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INTRODUCTION 

Cardiometabolic disease (CMD), including cardiovascular 
disease (CVD) and diabetes mellitus (DM), is a leading cause 
of death globally that has killed approximately 38 million peo-

ple.1 In Korea, more than 45% of deaths were caused by non-
communicable diseases (NCDs).2 There is also a continuously 
increasing trend on the prevalence of cardiometabolic risks 
consisting of DM, hypertension and dyslipidemia, according 
to Korea National Health and Nutrition Examination Survey 
(KNHANES) 2012–2013.3 As such, cardiometabolic abnormali-
ties are expected to contribute more to CVDs deaths by 2030. 
Considering that CMDs can be prevented or delayed,4 identi-
fying the modifiable dietary and metabolic risk factors is im-
portant to reduce the risk of contracting the disease. 

The Global Burden of Disease (GBD) study in 2010 and 
2013 estimated the contribution of suboptimal diets and met-
abolic risk factors to chronic diseases in multiple regions,5,6 us-
ing the comparative risk assessment (CRA) method. The CRA 
is defined as the systematic evaluation of the changes in pop-
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ulation health, with result from modifying the population dis-
tribution of exposures to a desirable level of one or a group of 
risk factors.7 For example, the GBD 2013 reported that the most 
prominent dietary risks were low intake of fruit and whole 
grains and high intake of sodium, implying that the importance 
of dietary risks had increased.6 While these risk factor specific 
assessments are useful for estimating disease burden in the 
Western region, the quantitative impact of risk factors on CMD 
deaths and burdens in Asian countries is still limited. On the 
other hand, there has been increased exposure to suboptimal 
lifestyles and metabolic risk in Korea over the past decade of 
fast economic growth, ageing population and spread of west-
ern diets.8,9 In line with these sudden epidemiological and so-
ciocultural changes, a reliable estimation of the association 
between the disease and dietary and metabolic risks in Korea 
is required. This includes the necessity to characterize and es-
timate the effects of dietary risk factors on the mortality of the 
chronic disease in the Korean population. So far, studies have 
shown only the connection between health loss as a result of 
the disease, using disability-adjusted life years,8,10,11 without 
investigating the contribution of relevant risk factors.

In this study, we aimed to evaluate the contributions of di-
etary and metabolic factors to CMDs, including cardiovascu-
lar conditions, stroke, and DM in Korean people aged 25 to 64 
yrs during 2012–2013 using recent national representative 
data. Results may provide understanding of the correlation of 
CMDs to dietary risks among this population in Korea, which 
ultimately could help policymakers develop targeted inter-
ventions to improve public health.

MATERIALS AND METHODS 

To estimate burden possible causes of stroke, CVD and DM in 
Korea, we conducted population-level CRA using 7 dietary 
factors (8 factors in 2013) and 4 metabolic factors. The detailed 
methods and standardised protocol described elsewhere in 
details.5,6 

Selection of risk factors 
We selected 7 dietary factors (8 factors in 2013) and 4 metabol-
ic factors which have convincing or probable evidence for a 
causal effect on coronary heart disease, stroke, other CVDs or 
DM based from well-conducted randomized clinical trials and 
longitudinal cohort studies. Table 1 shows selected dietary 
and metabolic risks. The dietary risk factors included low in-
take of fruits, vegetables, whole grains, nuts and omega 3 fatty 
acid (in 2013 only), and high intake of processed meats, un-
processed meats (red meats) and sodium. Metabolic risk fac-
tors included high levels of fasting plasma glucose (FPG), total 
cholesterol (TC), systolic blood pressure (SBP), and body mass 
index (BMI).

Data sources
We used the KNHANES data to obtain the distributions of each 
risk factor. Relative risk (RR) for causal relationship between 
risk factors and diseases was obtained from published system-
atic reviews and meta-analyses of epidemiological studies.12,13 
We used cause-specific death number from national mortality 
surveillance report collected by Statistics Korea (KOSIS). The-
oretical minimum risk exposure distributions (TMREDs) were 
obtained from previous literature.6,12

