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Introduction
Diabetes and its complications have become a major cause 

of morbidity and mortality in Korea [1] of which the preva-
lence has increased from 8.6% in 2001 to 10.5% in 2012 [2]. 
The increased prevalence is likely attributable to economic de-
velopment, and a westernized lifestyle [3]. The goals of man-
agement of diabetes are to restore glucose metabolism and to 
minimize chronic diabetic complications. Among the manage-
ment of diabetes in order to achieve the goals, dietary therapy 
has been high-lightened ranging from nutritional balancing to 
ambulatory diet care [4-6]. 

It is generally accepted that diet modification provides ben-
eficial effects on metabolic parameter, including blood glucose, 
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blood lipids, blood pressure, and body weight [7,8]. A meta-
analysis of prospective studies has demonstrated a 20 % re-
duced risk of future type 2 diabetes through the healthy diets 
[9]. In addition, clinical trials have reported that diet modifica-
tion including high consumption of fruit and vegetables, caloric 
restriction, and consumption of lower glycemic index/glycemic 
load decreased the levels of hemoglobinA1c (HbA1c) of type 1 
and 2 diabetes [10,11]. Also, several observational studies have 
shown that diet modification improved glycemic control [12,13], 
insulin resistance [14] and reduced risk of cardiovascular dis-
ease and overall mortality in diabetic patients [15]. 

Despite the beneficial effects of diet modification in diabe-
tes, it has been challenged because of lack of dietary compli-
ance in general practice [16,17]. Indeed, lack of dietary compli-
ance was considered as a major limiting factor in achieving 
glycemic control in type 2 diabetes in clinical settings [18]. 
Also, lack of knowledge and understanding of the diet plan 
was reported to be the highest ranked barrier in the diabetic 
patients with diet consultation by a nutritionist [19]. Since 
dietary recommendations often require diabetic patients to 
alter behaviors that have been present for a lifetime, and are 
based upon strong preferences [20], it can greatly impair their 
quality of life which is associated with the discontinuation of 
therapy [21]. Earlier studies have focused on the prevention of 
complications and glycemic control of diabetes through diet 
modification [22,23], however, there is limited information on 
the associations with dietary behavior and nutrient adequacy 
in Korean diabetic patients and the patients’ views of the 
burden of self-management and life satisfaction due to diet 
modification in this population [24].

The aim of this study is to compare the overall quality of 
dietary intake between diabetic patients with diet modification 
and those without. Furthermore, we compared patients’ views 
of the burdens of diet modification by examining the quality 
of life.

Meterials and Methods
Study population

This study was based on data from the Korea National 
Health and Nutrition Examination Survey (KNHANES) IV and 
V (2007–2010). Details of the KNHANES are available [25]. 
The KNHANES is a cross-sectional survey conducted nation-
wide by a Ministry of Health and Welfare. The KNHANES is 
composed of the following three sections: a health interview, 

health examination, and nutrition survey. A nationally rep-
resentative sample was chosen from the Korean population 
using household records that were provided by the 2005 
Population and Housing Census in Korea. Twenty households 
were selected from each survey section using a stratified, 
multistage probability cluster sampling method that consid-
ers each participant’s geographical area, age, and sex. In the 
KNHANES IV (2007–2009) and V (2010–2011), 42,347 individu-
als participated in the examination (response rate: higher than 
80% for age ≥ 1 year). Among the participants, we limited our 
analyses to adults who over 20 years of age and who was di-
agnosed with diabetes. Subjects who practice the diet due to 
other complications or illness were excluded. We also excluded 
subjects with missing data for diabetes diagnosis, diet status, 
and nutrient intake. Finally, 2,484 subjects were included in the 
statistical analysis. The institutional review board of the Cen-
ters for Disease Control and Prevention in Korea approved the 
KNHANES. All the participants in the survey provided informed 
written consent.

