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•당뇨병성 망막병증

2006 2008 2010

160,725 

192,941 

218,401 

증가율 : 35.9%
(연평균 : 8.0%)

(Unit : 명)

• 말초순환장애 당뇨합병증

2006 2008 2010

170,972 

252,858 273,493 

증가율 : 60%
(연평균 : 12.5%)

(Unit : 명)

당뇨병과 당뇨합병증 환자 증가 추이

• 당뇨병

2006 2008 2010

1,626,23

6 

1,789,83

2 

1,907,13

5 

(Unit : 명)증가율 : 23.9%
(연평균 : 5.5%)

출처 : 국민건강보험공단



Sodium Excretion from 24-hour urine
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Trends in Sodium Intake among Koreans

1998-2010 NHANES
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Food Sources Contributing to Na Intake

1998 2001 2005 2007 2008 2009 2010

순
위

음식군 % 음식군 % 음식군 % 음식군 % 음식군 % 음식군 % 음식군 %

1 김치 31.7 김치 28.3 김치 23.7 김치 26.6 김치 25.2 김치 24.3 김치 22.8

2 국/탕 13.4 국/탕 13.8 면/
만두

13.8 면/
만두

13.0 면/
만두

12.2 면/
만두

12.9 면/
만두

12.4

3 면/
만두

10.5 찌개/
전골

11.2 국/탕 12.6 국/탕 10.2 국/탕 10.2 국/탕 10.7 국/탕 10.7

4 찌개/
전골

8.8 면/
만두

11.1 찌개/전
골

9.2 찌개/
전골

8.5 찌개/
전골

8.7 찌개/
전골

8.8 찌개/전
골

8.6

5 볶음 4.9 밥 5.3 밥 6.4 밥 5.5 밥 6.4 밥 5.8 밥 5.5

6 구이 3.7 볶음 4.5 볶음 4.8 구이 5.0 구이 5.1 장/
양념

5.3 구이 5.4

7 장/
양념

3.4 구이 3.3 구이 4.7 장/
양념

4.9 장/
양념

4.9 구이 5.2 장/
양념

5.3

8 생채/
무침

2.7 생채/
무침

2.5 생채/
무침

3.6 볶음 4.6 볶음 4.7 볶음 4.8 볶음 4.8

9 밥 2.5 장/
양념

2.5 장/
양념

3.5 생채/
무침

2.9 생채/
무침

3.0 장아찌
/절임

3.8 장아찌/
절임

4.0

1
0

빵/과자 2.4 나물/
숙채

2.2 나물/
숙채

2.6 장아찌
/절임

2.4 장아찌
/절임

2.8 생채/
무침

3.2 생채/
무침

3.6

Song DY et al. Submitted



Food Sources of Na Intake 
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Top Food Sources of Sodium in Other Countries

• UK

– Cereal products (bread, other baked goods and 

breakfast cereals) ~ 38%.

– Meat products (incl. processed meats) ~ 21%

• USA

– Cereals and baked goods > 16%

– Meat products incl. hot dogs and bacon >13%

• Japan

– Soy sauce, salted vegetables and fruits, miso soup, 

fresh and salted fish and salt added

• China

– Salt added and soy sauce

Brown IJ 2009



Study Design

Systematic 
Reviews

Randomized 
Controlled Studies

Case-control studies

Case series /reports

Cohort Studies

Cross-sectional studies



DISTRIBUTION:
DESCRIPTIVE STUDIES

•  Correlational or ecologic study

•  Cross-sectional study

DETERMINANTS:
ANALYTIC STUDIES

Search for factors associated 
with or predictive of outcome

•  Observational study
• case-control
• cohort

•  Intervention study
e.g.  randomized clinical 

trial 

Epidemiologic Studies



Cross-sectional study

Ajani UA Am J Prev Med 2005



Cross-sectional study

• Snapshot in time:  information on exposure and outcome of 

individuals assessed simultaneously

• Time saving, data often available and regularly updated

• Limitations:

No temporal sequence, so ability to test hypothesis will depend 

on the exposure.  If exposure cannot or unlikely to change as a 

result of the disease, could be hypothesis testing.



