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Abstract

Background: The sudden spread of COVID-19 raised significant concerns about the potential impact of the pandemic on healthcare
systems in low- and middle-income nations. The length of hospital stay is a critical health metric with far-reaching implications
in healthcare systems and a matter of resource allocation. Hospital beds, ventilators, medications, and the invaluable time and
expertise of medical professionals are all finite resources. Understanding the factors influencing the length of hospitalization is
essential for the efficient allocation of these resources and the provision of high-quality care.
Objectives: To explore the demographic features and clinical presentations of COVID-19 patients and investigate the relationship
between patient characteristics and hospitalization length by employing advanced statistical models.
Methods: This was a retrospective study in Bam City, Kerman province, on 2096 patients who were admitted to the Pastor Hospital
of Bam City with the diagnosis of COVID-19 between March and September 2021. The criterion for inclusion was either laboratory
confirmation of SARS-CoV-2 infection by swab sampling or clinical diagnosis. No exclusion criteria were applied. Several variables,
including age, gender, history of drug abuse, comorbid diseases, chronic illnesses, and clinical symptoms were gathered. A
univariate analysis was performed, and significant parameters were subsequently included in the final multivariable model. We
used SPSS 22, STATA 13, and R 4.1.3 software for statistical analysis.
Results: A total of 2096 patients admitted to the Pastor Hospital of Bam City from March to September 2021 diagnosed with COVID-19
were included in this study. The results of a negative binomial regression model showed that the factors affecting hospitalization
length in COVID-19 patients were advanced age, male gender, contact with COVID-19 patients, PO2, body temperature, cancer, fever,
heart disease, coughing severity, and respiratory distress.
Conclusions: Elder COVID-19 patients had relatively longer hospitalization periods. Moreover, hospitalization duration was longer
in males, those who had contact with a COVID-19 patient, and patients with PO2 below 93 %, higher body temperature and fever,
coughing, respiratory distress, heart diseases, and cancer compared to others. Therefore, it is recommended to monitor COVID-19
patients with heart disease and cancer more cautiously. Investigating the factors associated with long hospitalization is important
for the suitable management of available resources and demands for hospital beds.
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1. Background

As a novel disease, COVID-19 is closely related to SARS
viral species. The first cases of this virus infection were
discovered in Wuhan, China, on December 8, 2019 (1). Due
to the rapid global spread of the virus, the World Health
Organization (WHO) declared a pandemic on March 11,
2020 (2). As of May 26, 2023, there have been 766,895,075

confirmed cases of COVID-19 worldwide, with 6,935,889
reported fatalities. In the same timeframe, Iran’s Ministry
of Health reported 7,611,138 confirmed cases and 146,230
deaths (3).

While most COVID-19 patients present with mild
symptoms, those with moderate-to-severe disease can
rapidly progress to a fatal condition due to complications
such as acute respiratory failure, multiorgan failure,
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disseminated intravascular coagulation (DIC), and septic
shock (4). Data from countries where the virus initially
propagated indicated that 5–16% of infected individuals
required admission to the intensive care unit (ICU),
inflicting a substantial burden on healthcare systems and
deteriorating their capacity for admitting and treating
patients. Therefore, some countries found it necessary
to prioritize patients (5, 6). The available information
strongly suggests that the lack of hospital admission is
associated with higher mortality among individuals with
COVID-19 (7).

The sudden surge in COVID-19 cases raises serious
concerns about the potential collapse of healthcare
systems in low- and middle-income nations that have
limited resources. Understanding and forecasting
demands for hospital beds and predicting the duration
of each patient’s need for medical care are crucial for
prioritizing patients, making timely decisions, and
implementing backup plans (8, 9). It is important to be
informed of the length of hospitalization and the factors
influencing this parameter for predicting future demands
on hospital resources and implementing strategies to
shorten hospitalization length and reduce patient costs.
According to Rees et al., the length of hospitalization in
COVID-19 patients ranged from 4 to 53 days in China and
from 4 to 21 days outside China (10).

It is crucial to identify the variables that affect
a patient’s length of hospital stay so that effective
interventions and treatments can be provided. Numerous
studies have assessed the epidemiology, clinical features,
and preventive and control measures for COVID-19,
allowing researchers and decision-makers to better
comprehend the disease (11, 12). There is inadequate
research, however, on the factors that can influence the
length of hospitalization in COVID-19 patients.

2. Objectives

According to studies on COVID-19, the risk of severe
disease or death is higher in patients with underlying
comorbidities, such as cancer, hypertension, diabetes,
heart disease, kidney disease, liver disease, blood
disorders, lung diseases, and others (1). This study
was undertaken to describe the demographic features and
clinical presentations of COVID-19 patients admitted to the
Pastor Hospital of Bam City, located in Kerman province
of Iran. Bam city is situated 195 km southeast of Kerman
in the eastern region of the province. Additionally, we
aimed to investigate the relationship between patient
characteristics and the length of hospitalization using
advanced statistical modeling, including count regression
models, for the first time in this region.

