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Background: We evaluated the prevalence and management of diabetes mellitus (DM) in elderly Korean patients based on data
from the Korea National Health and Nutrition Examination Survey (KNHANES).

Methods: A total of 3,068 adults aged 65 years and older (19.8% of total population) were analyzed using KNHANES from 2019
to 2020. Prevalence, awareness, treatment, and control rates, and comorbidities were analyzed. Lifestyle behaviors and energy in-
take were also measured.

Results: The prevalence of DM and prediabetes was 29.6% and 50.5%, respectively. The awareness, treatment and control rates
were 76.4%, 73.3%, and 28.3%, respectively. The control rate was 77.0% if A1C <7.5% criteria was used. The mean A1C value of
individuals with known DM was 7.1%, and 14.5% of the known DM patients had A1C >8.0%. Abdominal obesity, hypertension,
and hypercholesterolemia were combined with DM in 63.9%, 71.7%, and 70.7%, respectively, and the rate of integrated manage-
ment was 36.0% (A1C <7.5% criteria). A total of 40.1% of those with DM walked regularly. The percentage of energy intake from
carbohydrates was higher in those with DM than in those without DM (P=0.044), while those of fat (P=0.003) and protein
(P=0.025) were lower in those with DM than in those without DM in women.

Conclusion: In 2019 to 2020, three of 10 adults aged 65 years and older in Korea had DM, and approximately 70% of them had
comorbidities. A strategy for more individualized comprehensive care for the elderly patients with DM is urgently needed.
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INTRODUCTION

South Korea is one of the most rapidly aging societies world-
wide. South Korea became an aged society in 2017 and is pre-
dicted to become a superaged society, defined as >20.0% of the

population being aged 65 years or older, by 2025 [1]. Accord-
ing to Korean statistics in 2019, the population aged 65 years
or older totaled 7,746 thousand persons, accounting for 15.5%
of the total population [2]. In particular, the remaining life ex-
pectancies at 60 years of age were 28.1 and 23.3 years for wom-
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en and men, respectively [3].

Aging is inevitably accompanied by various comorbidities
and chronic diseases. The average number of chronic diseases
in Korean older adults was 1.9, with 84% of the population
having more than one chronic disease [1]. The top three chron-
ic diseases were hypertension (56.8% to 64.4%), diabetes melli-
tus (DM; 24.2% to 29.0%), and dyslipidemia (17.1% to 38.9%)
[1]. Among them, DM especially requires lifetime care, includ-
ing lifestyle modification, medication adherence, and manage-
ment of morbidities. In 2019, it was estimated that 19.3% of
people aged 65 to 99 years (135.6 million) live with diabetes,
and the number of people older than 65 years (65 to 99 years)
with diabetes will reach 195.2 million by 2030 and 276.2 mil-
lion by 2045 [4].

Advancing age is also an important factor in the increased
prevalence, morbidity and mortality rates associated with DM.
Compared to people with younger onset, those diagnosed
when older had more multimorbidity, a higher prevalence of
diabetes-related complications, and proportionally lower anti-
diabetic drug usage [5,6]. In a retrospective cohort study using
Taiwan National Health Insurance Research Database claims
data from 2000 to 2013, people who were older versus younger
at diabetes diagnosis had a higher cumulative incidence of
macrovascular complications but lower rates of microvascular
complications (except nephropathy) [5]. Diabetes onset at an
older age (265 years) was associated with increased risks of
all-cause mortality, cardiovascular (CV) mortality, major CV
events, and hypoglycemia after adjusting for the severity of di-
abetes and antidiabetic treatment [7].

Furthermore, older people with diabetes have heterogeneous
clinical characteristics and complications. In addition to higher
morbidity and mortality rates compared to younger people,
older populations with DM have higher likelihoods of multi-
morbidity, geriatric syndromes, frailty, polypharmacy, cogni-
tive deficits, and lower activity of daily life [5]. Diabetes man-
agement and glycemic control status could affect these comor-
bidities or frailty. Therefore, a more detailed and individualized
strategy for comprehensive diabetes care in older people with
diabetes is needed.

