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ABSTRACT

BACKGROUND/OBJECTIVES: Over the past 10 yrs, the prevalence of diabetes in Korea has
continued to incline, and the importance of lifestyle modification to manage diabetes has
been highlighted. For patients with diabetes, carbohydrate intake reduction is effective in
improving glycemic control; thus, we aimed to analyze the effect of carbohydrate intake ratio
and suggest an appropriate carbohydrate intake ratio.

SUBJECTS/METHODS: Using the 8th Korea National Health and Nutrition Examination
Survey (2019-2021), we analyzed the data including participants aged 30 yrs or older with
diabetes, and they were stratified into good and poor glycemic control groups. To analyze
the correlation between the dietary behavior characteristics of participants with diabetes
and the carbohydrate intake ratio, sociodemographic characteristics, dietary behavior, and
health behavior were adjusted, and multivariate logistic regression analysis was conducted to
present the adjusted odds ratio and 95% confidence interval (CI).

RESULTS: In the unadjusted crude model, when carbohydrate intake ratio in total energy
intake increased by 1%, the likelihood of poor glycemic control increased by 1.007-fold (95%
CI, 0.998-1.016; P=0.121). In model 1, which uses age and sex as adjustment variables, an
increase of up to 1.011-fold was possible (95% CI, 1.001-1.021; P= 0.008). In model 2, which
added variables such as diabetes duration, frequency of fruit consumption, frequency of
lunch and, frequency of dinner, the risk of poor glycemic control increased by 1.010-fold as
the carbohydrate intake ratio increased (95% CI, 0.998-1.022; P < 0.001).

CONCLUSION: This study confirmed that as the ratio of carbohydrate intake to total energy
intake increases the likelihood of poor glycemic control also increases in patients with
diabetes. Therefore, to improve glycemic control in patients with diabetes, controlling the
carbohydrate intake may be helpful.

Keywords: Diabetes mellitus; glycemic control; carbohydrate; nutrition surveys;
feeding behavior
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INTRODUCTION

Diabetes mellitus (DM), a chronic progressive disease, is a life-threatening disease that
increases the individual and social burden of patients with various complications [1], and in
2021, the prevalence of diabetes in Korea was reported to be 16.3% (19.4% for men and 13.4%
for women) over the age of 30 and has been continuously increasing for 10 yrs since 2012 [2].
Diabetes is increasing exponentially worldwide, and the incidence of diabetes among people
aged 20 to 79 is expected to increase by 46% from 2021 to 2045, and 90% of confirmed cases
of diabetes is type 2 DM (T2DM) [1]. However, only 25% of patients with diabetes in Korea
achieved < 6.5% of the glycemic control target of hemoglobinAlc (HbAlc) [2]. The ultimate
aim of diabetes treatment is to practice self-management, such as continuous lifestyle
modification to increase glycemic control rate, prevent diabetes-related complications,

and maintain a healthy life [3]. The United Kingdom Prospective Diabetes Study, a
prospective study of T2DM, found that a 1% reduction in HbAlc levels reduces microvascular
complications by 37% and myocardial infarction by 14% [4]. Although the degree varies from
study to study, active and strict glycemic control has been reported as the most effective way in
preventing diabetes-related complications and hampers the progression of complications [5].

Considering that the prevalence of obesity in young adults in their 30s is increasing in Korea
recently [1] and more than 30% of people are in the prediabetes stage [5], the importance of
lifestyle modification for the prevention and management of diabetes has been underscored.
For an effective diabetes management, controllable factors in daily life, such as diet, exercise,
drinking, and smoking, must be identified [6]. In particular, since the coronavirus disease
2019 (COVID-19) pandemic, numerous studies have demonstrated that diabetes is associated
with an increased risk of severe COVID-19 outcomes, further increasing the need for
strategies to maintain a healthy lifestyle [7-9].

The Korean Diabetes Association (KDA) practice guidelines [5] state that an ideal intake
ratio of carbohydrates, proteins, and fats is nonexistent and that treatment should be
individualized considering the total energy intake and nutrient quality according to
treatment goals. For patients with diabetes, carbohydrate intake reduction is effective in
improving glycemic control [10-12], and various meal patterns that satisfy individual needs
and preferences can be employed [13]. However, extreme carbohydrate restriction to reduce
weight and improve glycemic control increases the risk of hypoglycemia in patients using oral
hypoglycemic agents (OHA) or insulin and is difficult to sustain in the long term [5]. Thus, it
is important to reevaluate and individualize regularly.

This study was conducted to identify related factors according to the glycemic control status
of patients with diabetes using the recently released 8th Korea National Health and Nutrition
Examination Survey (KNHANES) data (2019-2021). Thus, to provide basic data for medical
nutritional therapy (MNT), we will analyze the effect of carbohydrate intake ratio on total
energy intake on glycemic control and suggest an appropriate carbohydrate intake ratio.

SUBJECTS AND METHODS

Data analysis and research participants
This study utilized data from the KNHANES VIII conducted from 2019 to 2021 and included
health surveys, health examination surveys, and nutrition surveys. Among the 18,904
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participating respondents, data from participants aged 30 yrs or older and had diabetes
(fasting glucose > 126 or HbAlc > 6.5%, taking diabetes medication, injecting insulin, or
diagnosed by a doctor) were analyzed. A total of 2,233 respondents (men, 1,094; women,
1,139) were used in the analysis, excluding pregnant, lactating women, and extreme energy
eaters with daily energy intake < 500 kcal or > 5,000 kcal. According to the KDA 2023 practice
guidelines [5], an HbAlc level of < 6.5% is the glycemic control target for participants with
diabetes, and participants were divided into a good glycemic control group and a poor
glycemic control group if it was 6.5% or higher. This study was approved by the Ethics
Committee of Kyungpook National University (IRB KNU-2023-0413).

General characteristics

To examine the general characteristics, sex, age, education level, occupation, marital status,
household type, and income level were included as variables. Sex was classified into man

and woman, and age was classified into 5 groups: 30-39, 40-49, 50-59, 60-69, and > 70.
Education level was classified into elementary school graduation or lower, middle school
graduation, high school graduation, and university graduation or higher. The occupation was
stratified as manager, expert and related worker, office worker as “office worker,” service and
sales worker as “service worker,” agriculture, forestry and fisheries skilled worker, equipment
and machinery operation and assembly worker, simple labor worker as “manufacturing
worker,” and unemployed (housewife, student, etc.) as “unemployed.” Marital status was
classified into “having a spouse” (including cohabitation) and “no spouse” (single, separated,
divorced, or widowed). Household type was classified into single-person households and
multiperson households with 2 or more people, and income level was divided into low,
moderately low, moderately high, and high through quartiles.

