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Trends in adherence to dietary recommendations among Korean

type 2 diabetes mellitus patients

Kyong Park

Department of Food and Nutrition, Yeungnam University, 280 Daehak-Ro, Gyeongsan, Gyeongbuk 712-749, Korea

BACKGROUND/OBIJECTIVES: The current study examined trends in adherence to dietary recommendations and compared the
levels of adherence between diagnosed and undiagnosed subjects with type 2 diabetes mellitus (T2DM) in Korea over the
past 14 years.

SUBJECTS/METHODS: Data were collected from the 1998-2012 Korea National Health and Nutrition Examination Surveys (KNHANES).
Diagnosed diabetes was defined as giving a positive response to questions about awareness of the disease, a physician’s diagnosis
of diabetes, or medical treatment for diabetes, whereas undiagnosed diabetes was defined as having a fasting glucose level
> 126 mg/dl. Assessment of adherence level was based on 6 components of dietary guidelines, considering meal patterns
and intake levels of calories, carbohydrates, vegetable/seaweed, sodium, and alcohol. The participants received 1 point if they
met the criteria for each of the 6 components, and the total possible score ranged from 0 to 6 points. Multivariate generalized
linear regression was performed, taking into account the complex survey design.

RESULTS: Among all diabetic patients aged 30 years or older, the proportion of diagnosed diabetes increased dramatically,
from 40.9% in 1998 to 75.9% in 2012 (P for trend < 0.001). The overall adherence levels to dietary recommendations were
low and did not significantly differ between diagnosed and undiagnosed subjects with T2DM for all survey years. Several
improvements were observed, including increased adherence to maintaining sufficient vegetable/seaweed consumption (increased
from 0.12 to 0.16 points) and limiting sodium intake (increased from 0.12-0.13 points to 0.19-0.24 points; P for trend < 0.001),
while adherence to maintaining moderate alcohol consumption decreased.

CONCLUSIONS: Analysis of data collected by the KNHANES indicates that Korean T2DM patients have poor adherence to dietary
recommendations and maintenance of a healthy lifestyle, regardless of disease awareness. This finding suggests that development
of practical, evidence-based guidelines is necessary and that provision and expansion of educational programs for T2DM patients

is critical after diagnosis.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder
associated with several factors, such as genetic predisposition,
lifestyle, and dietary characteristics [1,2]. The prevention of
complications associated with diabetes, such as dyslipidemia,
cardiovascular disease, renal dysfunction, and retinopathy [3],
is of particular interest since these complications can confer a
large burden on health care systems and increasing mortality
rates [4]. The progression of diabetes is known to be caused
by various modifiable lifestyle factors. Previous studies have
reported that lifestyle modifications, such as restricting energy
intake [5], maintaining a low carbohydrate diet [6,7], eating
regular meals [8], increasing intake of high-fiber foods [9],
maintaining a low sodium diet [10], avoiding excessive alcohol
consumption, and maintaining a healthy weight [11], may delay

or prevent complications of diabetes through near-normali-
zation of blood glucose [12], blood pressure [13], and serum
lipid levels [14]. In addition, early diagnosis of T2DM is critical
in slowing the progression of this disease [15].

On the basis of epidemiologic observational studies and
randomized trials, various recommendations for the manage-
ment of T2DM have been developed [16-20]. In 1990, the first
South Korean recommendations for T2DM subjects were
published by the Korean Diabetes Association (KDA) [16]. After
1990, these recommendations were updated in 1995, 2007, and
2011 in response to recent scientific evidence to emphasize the
prevention and management of T2DM through lifestyle modifi-
cations [17-19]. The most recent recommendations, updated in
terms of food-based recommendations, were published by the
Korean Ministry of Health and Welfare (KMHW) [20]. These
recommendations have been distributed to both healthy
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subjects and those diagnosed with T2DM through books,
brochures, and internet websites.

However, data evaluating the level of adherence to these
recommendations among T2DM subjects are limited, parti-
cularly for South Korean subjects [21]. We therefore used the
1998 to 2012 versions of the Korea National Health and
Nutrition Examination Survey (KNHANES) to evaluate trends in
adherence to dietary and lifestyle recommendations among
T2DM subjects. We also evaluated and compared adherence
levels among patients with diagnosed and undiagnosed T2DM
to determine if early diagnosis is associated with improvement
in dietary habits and adherence to these recommendations. By
doing so, we were able to test the hypothesis that the level
of adherence to recommendations is higher among subjects
diagnosed with T2DM than among undiagnosed subjects.