3. Methods

This retrospective study was based on the analysis of
medical records and was conducted in Bam City, Kerman
province, Iran. A total of 2096 patients admitted to the
Pastor Hospital of Bam due to COVID-19 diagnosis between
March and September 2021 were studied.

Patients with confirmed laboratory diagnosis of
SARS-CoV-2 (swab samples) or clinical diagnosis based
on symptoms or consistent radiological findings were
included. No exclusion criteria were applied; however,
patients with incomplete information were excluded
during data analysis.

The data collection process encompassed several
variables, including age (in years), gender, history of drug
abuse, and clinical symptoms such as fever, coughing,
convulsions, diarrhea, chest pain, muscular pain, anorexia,
respiratory distress, decreased level of consciousness,
respiratory rate, PO2 levels, history of contact with a
COVID-19 patient, and the number of days since the
onset of symptoms. Additionally, comorbidities like
cancer, liver disease, diabetes, hematological disorders,
pregnancy, heart disease, kidney problems, asthma,
lung disease, nervous disorders, chronic illnesses, and
hypertension were recorded. Univariate analysis was
initially conducted, and significant factors associated
with the study’s outcomes were finally identified in a
multivariable model.

3.1. Multicollinearity

In multiple regression models, multicollinearity refers
to a linear relationship between independent variables.
Multicollinearity may render some previously identified
significant variables to become non-significant. One
technique for detecting multicollinearity is the variance
inflation factor (VIF) (13). In our study, we computed this
index for each independent variable, and the mean VIF was
obtained as 1.08, which indicated no multicollinearity and
confirmed the reliability of our results.

3.2. Poisson Regression Model

The response variable in our study was hospitalization
length (i.e., a count variable). It is important to note that,
according to the literature, we decided to use a Poisson
regression model in this scenario (given the presence
of one or more independent variables) to predict the
dependent variable (14).

Before using the Poisson regression model to analyze
the data, it is essential to check certain assumptions to
ensure the fit of this model, which is one of the critical
assumptions pertaining to the relationship between the
mean and variance (15, 16). Typically, in count data, the
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variance tends to exceed the mean (17, 18). In statistics,
this condition is referred to as over-dispersion. When
over-dispersion is observed, the application of the Poisson
model may result in biased estimation and very small
P-values (17). An alternative model for situations where
the dependent variable does not adhere to a Poisson
distribution is the negative binomial regression model
(19). In our study, the response variable did not show
a Poisson distribution. Therefore, we employed the
negative binomial regression model for data analysis.
The negative binomial regression model is similar to
the Poisson regression model, in which the log of the
expected response is predicted using a linear combination
of predictors (20-22).

ln (Yi) = β0 + β1 X1i + · · · + βk Xki

3.3. Coefficient Interpretation

Coefficient interpretation in count models is easier
based on the incidence rate ratio (IRR), which is similar to
the odds ratio (OR) used for the interpretation coefficients
in logistic regression models. For continuous predictor
variables, we should interpret how a one-unit decrease or
increase in the independent variable is associated with
an increase or decrease in the count of the dependent
variable. For categorical predictor variables, the
interpretation is based on determining the percentage of
decrease or increase in the counts of one group compared
to the reference category or group (14, 23). The data were
analyzed using SPSS 22, STATA 13, and R version 4.1.3.

4. Results

Demographic variables and clinical features of
COVID-19 patients have been described in Table 1. The
mean age of the patients was 48.07 ± 19.47 years. The mean
(3.94) and variance (9.06) of the outcome variable were not
equal, implying a poor fit of the Poisson model to our data.
This was affirmed when the over-dispersion test retrieved
a statistically significant parameter (overdispersion
parameter = 1.959, P < 0.0001). So, as explained earlier,
the negative binomial regression model is an alternative
approach in this situation.

The results of the negative binomial regression model
(Table 2) revealed that several factors could significantly
influence the duration of hospitalization in COVID-19
patients, including age (P < 0.0001), gender (P = 0.006),
contact with a COVID-19 patient (P = 0.002), PO2 (P <

0.0001), cancer (P = 0.008), heart disease (P = 0.024), fever
(P = 0.004), coughing (P < 0.0001), and respiratory distress
(P = 0.019). According to the IRRs obtained, the incidence
rate of hospitalization increased by 1.003 times for every

one-year increase in age and was 1.08 times higher in
males than in females. In patients who had contact with
a COVID-19 patient, the incidence rate of hospitalization
was 1.09 times higher than other patients, considering
other variables to be constant. Additionally, patients with
PO2 levels below 93% had a 1.34-time higher incidence
rate of hospitalization compared to those with PO2 levels
above 93%. Patients with cough, fever, and respiratory
distress had hospitalization incidence rates of 1.13, 1.09,
and 1.07 times higher compared to patients without
these symptoms, respectively. Furthermore, COVID-19
patients with cancer and heart disease had hospitalization
incidence rates of 1.44 and 1.134 times higher than others.
Figure 1 shows the parameter coefficients retrieved by the
negative binomial regression model.