Dietary behavior and health-related characteristics

Dietary behavior

We used dietary survey data to determine eating habits (frequency of eating out, frequency
of vegetable consumption, and frequency of fruit consumption), meal quality (frequency

of breakfast, lunch, and dinner), nutritional attitude (nutritional education, awareness of
nutrition labeling, and utilization of nutrition labeling), and presence of a companion when
eating (or eating alone) to analyze dietary behavior. Eating habits were evaluated using the
frequency of eating out, consumption of vegetables containing kimchi, consumption of
vegetables excluding kimchi, and fruit consumption. The frequency was classified as at least
once a day (once or twice a day), 1-6 times a week, and < 3 times a month (rarely). Meal quality
was evaluated through measurement of the degree of meal skipping using the frequency of
breakfast, lunch, and dinner over the past year. The state of skipping meals was classified into
3 categories meal frequency 1-2 times a week, 3—4 times a week, and 5-7 times a week.

Nutritional attitude was used by classifying nutritional education, awareness of nutrition
labeling, and utilization of nutrition labeling as “yes” or “no.” Regarding whether or not a
person ate with a companion during breakfast, lunch, and dinner and whether or not they
ate alone was classified as “yes” or “no.” This was categorized into cases of eating with a
companion for more than one meal per day and eating alone.

Health behavior

To analyze health behavior, weight change over 1 year, subjective health status, and physical
activity variables were used in the health survey. In addition, smoking, drinking, and
presence of hypertension, hypercholesterolemia, hypertriglyceridemia, and obesity were
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used in the examination. Weight change over 1 year was categorized into no change, weight
loss, and weight gain. Subjective health status was divided into 3 levels: good (very good and
good), average, and bad (bad and very bad). Regarding physical activity, the participants were
classified into “practicing group” and “nonpracticing group.” Participants who performed
aerobic physical activity for more than 2 h and 30 min or strength training for more than 2
days a week were classified into the practicing group, and those who did not were classified
into the nonpracticing group. To compare between aerobic exercise and strength training,
variables for the number of walking days and strength training days were additionally used,
and the number of walking days was classified as daily (more than 6 days a week), 3 to 5
times a week, 1 to 2 times a week, and never. The number of strength training days was
categorized as 3 or more times a week, 1 to 2 days a week, or never. When inquired regarding
drinking experience in the past year, “drinking” was defined as consuming more than one
drink per month. Smoking was defined currently smoking, including “smoking every day”
and “smoking sometimes.” Hypertension is defined as a systolic blood pressure (SBP) > 140
mmHg or diastolic blood pressure > 90 mmHg or taking an antihypertensive medication.
Hypercholesterolemia was classified as having a total blood cholesterol level of > 240 mg/dL
or taking a cholesterol medication, and hypertriglyceridemia was classified as having a blood
triglyceride level of > 200 mg/dL. A body mass index (BMI) of < 18.5 kg/m? is underweight,
18.5 to 22.9 kg/m? is normal, 23.0 to 24.9 kg/m? is overweight, and 25.0 to 29.9 kg/m? is class
I obesity, 30.0 to 34.9 kg/m? is class II obesity, and > 35.0 kg/m? is class III obesity.

Analysis of food intake

In the food intake analysis, food intake data from the nutritional survey were used to
investigate the intake of total energy, macronutrients, and micronutrients. In addition,
dietary fiber and sugar intake, which may affect glycemic control, were analyzed. Among the
2020 Dietary Reference Intakes for Koreans (KDRIs) [14], total energy intake was evaluated
using the estimated energy requirements (EER), macro and micronutrients are assessed
using the estimated average requirement (EAR), dietary fiber was investigated based on the
adequate intake (AI), and sugars were examined according to the recommended nutrient
intake (RNI).

Statistical analysis

The SPSS 25.0 (Statistical Package for Social Science; SPSS Inc., Armonk, NY, USA) program
was used for the statistical analysis of this study. A cross-analysis of the complex sample
analysis is performed to assess factors, such as the participant, sex, age, education level,
occupation, marital status, household type, income level, eating habits, meal quality,
nutritional attitude, eating alone, weight change, subjective health status, physical activity,
drinking, smoking, hypertension, hypercholesterolemia, hypertriglyceridemia, obesity.
Significance was tested using Rao—Scott corrected y*. Quantitative variables such as energy
intake, nutrient intake, macronutrient intake ratio among the total energy intake, and
nutrient intake ratio comparison with the KDRIs were compared by calculating Wald F values
using complex sample general linear model (analysis of variance).

Univariate logistic regression analysis was conducted to analyze the correlation between

the dietary behavior characteristics of participants with diabetes and carbohydrate intake
ratio. After adjusting for sociodemographic characteristics, dietary behavior and health
behaviors that showed significant differences, multivariate logistic regression analysis was
conducted to obtain the adjusted odds ratio (OR), and the 95% confidence intervals (CIs)
were presented. The adjustment variables used were age, sex, diabetes duration, frequency of
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fruit consumption, frequency of lunch, and frequency of dinner. Statistical significance was

setat P< 0.05.

RESULTS

General characteristics

Table 1 presents the analysis results according to the general characteristics of the study
participants and glycemic control. Among the participants, 56.5% were men and 43.5%

Table 1. General characteristics of the participants according to glycemic control

Variables Good glycemic control Poor glycemic control Total P-value

group (n = 560) group (n =1,673) (n=2,233)

Sex 0.522
Men 287 (25.4) 807 (74.6) 1,094 (56.5)

Women 273 (24.0) 866 (76.0) 1,139 (43.5)

Age groups (yrs) 0.036
30-39 19 (32.5) 44 (67.5) 63 (4.4)

40-49 36(19.8) 152 (80.2) 188 (12.6)
50-59 80 (21.3) 304 (78.7) 384 (24.4)
60-69 172 (24.9) 596 (75.8) 698 (26.6)
>70 253 (28.9) 647 (71.1) 900 (32.0)

Education level 0.937
< Elementary school 192 (24.1) 564 (75.9) 756 (28.6)Y
Middle school 85 (25.9) 232 (74.1) 317 (14.3)

High school 133(23.9) 417 (76.1) 550 (30.8)
> College 99 (24.7) 320 (75.3) 419 (26.3)

Occupation 0.464
Office-worker 50 (22.6) 185 (77.4) 235 (15.4)Y
Service worker 39(21.3) 157 (78.7) 196 (10.7)
Manufacturing 144 (23.3) 444 (76.7) 588(29.1)
Unemployed 277 (26.6) 747 (73.4) 1,024 (44.8)

Marital status 0.592
Married 397 (25.4) 1,142 (74.6) 1,539 (76.3)"

Single 149 (24.1) 460 (75.9) 602 (23.7)

Household size 0.220
Alone 112 (22.4) 354 (77.6) 466 (16.2)

With family/relatives 448 (25.2) 1,319 (74.8) 1,767 (83.8)

