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Abstract
Results from studies investigating the association between coffee consumption and the metabolic syndrome in Koreans have been inconsistent
and remain controversial. We examined coffee intake in relation to the metabolic syndrome using data from the Korea National Health and
Nutrition Examination Survey 2012–2015, with 8387 adults aged 19–64 years. Furthermore, we conducted a stratified analysis by obesity status
(BMI <25 v. ≥25 kg/m2) to examine whether the association varied by obesity status. A 112-item FFQ was used to assess diet. Multivariable
logistic regression models were used to determine the association of coffee consumption (<1, 1–2, 3–4 and ≥5 times/d) and the metabolic
syndrome. Compared to people who consumed <1 time/d of coffee, the OR for the metabolic syndrome in those who consumed 3–4 times/d
of coffee was 0·75 (95% CI 0·58, 0·97). However, ≥5 times/d of coffee consumption was not significantly associated with the metabolic
syndrome. By obesity status, in non-obese people, those consuming more coffee had lower odds of the metabolic syndrome, showing a
significant linear trend (P-trend= 0·0248). In obese people, the OR for the metabolic syndrome in people with 3–4 times/d of coffee
consumption v. <1 time/d was 0·68 (95% CI 0·50, 0·93), but ≥5 times/d of coffee consumption showed a non-significant positive association.
Our findings suggest that moderate coffee consumption of 3–4 times/d is inversely associated with the metabolic syndrome in Korean adults.
The association between heavy coffee consumption of ≥5 times/d and the metabolic syndrome varied by obesity status.
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The metabolic syndrome is defined as a cluster of metabolic
disturbances, including abdominal obesity, dyslipidaemia (high
TAG levels, low HDL-cholesterol), hyperglycaemia, and high
blood pressure, which have been considered as risk factors of
CVD and type 2 diabetes(1). The metabolic syndrome was
positively associated with the risk of common cancers such as
colorectal and breast cancer(2) as well as CVD(3,4) and
diabetes(3). The increasing trends in the prevalence of the
metabolic syndrome are evident over recent decades world-
wide(5), and especially in Korea, the metabolic syndrome has
emerged as an important public health issue, because the pre-
valence of the metabolic syndrome has increased significantly
in Korean adults recently(6). Dietary habits such as high red
meat or soft drink consumption were considered as major risk
factors of the metabolic syndrome along with several lifestyle
factors including smoking, alcohol consumption and physical
activity(1,7,8), and several meta-analyses examined the associa-
tion between food intake and the metabolic syndrome(7–11).
Coffee is one of the most consumed beverages throughout

the world. Recently, increasing epidemiological studies inves-
tigated the association between coffee consumption and the

metabolic syndrome, and suggested the possible beneficial
effects of coffee(10,12). However, studies targeting the Korean
population have shown conflicting results on this topic recently.
One study suggested protective effects of coffee consumption
on the metabolic syndrome in women(13), while another study
reported that high coffee intake may increase the risk of the
metabolic syndrome(14). The other study did not find a sig-
nificant association between coffee consumption and the
metabolic syndrome in Korean adults(15). As the average fre-
quency of coffee consumption among Korean adults is high as
11·3 times per week recently(16), it is important to examine the
association between coffee consumption and the metabolic
syndrome in Korean adults. Furthermore, some of the coffee
drinkers put additives such as sugar and cream in coffee, and
especially in Korea, relatively high percentages of coffee drin-
kers consume coffee with sugar and cream(17,18). Coffee addi-
tives such as sugar and cream may increase the risk of
obesity(19,20), and there were some studies which reported that
the positive association between intakes of added sugars and
the metabolic syndrome was more evident in obese people,
compared to non-obese people(21,22). To our knowledge, there
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were few studies which investigated the relationship between
coffee consumption and the metabolic syndrome in subjects
stratified by obesity status.
Therefore, we aimed to assess the prevalence of the meta-

bolic syndrome according to coffee consumption in general
Korean population using data from nationally representative
surveys in this study. In addition, we conducted a stratified
analysis by obesity status to examine whether the association
between coffee and the metabolic syndrome differs according
to obesity status. We hypothesised that moderate coffee con-
sumption was inversely associated with the metabolic syn-
drome and the association varied by obesity status.

