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Abstract
This study aimed to investigate factors affecting blood glucose control among middle-aged and older diabetic patients taking
medications or receiving insulin therapy. In 2015–2017 data obtained from the Korean National Health and Nutrition Ex-
amination Survey (KNHANES), 1257 patients with diabetes were divided into a controlled group and an uncontrolled group
based on blood glucose levels (cutoff ≥126 mg/dL). After adjusting for confounding factors, the BMI, total cholesterol level, and
triglycerides level of the uncontrolled group were significantly higher than the controlled group. The total amount of moderate-
intensity activity in controlled patients was significantly higher than that of the controlled group. Total energy, fat, saturated fatty
acids, and cholesterol intakes were found to be significantly higher in the uncontrolled than controlled group. Intakes of calcium,
phosphorus, potassium, riboflavin, niacin, and vitamin C were significantly lower in the uncontrolled than controlled group.
Adequate nutrition intake and physical activity of patients undergoing diabetes therapy are required for effective blood glucose
management for both diabetic drug and insulin therapies.
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Highlights

* What do we already know about this topic?
It is important to identify factors affecting blood glucose

control among middle-aged diabetic patients taking
diabetes medication or insulin therapy.

* How does your research contribute to the field?
Our investigation provided evidence of a relationship

between moderate-intensity activity time, nutrient in-
take, and blood glucose control in diabetes patients
taking medications or receiving insulin therapy.

* What are your research’s implications toward theory,
practice, or policy?

Clinicians should emphasize that changes in body com-
position affected by physical activity and adequate daily
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nutrient intake are crucial elements of diabetes man-
agement in middle-aged elderly patients.

Introduction

According to the 2018 Korean National Health and Nutrition
Examination Survey (KNHANES), the prevalence of dia-
betes (adults, ≥30 years) is 12.9% in men and 7.9% in
women; the diabetes cognitive rate was 71.5%, treatment rate
was 66.2%, disease control rate was 31.1%, and treatment
rate was 25.8% (for those over 30 years old).1 Thus, the scale
of diabetes treatment has continuously increased, but the
diabetes control rate is lower than other chronic diseases in
Korea. There are several possible contributors to poor glucose
control among middle-aged and older adults, including
misdiagnoses, inadequate treatment adherence, and lifestyle
factors.2 Glycemic control according to age group showed
that optimal glycemic control was more prevalent among
older individuals compared to younger individuals.3 Another
previous study demonstrated that individuals who had suf-
fered diabetes for more than 10 years had a greater probability
of glycemic control by 55% compared to those with diabetes
for 10 years or less (OR = 1.55, p < .05).4 Therefore, it is
important to identify factors affecting blood glucose control
among middle-aged diabetic patients.

Well-known risk factors for diabetes include unfavorable
dietary intake, obesity, and biological determinants.5 A recent
study found unfavorable fat or carbohydrate intake to be as-
sociated with an increased incidence of type 2 diabetes mellitus
among Korean adults.6 The obesity rate among Koreans with
diabetes is over 50%.7 Therefore, to manage diabetes, con-
trolling blood glucose levels using a combination of pharma-
cotherapy and lifestyle changes, such as weight control and diet
modifications, is crucial.8,9 TheAmerican Diabetes Association
now recommends that patients with type 2 diabetes engage in
aerobic exercise of moderate intensity (50% to 70% ofmaximal
heart rate) at least 3 days a week and resistance exercise at least
twice a week.10 InKorea, a study found that combined low- and
moderate-intensity aerobic exercise, such as walking for
30 minutes or more five times a week, is likely to improve
glycemic control (HbA1c concentration below 6.5%) and thus
prevent the acute and chronic complications of type 2 diabetes
mellitus among people aged 30 to 90 years.11 Therefore, it is
important to investigate the effects of physical activity of
varying frequency, duration, and intensity levels on blood
glucose control amongmiddle-aged and older diabetic patients.

