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Abstract
Background While some studies have explored the health-related quality of life (HRQOL) of older adults with 
diabetes mellitus (DM) in South Korea using a theoretical framework, these studies suffer sample-related limitations, 
as they focus only on a specific subgroup of older adults. To address this gap, this study aimed to investigate the 
predictors of HRQOL of older adults with DM in South Korea, using extensive national data and based on the theory 
of Health-Related Quality of Life in South Korean Older Adults with Type 2 Diabetes (The HIKOD theory).

Methods A secondary data analysis was conducted using data from 1,593 participants aged 65 years and older with 
DM sourced from the 2015–2019 Korea National Health and Nutrition Examination Survey (KNHANES). The variables 
included in this study are as follows: demographic factors (gender, age, household income, and education level), 
disease-specific factors (duration of DM, treatment of DM, and control of HbA1c), barriers (number of comorbidities), 
resources (living alone status), psychosocial factors (perceived stress), and health-promoting behaviors (physical 
activity and fundus examination). Considering the complex sampling design employed in this study, statistical 
analyses including Rao-Scott chi-square tests, correlation analysis, and hierarchical multiple regression analysis were 
conducted.

Results Mobility (45.0%) was the HRQOL dimension with which participants experienced the highest number of 
problems. Number of comorbidities (r = -0.36, p < 0.001), living alone status (rpb = 0.16, p < 0.001), perceived stress 
(rpb = 0.14, p < 0.001), and physical activity (rpb = 0.12, p < 0.001) were correlated with HRQOL. While adjusting for 
background factors, HRQOL was negatively predicted by higher number of comorbidities (estimate B = -0.03, 
p < 0.001), living alone (estimate B = -0.03, p = 0.043), higher perceived stress (estimate B = -0.09, p < 0.001), and lower 
physical activity (estimate B = -0.03, p < 0.001).

Conclusion Complex and diverse factors influence HRQOL among older adults with DM in South Korea. To improve 
their HRQOL, intervention programs that integrally regard HRQOL, along with various predictors, are necessary.
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Background
The meaning of quality of life (QOL) is based on an indi-
vidual’s perception of their life circumstances within their 
cultural and value contexts [1]. QOL has been utilized in 
various contexts, including health status, physical func-
tion, symptoms, and psychosocial adaptation. However, 
the diverse interpretations of QOL presented challenges 
when comparing research findings or implementing them 
in practical settings. To address this issue, the concept of 
health-related quality of life (HRQOL) emerged, narrow-
ing the scope of QOL down specifically to health, disease, 
and therapeutic aspects [2]. Given its direct association 
with health, the importance of HRQOL is particularly 
pronounced among older adults who often experience a 
decline in functional health and are more vulnerable to 
various diseases and health issues [3].

According to previous studies, diabetes mellitus (DM) 
is identified as one of the factors that lower the HRQOL 
of older adults [4–6]. The prevalence of DM among older 
populations has been increasing worldwide, and one 
study projected that the number of individuals aged 65 
and above with DM will reach 276.2 million by the year 
2045 [7]. In South Korea, DM affects 24.2% of older 
adults, making it the second most common chronic dis-
ease in this population [8]. It is also considered the most 
burdensome disease in South Korea [9]. For older adults 
who experience difficulties in acquiring new knowl-
edge and skills due to declining physiological functions, 
DM poses an additional burden as they need to consis-
tently learn and practice self-management behaviors 
[10]. Moreover, older adults with DM face a higher risk 
of microvascular and cardiovascular complications [11], 
as well as increased risk of mortality [12]. Therefore, the 
HRQOL of older adults with DM is at risk, and appropri-
ate strategies are required to improve it.

First, a comprehensive understanding of the factors 
affecting older adults’ HRQOL is necessary [13]. Accord-
ing to previous studies on older adults with DM, their 
HRQOL was found to be affected by various complex 
factors. These factors include gender [10, 14, 15], age 
[14–17], income [14, 17, 18], education level [17], dura-
tion of DM [15, 19], treatment of DM [20], HbA1c levels 
[21], DM-related complications [14, 22], and comorbidi-
ties [19, 23]. Additionally, factors such as stress [24, 25], 
depression [18, 22, 23, 26], self-efficacy [18, 23, 27], social 
support or family support [26–28], physical activity [14, 
25, 29], self-management of DM [10, 15], and functional 
abilities like instrumental activities of daily living (IADL) 
or activities of daily living (ADL) [25, 26] were also found 
to influence HRQOL in older adults with DM.