The aim of our study was to evaluate the prevalence, manage-
ment status, and comorbidities in older Korean subjects with
DM. From this study, we intended to provide an up-to-date ref-
erence from Korean nationwide statistical data and basic data
for establishment of individualized care strategy for elderly
DM.
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METHODS

Data sources

We used the Korea National Health and Nutrition Examina-
tion Survey (KNHANES) database [8,9]. KNHANES is a pop-
ulation-based cross-sectional survey designed to assess Kore-
ans health-related behavior, health condition, and nutritional
state [8]. A retrospective sample of noninstitutionalized civil-
ians was obtained from all geographic regions in Korea. In
the current study, data from eight phase (2019 to 2020) of the
KNHANES were used, and adults aged 65 years and older were
included. In this KNHANES dataset, we analyzed the labora-
tory test results (fasting plasma glucose [FPG], A1C, total cho-
lesterol, triglyceride, low density lipoprotein cholesterol [LDL-
C], and high density lipoprotein cholesterol) and collected
questionnaire data corresponding to diabetes management,
lifestyle habits, accompanying comorbidities, and nutritional
status [8-10]. Confined to the estimation of the trends in the
prevalence and total number of patients with DM in the elderly
population (aged 65 years and older), we used the KNHANES
database from 2012 to 2020. This study was approved by both
the KNHANES and the Institutional Review Board of Korea
University Anam Hospital (IRB No. 2022AN-0146). Therefore,
the need for written informed consent was waived. All meth-
ods were performed in accordance with the relevant guidelines
and regulations.

Definition of diabetes, socioeconomic variables, and
comorbidities

The presence of DM was defined if any of the following were
present: (1) FPG level of =126 mg/dL; (2) current use of any
antidiabetic medications; (3) a previous history of diagnosed
DM; or (4) A1C level of >6.5%. Prediabetes was defined as an
FPG of 100 to 125 mg/dL or an A1C of 5.7% to 6.4% [10]. Hy-
pertension was defined as a systolic blood pressure (SBP) of
>140 mm Hg or diastolic blood pressure (DBP) of 290 mm
Hg or taking antihypertensive drugs. Hypercholesterolemia
was defined as an LDL-C level of 2100 mg/dL or taking lipid-
lowering drugs [8]. Obesity was defined as a body mass index
(BMI) of >25.0 kg/m’, and abdominal obesity was defined as
waist circumference 290 cm in men and 285 cm in women
[11,12]. Information about other comorbidities, including
stroke, myocardial infarction, angina, and cancer, was also col-
lected from a self-administered questionnaire.
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Lifestyle behaviors and nutritional survey by questionnaire
Regular walking was defined as walking for at least 30 minutes
per day at least five times per week. Current smoking was de-
fined as having smoked five packs (or 100 cigarettes) in his or
her lifetime and currently smoking cigarettes. High-risk alcohol
consumption was defined as more than seven drinks twice a
week for men and more than five for women [8-10]. Excess en-
ergy intake was defined as 125% or more of the estimated ener-
gy requirement recommended by the dietary reference intakes
for Koreans 2015 [8,13-15]. The percentages of energy intake
from macronutrients (carbohydrates, protein, and fat) were cal-

dmj

culated as previously reported [13-15]. In this analysis, preva-
lent DM was defined as known DM and newly diagnosed DM.

Definition of diabetes management status and integrated
management

We used the definitions for awareness, treatment rate, and con-
trol rate of DM according to previously published criteria [8,15].
We defined awareness of DM as the percentage of people previ-
ously diagnosed with DM among people with DM. The treat-
ment rate of DM was defined as the percentage of people taking
antidiabetic medications among people with DM. For the con-

Table 1. Baseline characteristics of study participants in aged 65 years and older, KNHANES 2019 to 2020

