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Introduction

Abstract
Background: Considering the high prevalence of COVID-19 in
Iran, it is necessary to allocate health resources in response to
this pandemic. Due to limitations in the number of hospital beds,
analysis of the length of hospital stay in COVID-19 patients may
be helpful for decision-making.
Methods: This retrospective cohort study (survival study) was
conducted through a follow-up of 1465 COVID-19 patients in
Yazd Province, Iran. Demographic, diagnostic, and clinical data
were collected using the COVID-19 data dashboard of Shahid
Sadoughi University of Medical Sciences. The Kaplan-Meier
method and Cox regression were used to calculate the survival
probability and hazard ratio; the log-rank test was applied to
compare survival function according to qualitative variables.
Results: The median and mean survival time was 25 days (95%
CI: 19.10-30.89 days) and 28.38 days (95% CI: 25.6-31.16 days),
respectively. The Survival probability for one week, two weeks,
three weeks, four weeks, five weeks, six weeks, and seven
weeks and more was 92%, 76%., 57%, 48%, 45%, 33%, and
20%, respectively. There was a significant relationship between
survival time and age categories, CT scan results, history of
chronic pulmonary disease, history of diabetes, history of
cardiovascular disease, and disease severity (P<0.05).
Conclusion: According to the results, age, history of
cardiovascular and pulmonary diseases, and history of diabetes
increased the length of hospital stay. Preventive measures should
be followed to prevent COVID-19 infection and manage hospital
beds required for efficient treatment of patients.
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have increased drastically in the past years. Although
hospitals cover a limited population, they consume

Hospitals are constantly facing challenges related to
internal and external environments like demographic
transitions, the use of new and expensive technologies,
changes in the health market and economic conditions,
and reforms of the healthcare systems.! These changes
and advances result in management challenges,
indicating the need for constant modification of health
systems.>

In most countries, the costs of healthcare services

much of the health budget.? Therefore, much attention
has been paid to costs and efficient use of resources
in the healthcare sector and hospitals. In response to
pressures to reduce costs, healthcare organizations
have been forced to adopt strategies to decrease the use
of resources while maintaining the quality of services.*

One of the methods for managing hospital beds
and reducing hospitalization costs is to focus on
optimizing the length of stay in inpatient wards.’
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Length of hospital stay is defined as the time between
admission and discharge from the hospital.® This index
can be used for managing hospital care, hospital care
quality control, appropriateness of hospital services,
hospital planning and policy-making, measurement
of hospital activities efficiency, and determining the
hospital resources consumption.’

Reducing the length of hospital stay is associated
with many benefits, such as decreased hospitalization
costs, increased quality of services, and increased
economic profit. Moreover, a large body of evidence
indicates that reducing the length of hospital stay
improves the capacity of the hospitals to admit new
patients and provide better health care services.?

One of the unpredictable factors prompting the
need to optimize hospital beds and manage the length
of stay is the COVID-19 pandemic.

Due to extensive pulmonary damage caused by
coronavirus infection, the mortality rate is very high
in patients, especially those requiring mechanical
ventilation.” There is no specific anti-viral drug
for COVID-19, and treatment is mainly supportive
through monitoring vital signs, blood pressure, and
oxygen saturation and reducing the complications like
secondary infections and organ failures.!

Since COVID-19 infection has a high prevalence
and patients in extreme conditions need intensive
care and respiratory support, it is necessary to reduce
the patients’ length of stay to provide care in acute
conditions.!!

However, the researchers’ information about
different aspects of this disease is being updated
continuously, and there is no accurate information
regarding geographic characteristics. Therefore,
attention should be paid to censored data for a more
accurate analysis of such data. Survival analysis is one
of the methods used to evaluate such data.

Due to changes in COVID-19 care guidelines,
the length of stay (LOS) depends on the level of care
and the geographical setting. Evolving knowledge
about effective treatments and clinical pathways and
the availability of staff, beds, and equipment might
influence the required duration and level of care.

Evaluating the epidemiology and survival rate of
COVID-19 infection to identify its causes and address
the causative agents is the main strategy for increasing
patients’ survival and improving public health. In this
regard, this study aimed to conduct a survival analysis
of the hospitalized COVID-19 patients’ length of stay
in Yazd Province.