Surprisingly, only a few studies have applied theoretical 
frameworks that help to explain the phenomena and rela-
tionships between the concepts [30]. Among them, two 
studies [23, 25] that did employ a theoretical framework 

were identified: they utilized The Health-Related Qual-
ity of Life in South Korean Older Adults with Type 2 
Diabetes (HIKOD) theory. The HIKOD theory is a situ-
ation-specific theory that was developed based on socio-
economic and cultural backgrounds specific to South 
Korea, aiming to explain the HRQOL of older adults 
with DM therein [31]. In the first study [23], significant 
factors influencing HRQOL were found to be DM self-
efficacy, depression, DM self-care behaviors, barriers to 
DM self-care behaviors, and the number of DM-related 
complications. The second study [25] revealed that IADL, 
hypertension, arthritis, stress, and physical activity were 
significant factors affecting HRQOL in older adults with 
DM. However, it is crucial to note that these two stud-
ies had some sample-related limitations. The former 
study [23] focused on a small number of older adults of 
each gender, while the latter study [25] focused on older 
adults with both DM and disabilities. Consequently, the 
influencing factors on HRQOL were examined in only a 
subset of South Korean older adults with DM by applying 
HIKOD theory.

A potential solution to overcome these limitations 
would be to utilize a large national sample that repre-
sents older adults with DM in South Korea more expan-
sively. This way, a more comprehensive understanding of 
the factors influencing HRQOL in this population could 
be achieved. Therefore, the current study’s aim was to 
use data from the Korea National Health and Nutrition 
Examination Survey (KNHANES) to identify the predic-
tors of the HRQOL of South Korean older adults with 
DM based on the HIKOD theory.

Theoretical framework
The HIKOD theory, which was selected as the theo-
retical framework for this study, suggests that barriers, 
resources, perceptual factors, psychosocial factors, and 
health-promoting behaviors influence the HRQOL of 
South Korean older adults with DM [31]. Specific vari-
ables were chosen from the KNHANES dataset based on 
previous studies and the HIKOD theory.

Firstly, the barrier was considered hindering self-man-
agement behaviors related to DM in the HIKOD theory 
[31]. Here, the number of comorbidities was selected as 
a relevant factor. Living status (living alone or not) was 
chosen as a proxy for resources, reflecting family or social 
support [31]. The perceptual factor related to self-efficacy 
in DM self-management [31] was excluded due to the 
absence of corresponding variables in KNHANES. As 
for the psychosocial factor, the HIKOD theory suggests 
depression [31], but KNHANES did not specifically mea-
sure depression. Therefore, perceived stress was selected, 
referring to a previous study that applied the HIKOD 
theory [25]. For health-promoting behaviors correspond-
ing to DM self-management [31], physical activity and 
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fundus examinations were selected. Finally, since the 
HIKOD theory did not include background factors [31], 
based on a previous study [23], this study additionally 
included demographic factors (gender, age, household 
income, education level) and disease-specific factors 
(duration of DM, treatment method of DM, HbA1c con-
trol). The complete framework, based on these selections, 
is presented in Fig. 1.

Methods
Study design and participants
The present study analyzed data from the KNHANES, a 
nationwide cross-sectional survey conducted annually 
by a team of survey experts. The primary objective of 
KNHANES is to assess the health status, health behav-
ior, and food and nutrition status of South Koreans. To 
ensure representative sampling, a complex sampling 
method with a multistage-clustered probability design 
was employed during the survey [32]. The sampling pro-
cess involved stratification based on administrative dis-
trict and housing type, including apartments and general 
dwellings. Then, 192 primary sampling units (PSUs) per 
year were selected as clusters. For each PSU, a specific 
number of households were selected for the survey, with 
20 households in 2015, 23 households in 2016–2018, and 
25 households from 2019 onwards [33].

For this study, data from the 2015 to 2019 period were 
selected and integrated for analysis. From the initial 
2015–2019 KNHANES dataset pool, participants below 
the age of 65 were initially excluded (79.3%), based on the 
age criteria defined by the Organization for Economic 
Cooperation and Development (OECD) for categoriz-
ing the older population [34]. Data of participants who 
were never diagnosed with DM or did not currently suf-
fer from DM were excluded in Step 2 (16.5%). Finally, fol-
lowing the exclusion of those who did not answer all the 
HRQOL-related questions (0.2%), 1,593 participants (4%) 
remained as the final sample (Fig. 2).