General characteristics of the subjects
We obtained data from KNHANES IV and V, including de-

mographic, anthropometric, and biochemical measurement 
data. Trained experts obtained anthropometric measurements 
by following standardized protocols. The body weights and 
heights of the subjects were measured to the nearest 0.1 kg 
and 0.1 cm, respectively. Body mass index (BMI) was calcu-
lated as weight (kg)/height squared (m2). Waist circumference 
was measured on the area between the rib cage and the iliac 
crest to the nearest 0.1 cm. Systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were measured by mercury 
sphyngmomanometer (Baumanometer, NY, USA) on the right 
arm. Demographic variables that were potential confound-
ers included age, education, monthly income, marital status, 
smoking, drinking, and exercise. Education level was divided 
into four categories as elementary school, middle school, 
high school, or university, according to the subject’s highest 
achieved level. Monthly income was divided into quartiles and 
reported in the South Korean currency won as follows: lowest 
(≤ 1 million won; ≤ US $980), lower middle (1 million won ≤ 2 
million won; US $980 ≤ $1,970), upper middle (2 million won ≤ 
3 million won; $1,970 ≤ $2,950), or highest (> 3 million won; > 
$2,950). Marital status was divided into two groups of single 
or married based on questionnaire responses. Subjects who 
smoked during the survey period were regarded as current 
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smokers, and the mean number of cigarette packs smoked per 
day was determined. Subjects who drink alcohol at least once 
a month considered current alcohol consumers. Physical ex-
ercise was divided into two categories, either as practice and 
do not practice, according to whether or not the individual 
participated in any of the following at least 5 days within each 
week: intense physical activity for at least 20 minutes, moder-
ate physical activity for at least 30 minutes, or walking for at 
least 30 minutes. 

Biochemical measurements 
To assess serum levels of biochemical markers, blood 

samples were collected through an antecubital vein after 
10–12 hour of fasting. Serum levels of insulin (μIU/mL) were 
measured by an immunoradiometric assay using a 1,470 Wiz-
ard Gamma Counter (PerkinElmer, Turku, Finland). Hemoblobin 
A1c (HbA1c) level was measured with high performance liquid 
chromatography-723G7 (Tosoh, Tokyo, Japan). Serum levels of 
fasting glucose (mg/L), total cholesterol (mg/dL), triglyceride 
(mg/dL), high density lipoprotein (HDL) cholesterol (mg/dL), low 
density lipoprotein (LDL) cholesterol, aspartate aminotransfer-
ase (AST) (IU/L), and alanine aminotransferase (ALT) (IU/L) were 
measured using a Hitachi Automatic Analyser 7,600 (Hitachi, 
Tokyo, Japan).

Dietary assessment 
Nutrient intake data were obtained from the section of 

the nutrition survey in the KNHANES (IV-V). Food content 
and consumed amounts were obtained by the 24-hour recall 
method; then, the nutrient intake was analyzed using the 
database from the food composition table made by the Rural 
Development Administration [26]. Nutrient intake data include 
total energy (kcal), carbohydrate (g), protein (g), fat (g), fiber 
(g), calcium (mg), phosphorous (mg), iron (mg), sodium (mg), 
potassium (mg), vitamin A (ug RE), vitamin B1 (mg), vitamin B2 
(mg), niacin (mg NE), and vitamin C (mg). The ratio of energy 
intake from each macronutrient to total energy was calculated: 
percentage of energy intake from carbohydrate (%), percent-
age of energy intake from fat (%), and percentage of energy 
intake from protein (%). The intake of other nutrients was also 
calculated as a value per 1000 calories. Nutrient adequacy 
ratios (NARs) for 10 selected nutrients (i.e., protein, calcium, 
iron, fiber, vitamins A, B1, B2, and C, niacin and potassium) 
were calculated as the percent of the age/gender-specific Rec-
ommended Nutrient Intake (RNI) or Adequate Intake (AI) [27]. 

NARs were truncated at 1 if the value was over the RNI or AI; 
values were then averaged for the 10 nutrients to obtain the 
mean adequacy ratio (MAR).

