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Abstract

Backgrounds: SARS-CoV-2 is almost the most problematic virus of this century. It has caused extensive damage to
various economic, social, and health aspects worldwide. Nowadays, coronavirus disease 2019 (COVID-19) is the most
dangerous threat to human survival. Therefore, this study aimed to investigate factors associated with the survival
of Iranian patients with SARS-CoV-2.

Methods: This retrospective hospital-based cohort study was conducted on 870 COVID-19 patients with blood
oxygen levels of less than 93%. Cox regression and mixture cure model were used and compared to analyze the
patients’ survival. It is worth noting that no similar study has been previously conducted using mixture cure
regression to model the survival of Iranian patients with COVID-19.

Result: The cure rate and median survival time were respectively 81.5% and 20 days. Cox regression identified that
respiratory distress, history of heart disease and hypertension, and older age were shown to increase the hazard.

The Incidence and Latency parts of the mixture cure model respectively revealed that respiratory distress, history of
hypertension, diabetes and cardiovascular diseases (CVDs), cough, fever, and older age reduced the cure odds; also,

symptoms.
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respiratory distress, history of hypertension, and CVDs, and older age increased the hazard.

Conclusion: The findings of our study revealed that priority should be given to older patients with a history of
diabetes, hypertension, and CVDs in receiving intensive care and immunization. Also, the lower cure odds for
patients with respiratory distress, fever, and cough favor early hospitalization before the appearance of severe

Introduction

In the last days of 2019, an unknown virus was identified
in Wuhan, China, which quickly spread across different
continents [1, 2]. The World Health Organization
(WHO) declared a global emergency on January 30th,
2020, and on 11th March, the WHO declared a COVID-
19 pandemic [3]. Symptoms may vary from patient to
patient, including cough, fever, respiratory problems,
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and pneumonia, and in severe cases, it can lead to death
[4]. The COVID-19 disease is spread through person-to-
person transmission. According to the WHO situational
report by 21 December 2021, globally 273,395,731 cases
and 5,346,322 deaths were recorded due to COVID-19
[5]. The global mortality rate of this disease has been
reported as ranging from 1 to 4% [6-8].

Various studies have identified various risk factors for
severe COVID-19, including older age, chronic diseases
(such as chronic lung disease, kidney disease, diabetes,
hypertension, cardiovascular diseases (CVDs), dementia)
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and smoking [9, 10]. Clinical manifestations and treat-
ment of the disease have varied, some patients recovered
over time without any special treatment [11], whereas a
large number of patients suffered from severe respiratory
diseases and pneumonia that required hospitalization
and intubation [8].

In all countries, health systems are currently facing ser-
ious challenges [12]. Although there has been a relatively
in-depth understanding of the nature of the virus, it ap-
pears that no specific treatment/drug has been developed
to prevent the disease progression [13]. For example a
popular drug in China and Japan is Favilavir, which was
previously approved for common influenza [14]. However,
this anti-virus drug is not approved to treat COVID-19 by
the U.S. Food and Drug Administration (FDA) [15]. Umi-
fenovir, remdesivir, and fevipiravir are other antiviral
drugs that may have possible treatment effects on
COVID-19 [16]. remdesivir, hydroxychloroquine, lopina-
vir, and interferon Beta-la. almost showed no effect on
mortality, and length of hospital stay using the WHO sur-
vey on hospitalized patients with Covid-19 all over 30
countries [17]. Although many drugs are used to treat
COVID-19, no specific efficient drug has been discovered
so far; and there is no widespread certain cure for this dis-
ease [18]. Different governments across the world have
adopted various strategies, including restricting unneces-
sary trips (travel bans), social distancing, large cities entry
control, and mass gathering ban to prevent the spread of
the new coronavirus and its adverse consequences [19].
However, COVID-19 patients are still more likely to die in
Brazil, Britain, the United States, and Asia [20].