Individual income (quartile) 0.946
Low 149 (24.0) 479 (76.0) 621 (27.0)Y
Moderately low 149 (25.8) 429 (74.2) 578 (25.3)

Moderately high 133 (24.3) 394 (75.7) 527 (24.1)
High 127 (25.1) 373 (74.9) 500 (23.6)

Diabetes duration (yrs) <0.001
<1 32(39.5) 40 (60.5) 72 (5.0)Y
1-2 97 (34.6) 140 (65.4) 237 (16.3)

3-4 68 (32.7) 135 (67.3) 203 (13.9)
5-9 94 (26.0) 245 (74.0) 339 (22.3)
> 10 139 (20.7) 543 (79.3) 682 (42.5)

Diabetes treatment 0.196
only OHA 345 (25.8) 906 (74.2) 1,251 (85.5)"

OHA and insulin 42 (23.5) 151 (76.5) 193 (13.7)
Exercise and diet 0(0.0) 12 (100.0) 12 (0.8)

The data were analyzed using the complex sample module. All values are presented as unweighted number

(weighted %).

The study sample was stratified into 2 groups based on glycemic control (defined as hemoglobinAlc < 6.5% or above).

P-values were obtained using the Rao-Scott modified y? test.
OHA, oral hypoglycemic agent
YSum of frequencies differs from total due to missing values.
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were women, with 25.4% and 24.0% having good glycemic control, respectively. Regarding
age, 4.4% of the participants were in their 30s, 12.6% in their 40s, 24.4% in their 50s, and
26.6% in their 60s, and those who were in their 70s and older accounted for the highest
percentage at 32.0%. The age group with the highest rate of good glycemic control was in
their 30s at 32.5%, and the lowest rate was in their 40s at 19.8%. The education level was as
follows: 30.8% graduated from high school, 28.6% graduated from elementary school or
lower, 26.3% graduated from college or higher, and 14.3% graduated from middle school.
Concerning occupation, the lowest rate in the group with diabetes was service industry

at 10.7%, followed by the office workers at 15.4%, manufacturing industry at 29.1%, and
unemployed at 44.8%. In the marital status survey, a high percentage of participants was
married (76.3%), while 23.7% were single, divorced, widowed, or separated. Majority of the
participants (83.8%) responded that they were living with family or a partner, and 16.2%
comprised single-person households. The income level revealed the following results: low,
27.0%; moderately low, 25.3%; moderately high, 24.1%; and high, 23.6%. The duration of
diabetes was more than 10 yrs, accounting for the largest proportion at 42.5%. Thereafter,
5-9 yrs accounted for 22.3%, 1-2 yrs for 16.2%, 3—4 yrs for 13.9%, and < 1 year for 5.0%.
Majority of cases were managed with OHA alone (85.5%), whereas 13.7% and 0.8%

were managed with OHA and insulin injection in combination and nonpharmacological
treatments (exercise and diet), respectively. Among the general characteristics, except for
the variable of age groups (P= 0.036) and diabetes duration (P < 0.001), no variables revealed
statistically significant differences depending on glycemic control.

Dietary behaviors according to glycemic control

Table 2 presents the analysis results of the study participants’ dietary behavior and glycemic
control. The frequency of eating out that was analyzed to evaluate eating habits was 1-6 times
aweek in 43.3% cases, < 3 times a month in 41.4%, and more than once a day in 15.3%.

The frequency of vegetable consumption more than once a day, including and excluding
kimchi, was over 95% (99.2% and 97.6%, respectively). Conversely, the frequency of fruit
consumption was 46.4% for 1 to 6 times a week and 38.7% for more than once a day. As a
result of analyzing the frequency of breakfast, lunch, and dinner to evaluate the quality of
meals, the rate of meal consumption 1-2 times a week was 16.3% for breakfast, which was
the highest rate of skipping meals compared to 5.6% for lunch and 1.9% for dinner. The

rate at which nutritional education was received was analyzed to assess nutritional attitude
and was observed to be only 6.4%. The rate of awareness of nutrition labels was 62.2%,
whereas the rate of utilizing nutrition labels was 32.9%. The rate of eating alone at least once
per day was analyzed to be 20.3%. All variables of dietary behavior failed to show statistical
significance between the groups; however, the frequencies of fruit consumption (P= 0.015),
lunch consumption (P =0.048), and dinner consumption (P= 0.044) revealed significant
differences (P < 0.05).

Health behaviors according to glycemic control

Table 3 presents the analysis results of the study participants’ health behavior and glycemic
control. As for weight change, no change over 1 year was the highest at 63.8%, followed by a
decrease and increase in weight at 20.1% and 16.1%, respectively. Subjective health status was
moderate at 49.3%, poor at 31.7%, and good at 19.0%. In total participants, the practicing
group was 36.3%, whereas the nonpracticing group was 63.7%, and no significant difference
was observed between the groups in the detailed variables of walking days and strength
training days. Regarding alcohol consumption, 46.2% drank more than one drink per month
and 53.8% consumed less than one drink per month. The current smoking rate, which was
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Table 2. Dietary behaviors of the participants according to glycemic control

Variables Good glycemic control Poor glycemic control Total P-value
group (n = 560) group (n=1,673) (n=2,233)
Frequency of eating out 0.063
> 1/day 48 (18.8) 208 (81.2) 9256 (15.3)
1-6/wk 291 (25.1) 693 (74.9) 914 (43.3)
<3/mon 291 (26.7) 772 (73.3) 1,063 (41.4)
Frequency of vegetables (containing kimchi) 0.239
> 1/day 553 (24.6) 1,664 (75.4) 2,917 (99.2)
1-6/wk 6 (44.3) 8 (55.7) 14 (0.7)
<3/mon 1(39.3) 1(60.7) 2(0.1)
Frequency of vegetables (excluding kimchi) 0.105
> 1/day 545 (24.5) 1,638 (75.5) 2,183 (97.6)
1-6/wk 13 (37.1) 33(62.9) 46 (2.9)
<3/mon 2 (56.4) 2 (43.6) 4(0.2)
Frequency of fruit consumption 0.015
> 1/day 297 (24.0) 688 (76.0) 915 (38.7)
1-6/wk 297 (23.1) 754 (76.9) 981 (46.4)
<3/mon 106 (32.2) 231 (67.8) 337 (14.9)
Frequency of breakfast 0.644
5-7/wk 473 (25.3) 1,359 (74.7) 1,832(77.6)
3-4/wk 24 (25.7) 81 (74.3) 105 (6.1)
1-2/wk 63 (22.0) 233 (78.0) 296 (16.3)
Frequency of lunch 0.048
5-7/wk 498 (23.9) 1,521 (76.1) 2,019 (89.8)
3-4/wk 28 (28.9) 74 (71.1) 102 (4.6)
1-2/wk 34 (35.92) 78 (64.8) 112 (5.6)
Frequency of dinner 0.044
5-7/wk 536 (25.1) 1,577 (74.9) 2,113 (94.0)
3-4/wk 13 (13.6) 66 (86.4) 79 (4.1)
1-2/wk 11 (33.3) 30 (66.7) 41(1.9)
Nutritional education 0.710
Yes 29 (23.92) 114 (76.8) 143 (6.4)
No 531 (24.9) 1,558 (75.1) 2,089 (93.6)
Awareness of nutrition labeling 0.275
Yes 298 (23.9) 968 (76.1) 1,266 (62.2)V
No 266 (26.9) 704 (73.8) 966 (37.8)
Utilization of nutrition labeling 0.782
Yes 96 (24.5) 298 (75.5) 394 (32.9)Y
No 202 (23.7) 670 (76.3) 872 (67.1)
Eating alone? 0.845
Companion 362 (25.0) 1,042 (75.0) 1,404 (79.7)"
Eating alone 100 (24.5) 306 (75.5) 406 (20.3)