Mental health and quality of life
The psychological health data were obtained from a self-

reported mental health questionnaire under the supervision 
of investigator, which was a section of the health interview. 
Perceived stress was defined as feeling significant stress in 
everyday life. Depressive symptoms included feeling sad or 
despair continuously for > 2 weeks and enough to interfere 
with daily life during the last year. Suicide ideation was deter-
mined by a ‘‘yes’’ or ‘‘no’’ if they had suicidal thoughts. Self-
administered questionnaires were used to gather information 
about disabilities and health conditions. The EQ-5D is a self-
reported questionnaire widely used to determine the quality 
of life of a general population [28]. The Korean EQ-5D was 
also developed according to the recommended procedure by 
the EQ group. The EQ-5D consists of 5 questions evaluating a 
respondent’s current health status in terms of exercise ability, 
self-management, daily activities, pain/discomfort, and anxi-
ety/depression. In each dimension, a respondent can belong to 
1 of 3 categories, and these are classified into “no problems” 
and “problems,” including moderate to severe problems. 

Statistical analyses
Statistical analyses were performed using SPSS version 

21.0 (SPSS, Inc., Chicago, IL, USA). Continuous variables were 
described as means ± standard error, and categorical variables 
were expressed as percentage of subject. Subjects were di-
vided into two groups according to whether they were on a 
diabetic diet or not; “diabetic diet” or “normal diet”. We com-
pared means of biochemical parameters and nutrient intake 
according to diet therapy status. Differences in the groups of 
diet therapy were determined using a general linear model fol-
lowed by the post hoc with Bonferroni method with and with-
out adjustment for covariates. All analyses were performed 
after normal distribution test. For all analyses, p-values < 0.05 
were considered as significant.

Results
Basic characteristics of study population

The mean age of the total study population was 63.9 ± 0.2 
years (range, 21–93 years), and 45.7% of the total subjects 
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were on a diabetic diet (Table 1). Diabetic diet group (DDG) had 
higher percentage of female, and high-income bracket (all p < 
0.05) compared with normal diet group (NDG). In addition, the 
subjects in DDG were more likely to exercise, and had lower 
percentage of current smokers and alcohol consumers (all p < 
0.01). The duration of diabetes was relatively longer in the DDG 
(p < 0.001).

Anthropometric measurements and biochemical measure-
ments

The subjects with diabetic diet (DDG) showed lower levels of 
total cholesterol, triglyceride, and AST before and after adjust-

ment for sex, income, drinking status, smoking and duration of 
diabetes (all p < 0.05). In addition, differences in HbA1c levels 
were observed between the groups, however, the significances 
disappeared after adjustment (Table 2).

Comparison of nutrient intakes
Based on the differences in biochemical measurements, we 

decided to compare the nutrient intakes between NDG and 
DDG (Table 3). DDG had lower levels of energy from carbohy-
drate and lower intakes of carbohydrate (p < 0.05 for all). In 
addition, DDG had higher levels of energy from protein and 
fat, fat, Ca/P, vitamin B1, vitamin B2, and niacin before and 

Table 1. Characteristics of the subjects

Diabetic diet group (DDG)
(n = 1136)

Normal diet group (NDG)
(n = 1348) p value

Male, % (n) 	 43.1	(490) 	 49.9	(672) 	 0	.	001

Age, yrs 	 63.9	±	0.3 	 63.9	±	0.3 	 0	.	936

BMI, kg/m2 	 24.8	±	0.1 	 24.8	±	0.1 	 0	.	691

WC, cm 	 86.9	±	0.3 	 87.3	±	0.3 	 0	.	382

Education, % (n)

≤ Elementary school 	 56.6	(643) 	 59.3	(797)

	 0	.	221
≤ Middle school 	 19.8	(225) 	 19.9	(267)

≤ High school 	 10.5	(119) 	 10.4	(140)

≥ University 	 13.1	(149) 	 10.5	(141)

Income, % (n)

Lowest 	 34.7	(387) 	 39.7	(523)

	 0	.	013
Lower middle 	 27.1	(302) 	 26.7	(351)

Upper middle 	 18.7	(209) 	 18.4	(242)

Highest 	 19.5	(218) 	 15.2	(200)

Marital status, % (n)

Single 	 1.5	(17) 	 1.9	(25)
	 0	.	535

Married 	 98.5	(1115) 	 98.1	(1319)