Methods

Study population

The present study was based on data from the Korea National
Health and Nutrition Examination Survey (KNHANES), which
was released by Korea Centers for Disease Control and Pre-
vention under Korean Ministry of Health and Welfare. The
KNHANES is the nationally representative cross-sectional sur-
vey of the South Korean population(23). The KNHANES has
been conducted annually to gather information on health rela-
ted behaviours, health conditions, and nutritional states of
Koreans through three surveys including a health interview, a
health examination, and a nutrition survey. The KNHANES used
a clustered, multistage, stratified and probability sampling
design based on age-groups, sex and geographical region to
represent the non-institutionalised civilian South Korean
population. More details of the data-collection/physical exam-
ination method of KNHANES have been previously reported(23).
We collected data from 2012 (n 8058), 2013 (n 8018), 2014
(n 7550) and 2015 (n 7380), which summed up to a total of
31 006 participants. Among the participants, 26 263 subjects
who completed the health interview, health examination and
nutrition survey were included. Then, we sequentially excluded
the following individuals who were not eligible for this study:
11 459 subjects with age of <19 or ≥65 years who did not report
dietary intakes using the FFQ; 3509 subjects with a self-reported
diagnosis of diabetes, hypertension, dyslipidaemia, myocardial
infarction, stroke or cancer, or were taking medications to treat
diabetes, dyslipidaemia or hypertension; ninety-six subjects
who were pregnant; 678 subjects who had missing responses
on HDL-cholesterol, TAG, fasting serum glucose, and systolic
and diastolic blood pressure; ninety-seven subjects with no
fasting status (<8 h) at blood test; 859 subjects who had extreme
energy intake (≤2093 or >25113 kJ/d); subjects with missing
information on moderate or vigorous physical activity (n 182)
and alcohol consumption (n 996). In summary, the final ana-
lysis included 8387 subjects (2275 from 2012, 2233 from 2013,
1962 from 2014 and 1917 from 2015) including 3359 men and
5028 women. A flow diagram of the selection for study popu-
lation is shown in online Supplementary Fig. S1. Each partici-
pant in the survey submitted informed consent and the
Institutional Review Board of Korea Centers for Disease Control
and Prevention provided formal ethics approval for the

KNHANES data sets (IRB no. 2012-01EXP-01-2C, 2013-07CON-03-4C,
2013-12EXP-03-5C, 2015-01-02-6C).

Dietary assessment

Coffee consumption was collected using the 112-item dish-based
FFQ of KNHANES. The reproducibility and validity of the FFQ
have already been evaluated through 3-d diet records else-
where(24). Subjects were asked to select from nine categories of
coffee consumption frequency over the last year, ranging from
‘almost never’ to ‘3 times per day’. The amount of the coffee
additives such as cream and sugar was also collected. We con-
sidered the intakes of other food groups including green tea,
soda, red meat, white meat, vegetables, fruit, fish, dairy products,
nuts and whole grains as potential confounding variables. The
serving size were composed of three categories (a half of, equal
to, and 1·5 or 2 times of a standard serving size). The details of
food groups are presented in online Supplementary Table S1.