SUBJECTS AND METHODS

Population and design

This study analyzed data collected by the 1998-2012 KNHANES,
a cross-sectional, nationally representative survey that collects
extensive information through a health interview, health exami-
nation, and nutritional survey. Details of this survey can be
found elsewhere [22]. Briefly, the survey used a complex, stratified,
multistage, probability-cluster sampling of non-institutionalized
Korean individuals of at least 1 year of age in South Korea. The
KMHW established and conducted a series of three KNHANES
in 1998, 2001, and 2005. Starting in 2007, KNHANES were carried
out year-round to produce a timeline data, but no major

KNHANES (1998-2012)
(n=161,488)
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changes to the questionnaires or methods of health exami-
nations have been made since. All subjects in this survey
provided written consent, and the study was approved by the
Korea Centers for Disease Control and Prevention Institutional
Review Board.

Of the potential 161,488 participants, individuals younger
than 30 years (n =64,232), those with missing information on
sampling weight variables necessary for time-series analysis
(n =54,605), pregnant or lactating women (n =362), and those
who reported implausible total energy intake, i.e, <25% or
>300% of the estimated energy requirements (n=630) were
excluded. Individuals with T2DM were included if they met at
least one of the following conditions: (a) a fasting glucose level
=126 mg/dl [23], (b) medical treatment with insulin or oral
hypoglycemic medication, (c) a medical history of diabetes as
diagnosed by a physician, or (d) self-reported T2DM. Those who
gave positive responses to questions (b), (c), or (d) were defined
as having diagnosed diabetes and the remainder were
considered to have undiagnosed T2DM. A total of 4,955
participants were included in the final analysis (Fig. 1).

Measurements

A self-report questionnaire was used to collect demographic
and lifestyle information, including age, sex, level of education,
household income, smoking, alcohol intake, and experience
with diabetes treatment or education for diabetes management.
“Diabetes treatment” was defined as either pharmacological
treatment with oral agents and/or insulin, or non-pharma-
cological treatment including diet modification and regular

Subjects aged <30 years
(n=64,232) were excluded

——————>

Pregnant or lactating women (n=362) were
excluded i

Subjects with implausible total energy intakesl)é

(n=630) were excluded

A 4
Type 2 diabetic patients

Type 1 diabetes or non- diabetic patients
(n=36,704) were excluded

(n=4,955)
KNHANES KNHANES KNHANES KNHANES KNHANES KNHANES KNHANES KNHANES KNHANES
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Fig. 1. Flowchart for the subjects of the present analysis: Korean National Health and Nutrition Examination Survey (KNHANES) 1998-2012. " implausible total energy

intake, representing <25% or >300% of the estimated energy requirements
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exercise. Anthropometric measurements were conducted by a
trained technician. Body weight and height were measured in
light clothing with no shoes, and body mass index (BMI) was
calculated as weight (kg) divided by height squared (m?).
Overweight/obesity was defined according to the 2000
statement from the World Health Organization for Asian
populations, which defined the BMI cut-off value for overweight
as 23 kg/m’ and that for obesity as 25 kg/m’ [24]. Self-
administered physical activity questionnaires were administered
as part of the KNHANES. However, as no physical activity
questionnaires were conducted in 1998 and 2001, some details
were omitted in 2005, and only 8% of participants responded
in 2007, physical activity variables could not be used to examine
recent trends. Alcohol intake level was calculated by multiplying
the servings of alcohol consumed in one sitting by the
frequency of consumption.

Dietary habits were examined, including how regularly basic
meals (breakfast, lunch, and dinner on two consecutive days
prior to the interview) were eaten on the basis of self-reported
measures. Using this information, “regular meal pattern” was
defined as subjects not skipping meals for two consecutive
days. Vegetable and seaweed intake levels were assessed using
a single 24-h dietary recall, and individual intake levels for each
item were calculated, with the exception of kimchi and pickled
vegetables, using the food code (variable names n_fcode,
n_fname, nf_intk3). Serving sizes of food items were defined
according to the Dietary Reference Intakes for Koreans [25].