Total Diabetes
Characteristic
Total Men Women  Pvalue Total Men Women  Pvalue

Number 3,068 1,327 1,741 914 406 508
Age, yr 73.0£0.1 72.5£0.2 734+£0.2 <0.001 73.4£0.2 72.2%0.3 74.3£0.3 <0.001
Male sex 43.3(0.9) - 43.9(1.8) -
Body mass index, kg/m” 24.1£0.1 23.9+0.1 24.2+0.1 0.060 24.8+0.1 24.6+0.2 25.0+0.2 0.184
Waist circumference, cm 87.4%£0.2 89.31£0.3 85.9+0.3 <0.001 90.2+0.3 91.8+0.5 89.0£0.5 <0.001
Obesity, % 364(1.0)  350(1.6)  374(13) 0245 44.1(1.8) 42.1(28)  456(2.5) 0.367
Abdominal obesity, % 523(1.0)  482(1.6)  554(14) 0001 639(1.8)  573(27)  69.1(2.4) 0.001
Current smoker, % 9.5(0.7) 18.5(1.4) 2.7(0.5) <0.001 11.0(1.3) 20.6 (2.5) 3.3(0.8) <0.001
High-risk alcohol consumption, %  11.3 (1.0) 17.7 (1.5) 2.0(0.7) <0.001 12.4(1.9) 18.6 (2.8) 1.2(0.8) <0.001
Regular walking, % 41.3(1.2) 44.7 (1.5) 38.6 (1.7) 0.003 40.1 (2.0) 49.7 (2.9) 31.8(2.8) <0.001
Hypertension, % 62.7(1.1)  586(1.6)  658(1.3) 0001 717(L7)  675(25)  750(22) 0.023
Hypercholesterolemia, % 765(0.9)  712(14)  80.6(L.1) <0001 70.1(19)  64.1(2.7)  747(2.4) 0.002
Stroke, % 6.5 (0.6) 7.3(0.9) 59(0.7) 0194  8.0(L3) 7.7 (1.5) 8.3 (1.6) 0.768
Myocardial infarction, % 3.2(0.4) 47(0.7) 21(04) 0009  5.0(0.9) 8.6 (1.6) 20(0.6)  <0.001
Angina, % 6.4 (0.5) 7.2(0.8) 5.8(0.7) 0.197 8.9(1.1) 11.3(1.9) 6.8(1.4) 0.059
Cancer, % 7.3 (0.6) 6.8 (0.9) 7.7 (0.8) 0.452 7.9 (1.1) 7.3 (1.6) 8.4(1.6) 0.675
Systolic blood pressure, mm Hg 129.6+04  127.0+0.6  131.7+#0.5 <0.001 130.0+0.7  127.1+1.0  132.3%1.0 0.001
Diastolic blood pressure, mm Hg 73.0£0.2 72.8£0.3 73.2+0.3 0337 71.2x04 71.4+0.6 71.0£0.5 0.554
Laboratory test

Fasting glucose, mg/dL 107.1+£0.5 108.7+0.7 105.8 £1.2 0.001 128.4=x1.2 1304+1.7 126.8+£1.6 0.109

Al1C, % 6.12+0.02 6.10+0.03 6.14£0.02  0.312 7.03£0.04 6.9910.1 7.05%0.1 0.449

Total cholesterol, mg/dL 181.4+0.9 176.4+1.3 1853+1.2 <0.001 168.3+1.6 165.6+£2.4 170.4+2.0 0.117

HDL-C, mg/dL 49.3+0.3 47.0+0.4 51.1£04 <0.001 46.6+0.4 44.7+0.6 48.1+0.6 <0.001

LDL-C, mg/dL 106.7£0.8 103.1+1.2 109.4+1.1 <0.001 939+1.3 91.3+2.1 959+1.7 0.071

Triglyceride, mg/dL 113.0 115.3 111.2 0.088 121.9 127.1 117.9 0.044

(110.4-115.6) (111.3-119.5) (108.2-114.3)

(117.1-126.8) (119.4-135.4) (112.6-123.4)

Values are presented as mean +standard error (SE), percentage (SE), or geometric mean (95% confidence interval).
KNHANES, Korea National Health and Nutrition Examination Survey; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipo-

protein cholesterol.

https://e-dmj.org  Diabetes Metab J 2023;47:643-652

645



Ko SH, et al.