Although the cure rate of COVID-19 is high, the rapid
transmission of the virus led to a high incidence rate
and consequently a large number of deaths. Therefore, it
is clear that the identification of factors associated with
the cure or death of COVID-19 patients is so essential.
However, more accurate identification of these determi-
nants depends on the selection of the appropriate model.
So far, the Cox model has been used to model the sur-
vival of COVID-19 patients [8, 21]. Although this is the
most common model in the field of survival analysis
[22], the high cure rate of COVID-19 patients proposes
the application of a mixture cure model, which can ac-
count for cure fraction. To date, this model has not been
used to model the survival of Iranian patients with
COVID-19. Therefore, to more accurately identify the
factors associated with the survival of patients with
COVID-19, P.H. Cox regression and mixture cure
models were fitted and compared in this study.

Methods

Participants

This retrospective hospital-based cohort was conducted
on a total of 2360 COVID-19 patients who were
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admitted to VALI-ASR Fasa hospital affiliated to Fasa
University of Medical Sciences from 18 February 2020 to
5 January 2021. VALI-ASR Fasa hospital is one of the
main educational hospitals located in Fasa city, south of
Fars province, Iran, covering a population of 230,000
people and is assigned to treatment of COVID-19 pa-
tients. All patients who fulfilled the required information
were recruited into our study and those with incomplete
information were excluded.

Data sources

Data on demographic characteristics (e.g. age and gen-
der), clinical symptoms, and comorbidities (e.g. history
of hypertension, diabetes, chronic heart disease, lung dis-
ease, cancer, etc.) were collected from the electronic
medical records of patients in patient registration and
medical records management system. All subjects were
referred to the target hospital and were examined by an
infectious disease specialist. They were then divided ac-
cording to Iran’s national guideline for the diagnosis and
treatment of COVID-19, into three groups: outpatient,
moderate and severe based on pneumonia severity and
peripheral oxygen saturation (SPO2). In this study, pa-
tients in the moderate group displayed early symptoms
of pneumonia, such as shortness of breath, cough, fever,
and SpO2 > 93%, while patients in the severe group had
severe pneumonia with SpO2 less than 93%. The present
study was performed only on patients with the severe
form of the disease with SpO2 less than 93%.

Proportional Hazard Cox & Mixture Cure Models

As mentioned earlier, the most popular regression
model for the investigation of survival is Proportional
Hazard Cox (P.H.Cox) [22].

Where So(t) is baseline survival probability and x

= (x1, X2, ...,xp), is a vector of predictors included in
the model. Hazard proportionality is a prerequisites as-
sumption that should be established for a plausible fit.
However, another assumption is needed for employing
P.H.Cox; that is if the follow-up period is sufficiently
long and no censoring occurs, then all observations
would finally experience the event of interest, such as
death [23]. However, this assumption does not make
sense for modeling the survival of COVID-19 patients
while many patients do not die because of COVID-19.
Therefore, to model the survival of COVID-19 patients,
a special model is required which could include the
probability of being cured. A special model which could
consider the survey population as a mixture of cured pa-
tients and uncured ones who would eventually die from
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complications of COVID-19. The most commonly used
regression for this purpose is Mixture Cure Model. From
the perspective of this model, some COVID-19 patients
may probably be cured and no longer at risk of death.
However, some patients may still be uncured and sus-
ceptible to COVID-19 death. The probability of being ei-
ther cured and or uncured is considered as m and 1-m,
respectively. The following equation is the survival for-
mulization with Mixture Cure regression.

S(thz) =m(z) + (1-1 (2))S" (t[x)

Where 1t (z) is the cure probability, which could be es-
timated via Logistic regression and S (t | x), is the sur-
vival probability of uncured patients, which can be
estimated via P.H.Cox regression. These two regression
parts of the Mixture Cure model are respectively named
Incidence and Latency. It should be noted that in the ab-
sence of non-susceptible patients, the mixture cure
model simplifies to usual survival models.