Assessment of the metabolic syndrome

Waist circumference was measured by trained researchers to
the nearest 0·1 cm as the abdominal girth midway between the
iliac crest and the lowest rib with each subject’s weight dis-
tributed evenly on both feet at the end of a normal expiration.
Health professionals measured blood pressure three times after
subjects had rested for 5min in a sitting posture. The average of
the last two readings for systolic blood pressure and diastolic
blood pressure was used for analysis. The serum levels of
glucose, TAG, and cholesterol were measured enzymatically
using a Hitachi automatic analyzer 7600 (Hitachi) in 2012 and
COBAS 8000 C702 (Roche) in 2013, 2014 and 2015 at the
Neodin Medical Institute in Korea. The definition of the meta-
bolic syndrome came from the harmonising criteria by Alberti
et al.(3). Participants have been considered to have the meta-
bolic syndrome when they have at least three of the following
criteria: (1) abdominal obesity (waist circumference ≥90 cm for
men and ≥80 cm for women); (2) low HDL-cholesterol (HDL-
cholesterol <1·0mmol/l for men and <1·3mmol/l for women);
(3) hypertriacylglycerolaemia (TAG ≥1·7mmol/l); (4) hypergly-
caemia (fasting plasma glucose ≥5·6mmol/l) and (5) elevated
blood pressure (systolic blood pressure/diastolic blood pres-
sure ≥130/85mmHg).

Demographic and lifestyle factors

The demographic factors including age, sex and socioeconomic
status were obtained using a self-administered questionnaire.
Education level was categorised into ‘elementary school or
lower’, ‘middle or high school’ and ‘college or higher’, and
household income was divided into ‘lowest’, ‘lower middle’,
‘upper middle’ and ‘highest’. The behavioural information
including alcohol consumption, physical activity and smoking
status was also self-reported. The frequency and the amount of
alcohol drinking yearly were collected, and we evaluated the
weekly servings of alcoholic beverages via multiplying the fre-
quency of alcohol drinking by the amount of alcoholic beverage.
Alcohol consumption was categorised into <1, 1–2 and ≥3
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servings/d. Physical activity was assessed by the practice of
aerobic activities. Participants who have ≥75min/week of vig-
orous activity, ≥150min/week of moderate activity or ≥150min/
week of a combination of moderate and vigorous activity (1min
of vigorous activity was considered equal to 2min of moderate
activity) were considered physically active. Smoking status was
classified as current smoker, non-smoker and ex-smoker.

Statistical analysis

Coffee consumption frequency was divided into four categories
(<1, 1–2, 3–4 and ≥5 times/d). The age-standardised prevalence
and mean of demographic factors and food intakes were esti-
mated in each coffee consumption category using the PROC
SURVEYLOGISTIC and PROC SURVEYREG (SAS Institute, Cary,
NC, USA) procedures considering the clustering sampling design
of the survey. We used the PROC SURVEYLOGISTIC procedure
to assess the association between coffee consumption and end-
points (the metabolic syndrome and each component of the
metabolic syndrome). We applied a sample weighting in the
analysis using WEIGHT code in the PROC SURVEY procedure.
We developed two different models which adjusted for various
confounders. Model 1 adjusted for age (continuous), sex, BMI
(kg/m2, continuous), total energy intake (kcal, continuous),
household income (lowest, lower middle, upper middle and
highest), education (elementary school or lower, middle or high
school and college or higher), alcohol consumption (<1, 1–2 and
≥3 servings/d), smoking (non-smoker, ex-smoker and current
smoker), physical activity (inactive and active) and survey year
(2012, 2013, 2014 and 2015). Model 2 further adjusted for sleep
duration (<6, 6–<8 and ≥8h/d) and several dietary factors such
as soda, green tea, red meat, white meat, vegetables, fruit, fish,
dairy products, legumes, nuts and whole grains (continuous,
servings/week). When we chose covariates for multivariable
models, we referred the results of analysis for characteristics of
study subjects by coffee consumption and previous literature
using the KNHANES data(25,26) or reporting the association
between food consumption and the metabolic syndrome(27,28).
The PROC SURVEYLOGISTIC procedure was used to examine a
linear trend across coffee consumption categories by using the
median value within each exposure category. We conducted the
stratified analysis by obesity status (BMI <25 v. ≥25 kg/m2). All
statistical analyses were performed with SAS software (version
9.4; SAS Institute). A two-tailed P value <0·05 was considered to
be statistically significant.

