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This study examined the associations between specific non-
alcoholic beverages and high-sensitivity C-reactive protein (hs-CRP)
and their interactions with obesity. The study participants were
4,999 adults aged 19-64 years from the 2015-2016 Korean
National Health and Nutrition Examination Survey. The odds
ratios (ORs) and 95% confidence intervals (Cls) were obtained
using multivariable logistic regression analyses. In women, there
was an inverse linear trend between coffee and hs-CRP status
(Pyeng = 0.0137), and a positive linear trend for soda was also
found (=1/week vs never or almost never, OR = 1.79, 95% Cl 1.23-
2.61, Pyeng = 0.0127). In the stratification analyses, the associations
were only observed in obese women. The associations were
inverse for coffee and tea but linearly positive for soda in obese
women (Pye,¢<0.05). In men, an inverted J-shaped association
between commercial fruit juice/drink and hs-CRP status was
found; but after stratification by obesity, the association was
linear only in obese men (py,.,q<0.05, OR = 2.44, 95% Cl 1.44-4.16
in >1/week vs never or almost never). Coffee and tea in women
may be beneficially associated with hs-CRP status, but soda in
women and commercial fruit juice/drink in men may be adversely,
particularly for obese adults.

Key Words: coffee, green tea, soda, fruit juice, hs-CRP,
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High-sensitivity C-reactive protein (hs-CRP), which is a
chronic and systemic low-grade inflammation marker, is
associated with the development of lifestyle-related chronic
diseases such as cardiovascular disease (CVD).() Nevertheless,
there is little evidence on the determinants of hs-CRP level
including dietary factors, although consumption of fruits and
vegetables rich in antioxidants and anti-inflammatory nutrients
has been known to be inversely associated with hs-CRP level.??

Recently, sugar-sweetened beverages (SSBs) such as soft
drinks, which belongs to non-alcoholic beverages (NABs), have
become an important public health concern worldwide due to
their excess calories.“® They have been intensively studied and
a meta-analysis reported a clear positive association between
increased energy intake from soft drinks and body weight."? In
addition, NABs were previously studied on the association with
hs-CRP,(1%12 but results for specific-NABs such as fruit drinks,
tea, and coffee!!”!? were not consistent. It may be because many
components, besides the content of sugar or sweeteners, varies,
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depending on the type of beverages; for example, caffeine,
polyphenols, and minerals"*!¥ in coffee and flavonoids, cate-
chins, and caffeine in green tea’® may be beneficial for inflam-
mation, but sugar or high fructose corn syrup (HFCS) in soda®
and high fructose content in commercial fruit juice/drinks'® may
be harmful.

A recent report from the US National Health and Nutrition
Examination Survey (NHANES) demonstrated the altered associ-
ation of SSBs with CRP level by obesity status.!” Obesity has
become a major public health concern worldwide, because it is a
well-established risk factor for chronic diseases such as CVD,
diabetes, and some cancers. Thus, an enhanced understanding of
the relationship of beverage consumption with hs-CRP level
regarding obesity status may contribute to the development of
strategies to prevent inflammatory chronic diseases.

Therefore, we investigated the associations of specific NABs
(total coffee, sugar-sweetened, non-sugar sweetened coffee,
green tea, commercial fruit juice/drink, and soda) with hs-CRP
status among Korean adults from the 2015-2016 Korean
National Health and Nutrition Examination Survey (KNHANES)
and additionally examined whether the association between
NABs and hs-CRP status was modified by obesity status.

Methods

Study population. The KNHANES is conducted by the
Ministry of Health and Welfare and the Korea Centers for
Disease Control and Prevention (KCDC). We used the
KNHANES data collected in 2015 and 2016. Participants were
selected from the stratified multistage probability samples of
Korean households. Data were collected in accordance with a
standardized protocol by trained investigators. Detailed informa-
tion about the KNHANES is available elsewhere™® and has been
described on the website (https://knhanes.cdc.go.kr/).

