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Abstract

Background: There is a growing interest in the effects of coffee consumption on the human health.
This study was conducted to identify a causal relationship between the coffee consumption and the
risk of metabolic syndrome (MetS). Methods: We analyzed the data of the 5th Korea National Health
and Nutrition Examination Survey in 2010 for the current study. Results: The risk of MetS, high
triglyceride (TG) and low high-density lipid-cholesterol (HDL-C), was significantly lower in the
female subjects with a daily amount of coffee consumption of > 3 cups as compared with those with
a daily amount of coffee consumption of < 1 cup. There was a significant dose-response inverse
correlation between the amount of coffee consumption and the risk factors of MetS (high TG and low
HDL-C) after the adjustment of multiple confounding factors (P=0.015 and 0.011, respectively). There
was also a modest dose-response relationship between the amount of coffee consumption and MetS
(P=0.056). There was no significant correlation between the amount of coffee consumption and MetS
in the male subjects. Conclusions: The coffee consumption might have a beneficial effect in lowering
the risk of MetS. The current results suggest that it would be mandatory to consider individuals’
recognition of health impacts of coffee consumption.

Keywords: coffee; caffeine; metabolic syndrome; nutrition surveys; health impact assessment

1. Introduction

In 1999, the StarBucks was first launched in Korea. Since then, the Korean coffee market has
rapidly grown at a mean annual rate of 21.6%. Foreign coffee brands including the StarBucks have
become popular as a place of refreshment with high-quality coffee products among Korean
customers. With such consumption trend, there is no decrease in the demand on them even during
economic depression. Moreover, an increase in the number of middle- to large-sized brand coffee
shops is followed by that of small-sized ones. This eventually leads to a rapid expansion of the size
of Korean market. As a result, brand coffee shops have been considered as one of the restaurant
business companies that have experienced a rapid growth in sales and profits [1]. This is also closely
associated with compound factors, such as alterations in the concept of home as well as an increase in
national income and leisure time [2].

Coffee is one of the beverages that are increasingly consumed worldwide. With westernization
of eating habits and lifestyles, coffee culture has become popular in Korea. This is followed by
continuous increases in the amount of coffee consumption. Thus, there has been an increase in the
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mean weekly frequency of coffee consumption by Korean adults from 9 times in 2008 to 12 times in
2015 [3].

According to the US Department of Agriculture’s (USDA’s) Global Agriculture Information
Network (GAIN), instant coffee made from the Columbian Arabica accounted for approximately 90%
of the Korean coffee market in 2011 [4]. But it contains an excessive amount of sugar and cream.
Korean adults ingesting instant coffee are therefore vulnerable to metabolic syndrome [5].

Controversial opinions exist regarding whether coffee consumption has a detrimental effect on
human health. It has been reported that it affects the gut-brain axis and thereby lowers a risk of
metabolic abnormalities [6]. In addition, frequent use of coffee has a significant inverse correlation
with a risk of diabetes mellitus [7]. On the other hand, according to a previous published study
showing a relationship between coffee consumption and a risk of cardiovascular diseases, coffee had
a neutral or beneficial effect on cardiovascular health [8].

Metabolic syndrome (MetS) has become a major public health concern worldwide [9]. Its
prevalence has been also increased in Asian countries including Korea [10,11]. It is defined as a set of
multiple risk factors such as including abdominal obesity, hyperglycemia, hypertension and
dyslipidemia [12]. Patients with MetS are at increased risks of developing cardiovascular diseases
(CVD) and type 2 diabetes mellitus (T2DM) [13]. Many recent studies have focused on lifestyle factors
such as diet and favorite food, thus attempting to identify and modify the potential risk factors for
MetS [14,15].

Given the above background, this study was conducted to identify a causal relationship between
the coffee consumption and the risk of MetS.

2. Methods
2.1. Study Subjects

The current cross-sectional study was conducted using the data of the 5th Korea National Health
and Nutrition Examination Survey in 2010 (KNHANES V-1), where the Korea Centers for Disease
Control and Prevention (KCDCP) selected 10,938 individuals from 3,840 households using a
stratified, multistage probability sampling design and finally enrolled a total of 8,958 individuals.
Thus, the overall participation rate was 81.9%.

