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ABSTRACT

Background: Diabetes mellitus and frailty are associated with increasing healthcare costs, but
there is currently a limited number of studies evaluating direct medical costs in elderly people with
co-existing diabetes and frailty.

Objective: To-explore factors associated with total direct medical costs in elderly patients with
diabetes and frailty.

Methods: A cross-sectional descriptive study was conducted on 166 outpatients at a rural health
center in Vietnam. Supervised predictive models, including linear regression and selected machine

learning methods, were applied to predict direct medical costs.
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Results: Marital status, living with family, and duration of diabetes were the three variables with
the highest level of importance in contributing to the predictive ability of the model. Unmarried
and divorced individuals had lower costs compared to the married group (f =—0.29; 95% CI: —0.51
to —0.07; p=0.009). Similarly, those living with family were associated with lower costs compared
to those not living with family (B =-0.29; 95% CI: —0.50 to —0.08; p = 0.008). Duration of diabetes
was positively associated with cost (f = 0.04; 95% CI: 0.00 to 0.09; p = 0.046).

Conclusions: Social and health-related factors are associated with total direct medical costs among
frail older adults with diabetes mellitus. Healthcare managers and policymakers should consider
these factors when planning, designing, and implementing healthcare policies for older adults.

Keywords: costs and cost analyses; diabetes mellitus; frailty; socioeconomic factors; Vietnam.

RESUMEN

Antecedentes: La diabetes mellitus y la fragilidad se asocian con un aumento de los costos
sanitarios; sin embargo, existen pocos estudios que evaltien los costos médicos directos en personas
mayores con diabetes y fragilidad concomitantes.

Objetivo: Explorar los factores asociados con costos médicos directos totals en pacientes adultos
mayores con diabetes y fragilidad.

Métodos: Se realiz6 un estudio descriptivo transversal en 166 pacientes ambulatorios atendidos en
un centro de salud rural de Vietnam. Se aplicaron modelos predictivos supervisados, incluida la
regresion lineal y métodos seleccionados de aprendizaje automadtico, para predecir los costos
médicos directos.

Resultados: El estado civil, convivir con la familia y la duraciéon de la diabetes fueron las tres
variables con mayor importancia para la capacidad predictiva del modelo. Las personas solteras o
divorciadas tuvieron menores costos que las casadas (f =—0,29; IC95 %: —0,51 a—0,07; p =0,009).
Asimismo, quienes vivian con la familia se asociaron con menores costos que quienes no vivian
con la familia (B = —0,29; IC95 %: —0,50 a —0,08; p = 0,008). La duracion de la diabetes se asocio
positivamente con el costo (B = 0,04; IC95 %: 0,00 a 0,09; p = 0.046).
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Conclusiones: Los factores sociales y los relacionados con la salud se asocian con los costos
médicos directos totales en adultos mayores fragiles con diabetes mellitus. Los gestores y
responsables de politicas deberian considerar estos factores al planificar, disefiar ¢ implementar
politicas sanitarias para personas mayores.

Palabras clave: costos y analisis de costos; diabetes mellitus; factores socioecondmicos;

fragilidad; Vietnam.
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INTRODUCTION

Diabetes mellitus and frailty are two conditions that often occur concurrently, tend to increase
significantly with age, and are increasingly common in older adults.’» The highest prevalence of
diabetes mellitus is reported in those over 65 years of age, with an estimated 23.7% in the 65-99
age group.®) In Vietnam, the number of people with diabetes is projected to increase from 5.2
million (6.8% of the adult population) in 2021 to 7.4 million by 2045, while only 28.9% of patients
receive treatment at healthcare facilities.” Diabetes mellitus is associated with increasing frailty
and functional decline in older adults and may explain up to 20% of the increased risk of disability
in this age group.® In low- and middle-income countries, the prevalence of frailty is 17.4%.©
Whether occurring individually or concurrently, diabetes mellitus and frailty have negative impacts
on the psychosocial health of older adults, such as depression, reduced quality of life, and an
increased risk of poor health outcomes, such as death.®” These conditions simultaneously
significantly increase the demand for healthcare services, leading to an increase in total healthcare
costs.(

Globally, the annual cost per patient with diabetes ranges from US$87 to US$9,581.1'9 In Vietnam,
the annual cost per patient with diabetes ranges from VND 6,505,416 to VND 9,816,660, with
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inpatient treatment costs ranging from VND 2,076,737 to VND 3,694,295 and outpatient costs
ranging from VND 462,588 to VND 2,836,387.1" Frailty increases healthcare utilization among
patients with type 2 diabetes.!!? Specifically, frailty significantly increases average total costs by
US$4,653 compared to the costs of those in the robust group.!'? In a study of adults with type 2
diabetes and overweight or obesity, compared to the least frail group, those in the most frail group
at year 1 had higher medication, outpatient, and hospitalization costs of US$714 (42% increase),
US$244 (22% increase), and US$800 (134% increase), respectively.(!¥