4.1. Goodness-of-fit

The goodness-of-fit test is crucial for assessing how
well a statistical model aligns with the respective data,
ensuring the accuracy of predictions and conclusions.
For this aim, we employed two tests (i.e., the link test
and the likelihood ratio test) (24). The non-significance
of the hat-square value in the link test suggested that
the negative binomial model appropriately fitted into the
data (Hat square = 0.101, P = 0.692). Also, the results of
the likelihood ratio test (chi-squared value = 369.49, P <

0.0001) also strongly indicated that the negative binomial
model was more appropriate than the Poisson model.

5. Discussion

According to our findings, the mean± SD of
hospitalization length in COVID-19 patients was 3.94±3.01
days. The most influential factors affecting the duration
of hospitalization in these patients included age, gender,
history of contact with COVID-19 patients, PO2 levels, the
presence of comorbidities (cancer, heart disease), fever,
coughs, and respiratory distress.

The mean duration of hospitalization in COVID-19
patients has been reported to vary across different
countries, from 6 days in Saudi Arabia (25) and 7 days in
Peru (1) to 8.5 days in the Mediterranean region (25). This
observed variation can be attributed to various factors,
including demographic characteristics, the severity of
the disease, and different criteria used for admitting
or discharging patients (26). In a report from Belgium,
hospitalization duration varied from 3 to 10.4 days, and age
was identified to be a significant determinant (27), which
was consistent with our observation. The impact of age on
the length of hospitalization is not unexpected, as it has
been affirmed in many studies (25, 28). The mechanism
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Table 1. Descriptive Statistics of Demographic Variables and Clinical Features of Patients with COVID-19 in Bam City, Kerman Province, Eastern Iran a

Variables Descriptive Statistics Variables Descriptive Statistics

Age 48.07 ± 19.47 Kidney disease

Hospitalization length (days) 3.94 ± 3.01 Yes 25 (1.2)

Days passed from the onset of symptoms 4.99 ± 3.39 No 2071 (98.8)

Respiratory rate Heart disease

≤ 22 165 (7.9) Yes (7.4)

> 22 1931 (92.1) No 1940 (92.6)

Contact with COVID-19 patient Abdominal pain

Yes 867 (41.4) Yes 40 (1.9)

No 1229 (58.6) No 2056 (98.1)

Gender Neuronal disorders

Male 951 (45.4) Yes 19 (0.9)

Female 1145 (54.6) No 2077 (99.1)

PO2 Diarrhea

< 93% 760 (36.3) Yes 2012 (96)

> 93% 1336 (63.7) No 84 (4)

Opiumuse Fever

Yes 61 (2.9) Yes 1125 (53.7)

No 2035 (97.1) No 971 (46.3)

Cancer Cough

Yes 17 (0.8) Yes 842 (40.2)

No 2079 (99.2) No 1254 (59.8)

Other chronic diseases Muscular pain

Yes 181 (8.6) Yes 426 (79.7)

No 1915 (91.4) No 1670 (20.3)

Diabetes Respiratory distress

Yes 256 (12.2) Yes 902 (43)

No 1840 (87.8) No 1194 (57)

Headache Chest pain

Yes 245 (11.7) Yes 104 (5)

No 1851 (88.3) No 1992 (%95)

Pregnancy Vomiting

Yes 34 (1.6) Yes 73 (3.5)

No 2062 (98.4) No 2023 (96.5)

a Values are presented as No. (%) or mean ± SD.
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Table 2. The Results of Negative Binomial Regression for Demographic Variables and Clinical Features of Patients with COVID-19 in Bam City, Kerman Province, Eastern Iran a

Variables Coefficients Standard Error P-Value
%95 CI %95 CI

Lower Upper IRR Lower Upper

Intercept - 0.241 0.248 0.332 - 0.245 0.726 1.272 0.778 2.058

Age 0.0035 0.0008 < 0.0001* 0.002 0.005 1.003 1.002 1.005

Days passed from the
onset of symptoms

0.0055 0.0041 0.189 - 0.0027 0.014 1.005 0.997 1.014

Contact with COVID-19
patient (Ref = No)