In the United States of America, given that the majority of
persons with type 2 diabetes are overweight or obese, weight
loss through nutritional therapy is often a first step in con-
trolling the onset or progression of diabetes.12 The appropriate
consumption of daily nutrients aids in weight loss or weight
management and may improve the regulation rates of thera-
peutic agents that are needed to control diabetes. In addition,
the correct diet may help in improving psychological health
such that a patient might be encouraged to effectively manage

their diabetes.13 The American Diabetes Association recom-
mends that patients undergoing diabetic therapy follow the
dietary guidelines for the general population as set out by the
Dietary Guidelines for Americans.14 A national cross-sectional
study conducted between 2005 and 2010 indicated that men
and women diagnosed with diabetes consumed more protein
than their counterparts with undiagnosed diabetes; however, all
participants consumed less fiber and more saturated fat than
recommended.15 In United States of America, according to
1988–2004 NHANES data, about two-thirds of adults with
type 2 diabetes consumed more fat and saturated fat than
recommended,16 and the total energy consumption of patients
aged 45–64 years increased over time.17

In Korea, previous studies have also been performed to
determine health-related lifestyles that influence glycemic
control for diabetes mellitus management strategies. How-
ever, few studies have focused on the anthropometric status,
physical activity, and nutritional intake of patients under-
going diabetic therapy in terms of adequate vs poor glucose
control. Therefore, the present study investigated the body
compositions, blood biochemistry profiles, physical activity,
and nutrient intake of middle-aged and older patients on
diabetes treatment and compared patients with good vs poor
control of blood glucose levels.

Methods

Data Source and Subjects

This study is based on data from the 2015–2017 KNHANES
(sixth–seventh), a cross-sectional, national survey conducted
by the Korean Ministry of Health and Welfare. The
KNHANES sixth–seventh vetted survey subjects using a
stratified and multistage probability model designed to rep-
resent individuals over the age of one living in Korea. The
survey comprised three parts: the collection of sociodemo-
graphic, health, and nutritional data through distinct sur-
veys.18 The Institutional Review Board (IRB) of the Korea
Centers for Disease Control reviews and approves the
KNHANES survey annually. The present study design was
approved by the IRB of the Korean Ministry of Health and
Welfare (IRB number: P01-202003-21-004).

The 2015–2017 KNHANES included 23 657 subjects; in
the present study, subjects were excluded if they did not have
diabetes or had missing data regarding diabetes or diabetes
therapy. Furthermore, subjects were excluded if they were
younger than 45 years, were pregnant, or had a daily calorie
intake below 500 kcal or over 5000 kcal. The study cohort
consisted of 1257 middle-aged and older patients who were
diagnosed with diabetes. Subjects with diabetes were defined
as those who responded “Yes” to the question “Have you
been diagnosed with diabetes by a doctor at a hospital?” in the
health interview survey; subjects who responded “No” were
considered to not have diabetes, and subjects who responded
“Not applicable” were excluded from the study. Moreover,
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subjects were excluded if they were not taking diabetes
medication or insulin. Glucose control was classified ac-
cording to blood glucose cutoff of 126 mg/dL; subjects with
diabetes were categorized as either controlled or uncontrolled
depending on whether their most recent fasting blood glucose
measurement was below or above this threshold, respectively
(Figure 1).

Variables and Measurements

Sociodemographic characteristics such as age, sex, education
level, and marital status were obtained from the health in-
terview survey. Obesity was defined as a BMI (calculated as
kg/m2) of ≥25 kg/m2, which is the cutoff for adults in the
Asian and Pacific regions.19 Systolic and diastolic blood
pressure values were measured after a resting period. Blood
samples were collected from the antecubital vein after an 8 h
fast. Total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-C), low-density lipoprotein cholesterol (LDL-
C), triglycerides (TG), and fasting blood glucose levels were
measured using an enzymatic method (Hitachi Automatic
Analyzer 7600, Hitachi, Japan).