1. Among individuals, with appropriate comparison group, with 
appropriate time sequence, and with adequate control of 
confounding.

2. Observational studies (exposures are self-selected)

• Case-control

• Cohort

3.  Intervention studies (exposures are allocated by investigators)

e.g.  randomized clinical trial

Analytic Study



Case-Control Study: Selection into study on basis of disease 
status

EXPOSURE DISEASE

?

?

PRESENT

ABSENT

INVESTIGATOR 

Basis on which groups are selected at 
beginning of study



Case-control design:

STRENGTHS: 
• Efficient in terms of time and money, since

disease already occurred
• Efficient way to deal with long latent period
• Can examine effects of other risk factors

LIMITATIONS: 
• Worried about ability to get accurate exposure

information for right time period
(1 year?  5 years?  10 years?)



Cohort Study:  Selection into study on basis of exposure 
status

EXPOSURE DISEASE

?

?

PRESENT

ABSENT

INVESTIGATOR

Basis on which groups are selected at 
beginning of study



Cohort design:

STRENGTHS:
• More accurate exposure information.
• Can elucidate temporal relationship (analysis

by time).
• Can look at multiple outcomes

LIMITATIONS:
• Will take longer in time (latent period), and be

more expensive.
• Need relevant data to be available
• Need to follow-up participants for long periods 

of time.



Cook NR BMJ 2007



TOHP study

� The first TOHP trial tested the feasibility and efficacy of seven
non-pharmacological interventions in reducing blood pressure in
people with high normal blood pressure.

�Interventions : weight loss, sodium reduction, stress management,
and nutritional supplements (calcium, magnesium, potassium, and
fish oil).

Cook NR BMJ 2007



� The second TOHP trial tested the effects of weight loss and sodium
reduction on incident hypertension and blood pressure.

� 2×2 factorial design → effects of the sodium reduction intervention
were analysed by grouping data for the 2 sodium reduction
interventions (alone or with weight loss) and for the 2 non-sodium
reduction groups (usual care or weight loss alone).

Cook NR BMJ 2007



Follow up study

� The observational follow-up for cardiovascular disease 

began in 2000, and ended in 2004-5.

� Data on all events occurring since the end of the trials 

was collected by mail and phone.

� Information on self reported sodium intake was 

collected on the final follow-up questionnaire sent in 

2004-5.

Cook NR BMJ 2007



Cook NR BMJ 2007



Cook NR BMJ 2007



Dietary Salt Intake and Mortality in Patients 

With Type 2 Diabetes

• 638 patients attending a single diabetes clinic in 

Melbourne, Australia were followed in a 

prospective cohort study for a median of 9.9 years.

• Baseline sodium excretion was estimated from 24-

h urinary collections.

• 175 deaths, 75 (43%) of which were secondary to 

cardiovascular events. 

Ekinci E I et al. Diabetes Care 2011



Cumulative hazard (Nelson-Aalen) of all-cause mortality, stratified by percentiles (5th, 25th, 7

5th, and 95th) of 24-h urinary sodium excretion. 

Ekinci E I et al. Diabetes Care 2011 All-cause mortality was inversely associated 
with 24-h urinary sodium excretion.



Intervention Study:  Type of prospective cohort study in which 
exposure is allocated by investigator

EXPOSURE DISEASE

?

?

PRESENT

ABSENT

INVESTIGATOR at beginning of study

Exposure is allocated to participants at 
beginning of study



DASH-sodium

Reduced Sodium Intake and Hypertension

The Effect on Systolic Blood Pressure 
(Panel A) and Diastolic Blood Pressure 
(Panel B) of Reduced Sodium Intake and 
the DASH Diet

The reduction of sodium intake to levels 
below the current recommendation and 
the DASH diet both lower blood pressure 
substantially, with greater effects in 
combination than singly. Long-term health 
benefits will depend on the ability of 
people to make long-lasting dietary 
changes and the increased availability of 
lower-sodium foods. 