dmj

trol rate, we used two criteria. The control rate of DM was de-
fined as the percentage of people with A1C <6.5% among peo-
ple with DM. Also, the Korean Diabetes Association (KDA)
recommends that the target of glycemic control in elderly DM
patients is generally A1C <7.5%, we also investigated the con-
trol rate this criterion [11]. We defined the control rate of hyper-
tension as the percentage of subjects with SBP <140 mm Hg
and DBP <90 mm Hg in the DM population [8,16,17]. We de-
fined lipid control as LDL-C <100 mg/dL [8,11]. The target
goals of blood glucose, blood pressure (BP), and LDL-C levels
were as follows: A1C <6.5% or 7.5%, BP <140/90 mm Hg, and
LDL-C <100 mg/dL; therefore, the integrated management rate
was defined as the proportion of patients with achieved target
ranges among the total diabetes population.

Statistical methods

Descriptive statistics were used to characterize the data in the
study. The baseline characteristics are presented as percentage
(standard error [SE]) for categorical variables and mean+SE for
continuous variables. A linear regression analysis was conduct-
ed to compare the means of continuous variables, while a Rao-
Scott chi-square test was conducted to compare the proportions
between categorical variables. The estimated DM prevalence
was presented as the percentage and SE. For the subgroup anal-
ysis, domain option was applied in survey procedure to pre-
serve appropriate subsample in the complex sampling design.
All P values provided are two-sided, with the level of signifi-
cance set at 0.05. Statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA), and the name
of SAS procedure was SURVEYFREQ, SURVEYMEANS, SUR-
VEYREG, SURVEYLOGISTIC.

RESULTS

Prevalence of prediabetes and diabetes

Overall, among 15,469 subjects from KNHANES from 2019 to
2020, we identified 3,477 subjects (22.5%) aged >65 years. Ul-
timately, 3,068 subjects were included in the study, excluding
those with missing values or missing blood test results in the
KNHANES data (Table 1). The mean age of the study popula-
tion was 73.1+0.1 years, with men accounting for 43.1%. The
mean BMI and waist circumference values of total elderly pop-
ulation were 24.0+0.1 kg/m* and 87.2+0.2 cm, respectively.
However, the mean age and mean BMI value of subjects with
elderly DM were 73.4+0.2 years and 24.8+0.1 kg/m’, respec-
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tively (Table 1).

The estimated prevalence of DM and prediabetes among
adults aged 65 years and older in 2019 to 2020 was 29.6%
(30.3% in men and 29.3% in women) and 50.5% (51.1% in
men and 49.9% in women), respectively (Table 2, Supplemen-
tary Table 1). The prevalence of DM was 26.0% according to
the FPG criteria only and 29.6% according to both the FPG
and A1C criteria (Table 2). Additionally, the estimated num-
bers of people with DM and prediabetes in the elderly popula-
tion were 2,122,166 (930,681 in men and 1,191,485 in women)
and 3,620,684 (1,588,338 in men and 2,032,346 in women), re-
spectively. There were no statistically significant differences be-
tween men and women (Table 2).

Table 2. Prevalence and estimated number of diabetes and
prediabetes in study participants aged 65 years and older,
KNHANES 2019 to 2020

Total Men Women
P value®

Variable (n=3,068) (n=1,327) (n=1,741)

Diabetes

Prevalence, %

FPG criteria 26.0 27.5 24.9 0.145
65-74yr 25.1 28.5 22.0 0.005
=75yr 274 25.8 284 0.354

FPG, A1C criteria 29.6 30.0 293 0.712
65-74yr 28.1 30.6 26.0 0.061
>75yr 31.5 28.9 33.2 0.140

Estimated number

Total 2,122,166 930,681 1,191,485
65-74 yr 1,169,538 597,344 572,194
275yr 952,628 333,337 619,291

Prediabetes
Prevalence, %

Total 50.5 51.1 49.9 0.588
65-74 yr 51.1 50.4 51.6 0.645
>75yr 49.6 52.3 47.9 0.166

Estimated number

Total 3,620,684 1,588,338 2,032,346
65-74 yr 2,122,391 984,820 1,137,570
275 yr 1,498,293 603,518 894,776

Prediabetes: FPG 100-125 mg/dL or A1C 5.7%-6.4% and no history
of diagnosed diabetes.