Results

Baseline characteristics

The basic characteristics of the participants by the coffee con-
sumption are shown in Table 1. People in the highest category
of coffee consumption (≥5 times/d) were more likely to be
older and men, and to have higher BMI and education level,
and shorter sleep hours, compared with those in the lowest
category (<1 time/d). Participants who consumed more coffee
had higher alcohol consumption and energy intake, and were
more likely to be current smokers. Frequent coffee consumers

tended to consume more coffee additives such as cream and
sugar. Coffee consumption was inversely associated with the
intakes of fruit, whole grain and dairy products.

Table 2 shows the characteristics of study subjects stratified
by obesity status. Subjects with BMI ≥25 kg/m2 were more
likely to be older, men, current smokers, and physically active,
and to have higher alcohol consumption and lower education
level, family incomes, and sleep hours than those with BMI
<25 kg/m2. Food consumption including coffee was mostly
higher in obese people than non-obese people, except for fruit.

Coffee consumption and the metabolic syndrome

The results of multivariable analysis on the association between
coffee consumption and the metabolic syndrome were pre-
sented in Table 3. After the multivariable adjustment including
other dietary intakes in model 2, participants who consumed
3–4 times/d of coffee had 25% lower odds of having the
metabolic syndrome compared with those who consumed
<1 time/d of coffee (OR= 0·75, 95% CI 0·58, 0·97). There was
no significant difference in the odds of the metabolic syndrome
for five or more times per day v. <1 time/d (OR= 0·90, 95% CI
0·64, 1·25). Regarding the components of the metabolic syn-
drome, participants who consumed five or more times per day
of coffee had 1·36 times higher odds of having low HDL-
cholesterol than those who consumed <1 time/d of coffee
(OR= 1·36, 95% CI 1·04, 1·77). Although all the individual OR
were not significant, a significant inverse linear trend was found
for the hyperglycaemia (P-trend= 0·0416).

To further evaluate the association of coffee consumption
and the metabolic syndrome, we conducted a stratified analysis
by obesity status (Table 4). In non-obese people, five or more
times per day of coffee consumption was inversely associated
with the metabolic syndrome (OR= 0·47, 95% CI 0·24, 0·90),
and a significant inverse linear trend was also found
(P-trend= 0·0248). For obese people, those consuming 3–4
times/d of coffee had 32% lower odds of having the metabolic
syndrome than subjects consuming <1 time/d of coffee (OR=
0·68, 95% CI 0·50, 0·93), but five or more times per day of
coffee consumption showed a non-significant positive associa-
tion. When we further adjusted for intake of coffee additives
including sugar and cream, the association was slightly stronger
among obese people consuming 3–4 times/d of coffee
(OR= 0·64, 95% CI 0·44, 0·91, data not shown).

Discussion

In the present study from nationally representative survey data,
we found that moderate coffee consumption was inversely
associated with the metabolic syndrome. People with 3–4
times/d of coffee had 25% lower odds of having the metabolic
syndrome compared with those with <1 time/d of coffee. In all,
five or more times per day of coffee consumption, however, did
not show a significant association for the metabolic syndrome.
By obesity status, significantly lower odds of having the meta-
bolic syndrome with 3–4 times/d of coffee consumption was
also found among obese individuals and showed a non-
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Table 1. Characteristics of the study subjects according to coffee consumption
(Mean values with their standard errors)