Blood samples were taken in the morning after overnight
fasting of at least 8 hours and sent to a certified laboratory
for measurement of plasma glucose concentration. This analysis
was performed by the Korea Association of Health Promotion
(Hitachi 747 autoanalyzer; Hitachi, Tokyo, Japan) in 1998 and
2001. For this same analysis, a hexokinase method system
(ADVIA 1650 system; Bayer HealthCare, Tarrytown, NY, USA) was
used by the Central Testing Institute (Seoul, South Korea) in
the 2005 and 2007 surveys, and from 2008 the hexokinase
method (Hitachi 7600 autoanalyzer; Hitachi, Tokyo, Japan)
was utilized by the Neodin Medical Institute (Seoul, South
Korea).

Assessment of adherence level to dietary recommendations for
T2DM

In this study, the components of dietary recommendations
for T2DM were defined primarily based on the treatment
recommendations for diabetes (2™ [17], 3" [18], and 4™ [19]
editions) developed by the KDA, along with the dietary
recommendations for disease management [20] published by
the KMHW. Dietary guidelines according to the Dietary
Reference Intakes for Koreans [25] were also incorporated in
the development of the KDA and KMHW recommendations (the
KDA-KMHW index). The level of adherence to the KDA-KMHW
index was calculated based on the following 6 components:

Six components of the KDA-KMHW index
Recommendation Definition
1. Moderate calorie consumption Recommended calorie intake [26] + 10%

2. Moderate carbohydrate Approximately 50-60% of total energy
consumption intake

3. Maintenance of regular meal No skipping meals (breakfast, lunch, and
pattern dinner)

4. Sufficient vegetable/seaweed
consumption

Vegetable/seaweed intake > 6-7

servings/day
5. Limited sodium intake Less than 2000 mg of sodium/day

6. Moderate alcohol consumption Less than or equal to 1-2 drinks/day

The participants received 1 point if they met the criteria for
each of the 6 components, and the total possible score for the
KDA-KMHW index ranged from 0 to 6 points, with a higher score
indicating better adherence to recommendations.

Statistical analysis

Data were analyzed using the SAS statistical software package
version 9.2 (SAS Institute Inc, Cary, NC, USA). All statistical
analyses were conducted in accordance with survey procedures
to account for the complex survey design, which consisted of
multi-stage, stratified, clustered samples. For categorical variables,
the chi-square statistic was computed to compare participant
characteristics between survey years. The weighted means +
standard errors of continuous variables were estimated and
compared between diagnosed and undiagnosed T2DM subjects
and between survey years using the t-test, ANOVA, and
generalized linear regression analysis. Multivariate regression
analysis was performed with PROC SURVEYREG. Tests for trends
were conducted by modeling the values as continuous
variables. All tests were two-tailed, with the critical value for
P set at a=0.05.

RESULTS

Demographic and lifestyle characteristics of T2DM subjects

Between the 1998 and 2012 surveys, the prevalence of T2DM
slightly increased from 11.8% to 13.1%, respectively, and the
age of T2DM subjects significantly increased (Table 1, P < 0.001).
The proportion of participants that were overweight or obese
increased between 1998 and 2007 (from 65.5% to 76.4%), and
then decreased between 2007 and 2012 (from 76.4% to 70.6%).
Over the 14 years studied, smoking rates decreased by approxi-
mately 21.3% (P for trend < 0.001).

Increasing trend in the proportion of diagnosed diabetes cases
Fig. 2 shows the trend in the proportion of diagnosed cases

100
P for trend < 0.001
790 793 759

80 774 762 761
60

536

40.9
40 +

20

Proportion of diagnosed patients

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Year

Fig. 2. Trends in diagnosed type 2 diabetes among people aged 30 years or older
with self-reported diabetes or fasting glucose levels of > 126 mg/dL
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Table 1. General characteristics of subjects with type 2 diabetes mellitus by survey years.
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Survey year