Risk factor distribution
We used two latest KNHANES rounds (2012 and 2013) to mea-
sure population distribution of exposures (Table 1). The KN-
HANES is a nationwide cross-sectional survey conducted by a 
Ministry of Health and Welfare from 1998 to present. A nation-
ally representative sample was chosen from the Korean popu-
lation using stratified, multistage probability cluster sampling 
method that considers each participant’s geographical area, 
age, and gender. The KNHANES was approved by the Institu-
tional Review Board of the Korea Centres for Disease Control 
and Prevention. Detailed information on the KNHANES is 
available elsewhere.14 Among the participants of the KNHANES, 
we restricted analyses to those aged between 25 and 64 years 
as provided by the nutrition survey during the survey years. We 
also limited CRA analyses on the participants without missing 
data on nutrition survey and health examination. To exclude 
the effect of outliers, participants with upper or lower 3 stan-
dard deviation (SD) of mean value for risk factors were ex-
cluded. In terms of dietary risks, subjects who have rice less 
than once a day for a year using a given scale were excluded be-
cause it does not fit the common dietary pattern of Koreans. 
After exclusion, a total sample size was set at 2500 to obtain the 
distributions of risk factors.

Dietary risks
Intake levels of dietary factors were obtained from the KN-
HANES. The KNHANES includes 112 items of semi-quantita-
tive food frequency questionnaire (FFQ) data in 2012 to reflect 
how often subjects consumed a particular food over the prior 
12-month period using a 9-point scale (9=thrice a day, 8=twice 
a day, 7=once a day, 6=5–6 times per week, 5=2–4 times per week, 
4=once per week, 3=2–3 times per month, 2=once a month, 
1=less than once a month or never). Then, we calculated the 
amount of daily intake (g/day) for each food item by multiply-
ing the serving size per time (g/time) with intake frequency per 
day (time/day). The serving size of each food item was obtained 
from Korea Rural Development Administration (KRDA).15 The 
amounts of total energy (kcal) and salt intake (mg) were ob-
tained through a 1-day 24-hour recall method.16 The mean and 
SD of each dietary risk were estimated by gender, age, and 
year after adjustment for total energy intake using the residual 
method.17 
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Metabolic risks 
Data on metabolic risks were also collected from KNHANES. 
Trained experts measured anthropometry such as weight, hei-
ght, and blood pressure, following standardized protocols. 
BMI levels of each individual were calculated as weight (kg)/
height squared (m2). SBP was measured by mercury sphygmo-
manometer (Baumanometer, Copiague, NY, USA) on the right 
arm on a sitting position. Blood samples were collected through 
an antecubital vein after fasting for 10 to 12 hours. Serum lev-
els of FPG (mmol/L), and TC (mmol/L) were measured using 
a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). 

Causal effects of risk factors on disease-specific mortality 
Each risk factor was matched with the disease based on con-
vincing or probable evidences for a causal effect (Table 1). We 
obtained data on RR of mortality (or incidence) on CVDs, st-
roke, and DM per unit of risk factors from most recent publish-
ed systematic reviews and meta-analyses of epidemiological 
studies and randomized controlled trials.13 

Theoretical minimum-risk distributions 
To measure the mortality risk in all population levels of expo-
sure based on dietary and metabolic factors, we used an opti-
mal distribution of exposure as a standard, known as theoreti-
cal minimum-risk exposure distribution (Table 1). TMRED is 
an alternative exposure distribution, based on which has the 
lowest effect on mortality rate in epidemiological studies or 
the levels observed in low-exposed populations. The optimal 
levels for risk factors with protective effects were defined as 
the intake levels to which beneficial effects are observed in 
populations that posed the highest level of benefit (e.g., high 
intake of fruits, vegetables, whole grains, nuts, whole grains, 
and omega 2 fatty acid). For risk factors with harmful effects 
(e.g., high intake of processed or unprocessed meats, sodium, 
and high levels of FPG, SBP, BMI, and TC), standard level was 
selected based on exposure levels associated with the lowest 
level of harm. The TMREDs were set to zero when zero expo-
sure of risk factors led to minimum risk (e.g., processed meats).