A total of 6,672 participants completed the food frequency
questionnaire (FFQ) among adults aged 19-64 years (n =9,147).
We excluded pregnant or lactating women (n = 138), who had
any cancer (n =203) or CVD (n = 103) diagnosed by physicians,
who had implausible energy intake (>99.5th or <0.5th percentile
of total energy intake by sex, n = 64), who had diabetes (n =
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244), who did not have hs-CRP levels available (n=408) or
hs-CRP levels over 10 mg/L (n=75),"” or fasted less than 8 h
before blood testing (n=124). After additionally excluding
missing data for covariates such as house income, education
status, and alcohol consumption status (rn=314), total 4,999
participants (1,984 men and 3,015 women) remained for inclu-
sion in the analyses. The KNHANES was conducted by the
Korean government under the Bioethics and Safety Act and the
Enforcement Rule within the Act and thus the present study was
exempt from approval by an Institutional Review Board.

Assessment of non-alcoholic beverages (NABs) consump-
tion. Dietary data were collected by face-to-face interview at
home using a 112-items semi-quantitative FFQ which was
developed and validated by KCDC.?" Participants were asked
to specify their usual frequency and the average portion size of
each food during the previous year. In the FFQ, five NABs
were assessed: coffee, green tea, commercial fruit juice/drink
(excluding homemade fruit juice), soda, and a traditional grain-
based beverage including Sikhye and Misugaru. However, the
traditional grain-based beverage was not used in the present
study, because we could not characterize these items including
several kinds of beverages as one common property. We calcu-
lated how many servings were consumed per month, week, or
day for each NAB by multiplying the usual frequency of
consumption by its portion size. We classified participants into
three groups for four NABs (Never or almost never, >1/month to
<l/day, and >1/day for total coffee; Never or almost never,
>1/month to <l/week, and >1/week for green tea, commercial
fruit juice, and soda). For coffee, participants were asked to
respond to the additional questions about the frequency and
amount of sugar added to coffee. Participants were classified into
four groups; non-coffee drinkers, only sugar-sweetened coffee
drinkers (SS-coffee), only non-sugar sweetened coffee drinkers
(NSS-coffee), and both types of coffee drinkers.

Assessment of covariates: demographics and lifestyle.
Sociodemographic, general health status, medical history, and
health-related behaviors were obtained by face-to-face inter-
views. Family income was classified into ‘lower middle or less’
and ‘upper middle or over’. Education was classified into
‘college or more’ and ‘less than college’. Current drinker was
defined as a person who consumed alcohol more than once
per month during the previous year. Physically active person
was defined as a person who performed moderate-intensity
activities for >150 min/week or vigorous-intensity activities for
>75 min/week based on the World Health Organization (WHO)
physical activity guidelines.®) To quantify adherence to dietary
guidelines for Korean adults, the Korean Healthy Eating Index
(KHEI) was calculated using FFQ data.?? However, the empty
calorie food items, a component of the KHEI including SSBs and
added sugar to coffee, were excluded from the KHEI calculation.

Assessment of obesity status. Height to the nearest 0.1 cm
was measured using a portable stadiometer. Weight to the nearest
0.1 kg was measured using a portable electronic scale. Body
mass index (BMI) was calculated as weight (kg)/height (m?).
Waist circumference (WC) was measured to the nearest 0.1 cm
at the midpoint between the bottom of the rib cage and above
the top of the iliac crest. Obesity was defined as BMI >25 kg/m?
in accordance with the Asia-Pacific criteria of the WHO
guidelines.® Abdominal obesity was defined as WC >90 c¢m for
men and >85 cm for women, in accordance with the definition
of the Korean Society for the Study of Obesity.*

Assessment of high-sensitivity C-reactive protein (hs-CRP).
Serum hs-CRP levels were measured using immunoturbidimetry
with a range from 0.1 to 20.0 mg/L with a Roche Cardiac C-
Reactive Protein High Sensitive detector (Roche, Penzberg,
Germany). After excluding participants with hs-CRP over 10 mg/L,
we classified participants into elevated hs-CRP level (>2.0 mg/L)
and normal hs-CRP level (<2.0 ml/L) according to the cutoff

*See online.
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recommended by the American College of Cardiology and
American Heart Association (ACC/AHA) Task Force on the
assessment of cardiovascular risk.")