Variables
Demographic factors
The demographic factors included gender (male and 
female), age (65–69, 70–74, and 75 years or more), house-
hold income, and education level. Household income was 
categorized into the lowest quartile, 2nd to 3rd quartiles, 
and the highest quartile based on the household income 
level adjusted for the number of household members. 
Education level was classified into four graduation cat-
egories: lower/elementary, middle, high, and college/
higher education.

Disease-specific factors
Duration and treatment of DM and control of HbA1c 
were measured as diseases-specific factors. The dura-
tion of DM referred to the period following the doctor’s 
diagnosis and was divided into two categories: less than 
10 years and 10 years or more. Treatment was classified 
into three categories: no treatment, only oral hypogly-
cemic agent (OHA), and other treatments. HbA1c was 
measured using high-performance liquid chromatogra-
phy with the Tosoh G8 instrument (Tosoh Corp., Tokyo, 
Japan) and blood samples. Based on the DM diagnosis 
criteria outlined by the Korean Diabetes Association, 
HbA1c levels were classified into two categories: less 
than 6.5%, and 6.5% or higher [35].

Barriers
The number of comorbidities was counted for every 
chronic disease diagnosed by doctors in the KNHANES: 
hypertension, dyslipidemia, stroke, myocardial infarc-
tion, angina pectoris, osteoarthritis, rheumatoid arthritis, 
osteoporosis, pulmonary tuberculosis, asthma, thyroid 
disease, cancer, depression, atopic dermatitis, allergic 
rhinitis, sinusitis, tympanitis, renal failure, liver cirrhosis, 
and hepatitis B & C. The number of comorbidities was 
categorized into three groups: 0–1, 2–3, and more than 4.

Fig. 1 Theoretical framework of the study based on the HIKOD theory [31]. Note. DM: Diabetes mellitus.
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Resources
Living status was based on the number of household 
members living together. Participants who answered that 
they lived alone were considered to be living alone, and 
other cases were considered as not living alone.

Psychosocial factors
Perceived stress was assessed using a single question 
based on how stress was experienced in daily life. The 
response options included very high, high, low, and very 
low. In this study, it was reclassified as high and low.

Health-promoting behaviors
The Global Physical Activity Questionnaire (GPAQ) 
was used to measure physical activity. It was calcu-
lated as metabolic equivalents of task-minute per week 
(MET-min/wk) through moderate or vigorous activi-
ties in three domains: work, transport, and recreation. 
World Health Organization (WHO) recommended that 
at least 600 MET-min should be achieved; based on this 
recommended level, participants were divided into two 
groups: those above (high) and below (low) the recom-
mended level [36]. The fundus examination, one of the 
eye examinations recommended by the Korean Diabetes 
Association’s DM guidelines [35], was based on whether 

participants checked for eye complications caused by 
DM in the past year.

HRQOL
HRQOL was measured using EuroQol-5 Dimensions-3 
Level instrument (EQ-5D-3L). There were five dimen-
sions in the EQ-5D-3L: mobility (MO), self-care (SC), 
usual activities (UA), pain/discomfort (P/D), and anxi-
ety/depression (A/D). Each dimension was rated in three 
levels: from 1 (“no problem”) to 3 (“extreme problems”). 
In this study, the EQ-5D index was calculated using the 
South Korean value set provided by Korea Disease Con-
trol and Prevention Agency [37], and the possible range 
of the index was from − 0.171 to 1.00 [38]. The closer the 
score to 1, the higher the HRQOL. In the current study, 
Cronbach’s alpha was calculated to be 0.79.

Statistical analysis
To consider sampling weights, stratification, and cluster-
ing of the KNHANES data, data was analyzed based on 
a complex sampling design. The weighting of KNHANES 
considers the extraction rate, response rate, and popula-
tion distribution, allowing for the estimation of the actual 
population and calculation of standard errors [39].

Fig. 2 Flowchart for participants. Note. DM: Diabetes mellitus; HRQOL: Health-related quality of life; KNHANES: Korea National Health and Nutrition Ex-
amination Survey
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Regarding missing data, the rates varied from 0.2 to 
7.5% for each variable. To assess the nature of the missing 
data, a Little’s Missing Completely at Random test was 
conducted, and it confirmed that the missing values in 
our data were considered completely random (𝜒2 = 1.606, 
p = 0.658) [40, 41]. Furthermore, following the guide-
lines provided by KNHANES [39], in cases of item non-
response, the missing data were retained as such, but the 
weight variable for item non-response was included in 
the analysis to prevent bias in the estimation of standard 
errors.