Physical activity categories included walking, moderate-
intensity exercise, and activity exerted while commuting.
Physical activity indicators were taken from the KNHANES
health behavior survey items. Since the study subjects were
people over 45 years of age who were currently taking
diabetes medication or insulin, the exercise categories were
moderate-intensity physical activity (work and leisure time)

and location-moving physical activity, excluding high-
intensity physical activity indicators. Moderate-intensity
physical activity during working hours included walking
briskly while performing work activities, including paid
work, unpaid work, schooling and education, household
chores, farming, fishing, ranching, or job-seeking; its def-
inition included carrying light objects, cleaning, and child-
rearing (bathing, carrying a child, etc.). Moderate-intensity
physical activity in leisure time included moderate-intensity
sports, exercise, and leisure activities in which subjects
would invariably become slightly short of breath or have a
slightly raised heart rate for at least 10 minutes, such as brisk
walking, light jogging (jogging), or weight training
(strengthening exercises). Physical activity during com-
muting was defined as going to work, walking for more than
10 minutes, or using a bicycle; the definition also included
the exertion involved in shopping, going to worship, among
other activities.

Diet and food intake were assessed using a one-day 24 h
recall method in the KNHANES. The dietary questionnaire
was administered during face-to-face interviews in which
information concerning the type, amount, and frequency of
foods and drinks consumed during the previous day was
solicited.

Statistical Analysis

Korean National Health and Nutrition Examination Survey
data from the Korea National Statistical Office were used to

Figure 1. Flowchart of study population.

Kim et al. 3



define the standard population. We used the presets of
stratified random sampling (kstrata), population sampling
(psu), weighted samples (wt_itvex), and performed complex
sample analysis in SPSS Statistics for Windows, version 23.0
(IBM Corp, Armonk, NY, USA). Descriptive statistics for the
health interview survey, health examination survey, and
nutrition survey were generated in which frequencies and
percentages were calculated for categorical variables, and
means and standard errors were calculated for continuous
variables. To determine whether differences in general
characteristics, physical activity levels, anthropometric data,
biochemical data, and nutrient intake existed between the
controlled and uncontrolled blood glucose groups, we used
the chi-square test for categorical variables (general char-
acteristics and physical activity type) and linear regression
modeling for continuous variables (physical activity time,
anthropometric data, biochemical data, and nutrient intake).

General linear models in complex sample analysis were used to
compare the two groups (controlled and uncontrolled) ac-
cording to the anthropometric and biochemical parameters, and
physical activities and nutrient intake among the diabetic
patients that used diabetes drugs or insulin therapy were
measured after adjusting for model 1: adjusted for gender and
age and model 2: adjusted for gender, age, residential area,
educational level, household income level, employment status,
smoking status, current alcohol consumption, obesity, hy-
pertension, dyslipidemia, and total energy intake. Statistical
significance for all analyses was set at p < .05.

Results

The general characteristics of the Korean diabetic patients
according to blood glucose control are shown in Table 1.
Among a total of 1257 subjects with diabetes, 41.9% were

Table 1. General characteristics of diabetes patients.

Variables

Diabetes patients

P-valuea

Controlled (n=527) Uncontrolled (n=730)

Count (%) Count (%)

Gender
Male 245 (39.1) 354 (60.9) .1547
Female 282 (43.8) 376 (56.2)

Age
45–64 170 (37.8) 297 (62.2) .0389
64+ 357 (44.5) 433 (55.5)

Residential area
City 410 (42.1) 536 (57.9) .3302
Suburbs 117 (38.1) 194 (61.9)

Educational level
Elementary school or less 244 (41.2) 335 (58.8) .0777
Middle school 85 (47.4) 107 (52.6)
High school 104 (35.0) 177 (65.0)
College or over 69 (46.0) 83 (54.0)

Household income level
Low 219 (43.2) 273 (56.8) .5916

Low–middle 137 (41.3) 187 (58.7)
Middle–high 94 (41.6) 135 (58.4)
High 72 (37.0) 133 (63.1)

Employment status
Employed 193 (38.0) 310 (62.0) .0772
Unemployed 309 (43.9) 394 (56.1)