P-value
1998 2001 2005 2007 2008 2009 2010 2011 2012
N (%) 649 (11.8) 460 (10.1) 425 (10.2) 288 (12.4) 615 (12.0) 703 (12.5) 588 (12.1) 620 (12.7) 607 (13.1)
Age group (%)
30-39 101 (15.6) 55 (12.0) 5 (3.5) 17 (5.9) 7 (44) 28 (4.0) 3 (3.9) 15 (2.4) 12 (2.0) < 0.001
40-49 122 (18.8) 94 (20.4) 7 (18.1) 30 (104) 5 (12.2) 76 (10.8) 0 (10.2) 59 (9.5) 44 (7.3)
50-65 274 (42.2) 153 (33.3) 182 (42.8) 104 (36.1) 234 (38.1) 256 (36.4) 199 (33.8) 228 (36.8) 223 (36.7)
65 or higher 152 (23.4) 158 (34.3) 151 (35.6) 137 (47.6) 279 (45.3) 343 (48.8) 306 (52.1) 318 (51.3) 328 (54.0)
Male (%) 345 (53.2) 212 (46.1) 223 (52.5) 147 (51.0) 269 (43.7) 342 (48.7) 306 (52.0) 303 (48.9) 294 (48.4) 0.02
Overweight or obesity (%) 425 (65.5) 332 (722) 313 (74.7) 217 (764) 2 (72.6) 512 (73.3) 395 (67.4) 432 (70.1) 427 (70.6) 0.003
High school or higher (%) 232 (35.8) 169 (36.7) 155 (37.1) 80 (28.7) 192 (31.5) 239 (34.5) 210 (36.3) 210 (35.3) 201 (36.3) 0.2
Household income (%)
Low 183 (28.2) 154 (35.2) 138 (32.6) 104 (37.7) 206 (35.3) 250 (36.2) 225 (38.6) 212 (34.6) 211 (35.8) 0.001
Mid-low 157 (24.2) 103 (23.6) 116 (27.4) 72 (26.1) 178 (30.5) 186 (26.9) 137 (23.5) 161 (26.3) 170 (28.8)
Mid-high 171 (26.4) 82 (18.8) 85 (20.1) 56 (20.3) 96 (16.4) 143 (20.7) 116 (19.9) 133 (21.7) 108 (18.3)
High 138 (21.2) 98 (22.4) 84 (19.9) 44 (15.9) 104 (17.8) 112 (16.2) 105 (18.0) 107 (17.4) 101 (17.1)
Current smokers (%) 250 (38.5) 142 (30.9) 118 (27.8) 52 (18.5) 115 (18.8) 127 (18.1) 115 (19.9) 125 (21.0) 95 (17.2) <0.001
Y Body Mass Index(kg/m?) > 23
Pvalues are from a chi-square test,
Table 2. General characteristics of diagnosed and undiagnosed type 2 diabetes patients by survey years.
1998 2001 2005 2007 2008
DD ub P-value DD ub P-value DD ub P-value DD ub P-value DD ub P-value
N (%) 266 (41.0) 383 (59.0) 251 (54.6) 209 (45.4) 318 (74.8) 107 (25.2) 227 (78.8) 61 (21.2) 482 (78.4) 133 (21.6)
Age group (%)
30-39 9 (94) 2 (24.7) <0.001 13 (5.7) 42 (23.5) <0.001 6 (24) 9 (10.9) <0.001 9 (6.0) 8 (186) 0.04 8 (2.0) 9 (16.5) <0.001
40-49 5 (184) 77 (19.5) 6 (17.6) 58 (28.0) 41 (14.1) 36 (44.3) 1(147) 9 (19.9) 3 (12.6) 32 (30.8)
50-65 125 (47.8) 149 (37.5) 95 (38.2) 58 (29.8) 44 (45.4) 38 (30.3) 3 (43.5) 21 (37.4) 194 (45.2) 40 (28.8)
65 or higher 7 (24.4) 75 (18.3) 107 (38.5) 51 (18.7) 127 (38.1) 24 (14.5) 114 (35.8) 23 (24.1) 237 (40.2) 42 (23.9)
Male (%) 131 (54.5) 214 (59.8) 0.2 115 (49.8) 97 (503) 09 162 (51.9) 61 (57.5) 04 120 (60.9) 27 (480) 0.2 205 (48.3) 64 (58.2) 0.08
Overweight or obesity (%)1 177 (67.7) 248 (66.6) 0.8 185 (724) 147 (714) 08 227 (736) 86 (826) 0.2 164 (782) 53 (88.0) 0.1 334 (72.8) 108 (86.1) 0.003
High school or higher (%) 3 (36.4) 149 (46.0) 0.02 82 (31.6) 87 (446) 0.01 100 (352) 55 (61.2) <0.001T 59 (33.3) 21 (426) 04 131 (342) 61 (53.3) <0.001
Household income (%)
Low 86 (29.1) 97 (225) 03 92 (36.0) 62 (304) 07 113(31.0) 25(18.1) 0.1 83 (28.7) 21 (283) 0.8 170 (32.0) 36 (265 06
Mid-low 68 (22.6) 89 (23.0) 53 (21.8) 50 (24.2) 6 (28.0) 30 (29.3) 59 (28.1) 13 (22.8) 140 (31.2) 38 (29.3)
Mid-high 65 (27.8) 106 (28.6) 43 (194) 39 (22.0) 0 (20.0) 25 (24.9) 41 (23.3) 15 (30.6) 3(17.3) 23 (18.8)