Coffee consumption

<1 time/d 1–2 times/d 3–4 times/d ≥5 times/d

Mean SE Mean SE Mean SE Mean SE P*

n 2804 3609 1488 486
Age† (years) 33·5 0·3 39·5 0·2 42·7 0·3 41·1 0·5 <0·0001
Male (%) 48·1 1·1 44·5 0·9 63·5 1·4 80·0 1·9 <0·0001
Energy intake‡ (kcal/d) 2124·6 18·7 2165·0 16·7 2324·9 24·4 2695·3 45·7 <0·0001
BMI‡ (kg/m2) 23·3 0·1 23·2 0·1 23·7 0·1 24·1 0·2 <0·0001
High physical activity§|| (%) 50·5 1·2 49·4 1·1 49·1 1·5 45·5 2·5 0·3295
Alcohol, ≥1 drink/d|| (%) 24·3 1·0 24·3 0·9 30·3 1·4 40·4 2·5 <0·0001
High education¶|| (%) 38·3 1·2 50·5 1·1 46·8 1·7 43·8 2·7 <0·0001
Currently smoking|| (%) 16·9 0·9 21·7 0·9 40·6 1·5 67·0 2·4 <0·0001
Highest income quartile|| (%) 34·3 1·2 37·3 1·2 34·7 1·6 34·2 2·6 0·1351
Sleep duration, ≥8 h/d|| (%) 31·7 1·1 28·4 0·9 25·8 1·4 29·0 2·5 0·0105
Coffee additives
Cream (teaspoons/d)‡ 0·2 0·01 1·0 0·02 2·5 0·05 5·5 0·21 <0·0001
Sugar (teaspoons/d)‡ 0·2 0·01 1·2 0·02 2·7 0·05 5·8 0·21 <0·0001

Dietary intake
Vegetables‡ (servings/week) 17·06 0·29 17·67 0·27 17·83 0·41 19·67 0·75 <0·0001
Fruit‡ (servings/week) 9·58 0·20 9·13 0·16 8·23 0·23 8·29 0·38 <0·0001
Legumes‡ (servings/week) 4·56 0·10 4·50 0·08 4·52 0·13 4·78 0·21 <0·0001
Whole grains‡ (servings/week) 8·25 0·15 7·46 0·13 6·78 0·20 5·63 0·36 <0·0001
Red meat‡ (servings/week) 4·50 0·09 4·98 0·09 5·55 0·12 6·96 0·31 <0·0001
White meat‡ (servings/week) 1·94 0·05 1·99 0·04 2·08 0·06 2·40 0·13 <0·0001
Fish‡ (servings/week) 4·02 0·13 4·08 0·12 4·11 0·17 4·67 0·33 <0·0001
Dairy products‡ (servings/week) 5·43 0·16 5·34 0·11 4·87 0·17 4·76 0·27 <0·0001
Nuts‡ (servings/week) 0·62 0·03 0·58 0·03 0·57 0·04 0·53 0·07 <0·0001
Soda‡ (cups/week) 1·17 0·05 1·30 0·06 1·28 0·06 1·87 0·18 <0·0001
Green tea‡ (cups/week) 0·99 0·08 1·17 0·06 1·41 0·12 1·30 0·22 0·0158

* P-values were derived from the χ2 test for categorical variables and a regression model using PROC SURVEYREG procedure for a continuous variable.
† Values are means.
‡ Values are age-standardised means.
§ High physical activity was defined as 150min/week of moderate activity, ≥75min/week of vigorous activity or ≥150min/week of a combination of moderate and vigorous activity.
|| Values are age-standardised prevalences.
¶ College education or higher.
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significant positive association with five or more times per day
of coffee. On the other hand, in non-obese people, those
consuming more coffee had lower odds of the metabolic syn-
drome, showing a significant linear trend.
The recent dose–response meta-analysis including thirteen

observational studies showed that the risk of the metabolic
syndrome decreased with the increase of coffee consumption,
but the observed inverse association was attenuated from
5 cups/d of coffee consumption(9). This non-linear relationship
was also found for other health outcomes besides the metabolic
syndrome. Another meta-analysis of thirty-six prospective
studies observed a non-linear association between coffee intake
and risk of CVD, showing the largest risk reduction at 3–5 cups/d
of coffee consumption(29). For all-cause mortality, the largest
decrease was found at 3–4 cups/d of coffee consumption(30) or
at 2–4 cups/d of coffee consumption(31) from two separate
meta-analyses, suggesting that heavy coffee consumption is not
associated with further decrease in risk of total mortality com-
pared with moderate coffee consumption. These findings are
similar to our results in that they suggested the greater protec-
tive effect of coffee consumption at a certain level of intake.
There is consistent evidence that coffee consumption is
generally associated with a number of health outcomes in a
J-shaped manner(32). Regarding components of the metabolic

syndrome, we observed that high coffee consumption was
associated with lower HDL-cholesterol and fasting plasma glu-
cose levels. A previous study from Korean adults reported that
instant coffee consumers had a 19% higher prevalence of low
HDL-cholesterol than non-consumers(14). The results from Italy
found that people consuming more coffee had lower fasting
plasma glucose levels(33).