Smoking, % (n) 	 13.3	(151) 	 20.5	(275) 	 < 0	.	001

Drinking, % (n) 	 34.8	(394) 	 41.6	(558) 	 0	.	001

Exercise, % (n) 	 54.0	(611) 	 48.5	(651) 	 0	.	008

Diabetic medication, % (n)

Oral agent 	 77.0	(875) 	 75.8	(1022) 	 < 0	.	001

Insulin 	 12.0	(124) 	 3.7	(92) 	 < 0	.	001

Duration of diabetes, yrs 	 9.7	±	0.3 	 7.9	±	0.2 	 < 0	.	001

The values of age, body mass index (BMI), waist circumference (WC), and duration of diabetes are represented as mean ± standard error. The values of male, 
education, income, marital status, smoking, drinking status, exercise, types of treatment, and experience of nutrition education are represented as the percent-
age of total subjects. Differences were determined using student t-test for continuous variables, and chi square test for categorical variables (p < 0.05).
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Table 3. The nutrients intakes of study subjects

Diabetic diet group (DDG)
(n = 1136)

Normal diet group (NDG)
(n = 1348) p value‡ p value§

Energy, kcal 	 1726.6	±	22.0 	 1785.1	±	20.3 	 0	.	010 	 0	.	053

Protein, g 	 61.2	±	1.0 	 59.6	±	0.9 	 0	.	285 	 0	.	116

% Protein* 	 14.1	±	0.1 	 13.2	±	0.1 	 < 0	.	001 	 < 0	.	001

Fat, g 	 29.1	±	0.7 	 26.5	±	0.6 	 0	.	020 	 0	.	007

% Fat* 	 14.3	±	0.2 	 12.7	±	0.2 	 < 0	.	001 	 < 0	.	001

Carbohydrate, g 	 298.1	±	3.8 	 314.8	±	3.5 	 0	.	001 	 0	.	002

% Carbohydrate* 	 71.0	±	0.4 	 72.6	±	0.3 	 0	.	041 	 0	.	001

Ca/P 	 0.45	±	0.01 	 0.41	±	0.01 	 < 0	.	001 	 < 0	.	001

Fe, mg† 	 8.6	±	0.4 	 8.8	±	0.3 	 0	.	965 	 0	.	644

Na/K 	 1.65	 ±	0.03 	 1.68	±	0.03 	 0	.	105 	 0	.	544

Vitamin A, µg RE† 	 415.5	±	13.4 	 406.4	±	12.3 	 0	.	165 	 0	.	620

Carotene, µg† 	 2249.5	±	73.7 	 2173.2	±	68.0 	 0	.	109 	 0	.	452

Retinol, µg† 	 35.0	±	4.9 	 40.8	±	4.5 	 0	.	593 	 0	.	388

Vitamin B1, mg† 	 0.66	±	0.01 	 0.62	±	0.07 	 < 0	.	001 	 < 0	.	001

Vitamin B2, mg† 	 0.59	±	0.01 	 0.54	±	0.01 	 < 0	.	001 	 < 0	.	001

Niacin, mg NE† 	 8.3	±	0.1 	 7.9	±	0.1 	 < 0	.	001 	 < 0	.	001

Vitamin C, mg† 	 56.4	±	1.4 	 54.2	±	1.3 	 0	.	057 	 0	.	247

Values are mean ± standard error. 
*Macronutrients to energy was calculated as the ratio of energy from each macronutrient to total energy; †Micronutrients intake calculated as value per 1,000 
calories; ‡Significance determined by student t-test (p < 0.05). §Significance determined by general linear model with bonferroni’s multiple comparisons test. 
Each value was adjusted for sex, income, drinking status, smoking, exercise, duration of diabetes, and diabetes medication (p < 0.05).