The current study included the male or female subjects aged between 20 and 64 years. But it
excluded the subjects with no available data about coffee consumption (n=1,273) and pregnant
women (n=30). A total of 3,844 subjects (n=3,844) participated in the current study, all of whom
submitted a written informed consent. The current study was conducted in compliance with the
relevant ethics guidelines.

2.2. Data Collection and Measurement

In the KNHANES V-1, the data was collected through standardized health assessment
performed in specially equipped mobile examination centers and via face-to-face interviews inside
the households in such an order as the caffeine intake, the receipt of written informed consent, blood
pressure (BP) measurement, anthropometric measurement, blood sampling and completion of the
questionnaire survey. A standardized questionnaire survey was performed to examine such variables
as the age, gender, socioeconomic characteristics, a past and current history of drug use, smoking
habit and other lifestyle risk factors.

2.3. Coffee Consumption

The coffee consumption data was self-reported and obtained from the dietary interview, for
which the subjects were recommended to respond to a questionnaire survey regarding the daily,
weekly, monthly and yearly amount of coffee consumption. In addition, the degree of coffee
consumption was evaluated as 6-11 cups/year, 1 cup/month, 2-3 cups/month, 1 cup/week, 2-3
cups/week, 4-6 cups/week, 1 cup/day, 2 cups/day and 3 or more cups/day. The frequency of coffee
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consumption was evaluated based on the daily amount of coffee consumption: < 1 cup/day, 1
cup/day, 2 cups/day and > 3 cups/day. But there was no differentiation between caffeinated and
decaffeinated coffee and between the types of coffee (boiled, filtered or instant one).

2.4. MetS

In the current study, MetS was defined according to the criteria of the American Heart
Association/National Heart Lung and Blood Institute (AHA/NHLBI).

2.5. Evaluation Criteria

(1) High FPG: High FPG was defined as an FPG level of > 100 mg/dL (5.6 mmol/L) or the use of
anti-diabetic medication.

(2) High TG: High TG was defined as a TG level of > 150 mg/dL (1.69 mmol/L) or the use of anti-
dyslipidemic drug.

(3) Low HDL-C: Low HDL-C was defined as an HDL-C level of < 40 mg/dL (1.03 mmol/L) in
men or < 50 mg/dL (1.29 mmol/L) in women.

2.6. Statistical Analysis

Statistical analysis was done using the IBM SPSS version 20.0 software packages (IBM Co.,
Armonk, NY). To improve the normality of FPG, TG, HDL-C and total calorie intake, they were log
transformed. In addition, categorical variables were expressed as frequencies and SE.

The Student’s t-test or analysis of variance (ANOVA) were used to compare continuous
variables and the Chi-square test was used to compare categorical ones between the two groups.
Moreover, a multiple logistic regression analysis was also performed to identify the correlation
between MetS and coffee consumption, for which the odds ratio (OR) of MetS and the 95% confidence
intervals (CIs) were provided. All tests were two-sided and a P-value of < 0.05 was considered
statistically significant.

3. Results

3.1. Baseline Characteristics

Baseline characteristics of the subjects are represented in Table 1; there were 875 cases of MetS
(469 men and 406 women).

Table 1. Baseline characteristics of the subjects (n=3,844).