Current smoking status
Current smoker 69 (36.5) 121 (63.5) .2696
Ex-smoker 154 (44.8) 190 (55.2)
Non-smoker 293 (41.5) 399 (58.5)

Current alcohol consumption
Drinking 276 (40.0) 408 (60.0) .2673
Non-drinking 241 (43.9) 304 (56.1)

aP values are analyzed by X2 test.
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reported to be controlled and 58.1% reported uncontrolled
blood glucose levels. In the patients undergoing diabetic
therapy, there was a significant difference in the control rate
of blood glucose between middle-aged and elderly subjects,
whereby 44.5% of elderly patients controlled blood glucose
levels, which was higher than the 6.7% of middle-aged
patients who were considered controlled (p < .05). The
control rate in females (43.8%) was higher than that of males
(4.7%) who controlled blood glucose levels, but this was not
statistically significant. There were no significant differences
in gender, residential area, educational level, household in-
come level, employment status, smoking, and alcohol con-
sumption (p > .05).

Anthropometric and biochemical indicators of patients
undergoing diabetic therapy are shown in Table 2. In terms of
the anthropometric data, no significant differences in the
obesity and hypertensive indicators were observed between the
controlled and uncontrolled groups in the unadjusted model.
After adjusting for confounding factors such as gender, age,
residential area, educational level, household income level,
employment status, smoking status, current alcohol con-
sumption, obesity, hypertension, and dyslipidemia, the mean
BMI of the uncontrolled group (25.1) was significantly higher
than that of the controlled (24.8). In terms of dyslipidemia
indicators, the total cholesterol and triglyceride levels of the
uncontrolled group were significantly higher than those of
controlled group. Regarding diabetic indicators, blood glucose
and HbA1c, these factors were significantly higher in the

uncontrolled group than the controlled groups in both the
adjusted and unadjusted models (p < .001).

The physical activities of controlled and uncontrolled
patients undergoing diabetic therapy are shown in Table 3.
There was no statistical difference in control rate of everyday
walkers and people who do not walk or who walk 1–6 times a
week (p > .05). There was no significant difference in walking
while commuting between controlled and uncontrolled
groups (p > .05). After adjustment for confounding factors, the
total amount of moderate-intensity activity during work, rest,
and commuting in controlled patients was significantly higher
than that of the controlled group (p < .001). Control rate of
patients doing moderate-intensity activity during work, rest,
and commuting over 240 minutes was significantly higher than
that of patients under 240 minutes (p = .049).

The macronutrient intake of the controlled and uncon-
trolled patients undergoing diabetic therapy is shown in Table
4. In the unadjusted model, there was no significant difference
in macronutrient intake between the two groups. After ad-
justing for confounding factors, the consumption of total
energy, fat, saturated fatty acids, and cholesterol was found to
be significantly higher in the uncontrolled group than in the
controlled group, whereas there was no significant difference
between the two groups in terms of the intake of mono-
unsaturated fatty acids and n-3 fatty acids.

The mineral and vitamin intakes of the controlled and
uncontrolled groups undergoing diabetic therapy are
shown in Table 5. In the unadjusted model, the intake of

Table 2. Blood control status according to body composition and blood indicators in diabetes patients.

Variables

Diabetes patients

P value*

P value**
Controlled
(n=527)

Uncontrolled
(n=730)

Count (%)/mean
± SE

Count (%)/mean
± SE Model 0 Model 1 Model 2

Obesity indicators
BMI 24.8 ±0.2 25.1 ±0.1 .1421 .1800 <.0001
Obesity (BMI≥25) 234 (41.6) 349 (58.4) .8763

Hypertensive indicators
Systolic blood pressure (SBP) 124.7 ±0.8 125.1 ±0.7 .6568 .3212 .1991
Diastolic blood pressure (DBP) 71.9 ±0.5 72.9 ±0.5 .1770 .6238 <.0001

Dyslipidemia indicators
Total cholesterol 163.8 ±1.8 170.4 ±1.7 .0086 .0065 <.0001
Triglyceride 144.7 ±4.6 174.8 ±7.3 .0007 .0011 <.0001
HDL- cholesterol 44.8 ±0.6 45.3 ±0.6 .5880 .4931 <.0001
LDL- cholesterol 97.2 ±2.3 99.0 ±2.0 .5660 .6273 .1768