Disease-specific deaths 
Data on disease-specific deaths by gender and age during cov-
ered years was obtained from the KOSIS, which provides na-
tional surveillance statistics in Korea. All deaths were record-
ed and assigned a code from the International Classification 
of Disease. We used mortality data attributable to CMDs as fol-
lows: DM (E10-14), ischemic heart disease (IHD; I20-25), isch-
emic stroke (ISTK; I63, I67), haemorrhage stroke (HSTK; I60-
62), aortic aneurysm and dissection (I71), hypertensive heart 
disease (I11), and rheumatic heart disease (I00-09). The ob-
tained mortality number was summed according to age and 
gender group between 2012 and 2013. 
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Statistical analyses

Estimation of death attributable to dietary intake 
We computed the proportional reduction in cause-specific 
deaths that would result from an optimal level of risk factor 
exposure known as population attributable fraction (PAF). 
The PAF for each continuous risk factor was calculated using 
following equation:

∫
m

x=0 RR(x)P(x) dx-∫
m

x=0 RR(x) P’ (x)dx

∫
m

x=0 RR(x)P(x) dx
PAF= 

Where x=the level of exposure; m=the maximum exposure 
level; P(x)=current distribution of exposure in the population; 
P’(x)=alternative levels of exposure distribution; RR(x)=the RR 
of mortality at exposure level x. We calculated the number of 
deaths from each disease attributable to causally related risk 
factors by multiplying its PAF with total cause-specific mortal-
ity. We conducted all analyses separately by gender and age 
group (25–34, 35–44, 45–54, and 55–64 yrs) in 2012 and 2013. 

Estimation of uncertainty 
We calculated the uncertainty of the attributable mortality to 
each risk factor as caused by sampling variability. The Monte 
Carlo simulation was used to quantify the uncertainty from ex-
posure data and RRs. This simulation approach combined the 
uncertainties of exposure distributions and RRs in each age-
gender group. We drew 1000 times from the exposure distribu-
tion for each age-gender group using its mean and standard 
error, assuming that each distribution to be normal. We sepa-
rately generated 1000 draws of the log-normal distribution of 

RR for each risk factor on disease outcomes. These were used 
to generate 1000 mortality estimates for each age-gender 
group. We reported 95% of uncertainty intervals (UIs) based 
on resulting distributions of 1000 estimated attributable deaths. 
Analysis was conducted using Stata (StataCorp LLC, College 
Station, TX, USA) and R v.3.2.2 (http://www.R-project.org).

RESULTS

Distribution of dietary and metabolic risks in Korea 
2012–2013
Beneficial dietary risk factors, namely the consumption of 
fruits, vegetables and nuts, slightly decreased in Korean adults 
aged 25–64 yrs in 2013 than in 2012 (Table 2). On the other 
hand, the intake of harmful dietary factors such as processed 
and unprocessed meats increased, while that of sodium de-
creased during the same period (Table 2). Overall, women con-
sumed more beneficial food and less of harmful food than 
men. In 2013, men had lower amount of omega 3 fatty acid 
than women. The intake of fruits, vegetables and nuts was rel-
atively higher in older group whereas that of meats was lower in 
those groups when compared with the 25–34 years old group 
(data not shown). The distribution of metabolic risk factors 
showed no significant changes between 2012 and 2013. There 
were also no remarkable differences in metabolic risk factors 
between men and women, while women had lower blood 
pressure than men.

Deaths from stroke, CVD, and DM in Korea
The number of deaths due to stroke, CVD and DM is presented 

Table 2. Distribution of Risk Factors in Korea 2012–2013

Risk factors
Yr*

2012 2013
Total Men Women Total Men Women

Dietary risk
Intake of fruits (g/day)† 90.6±2.1 76.4±2.5 105.3±3.2 88.0±2.0 75.4±2.4 103.2±3.3
Intake of vegetables (g/day)‡ 97.0±1.8 91.6±2.3 102.6±2.8 94.0±1.7 89.0±2.2 99.9±2.7
Intake of whole grains (g/day) 7.4±0.2 7.8±0.3 7.1±0.3 7.7±0.2 7.6±0.2 7.7±0.3
Intake of processed meats (g/day) 0.52±0.03 0.52±0.04 0.52±0.05 0.75±0.04 0.84±0.05 0.64±0.04
Intake of unprocessed meats (g/day) 32.9±0.7 35.4±1.0 30.2±1.0 37.2±0.7 39.4±1.0 34.5±1.0
Intake of sodium (mg/day) 4893.0±52.5 4914.5±67.4 4870.9±80.8 4075.9±39.7 4161.3±50.6 3978.0±62.3
Intake of nuts (g/day) 0.44±0.03 0.54±0.04 0.34±0.03 0.37±0.02 0.44±0.03 0.28±0.03
Intake of seafood ω-3 fats (mg/day)§ - - - 5.48±0.07 5.46±0.09 5.51±0.10