Methods

Study Population

This is a retrospective-cohort study (survival
study) conducted in the ICUs and infectious diseases

wards admitting COVID-19 patients in Yazd Province,
Iran. 1465 COVID-19 patients were followed from
20 February 2020 to 20 May 2020. According to the
Iranian Ministry of Health statistics, Yazd Province
was sometimes on the list of provinces with “red
status”. The study population comprised all COVID-
19 patients admitted to ICUs and infectious diseases
wards of all hospitals across Yazd Province with
positive PCR tests. Sampling was not done and all
patients’ data were evaluated in a Census manner.

All COVID-19 patients with positive PCR results
and complete data profiles admitted to ICUs and
infectious diseases wards of all hospitals in Yazd
Province were included in the study.

Data Collection Tool

The data collection tool was a researcher-made
form based on the data available in the COVID-19
data dashboard of Shahid Sadoughi University of
Medical Sciences. This form contained demographic,
diagnostic, and clinical data, such as age, sex,
underlying diseases, CT scan results, consumed drugs,
travel history, respiratory disease severity, history of
mechanical ventilation, and length of hospital stay.

The ethics committee of Shahid Sadoughi
University of Medical Sciences reviewed and approved
the study (No: IR.SSU.REC.1399.101).

Data Analysis

Median and mean survival are used to describe the
data. The events of interest were death and survival.
The Kaplan-Meier method was used to calculate the
survival probability and hazard ratio, and the log-
rank test was applied to compare survival functions
according to qualitative variables. To conduct Cox
regression, essential assumptions such as random
censoring of observations and constancy of hazard
ratio over time were evaluated in study groups.
Random observation censoring was investigated by
plotting censored data against time and constancy of
the relative risk was evaluated by generating a log
minus log plot and checking Lines crossing in the
plot. The SPSS software version 24 was used for data
analysis. P values less than 0.05 were considered
significant.

Results

The mean and median hospital stay were 7.94 and 6 days,
respectively. Of 1465 COVID-19 patients, 261 (14.9%)
died during the study, and the status of 13 patients
(0.9%) was Right-censored. Most of the patients (56.6%)
were male, 71.6% were above 45 years old, 8.3% were
admitted to the ICU, and half were diagnosed based on
CT scan findings. As for underlying diseases, 29.6%
had cardiovascular disease, 24.5% had diabetes, 2.7%
had kidney disease, 2.8% had chronic nervous disease,
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Figure 1: Kaplan-Meier Survival analysis for time to hospital
discharge

and 8.6% had chronic pulmonary disease. The drug
regimen of most patients (24.1%) was a combination of
oseltamivir and Kaletra.

According to Figure 1, the Survival probability
for one week, two weeks, three weeks, four weeks,
five weeks, six weeks, and seven weeks and more
was 92%, 76%, 57%, 48%, 45%, 33%, and 20%,
respectively.
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Figure 2: Hazard Function in Covid-19 patients

The results showed that the hazard of death
increased with an increase in the length of hospital
stay from 1% in the first week to 28% in the seventh
week (Figure 2).

According to the Kaplan-Meier estimates, the
median and mean survival e were 25 days (95% CI:
19.10-30.89 days) and 28.38 days (95% CI: 25.6-31.16
days). The estimates of quartiles of survival times using

Table 1: Log Rank Test for Comparing Survival Function in Covid-19 Subjects

Variables Levels F (%) Median of survival 95% CI P
time

Gender Female 643 (43.9) 26 16.27-35.73  0.849
Male 822 (56.1) 23 18.55-27.45

Age <45 425 (29) 38.82 30.70-38.94  <0.001
>45 1040 (71) 26.18 23.34-29.01

Drugs Hydroxychloroquine 92 (6.3) 25 9.128-36.86 0. 09
Oseltamivir 174 (11.9) 18 4.008-31.99
Kaletra 172 (11.7) 16 13.408-18.59
Hydroxychloroquine+Oseltamivir 79 (5.4) 34 14.95-53.04
Oseltamivir+Kaletra 348 (23.8) 25 17.24-32.69
Hydroxychloroquine+Oseltamivir+kaletra 134 (23.8) 25 13.79-36.21
Others 466 (31.8)

Travel Yes 1118 (76.3) 25 19.03-30.96  0.38
No 63 (4.3) 25 17.29-32.70
Unknown 284 (19.4)