Factors associated with higher medical costs in elderly people with diabetes were found to include
being female, living in rural communities, being dually eligible, having complications, and renal
impairment,!>!9 due to an increased frequency of outpatient visits, as well as a higher likelihood
of inpatient treatment and longer hospital stays.!” Additionally, in frail individuals, factors such
as weight loss, comorbidity, exhaustion, and limitations in basic and instrumental activities of daily
living were found to be associated with higher healthcare costs.'®!*20 However, there is currently
a limited number of studies evaluating medical costs in elderly people with co-existing diabetes
and frailty. Therefore, this study was conducted with the aim of exploring factors associated with

total direct medical costs in elderly patients with diabetes and frailty.

METHODS
Study design

A cross-sectional descriptive study was conducted at the Outpatient and Interdisciplinary
Department of a rural health center in Vietnam. The study analyzed the costs of eligible outpatient
patients with diabetes and frailty from May 2025 to December 2025.

Study population
Inclusion criteria included: patients aged 60 years or older; diagnosed with diabetes or previously
diagnosed with diabetes and currently taking diabetes medication; and diagnosed with frailty

according to the FRAIL scale using the validated Vietnamese version by Do T et al.?! Patients
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who were unable to answer the research questions or who did not consent to participate were

excluded.
Data collection

Participants were selected using a convenience sampling method, which included all patients
meeting the inclusion and exclusion criteria during the study period. The study was conducted
among patients with diabetes and frailty who visited the outpatient department of the health center.
While waiting for their turn, participants were introduced to the study objectives and content and
invited to participate. Written consent was obtained before the study began. Participants were
interviewed in person for approximately 10—15 minutes, and the interviewer completed a paper
questionnaire.
Demographic and health-related characteristics of participants were collected, including gender
(men and women), age (years), religion (non-Buddhist and Buddhist), education (primary, lower
secondary, upper secondary, and tertiary), occupation (farmer, homemaker, retired, not working,
and other), marital status (married, widowed, single, and divorced), living with family (yes and
no), poverty status (yes and no), monthly income (million VND), diabetes-related complications
(yes and no), duration of diabetes (years), number of medications (count), and fasting blood glucose
level (mmol/L).
Data were collected through interviews and, where appropriate, extracted from patients’ electronic
records. Costs assessed in this study were direct medical costs, including outpatient consultation,
laboratory tests, diagnostic imaging and functional tests, medicines, and medical consumables,
which were extracted from patients’ electronic records.

Statistical analysis
Data were entered and analyzed using IBM-SPSS version 22. Continuous variables were presented
as the mean and standard deviation (SD), while categorical variables were presented as frequencies
and percentages (%). Supervised predictive models, including linear regression, support vector
machine (SVM), decision tree regression, and random forest, were used for prediction. Medical
cost data were split into training and test sets at an 8:2 ratio. Model performance was evaluated

using mean squared error (MSE), root mean square error (RMSE), mean absolute error (MAE),
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mean absolute percentage error (MAPE), and the coefficient of determination (R?). To assess

feature importance, the study used a mean dropout loss—based method, with a larger mean dropout
loss reflecting higher importance of the corresponding variable. Analyses of predictive models
were performed using JASP 0.19.1. Multivariable regression analysis was used to identify factors
associated with log-transformed total direct medical costs. A p-value of less than 0.05 was
considered statistically significant.

Ethical considerations
This study was conducted in accordance with the Declaration of Helsinki. The study was approved

by the Ethics Committee for Biomedical Research at Can Tho University of Medicine and
Pharmacy (IRB No. 25.158.HV/PCT-HDDD).

RESULTS

Individuals with diabetes and frailty (n = 166) participated in the study (table 1). The average age
of participants was 71.14 years (SD = 7.22). The majority were women (75.3%), Buddhist (65.1%),
married (63.9%), and had primary education (75.9%). More than half of the participants were
retired or did not work (52.4%). A smaller proportion did not live with family (7.2%) and had
poverty status (5.4%). Nearly half of the participants had diabetic complications (47.6%). The
average duration of diabetes was 8.48 years (SD = 6.47) and the average fasting blood glucose was

8.40 (SD = 4.53).
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Table 1 - Demographic and health-related characteristics of the study participants (n = 166)

Characteristics Frequency | Percentage (%)