According to the analysis results, categorical variables 
were presented as unweighted frequencies, unweighted 
percentages, and weighted percentages, while continuous 
variables were presented as means and standard errors. 
Rao-Scott chi-square tests were conducted to exam-
ine the distribution of perceived problem levels in each 
dimension of the EQ-5D across each variable. To ana-
lyze the correlation between HRQOL and the remaining 
variables, excluding the participants’ background charac-
teristics (demographic and disease-specific factors), Pear-
son correlation was used for continuous variables and 
point-biserial correlation was used for categorical vari-
ables. A hierarchical multiple regression analysis using 
a generalized linear model was conducted to explore the 
predictors of HRQOL. The analysis was done by incorpo-
rating weights, strata, and clusters of the sampling. The 
nature of population estimation analysis does not require 
regression analysis assumptions for the sample [39]. 
However, to further confirm the presence of multicol-
linearity, which reflects the interrelationships among the 
independent variables, the variance inflation factor (VIF) 
was examined. The VIF values, ranging from 1.08 to 3.20, 
indicated the absence of multicollinearity. The first model 
included participants’ background factors, including 
demographic and disease-specific factors. Next, barriers 
(Second model), resources (Third model), psychosocial 
factors (Fourth model), and health-promoting behav-
iors (Fifth model) were added sequentially. For statis-
tical analysis, SPSS version 26.0 software (IBM Corp., 
Armonk, NY, USA) was used, and statistical significance 
was defined as a p-value < 0.05.

Ethical consideration
As a secondary data analysis study, this study was 
exempted from the Institutional Review Board of Seoul 
National University (no. E2204/001–004). KNHANES 
was approved by the Korea Disease Control and Preven-
tion Agency research ethics committee (no. 2018-01-
03-P-A in 2018, 2018-01-03-C-A in 2019). From 2015 
to 2017, since the survey was carried out by the state 
directly for the benefit of the public, the permission of 
the research ethics committee was waived [33].

Results
Variables’ descriptive statistics
Table  1 presents the descriptive statistics for each vari-
able. After applying the participants’ weights, it was 
found that 57.8% were women, and the overall mean age 
was 73.29 ± 0.15 years, with those aged 75 years or older 
comprising the largest group at 44.9%. About 50.3% fell 
into the lowest quartile of household income, and 60.9% 
of participants had education levels below elemen-
tary school graduation. The mean duration of DM was 
11.66 ± 0.29, and 51.9% had DM for more than 10 years. 
Among the participants, 80.9% were treated using only 
OHA; however, 64.0% of participants did not prop-
erly control their DM, as their HbA1c levels were 6.5 or 
higher.

When examining variables based on the HIKOD the-
ory, it was found that the participants had an average of 
2.04 ± 0.04 of other chronic diseases, and 46.7% had 2 or 
3 diseases in addition to DM. In addition, 22.9% lived 
alone, and 80.7% reported perceiving a low level of stress. 
Regarding physical activity, only 26.4% were categorized 
as having a high level, and 71.9% of participants did not 
undergo a fundus examination. Finally, the mean EQ-5D 
index, which represents participants’ HRQOL, was 
0.86 ± 0.01. Participants experienced the most problems 
in the MO dimension (45.0%), followed by P/D (41.1%), 
UA (24.9%), A/D (14.7%), and SC (14.7%).