Chronic pulmonary  Yes 124 (8.5) 17 11.76-22.24  0.001

Disease No 1341 (91.5) 26 17.71-34.29

Chronic Nervous Yes 42 (2.9) 21 8.69-25.30 0.145

Discase No 1423 97.1) 25 19.32-30.68

Kidney Disease Yes 39(2.7) 19 11.44-20.56  0.573
No 1426 (97.3) 25 19.24-30.76

Liver Disease Yes 7(0.5) 29 19.16-30.84  0.629
No 1458 (99.5) 31 17-38.21

Diabetes Yes 355 (24.2) 17 14.45-19.55  <0.001
No 1110 (75.8) 29 20.44-37.55

Cardiovascular Yes 426 (29.1) 20 14.43-25.57  <0.001

Discase No 1039 (70.9) 34 24.197-43.80

Severity of Mild 533 (36.4) 52 16.038-37.96  0.001

Pulmonary Disease  Severe 60 (4.1) 17 5.12-28.89
RDS (Respiratory distress syndrome) 20 (1.4) 9 4.-23.13.76
Unknown 852 (58.2)

Covid-19: Coronavirus disease, Coronavirus disease; F: frequency; CI: Confidence interval
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this method showed that 75% of the participants had a
survival time equal to or less than 13 days. Comparison
of survival function using the log-rank test between
different variables showed that the age group below
45 had a significantly longer median survival than the
age group above 45 years (P<0.001). Patients with a
history of chronic pulmonary disease, diabetes, and
cardiovascular disease had significantly lower median
survival than subjects with a negative history (P=0.001).
Patients with mild disease had a significantly higher
median survival than those with severe disease and
respiratory distress syndrome (P=0.001) (Table 1).

Comparison of the survival function using the
log-rank test between men and women showed that
the median survival was 26 (95% CI: 16.27-35.73) in
women and 23 (95% CI: 18.55-27.45) in men. Still, the
difference was not statistically significant (P=0.849).
Moreover, the comparison of the survival function
according to the consumed drugs, travel history,
chronic nervous disease, kidney disease, and liver
disease was not significant (P>0.05) (Table 1).

Based on the results of multiple Cox regression, the
risk of death was 79% less in patients below 45 years
compared to those above 45 years (HR=0.21, P<0.001).
On the other hand, the risk of death was 76% (HR=1.76,
P=0.002), 71% (HR=1.71, P=0.001), and 98% (HR=1.98,
P<0.001) higher in patients with a history of chronic
pulmonary disease, diabetes, and cardiovascular disease
compared to patients with a corresponding negative
history, respectively. As for the respiratory status, the
risk of death was 2.26 times (HR=2.26, P<0.001) and 3.23
times (HR=3.23, P<0.001) higher in patients with severe
disease and respiratory distress syndrome compared to
those with a mild disease, respectively (Table 2).

Discussion

According to the results, the median and mean survival

time were 25 and 28.38 days, respectively. A study
in Vietnam showed that the median survival time of
COVID-19 patients was 21 (95% CI: 16-34) days."”
According to a study in China, the median survival time
was 19 days (95% CI: 3-41 days),” which is consistent
with the results of the present study.

The mean and median hospital stay were 7.94 and
6 days, respectively. Some studies conducted in the
US and" European countries reported a shorter stay,
ranging from 6-7 days." '® These differences in the
results may be due to differences in strategies adopted
for disease prevention and treatment, time of onset and
peak, and hospital treatment facilities.

According to the Cox regression analysis results,
several demographic and epidemiologic factors
affected the length of stay. The risk of death was 79%
lower in patients below 45 years versus those above
45. Similarly, Thai et al. found a longer duration
of hospitalization in patients above 46 years.!> The
results of studies conducted in several countries show
that the length of hospital stay increases with age.'*
1516 COVID-19 is usually more severe in the elderly;
moreover, they usually suffer from other underlying
diseases, increasing their need for care and the risk
of death following infection.

Patients with mild disease had a significantly
longer median survival than those with severe disease
and respiratory distress syndrome. A study conducted
by Ji et al. in China also showed that the patients’
median length of stay with severe symptoms was
longer than that of patients with mild symptoms."’

The risk of death was 76%, 71%, and 98% higher in
patients with a history of chronic pulmonary disease,
diabetes, and cardiovascular disease compared to
patients with a negative history of the corresponding
disease, respectively. According to the results of other
studies, patients with cardiovascular disease have the

Table 2: Risk factors for hospitalization of COVID-19 patients: hazard ratios from Cox regression model

Variable Levels HR 95% CI P

Age <45 0.21 0.117-0.377 <0.001
>45 1 --

Chronic pulmonary Yes 1.76 1.24-2.5 0.002

Disease No 1 .