Statistical analysis. All analyses were stratified by sex. To
account for the complex sampling design, the primary sampling
units, strata, clusters, and weights were applied to all analyses
(PROC SURVEY) to represent the Korean population. Data are
presented as means + SE for continuous variables and the
number of participants (weighted percentages) for categorical
variables. Covariates between groups of each NAB were
compared by Rao-Scott chi-square tests for categorical variables
and by the general linear model (GLM) analyses for continuous
variables. The differences in mean values between each NAB
groups were assessed by Tukey’s multiple comparison test. The
linear trend was obtained by treating the median value for the
specific-NAB group as a continuous value. Multivariable logistic
regression analyses were performed to obtain adjusted odds
ratios (ORs) and 95% confidence intervals (Cls) for elevated
hs-CRP status by NAB consumption.

Factors associated with hs-CRP in the previous studies were
considered as potential confounders: age, adiposity status,®)
socioeconomic status,?® cigarette smoking,?” alcohol consump-
tion,®® physical activity,®” menopausal status, dietary intake,?>°%
and consumption of 6 different types of NABs in servings/
week.®D) Among those variables, variables showing significant
statistical difference (py;) or linear trend (p,.,), but not highly
correlated with individual NABs (the partial correlation with age,
r>0.60), were selected as confounders to obtain a more parsimo-
nious model. In the analysis of sugar-containing beverages
(e.g., SS-coffee, fruit juice/drink, soda), we did not include BMI
and WC as confounders because of their possible roles as
mediators.%32 Additionally, the stratified analyses by obesity
(BMI >25 kg/m? vs <25 kg/m?, WC >90 cm vs <90 cm for men
and >85 cm vs <85 cm for women) were conducted. The interac-
tion analyses of NABs with obesity status were conducted in the
logistic regression at significance p<0.05. The associations
between types of coffee and hs-CRP status were analyzed using
non-coffee drinkers as a reference group. To visualize dietary
patterns in relation to each NAB, the percentage-wise differences
in median consumption of nineteen food groups in the lowest and
highest consumptions of specific beverage relative to the median
consumption of total population (equivalent to 100%) were
illustrated in radar charts (Supplemental Fig. 1%).G9

All statistical tests were performed by using SAS statistical
software (ver. 9.4; SAS Institute Inc., Cary, NC) or statistical R
software ver. 4.0.0. for the radar chart. A two-tailed p value
<0.05 was considered statistically significant.

Results

The proportion of men was 39.7%, and the mean age was 39.4
years for men and 41.1 years for women. Men were more likely
to be highly educated, smokers, and consumers of alcohol than
women and also to have higher intakes of energy, SS-coffee,
green tea, fruit juice/drink, and soda and higher BMI. However,
for HEI and NSS-coffee, women were more likely to be higher
(Table 1).

Table 2 shows that higher coffee consumers tended to be older,
higher educated, smokers, and consumers of alcohol and to have
higher BMIs and WCs. Higher coffee consumers also had higher
energy intake but lower HEI. There were some differences in
characteristics according to other NABs (Supplemental Table 1—
4*). Table 3 presents the associations of NAB consumption with
hs-CRP status by sex after adjusting for confounders selected
from Table 2 and Supplemental Table 1-4* and demonstrates the
association of NABs with hs-CRP status in non-obese and obese
groups. In women, there was an inverse association between total
coffee consumption and hs-CRP status (p.,q=0.014) but a

doi: 10.3164/jcbn.21-20



Table 1.