Distribution of perceived problem levels in the dimensions 
of the EQ-5D
Table  2 presents the distribution of perceived problem 
levels in each dimension of the EQ-5D across each vari-
able. Compared to men, women were found to experi-
ence more problems in all dimensions of the EQ-5D (MO 
53.7%, p < 0.001; SC 18.1%, p < 0.001; UA 29.6%, p < 0.001; 
P/D 48.6%, p < 0.001; A/D 16.9%, p = 0.006). When con-
sidering age groups, older participants had a higher prev-
alence of problems in MO (56.3%, p < 0.001), SC (20.9%, 
p < 0.001), and UA (30.8%, p < 0.001) compared to the 
other age groups. Regarding household income, the low-
est quartile exhibited significantly higher percentages of 
perceived problems in MO (54.2%, p < 0.001), SC (17.8%, 
p = 0.009), UA (29.8%, p = 0.001), P/D (48.1%, p < 0.001), 
and A/D (18.1%, p = 0.001) compared to the other quar-
tile. Concerning education level, except for A/D, par-
ticipants with an elementary school education level or 
below reported the highest percentages of problems in 
MO (53.0%, p < 0.001), SC (18.2%, p < 0.001), UA (28.9%, 
p < 0.001), and P/D (45.9%, p < 0.001). Treatment of DM 
and HbA1C control did not show significant differences 
in any dimensions of EQ-5D. However, in relation to the 
duration of DM, the percentage of problems experienced 
in the UA was significantly higher in participants with 
DM for more than 10 years (27.9%, p = 0.009) compared 
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to those with DM for less than 10 years. Concerning 
comorbidities, participants with 4 or more chronic dis-
eases had significantly higher percentages of problems 
in MO (62.6%. p < 0.001), SC (24.8%, p < 0.001), UA 
(43.8%, p < 0.001), P/D (66.2%, p < 0.001), and A/D (25.3%, 
p < 0.001) compared to those with fewer comorbidities 
(0–1 or 2–3). Older adults living alone had significantly 
higher rates of problems in MO (58.6%, p < 0.001), SC 
(19.8%, p = 0.007), UA (32.7%, p = 0.001), P/D (49.3%, 
p = 0.001), and A/D (21.1%, p < 0.001) compared to those 
living with others. Perceived stress exhibited a significant 
association with problem rates in all dimensions. Partici-
pants in the high stress group reported higher percent-
ages of problems in MO (59.0%, p < 0.001), SC (22.1%, 
p < 0.001), UA (39.1%, p < 0.001), P/D (58.9%, p < 0.001), 
and A/D (33.0%, p < 0.001) compared to those in the low 
stress group. Similarly, regarding physical activity, older 
adults with low physical activity levels had significantly 
higher problem rates in MO (48.5%, p < 0.001), SC (16.7%, 
p < 0.001), UA (29.1%, p < 0.001), P/D (43.7%, p = 0.002), 
and A/D (15.8%, p = 0.046) compared to those with high 
physical activity levels. Regarding fundus examination, 
participants who had undergone the examination had 
a significantly higher problem rate in the P/D (46.9%, 
p = 0.010) compared to those who had not undergone the 
examination. No statistically significant differences were 
found in the remaining dimensions.

Correlation with HRQOL
Table  3 displays the results of the correlation analy-
sis between the HRQOL and other variables, excluding 
demographic and disease-specific factors. The HRQOL 
demonstrated a significant correlation with the num-
ber of comorbidities (r = -0.36, p < 0.001), living alone 
status (rpb = 0.16, p < 0.001), perceived stress (rpb = 0.14, 
p < 0.001), and physical activity (rpb = 0.12, p < 0.001). The 
fundus examination had no significant correlation with 
HRQOL (rpb = 0.00, p = 0.835).

Predictors for HRQOL
Table  4 demonstrates the results obtained following a 
hierarchical multiple regression analysis to find related 
predictors in older adults with DM in South Korea. 
Among the variables, fundus examination was excluded 
from regression as it was not significantly correlated with 
HRQOL in the correlation analysis. In Model 1, males 
(estimate B = 0.05, p < 0.001), highest quartile in house-
hold income (estimate B = 0.05, p = 0.003), middle school 
education levels (estimate B = 0.04, p = 0.009), high school 
education levels (estimate B = 0.03, p = 0.005), and college 
or higher education levels (estimate B = 0.04, p = 0.004) 
were found to be significant positive factors of HRQOL 
in older adults with DM, while age (estimate B = -0.01, 
p < 0.001) negatively affected HRQOL. The explanatory 

power of the model was 9.7% (p < 0.001). In Model 2, 
when adjusting the demographic and disease-specific 
factors, an increased number of comorbidities (estimate 
B = -0.03, p < 0.001) was identified as significantly associ-
ated with poor HRQOL, and the explanatory power was 
increased to 14.3% (p < 0.001). Living alone (estimate B = 
-0.03, p = 0.043) and high perceived stress (estimate B = 
-0.09, p < 0.001) predicted the HRQOL negatively, which 
accounted for additional 0.4% (p = 0.004) in Model 3, and 
3.3% (p < 0.001) in Model 4 respectively, while controlling 
the previous models’ factors. Finally, in Model 5, follow-
ing adjustment for other variables, low physical activity 
(estimate B = -0.03, p < 0.001) was included as a predictor 
for poor HRQOL. The explanatory power of this model 
was significantly increased by 0.7% (p < 0.001) compared 
to the prior model, with the final explanatory power 
reaching 18.7% (p < 0.001).