Chronic Nervous Disease  Yes 1.48 0.86-2.52 0.15
No 1

Kidney Disease Yes 1.21 0.62-2.36 0.579
No 1 -

Liver Disease Yes 1.61 1.13-2.01 0.636
No 1 -

Diabetes Yes 1.71 1.29-2.26 0.001
No 1 --

Cardiovascular Disease Yes 1.98 1.51-2.59 <0.001
No 1 -

Severity of Pulmonary Mild 2.26 1.39-3.67 <0.001

Disease Severe 3.23 1.6-6.89
RDS 1 --

The significant level was 0.05; HR: hazard ratios; RDS: Respiratory distress syndrome
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highest sensitivity to COVID-19, followed by those
who have diabetes, chronic respiratory disease,
hypertension, and cancer.” > 18

As for sex, although the length of stay was longer
in men than women, the difference was insignificant.
A study found a higher mortality rate in men."
Nonetheless, most studies have shown no inter-
gender difference in mortality and disease outcomes
in COVID-19 patients."” 2° The longer length of stay
in men can be attributed to the higher prevalence of
this disease.

The large sample size and the selection of
patients with PCR positive was the strength of the
present study, as it increases the generalizability of
the results. One of the limitations of this study was
changes in the quality and quantity of some data in
the data dashboard. The authors excluded samples
with incomplete data from the study to address this
limitation. The effects of some variables were not
investigated in this study; therefore, further studies
are warranted considering the role of different factors
in the length of stay.

Conclusion

During the COVID-19 pandemic, all hospitals face
an epidemiologic transition of the disease in Iran with
an increasing demand for hospitalization and hospital
services. This event indicates the need for managing
hospital beds as the most important resource after
workforce to optimize the patients’ length of stay for
more effective and efficient use of this key, sensitive,
rare, and costly hospital resource. In the current situation,
a longer hospital stay means more admission, especially
when the number of patients with special needs increases
quickly. Therefore, the data presented in this study,
especially for patients with mechanical ventilation,
underlying diseases, and old patients, can help design
appropriate COVID-19 prevention and control measures.
Knowledge of the mean length of hospital stay and its
associated factors can be effective for decision-making
and planning.

Acknowledgment

This study is related to project NO—7867 in Shahid
Sadoughi University of Medical Sciences, Yazd, Iran.

Funding

The authors sincerely thank Shahid Sadoughi University
of Medical Sciences for all its supports. Grants from
the Research Committee in Medicine School of Shahid
Sadoughi University of Medical Sciences supported this
study.

Conflict of interest: None declared.

References

1 Supic ZT, Bjegovic V, Marinkovic J, Milicevic
MS, Vasic V. Hospital management training and
improvement in managerial skills: Serbian experience.
Health policy. 2010;96 (1):80-9. PMID: 20116126. doi:
10.1016/j.healthpol.2010.01.002.

2 Viitala R. Perceived development needs of managers
compared to an integrated management competency
model. Journal of workplace learning. 2005;17 (7):436-
51. doi: 10.1108/13665620510620025.

3 Zula KJ, Chermack TJ. Development and initial
validation of an instrument for human capital planning.
Human Resource Development Quarterly. 2008;19
(1):7-33. doi: 10.1002/hrdq.1223.

4 Palacio M, Caradeux J, Sanchez M, Cobo T, Figueras
F, Coll O, et al. Uterine cervical length measurement to
reduce length of stay in patients admitted for threatened
preterm labor: a randomized trial. Fetal Diagn Ther.
2018;43 (3):184-90. doi: 10.1159/000477930.

5 Gohari M, Vahabi N, Moghadamifard Z. Semi-
parametric Cox regression for factors affecting
hospitalization length. Daneshvar. 2012;19 (99):23-30.

6  Divsalar K, Nakhaei N. Prevalence and correlates of
cigarette smoking among students of two universities in
Kerman, Iran. J Babol Univ Med Sci. 2008;10 (4):78-83.

7  AtienzaN, Garcial |Heras J, Muifioz! |Pichardo J, VillaR.
An application of mixture distributions in modelization
of length of hospital stay. Stat Med. 2008;27 (9): 1403-
1420. doi: 10.1002/sim.3029.