There are several possible mechanisms which suggested that
coffee might reduce the metabolic syndrome. Oxidative stress is
related to the development of metabolic disorders and chronic
inflammation. Coffee contains strong antioxidant components
such as chlorogenic acid or melanoidins. Chlorogenic acid may
reduce plasma glucose levels, hepatic glucose production, and
fatty acid synthesis by inhibiting the glucose-6-phosphate
translocase and activating AMP-activated protein kinase(34,35).
Also chlorogenic acid has anti-hypertensive effects through
increasing nitric oxide–mediated vasodilation and ameliorating
endothelial function(36), and exhibits anti-obesity property by
elevating adiponectin levels(37). Melanoidins, which were pro-
duced during the roasting of coffee beans, may reduce blood
pressure and chronic inflammation by inhibiting the
angiotensin-I converting enzyme and increasing of anti-
inflammatory mediators(38). However, further studies examin-
ing the association between coffee consumption and the

Table 2. Characteristics of the study subjects according to obesity status
(Mean values with their standard errors)

Obesity status

BMI <25 kg/m2 BMI ≥25 kg/m2

Mean SE Mean SE P*

n 6112 2275
Age† (years) 37·5 0·2 39·4 0·3 <0·0001
Male (%) 46·1 0·7 65·0 1·1 <0·0001
Energy intake‡ (kcal/d) 2153·2 12·7 2365·5 22·5 <0·0001
BMI‡ (kg/m2) 21·7 0·0 27·7 0·1 <0·0001
High physical activity§|| (%) 48·3 0·8 52·4 1·3 0·0046
Alcohol, ≥1 drink/d|| (%) 22·7 0·6 35·8 1·2 <0·0001
High education¶|| (%) 46·1 0·9 42·6 1·3 0·0137
Currently smoking|| (%) 22·8 0·7 35·0 1·2 <0·0001
Highest income quartile|| (%) 36·9 1·1 32·3 1·4 0·0026
Sleep duration, ≥8 h/d|| (%) 29·9 0·7 27·2 1·1 0·0364
Coffee (times/d)‡ 1·6 0·03 1·8 0·04 <0·0001
Cream (teaspoons/d)‡ 1·2 0·03 1·4 0·05 <0·0001
Sugar (teaspoons/d)‡ 1·3 0·03 1·5 0·05 <0·0001
Dietary intake

Vegetables‡ (servings/week) 17·11 0·19 18·90 0·38 <0·0001
Fruits‡ (servings/week) 9·15 0·13 8·88 0·21 0·0432
Legumes‡ (servings/week) 4·45 0·06 4·77 0·11 <0·0001
Whole grains‡ (servings/week) 7·51 0·11 7·48 0·16 <0·0001
Red meat‡ (servings/week) 4·86 0·07 5·51 0·12 <0·0001
White meat‡ (servings/week) 1·96 0·03 2·15 0·06 <0·0001
Fish‡ (servings/week) 4·04 0·09 4·26 0·14 <0·0001
Dairy products‡ (servings/week) 5·23 0·10 5·31 0·15 <0·0001
Nuts‡ (servings/week) 0·58 0·02 0·62 0·03 <0·0001
Soda‡ (cups/week) 1·17 0·04 1·57 0·08 <0·0001
Green tea‡ (cups/week) 1·10 0·05 1·32 0·09 0·0631

* P-values were derived from the χ2 test for categorical variables and a regression model using the PROC SURVEYREG procedure for a continuous variable.
† Values are means.
‡ Values are age-standardised means.
§ High physical activity was defined as 150min/week of moderate activity, ≥75min/week of vigorous activity or ≥150min/week of a combination of moderate and

vigorous activity.
|| Values are age-standardised prevalences.
¶ College education or higher.
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Table 3. Multivariable adjusted risk for the metabolic syndrome and its individual components
(Odds ratios and 95% confidence intervals)