Men Women MetS (-) MetS (+)

P-val P-val
=1,531) (=2,313) =  (n=2,969) (n=875) vate
Mean+SE Mean+SE Mean+SE Mean+SE
Age (years) 44.2+0.6 43.9:0.4 0561 39.5+0.4 485405 <0.001
E/Xr:)st circumference 84.1+0.3 76.6+03  <0.001 77.4+0.2 90.0+0.4 <0.001
Systolic blood pressure 117 5 05 1110404 <0001 111.0:04 127.3+0.6 <0.001
(mmHg)
Diastolic blood pressure ¢ 5 4 741+03  <0.001 75.120.3 85.4+0.5 <0.001
(mmHg)
Fasting plasma glucose o0 5 g 92.7+05  <0.001 91.3:0.4 110.1=1.6 <0.001
(mg/dl)
Total cholesterol 188.841.2  185.2+0.9 0.029 183.3+0.8 199.8+1.8 <0.001
(mg/d)
Triglyceride (mg/dl)  158.4:49  102.0¢19  <0.001 101.8+1.7 227.0+8.0 <0.001
HDL-cholesterol (mg/dl) 46.1+0.3 51.8:03 <0001 51.1+0.3 417403 <0.001
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Total energy intake
¢ 2550428 1780419 <0.001 215823 2222440 0.116
(kcal/day)
%(SE) %(SE) %(SE) %(SE)
Women ~ ~ NA  55.8(1.0) 39.1(1.8)  <0.001
Residence: Rural area 30.3(2.5) 28.5(2.3) 0.207 28.4(2.3) 32.7(2.8) 0.030
Marital status: Single  30.6(1.6)  251(1.3)  0.002 30.2(14) 189(18)  <0.001
sj;‘;atlon level: <12 171(1.3)  261(15) <0001 17.6(1.2) 36922)  <0.001
Economicinactiveor 45,45 704y <0001 31.0(12) 25.4(1.8) 0.013
unemployed
Theuseof 11.5(1.0) 950.7) 0091  4.2(0.5) 327(19)  <0.001
antihypertensive drugs
Th f
euseor 4.8(0.6) 29(04) 0005 12(0.2) 132(12) <0001
hypoglycemic agents
Theuseof 3.8(0.6) 36(04) 0834  1.1(02) 130(15)  <0.001
antidyslipidemic drugs
Smoking <0.001 <0.001
Ex-smoker 31.5(1.5) 7.7(0.8) 17.5(0.8) 24.9(1.9)
Current smoker 49.0(1.6) 5.5(0.7) 25.0(1.1) 31.0(1.9)
High risk alcohol 22.9(1.3) 500.6) <0001 12.0(0.8) 189(1.6)  <0.001
consumption
Regular walking activity 40.3(1.6)  39.8(1.3)  0.841 40.1(L1) 39.8(2.0) 0.868
o
E;’frzzmass index:225  5e416)  245(1.0) <0001 21.0(10) 6732.1)  <0.001
Metabolic syndrome 27.8(1.3) 16.4(0.8) <0.001 -- - NA
1 >
Coffee consumption 21 o0 5150 64813) 0038  65.50.1) 71.2(1.9) 0.012
cup/day
Coffee consumption <0.001 0.081
<1 cup/day 3L1(L5)  35.2(L3) 34.5(1.1) 28.8(1.9)
1 cup/day 194(12)  245(L.1) 21.9(0.9) 22.6(1.8)
2 cups/day 197(12)  24.8(1.1) 21.5(1.0) 23.7(17)
>3 cups/day 29.8(14)  15.5(1.0) 22.2(0.9) 24.92.1)

*Values presented are the estimated mean, but log values were used for comparisons. P-values at Student’s ¢-

test or chi-square test.

There were significant differences in the age, gender, marital status, education level, economic
inactivity status, smoking and high-risk alcohol consumption between the subjects with MetS and
those without it.

The daily amount of coffee consumption (= 1 cups/day) was significantly greater in the male
subjects as compared with their female counterparts. In addition, it was also significantly higher in
the subjects with MetS as compared with those without it.

3.2. The Correlation Between the Amount of Coffee Consumption and Risk Factors of MetS

As shown in Table 2, the amount of coffee consumption had a significant correlation with the
age, marital status, economic activity status and smoking in both the male and female subjects. In
addition, the education level also had a significant correlation with the amount coffee consumption
in the male subjects. But this was not seen in the female subjects.
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Table 2. Baseline characteristics of the study subjects depending on coffee consumption in both men and women.

