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ABSTRACT

Background and Aim: Case fatality ratio (CFR) is an indicator of disease severity that can
help policymakers make decisions. This study aims to evaluate the trend of CFR of
hospitalized COVID-19 patients since the outset of the pandemic in Iran and identify variables
that affect CFR.

Methods: 5318 confirmed COVID-19 inpatients were enrolled in this multicentric
observational study. Patients admitted from March 20, 2020, to March 18, 2021, in three
general hospitals were collected. The medical team gathered patients’ demographics, past
medical history, and outcomes by reviewing patients’ medical records. The time trend of CFR
was investigated by joinpoint regression analysis to calculate weekly percent change (WPC)
and confidence interval (CI).

Results: Significant upward trend was observed in CFR of hospitalized COVID-19 patients
during study weeks (WPC= 1.2, 95% CI: 0.7, 1.7; P < 0.001). The increase was more evident
in men than in women (WPC: 1.4 vs. 1.1). The rise of CFR was observed in patients with
cancer (WPC: 4.5), dialysis (WPC: 2.1), diabetes (WPC: 1.0), and old age (WPC: 1.0).

Conclusion: There was a significant rise in the trend of in-hospital CFR from March 2020 to
March 2021 in Iran. This rise was also evident with the same rate in patients with old-age and
DM. However, the rate of this rise was higher in male and cancerous patients. Worldwide
variation was reported by few studies investigating the trend of hospital CFR, and further
studies are warranted.

INTRODUCTION

Coronavirus Disease 2019 (COVID-19), which has been
recognized as a pandemic in March 2019, has become the
foremost global health concern (1). Iran has emerged as one
of the epicenters of COVID-19 with 124,256 deaths as of
October 18, 2021 (2). The most at-risk population for the
severe outcome should be the priority of interventions by
policymakers to prevent further fatality of COVID-19.

Please Cite This Paper As:

The case fatality rate (CFR) is an indicator of disease
severity, defined as the percent of deaths from a specified
disease among all diagnosed cases during a period of time.
The mean CFR of COVID-19 is 2% - 3% globally, with a
significant variation between countries (3). Although a low
number of diagnostic tests, low health expenditure, old
population, and high rate of smokers will increase the CFR;
these features do not explain the disparity in CFR among
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countries (4). However, there are limited data regarding the
trend of CFR over time in lIran (5). Successful
implementation of guidelines needs accurate information on
mortality and its related factors. Therefore, this study aimed
to evaluate the trend of CFR of COVID-19 since the outset of
the pandemic in Iran and identify variables that affect CFR.

METHODS

Data of COVID-19 patients admitted to three educational
hospitals in Tehran from March 20, 2020, until March 18,
2021, was gathered. Cases were confirmed by reaction (RT-
PCR) of oropharyngeal or nasopharyngeal swab samples on
the admission date. Patients' demographics, symptoms,
admission vital signs, comorbidities, patient allocation
(Intensive / ward), and outcome (death) were gathered using
the hospital information system and patient’s medical record.
In this study, CFR was calculated for each week. Five weeks
from the beginning and end of the study were excluded. This
was done because the quality of data collection might not
have been adequate during this period. In the next step, the
joinpoint regression analysis was used, which fitted a series
of straight lines on a log scale to the trends in the weekly
CFR. A joinpoint represents a change in the trend in CFR and
the extent of these changes was estimated with the Weekly
Percent Change (WPC). In the absence of a joining point, the
WPC was fixed. All analyzes were performed using SPSS
(version 26) and the joinpoint Regression Program, Version
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4.9.0.0 (Statistical Research and Applications Branch,
National Cancer Institute) (6).

The Institutional Review Board (IRB) at the Shahid Beheshti
University of Medical Science approved the study
(IR.SBMU.RIGLD.REC.1399.004). Data were anonymized
before analysis, and patients' confidentiality and data security
were concerned.

RESULTS

A total of 5318 patients with COVID-19 were included to the
study. As shown in Table 1 and Figure 1, a significant
upward trend was observed in CFR of hospitalized
COVID-19 patients during study weeks (WPC= 1.2, 95% CI:
0.7, 1.7; P < 0.001). The COVID-19 CFR increased more
rapidly in men than in women (WPC: 1.4 vs. 1.1). The CFR
in COVID-19 patients older than 75 years also was increased
significantly each week (WPC: 1, 95% CI: 0.1, 1.8;
P= 0.012). Overall, the CFR of COVID-19 patients with at
least one comorbidity was significantly increasing over the
study period (WPC: 0.7, 95% CI: 0.1, 1.3; P= 0.016). The
highest increasing trend in CFR was seen in cancer patients
with COVID-19 (WPC: 4.5, 95% ClI: 1.1, 8.0; P= 0.011). In
addition, the weekly CFR was upward in hospitalized
COVID-19 patients with DM (WPC: 1.0, 95% CI: 0.1, 2.0;
P=0.026).