Men 41 24.7
Gender

Women 125 75.3
Age (years) Mean (SD) 71.14 7.22

Non-Buddhist 58 349
Religion

Buddhist 108 65.1

Primary 126 75.9
Education Lower secondary 25 15.1

Upper secondary or higher 15 9.0

Farmer 22 13.3

Homemaker 46 27.7
Occupation

Retired or not working 87 52.4

Other 11 6.6

Married 106 63.9
Marital status Widowed 49 29.5

Single or divorced 11 6.6

Yes 154 92.8
Living with family

No 12 7.2

Yes 9 54
Poverty status

No 157 94.6
Monthly income (million VND) Mean (SD) 1.7 4.8

Yes 79 47.6
Diabetes-related complications

No 87 524
Duration of diabetes (years) Mean (SD) 8.48 6.47
Number of medications Mean (SD) 6.12 1.30
Fasting blood glucose level (mmol/L) | Mean (SD) 8.40 4.53

VND - Vietnamese Dong; SD — standard deviation.

Direct medical costs per outpatient treatment episode are presented in table 2. The total mean direct
medical cost per outpatient treatment episode was 249,423 VND. Within the service categories,
medicines accounted for the largest proportion, with a mean cost of VND 178,073, equivalent to

71.4% of total direct medical costs. When analyzed by payer, the majority of costs were covered
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by health insurance funds, with a mean cost of VND 244,057, accounting for 97.8% of total direct

medical costs.

Table 2 - Components of direct medical costs per outpatient treatment episode

Direct medical costs Mean (VND per episode) | Proportion of costs (%)
By service category

Outpatient consultation 39,632 159

Laboratory tests 27,260 10.9

Diagnostic imaging and functional tests 4,242 1.7

Medicines 178,073 71.4

Medical consumables 216 0.1

By payer

Health insurance fund” 244,057 97.8

Patient co-payment 5,366 2.2
Total 249,423 100

VND - Vietnamese Dong; “Health Insurance Fund — Vietnam Social Health Insurance.

Performance evaluation of the four predictive models, presented in table 3, showed that linear
regression provided the highest explained variance and the lowest error metrics with Test
MSE = 0.040, RMSE = 0.200, MAE = 0.129 and MAPE = 5.24%, R? = 0.205. Therefore, linear
regression has the potential to be more stable, and a more accurate predictor compared to the other
models in the context of this study’s data. Figure 1 presents the relative importance of variables in
the linear regression model, assessed based on mean dropout loss. The results showed that marital
status, living with family, and duration of diabetes were the three variables with the highest level

of importance in contributing to the predictive ability of the model.
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Table 3 - Performance of supervised predictive models

Model Test MSE | RMSE | MAE | MAPE R?

Linear Regression 0.040 0.200 | 0.129 | 5.24% | 0.205
Support Vector Machine 0.068 0.261 | 0.179 | 8.28% | 0.094
Decision tree regression 0.042 0.205 | 0.164 | 7.03% | 0.01
Random Forest 0.056 0.237 | 0.185 | 8.58% | 0.047

MSE — mean squared error; RMSE — root mean squared error; MAE — mean absolute error; MAPE — mean absolute percentage error; Rz —

coefficient of determination.

marital status |
Living with farity |
Duration of iliness |
oceupation |
Number of medications _
Gender NN
Educational attainment _
religion |
poverty status |
Diabetes-related complications _
age I
Monthly income _
Fasting blood glucose level _

0.175 0.180 0.185 0.190 0.195 0.200 0.205 0.210 0.215 0.220

Fig. 1 - Importance of each variable in linear regression model.

The multivariable linear regression analysis found that the three variables, including marital status,
living with family, and duration of diabetes, were statistically significantly associated with total
direct medical costs (table 4). Unmarried and divorced individuals had lower costs compared to the
married group (B =-0.29; 95% CI: —0.51 to —0.07; p = 0.009). Similarly, those living with family
were associated with lower costs compared to those not living with family (B = —0.29; 95%
CI: —0.50 to —0.08; p = 0.008). Conversely, duration of diabetes was positively associated with
cost (f =0.04; 95% CI: 0.00 to 0.09; p = 0.046).
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Table 4 - Multivariable linear regression results for predictors of total cost