Metabolic risk
Fasting plasma glucose (mmol/L) 5.32±0.01 5.48±0.02 5.22±0.02 5.37±0.01 5.51±0.02 5.26±0.02
Total cholesterol (mmol/L) 4.89±0.01 4.88±0.02 4.90±0.02 4.86±0.01 4.85±0.02 4.87±0.02
Systolic blood pressure (mm Hg) 116.4±0.2 119.7±0.3 114.0±0.3 115.1±0.2 118.6±0.3 112.4±0.3
Body mass index (kg/m2) 23.7±0.1 24.3±0.1 23.3±0.1 23.7±0.1 24.5±0.1 23.2±0.1

KNHANES, Korea National Health and Nutrition Examination Survey.
*Values were expressed as mean±standard error, †Fruit juice was excluded from fruit intake, ‡Vegetables excluded salted or pickled vegetable, as well as Kore-
an cabbage since most of them are preserved form, §Fat intake was investigated only in KNHANES 2013.
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in Supplementary Table 1 (only online). Total number of CMD 
deaths slightly decreased in 2013 compared to that in 2012 
(8381 to 7954). During the two-year period, CMD resulted into 
12258 deaths among men (38% of CMD deaths due to IHD, 
26% HSTK, 25% DM, 8% ISTK, and 3% other CVDs) and 4106 
deaths among women (43% of CMD death due to HSTK, 25% 
DM, 20% IHD, 9% ISTK, and 4% other CVDs). There was lower 
CMD mortality in women than men. Men aged more than 35 
years old had twice higher mortality from CMDs than women 
in the same age group. 

Stroke, CVD, and DM mortality attributable to 
metabolic risk by age and gender
Fig. 1 shows that high BMI was the leading cause of CMD death 
(5628 deaths; UIs: 5473–5781), followed by high blood pres-
sure (4202 deaths; UIs: 3992–4410) in 2012 and 2013. High lev-
els of TC and FPG were responsible for more than a thousand 
deaths from CMDs in each year. Metabolic risks were respon-
sible for higher mortality from CMDs among men than wom-
en. The younger population were affected more by risk of high 
BMI and TC levels, while their older counterparts were seen 
more affected by risk of high SBP and FPG levels.
 

Stroke, CVD, and DM mortality attributable to dietary 
risk by age and gender
Low intakes of fruits and whole grains were the leading cause 
of CMD death in 2012 and 2013. A total of 4107 deaths (UIs: 
3275–4870) and 3886 deaths (UIs: 3227–4508) were attributed 
to low intake of fruits and whole grains intake, respectively. 
They were followed by risk of low intake of vegetables and nuts 
(Table 3 and 4). Among harmful dietary factors, high consump-
tion of sodium was responsible for the highest number of CMD 
deaths during the same two-year period. In 2013, low intakes 
of omega 3 fatty acids accounted for approx. 1200 deaths due 
to IHD (Table 4). Meanwhile, high consumption of meat sh-

owed minimal effect on CMD mortality in Koreans. Men sh-
owed higher mortality from dietary risk than women. The PAFs 
for each dietary risk were higher among the younger popula-
tion (data not shown).

DISCUSSION

In this study, we comprehensively evaluated the contribution 
of dietary and metabolic risks to CMDs in the Korean popula-
tion aged 25 to 64 yrs using the CRA framework. Using 2012 
and 2013 data, results showed that high BMI was found to be 
the leading contributor to CMD mortality among Koreans. In 
addition, among individual dietary factors, low intake of fruits 
and whole grains along with high intake of sodium were re-
sponsible for most Korean CMD deaths. 