The data were analyzed using the complex sample module. All values are presented as unweighted number
(weighted %).

The study sample was divided into 2 groups based on glycemic control (defined as hemoglobinAlc < 6.5% or above).
P-values were obtained using the Rao-Scott modified y? test.

YSum of frequencies differs from total due to missing values.

2Eating alone was categorized into cases of eating without companion for more than one meal per day.

examined as a smoking status variable, accounted for 21.6% in total participants. Those
with hypertension accounted for 58.3%, prehypertension for 22.4%, hypercholesterolemia
for 47.3%, and hypertriglyceridemia 21.3%. In terms of variables for those with obesity, 1.1%
were underweight and 22.2% had normal weight, whereas overweight and obesity accounted
for a high proportion at 76.7%, with class III obesity accounting for 2.0%. All variables of
health behavior failed to show statistical significance between the groups (P < 0.05).
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Table 3. Health behavior of the participants according to glycemic control

Variables Good glycemic control Poor glycemic control Total P-value

group (n = 560) group (n=1,673) (n=2,233)

Weight change over 1 yr 0.077
No changes 3926 (23.3) 1,084 (76.7) 1,410 (63.8)"

Weight loss 139 (29.4) 294 (70.6) 433(20.1)
Weight gain 83(23.8) 274 (76.2) 357 (16.1)

Subjective health evaluation 0.976
Good 87 (25.1) 284 (74.9) 371 (19.0)?

Average 261 (24.5) 764 (75.5) 1,025 (49.3)
Poor 169 (24.6) 496 (75.4) 665 (31.7)

Physical activity? 0.917
Practicing group 178 (24.7) 548 (75.3) 726 (36.3)Y
Nonpracticing group 333(24.4) 983 (75.6) 1,316 (63.7)

Days of walking 0.969
> 6 days/wk 166 (24.5) 542 (75.5) 708 (34.1)V
3-5 days/wk 145 (23.8) 493 (76.2) 568 (28.9)

1-2 days/wk 71 (25.6) 204 (74.4) 275 (15.5)
Never 127 (24.3) 363 (75.7) 490 (21.5)

Days of strength training 0.114
> 3 days/wk 97 (29.7) 2929 (70.3) 326 (16.3)Y
1-2 days/wk 25 (23.9) 78 (76.1) 103 (5.3)

Never 388(23.4) 1,228 (76.6) 1,616 (78.4)

Drinking 0.147
>1cup in mon 232 (26.2) 669 (73.8) 901 (46.2)
< lcupin mon 317 (23.1) 986 (76.9) 1,303 (53.8)

Smoking 0.255
Current 86 (21.9) 295 (78.1) 381 (21.6)V
None & past 461 (25.3) 1,358 (74.7) 1,819 (78.4)

Hypertension 0.090
Normal? 85 (20.0) 309 (80.0) 394 (19.3)Y
Prehypertension® 106 (24.3) 345 (75.7) 451 (22.4)
Hypertension® 362 (26.4) 1,012 (73.6) 1,374 (58.3)

Hypercholesterolemia® 0.115
Yes 259 (23.0) 822 (77.0) 1,074 (47.3)

No 308 (26.4) 851 (73.6) 1,159 (52.7)

Hypertriglyceridemia” 0.066
Yes 73 (21.1) 285 (78.9) 358 (21.3)Y
No 431 (26.8) 1,159 (73.2) 1,590 (78.7)

Obesity® 0.645

Underweight 8(18.7) 18 (81.3) 26 (1.1)V
Normal 149 (27.3) 365 (72.7) 514 (22.2)
Overweight 126 (26.0) 385(74.0) 511 (22.7)
Class | 218 (23.4) 682 (76.6) 900 (41.7)
Class Il 38(23.1) 158 (76.9) 196 (10.3)
Class Ill 6(18.9) 29 (81.8) 35 (2.0)

The data were analyzed using the complex sample module. All values are presented as unweighted number
(weighted %).

The study sample was divided into 2 groups based on glycemic control (defined as hemoglobinAlc < 6.5% or above).
P-values were obtained using the Rao-Scott modified y? test.

SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index.

“Sum of frequencies differs from total due to missing values.

2Aerobic physical activity for more than 2 h and 30 min or strength training for more than 2 days a week were
classified into the practicing group, and those who did not were classified into the nonpracticing group.
Normal is defined as an SBP < 120 mmHg and DBP < 80 mmHg.

“Prehypertension is defined as 120 mmHg < SBP < 140 mmHg or 80 mmHg < DBP < 90 mmHg.

9Hypertension is defined as an SBP > 140 mmHg or DBP 90 > mmHg or on an antihypertensive medication.
9Hypercholesterolemia is defined as total cholesterol > 240 mg/dL or on medication.

Hypertriglyceridemia is defined as blood triglyceride > 200 mg/dL.

®For weight, underweight is defined as BMI < 18.5; normal, 18.5-22.9; overweight, 23.0-24.9; class | obesity,
25.0-29.9; class Il obesity, 30.0-34.9; class Ill obesity, > 35.0.

https://doi.org/10.4162/nrp.2024.18.2.239 246



Intake related to glycemic control in diabetic patients

Nutrition
[ ) Research and
Practice

Food intakes according to glycemic control

The results of the energy intake and nutrient intake analysis according to glycemic control
are shown in Table 4, and the ratio of macronutrients to total energy intake is summarized

in Table 5. Additionally, the results of comparing the proportion of participants consuming
more than or less than the EER, EAR, Al, and RNI based on the 2020 KDRIs are shown in
Table 6. Significant difference was observed in the total energy between the good and poor
glycemic control groups in men (good, 2,054.61 + 65.91 kcal; poor, 2,088.58 + 36.31 kcal, P=
0.008). And significant difference was found in terms of protein (good, 53.04 + 2.08 g; poor,
53.79 £1.04 g, P=0.004), vitamin B, (good, 0.94 + 0.04 mg; poor, 0.92 + 0.02 mg, P=0.033),
and niacin intake (good, 8.98 + 0.44 mg; poor, 9.44 + 0.21 mg, P= 0.042) between the groups
in women.