Discussion
The present study was conducted to identify the predic-
tors of HRQOL among older adults with DM in South 
Korea, using 2015–2019 KNHANES data and HIKOD 
theory. After adjusting for background factors, a regres-
sion analysis revealed that the number of comorbidities, 
living alone status, perceived stress, and physical activity 
were predictors of HRQOL South Korean older adults 
with DM.

MO was identified as the dimension of HRQOL in 
which participants experienced the most difficulties, 
which was similar to a study in Vietnam where MO also 
ranked second [15]. However, a study conducted in Ban-
gladesh with adult patients reported a lower ranking for 
MO [42]. This difference may be attributed to the chal-
lenges faced by older people in terms of mobility, such 
as reduced muscle strength, decreased flexibility, and 
limited exercise capacity associated with the aging pro-
cess [43]. In our study, participants aged 75 years or older 
encountered more problems with MO compared to other 
age groups, suggesting that the impact of aging becomes 
more pronounced with advancing age. This negatively 
influenced overall HRQOL, as evidenced by Model 1 of 
the regression analysis in our study. Therefore, to com-
prehensively assess the HRQOL of older adults with DM 
in South Korea, it is crucial to gain a comprehensive 
understanding of the aging characteristics specific to this 
population.

In model 1—which included background factors—gen-
der, household income, and education level were also 
found to be significant variables affecting the HRQOL 
of older adults with DM in South Korea. Consistent 
with previous studies [10, 15], men in this study exhib-
ited higher HRQOL compared to women. This difference 
could be attributed to cultural factors, as older adult men 
in South Korea often receive support from their spouses, 
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including assistance with meal preparation [10]. On the 
other hand, older adult women tend to prioritize family-
oriented responsibilities such as meal preparation and 
caring for grandchildren, potentially neglecting their 
own health, which may contribute to lower HRQOL [23]. 
Additionally, the longer life expectancy of women than 
men [8] may also play a role, considering that this study 
found age to have a negative impact on HRQOL. There-
fore, it is crucial to develop strategies specifically targeted 
at improving the HRQOL of older adult women with DM 
in South Korea.

In this study, participants with the highest household 
income had higher levels of HRQOL compared to those 
in the lowest income quartile, which aligns with previ-
ous research findings [14, 17, 18]. This association may be 
attributed to the lower financial burden of managing DM, 
as higher household income presents fewer challenges 
in affording necessary treatments [44]. Moreover, South 
Korea has the highest older population poverty rate of 
43.4% among OECD countries [45], and in this study, 
more than half of the participants belonged to the lowest 

income level, highlighting a serious social problem. To 
address this issue, various economic support measures 
such as job provisions and treatment cost subsidies at the 
national level are needed. By implementing such mea-
sures, it is expected that HRQOL can be improved for 
older adults with DM.

This study demonstrated that participants with above-
elementary-school education levels had higher HRQOL, 
which was consistent with other studies [46, 47]. Addi-
tionally, participants who were elementary school 
graduates or lower experienced approximately double 
as much SC problems as the other groups. A previous 
study explained that a person’s comprehension of dis-
eases increased with education level, which improved 
treatment awareness and self-management skills [46]. 
Therefore, to improve their HRQOL, older adults with 
DM who have lower education levels should be provided 
more intensive education on SC.

According to the HIKOD theory component, the first 
negative predictor of HRQOL in older adults with DM 
in South Korea was the number of comorbidities. This 

Table 3 Correlation between variables and HRQOL (unweighted n = 1,593, weighted N = 1,409,433)
Number of comorbidities Living alone status Perceived stress Physical activity Fundus examination
r p-value rpb p-value rpb p-value rpb p-value rpb p-value

HRQOL -0.36 < 0.001 0.16 < 0.001 0.14 < 0.001 0.12 < 0.001 0.00 0.835
Note. HRQOL: Health-related quality of life

Table 4 Hierarchical Multiple Regression Analysis of HRQOL (unweighted n = 1,593, weighted N = 1,409,433)
Variable Model 1 Model 2 Model 3 Model 4 Model 5

Estimate B p-value Estimate B p-value Estimate B p-value Estimate B p-value Estimate B p-value
Constant 1.16 < 0.001 1.18 < 0.001 1.19 < 0.001 1.27 < 0.001 1.28 < 0.001

Gender (ref: female) Male 0.05 < 0.001 0.03 0.005 0.02 0.016 0.02 0.052 0.02 0.058

Age (year) -0.01 < 0.001 0.00 < 0.001 0.00 < 0.001 -0.01 < 0.001 0.00 < 0.001

Household income
(ref: lowest quartile)