Table 2. Blood pressure and biochemical markers of study subjects 

Diabetic diet group (DDG)
(n = 1136)

Normal diet group (NDG)
(n =1348) p value* p value†

SBP, mmHg 	 127.7	±	0.5 	 128.4	±	0.5 	 0	.	701 	 0	.	353

DBP, mmHg 	 75.3	±	0.3 	 75.6	±	0.3 	 0	.	055 	 0	.	450

FBG, mg/dL 	 138.4	±	1.5 	 140.2	±	1.4 	 0	.	364 	 0	.	396

HbA1c, % 	 7.38	±	0.05 	 7.45	±	0.04 	 0	.	034 	 0	.	290

Insulin, µIU/mL 	 11.1	±	0.3 	 11.6	±	0.3 	 0	.	566 	 0	.	164

Total cholesterol, mg/dL 	 182.5	±	1.2 	 185.9	±	1.5 	 0	.	045 	 0	.	045

HDL-cholesterol, mg/dL 	 46.0	±	0.4 	 45.9	±	0.4 	 0	.	612 	 0	.	851

LDL-cholesterol, mg/dL 	 105.5	±	1.2 	 107.4	±	1.1 	 0	.	474 	 0	.	269

Triglyceride, mg/dL 	 162.1	±	4.1 	 176.0	±	3.8 	 0	.	002 	 0	.	015

AST, IU/L 	 23.9	±	0.6 	 25.5	±	0.5 	 0	.	003 	 0	.	042

ALT, IU/L 	 24.8	±	0.6 	 25.6	±	0.6 	 0	.	077 	 0	.	359

SBP: systolic blood pressure, DBP: diastolic blood pressure, FBG: fasting blood glucose, TC: total cholesterol, LDL-C: LDL cholesterol, HDL-C: HDL cholesterol, TG: 
triglyceride, AST: aspartate aminotransferase, ALT: alanine aminotransferase.
*Significance determined by student t-test (p < 0.05); †Significance determined by general linear model (GLM) with bonferroni’s multiple comparisons test (p < 
0.05) after adjustments for sex, income, drinking status, smoking, duration of diabetes, and use of diabetes medication. 
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after adjustment (p < 0.05 for all). Furthermore, to evaluate 
the meal quality, we compared NAR and MAR between DDG 
and NDG (Table 4). Nutrients which had an average NAR of at 
least 100% were protein, iron, vitamin A, vitamin B1, vitamin 
C, and niacin in the both groups. The NAR of calcium was sig-
nificantly higher in DDG than those in NDG before and after 
adjustment (p < 0.05), albeit didn’t reach the recommended 
values. NAR of energy value was lower in DDG after adjust-
ment for confounders (p < 0.05).

Odds ratios for mental health and quality of life 
The ORs for quality of life and mental health were exam-

ined (Table 5). The ORs for the mental health, which included 
perceived stress, and depressive symptoms were not signifi-
cantly different in any models. The ORs for suicide ideation 
were slightly lower in DDG in unadjusted model, whereas 
significantly lower in DDG in adjusted model (OR, 0.80; 95% 
CI, 0.65-0.98). Diabetic diet was not associated with patient’s 
quality of life before and after adjustment. 

Discussion
In the present study, we evaluated the effects of diet modi-

fication on biochemical measurements, nutrient intake, and 
quality of life in a large sample of diabetic patients. The results 
showed that the implementation of diet modification had ben-

eficial clinical effects and adequate nutrient intakes in diabetic 
patients. Several previous studies have reported that diabetic 
diet shows beneficial effects on metabolic status [29,30]. For 
example, Czyżewska-Majchrzak et al. observed that nutrition 
intervention reduces or preserves the desired levels of total 
cholesterol [29]. Another intervention study demonstrated that 
dietary therapy led to improve lipid control [30]. In the pres-
ent study, subjects in DDG showed significantly lower plasma 
levels of total cholesterol and triglyceride before and after 
adjustment compared with those in NDG. In accordance with 
previous studies [31,32], our results also found that dietary 
modification is associated with the change in AST [33]. These 
results implicated that dietary modification in diabetic patients 
might contribute to the reduce risk of diabetic complications, 
such as cardiovascular disease and liver dysfunction. 