A significant difference was found in the ratio of carbohydrate intake to the total energy
consumed between the good and poor glycemic control groups in men (good, 59.40 + 1.08%j;
poor, 61.04 + 0.58%, P=0.012); however, no difference was observed in women (P = 0.083).
And significant difference was found in the ratio of protein intake to the total energy consumed
between the good and poor glycemic control groups in women (good, 14.71 + 0.38%;

poor, 14.32 + 0.16%, P=0.005); however, no difference was observed in men (P= 0.050).
Furthermore, there was no significant difference in fat intake ratios in total energy intake for
both men and women adjusted age.

Table 4. Energy and nutrient intake of the participants according to glycemic control

Variables

Total energy (kcal)
Carbohydrate (g)
Protein (g)

Fat (g)

Dietary fiber (g)
Sugar (g)

Iron (mg)

Calcium (mg)
Phosphorous (mg)
Magnesium (mg)
Zinc (mg)

Vitamin A (LgRAE)
Vitamin B, (mg)
Vitamin B, (mg)
Niacin (mg)
Folate (1ugDFE)
Vitamin C (mg)

Men (n = 1,094) P-value Women (n = 1,139) P-value

Good (n = 287) Poor (n = 807) Good (n = 273) Poor (n = 866)
2,054.61 £ 65.91 2,088.58 + 36.18 0.008 1,435.49 + 42.98 1,479.27 + 21.62 0.059
292.03 + 8.09 304.31+4.73 0.129 234.17 £ 6.73 244.60 = 3.63 0.071
75.33+2.98 75.30+1.55 0.097 53.04 £ 2.08 53.79+1.04 0.004
46.63 £ 2.69 46.36 +1.41 0.616 30.72+1.95 31.13+0.87 0.252
29.79+0.93 30.11 +0.57 0.613 24.86 = 0.95 26.09 = 0.46 0.288
55.65 + 2.57 54.60 = 1.55 0.171 44.46 + 2.12 49.55+1.36 0.786
10.60 £ 0.41 10.71 £ 0.30 0.958 8.64 +0.62 8.12+0.21 0.105
558.03 £ 22.79 537.36 £ 12.77 0.643 422.90 + 20.11 439.74 + 10.87 0.121
1,157.50 + 41.53 1,151.92 £ 21.23 0.365 866.12 + 27.93 882.11 +14.75 0.505
350.63 = 10.91 348.56 + 6.15 0.256 274.41 = 9.02 281.04 + 4.76 0.607
11.12 £ 0.43 11.35+£0.23 0.560 8.76 = 0.42 8.45+0.14 0.150
441.48 + 35.84 389.71 +13.42 0.123 330.69 + 22.76 351.56 + 14.32 0.212
1.25+0.06 1.23+0.03 0.508 0.94 + 0.04 0.92 + 0.02 0.033
1.67 = 0.07 1.62 £ 0.03 0.332 1.15+0.05 1.19+0.03 0.650
13.02 £ 0.58 12.84 = 0.29 0.697 8.98 £ 0.44 9.44 +0.21 0.042
359.09 + 11.34 366.47 + 8.35 0.576 300.63 +11.29 301.46 + 5.62 0.273
61.15+4.11 65.77 = 3.37 0.295 56.98 + 4.35 63.82+2.55 0.504

Values are expressed as mean + SE. The study sample was divided into 2 groups based on glycemic control (defined as hemoglobinAlc < 6.5% or above).

P-values were obtained by Wald F statistics. Analysis of variance adjusted age.

Table 5. Percentage of macronutrients by total energy intake of the participants according to glycemic control

Variables Men (n = 1,094) P-value Women (n = 1,139) P-value
Good (n = 287) Poor (n = 807) Good (n = 273) Poor (n = 866)

% of carbohydrate in total energy” 59.40+1.08 61.04 +0.58 0.012 66.60 + 0.96 67.18 + 0.47 0.083

% of protein in total energy? 14.56 + 0.27 14.47 £ 0.16 0.050 14.71+0.38 14.32+0.16 0.005

% of fat in total energy? 19.42 + 0.62 19.03 £ 0.35 0.378 18.07 £ 0.76 18.06 = 0.35 0.335

Values are expressed as mean =+ SE.

The study sample was divided into 2 groups based on glycemic control (defined as hemoglobinAlc < 6.5% or above).

P-values were obtained by Wald F statistics. Analysis of variance adjusted age.

"o/ of carbohydrate intake ratio in total energy intake = {[carbohydrate intake (g) x 4 (kcal)]/total energy intake (kcal)} x 100.

20/ of protein intake ratio in total energy intake = {[protein intake (g) x 4 (kcal)]/total energy intake (kcal)} x 100.

9% of fat intake ratio in total energy intake = {[fat intake (g) x 9 (kcal)]/total energy intake (kcal)} x 100.
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Table 6. Rate of energy” and nutrients® by KDRIs of the participants according to glycemic control

Variables Men (n = 1,094) P-value Women (n = 1,139) P-value

Good (n = 287) Poor (n = 807) Good (n = 273) Poor (n = 866)

Total energy 0.998 0.863
Below the EER 184 (60.6) 507 (61.4) 188 (67.0) 578 (66.4)
Above the EER 103 (39.4) 300 (38.6) 85 (33.0) 288 (33.6)

Carbohydrate 0.068 0.170
Below the EAR 4(1.2) 3(0.2) 6 (3.0) 12 (1.3)
Above the EAR 283 (98.8) 804 (99.8) 267 (97.0) 854 (98.7)

Protein 0.157 0.294
Below the EAR 91 (28.5) 217 (24.6) 105 (34.4) 327 (37.0)
Above the EAR 196 (71.5) 590 (75.4) 168 (65.6) 539 (63.0)

Dietary fiber 0.101 0.285
Below the Al 143 (52.8) 395 (52.4) 101 (38.3) 308 (33.9)
Above the Al 144 (47.2) 4192 (47.6) 172 (61.7) 558 (66.1)

Sugar 0.384 0.788
Below the RNI 264 (92.8) 751 (92.6) 238 (87.3) 741 (84.8)
Above the RNI 23(7.2) 56 (7.4) 35(12.7) 125 (15.2)

Iron 0.616 0.867
Below the EAR 109 (34.4) 295 (36.4) 115 (42.0) 359 (41.2)
Above the EAR 178 (65.6) 512 (63.6) 158 (58.0) 514 (58.8)