High 47 (20.5) 91 (25.9) 52 (22.8) 46 (23.4) 7 (21.0) 27 (27.7) 32 (19.9) 12 (183) 4 (19.5) 30 (25.4)
Current smokers (%) 89 (35.3) 161 (449) 0.02 69 (31.2) 73 (389) 0.1 5 (28.5) 33 (279) 09 38 (20.7) 14 (31.00 0.2 7 (18.3) 38 (33.4) 0.002
2009 2010 2011 2012

DD ub P-value DD ub P-value DD ub P-value DD ub P-value

N (%) 567 (80.7) 136 (19.3) 491 (83.5) 97 (16.5) 513 (82.7) 107 (17.3) 492 (81.1) 115 (18.9)
Age group (%)

30-39 5 (3.3) 3 (14.3) <0.001 15 (4.5) 8 (104) <0.001 8 (2.5) 7 (89) <0.001 5 (1.5 7 (86) <0.001

40-49 2 (15.4) 24 (18.0) 1 (122) 19 (31.6) 4 (11.0) 25 (35.0) 3 (9.8) 21 (20.2)

50-65 203 (39.8) 53 (39.8) 169 (40.5) 30 (28.2) 186 (43.8) 42 (37.8) 176 (42.5) 47 (46.5)

65 or higher 297 (41.5) 46 (27.9) 266 (42.8) 40 (29.8) 285 (42.7) 33 (183) 288 (46.2) 40 (24.7)
Male (%) 266 (49.6) 76 (61.0) 0.05 248 (50.7) 58 (60.9) 0.2 250 (53.1) 53 (625) 0.1 231 (469) 63 (57.00 0.1
Overweight or obesity (%)1 412 (72.7) 100 (69.6) 05 322 (674) 73 (79.7) 0.04 341 (67.4) 91 (82.3) 0.02 338 (674) 89 (77.9) 0.1
High school or higher (%) 180 (384) 59 (47.0) 0.07 167 (37.5) 43 (51.9) 0.03 163 (35.4) 47 (56.3) <0.001 149 (35.1) 52 (53.7) 0.004
Household income (%)

Low 221 (343) 29 (16.0) <0.001 192 (35.3) 33 (30.6) 0.6 185 (32.7) 27 (209) 0.05 175 (334) 36 (29.7) 09

Mid-low 147 (25.5) 39 (32.9) 112 (24.8) 25 (24.3) 134 (27.1) 27 (24.0) 135 (28.5) 35 (31.8)

Mid-high 102 (20.1) 1 (31.5) 3 (21.3) 23 (28.2) 104 (204) 29 (34.1) 4 (19.5) 24 (21.5)

High 7 (20.0) 25 (19.6) 91 (18.6) 14 (16.9) 5 (19.8) 22 (21.0) 4 (18.6) 17 (17.0)
Current smokers (%) 9 (18.7) 38 (31.8) 0.01 92 (22.0) 23 (27.7) 04 100 (243) 25(32.7) 0.2 6 (17.7) 29 (27.9) 0.08

Abbreviations: DD, diagnosed diabetes; UD, undiagnosed diabetes
Pvalues are from a chi-square test,
Y Body Mass Index(kg/m? > 23
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in relation to the total number of T2DM subjects with either
self-reported diabetes or fasting glucose levels = 126 mg/dL
over the survey years. Overall, the proportion of diagnosed
diabetes increased dramatically from 40.9% in 1998 to 75.9%
in 2012 (P for trend <0.001), although these increments
plateaued during the more recent survey years of 2007 to 2012.