KNHANES, Korea National Health and Nutrition Examination Sur-
vey; FPG, fasting plasma glucose.

*P value for comparing men vs. women.
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The trend of DM prevalence in older Korean adults is shown
in Fig. 1. Although the prevalence showed a consistent pattern
(Fig. 1A), the estimated total number of patients with DM has
been steadily increasing since 2014 (Fig. 1B).

Diabetes management status

From 2019 through 2020, the awareness and treatment rate of
DM in older adults were 76.4% and 73.3%, respectively. The
control rate of DM in older adults were 28.3% (32.3% in men,
25.2% in women) based on A1C level of 6.5% and 77.0% (78.9%
in men, 75.5% in women) based on A1C level of 7.5%, respec-
tively. There were no significant differences between men and
women for awareness (P=0.671) and treatment rate (P=0.244);
however, the control rate was significantly higher in men than
in women if A1C <6.5% criterion was used (P=0.041) (Fig.
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2A). When the subjects with DM were categorized according
to A1C levels, the proportions of DM patients with A1C levels
of <6.5% and 6.5%-6.9% were 28.3% and 32.0%, respectively.
In addition, 6.7% of all patients with DM had an A1C level of
>9.0% (Fig. 2B). The mean A1C level of subjects with prevalent
DM in 2019 to 2020 was 7.03%, and there were no statistically
significant differences between men and women (P=0.449)
(Supplementary Table 2). The proportion of older adults with
DM receiving oral hypoglycemic agents (OHAs) or insulin
(£ OHAs) treatment is described in Supplementary Table 3.
Among the known DM population, only 0.1% were on a diet
and exercise alone regimen, 88.3% took OHAs only, and 7.8%
were treated with insulin (+OHAs). Compared to patients
treated with diet and exercise alone (6.40%) or OHAs (7.02%),
the mean value of the A1C level (8.04%) was higher in patients
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Fig. 1. Prevalence of diabetes (A) and number of patients with diabetes (B) in aged 65 years and older in Korea, Korea National

Health and Nutrition Examination Survey 2012 to 2020.
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Fig. 2. (A) Awareness, treatment rate, and control rate of patients with diabetes aged 65 years and older, Korea National Health and
Nutrition Examination Survey 2019 to 2020. (B) Distribution of percentage of patients with diabetes mellitus according to A1C cat-

egory. *P value <0.005 for control rate, men vs. women.
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treated with insulin.

Combined comorbidities and lifestyle behaviors
When the study subjects were stratified by their BMI, the per-
centages of overweight and obese populations with DM were
27.6% and 44.0%, respectively, and there was no statistically
significant difference between men and women (P=0.116). In
other words, only 26.8% of elderly patients with DM were
within the normal BMI range (Supplementary Fig. 1). Among
the study population with DM, 71.7% of patients had hyper-
tension, and 70.0% had hypercholesterolemia. The control
rates of hypertension and hypercholesterolemia were 62.8%
and 61.7%, respectively. In particular, 50.7% of elderly DM
subjects had comorbid hypertension, dyslipidemia, and obesity
at the same time. For all three comorbidities, the prevalence
rates were higher in women than in men (P=0.001 for obesity,
P=0.023 for hypertension, and P=0.002 for hypercholesterol-
emia) (Table 3).

Only 13.6% of older adults with DM achieved all three goals
of A1C <6.5%, BP <140/90 mm Hg, and LDL-C <100 mg/dL

based on the 2021 KDA clinical practice guideline. However,
the A1C cutoff level of <7.5% was used, the integrated man-
agement rate increased up to 36.0%. The proportion of patients
undergoing integrated management was lower in women than
men (men vs. women, 18.1% vs. 10.1%, P=0.0025, A1C <6.5%;
40.1% vs. 32.8%, P=0.0379, A1C <7.5%) (Table 3).