Diabetes indicators
Blood glucose 108.2 ±0.7 166.1 ±1.9 <.0001 <.0001 <.0001
HbA1c 6.6 ±0.0 7.7 ±0.1 <.0001 <.0001 <.0001

SD; standard error.
aP values are analyzed by X2 test.
bP values are analyzed by general linear model (model 0: unadjusted, model 1: adjusted for gender and age, model 2: adjusted for gender, age, residential area,
educational level, household income level, employment status, smoking status, current alcohol consumption, obesity, hypertension, and dyslipidemia).
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riboflavin in the uncontrolled group was significantly
lower than that of the controlled group. After adjusting for
confounding factors, the consumption of calcium, phosphorus,
potassium, riboflavin, niacin, and vitamin C was found to be
significantly lower in the uncontrolled group than the controlled
group, whereas the intake of vitamin A and carotene was sig-
nificantly higher in the uncontrolled patients rather than controlled
groups.

Discussion

Controlling blood glucose levels using a combination of
pharmacotherapy and lifestyle changes, such as weight
control and diet modifications such as low-carbohydrate,
fiber-rich, and high-protein diet, is crucial for diabetes
management.20-22 The present study evaluated anthropo-
metric data, blood lipid concentrations, physical activity, and
nutrient intake of patients undergoing diabetic therapy and
compared their controlled and uncontrolled blood glucose
levels by using data from the 2015–2017 KNHANES.

In this study, among 1257 subjects undergoing diabetic
therapy, 527 (41.9%) patients controlled their blood glucose
levels. This rate was higher than the 25.8% control rate
published in the KNHANES for patients aged over 30 years
from 2016 to 2018.1 The difference is that in the KNHANES,
the measurement of controlled glucose levels in diabetic
patients was based on glycated hemoglobin (less than 6.5%),
and blood glucose was the standard in this study. In the
patients undergoing diabetic therapy, there was a significant
difference in the control rate of blood glucose between
middle-aged and elderly subjects, whereby 44.5% of elderly
patients controlled glucose levels, which was higher than the
6.7% of middle-aged who controlled their glucose levels.
Similar results have been reported in prior studies on gly-
cemic control according to age group. Glycemic control
according to age group showed optimal glycemic control was
more prevalent among older individuals compared to younger
individuals.3 In other previous studies, individuals who had
suffered diabetes for more than 10 years had a greater
probability of glycemic control by 55% compared to those

Table 3. Blood control status according to physical activities in diabetes patients.

Variables

Diabetes patients

P value*

P value**Controlled (n=527)
Uncontrolled
(n=730)

Count (%)/mean ± SE
Count (%)/mean
± SE Model 0 Model 1 Model 2

Walking .3347
No 131 (43.7) 187 (56.3)
1∼6/week 224 (38.5) 331 (61.5)
Everyday 145 (42.9) 185 (57.1)
Moderate-intensity in work .1145
Yes 34 (52.9) 25 (47.1)
No 470 (40.5) 682 (59.5)
Activity time/week (min) 402.0 ±55.6 352.7 ±78.4 - -
Moderate intensity in rest .1942
Yes 82 (46.6) 87 (53.4)
No 422 (40.1) 619 (59.9)
Activity time/week (min) 188.4 ±10.5 216.4 ±18.6 <.0001 <.0001 .7923
Moderate intensity in commuting .3375
Yes 256 (42.7) 347 (57.3)
No 248 (39.5) 359 (60.5)
Activity time/week (min) 196.1 ±6.5 204.9 ±13.1 .7377 .7290 <.0001
Moderate intensity in work and

rest/week (min)
269.4 ±29.2 226.3 ±43.0 <.0001 <.0001 <.0001

Moderate intensity in work, rest,
and commuting/week (min)

272.8 ±18.2 231.8 ±18.3 .1133 .0867 <.0001

.0493
≥240 min 106 (47.5) 121 (52.6)
<240 min 395 (39.4) 583 (60.6)

SD; standard deviation.
aP values are analyzed by X2 test.
bP values are analyzed by general linear model (model 0: unadjusted, model 1: adjusted for gender and age, model 2: adjusted for gender, age, residential area,
educational level, household income level, employment status, smoking status, current alcohol consumption, obesity, hypertension, and dyslipidemia).