Demographic and lifestyle characteristics of diagnosed and
undiagnosed T2DM subjects

The average age and education level of diagnosed T2DM
subjects were significantly higher than those of undiagnosed
subjects for all survey versions (Table 2, P<0.05), with the

a. Moderate calorie consumption

Adherence to dietary recommendations for diabetes

exception of education level for the 2007 and 2009 surveys.
Diagnosed T2DM subjects tended to have a lower prevalence
of current smoking than undiagnosed subjects, with statistically
significant differences between the groups in 1998 (P =0.02),
2008 (P=0.002), and 2009 (P=0.01).

Trends in adherence to each recommendation of the KDA-KMHW
index among diagnosed and undiagnosed T2DM subjects

Fig. 3 shows the results of analysis of adherence to the 6
dietary recommendations for diagnosed and undiagnosed T2DM
subjects from 1998 to 2012, adjusting for age, sex, BMI,
education, household income, and smoking status. Overall,

b. Moderate carbohydrate consumption
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Fig. 3. The mean adherence levels and 95% confidence intervals for each recommendation (the 6 components of the KDA-KMHW index), ranging from 0 (non-adherence)
to 1 (perfect adherence), for diagnosed (DD, solid lines) and undiagnosed T2DM patients (UD, dashed lines) during the survey years of 1998-2012. Multivariate general
linear models were used to test for differences in adherence to each recommendation between UD and DD for all survey years, and no significant differences were observed (P> 0,05),
Values are adjusted for age, sex, body mass index, education, household income, and smoking status, T2DM, type 2 diabetes mellitus; KDA-KMHW, Korean Diabetes Association-Korean

Ministry of Health and Welfare
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there were no significant differences in adherence to dietary
recommendations between diagnosed and undiagnosed T2DM
subjects for all survey years. No significant changes were
observed over time regarding adherence to moderate calorie
consumption, moderate carbohydrate consumption, or main-
taining regular meal patterns for either the diagnosed or the
undiagnosed subjects, whereas significant changes were
observed regarding adherence to vegetable/seaweed, alcohol,
and sodium intake guidelines. Adherence to sufficient vegetable/
seaweed consumption increased over time for diagnosed
subjects, specifically from 0.12 to 0.16 points (P for trend =0.2),
but not for undiagnosed subjects (P for trend =0.2). Sodium
intake for both diagnosed and undiagnosed subjects tended
to improve over time, with adherence to limiting sodium intake
increasing from 0.13 points in 1998 to 0.19 points in 2012
among diagnosed subjects (P for trend =0.02) and from 0.12
points in 1998 to 0.24 points in 2012 among undiagnosed
subjects (P for trend = 0.01). However, adherence to moderate
alcohol consumption decreased over time for both diagnosed
and undiagnosed subjects (P for trend <0.05). The least-
followed recommendations were moderating carbohydrate
consumption (0.06-0.16 points), moderating total calorie intake
(0.16-0.25 points), and limiting sodium intake (0.05-0.31 points),
while the most-followed recommendation was maintaining
regular meal patterns (0.62-0.84 points).

Trends in adherence to the KDA-KMHW index among diagnosed
and undiagnosed T2DM subjects

Fig. 4 illustrates the trends in the KDA-KMHW index, which
indicates the levels of overall adherence to recommendations,
including the 6 dietary recommendation components, among
both diagnosed and undiagnosed T2DM subjects. From 1998
to 2012, the KDA-KMHW index ranged 1.92-2.18 and 1.87-1.92
among diagnosed and undiagnosed subjects, respectively, and
remained stable (P for trend = 0.8 for diagnosed subjects and
= 0.9 for undiagnosed subjects). In addition, diagnosed T2DM
subjects did not differ in adherence levels from undiagnosed
subjects for all survey years (P> 0.05).