Nutrition care has been inconsistently reported to be as-
sociated with the controls of glucose metabolism [10,34-38]. 
It was demonstrated that control of nutrient intake improves 
fasting blood glucose (FBG) and HbA1c levels [10,34]. In con-
trast, no association with glycemic control by diet modifica-
tion was observed [35], which is similar to our results in this 
study. Furthermore, one study reported that 12 weeks of diet 
modification unexpectedly aggravates FBG [36]. This contro-
versy might be attributable to variance of study design and 
characteristics of population regarding disease duration and 
medication status. Previous studies have indicated that longer 

Table 4. The nutrients adequacy ratio (NAR) and mean adequacy ratio (MAR) of study subjects

Diabetic diet group (DDG)
(n = 1136)

Normal diet group (NDG)
(n = 1348) p value* p value†

Energy 	 0.90	±	0.01 	 0.93	±	0.01 	 0	.	065 	 0	.	036

Protein 	 1.62	±	0.03 	 1.57	±	0.02 	 0	.	114 	 0	.	127

Calcium 	 0.86	±	0.02 	 0.80	±	0.02 	 0	.	003 	 0	.	012

Iron 	 2.18	±	0.09 	 2.32	±	0.08 	 0	.	492 	 0	.	230

Fiber 	 0.34	±	0.01 	 0.35	±	0.01 	 0	.	839 	 0	.	338

Vitamin A 	 1.58	±	0.07 	 1.62	±	0.60 	 0	.	731 	 0	.	709

Vitamin B1 	 1.20	±	0.02 	 1.16	±	0.02 	 0	.	108 	 0	.	084

Vitamin B2 	 0.89	±	0.02 	 0.85	±	0.02 	 0	.	011 	 0	.	075

Vitamin C 	 1.27	±	0.03 	 1.27	±	0.03 	 0	.	618 	 0	.	949

Niacin 	 1.26	±	0.02 	 1.23	±	0.02 	 0	.	391 	 0	.	343

Potassium 	 0.82	±	0.14 	 0.81	±	0.01 	 0	.	329 	 0	.	444

MAR 	 1.40	±	0.02 	 1.39	±	0.02 	 0	.	463 	 0	.	776

Values are mean ± standard error. 
*Significance determined by student t-test (p < 0.05).; †Significance determined by general linear model with bonferroni’s multiple comparisons test. Each value 
was adjusted for sex, income, drinking status, smoking, exercise, duration of diabetes, and diabetes medication (p < 0.05).
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duration of diabetes was associated with poor glycemic con-
trol [37,38]. In line with this evidence, null effect of diabetic 
diet on glycemic control in current study is presumably due to 
the duration of diabetes.

With regard to dietary assessment, DDG had lower intakes 
of total energy and adequate ratio in macronutrient, which 
almost met the dietary guideline for diabetic patients recom-
mended by the Korean Diabetes Association; daily energy 
intake of 50-60% from carbohydrate, 15-20% from protein, 
and less than 25% from fat [39]. As reduced energy intake 
has marked effects on glycemic control [40,41] in addition to 
the favorable effects of a diet low in carbohydrate and high in 
protein content on glucose homeostasis [42,43], these dietary 
patterns might be associated with better metabolic status in 
DDG. It was reported that adequate calcium intake reduces the 
incidence of osteoporosis especially in older subjects with dia-
betes, who were exposed to higher risk of fracture compared 
with non-diabetics [44]. It is also well-known that vitamin B 
complex is related to insulin resistance and glucose metabo-
lism [45]. Indeed, the status of vitamin B1, B2 and niacin were 

negatively correlated with homeostatic model assessment for 
insulin resistance (HOMA IR), triglyceride, and total cholesterol 
levels [46,47]. In the present study, DDG showed significantly 
higher intakes of several micronutrients such as calcium, vita-
min B1, B2, and niacin than those in NDG, indicating the need 
for management to restore carbohydrate metabolism and dia-
betic complications in these subjects.  