In line with previous findings,5,6 results in the present study 
showed that high BMI, followed by high SBP, also resulted into 
most number of CMD deaths in Korea. The risk of high BMI-
related metabolic abnormalities has been increasing globally.18 
In this study, nearly 45% of DM deaths and 20% of IHD deaths 
were attributable to obesity. This could be partly explained by 
nutritional transition Korea underwent through the years that 
saw the adoption of more Western diet characterized by high 
sugars and mainly animal-based, accompanied by a decline 
on physical activity, an increase of energy intake, and conse-
quently, a rise of body weight.8,9,19 Alternatively, this could be 
partly attributed to the sample population used in the study 
which restricted its evaluation to persons younger than 65 years 
old due to limited data availability. It should be noted that 
there is a high prevalence of hypertension among the elderly. 
In contrast, only a small number of CMD deaths were attrib-
uted to high levels of FPG and TC. Results suggest the need for 
adoption and implementation of effective interventions to re-
duce cases of metabolic risk factors.

Fig. 1. Deaths attributable to total effects of individual risk factors, by disease and years. Data are shown for gender and age groups (25–64 yrs) combined. 
See Tables 3 and 4 for actual number of deaths and 95% UIs. The number of death attributable to individual risks cannot be added. HSTK, haemorrhagic 
stroke; ISTK, ischemic stroke; TSTK, total strokes; IHD, ischemic heart disease; DM, diabetes mellitus; WG, whole grains; FA, fatty acid; SBP, systolic 
blood pressure; BMI, body mass index; TC, total cholesterol; FPG, fasting plasma glucose; UIs, uncertainty intervals.
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Diet quality has a major impact on the prevention and man-
agement of NCDs.20 According to GBD 2010, dietary risk fac-
tors and physical inactivity collectively caused 10% of the dis-
ease deaths.5 Of the individual dietary factors, the largest at-
tributable burden in GBD 2010 was associated with diets low 
in fruits, vegetables, nuts, seeds and seafood-derived omega-3 
fatty acids and those high in sodium, processed meats and tr-
ans-fat.5 These dietary risks have been generally known as con-
vincing and probable factors for NCDs such as cancers, CVD 
and DM in various well-designed randomised trials and ob-
servational studies.21 Moreover, Danaei, et al.4 suggested that 
high dietary sodium, low dietary omega-3 fatty acids, and high 
trans-fat contribute to majority of deaths in the US. Similar to 
previous GBD studies,5,6 suboptimal consumption of fruits and 
whole grains and high intake of sodium accounted for large 
proportion of CMD deaths among Koreans. Increased intake 
of fruits has been reported to be associated with reduced risk 
of CVD in many epidemiological studies.22,23 Globally, intake 
of low fruit and vegetables is responsible for 2.6 million deaths 
or 31% of CVDs event/deaths.24,25 Previous observational stud-
ies showed that an increase of 150 g of fruit and vegetable con-
sumption per day was associated with a 30% reduction in CHD 
risk.26 Kim, et al.27 reported that dietary fruits and fresh vegeta-
bles were significantly associated with inverse trend of blood 
pressure in the Korean population. Also, dietary whole grains 
have been reported to be inversely associated with CVD and 
risk factors through well-established meta-analysis;28 higher 
intake of whole grains could lower the risk of cardiovascular 
events by 29%. An intervention study in Korea showed that re-
placing refined rice with whole grain in a meal was associated 
with reduced risk of coronary artery disease and DM.29 In the 
present study, we found that average consumption of fruit and 
whole grain was much lower than TMRED, which requires ac-
tive intervention at national level, whereas the contribution of 
high intake of sodium to CMDs was seen reduced, but still high 
in 2012 and 2013. Koreans are known as one of the highest so-
dium consumers in the world, consequently having the high-
est mortality from cancer and CVD associated with salt con-
sumption.30,31 Along with global call for salt reduction, there 
have also been nutritional policies put in place in Korea to re-
duce sodium, including one as part of the “National Nutrition 
Care/Management in Korea,” program since 2005.32 Therefore, 
average sodium intake decreased from 4516.9 mg in 1998 to 
4027.5 mg in 2013, according to Korea Health Statistics.3 This, 
in effect, lowered also CVD deaths as a result of reduced salt 
consumption, implying the importance of intervention on di-
etary risks management. 