DD : P for trend = 0.8
UD: P for trend = 0.9

Point
w

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Year

Fig. 4. Trends in adherence to the recommendations of the KDA-KMHW index,
ranging from 0 (non-adherence) to 6 (perfect adherence), for diagnosed (DD,
solid lines) and undiagnosed T2DM patients (UD, dashed lines) during the survey
years of 1998-2012. A multivariate general linear model was used test for differences in
adherence to the KDA-KMHW index between UD and DD for all survey years, and no
significant differences were observed (P> 0,05), Values are adjusted for age, sex, body
mass index, education, household income, and smoking status, T2DM, type 2 diabetes
mellitus; KDA-KMHW, Korean Diabetes Association-Korean Ministry of Health and Welfare

DISCUSSION

Our study found that overall adherence levels to dietary
recommendations for T2DM, based on the KDA-KMHW index,
were poor among Korean T2DM patients over the 14 years
studied. However, while the level of adherence to T2DM-control
recommendations did not significantly differ between diagnosed
and undiagnosed T2DM subjects, the proportion of diagnosed
subjects with sufficient vegetable/seaweed and limited sodium
consumption increased, while the proportion of subjects with
healthy drinking habits decreased between 1998 and 2012. This
pattern was also observed for undiagnosed subjects, showing
increased adherence to limiting sodium intake but decreased
adherence to moderating alcohol consumption over time.

One of the least followed recommendations was moderating
carbohydrate consumption, which is particularly important for
T2DM subjects. Both diagnosed and undiagnosed T2DM
subjects had a low level of adherence in limiting carbohydrate
consumption to 50% to 60% of total energy intake, with only
10% to 20% of subjects following this guideline. This result was
substantially lower in our study than in a study of European
populations, which showed that more than 70% of T2DM
patients adhered to limiting carbohydrate consumption to 50%
to 60% of total energy intake [27]. A previous meta-analysis
of 19 randomized clinical trials examining the association between
a low-carbohydrate diet and various cardiovascular risk factors
showed that limiting carbohydrate intake had favorable effects
on body weight, BMI, abdominal circumference, systolic blood
pressure, diastolic blood pressure, triglyceride level, fasting
glucose level, insulin level, HDL cholesterol level, and C-reactive
protein level [28]. In addition, a meta-analysis that analyzed data
collected from T2DM subjects in 13 randomized clinical trials
also suggested that maintenance of a low-carbohydrate diet
results in beneficial health effects, including improvements in
glycemic control and triglyceride levels [29]. As T2DM can be
considered a disorder of carbohydrate metabolism resulting in
hyperglycemia, lowering carbohydrate intake is critical for T2DM
subjects [6,7]. However, carbohydrate intake is higher in the
Korean population compared to other Asian and Western
populations [30]. The average level of carbohydrate intake for
Korean adults is approximately 73% of total energy intake [31],
and Korean adults with T2DM have a high carbohydrate intake
[32], as was observed in the current study. Korean adults, even
diabetic patients, habitually consume a bowl of rice per meal
as part of 2 or 3 meals per day [33], since rice is the predominant
staple food and primary dietary source of carbohydrates in
South Korea [34]. As there appears to be a wide gap between
the current dietary guidelines and dietary practices, future
efforts at development of dietary guidelines should account for
cultural factors, and efforts to decrease carbohydrate intake to
recommended levels and improve the quality of carbohydrates
consumed (e.g., of whole grain content) by Korean diabetic
patients should be continued.

Dietary guidelines recommend that patients with T2DM
should limit sodium, but there are controversial aspects of these
recommendations [17,20,35-39]. Higher dietary sodium intake
is known to be associated with an increased risk of hyper-
tension, a key risk factor for development of cardiovascular
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disease [35,36]. However, some study results have shown that
lower salt intake is associated with an increased risk of
cardiovascular diseases and mortality [37,38]. Ekinci et al. [38]
examined the association between dietary salt intake and
mortality in patients with T2DM, using 24-h urinary collections,
and showed that lower levels of 24-h urinary sodium excretion
were associated with an increase in all-cause and cardiovascular
mortality. In addition, Maillot and Drewnowski [39] found that
reducing sodium to below 2,000 mg/d is associated with sharp
deviations from existing food patterns among independently
living people. Thus, meeting this guideline may not feasible,
and may pose challenges in meeting the requirements for
multiple other nutrients. Currently, Korean nutrition policy
promotes sodium reduction as the principal nutritional means
of reducing blood pressure and its attendant cardiovascular
disorders in adults. Our results showed that adherence to the
recommendation to limit sodium intake to less than 2,000 mg/d
was very low. Further research is clearly warranted to elucidate
sodium's role in health and disease, and the results should be
used to continuously update dietary guidelines using a practical,
evidence-based approach.