Table 1. The WPC of CFR among patients with COVID-19 during study period

Variable Level Period (week) WPC (95% CI) P-value

Total - 6-50 1.2 (0.7,1.7) < 0.001
Sex Female 6-50 1.1(0.4,1.7) 0.002
Male 6-50 1.4 (0.6, 2.2) 0.001
R T T
Age > 75 Yes 6-50 1.0 (0.1, 1.8) 0.012
HTN Yes 6-50 0.6 (-0.1,1.2) 0.094
IHD Yes 6-50 0.5 (-0.4, 1.5) 0.294
DM Yes 6-50 1.0 (0.1, 2.0) 0.026
Cancer Yes 6-50 45 (1.1, 8.0) 0.011
CVA Yes 6-50 1.57 (-1.6, 4.8) 0.325
Intubation Yes 6-50 0.3(-0.4,1.1) 0.417
Dialysis Yes 6-50 2.1(0.1,4.1) 0.040
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Figure 1. The CFR of hospitalization patients with COVID-19 by different risk factors (The first and last five weeks were removed)
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DISCUSSION

To our knowledge, few studies have been investigated
the trend of hospital CFR. This study explored the
trend of CFR in 5318 COVID-19 inpatients from
March 2020 to March 2021, in three educational
hospitals in Tehran. We observed a rise in CFR over
time, especially in patients with cancer, DM, and old
age. The continued rise of hospital CFR in Iran was
rare, although each country showed a distinct pattern.
During the first year of the pandemic hospital CFR in
South  Africa (7) had a rising trend, in France (8) made
a rise and fall pattern, in the USA (9, 10) decreased and
then remained constant, and in Brazil (11) hospital
CFR decreased over time. The percent of ICU patients,
healthcare personnel (HCP) burnout, and patient late
referral may to some extent explain the situation.
Further  studies are needed worldwide for an
explanation of this variation.

In most of the countries worldwide CFR peaked during
the first months of the COVID-19 pandemic and then
decreased gradually (12). However, in-hospital CFR is
different since the population of study gets limited to
admitted patients, with more severe diseases. In weeks
40-50 (winter 2021), we observed the highest
in - hospital CFR while there was no outbreak in the
COVID-19 cases in lIran (2). However, Iran’s third
outbreak of COVID-19, in autumn 2020 (2), put the
well - being of HCP in a fragile state, and this burnout
may have some impact on the care of patients (13).
Moreover, the delta variant (B.1.617.2), a variant
detected in India in late 2020, spread rapidly in the
world. The fatality of delta variants remained obscure
and controversial, but some studies suggest higher
fatality (14). On 19 February, Iran reported two delta
cases in Qom, a city in the center of Iran (15). All in
one, the new COVID-19 variant and HCP burnout may
explain the rise of hospital CFR in winter 2021.

Cases with Old - age, DM, and female gender showed a
rise with almost the same rate of total cases. However,
male gender (WPC= 1.44) and cancerous patients
(WPC= 4.47) had higher rates of CFR rise. A study
reported a significantly higher CFR in patients with
cancer (WPC= 37%) in the USA (16). To our
knowledge, no study investigated the trend of CFR in
this group. The delay in referral of patients with
comorbidity and higher severity of the underlying
disease may give some clarification, although this
assumption was made on our limited results and further
studies are needed.

There is a marginal improvement of CFR in patients
admitted to ICU over time. In alignment, substantial
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improvement was evident in ICU admitted cases in the
UK, even after adjusting the demographics and
comorbidities of patients (17). Improvement of
treatment protocols and experience of intensivists may
clarify the condition.

There are several limitations to this study. First, this
study was conducted in three educational hospitals, and
there is a probability that our population does not
represent the population of hospitalized patients. The
hospital policy may influence the number of beds
allocated for COVID-19 patients. Moreover, the
educational hospitals are referral centers and more
complicated cases are admitted.

CONCLUSION

There was a significant rise in the trend of in-hospital CFR
from March 2020 to March 2021 in Iran. This rise was also
evident with the same rate in patients with old-age and DM.
However, the rate of this rise was higher in male and
cancerous patients. Worldwide variation was reported by few
studies investigating the trend of hospital CFR, and further
studies are warranted.
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