Coffee consumption

Variables by gend P-val
ariables by gender <1 cup/da 1 cup/da 2 cups/da >3 cups/da vaiue
p/day p/day ps/day ps/day
Men (n=1,531) (n=414) (n=300) (n=336) (n=481)
Age (years) 37.0:08  41.4+0.9 43.6+0.8 43106  <0.001
Total energy intake 2508£59 2372455 256859 2698458 0.063
(kcal/day)
Residence: Rural area 29.2(3.4) 28.5(3.8) 30.3(3.6) 33.5(3.5) 0.575
Marital status: Single 48.4(2.9) 34.9(3.4) 20.5(2.9) 19.1(2.3) <0.001
Education level: <12 11.8(1.6)  19.4Q2.7) 16.6(2.3) 18.7(2.1) 0.019
years
Economic inactive or
27427)  19.0(3.1 10.9(1. 8(1.2 001
unemployed @.7) 9.0(3.1) 0.9(1.9) 68(12)  <0.00
Smoking <0.001
Ex-smoker 32125  30.1(27) 39.0(2.8) 25.4(2.3)
Current smoker 392(3.1)  44.4(3.1) 45.0(3.0) 64.9(2.4)
High risk alcohol 21825)  20.0(2.6) 25.5(2.8) 23.4(2.2) 0.516
consumption
Regular walking activity  43.1(3.0)  40.7(3.3) 38.8(3.1) 37.3(2.5) 0.449
o
Body massindex:225 5,031 382(33) 38.9(3.2) 41.3(2.8) 0.423
kg/m?
Women (n=2,313) (n=806) (n=598) (n=570) (n=339)
Age (years) 30.0:0.6  43.0+0.6 42.4+0.6 426£07  <0.001
Total energy intake 1778+34 1774134 178334 178648 0.985
(kcal/day)
Residence: Rural area 27.8(2.5)  27.4(3.0) 29.1(3.2) 32.0(4.3) 0.646
Marital status: Single 33.7(22)  27.3(2.5) 17.8(2.2) 20132)  <0.001
Education level: <12 2622.0)  267(2.3) 24.4(2.7) 21.4(2.7) 0.419
years
Economic inactive or 50.42.6)  44.02.5) 36.1(2.2) 31.3(29)  <0.001
unemployed
Smoking <0.001
Ex-smoker 7.6(1.2) 7.5(1.7) 6.3(1.1) 9.6(2.3)
Current smoker 52(1.1) 2.8(0.8) 4.2(1.2) 13.0(2.3)
High risk alcohol 5.0(1.0) 3.9(1.1) 43(1.1) 7.5(1.7) 0.198
consumption
Regular walking activity ~ 39.2(2.0) 41.7(2.5) 37.8(2.7) 42.6(3.2) 0.559
o
E;’;szass index:225 oy 106 25.0(1.9) 22.7(2.2) 30.1(3.0) 0.072

Data expression as estimated mean+standard error or estimated percent (standard error), as appropriate. *Values
presented are the estimated mean, but log values are used for comparisons. P-values at ANOVA with

Bonferroni’s correction or Chi-square test.

As shown Figure 1, the overall prevalence of MetS had a significant positive correlation with the
amount of coffee consumption in the male subjects and it had a significant negative one in their
female counterparts. In addition, the amount of coffee consumption had a significant positive
correlation with TG in the male subjects and a significant negative correlation with HDL-C in their
female counterparts.
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Figure 1. Prevalence of metabolic syndrome and its components depending on coffee consumption in both
men and women. *P=0.004 for higher TG in men (A) and **P=0.033 for lower HDL-cholesterol in women (B).
P<0.05 at the Chi-square test for independence to determine whether there is a significant correlation between
the level of coffee consumption and metabolic syndrome components.

Table 3. Adjusted odds ratios of metabolic syndrome and its components depending on coffee consumption in
both men and women.