Calcium 0.233 0.241
Below the EAR 199 (65.9) 563 (69.5) 297 (82.1) 686 (78.1)
Above the EAR 88 (34.8) 244 (30.5) 46 (17.9) 180 (21.9)

Phosphorous 0.017 0.675
Below the EAR 38(12.3) 63 (7.6) 72 (24.8) 210 (24.9)
Above the EAR 249 (87.7) 744 (92.4) 201 (75.2) 656 (75.1)

Magnesium 0.824 0.801
Below the EAR 130 (45.1) 374 (46.0) 119 (43.9) 369 (42.5)
Above the EAR 157 (54.9) 433 (54.0) 154 (56.8) 497 (57.5)

Zinc 0.038 0.840
Below the EAR 70 (23.8) 212 (27.5) 83 (29.7) 260 (30.9)
Above the EAR 217 (76.2) 595 (72.5) 190 (70.3) 606 (69.8)

Vitamin A 0.742 0.334
Below the EAR 294 (75.4) 635 (78.0) 219 (76.3) 630 (71.6)
Above the EAR 63 (24.6) 172 (22.0) 61(23.7) 236 (28.4)

Vitamin B, 0.823 <0.001
Below the EAR 119 (41.0) 339 (40.9) 125 (44.8) 454 (53.4)
Above the EAR 168 (59.0) 468 (59.1) 148 (55.2) 412 (46.6)

Vitamin B, 0.612 0.728
Below the EAR 124 (39.6) 332(37.9) 120 (40.1) 346 (38.8)
Above the EAR 163 (60.4) 475 (62.1) 153 (59.9) 520 (61.2)

Niacin 0.400 0.017
Below the EAR 151 (48.0) 409 (49.1) 201 (71.0) 568 (65.9)
Above the EAR 136 (52.0) 398 (50.9) 72 (29.0) 298 (34.1)

Folate 0.083 0.613
Below the EAR 126 (43.9) 386 (49.0) 168 (61.8) 532 (60.9)
Above the EAR 161 (56.1) 491 (51.0) 105 (38.2) 334(39.1)

Vitamin C 0.068 0.769
Below the EAR 290 (78.0) 596 (73.4) 203 (75.1) 634 (72.6)
Above the EAR 67 (22.0) 211 (26.6) 70 (24.9) 232 (27.4)

The data were analyzed using the complex sample module. All values are presented as unweighted number (weighted %).
The study sample was divided into 2 groups according to glycemic control (defined as an hemoglobinAilc < 6.5% or above).

P-values were obtained by Wald F statistics. Analysis of variance adjusted age.

KDRI, Dietary Reference Intake for Korean; EER, estimated energy requirements; EAR, estimated average requirements; Al, adequate intake; RNI, recommended

nutrient intake.
YEnergy intake ratio compared to EER recommended by the KDRIs.
“Nutrient intake ratio compared to EAR, Al, and RNI recommended by the KDRIs.

The nutrient that exhibited statistically significant results between the groups in the EAR
intake fraction of macro and micronutrients was phosphorus (P= 0.017) and zinc (P= 0.038)
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in men, but there was a significant difference between the good and poor glycemic control
groups in women was vitamin B, (P < 0.001) and niacin (P = 0.017). The nutrient with

the highest intake rate compared with KDRIs was carbohydrate (97.0-99.8%), with no
significant differences between sexes with adjusted age. The rate of intake below the EER
accounted for > 60% in all groups, and the rate of intake below the EAR was high for calcium
(65.2-82.1%), vitamin A (71.6-78.0%), and vitamin C (72.6-78.0%). For niacin and folic
acid, the rates of men consuming more than the EAR were 50.9-52.0% and 51.0-56.1%,
respectively, demonstrating great difference from the 29.0-34.1% and 38.2-39.1% in women.
The proportion of dietary fiber intake above Al was higher in women (61.7-66.1%) than in
men (47.2-47.6%), and the RNI for sugars was < 20% of the total energy consumed in men
(92.6-92.8%) compared with that in women (84.8-87.3%).

Risk of poor glycemic control according to carbohydrate intake ratio among
total energy intake

Table 7 reveals the results of the complex sample logistic regression analysis conducted to
determine the effect of carbohydrate intake ratio of total energy intake on the dependent
variable, that is, glycemic control, which is the aim of this study. The degree of glycemic
control, which is the dependent variable, uses the good glycemic control group as the
reference category, and when the carbohydrate intake ratio, which is the independent
variable, increases by 1%, the OR for the poor glycemic control group with an HbAlc > 6.5
are derived. In the unadjusted crude model, when carbohydrate intake ratio in total energy
intake increased by 1%, the likelihood of poor glycemic control increased by 1.007-fold (95%
CI, 0.998-1.016; P=0.121). In model 1, which uses age and sex as adjustment variables, an
increase of up to 1.011-fold is possible (95% CI, 1.001-1.021; P= 0.008). Furthermore, in
model 2, which added variables such as diabetes duration, frequency of fruit consumption,
frequency of lunch, and frequency of dinner, the risk of poor glycemic control increased by
1.010-fold as the carbohydrate intake ratio increased (95% CI, 0.998-1.022; P < 0.001). In
the crude model for men, when the carbohydrate intake ratio increased by 1%, the likelihood
of poor glycemic control increased by 1.008-fold (95% CI, 1.996-1.020; P= 0.177). Adjusted
model 1 had a greater likelihood of poor glycemic control (OR 1.015; 95% CI, 1.002-1.028; P =
0.024), which was statistically significant. The possibility of poor glycemic control was high
in adjusted model 2, statistical significance was observed (OR, 1.020; 95% CI, 1.004-1.036;
P=0.005). The crude model and adjusted model 1 demonstrated a lower likelihood of poor
glycemic control in women than in men (OR, 1.004; 1.0006), and there was no significant
difference (P=0.578, P=0.074). In adjusted model 2, the possibility of poor glycemic control

Table 7. OR” and 95% Cl according to % of carbohydrate in total energy

Participants Model Good glycemic control group Poor glycemic control group ~ P-value
Total (n = 2,233) Unadjusted 1 (reference) 1.007 (0.998-1.016) 0.121
Model 12 1.011 (1.001-1.021) 0.008
Model 2 1.010 (0.998-1.022) <0.001
Men (n = 1,094) Unadjusted 1 (reference) 1.008 (0.996-1.020) 0.177
Model 12 1.015 (1.002-1.028) 0.024
Model 2 1.020 (1.004-1.036) 0.005
Women (n =1,139) Unadjusted 1 (reference) 1.004 (0.990-1.019) 0.578
Model 12 1.006 (0.991-1.021) 0.074
Model 29 0.995 (0.971-1.013) <0.001

OR, odds ratio; Cl, confidence interval; n, unweighted number.