Coffee consumption <1 time/d 1–2 times/d 3–4 times/d ≥5 times/d

OR 95% CI OR 95% CI OR 95% CI OR 95% CI P-trend*

No. of subjects 2804 3609 1488 486
Metabolic syndrome

No. of cases 372 576 253 99
Age- and sex-adjusted 1·0 Ref. 1·05 0·88, 1·24 0·91 0·74, 1·14 1·20 0·90, 1·60 0·5640
Model 1† 1·0 Ref. 1·07 0·88, 1·32 0·80 0·62, 1·03 0·97 0·70, 1·34 0·3943
Model 2‡ 1·0 Ref. 1·03 0·84, 1·27 0·75 0·58, 0·97 0·90 0·64, 1·25 0·1657

Abdominal obesity
No. of cases 650 975 406 127
Age- and sex-adjusted 1·0 Ref. 1·03 0·89, 1·18 1·06 0·89, 1·26 1·11 0·86, 1·43 0·3845
Model 1† 1·0 Ref. 1·00 0·80, 1·24 0·84 0·64, 1·10 0·82 0·56, 1·22 0·2114
Model 2‡ 1·0 Ref. 0·97 0·78, 1·21 0·81 0·62, 1·06 0·78 0·53, 1·16 0·1156

Low HDL-cholesterol
No. of cases 789 1101 426 158
Age- and sex-adjusted 1·0 Ref. 1·01 0·89, 1·15 1·09 0·92, 1·28 1·49 1·16, 1·91 0·0127
Model 1† 1·0 Ref. 0·99 0·87, 1·13 0·99 0·83, 1·17 1·34 1·03, 1·75 0·1806
Model 2‡ 1·0 Ref. 1·00 0·87, 1·14 0·99 0·84, 1·18 1·36 1·04, 1·77 0·1623

Hypertriacylglycerolaemia
No. of cases 565 789 396 160
Age- and sex-adjusted 1·0 Ref. 1·04 0·90, 1·21 1·03 0·85, 1·24 1·13 0·88, 1·45 0·3794
Model 1† 1·0 Ref. 1·00 0·85, 1·17 0·87 0·71, 1·07 0·82 0·63, 1·07 0·0981
Model 2‡ 1·0 Ref. 0·99 0·84, 1·16 0·86 0·69, 1·06 0·81 0·62, 1·05 0·0766

Hyperglycaemia
No. of cases 490 683 364 118
Age- and sex-adjusted 1·0 Ref. 0·89 0·76, 1·04 0·93 0·77, 1·13 1·00 0·76, 1·31 0·6480
Model 1† 1·0 Ref. 0·88 0·75, 1·04 0·86 0·70, 1·05 0·83 0·62, 1·11 0·0992
Model 2‡ 1·0 Ref. 0·87 0·73, 1·02 0·83 0·68, 1·01 0·79 0·59, 1·06 0·0416

Elevated blood pressure
No. of cases 438 674 340 113
Age- and sex-adjusted 1·0 Ref. 1·08 0·92, 1·26 0·92 0·75, 1·14 0·91 0·67, 1·24 0·4963
Model 1† 1·0 Ref. 1·12 0·95, 1·32 0·94 0·76, 1·17 0·88 0·65, 1·20 0·4971
Model 2‡ 1·0 Ref. 1·11 0·94, 1·31 0·93 0·75, 1·16 0·88 0·65, 1·20 0·4727

Ref., reference.
* P-values were derived from a regression model using the PROC SURVEYLOGISTIC procedure.
† Model 1 adjusted for age, sex, household income, education, smoking, alcohol, total energy intake, survey year, physical activity and BMI.
‡ Model 2 adjusted for age, sex, household income, education, smoking, alcohol, total energy intake, survey year, physical activity, BMI, sleep duration, intakes of soda, green tea, vegetables, red and white meat, legumes, fruit, whole

grains, fish, nuts and dairy products.
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metabolic syndrome are required to identify adequate amount
of coffee consumption for metabolic health.