Highest quartile 0.05 0.003 0.04 < 0.004 0.04 0.022 0.03 0.041 0.03 0.041

2nd-3rd quartile 0.02 0.085 0.02 0.107 0.01 0.357 0.01 0.656 0.00 0.775

Education level
(ref: ≤elementary)

Middle 0.04 0.009 0.03 0.013 0.03 0.013 0.03 0.029 0.03 0.050

High 0.03 0.005 0.03 0.013 0.03 0.013 0.02 0.021 0.02 0.032

≥College 0.04 0.004 0.04 0.004 0.04 0.003 0.04 0.008 0.03 0.021

Duration of DM (year) 0.00 0.316 0.00 0.645 0.00 0.709 0.00 0.956 0.00 0.881

Treatment of DM
(ref: no treatment)

Only OHA 0.04 0.176 0.05 0.031 0.05 0.031 0.03 0.214 0.02 0.239

Other treatment 0.02 0.515 0.04 0.147 0.04 0.159 0.01 0.615 0.01 0.706

HbA1c control
(ref: <6.5)

≥ 6.5 0.01 0.578 0.00 0.888 0.00 0.843 -0.01 0.580 -0.01 0.556

Number of comorbidities -0.03 < 0.001 -0.03 < 0.001 -0.02 < 0.001 -0.02 < 0.001

Living alone status
(ref: no)

Yes -0.03 0.043 -0.03 0.039 -0.03 0.048

Perceived stress
(ref: low)

High -0.09 < 0.001 -0.09 < 0.001

Physical activity
(ref: high)

Low -0.03 < 0.001

Wald F (p-value) 12.47(< 0.001) 15.40(< 0.001) 14.53(< 0.001) 15.35(< 0.001) 15.08(< 0.001)

R2 0.097 0.143 0.147 0.180 0.187

R2 change (p-value) 0.046(< 0.001) 0.004(0.004) 0.033(< 0.001) 0.007(< 0.001)
Note. DM: Diabetes mellitus; OHA: Oral hypoglycemic agent



Page 10 of 13Choi and Chang BMC Geriatrics          (2023) 23:491 

finding was similar to that of a previous research indicat-
ing that the presence of comorbidities has a detrimental 
impact on HRQOL [48]. In particular, the majority of the 
participants were already receiving DM medication in 
the form of OHA in our study. Consequently, those with 
comorbidities had to take additional medications as part 
of their treatment, which could impose a burden on them 
[11]. Moreover, the use of multiple medications may lead 
to potential health risks due to side effects or drug inter-
actions, ultimately contributing to a decline in HRQOL 
[48]. Thus, for older adults with DM suffering from 
comorbidities, it is essential to acknowledge drug use as a 
burden and closely monitor them to see if any additional 
issues arise or their HRQOL deteriorates.

Living alone status was another negative predictor of 
participants’ HRQOL. It could be a critical predictor for 
older adults with DM rather than for those without, as 
they had to take care of themselves as well as self-man-
age their DM. In contrast, the emotional support that 
patients with DM receive from family or people around 
them positively affects their self-management [27], 
and enhanced self-management positively affects their 
HRQOL [10]. For older adults living alone, the level of 
emotional support could be lower compared to that of 
older adults living together as they lack families, which is 
considered the closest social unit in South Korean soci-
ety. To improve the HRQOL for older adults with DM 
living alone, efforts should be made to increase their level 
of emotional support through a community approach.

Another negative predictor of HRQOL in South 
Korean older adults with DM was perceived stress: highly 
stressed participants had poorer HRQOL, which was 
consistent with previous studies [24, 25]. The inclusion 
of stress in Model 4 resulted in the previously significant 
gender variable becoming insignificant, suggesting that 
the strong impact of stress superseded the significance 
of gender in this framework. Stress has been found to 
have a detrimental effect on the emotional well-being and 
HRQOL of older adults [49]. In South Korea, where tra-
ditional family systems and Confucian ideals shape soci-
etal norms, older adults face various stresses related to 
aging, retirement, and changing roles within the house-
hold [49]. Furthermore, managing DM itself, which 
requires significant lifestyle changes including dietary 
modifications, can act as a major stressor for older adults 
[50]. Although the proportion of participants with high 
stress in this study was approximately one-fifth, the vul-
nerabilities of older adults with DM in South Korea to 
stress should not be overlooked. Therefore, recognizing 
situations that make them susceptible to stress and devel-
oping diverse strategies to help them effectively cope 
with stress are crucial steps in enhancing their HRQOL.