Coffee consumption P for
<1 cup/day 1 cup/day 2 cups/day >3 cups/day  trend
Men
Metabolic
1(reference)  0.801(0.527-1.218) 1.101(0.693-1.747) 0.843(0.565-1.258) 0.648
syndrome
High WC 1(reference)  1.310(0.737-2.330) 0.743(0.411-1.343) 0.930(0.559-1.548) 0.439
High BP 1(reference)  0.845(0.568-1.255) 0.830(0.567-1.217) 0.811(0.568-1.159) 0.272
High FPG 1(reference)  0.825(0.553-1.230) 1.066(0.697-1.632) 0.756(0.540-1.058) 0.219
High TG I(reference)  1.145(0.784-1.672) 1.314(0.921-1.876) 1.069(0.771-1.481) 0.586
Low HDL-C  I(reference)  0.951(0.640-1.415) 1.080(0.730-1.598) 1.123(0.795-1.587) 0.423
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Women

Metabolic

1(reference)  1.057(0.651-1.716) 1.032(0.643-1.657) 0.541(0.329-0.891) 0.056
syndrome
High WC 1(reference)  0.950(0.588-1.535) 1.221(0.791-1.886) 1,002(0.626-1.603) 0.623
High BP 1(reference)  1.136(0.777-1.660) 1.198(0.817-1.755) 1.234(0.782-1.948) 0.295
High FPG 1(reference)  0.988(0.694-1.407) 1.137(0.828-1.561) 0.714(0.471-1.081) 0.346
High TG 1(reference)  0.842(0.596-1.190) 0.797(0.547-1.162) 0.563(0.362-0.877) 0.015
Low HDL-C 1(reference)  1.033(0.788-1.355) 0.960(0.728-1.266) 0.590(0.411-0.846) 0.011

Data is expressed as odds ratio with a 95% confidence interval. Age adjusted for continuous variables, and the
marital status, education level (only for men), economic activity, smoking and body mass index adjusted for

categorical ones.

As shown in Table 3, a multiple logistic regression analysis was performed to analyze the
correlations of the amount of coffee consumption with the age, marital status, education level,
economic inactivity status, smoking and general obesity in the male subjects and the smoking and
general obesity in their female counterparts. This showed that the ORs of MetS, high TG and low
HDL-C were 0.541 (95% CI: 0.329-0.891), 0.563 (95% CI: 0.362-0.877) and 0.590 (95% CI: 0.411-0.846),
respectively, in the female subjects with a daily amount of coffee consumption of > 3 cups as
compared with those with a daily amount of coffee consumption of <1 cup. Moreover, there was a
significant dose-response inverse correlation between the amount of coffee consumption and the risk
factors of MetS (high TG and low HDL-C) after the adjustment of multiple confounding factors
(P=0.015 and 0.011, respectively). Furthermore, there was also a modest dose-response relationship
between the amount of coffee consumption and MetS (P=0.056). But there was no significant
correlation between the amount of coffee consumption and MetS in the male subjects.

4. Discussion

Takami et al. conducted a cross-sectional study in 1,902 Japanese people aged 40 years or older
according to a baseline survey of the Japan Multi-Institutional Collaborative Cohort (J-MICC) Study,
thus reporting not only that there was a significant inverse correlation between the coffee
consumption and the occurrence of MetS, as defined by the AHA/NHLBI criteria, but also that the
coffee consumption had a significant inverse correlation with all the risk factors of MetS except for
low HDL-C.1® Moreover, Matsuura et al. showed that there was a significant inverse correlation
between the moderate coffee consumption (= 4 cups/day) and the occurrence of MetS. These authors
also noted that the moderate coffee consumption was effective in significantly lowering blood
pressure and serum triglycerides in Japanese men rather than women.!”