Current smoking and high-risk alcohol consumption were
observed in 11.0% (20.6% in men and 3.3% in women) and
12.4% (18.6% in men and 1.2% in women) of older adults with
DM, respectively. Those who walked regularly accounted for
40.1% (49.7% of men and 31.8% of women). For these lifestyle
behaviors, the proportion of women with DM was significantly
lower than that of men with DM (Table 3).

Energy intake status among older adults with diabetes

Total daily energy intake was higher in men than in women
among the elderly population with DM (P<0.001); however,
there was no difference between subjects with prevalent DM
and subjects without DM (P=0.493). Among the individuals
with prevalent of known DM, the percentage of energy intake

Table 3. Combined comorbidity and lifestyle behaviors among subjects aged 65 years and older with diabetes, KNHANES 2019

t0 2020
Variable Total (n=914) Men (n=406) Women (n=508) Pvalue
Abdominal obesity, % 63.9(1.8) 57.3(2.7) 69.0 (2.4) 0.001
Hypertension, %

Prevalence 71.7 (1.7) 67.5(2.5) 75.0 (2.2) 0.023

Control rate 62.8(2.3) 67.5(3.6) 59.4(3.1) 0.092
Hypercholesterolemia, %

Prevalence 70.0 (1.9) 64.1(2.7) 74.6 (2.4) 0.002

Control rate 61.7 (1.9) 63.1(2.6) 60.6 (2.4) 0.268
Triple comorbidities, %* 50.7 (1.9) 44.2 (2.7) 55.7 (2.7) 0.002
Integrated management (A1C <6.5%") 13.6 (1.4) 18.1(2.3) 10.1 (1.5) 0.003
Integrated management (A1C <7.5%°) 36.0 (1.9) 40.1 (2.8) 32.8(2.4) 0.038
Current smoker, % 11.0 (1.3) 20.6 (2.5) 3.3(0.8) <0.001
High-risk alcohol consumption, % 12.4(1.9) 18.6 (2.8) 1.2 (0.8) <0.001
Regular walking, % 40.1 (2.0) 49.7 (2.9) 31.8(2.8) <0.001

Values are presented as percentages (standard error). Hypertension was defined as systolic blood pressure (BP) =140 mm Hg or diastolic BP
>90 mm Hg or taking antihypertensive medications. Hypercholesterolemia was defined as low density lipoprotein cholesterol >100 mg/dL or
taking lipid-lowering medications. Current smoking was defined as having smoked five packs (or 100 cigarettes) in his or her lifetime and cur-
rently smoking cigarettes. High-risk alcohol consumption was defined as more than seven drinks twice a week for men and more than five for
women. Regular walking was defined as a minimum of 30 minutes a day of walking 5 or more days per week.

KNHANES, Korea National Health and Nutrition Examination Survey.

“Triple comorbidities were defined as the proportion of patients with hypertension, obesity, and hypercholesterolemia among the total diabetes
mellitus (DM) population, Integrated management was defined as the proportion of patients with achieved target ranges (A1C <6.5%" or A1C
<7.5%°) among the total DM population.
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from carbohydrates was higher in women than in men with
DM, whereas those from protein and fat were higher in men
than in women (Table 4). In addition, the percentage of energy
intake from carbohydrates was higher in those with DM than
in those without DM, especially in women (P=0.002). Howev-
er, those from protein (P=0.025) and fat (P=0.003) were lower
in patients with DM than in those without DM, particularly in
women (Table 4).

DISCUSSION

From this nationwide cross-sectional study, the estimated prev-
alence and management status of DM was investigated among

dmj

Korean older adults in 2019 to 2020. As the elderly population
increases, the total number of elderly patients with DM has also
steadily increased in Korea. In this elderly population, the esti-
mated DM prevalence was 29.6% based on the both FPG and
AI1C criteria, which corresponds to approximately 2.1 million
people in Korea. Additionally, half of older Korean adults (50.5%,
3.6 million) are presumed to have prediabetes. According to the
KDA, 16.7% (19.2% of men and 14.3% of women) of Korean
adults aged 30 years or older, approximately 6.05 million peo-
ple, had DM in 2020 [8]. Therefore, the prevalence rate was 1.8-
fold higher in the older population than in the general adult
population in Korea.