Weighted characteristics of participants (n = 4,999)

Variables Men (n = 1,984) Women (n =3,015)
Age (year) 39.4+0.34 41.1+£0.29
Family income, lower middle or less (%) 586 (29.6) 943 (30.0)
Higher education (%)? 1,002 (51.6) 1,295 (44.0)
Current smoker (%) 756 (38.7) 159 (6.07)
Current alcohol consumer (%) 1,527 (77.7) 1,508 (52.4)
Regular exercise (%) 1,086 (57.3) 1,460 (50.9)
Postmenopausal women (%) — 977 (27.7)
Body mass index (kg/m?) 24.6 + 0.09 22.9 +0.08
Waist circumference (cm) 85.8+0.23 77.0+0.22
Dietary intake
Energy intake (kcal/day) 2,334+ 19.4 1,746 £ 13.1
Modified Korean Healthy Eating Index¢ 48.7 +0.41 54.8 + 0.36
Beverage consumption (servings/week)
Total coffee 8.89+0.26 7.44+0.19
Non-sugar sweetened coffee 3.95+0.24 435+0.18
Sugar sweetened coffee 493 +0.19 3.09+0.12
Green tea 0.98 +0.08 0.61 +0.05
Fruit juice/drink (excluding homemade) 0.78 + 0.04 0.46 + 0.03
Soda 1.64 £0.07 0.70 +0.04

All values accounted for the complex sampling design effect of the national surveys using PROC
SURVEY procedure, and values are expressed as the mean + SE or number (%). >college (12 years of
education). =75 min/week of vigorous-intensity physical activity or =150 min/week of moderate-
intensity physical activity. ‘Modified Korean Healthy Eating Index score ranged from 0 (non-adherence)

to 100 points (perfect adherence).

positive association between soda consumption and elevated
hs-CRP (OR =1.79, 95% CI=1.23-2.61; p-trend=0.013). In
men, an inverted J-shaped association was found between
commercial fruit juice/drink consumption and elevated hs-CRP.
There were no significant associations of NSS-coffee, SS-coffee,
and green tea with elevated hs-CRP in both men and women.

After stratified by obesity status (Table 3), the inverse associa-
tions of total coffee with elevated hs-CRP status was found in
obese women (OR =0.31, 95% CI=0.15-0.65 for total coffee
consumers and both p.., <0.05 in obese women by BMI and
WC), but no significant interaction. An additional inverse associ-
ation with hs-CRP status was found in green tea in obese women
(OR =0.48, 95% CI=0.23-0.99 in WC >85 cm; pj,.. <0.05 for
both obesity status by BMI and WC for green tea). A positive
association between soda consumption and hs-CRP status
remained only in obese women (OR =2.21, 95% CI 1.22-4.02
in BMI >25 kg/m? and OR =3.14, 95% CI 1.62-6.08 in WC
>85 cm; piyer <0.05 for both obesity status by BMI and WC for
soda). In men, we found positive associations between fruit
juices/drinks and hs-CRP status in obese men by BMI and WC
(OR =2.44, C1=1.44-4.16, p;;,c<0.05 in BMI >25 kg/m?; OR =
2.31, 1.27-4.19, pyena >0.05 in WC 290 cm).

In only SS-coffee and only NSS-coffee analyses (Table 4),
both SS-coffee and NSS-coffee were inversely associated with
elevated hs-CRP status in abdominally obese women (OR = 0.49,
95% CI =0.25-0.99 in only SS-coffee, and OR = 0.45, 95% CI =
0.21-0.94 in only NSS-coffee), although there were no signifi-
cant interactions between coffee and obesity (all p,.. >0.05).

Discussion

Among NABs, coffee consumption was inversely and soda
was positively associated with elevated hs-CRP status in women.
After stratifying for obesity, these inverse and positive associa-
tions were identifiable only in obese women. In the case of
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coffee, these results were also found for both SS-coffee and NSS-
coffee. Green tea consumption was also inversely associated with
hs-CRP status in obese women. In men, only commercial fruit
juice/drink consumption was positively associated with elevated
hs-CRP status and this adverse association was found only in
obese men.