In Korea, many people usually drink coffee with coffee
additives such as sugar and cream(18), and thus instant coffee
mixes including sugar and cream have formed the highest
proportions of the Korean coffee market(17). Considering that
cream and sugar generally could contribute to weight gain and
insulin resistance(20,39,40), high consumption of coffee with
sugar and cream might have an adverse effect on metabolic
health among obese individuals. In this study, we conducted a
stratified analysis to investigate whether the association
between coffee consumption and the metabolic syndrome
varied by obesity status. As a result, we observed somewhat
different associations between coffee consumption and the
metabolic syndrome by obesity status. We found an inverse
linear relationship between coffee intake and the metabolic
syndrome among non-obese participants. On the other hand, a
non-linear relationship was observed among obese participants.
Compared to <1 time of coffee/d, 3–4 times of coffee/d was
inversely associated with the metabolic syndrome, and five or
more times of coffee per day was not significantly associated
with the metabolic syndrome, showing a non-significant posi-
tive relationship. The inverse association, which was found
among obese people who consumed 3–4 times of coffee/d,
became slightly stronger when we further adjusted for amount
of coffee additives such as cream and sugar (OR= 0·64, 95% CI
0·44, 0·91). This change by adjustment for coffee additives
might suggest the possibility that the inverse association
between coffee intake and the metabolic syndrome was atte-
nuated due to high intake of sugar and cream among obese
people. The difference in effects of added sugar intake
according to obesity status was also found in previous studies.
The results from Canadian cohort showed a positive association
between high intake of added sugars from liquid and compo-
nents of the metabolic syndrome among overweight subjects
but not normal-weight subjects(22). A cross-sectional study from
nationally representative data of USA reported that higher
consumption of added sugars was associated with increased
insulin resistance only in overweight participants(21).

Our study has several limitations. First, the current study is a
cross-sectional design and thus it is hard to determine a causal
association between coffee consumption and the metabolic
syndrome. To reduce reverse causation bias, we excluded
subjects taking medication to treat diabetes, hypertension or
dyslipidaemia, or having diseases such as diabetes, hyperten-
sion, dyslipidaemia, myocardial infarction, stroke or cancer.
Second, there is a possibility of misclassification because
information of coffee intake was obtained using FFQ. However,
the misclassification of coffee consumption tends to underrate,
rather than exaggerate, the results by diluting the association
because it is non-differential and can only make the exposure
groups more similar. Lastly, BMI is not the best indicator of
obesity although we defined obesity by BMI, and our results
from stratified analysis by obesity status should be interpreted
with caution because the number of cases is relatively small.
Despite of these limitations, the results of our study can be
applied to the general healthy Korean adult populations
because we analysed using the data from nationallyTa
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representative surveys. We selected the study population more
rigorously by excluding the subjects with diseases than previous
studies that investigated the relationship between coffee and
the metabolic syndrome in Koreans. To reduce confounding
problems inherent in observational studies, we controlled for
dietary intakes of many food groups as well as health beha-
viours such as smoking and alcohol consumption. Our results
were different from those of previous studies which explored
the relation of coffee consumption and the metabolic syndrome
among Korean adults(13–15) in that we suggested that moderate
coffee consumption of 3–4 times/d was associated with the
metabolic syndrome. The differences in results might be due to
selection of the study population by rigorous criteria and
adjustment for dietary intakes of many food groups in the
analyses. Finally, to our knowledge, this is the first study which
examined the association between coffee consumption and the
metabolic syndrome by obesity status.
In conclusion, moderate coffee consumption of 3–4 times/d

was inversely associated with the metabolic syndrome among
Korean adult population. The association between heavy coffee
consumption more than 5 times/d and the metabolic syndrome
was different among obese- and non-obese participants. Further
randomised controlled trials and well-designed prospective stu-
dies should be conducted in large populations to identify ade-
quate amount of coffee consumption for metabolic health.
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