In 2019 to 2020, 76.4% of older subjects with DM were aware

Table 4. Energy intake status among subjects aged 65 years and older adults with diabetes, 2019 to 2020

Variable Prevalent DM (n=813) Known DM (n=614) Non-DM (n=1,846) Pvalue®
Total daily energy intake, kcal
Total 1,553.7+£24.8 1,583.8+29.9 1,575.5+22.7 0.493
Men 1,796.3+41.7 1,859.1+49.5 1,821.3+31.0 0.621
Women 1,341.0£25.7 1,338.4+28.3 1,372.1+24.4 0.353
Pvalue® <0.001 <0.001 <0.001
Excess energy intake, %
Total 11.9 (1.4) 12.2(1.5) 12.2 (1.0) 0.887
Men 13.4(2.0) 14.9 (2.4) 14.6 (1.6) 0.638
Women 10.6 (1.8) 10.0 (1.8) 10.1 (1.1) 0.830
Pvalue® 0.300 0.113 0.006
Percentages of energy intake from macronutrients
Carbohydrates, %
Total 70.5+0.5 70.1£0.5 69.4+0.4 0.044
Men 68.6+0.5 67.8+0.7 68.7+0.6 0.980
Women 72.1£0.6 72.1x0.7 69.9+£0.4 0.002
Pvalue <0.001 <0.001 0.027
Protein, %
Total 13.9+0.1 14.0+0.2 14.1+0.1 0.190
Men 14.6+0.2 14.9+0.3 14.6+0.2 0.863
‘Women 13.2+0.2 13.2+0.2 13.8+0.1 0.025
Pvalue® <0.001 <0.001 <0.001
Fat, %
Total 15.6+0.4 15.9+0.4 16.5+0.3 0.048
Men 16.7+0.5 17.3+£0.5 16.7+0.4 0.962
‘Women 14.6+0.5 14.7+0.6 16.3£0.3 0.003
Pvalue® <0.001 <0.001 0.306

Values are presented as mean +standard error (SE) or percentage (SE).
DM, diabetes mellitus.
*P value prevalent DM vs. non-DM, *P value men vs. women.

https://e-dmj.org  Diabetes Metab J 2023;47:643-652

649



Ko SH, et al.

dmj

of their disease, and 73.3% were treated with antidiabetic med-
ications. These figures are relatively higher compared to those
in adults with DM aged 30 years or older, i.e., 65.8% and 61.4%,
respectively [8]. In addition, the control rate, which is the per-
centage of adults with DM who achieved an A1C level <6.5%
among prevalent DM patients, was also higher in older patients
(28.3%) than in the general adult population (24.5%). When
the A1C criterion of <7.5% was applied according to the A1C
target of the elderly DM population (aged 65 years and older)
by clinical practice guidelines from the KDA [11], the control
rate rose to 77.0% in older patients with DM. Additionally, ap-
proximately 15% of all older patients with DM showed an A1C
level of >8.0% in 2019 to 2020.

From a retrospective observational study using administra-
tive data from the Department of Veterans Affairs and Medi-
care, maintaining A1C levels within individualized target rang-
es was associated with a lower risk of mortality and cardiovas-
cular disease (CVD) in older adults with DM [18,19]. Nakani-
shi et al. [20] showed that poor glycemic control with A1C lev-
els >8.5% increased the risk of microangiopathy, including ret-
inopathy and neuropathy, among Japanese patients aged >65
years. In addition, hyperglycemia, defined as A1Clevels >8.0%
or >8.5%, is associated with increased risks of frailty, decreased
muscle quality, impaired physical performance, injurious falls
requiring hospitalization and mortality in older adults [21-23].

In our study, most of the older patients diagnosed with DM
(88.3%) were treated with OHAs, and only 7.8% used insulin
treatment. Based on the finding that their mean A1C level was
8.04%, insulin-treated older patients are suggested to be in un-
controlled glycemic status with long-standing diabetes. In our
analysis, considerable proportion of elderly patients with DM
(28.3%) has A1C level of less than 6.5%. Also, only 4% of el-
derly patients with DM do not receive antidiabetic medication
with their mean A1C level was less than 6.5%.