Despite beneficial effects of diet modification, it holds great 
burden for the patients. This burden can greatly impair their 
quality of life (QoL) and leads to failure for the modification 
[48]. To prevent discontinuation, assessment of QoL is needed 
to deal with the problems regarding the dietary modification. 
In the present study, we observed no significant differences 
in QoL among two groups, suggesting that diet modification 
is not significant determinant for QoL of Korean diabetic pa-
tients. Furthermore, DDG seems to have favorable mental sta-
tus regarding suicide ideation compared with that in NDG. Our 
results implicated that diet modification brings positive effects 
on lipid control and nutrient intake without affecting the QoL 
of patients. On the other hand, previous studies have provided 

Table 5. Association between diet therapy and quality of life

Model
Diabetic diet
(n = 1136)

Normal diet
(n = 1348) p for trend

OR (95% CI) OR (95% CI)

Perceived stress
Unadjusted 	 1.08	(0.90, 1.30) 1 (ref) 	 0	.	404

Adjusted* 	 0.85	(0.78, 1.15) 1 (ref) 	 0	.	611

Depressive symptom
Unadjusted 	 0.95	(0.78, 1.17) 1 (ref) 	 0	.	653

Adjusted* 	 0.97	(0.78, 1.20) 1 (ref) 	 0	.	785

Suicide ideation
Unadjusted 	 1.21	(1.00, 1.46) 1 (ref) 	 0	.	053

Adjusted* 	 0.80	(0.65, 0.98) 1 (ref) 	 0	.	031

EuroQoL

Exercise ability
Unadjusted 	 1.07	(0.60, 1.92) 1 (ref) 	 0	.	712

Adjusted* 	 1.10	(0.91, 1.31) 1 (ref) 	 0	.	565

Self-management
Unadjusted 	 1.22	(0.64, 2.33) 1 (ref) 	 0	.	783

Adjusted* 	 1.25	(0.64, 2.48) 1 (ref) 	 0	.	618

Daily activity
Unadjusted 	 1.26	(0.73, 1.92) 1 (ref) 	 0	.	556

Adjusted* 	 1.27	(0.81, 1.99) 1 (ref) 	 0	.	505

Pain/discomfort
Unadjusted 	 1.18	(0.88, 1.58) 1 (ref) 	 0	.	419

Adjusted* 	 1.27	(0.92, 1.76) 1 (ref) 	 0	.	318

Anxiety/depression
Unadjusted 	 0.90	(0.53, 1.53) 1 (ref) 	 0	.	920

Adjusted* 	 0.95	(0.52, 1.72) 1 (ref) 	 0	.	970
*Adjusted for sex, income, drinking status, smoking, exercise, duration of diabetes and diabetes medication.
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conflicting data that diet restrictions have a great influence on 
the patients’ QoL, with positive or negative effect [19,49,50]. 
Accordingly, determination of the QoL appears to be of great 
interests, especially in order to prevent discontinuation of diet 
modification in diabetic patients.

Our study has several limitations. First, this study was cross-
sectional; therefore, a causal relationship could not be fully de-
termined. However, “reverse causation” is an unlikely explana-
tion for the main findings since individuals developing worse 
metabolic status would choose healthier diet. Second, the 
data related to nutritional factors were self-reported including 
adherence to diet modification. It is important to distinguish 
modification performed under controlled feeding conditions 
from those that use standard diet. Furthermore, although diet 
education support was considered that improving adherence 
of diet modification, no indicators regarding glycemic control 
and QoL exist in the KNHANES. Further study is required for 
evaluating the effect of dietary modification with the assess-
ment of compliance for therapy and experience of additional 
training such as diet education.

Despite of these limitations, several strengths should be 
noted in this study. First, we analyzed a large scale dataset, 
which provided statistical power to explore the association 
between diet modification and health outcome in Korean dia-
betic patients. Second, instead of single outcome, we exam-
ined various health status, including metabolic status, nutrient 
adequacy, and QoL for the first time in Korea. Strength of our 
study can provide insight toward the promotion of achieving 
and maintaining diet modification.

In conclusion, diet modification in diabetic patients is ef-
fective for improving blood lipid control and nutrients intake, 
without sacrificing the QoL. Ongoing nutrition education for 
self-management and monitoring are needed to ensure suc-
cessful diabetes care.
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