Physical activity was also identified as a significant 
influencing factor of HRQOL. Participants with low 

physical activity had lower HRQOL compared to those 
with high activity, which was consistent with previous 
studies [14, 29]. Exercise, a part of the physical activi-
ties recommended for older adults with DM, is helpful 
in strengthening muscles, functional ability, and cardio-
pulmonary function, depending on the type [51]. In addi-
tion, physical activity is an important aspect for older 
adults with DM rather than those without; increasing 
physical activity is effective in reducing, and thus control-
ling, blood glucose [47]. In this study, the percentage of 
low physical activity was high in the group that experi-
enced problems in all dimensions of HRQOL. Consid-
ering a previous study that stated that physical activity 
helped both physical and mental health and increased 
HRQOL [47], education is needed to develop compe-
tency so that older adults with DM themselves can plan 
appropriate physical activities according to their physical 
situations.

Surprisingly, although the present study focused on 
older adults with DM, disease-specific factors were not 
shown to be significant factors of HRQOL in the final 
model. Additionally, there was no correlation between 
fundus examination and HRQOL. Even within the 
HRQOL dimensions, significant differences were only 
observed in the UA for the duration of the DM and P/D 
for the fundus examination. This could potentially be 
attributed to the measurement tool used. In this study, 
the HRQOL was measured using non-specific tools, such 
as EQ-5D; thus, it may have not captured the characteris-
tics of DM sensitively [52]. Considering that the results of 
existing studies were different [15, 52], repeated studies 
are required to determine whether DM-related charac-
teristics affected HRQOL in older adults with DM.

There are certain limitations associated with the pres-
ent study. First, as KNHANES assessed the overall health 
of South Koreans [32], there was a lack of information 
on the detailed factors for DM. For example, DM clas-
sification (i.e., Type 1 or 2) or hypoglycemic experience 
were not captured in KNHANES. Future studies should 
include more diverse DM-specific variables. Second, 
in a similar context, HRQOL was measured using the 
EQ-5D-3LL, a non-specific tool, rather than a DM-spe-
cific tool. Therefore, the effect of DM was not properly 
reflected in the HRQOL [52]. Third, most of the vari-
ables were measured as a single question, so there were 
limitations in additional statistical analysis. It is necessary 
to analyze the same using measured variables based on 
multiple questions that have secured validity and reliabil-
ity [53]. Fourth, the present study combined each year’s 
KNHANES from 2015 to 2019; some variables could 
not be analyzed as the subject of measurement was dif-
ferent depending on the year even for the same variable. 
For example, data from the comprehensive eye exami-
nation, that could be included together with the fundus 
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examination in the health-promoting behaviors, were 
collected from subjects under the age of 65 from 2015 to 
2016. Finally, since KNHANES is a cross-sectional data, 
there was a limit to the interpretation of the causal rela-
tionship between the variables [54].

Despite the limitations, the present study possesses a 
significant strength as it addresses the previous studies’ 
limitations by utilizing large national data to identify the 
factors influencing the HRQOL among older adults with 
DM in South Korea. Furthermore, this study offers the 
advantage of systematically examining predictive factors 
based on the theoretical framework of the HIKOD the-
ory. The findings of this study hold valuable implications 
for the development of intervention programs aimed at 
improving the HRQOL of older adults with DM in South 
Korea and can also be applied to countries facing similar 
contexts.

Conclusions
This study employed national statistics to investigate the 
predictors of HRQOL among older adults with DM in 
South Korea, using the HIKOD theory as a framework. 
Among the HRQOL dimensions, MO was identified as 
the most problematic dimension for this population. 
Perceived problem levels in all HRQOL dimensions dif-
fered according to gender, household income, num-
ber of comorbidities, living alone status, perceived 
stress, and physical activity. Correlations were observed 
between HRQOL and the number of comorbidities, liv-
ing alone status, perceived stress, and physical activity. 
After adjusting for background factors, higher number 
of comorbidities, living alone status, higher perceived 
stress, and lower physical activity emerged as negative 
predictors of HRQOL in older adults with DM in South 
Korea. Based on these findings, it is recommended to 
conduct further diverse research on the HRQOL of older 
adults with DM in South Korea, utilizing more specific 
and objective variables and tools that focus specifically 
on DM-related factors. Additionally, the development 
of intervention programs that comprehensively consider 
the various predictors identified in this study is necessary 
to effectively promote and improve the HRQOL of older 
adults with DM in South Korea.
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