Of special interest is the observation that the CMD mortality 
attributable to processed and unprocessed meat was remark-
ably lower than other countries.33 Recent evidence from the sys-
tematic review and meta-analysis suggests that increasing con-
sumption of red meat, especially processed, may have adverse 
health effects.34,35 These negative effects do not come only from Ta
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highly contained saturate fatty acid (SFA) and cholesterol, but 
also from the processing itself to change the taste or extend the 
food’s shelf life through curing, smoking, salting or adding pre-
servatives. Our results were in line with expectations of an in-
verse association of meat with cardiovascular mortality in East 
Asian population, but one which requires further confirmation. 
Even though there is an increase in meat consumption, Kore-
ans are still at the moderate level when compared with global 
average (unprocessed red meat: 41.8 g/day and processed 
meat: 13.7 g/day).36 Results suggest that reasonable and moder-
ate unprocessed red meat intake, despite its SFA and choles-
terol content, is an important animal protein source and con-
tributes to essential micronutrient requirements.37 Interestingly, 
previous studies on the Korean population indicated that meat 
and vegetable-rich dietary pattern in adults are associated with 
lower incidence of metabolic syndrome.38 The differences in 
dietary pattern can lead to different effect of meat among Ko-
reans and also emphasizing it’s importance at the national 
level as far as CMD mortality is concerned. Further observa-
tional and intervention studies on different roles of meat in 
this population are required.

On the other hand, this study also showed specific effects of 
dietary and metabolic risks depending on age and gender. 
Among Koreans, male and younger population were more like-
ly to have harmful dietary lifestyles than female and older pop-
ulation. Deaths from CMD in middle-aged people were seen 
most affected by high levels of blood pressure, while those 
among the young were noticed to be predominantly affected 
by obesity. These results draw attention to the importance of 
age- and gender- specific nutrition intervention and health ma-
nagement to prevent CMD mortality. 

The present analysis has several strengths. Our present study 
is the most detailed analysis of the burden of CMD cases in Ko-
reans, with focus on nation-specific dietary and metabolic 
risk factors that could lead to CMD deaths. We used nationally 
representative data for risk factors, and cause-specific mortali-
ty. Furthermore, we used most recent RR for risk factor-CMD 
relationships. We also examined uncertainty in the current 
distribution of risk factors, effect of risk factors on CMDs, and 
cause-specific mortality by age and gender. However, poten-
tial limitations should also be considered. First, distribution of 
risk factors was estimated from a restricted sample population 
aged 24 to 64 yrs, because of unavailability of nutrition survey 
data, in spite of the fact that the elderly aged >65 yrs are more 
likely to have higher mortality than their younger counterparts. 
Thus, overall effect of risk factors is biased towards this young-
er population, possibly lowering the impact on our estimated 
burdens of deaths. Second, even though KNHANES provides 
data on semi-quantitative amount of dietary intake from 2012, 
it estimated food consumption within categories rather than 
the exact amount. Aggregation based on food items using semi-
quantitative data was not possible since food items in semi-
quantitative FFQ were investigated with different units between Ta
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items. Therefore, we imputed intake amount data using portion 
size with unified unit (g/day) using KRDA guideline. There-
fore, there is a possibility of over- or under estimation of intake 
amounts, comparing to actual intake amount of each dietary 
factors. Third, whereas effects of risk factors on CMDs have 
been confirmed by previous studies, there is a possibility of re-
sidual confounding. Nevertheless, the current RR represented 
the best available evidence for the effects of risk factors on 
CMDs. Fourth, we used RR and TMRED from mixed popula-
tion such as Western and Asian population. There is, there-
fore, a possibility that estimates of attributable burden could 
not be clearly assessed. However, previous studies indicated 
that RR and TMRED might vary but there was insufficient evi-
dence to identify significant differences in those between pop-
ulations.39 Furthermore, the use of RRs pooled from internation-
al meta-analysis studies strengthened the generality of current 
study and contributed to generating estimates for disease bur-
dens in Korea comparable to those from other countries.

In conclusion, using a CRA model, we confirmed that both 
metabolic and dietary risk factors contributed to CMD mortali-
ty in Korean adults aged 24–64 yrs during 2012–2013. Along 
with continuous socio-economic and health changes in Ko-
rea, the present findings highlight the need for a national effort 
and intervention to reduce dietary and metabolic risks through 
evidence-based surveillance system. Our results can serve as 
bases to develop targeted intervention programs or guidelines 
to improve public health, not just by reducing consumption of 
harmful food, but also by encouraging people to eat healthy 
foods and observe good lifestyles to help prevent CMD deaths. 
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