YOR was derived from the multivariate logistic regression analysis.

2Model 1is adjusted for age and sex.

*Model 2 is adjusted for diabetes duration, frequency of fruit consumption, frequency of lunch, frequency of
dinner + variables in model 1.
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decreased as the carbohydrate intake ratio in total energy intake increased by 1% in women
(OR, 0.995; 95% CI, 0.971-1.013; P < 0.001).

DISCUSSION

This study was conducted using KNHANES VIII (2019-2021) data to identify factors affecting
glycemic control in patients with type 2 diabetes aged 30 yrs or older in Korea and provide
basic data for MNT. KNHANES is a nationally representative cross-sectional survey designed
to evaluate the health behaviors, health status, and food and nutrient intake of Koreans [15],
and data were collected via health surveys, health examinations, and nutritional surveys.

Regarding the general characteristics of the participants, the 70s age group had the highest
rate of patients with diabetes (32.0%). The 30s age group had the highest rate of participants
with good glycemic control (32.5%), and there was significant difference among the groups
(P=0.030). Previous studies have reported that the probability of poor glycemic control
decreases as age increases [16].

Although there was no significant difference in occupational classification in this study,
several studies have demonstrated that age and occupation can affect glycemic control.
There are studies showing that the level of self-management of housewives is higher than
that of service workers [17], and there is a study reporting that lack of time and increased
stress in 40s, during which there is an active social life, can affect poor glycemic control

[16]. In a study by Jeong et al. [18], which examined the health and nutritional status related
to sedentary time among people aged 30 to 59 yrs, it was reported that office workers had
the longest sedentary time and that the rate of diabetes diagnosis was significantly higher
than that of other occupations. These results indicate that the development of individualized
intervention programs that consider occupation and life cycle characteristics is necessary.

In the variable of diabetes duration, glycemic control becomes more difficult as the duration
increases (P < 0.001). According to the KDA practice guideline, as the duration of diabetes
increases, insulin secretion from the pancreas decreases, and insulin resistance may worsen
with age. Glycemic control becomes more difficult even with combination therapy with
various drugs, including insulin [5].

In the lunch and dinner intake frequency variable that demonstrated significant results (P =
0.048, P=0.044 respectively), the rate of good glycemic control was 23.9% and 25.1% among
participants who consumed lunch and dinner more than 5 times a week, whereas the rate of
good glycemic control was 28.9% and 13.6% among those who consumed lunch and dinner
3—4 times a week. Park et al. [19], who studied the frequency of meal intake, reported that
men who consumed 2 meals a day were more likely to develop metabolic syndrome than
men who consumed 3 meals a day. Furthermore, women who eat 2 meals a day and skip
breakfast were more likely to have elevated fasting blood sugar and triglyceride levels. In
addition, among participants who rarely consumed dinner 1-2 times a week, 33.3% had good
glycemic control, which is consistent with the results of a study in which fasting blood sugar
levels decreased in women who skipped dinner [20]. These results indicated that fasting
time increased because of skipping dinner, resulting in a decrease in fasting blood sugar

and HbAlc levels; however, because there was no significant difference in the total energy
intake, further research is warranted. The results of this study related to meal frequency are

https://doi.org/10.4162/nrp.2024.18.2.239 250



Intake related to glycemic control in diabetic patients

Nutrition
[ ) Research and
Practice

https://e-nrp.org

similar to those of Park et al. [19]. Compared with participants with irregular eating habits,
participants who ate 3 meals regularly showed nutritional adequacy and healthier body
weight, BMI, waist circumference, blood pressure, fasting glucose, total cholesterol, and
triglyceride levels [19]. Moreover, studies have shown that reducing meal frequency increases
appetite-related hormones, causing weight gain and, as a result, metabolic disorders that

can increase cardiovascular risk [21]. According to this evidence, the eating behavior of
consuming sufficient energy, macronutrients, and micronutrients through regular meals can
contribute not only to glycemic control but also to maintaining good nutritional status, which
is the ultimate goal of MNT. In conclusion, meal frequency is related to meal quality, and
maintaining regular meals is a means of increasing the likelihood of good glycemic control.

According to a study using data from KNHANES VIII to explore the aspects of single-person
eating behavior among adults aged 20 or older, as the frequency of single-person meals
increases, the likelihood of high-carbohydrate intake and low protein intake increases [22].
The results analyzed in this study presented no statistically significant differences between
glycemic control and eating alone.

According to the survey results, only 6.4% received nutritional education within the past year,
and the proportion of those in the group with good glycemic control was only 22.8%. In this
study, the nutritional education experience of the KNHANES VIII was lower than the results
of the KNHANES V study [23], where 8.4% had nutritional education within 1 year and 20.3%
had diabetes management education experience. These results are still insufficient compared
to reports recommending that education and support are needed at 4 key points for diabetes
self-management: at diagnosis, every year or when treatment goals are not achieved, when
complications occur, and during life transitions [24]. A study by Lee et al. [25] also explored
the awareness, utilization, and effect of nutrition labels on food selection in participants
with diabetes, and the results were 48.8%, 11.4%, and 9.6%, respectively, and the utilization
of nutrition labels among participants with diabetes in Korea was only < 50%. According

to these results, people who have not received diet therapy education have low nutrition

label utilization, and that utilizing nutrition labels as a means to show interest in health

and practice proper eating habits will be helpful in managing a healthy diet for patients

with diabetes [25]. In this study, the rate of good glycemic control among participants who
were aware of nutrition labels (23.9%) was not significantly different from the rate of good
glycemic control (26.2%) among those who were unaware of nutrition labels. Furthermore,
the rate of good glycemic control among participants who received nutritional education
(23.2%) was not significantly different from the rate of good glycemic control (24.9%) among
those who did not receive education. This was a survey of simple nutritional education,

not diabetes management education. There is no comparative data since no diabetes
management education survey has been conducted since 2012. Thus, additional investigation
is warranted to determine whether diabetes management education is provided, education
location, reeducation rate, and education time. Diabetes is a chronic disease that requires
not only drug treatment but also self-management [23]. The KDA practice guidelines [5]
recommend that patients with diabetes should receive individualized MNT education, and
that MNT should be taught by a registered dietitian with diabetes education qualifications.
Individualized MNT by a registered dietitian has consistently shown various benefits,
including glycemic control improvement, weight reduction, and blood pressure control

[13]. Most diabetes practice guidelines recommend active MNT implementation, and recent
systematic literature reviews and meta-analyses also support this [26]. Furthermore, MNT
provided by a registered dietitian is cost-effective [13,27]. With this compelling evidence,
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patients with diabetes need individualized MNT according to their medical situation, control
goals, and individual preferences [5]. Additionally, the active participation of patients and
guardians in the nutritional intervention process is recommended, including nutritional
status assessment and meal planning, and that reevaluation and repeated education should
be conducted in parallel [5].