The health effect of alcohol consumption among T2DM
patients is also controversial. Basically, the Korea Ministry of
Health & Welfare recommends that T2DM patients limit alcohol
consumption since it is high in calories [20]. Prior studies have
shown that moderate alcohol consumption (< 2 drinks/day) may
lower the risk of T2DM complications by improving lipid, blood
pressure, and fasting insulin levels [40], and the relationship
between alcohol use and total mortality has been describe as
a J-shaped or U-shaped curve [41]. However, recent reports
indicate that alcohol consumption may cause hypoglycemia
with glucose-lowering agents [42], and alcohol abstinence was
linked with improvement in fasting glucose results among
patients with glucose intolerance [43]. Our results showed that
approximately half of diagnosed and undiagnosed subjects
have adhered to the “moderate alcohol consumption” recom-
mendation, consuming < 1-2 drinks/day, but there were
significant trends of decreasing adherence with time. This
means that approximately half of diabetic patients consume
more than 2 drinks per day, and that this proportion is
increasing. Future studies are warranted to establish clear
recommendations regarding alcohol consumption for essential
management of T2DM, especially for Korean patients.

Overt T2DM is preceded by a long period of asymptomatic
diabetes, during which hyperglycemia, hyperinsulinemia, and
other features are present and complications have begun to
develop [44]. Undiagnosed or unmanaged T2DM may hasten
the development of diabetes complications, including macro-
vascular (ischemic heart disease, peripheral vascular disease,
and cerebrovascular disease) and microvascular (retinopathy,
nephropathy, and neuropathy) disorders [45]. In the current
study, there was no clear evidence that diagnosed T2DM
patients were significantly better at maintaining healthy dietary
habits and lifestyle than undiagnosed subjects. This finding is
in accordance with a previous finding that diabetes awareness
was not associated with improved achievement of healthy
cardiometabolic biomarker levels [46]. Nevertheless, the
possibility that people with undiagnosed diabetes may be at

greater risk for diabetic complications, including obesity,
albuminuria, hypertension, and dyslipidemia [47], cannot be
eliminated, as diagnosed T2DM subjects may have more
opportunities to have regular medical check-ups and participate
in health promotion programs [48,49].

This study had several limitations. Although fasting blood
glucose levels were measured to identify diagnosed and
undiagnosed T2DM, the definition of diabetes was based on
self-reported information that was not subjected to medical
record validation, and thus diagnostic misclassification cannot
be ruled out. Another limitation was that the analysis of trends
was based on point prevalence rather than incidence, which
is a better measure in terms of controlling for confounding
factors such as survival time or disease duration. In addition,
information on physical activity, a key part of managing T2DM,
was unavailable, incomplete, or was asked differently from year
to year between 1998 and 2007; thus, we could not adjust for
physical activity levels in multivariate analyses. Finally, dietary
information was obtained from a single 24-hour recall, which
may not reflect habitual food intake. However, to our knowledge,
this study was the first to describe trends in adherence to
dietary recommendations among Korean T2DM subjects, while
also considering the effects of disease awareness, by analyzing
nationally representative data, thus allowing the findings to be
generalized to all Korean diabetic patients.

In conclusion, Korean T2DM patients reported poor adherence
to dietary recommendations and maintenance of a healthy
lifestyle, regardless of disease awareness. The dietary guidelines
should not be considered in isolation and should reflect unders-
tanding of their applicability to the food culture of a population
using a practical, evidence-based approach. Following a diagnosis
of T2DM, patients should be provided with more opportunities
for participation in diabetes self-management education programs
to learn how to manage glucose levels, maintain a healthy
lifestyle, and prevent diabetes complications. Large-scale pros-
pective cohort studies using validated measures of diabetes and
collection of data over multiple days by unannounced 24-hour
recalls or administration of well-validated food frequency
questionnaires are warranted to confirm the findings.
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