Statistical analysis
The employed analyses in this study could be classified
into three main categories:

I. Descriptive statistics of the study population and
the odds of death simply provided by 2 x 2 tables
II. Adjusted P.H.Cox regression to estimate the hazard
ratio
For fitting this regression, a stepwise variable
selection algorithm was used, according to Akaike
Information Criterion (AIC). In the way that the
model which was finalized and presented as Results
had the least AIC and therefore the best fit.
Mixture Cure Model, including both Incidence and
Latency parts respectively to estimate cure odds
and hazard rate

III.

Finally, the goodness of fit for the P.H.Cox and Mix-
ture Cure model were compared according to the
models’ AIC. All analyzes were performed by using R
software, and the significance level was considered as
5%.

Result

In total, 870 COVID-19 patients with blood oxygen
levels less than 93% were referred to VALI-ASR Fasa
hospital between 18 February 2020 and 5 January 2021.
The cure rate was 81.5% and the median survival time
and its 95% confidence interval were 20 days respectively
(17-29 days). Median and mean duration of
hospitalization were 5 and 6.7 + 6.4 days respectively.
The interquartile range of hospital stay was 2-9 days.
The proportion of male gender and diabetic patients
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were 51.8 and 21.3%, respectively. Symptoms of fever
and cough were observed in 23.2 and 27.7% of patients
at the time of admission. Moreover, 64.3% of the pa-
tients were registered with severe respiratory distress;
thus, the odds of death for them was 62.5% more than
inpatients who did not have a severe form of COVID-19
(p-value = 0.015). Furthermore, 31.1 and 13.9% of pa-
tients had a history of hypertension and CVDs respect-
ively; while these experiences would increase the odds of
death by 2.4 and 2.6 times, respectively (all p-values <
0.001). The mean age of patients was 61.9 +17.9 years.
The positive significant correlation between the age of
discharged patients and their length of stay indicated
that older patients have hospitalized longer (p-value =
0.03); additionally, the mean age of deceased patients
was eleven years older (p-value <0.001). The Kaplan-
Meier survival plot is displayed in Fig. 1.

The findings of the Cox regression model are provided
in Table 1. According to this table, the hazard rate was
60% higher among patients with respiratory distress and
a history of heart disease (p-value=0.012; 0.015). The
history of hypertension was shown to increase death
hazard by 50%, and 1 year increase in patients’ age leads
to a 3% increase in the hazard rate (p-value < 0.001) The
results of the mixture cure model are presented in
Table 2. This model includes two parts: Incidence and
Latency, which respectively represent the Cure Odds
and Hazard Rate. According to the Incidence part, the
main factor, which reduced the cure odds more than any
other factor, was respiratory distress at the time of
hospitalization, followed by a history of hypertension.
This part also showed that the cure odds were 62%
lower for diabetic patients. However, history of CVD and
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Fig. 1 Kaplan-Meier Survival probability of Iranian Covid-19 patients
with low blood oxygen level at the time of admission to the Vali-Asr

Fasa Hospital
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Table 1 Cox regression for modeling the survival of Covid-19 patients with low blood oxygen level at the time of admission to the

Vali-Asr Fasa Hospital

Factor Coefficient S.E. HR? 95%Cl for HR p-

Lower upper value
Respiratory Distress 0458 0.182 1.581 1.105 2.260 0.012
Hypertension 0401 0.169 1493 1.072 2078 0.018
Cardiovascular Disease 0459 0.188 1.583 1.094 2.291 0.015
Age 0.028 0.006 1.028 1016 1.040 <0.001
AIC of Cox 1709.658

®Hazard Ratio

manifestation of the symptom cough reduced the odds of
cure by almost 51%. The cure odds for patients who regis-
tered with fever was 35% lower; every 1-year increase in age
reduced the cure odds by 28% (all p-values < 0.001).

The Latency part indicated that the hazard for patients
with respiratory distress was 2.28 times higher (p-value
<0.001). The history of hypertension and CVDs in-
creased the hazard by almost 60% (all p-values < 0.01).
Age increased the hazard by 6% for each additional year
(p-value <0.001). The Latency part of the cure model fi-
nally indicated that the symptoms, fever, cough, and his-
tory of diabetes increased the hazard rate respectively by
25, 13, and 9%; but this increase was not significant.