6 INQUIRY



with diabetes for 10 years or less (OR = 1.55, p < .05).4 These
results show that middle-aged patients with early diagnosis of
diabetes do not fully understand or practice self-management
rules for glycemic control.

The majority of persons with type 2 diabetes are over-
weight or obese; weight loss through physical activity and
nutritional therapy is often a first step to control diabetes
worldwide.12,23,24 However, approximately 50% of diabetic
patients being treated in this study were obese; the mean BMI
of the uncontrolled patients (25.1) was significantly higher

than that of the controlled patients (24.8) after adjusting for
confounding factors. Besides, the total cholesterol and
triglyceride levels of the uncontrolled group were signif-
icantly higher than those of the controlled group. The re-
sults of this study are consistent with the results that the
BMI of the glycemic control group (25.0) was significantly
lower than the non-glycemic control group (25.5) in Ko-
rean diabetic patients.7 Therefore, appropriate daily habits,
such as physical activity, and appropriate nutrient intake to
aid in weight management may affect the insulin and

Table 5. Micronutrient intakes of diabetes patients.

Diabetes patients

P-valueaControlled (n=527) Uncontrolled (n=730)

Mean±standard error Mean±standard error Model 1 Model 2

Mineral intake
Calcium (mg) 440.2 ±15.1 432.2 ±11.5 .2896 <.0001
Phosphorus (mg) 940.2 ±25.4 933.9 ±20.5 .2666 <.0001
Iron (mg) 14.9 ±0.5 15.0 ±0.6 .7185 .1244
Sodium (mg) 3206.9 ±115.7 3453.6 ±104.7 .3529 .0023
Potassium (mg) 2798.5 ±75.2 2697.2 ±63.0 .0790 <.0001

Vitamin intake
Vitamin A (μgRE) 461.5 ±25.1 526.1 ±38.1 .1777 <.0001
Carotene (μg) 2830.5 ±155.4 3221.2 ±222.3 .1766 <.0001
Retinol (μg) 64.3 ±5.3 66.3 ±6.3 .9699 .1175
Thiamine (mg) 1.6 ±0.0 1.6 ±0.0 .4658 .2961
Riboflavin (mg) 1.2 ±0.0 1.1 ±0.0 .0497 <.0001
Niacin (mg) 12.8 ±0.4 12.6 ±0.3 .2488 <.0001
Vitamin C (mg) 89.3 ±5.1 78.6 ±4.3 .0627 <.0001

aP values are analyzed by general linear model (model1: adjusted for gender and age, model2: adjusted for gender, age, residential area, educational level,
household income level, employment status, smoking status, current alcohol consumption, obesity, hypertension, dyslipidemia, and total energy intake).

Table 4. Macronutrient intakes of diabetes patients.

Diabetes patients

P-valueaControlled (n=527) Uncontrolled (n=730)

Mean±standard error Mean±standard error Model 1 Model 2

Macronutrient intake
Energy intake (Kcal) 1699.5 ±40.7 1735.6 ±35.4 .8172 .0338
Carbohydrate (g) 291.9 ±6.6 284.0 ±5.3 .1239 <.0001
Protein (g) 57.8 ±1.7 58.8 ±1.5 .6318 <.0001
Fat (g) 30.4 ±1.3 31.1 ±1.3 .6682 <.0001
Saturated fatty acid (g) 8.7 ±0.4 9.0 ±0.4 .7643 <.0001
Monounsaturated fatty acid (g) 9.2 ±0.5 9.4 ±0.5 .5732 .5671
Polyunsaturated fatty acid (g) 8.2 ±0.3 8.4 ±0.3 .7620 <.0001
n-3 fatty acid (g) 1.5 ±0.1 1.5 ±0.1 .2669 .1090
n-6 fatty acid (g) 6.7 ±0.3 7.0 ±0.3 .9879 <.0001
Cholesterol (mg) 156.4 ±12.1 167.0 ±8.7 .8767 <.0001