Inconsistent with the current results, Lutsey et al. reported that there was no significant
correlation between the coffee consumption and the occurrence of MetS according to a 9-year
prospective study in 9,514 middle-aged adults from the US.’» Driessen et al. conducted a 9-year
follow-up study in a healthy population and reported that the coffee consumption had no significant
correlation with the MetS and the relevant risk factors. These authors noted that there might be an
inverse correlation between the coffee consumption and the mean arterial BP, despite a lack of
statistical significance, which disappeared after the adjustment of lifestyle covariates. It would be
rash, however, for them to conclude that there is no correlation between the coffee consumption and
MetS because they enrolled younger individuals aged between 27 and 36 years.!®

Consistent with the current results, some Japanese studies have reported that there was a
significant inverse correlation between the coffee consumption and serum triglyceride levels.1617)
According to some clinical studies, conducted in the US, there was an increase in serum HDL-C levels
after the coffee consumption.’20) But there are also many contradictory reports to our results. That is,
Driessen et al. reported that there was no correlation between the coffee consumption and high TG
or low HDL-C levels.’® According to a previous study, there was an inverse correlation between the
coffee consumption and HDL-C levels in health Dutch women.?"
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According to a meta-analysis of 12 studies conducted in Western countries, the consumption of
unfiltered coffee had a significant correlation with elevated serum levels of TC, low-density
lipoprotein cholesterol (LDL-C) and TG in a dose-response-dependent manner.?? In addition,
according to a meta-analysis of 14 published trials, there was a dose-response-dependent increase in
serum levels of TC and LDL-C after the consumption of unfiltered, but not filtered, coffee.2?
Moreover, several studies have also shown that the instant coffee, but not brewed one, played a role
in altering serum lipid levels. Burr et al. reported that there was a significant increase in serum levels
of TC and apolipoprotein B after the consumption of instant coffee.?» Furthermore, despite a lack of
differentiation between the types of coffee such as boiled, filtered or instant one, it has also been
shown that the consumption of instant coffee had a strong correlation with elevated serum levels of
LDL-C and decreased serum levels of TG in middle-aged Japanese men.24?)

The current results are in agreement with previous published studies showing that the
frequency of coffee consumption had no significant correlation with WC or BMI; these include a
baseline survey of the ]-MICC study conducted in Japan, the 2003-2004 NHANES in the US and the
Amsterdam Growth and Health Longitudinal Study (AGAHLS) in the Netherlands.¢21.20) By contrast,
there are also some studies reporting that there was a negative correlation between the coffee
consumption and WC.16?) According to a large-scale, longitudinal study conducted in the US, the
increased coffee consumption caused long-term weight gain to a slightly smaller extent in both men
and women.?® Presumably, this discrepancy might be due to such factors as the age, ethnicity,
preparation methods of coffee, the amount and type of coffee and the use of additives (e.g., sugar or
cream). Nevertheless, the effects of coffee consumption on the obesity remain controversial.

According to some studies, controversial opinions exist regarding the correlation between the
coffee consumption and BP.?) From this context, based on the current results that there was no
significant correlation between the coffee consumption and high BP, it can be inferred not only that
the habitual coffee and caffeine consumption might decrease the short-term effects of coffee
consumption in increasing the BP but also that such effects might be potentially offset by other
constituents of coffee.

Many recent studies have shown that the coffee had beneficial effects in reducing the risk of
diabetes mellitus (DM); this has also been reported in Asian studies.?® To date, few studies have been
conducted to examine the effects of the habitual coffee consumption on DM or impaired fasting
glucose (IFG). Our results showed that the coffee consumption had no significant correlation with
high FPG in both men and women. But this deserves further prospective studies.

The current study showed that there was a significant correlation between the coffee
consumption and a lower risk of MetS in women, but this was not seen in men. Still, little is known
about the differences in the effects of coffee consumption on the risk of MetS between men and
women. It is presumed that the coffee consumption might have a relationship with unhealthy lifestyle
habits such as smoking. In the current study, the proportion of smoking and high-risk alcohol
consumption was significantly higher in men as compared with women. Presumably, this might be
due to the differences in unhealthy lifestyle habits between men and women. But this also deserves
further studies.

In conclusion, the coffee consumption might have a beneficial effect in lowering the risk of MetS.
The current results suggest that it would be mandatory to consider individuals’ recognition of health
impacts of coffee consumption. But this deserves further well-designed studies.
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