Among the health behavior variables, there was no significant difference. But, results from
the DIRECT study showed a negative correlation between weight loss and diabetes remission
in overweight or obese patients with diabetes. Therefore, patients who are overweight or
have obesity accompanied by diabetes need to control their weight [28]. And there was no
significant difference in the rate of the group with good or poor glycemic control in physical
activity. But, several studies have reported the relationship between regular exercise and
improved glycemic control. The consensus report by the American Diabetes Association and
the European Association for the Study of Diabetes reveals that physical activity can have a
significant impact on the cardiometabolism of T2DM [29]. Additionally, a study by Delevatti
et al. [30] reported that regular aerobic exercise improved glycemic control in adult patients
with T2DM, reducing the time of hyperglycemia and HbAlc. The effect of aerobic exercise
on improving glycemic control can be maximized by continuing exercise for more than

45 min after a meal [30]. In a meta-analysis of exercise methods for patients with T2DM,
exercise combining aerobic and strength training exhibited a more significant improvement
in glycemic control than exercise alone [31]. Thus, regular exercise after meals is essential
for glycemic control and can ultimately affect the reduction of cardiovascular complications
and mortality [32]; thus, the development of an individualized exercise program for diabetes
self-management is warranted. Furthermore, in previous studies [16,33], in patients with
diabetes comorbid with hypertriglyceridemia, the likelihood of being in the poor glycemic
control group increased by 1.82- and 2.78-fold, respectively, based on the good glycemic
control group. In patients with T2DM, hypertriglyceridemia worsens when glycemic control
is poor, and strict glycemic control can lower blood triglyceride concentration [16]. The KDA
recommends that in addition to active glycemic control, priority should be on the treatment
of secondary factors such as lifestyle modifications, including drinking cessation and weight
loss, which can address hypertriglyceridemia [5].

As a result of calculating the ratio of macronutrients to total energy consumed in the

food intake survey, the good glycemic control group in men revealed a significantly lower
carbohydrate intake ratio than the poor glycemic control group. The diabetes fact sheet

(DFS) using KNHANES surveyed from 2016 to 2020 reported that participants with diabetes
consumed fewer energy, protein, and fat and had a higher carbohydrate intake rate compared
to participants without diabetes [34,35]. Although the carbohydrate intake ratio of total energy
intake decreased slightly from 68.3% in DFS 2020 to 66.3% in DFS 2021, it is still consumed
at a higher rate compared to 64.7% and 62.4% of participants without diabetes [34,35]. The
KDA practice guidelines [5] recommend that Korean patients with diabetes reduce their
carbohydrate intake to 55-65% of the total energy. However, prospective studies are lacking
and the intake rate is high compared to other countries [34]; thus, it is recommended to
individualize the intake according to the patient’s current condition and metabolic goals [5].
The carbohydrate intake ratio among the total energy examined in this study was calculated
to be an average 0f 59.40 + 1.08% for men and 66.60 * 0.96% for women in the good glycemic
control group. Furthermore, women have a higher carbohydrate intake rate than men and a
higher rate of noncompliance with the KDA practice guidelines. According to statistics on
energy intake and appropriate intake status published by Yoon et al. [36], 86.5-95.5% of adults
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over 30 yrs of age met the EER. However, in this study, because of comparing nutrient intake
ratios with KDRIs, more than 60% of all participants demonstrated an intake ratio below EER.
This is believed to be related to the results of Salle et al. [37], who suggested that patients with
diabetes underreport their food intake as a problem.

Investigating the level of compliance with dietary recommendations among those diagnosed
and undiagnosed with T2DM in Korea using KNHANES data from 1998 to 2012, the results
reveal that the overall level of compliance with dietary recommendations was low, and one of
the lowest recommendations was carbohydrate intake control [38]. The level of adherence to
limiting carbohydrate consumption to 50-60% of the total energy was low in both diagnosed
and undiagnosed patients with diabetes, with only 10-20% of patients following this
guideline [38].

In a meta-analysis of carbohydrate-restricted diets in patients with T2DM, HbAlc, fasting
glucose, body weight, triglycerides, and SBP were significantly reduced when decreased to up
to 45%, but this was not maintained over the 12-mon follow-up [39]. Additionally, owing to
the nature of the traditional Korean diet, reducing carbohydrates below 50% is difficult, and
there is a possibility of long-term cardiovascular risk due to a decrease in carbohydrate intake
and an increase in fat intake. Thus, further research is needed that includes not only the
quantity of carbohydrates, but also the quality and ratio of macronutrients.

In the regression analysis performed in this study, when the carbohydrate intake ratio in
total energy intake increased by 1%, the likelihood of poor glycemic control increased by

up to 1.011-fold. As a result of evaluating the food patterns of the high-carbohydrate diet of
the general Korean population aged 20 or older using the 2013—2015 KNHANES data, it was
reported that 58% of men and 60% of women exceeded the recommended carbohydrate
intake [40]. Furthermore, a positive correlation between high-carbohydrate diets and
metabolic diseases was observed [40]. Therefore, maintaining a carbohydrate intake ratio
of 55-65% based on KDRIs [14] and controlling the carbohydrate intake ratio among the
total energy consumed may facilitate good glycemic control. In conclusion, maintaining
healthy behaviors is essential to achieving the treatment goals of patients with diabetes [25],
including diabetes self-management education and support, MNT, physical activity, smoking
cessation, and addressing social determinants of health [41,42].

There are several limitations in evaluating the eating behavior of participants with diabetes;
thus, caution should be exercised when interpreting the data. First, because this study
analyzed cross-sectional data, causal relationships could not be evaluated and may not
reflect changes in variables. Second, because self-reported information was used in the
medical history survey, misclassification of diabetes is possible. Third, 24-h daily recall
reports may not reflect the usual dietary intake, and some measurement errors may occur
due to the retrospective evaluation of the dietary intake. Thus, additional longitudinal
studies are warranted to determine the rationale why patients with diabetes consume more
carbohydrates and consume fewer energy than patients without diabetes.

This study confirmed that as the ratio of carbohydrate intake in total energy intake increases,
the likelihood of poor glycemic control also increases in patients with diabetes. Therefore, to
improve glycemic control in patients with diabetes, controlling the carbohydrate intake may
be helpful. As a specific alternative, priority should be given to lifestyle modification such

as controlling the carbohydrate intake ratio and combining regular meals and exercise. To
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attain this, individualized educational programs are needed according to medical situation,

control goals, occupation, life cycle, and individual preferences, and patients and guardians

must be actively involved in the nutritional intervention process, including nutritional status
assessment and meal planning. For long-term management, reevaluation and repeated
education by a registered dietitian qualified in diabetes education must be conducted in

parallel, and continued motivation for health is necessary.
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