Sacks FM et al. NEJM 2001



Intervention study:

STRENGTHS: 
• True control of exposure (exercise pattern)
• Ability to control confounding

LIMITATIONS:
• Most expensive design, needs most resources
• Issues of compliance with regimen



Meta-analysis

• Quantitative review and synthesis of 

similar but independent studies

• Combine information over several studies 

to increase power and generalizeablility

• Estimate an average or pooled effect over 

studies

• Examine differences across studies to 

determine modification of treatment effect





Suckling RJ et al. 2010



SBP among Adults with Type 1 or 2 DM

Suckling RJ et al. 2010



DBP among Adults with Type 1 or 2 DM

Suckling RJ et al. 2010



Issues
•Complexity of diet

–Components are inter-correlated

–Exposure cannot be characterized as present or absent

–Within-person variation

–Measurement error

• Bias

–Confounding factor

–Treatment difference

–Compliance

•Interaction

–Treatment

–Genetic factors (incl. sodium sensitivity)



Hypothetical relationship between intake of an 

essential dietary factor and health.

Concentration or intake of nutrient

F
u
n
ct
io
n

100%

Death Death

Deficiency Toxicity

Marginal Marginal

Optimal



Multiple Factors

Risks

Progression
Complications

Death
socioeconomic

cultural, 
environmental

factors

diet 
behavior

diet, 
diet

pattern
meal

food,
food 
group

Components
Nutrients



Issues in Intervention Study

• Study design
– Cross-over or Parallel design 

– Randomization vs. Non-randomization

– Blind

• Participants
– Illness

– Age, gender, and other factors

• Level of sodium restriction
– Compliance

– Effect

– Application

• Outcome

• Interaction

• Duration of study



Standards of Medical Care in Diabetes - 2012

• Lifestyle therapy for hypertension consists of weight loss, if 

overweight; Dietary Approaches to Stop Hypertension (DASH)-style 

dietary pattern, including reducing sodium and increasing potassium 

intake; moderation of alcohol intake; and increased physical activity. 

(B)

Although there are no well-controlled studies of diet and exercise in the 
treatment of hypertension in individuals with diabetes, the Dietary 
Approaches to Stop Hypertension (DASH) study in nondiabetic individuals 
has shown antihypertensive effects similar to pharmacologic monotherapy. 
Lifestyle therapy consists of reducing sodium intake (to <1,500 mg per day) 
and excess body weight; increasing consumption of fruits, vegetables (8–10 
servings per day), and low-fat dairy products (2–3 servings per day); 
avoiding excessive alcohol consumption (no more than two servings per 
day in men and no more than one serving per day in women)

Sacks FM et al. NEJM 2001



대한당뇨병학회 진료지침 2011

• 당뇨병성 합병증의 발생이나 진행의 지연을 위해서는 혈

당뿐만 아니라 혈압의 조절도 중요하므로 나트륨은 4000 

mg 이내로 하며 고혈압이나 신장 합병증, 심혈관계 질환

을 동반한 경우에는 2000-3000 mg (소금 5-7.5 g) 이내로

제한하는 것이 중요하다.



Future Direction

• Sodium intake status and morbidity among diabetic 

patients

• Prospective study of sodium intake or sodium 

excretion and mortality and morbidity among 

diabetic patients

• Effect of dietary modification and nutrition 

education on sodium reduction

• Effect of sodium reduction on mortality and 

morbidity of diabetic patients 

• Sodium reduction strategy

• Korean-specific guidelines

Cross-Sectional Study

Prospective Study

Intervention Study

Clinical Implication



Summary

• Research on dietary sodium intake and 

mortality and morbidity among patients 

with diabetes is sparse.

• Intervention studies in a clinical setting 

and further prospective studies of diabetic 

patients are warranted.
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