According to the models’ comparison, since the AIC
(Akaike Information Criterion) of the mixture cure
model was remarkably less than AIC of Cox regression,
it could be concluded that the mixture cure model pro-
vided a more suitable fit to survival data of COVID-19
patients.

Discussion

This study used Cox and Cure regressions to identify
factors associated with the survival of Iranian patients
with COVID-19. It was the first time that mixture cure
regression was applied for survival analysis of Iranian
patients suffering from COVID-19. According to the

Table 2 mixture cure regression for modeling the survival of Covid-19 patients with low blood oxygen levels at the time of

admission to the Vali-Asr Fasa Hospital

Factor Coefficient
Incidence Diabetes —0.961
Sex (female) -0432
Fever -0433
Cough —-0.733
Respiratory Distress —4913
Hypertension —2.796
Cardiovascular Disease —-0.720
Age - 0330
Factor confident
Latency Diabetes 0.090
Sex (female) 0.032
Fever 0.221
Cough 0.121
Respiratory Distress 0.824
Hypertension 0450
Cardiovascular Disease 0.462
Age 0.066
AIC of Mixture Cure 1259673

SE OR? 95%Cl for OR p-value
Lower upper
0.082 0383 0326 0.449 <0.001
0.082 0.649 0.553 0.762 <0.001
0.075 0.649 0.560 0.751 <0.001
0.083 0.480 0408 0.565 <0.001
0.092 0.007 0.006 0.009 <0.001
0.070 0.061 0.053 0.070 <0.001
0.082 0.487 0414 0572 <0.001
0.007 0.719 0.709 0.729 <0.001
SE. HRP 95%Cl for HR p-value
lower upper
0.162 1.094 0.797 1.503 0.582
0.149 1.033 0.771 1.383 0.829
0217 1.247 0815 1.909 0309
0.199 1.129 0.764 1.667 0.542
0.186 2.280 1.583 3.282 < 0.001
0.139 1.568 1.194 2.059 0.001
0.162 1.587 1.155 2.180 0.004
0.006 1.068 1.056 1.081 <0.001

20dds Ratio, PHazard Ratio
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Incidence part of this model, older ages, respiratory dis-
tress, hypertension, diabetes, CVDs, cough, and fever re-
duced the odds of cure, whereas the latency part of this
model indicated that older ages, respiratory distress,
hypertension, and CVD increased the hazard rate. In
agreement to mixture cure, Cox regression identified
that older ages, respiratory distress, history of CVDs,
and hypertension were associated with higher hazard
rates.

In line with the findings of this study, a review study
reported that having comorbid diseases, such as obesity,
diabetes and high blood pressure in patients with
COVID-19 worsens the patients’ conditions. Worsening
of patients’ condition can damage important organs of
the body, such as the heart, liver, and kidney [24].

Few studies across the world have been performed to
determine factors associated with the survival of
COVID-19 patients using the mixture cure model. A
study applied this model on Indian patients and showed
that patients’ age was associated with odds of cure,
which was in accordance with the results of our study
[25]. Undoubtedly, identification of factors related to the
cure and severity of the disease can effectively contribute
to effective patient management and provide care for pa-
tients who display these risk factors in order to increase
the rate of cure and survival.

