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ABSTRACT

One of the challenges facing societies today is the increased medical expenses of the elderly.
Therefore, identifying the factors associated with this increase can help health policymakers control the
costs imposed on the elderly and their families. This study aims to identify the factors related to the
increase in hospitalization costs of the elderly with circulatory system diseases using the generalized
gamma marginalized two-part model.

In this retrospective cohort study, 335 samples were selected by a simple random
sampling method from among the older patients of Imam Khomeini and Golestan hospitals in Ahvaz, Iran
during 2015-2016 having circulatory system diseases and age 260 years. The relationship of age, gender,
hospitalization status in intensive care unit (ICU), marital status, admission season, and number of hos-
pitalization days with the increase in treatment costs of the elderly was examined using the generalized
gamma marginalized two-part model in SAS 9.4 software. The response variable was the patients’ treat-
ment costs. The significance level was set at 0.05.

[{EETE The mean age of participants was 70.718.27 years, where 54% were female and 46% were male.
The average medical costs in patients admitted to ICU was 3.70 times higher than that in patients who
were not admitted to this unit. The odds ratio showed that, for each day of increase in hospital stay, the
hospitalization costs of the patients increased by 1.11. The hospitalization costs for older men were 1.67
times higher than in older women. In single patients, it was 2 times higher than in married patients.
Moreover, with each year of increase in age (after age 60), the hospitalization costs increased by 0.96.
Using the marginalized two-part model, it was found that the variables of age, number of hospitalization
days, marital status, gender, and admission to ICU had a significant relationship with the increase in the
hospitalization costs of the elderly (P<0.05).

[@TEIERT The burden of hospitalization costs on younger elderly with circulatory system diseases is
higher. Older men incur more hospital costs than older women, and single elderly people incur more
hospital costs than married ones. The increase in the number of hospitalization days is another factor

Accepted: 14 Jul 2021 that can increase the hospitalization costs of the older patients, especially in those admitted to ICU.
Available Online:01Jui2022  ©  [[CSMLILE Elderly; Hospitalization costs, Marginalized two-part-model, Generalized gamma
S u

* Corresponding Author:

Kambiz Ahmadi Angali, PhD.

Address: Department of Biostatistics and Epidemiology, Faculty of Health, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.
Tel: +98 (901) 0114197

E-mail: kzfird@gmail.com



mailto:kzfir4%40gmail.com?subject=
http://orcid.org/0000-0003-2107-3041
http://orcid.org/0000-0001-8675-0045
http://orcid.org/0000-0001-7872-2773
http://orcid.org/0000-0002-8937-8004
http://orcid.org/0000-0002-1530-2349
https://salmandj.uswr.ac.ir/index.php?slc_lang=en&sid=1
http://dx.doi.org/10.32598/sija.2021.3185.1
https://crossmark.crossref.org/dialog/?doi=10.32598/sija.2021.3185.1

SALMAND

IRANIAN JOURNAL OF AGEING

Summer 2022. Vol 17. Issue 2

Extended Abstract

Introduction

actors such as economic development and

improvement of health status, increase in life

expectancy, decrease in births and increase in

life expectancy have made the world popula-

tion face the phenomenon of aging. Paying at-
tention to the health/treatment needs of the elderly popu-
lation and their costs is one of the challenges of societies
[1]. Considering the rapid growth of the elderly popula-
tion in Iran [2], it is necessary to pay attention to their
problems, especially the problems related to the increase
in medical expenses. Identifying factors affecting the in-
crease in medical expenses for the elderly, who are gen-
erally considered to be the inactive population, can help
health policymakers in making appropriate decisions in
this field. This study aims to identify the factors related to
the increase in hospitalization costs of the elderly people
with circulatory system diseases using generalized gam-
ma marginalized two-part model.