8 Arab M, Zarei A, Rahimi A, Rezaiean F, Akbari F.
Analysis of factors affecting length of stay in public
hospitals in Lorestan Province, Iran. Hakim Research
Journal. 2010;12 (4):27-32.

9  Alshahrani MS, Sindi A, Alshamsi F, Al-Omari A, El
Tahan M, Alahmadi B, et al. Extracorporeal membrane
oxygenation for severe Middle East respiratory
syndrome coronavirus. Ann Intensive Care. 2018;8
(1):3. doi: 10.1186/s13613-017-0350-x.

10 Arabi YM, Alothman A, Balkhy HH, Al-Dawood A,
AlJohani S, Al Harbi S, et al. Treatment of Middle
East Respiratory Syndrome with a combination of
lopinavir-ritonavir and interferon-p1b (MIRACLE
trial): study protocol for a randomized controlled trial.
Trials. 2018;19 (1):81. doi: 10.1186/s13063-017-2427-0.

11 Farnoosh G, Alishiri G, Hosseini Zijoud SR, Dorostkar
R, Jalali Farahani A. Understanding the 2019-novel
Coronavirus (2019-nCoV) and Coronavirus Disease
(COVID-19) Based on Available Evidence - A Narrative
Review. J] Military Med. 2020;22 (1):1-11.

12 Thai PQ, Dinh TS, Van Hoang TH, Luu NM, Hung LX,
Luu NH, et al. Factors associated with the duration of
hospitalization among COVID-19 patients in Vietnam:
A survival analysis. Epidemiol Infect. 2020:1-20. doi:
10.1017/S0950268820001259. PMCID: PMC7306545.
PMID: 32517822.

618 J Health Sci Surveillance Sys July (Supplement) 2023; Vol 11; No 3


https://doi
https://doi

Length of hospital stays in COVID-19 patients

13

14

16

Wu Z, McGoogan JM. Characteristics of and important
lessons from the coronavirus disease 2019 (COVID-
19) outbreak in China: summary of a report of 72314
cases from the Chinese Center for Disease Control and
Prevention. Jama. 2020;323 (13):1239-42. doi:10.1001/
jama.2020.2648.

CDC (Centers for Disease Control and Prevention)
(2020) Severe outcomes among patients with coronavirus
disease 2019 (COVID-19) —United States, February
12-March 16,2020. MM WR. Morbidity and Mortality
Weekly Report 69, 343-346. Available at https:/www.
cde.gov/ mmwr/volumes/69/wr/mm6912e2.htm.

Lescure F-X, Bouadma L, Nguyen D, Parisey M, Wicky
P-H, Behillil S, et al. Clinical and virological data of the
first cases of COVID-19 in Europe: a case series. Lancet
Infect Dis. 2020. doi: 10.1016/S1473-3099 (20)30200-0.
PMID: 32224310. PMCID: PMC7156120.

Wise J. A third of covid-19 patients admitted to UK
hospitals die. BMJ Publishing Group; 2020. doi:
10.1136/bmj.m1794.

17

18

19

20

JiJS, Liu Y, Liu R, Zha Y, Chang X, Zhang L, et al.
Survival analysis of hospital length of stay of novel
coronavirus (COVID-19) pneumonia patients in
Sichuan, China. medRxiv. 2020. doi: 10.1371/journal.
pone.0261216.

Li X, Guo Z, Li B, Zhang X, Tian R, Wu W, et al.
Extracorporeal membrane oxygenation for coronavirus
disease 2019 in Shanghai, China. ASAIO J. 2020;66
(5):475. doi: 10.1097/MAT.0000000000001172. PMID:
32243266. PMCID: PMC7273861.

Ling L, So C, Shum HP, Chan PK, Lai CK, Kandamby
DH, et al. Critically ill patients with COVID-19 in Hong
Kong: a multicentre retrospective observational cohort
study. Crit Care Resusc. 6, 2020. PMID: 32248675.

Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical
predictors of mortality due to COVID-19 based on an
analysis of data of 150 patients from Wuhan, China.
Intensive Care Med. 2020;46 (5):846-8. doi: 10.1007/
s00134-020-05991-x. PMID: 32125452. PMCID:
PMC7080116.

J Health Sci Surveillance Sys July (Supplement) 2023; Vol 11; No 3

619