Several studies on the survival of COVID-19 patients
all around the world showed that a number of factors,
such as older age, muscle pain, pneumonia, sore throat,
impaired renal function, increased C-reactive protein,
leukocytosis, heart damage, hyperglycemia, and high-
dose corticosteroids use were associated with increased
risk of COVID-19-related death [21, 26, 27]. Besides, pa-
tients with high blood pressure may experience more se-
vere conditions with a higher risk of death compared to
non-hypertensive patients [28]. In Iran, studies on
COVID-19 survival have shown that diabetes, hyperten-
sion, CVDs, BMI > 35, lung cancer, chronic kidney dis-
ease, and immunodeficiency have been associated with
increased odds of death due to COVID-19 [29]. In an-
other study conducted in Iran, the prevalence of anemia
in admitted COVID-19 patients was high and these con-
ditions of anemia were associated with mortality, ventila-
tor requirement, and the risk of ICU admission [30]. In
a national study in Iran on 62,955 patients in 1034 hos-
pitals between 20 February and 20 April 2020, the cu-
mulative risk of death in hospitals was reported as 24.4%
[31]. Differences in disease mortality rates in various
parts of the world can be due to differences in patients,
admission criteria, clinical characteristics of patients, as
well as patients’ access to treatment and specialized care
at admission and specific country conditions.

The findings of this study showed a shorter overall
length of hospital stay in Iran, compared to other
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countries. The median length of hospital stay in Iran
was 5 days, while it was reported as 21 days in Vietnam,
6.9 days in France, and 13.8 days in Ghana [32-34]. Also,
age, area of living, and source of infection were signifi-
cantly associated with the length of hospital stay. Global
studies have shown that the time from the exposure to
onset of symptoms, onset of symptoms to hospital ad-
mission, and conditions and characteristics of countries
were significantly associated with the length of hospital
stay [32-34]. This difference in hospitalization duration
in different parts of the world can be attributed to differ-
ent criteria for admission and discharge and pandemic
conditions of the disease across various countries [19].
The shorter length of hospital stay among patients in
this study can be due to two major factors such as clin-
ical indices and post-discharge facilities. Clinical indices
define as the patient’s clinical condition at the time of
admission and patient discharge conditions, which in-
clude not having clear shortness of breath, improvement
in patient’s CT scan results and reduction of inflamma-
tory factors. Facilities which are provided by Fasa Uni-
versity of Medical Sciences, such as transfer from
hospital to a convalescent home, having patient care
conditions at home, oxygen supply, home isolation and
Telemedicine home care program constitute the post-
discharge facilities.

In most survival studies, the most important assump-
tion is that if the duration of the follow-up period is long
enough, all subjects will experience the desirable event.
But in some cases, such as patients with COVID-19, a
significant proportion of people do not experience the
event (death) even after a long follow-up, and these pa-
tients are considered immune. Under these conditions,
mixture cure models are used as an effective statistical
method [35, 36]. In our study, the cure rate is 81.5% and
a significant percentage of patients were censored. As a
result, the common Cox Regression models are less ef-
fective than the mixture cure models.

Finally, it should be noted that the AIC of mixture
cure model was much smaller than its counterpart, Cox
regression, indicating more goodness of fit for cure
model. Additionally, the mixture cure model not only
recognized all significant variables in Cox regression, but
also identified more risk factors that were reported in
previous studies. Therefore, it could be claimed that the
mixture cure model provided a better fit and identified
more variables related to the survival of COVID-19
patients.

Limitations and strengths of the study

The assessed variables in this study were extracted from
the hospitalized patients’ records in the syndromic sur-
veillance system, and no more variables were available.
On the other hand, high-quality patients’ information
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records, without any missing data, were mentioned as
the study strength.

Conclusion

The results of this study provide further evidence that
there is a higher risk of death for older patients and
people with diabetes, hypertension, and CVD. Due to
the persistent occurrence of the disease and genetic mu-
tation of the virus, it is important to prioritize
immunization for high-risk individuals and also provide
specialized care to those who are infected and are at a
higher risk of death. This study also revealed that cure
odds would be less effective on patients with COVID-19
symptoms. From another perspective, the occurrence of
symptoms may be due to patients’ delay for admission
and hospitalization. Therefore, it could be concluded
that timely hospitalization is linked with elevated cure
odds, and training programs should be implemented to
alert patients for timely visits and admission, in addition
to training programs implemented for preventing hyper-
tension, controlling diabetes, and CVDs.
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