Methods

In this retrospective cohort study, 335 older adults were
selected randomly from among the patients in Imam Kho-
meini and Golestan hospitals in Ahvaz, Iran. Since angina
pectoris and heart failure were the prevalent diseases in
Khuzestan province and even in the country, the older
adults with these diseases were selected. The inclusion
criteria were age >60 years and suffering from heart dis-
ease or circulatory system disease. The variables of age,
season of the patient’s visit to the hospital, gender, marital
status, number of hospitalization days, and hospitalization
in the intensive care unit (ICU) were included in the study
as predictor variables. The total hospitalization costs of
the patients were considered as the response variable.
Zero values in the response variable indicates zero cost.
Examining the assumption of normality by applying the
Shapiro-Wilk test for cost data showed that this variable
is skewed to the right and does not follow a normal dis-
tribution. In this study, 89% of patients incurred medical
costs and 11% incurred no medical costs. Therefore, due
to the fact that 11% of the response variable values are
zero, the marginalized two-part model was used to model
the data. It was performed in SAS v. 9.4 software and NL-
MIXED program. The logistic regression model was used
to model the first part, which is based on zero or non-zero
costs, and the generalized gamma model was used for the
second part, which is related to the total cost. To present
the results, the odds ratio (OR) values of the factors that
were significant (P<0.05) were interpreted.

Results

The mean age of the elderly was 70.71 + 8.27; 54%
were female and 46% were male. The mean hospitaliza-
tion costs were about 20+35 million Rials. The high value
of the dispersion measure was due to the presence of zero
values in the cost data. Using the generalized gamma-
marginalized two-model model, it was determined that in
the discrete part, the variables of hospitalization in ICU,
marital status, age, number of hospitalization days, and
admission in the autumn season had a significant positive
effect on the treatment costs (P<0.05). The value of OR in
the discrete part of the model for the variable of hospital-
ization status in ICU showed that the likelihood of spend-
ing cost in older patients hospitalized in ICU was 3.59
times higher than that in other patients. Regarding the
marital status variable, the likelihood of medical expenses
in married older patients was 0.36 times more than that
in single older patients. In other words, the likelihood of
having medical expenses in single older patients was 2.77
times more than that in married older patients. Regarding
the age variable, OR value indicated that the likelihood
of spending medical costs increases by 0.96 for each year
of increase in age, provided that other variables remain
constant. Assuming that other variables are constant, the
likelihood of having medical costs increases by 1.49 for
each day of increase in hospital stay. The probability of
having a cost for the variable of the season of admission
to the hospital was significant only in the autumn season
such that its likelihood in patients admitted in the autumn
was 0.20 times higher than that in patients admitted in the
summer. In other words, the likelihood of having medical
expenses in the summer was 5 times higher than that in
the autumn,

According to the results of the continuous part of the
model, the variables of age, marital status, number of hos-
pitalization days, gender, and hospitalization status in [ICU
had a significant relationship with the increase in the treat-
ment costs of the elderly (P<0.05). The value of OR for
the variable of hospitalization status in ICU showed that
the likelihood of spending costs in older patients hospital-
ized in ICU was 3.70 times higher than that in patients
not hospitalized in ICU. Regarding the gender variable,
the likelihood of spending costs in older men was 1.67
higher than that in older women. The likelihood of having
medical costs increases by 1.11 for each day of increase
in hospital stay. Regarding the marital status variable, the
likelihood of having medical expenses in single older pa-
tients was 2 times more than that in married older patients.
Regarding the age variable, OR value indicated that the
likelihood of spending medical costs increases by 0.96 for
each year of increase in age (from the age 60).
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Discussion

The burden of medical expenses is heavier on the
younger elderly. Older men incur more hospital costs
than older women, and single elderly people incur more
hospital costs than married ones. The increase in the num-
ber of hospitalization days causes a significant increase in
hospital costs, and these costs increase dramatically when
the elderly need to hospitalize in ICU. Therefore, these
factors can increase the average medical expenses of the
elderly. The results of this study can be extended to the
future years as long as macro health policies are stable in
the country.
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