aP values are analyzed by general linear model (model1: adjusted for gender and age, model2: adjusted for gender, age, residential area, educational level,
household income level, employment status, smoking status, current alcohol consumption, obesity, hypertension, dyslipidemia, and total energy intake).
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antihyperglycemic medication doses required to control
glucose levels.13

The American Diabetes Association now recommends that
patients with type 2 diabetes engage in moderate aerobic ex-
ercise.10 In Korea, a study demonstrated that combined low- and
moderate-intensity aerobic exercise improves HbA1c concen-
trations among people with type 2 diabetes mellitus between
the age of 30 and 90 years.11 In the present study, the total
amount of moderate-intensity exercise during work, leisure,
and commuting among controlled patients was significantly
higher than that among uncontrolled patients, and the
control rate among patients engaging in moderate-intensity
exercise during work, leisure, and commuting for over
240 minutes per week was significantly higher than that
among patients with less than 240 minutes of such activity
per week. These findings demonstrate the importance of
investigating the effects of exercise according to intensity
levels, frequency, and duration on blood glucose control
among middle-aged and older diabetic patients.

The American Diabetes Association also recommends that
patients undergoing diabetic therapy follow the dietary
guidelines for the general population.14 However, in the
present study, the total energy, fat, saturated fatty acid, and
cholesterol consumption in the uncontrolled group was
significantly higher than that in the controlled group after
adjusting for confounding factors and energy intake. A na-
tional cross-sectional study revealed that diabetes patients
consumed more saturated fat than recommended.15 About
two-thirds of type 2 diabetes patients consume more fat and
saturated fat than recommended.16 Several micronutrients are
known to be important in the management of diabetes.25-27

For example, there are meta-analyses demonstrating that low
calcium levels may negatively affect glycemic levels.28

Potassium and vitamin C are found in a variety of fruits
and vegetables, and potassium may influence insulin secre-
tion.29 In this study, the consumption of calcium, phosphorus,
potassium, riboflavin, niacin, and vitamin C in the uncon-
trolled group was found to be significantly lower than that in
the controlled group after adjusting for confounding factors
and energy intake. The intake of water-soluble vitamins in the
uncontrolled group was significantly lower than that in the
controlled group. These results show that the intake of some
micronutrients and water-soluble vitamins may be beneficial
for blood sugar control.

The current study had several strengths. First, our in-
vestigation provided evidence of a relationship between
moderate-intensity activity time and blood glucose control in
diabetes patients taking medications or receiving insulin
therapy. Second, this study focused on the association of
macro and micronutrient intake with blood glucose control in
diabetes patients. Finally, our study was a national
population-based analysis using KNHANES data, which
strengthens the statistical reliability of the results and data.
However, the present study has some limitations, which
should be researched by further investigation. First, this

cross-sectional study design did not allow us to make con-
clusions regarding the causal relationships between blood
glucose control and physical activities or nutrient intakes.
Second, this study identified only one blood glucose as an
indicator of glycemic control. Future studies should inves-
tigate using various glycemic control parameters including
hemoglobin A1c, glycated albumin, and fructosamine.

In summary, the findings of the present study support
recommendations for patients with diabetes to engage in
moderate-intensity physical activity while going about their
daily routines (work, leisure, and commuting). The findings
also emphasize the importance of certain micronutrients for
blood glucose management among middle-aged and older
patients on diabetes treatment. The results indicate that
changes in body composition effected by physical activity
and adequate daily nutrient intake are crucial elements of
diabetes management. Clinicians should emphasize the im-
portance of appropriate physical activity and nutrient intake
to their patients in addition to providing education on diabetes
therapeutics.
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