Variable p |SE| t P 3% C1 % cl

(Lower) (Upper)
Marital status: Widowed vs Married -0.07]0.05|-1.50{0.138| -0.17 0.02
Marital status: Single or divorced vs Married -0.2910.11]-2.66|0.009| -0.51 -0.07
Living with family: Yes vs No -0.29(0.11]-2.72|0.008| -0.50 -0.08
Duration of diabetes (standardized) 0.04 {0.02(2.02]0.046 0.00 0.09
Occupation: Homemaker vs Farmer 0.06 {0.08/0.76 {0.448| -0.10 0.21
Occupation: Retired or not working vs Farmer 0.09 [0.08(1.120.268| -0.07 0.24
Occupation: Other vs Farmer -0.05]0.10|-0.46|0.650| -0.24 0.15
Number of medications (standardized) 0.04 10.02{1.7210.089| -0.01 0.08
Gender: Woman vs Man 0.08 10.05/1.44 (0.153| -0.03 0.18
Education: Lower secondary vs Primary 0.06 {0.06/0.980.331| -0.06 0.18
Education: Upper secondary or higher vs Primary| 0.08 |0.07| 1.14|0.257| -0.06 0.22
Religion: Buddhist vs Non-Buddhist -0.06|0.04|-1.55(0.124| -0.15 0.02
Poverty status: Poor or near-poor vs Not poor -0.15]0.11-1.38{0.171| -0.36 0.07
Diabetes-related complications: Yes vs No -0.0510.04|-1.21|0.228| -0.13 0.03
Age (standardized) 0.02 {0.02(0.780.436| -0.03 0.07
Monthly income (standardized) 0.02 {0.02(0.8910.373] -0.02 0.06
Fasting blood glucose level (standardized) —0.00{0.03|-0.00{0.998| -0.06 0.06

B — regression coefficient; SE — standard error; t — t statistic; p — p value; CI — confidence interval; the dependent variable was the log-transformed

total cost.

DISCUSSION

The current study has demonstrated that marital status, living with family, and duration of diabetes
were associated with total direct medical costs among frail older adults with diabetes mellitus.
Analysis of the importance of the study variables and the results of the multivariable regression
both show that several social and clinical factors such as marital status, living with family, and
duration of diabetes contribute significantly to direct medical costs. The study results may provide
useful information for healthcare planning and resource allocation, and our findings may highlight
the potential use of machine learning and regression-based predictive methods in real-world

clinical settings when conducting economic analyses to support decision-making.
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Unmarried and divorced individuals had lower costs compared to the married group. Compared to
the married group, the lower costs in the unmarried/divorced group may reflect a tendency towards
lower outpatient use, as unmarried/divorced individuals are often less supported in their regular
check-ups and monitoring than those with a partner; evidence suggests that the unmarried group
tends to have fewer recent outpatient visits than married individuals.?? Furthermore, the lower
costs in this group may not be due to better health, but rather to greater mobility difficulties, less
participation in preventive health services, fewer support resources (e.g., health insurance and
disposable income), or psychological barriers such as depression, leading to missed access to
necessary health services.?23242

Similarly, those living with family were associated with lower costs compared to those not living
with family. Living with family members such as children, grandchildren, siblings, etc., not
necessarily spouses, where relatives often act as gatekeepers in health decisions, can help improve
diabetes self-management by encouraging compliance through reminders,?® which may affect
patterns of healthcare use and costs. Support from informal caregivers that helps better manage
blood glucose levels at home can reduce the frequency of acute complications, thereby minimizing
the need for additional diagnostic tests or expensive medications during outpatient visits. In the
Vietnamese context, care for the elderly and chronically ill patients still relies primarily on family,
so living with family can influence healthcare use and costs.”)

In diabetic patients, frailty is associated with increased use of healthcare services. The development
and progression of frailty in older adults with diabetes leads to adverse outcomes such as increased
risk of falls, injuries, fractures, dementia, disability, poor quality of life, and death.®® These
consequences increase the need for healthcare services such as hospitalization and facility-based
care, thereby increasing total direct medical costs.®® In addition, direct medical costs tend to
increase with the duration of the disease; on average, for diabetic patients alone, each year of the
disease increases annual healthcare costs by an additional US$158.% Therefore, diabetic patients

with comorbid conditions and longer disease duration are likely to face a higher burden of direct

medical costs.
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This study offers additional details about the limited knowledge of treatment costs among
individuals with diabetes and frailty within the context of a rural health facility in Vietnam.
However, this study has some limitations. First, this study was conducted at a single rural health
center in Vietnam. Results may vary depending on the region, especially urban areas. Second, we
only applied general-purpose predictive models implemented within a machine-learning
framework. Some custom-designed models may offer better performance. Finally, demographic
information and health status were limited. Additional data sources may need to be included, such
as adherence levels, specific complication types, functional indicators, or socioeconomic
determinants of health. Future work will address some of these limitations. In future studies, the
authors plan to expand the analysis to multiple centers, including urban areas. Furthermore, our
future research will involve clinicians and policy experts to make the models clinically meaningful
by integrating expertise in this field, such as variable selection and model interpretation, to better
guide preventive interventions.

Medicines accounted for the largest proportion of total direct medical costs among frail older adults
with diabetes mellitus. Marital status, living with family, and duration of diabetes contribute
significantly to direct medical costs. Healthcare managers and policymakers should consider these

factors when planning, designing, and implementing healthcare policies for older adults.
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