
Hospitalized for Covid-19 Infection in Lombardy,
Italy. J Clin Med. 2020;9(5):1548.
[DOI:10.3390/jcm9051548] [PMID] [PMCID]

Chen T, Wu D, Chen H, Yan W, Yang D, Chen G,
et al. Clinical characteristics of 113 deceased
patients with coronavirus disease 2019:
retrospective study. BMJ. 2020;368:m1091.
[DOI:10.1136/bmj.m1091] [PMID] [PMCID]

Du RH, Liang LR, Yang CQ, Wang W, Cao TZ, Li
M, et al. Predictors of mortality for patients with
COVID-19 pneumonia caused by SARS-CoV-2: a
prospective cohort study. Eur Respir J. 2020;
55(5):2000524. [DOI:10.1183/13993003.00524-
2020] [PMID] [PMCID]

Imam Z, Odish F, Gill I, O'Connor D, Armstrong J,
Vanood A, et al. Older age and comorbidity are
independent mortality predictors in a large
cohort of 1305 COVID-19 patients in Michigan,
United States. J Intern Med. 2020;288(4):469-
76.[D0OI:10.1111/joim.13119] [PMID] [PMCID]

Sobhani S, Aryan R, Kalantari E, Soltani S, Malek
N, Pirzadeh P, et al. Association between Clinical
Characteristics and Laboratory Findings with
Outcome of Hospitalized COVID-19 Patients: A
Report from Northeast Iran. Interdiscip
Perspect Infect Dis. 2021;2021:5552138.
[DOI:10.1155/2021/5552138] [PMID] [PMCID]

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al.
Clinical course and risk factors for mortality of
adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. Lancet.
2020;395(10229):1054-62.
[DOI:10.1016/50140-6736(20)30566-3]

Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, et al.
Risk factors for severity and mortality in adult
COVID-19 inpatients in Wuhan. J Allergy Clin

Immunol. 2020;146(1):110-8.
[DOI:10.1016/j.jaci.2020.04.006] [PMID]
[PMCID]

Tian J, Yuan X, Xiao J, Zhong Q, Yang C, Liu B, et
al. Clinical characteristics and risk factors

Year 15, Issue 6 (November & December2021)

33.

34.

35.

36.

37.

38.

39.

40.

associated with COVID-19 disease severity in
patients with cancer in Wuhan, China: a
multicentre, retrospective, cohort study. The
Lancet Oncology. 2020;21(7):893-903.
[DOI:10.1016/51470-2045(20)30309-0]

Sun H, Ning R, Tao Y, Yu C, Deng X, Zhao C, et al.
Risk Factors for Mortality in 244 Older Adults
With COVID-19 in Wuhan, China: A
Retrospective Study. J] Am Geriatr Soc. 2020;68
(6):E19-E23. [DOI:10.1111/jgs.16533]

Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al.
Risk factors of critical & mortal COVID-19 cases:
A systematic literature review and meta-
analysis. The Journal of infection. 2020;81
(2):e16-e25. [DOI:10.1016/].jinf.2020.04.021]
[PMID] [PMCID]

Chen J, Bai H, Liu J, Chen G, Liao Q, Yang J, et al.
Distinct Clinical Characteristics and Risk Factors
for Mortality in Female Inpatients With
Coronavirus Disease 2019 (COVID-19): A Sex-
stratified, Large-scale Cohort Study in Wuhan,
China. Clin Infect Dis. 2020;71(12):3188-95.
[DOI:10.1093/cid/ciaa920] [PMID] [PMCID]

Palaiodimos L, Kokkinidis DG, Li W, Karamanis D,
Ognibene J, Arora S, et al. Severe obesity,
increasing age and male sex are independently
associated with worse in-hospital outcomes,
and higher in-hospital mortality, in a cohort of
patients with COVID-19 in the Bronx, New York.
Metabolism. 2020;108:154262. [PMID] [PMCID]
[DOI:10.1016/j.metabol.2020.154262]

Sohrabi MR, Amin R, Maher A,
Bahadorimonfared A, Janbazi S, HannaniK, et al.
Sociodemographic determinants and clinical
risk factors associated with COVID-19 severity: a

cross-sectional analysis of over 200,000
patients in Tehran, Iran. BMC infectious
diseases. 2021;21(1):474. [PMID] [PMCID]

[DOI:10.1186/512879-021-06179-4]

Yi Y, Lagniton PNP, Ye S, Li E, Xu RH. COVID-19:
what has been learned and to be learned about
the novel coronavirus disease. International
journal of biological sciences. 2020;16(10):
1753-66. [DOI:10.7150/ijbs.45134]  [PMID]
[PMCID]

Zali A, Gholamzadeh S, Mohammadi G,
Azizmohammad Looha M, Akrami F, Zarean E, et
al. Baseline Characteristics and Associated
Factors of Mortality in COVID-19 Patients; an
Analysis of 16000 Cases in Tehran, Iran. Arch
Acad Emerg Med. 2020;8(1):e70.