We found that the percentage of older adults with DM who
achieved all three goals of A1C, BP <140/90 mm Hg, and LDL-
C <100 mg/dL were 13.6% for the A1C <6.5% and 36.0% for
the A1C <7.5% criteria. A triple combination of comorbidities,
such as obesity, hypertension, and hypercholesterolemia, was
more prevalent in older women than in older men; however,
the control rate and integrated management rate were signifi-
cantly lower in older women than in older men. Moreover, the
percentage of patients with DM who had regular walking hab-
its was also lower in older women than in older men. There-
fore, active screening of comorbidities and more intensive life-
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style modification with diabetes treatment are needed, espe-
cially in women with DM.

In the data from KNHANES 2019 to 2020, the total energy
intake in subjects with and without DM was 1,825 and 1,911
kcal in the general adult population [8] and 1,554 and 1,576
keal in the elderly population, respectively. According to 2015
dietary reference intakes for Korean presented by Ministry of
Health and Welfare, Republic of Korea, estimated energy re-
quirement for elderly men and women (=65 years) was 2,000
and 1,600 kcal/day, respectively [15]. This finding shows a re-
markable decrease in total daily energy intake in the elderly
population, and this change was accompanied by an increased
proportion in carbohydrate intake. Also percentages of energy
intake from macronutrients were different between older peo-
ple with DM and without DM, only in women. The proportion
in carbohydrate intake was higher, whereas those in protein
and fat intakes were lower in older women patients with DM
compared to those without DM.

Older people with diabetes typically have multiple chronic
comorbidities, such as hypertension, hyperlipidemia and oth-
ers, which may lessen their quality of life and significantly in-
crease their risk of CV adverse outcomes, functional decline,
and even mortality [24]. Studies in different countries have also
observed that achieving adequate control of risk factors for
CVD in new DM patients was challenging and still far from sat-
isfactory, ranging from 1.4% to 24% according to the different
targets for blood glucose, BP, and lipids set by different studies
[25,26]. We showed that approximately 70% of patients had hy-
perlipidemia or hypertension, but these conditions were con-
trolled in only 62.8% of older people with DM. Therapies di-
rected at CVD risk factor reduction are important therapeutic
priorities for older adults with diabetes for the prevention of
CV events and the improvement of health-related quality of life
[27]. The American College of Cardiology/American Heart As-
sociation and KDA lipid-lowering guidelines recommend ac-
tive treatment with statins for older patients with DM with and
without atherosclerotic CVD [26,27]. In addition, the 8th Joint
National Committee (JNC 8) provides recommendations re-
garding the benefits of BP-lowering therapy in older adults, em-
phasizing that goals should be tailored to individual patient
characteristics to minimize the risk of harm [26,27].

The Montana Cardiovascular Disease and Diabetes Preven-
tion Program showed that older adults had higher lifestyle par-
ticipation and self-monitoring rates than younger subjects [28].
Based on the diabetes fact sheet in Korea 2021, the percentages
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of DM patients with smoking and high-risk alcohol consump-
tion in the general adult population were 22.3% and 22.8%, re-
spectively [8]. Current smokers and those with high-risk alco-
hol intake were approximately half of the older DM population.
However, 20% of older men are still current smokers and heavy
alcohol drinkers; therefore, reinforcement education and in-
tensive lifestyle modification should be emphasized, especially
in older men with DM [29].

The strength of our study is that it was a large-scale nation-
wide study in older patients with DM. Nevertheless, our study
lacked some important variables, such diabetes duration, medi-
cation information, diabetic complications, and socioeconomic
status such as educational attainment and income status. De-
spite these limitations, it is very important to understand the
current situation of diabetes management in older patients with
DM in Korea.

In summary, about one third of Korean elderly population
has DM. Balanced and adequate nutrition is essential for older
adults, especially those with multiple comorbidities [30]. There-
fore, specialized nutritional education programs for older pa-
tients with DM should be developed and implemented. In ad-
dition to comprehensive diabetes care, a more intensive, indi-
vidualized and patient-centered detailed approach should be
emphasized in this older population with DM.
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