0.089 0.028 0.002* 0.033 0.146 1.094 1.034 1.157

PO2 (Ref >93%) 0.294 0.030 < 0.0001* 0.234 0.354 1.342 1.265 1.425

Respiratory rate - 0.023 0.054 0.669 -0.129 0.083 0.977 0.878 1.086

Male gender
(Ref=female)

0.077 0.028 0.006* 0.022 0.133 1.081 1.022 1.143

Opiumuse 0.019 0.083 0.815 - 0.143 0.182 1.020 0.865 1.199

Cancer 0.367 0.138 0.008* 0.095 0.638 1.443 1.098 1.893

Diabetes - 0.009 0.0430 0.836 - 0.093 0.075 0.991 0.911 1.078

Pregnancy 0.017 0.116 0.882 - 0.210 0.245 1.017 0.808 1.274

Heart disease 0.126 0.055 0.024* 0.016 0.234 1.134 1.017 1.265

Kidney disease 0.204 0.142 0.151 - 0.074 0.483 1.227 0.932 1.630

Neuronal disorders 0.210 0.160 0.189 - 0.103 0.525 1.234 0.907 1.702

Other chronic diseases 0.0005 0.049 0.991 - 0.095 0.097 1.000 0.909 1.102

Fever 0.084 0.029 0.004* 0.028 0.141 1.088 1.028 1.152

Cough 0.123 0.029 < 0.0001* 0.066 0.180 1.131 1.068 1.197

Muscular pain 0.043 0.035 0.226 - 0.027 0.114 1.044 0.973 1.120

Respiratory distress 0.069 0.029 0.019* 0.011 0.127 1.072 1.011 1.136

Diarrhea 0.048 0.076 0.526 - 0.101 0.197 1.049 0.905 1.219

Chest pain 0.008 0.067 0.903 - 0.124 0.141 1.008 0.882 1.150

Abdominal pain - 0.130 0.111 0.239 - 0.348 0.087 0.878 0.704 1.088

Headache - 0.027 0.045 0.551 - 0.115 0.061 0.973 0.891 1.063

Vomiting 0.017 0.080 0.824 - 0.140 0.176 1.018 0.868 1.191

a Reference for all variables in the model was “No”, * shows significant findings at the 0.05 level.

behind the increase in hospitalization duration with
age may be attributed to more severe disease, weakened
immune system, and a higher prevalence of chronic
diseases in elders (29). Additionally, similar to other
studies, we observed that the length of hospital stay
was longer in males than in females (30). Contact with
COVID-19 patients was another significant factor affecting
the length of hospital stay. Such contacts increase the risk
of infection (31), which may justify the extended duration
of hospitalization.

Our study uncovered that patients suffering from
respiratory distress had prolonged hospitalizations,
which was similar to the findings of other studies (32-35).
Respiratory distress showed a direct impact on the length

of hospitalization in our study and was recognized as
one of the significant contributors to the high mortality
rate among COVID-19 patients (36, 37). Another factor
associated with the duration of hospital stay was fever.
Fever has been the most commonly used indicator for
screening suspected COVID-19 patients (38-40), and it is a
prevalent symptom of this infection (41).

Although diabetes is a common comorbidity among
COVID-19 patients (42), we did not find a significant
association between the length of hospital stay and
diabetes, which was consistent with the findings of Wu
et al. (43). Also, cardiac disease is among the top ten
comorbidities associated with COVID-19, and patients with
heart disease have been reported to be at a higher risk of
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Figure 1. The coefficient plot of negative binomial regression

developing severe COVID-19 and requiring hospitalization
(44).

In our study, cancer was another significant factor
affecting the length of hospital stay in COVID-19 patients.
This finding aligned with a survey that examined
the relationship between depression and cancer in
COVID-19-infected patients (45). Additionally, a systematic
review showed that SARS-CoV-2 contraction could lead to
the aggravation of disease and poor outcomes in patients
with cancer (46), which could evidently extend the length
of hospital stay.

Our study has several limitations, including limited
available data and lack of access to some important
information, such as treatments administered and
COVID-19 severity, requiring future comprehensive studies
to assess these variables.

In conclusion, this retrospective study on COVID-19
patients showed a positive association between the length
of hospital stay and parameters such as age, PO2 level,
respiratory rate, body temperature, underlying cancer,

contact with COVID-19-infected patients, coughing, and
respiratory distress. It is recommended to monitor
COVID-19 patients with underlying heart disease or cancer
more closely. Investigating the risk factors affecting the
length of hospitalization in COVID-19 patients is important
for the suitable management of available health resources,
fair allocation of hospital beds, and effective resolution
of relevant challenges. Our findings provide valuable
insights for decision-makers to become prepared for
future epidemic waves of SARS-Cov-2 and its new variants
and predict the demand for hospital beds.
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