Wang B, Li R, Lu Z, Huang Y. Does comorbidity
increase the risk of patients with COVID-19:

Iranian Journal of Medical Microbiology


https://doi.org/10.1620/tjem.252.73
https://www.ncbi.nlm.nih.gov/pubmed/32908083
https://doi.org/10.3390/jcm9051548
https://www.ncbi.nlm.nih.gov/pubmed/32443899
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7290833
https://doi.org/10.1136/bmj.m1091
https://www.ncbi.nlm.nih.gov/pubmed/32217556
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7190011
https://doi.org/10.1183/13993003.00524-2020
https://doi.org/10.1183/13993003.00524-2020
https://www.ncbi.nlm.nih.gov/pubmed/32269088
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7144257
https://doi.org/10.1111/joim.13119
https://www.ncbi.nlm.nih.gov/pubmed/32498135
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7300881
https://doi.org/10.1155/2021/5552138
https://www.ncbi.nlm.nih.gov/pubmed/33628234
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7874843
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/j.jaci.2020.04.006
https://www.ncbi.nlm.nih.gov/pubmed/32294485
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152876
https://doi.org/10.1016/S1470-2045(20)30309-0
https://doi.org/10.1111/jgs.16533
https://doi.org/10.1016/j.jinf.2020.04.021
https://www.ncbi.nlm.nih.gov/pubmed/32335169
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7177098
https://doi.org/10.1093/cid/ciaa920
https://www.ncbi.nlm.nih.gov/pubmed/32634830
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454470
https://www.ncbi.nlm.nih.gov/pubmed/32422233
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228874
https://doi.org/10.1016/j.metabol.2020.154262
https://www.ncbi.nlm.nih.gov/pubmed/34034649
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8146170
https://doi.org/10.1186/s12879-021-06179-4
https://doi.org/10.7150/ijbs.45134
https://www.ncbi.nlm.nih.gov/pubmed/32226295
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098028

624 COVID-19 Survival and Emergency Refer Modeling

41.

42.

43.

evidence from
2020;12(7):6049-57.
[DOI:10.18632/aging.103000] [PMID] [PMCID]

meta-analysis. Aging.

Guan WJ, Liang WH, Zhao Y, Liang HR, Chen ZS,
Li YM, et al. Comorbidity and its impact on 1590
patients with COVID-19 in China: a nationwide
analysis. Eur Respir J. 2020;55(5). [PMID]
[PMCID] [DOI:10.1183/13993003.01227-2020]

Trigo J, Garcia-Azorin D, Planchuelo-Gomez A,
Martinez-Pias E, Talavera B, Hernandez-Perez |,
et al. Factors associated with the presence of
headache in hospitalized COVID-19 patients and
impact on prognosis: a retrospective cohort
study. J Headache Pain. 2020;21(1):94.
[DOI:10.1186/510194-020-01165-8]
[PMCID]

[PMID]

Hong KH, Choi JP, Hong SH, Lee J, Kwon JS, Kim
SM, et al. Predictors of mortality in Middle East
respiratory  syndrome  (MERS).  Thorax.

Year 15, Issue 6 (November & December2021)

44,

45.

46.

2018;73(3):286-9.
2016-209313] [PMID]

[DOI:10.1136/thoraxjnl-

Jia N, Feng D, Fang LQ, Richardus JH, Han XN,
Cao WG, et al. Case fatality of SARS in mainland
China and associated risk factors. Tropical
medicine & international health : TM & I[H.
2009;14 Suppl 1(Suppl 1):21-7.
[DOI:10.1111/j.1365-3156.2008.02147.X]
[PMID] [PMCID]

Park J, Yu HT. The Impact of Ignoring the Level
of Nesting Structure in Nonparametric
Multilevel Latent Class Models. Educ Psychol
Meas. 2016;76(5):824-47. [PMID] [PMCID]
[DOI:10.1177/0013164415618240]

Saberian P, Rafiemanesh H, Sadeghi M, Hasani-
Sharamin P, Dadashi F, Baratloo A. The
Geographical Distribution of Probable COVID-19
Patients Transferred by Tehran Emergency
Medical Services; a Cross Sectional Study. Arch
Acad Emerg Med. 2021;9(1):e25.

Iranian Journal of Medical Microbiology


https://doi.org/10.18632/aging.103000
https://www.ncbi.nlm.nih.gov/pubmed/32267833
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7185114
https://www.ncbi.nlm.nih.gov/pubmed/32341104
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7236831
https://doi.org/10.1183/13993003.01227-2020
https://doi.org/10.1186/s10194-020-01165-8
https://www.ncbi.nlm.nih.gov/pubmed/32727345
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7388434
https://doi.org/10.1136/thoraxjnl-2016-209313
https://doi.org/10.1136/thoraxjnl-2016-209313
https://www.ncbi.nlm.nih.gov/pubmed/28724637
https://doi.org/10.1111/j.1365-3156.2008.02147.x
https://www.ncbi.nlm.nih.gov/pubmed/19508439
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7169690
https://www.ncbi.nlm.nih.gov/pubmed/29795890
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5965533
https://doi.org/10.1177/0013164415618240