Coffee, after water, was reported as the most consumed
beverage worldwide.®» A report from the US National Coffee
Association in 2017, 62% of adults drank coffee daily.®> Simi-
larly, 64.0% of participants in the present study drank coffee
daily. Tea, which accounts for 20% of total tea consumption
worldwide, is consumed primarily in some Asian countries
including Korea, China, Japan, and India.®® In the present study,
15.3% of participants consumed green tea more than once per
week and 18.5% consumed fruit drinks more than once per week.
For soda, about 50% of Americans adults daily consumed soda
(2.6 glasses/day).®” Koreans consumed lower quantities of SSBs
than Western populations and in the present study, the proportion
of consumers having more than one glass of soda per week (2.2
glasses/week) was only 30.2%.%% Nevertheless, SSBs consump-
tion has been steadily increasing in Korea and then it has almost
doubled over an 11-year period between 1998 and 2009.¢% This
increasing phenomenon of SSBs consumption has become a
health concern in most countries over the past decades because
SSBs consumption accounts for a substantial portion of total
energy intake.*® The consumption of total commercial fruit
beverages increased by 23% between 2003 and 2018, globally,
but among those beverages, 100% fruit juice decreased by more
than 10%.“? This phenomenon was also observed in Korea and
fruit drinks accounted for 82.0% of total fruit beverage consump-
tion and only 18.0% was 100% fruit juice in 2017.¢4D

The first finding in the present study was the inverse associa-
tion between coffee consumption and hs-CRP. This inverse asso-
ciation was consistent with the findings of a recent meta-analysis
of cross-sectional studies, although there was lack of long-term
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trials with large size samples.('® A hormone replacement therapy
trial among US postmenopausal overweight/obese women
reported an attenuated association between BMI and CRP by
coffee consumption, which was in the same line with our
findings that the inverse association remained only in obese
women. In the present study, the inverse association shown only
in obese women was observed for not only NSS-coffee but also
SS-coffee. Although there was no significance in coffee
consumers of both types, there was very similar tendency. A
recent review study suggested that added sugar of coffee may
attenuate the protective effect of coffee on cardiometabolic
conditions such as lipid profiles, because it may play a role as an
important confounder for the association of coffee with them,
particularly over five cups of SS-coffee.*? However, we could
not classify participants into over five cups of SS-coffee/day
group due to sample size. Moreover, since SS-coffee consump-
tion was highly correlated with sugar intake (#>0.90), we could
not adjust for sugar intake in the analysis of the type of coffee
consumption. Therefore, we could not assert that SS-coffee is
beneficial for hs-CRP regardless of sugar content. We found
another inverse association with hs-CRP status in green tea in
obese women. Antioxidant properties of green tea including
flavonoids, catechins, and caffeine in green tea were previously
postulated to reduce hs-CRP status, but there was no consistent
beneficial effect in a meta-analysis of RCT.') In the present
study, there were some limitations to analyze green tea and
hs-CRP; green tea was not differentiated from other types of tea,
and moreover, SS-tea and NSS-tea were not distinguishable.
Therefore, further research is necessary to clarify the nature of
the association between specific-tea consumption and hs-CRP.

The link between SSBs such as soda and fruit juice and
elevated CRP has been examined in a cross-sectional study of US
women nurses (Nurses’ Health Study, NHS),'? a study of US
health professional men,*” and a Mexican women teachers
study.®? Like our findings in women, SSBs were positively
associated with hs-CRP status in a dose-dependent manner in the
NHS study.!'” In the Mexican women teachers study, women in
the highest quartile of soda consumption had a 50% higher CRP
level than those in the lowest quartile of soda consumption.®?
Although there was little evidence on overall fruit juices/drinks
to compare with our findings, the findings in women in the NHS
and men from the US health professional study were similar to
our findings; there was no significant association between fruit
juice and CRP in women.!'” but the US health professional men
study demonstrated that one serving per day increase in fruit
drinks consumption was associated with a 25% increase in the
levels of several inflammatory factors including CRP.49

We found a sex difference in the association with hs-CRP in
the present study, particularly for soda and fruit juices/drinks. As
for coffee, there was no significant association in men, but the
association tendency is similar between men and women. Thus,
there may not be sex-difference for coffee and green tea. A
possible explanation for sex-difference in soda and commercial
fruit juices/drinks is that sex hormones may modulate the
metabolic response of diet, and their role might be dependent on
sugar profiles.“**) However, until now, biological mechanisms
underlying the associations between the consumption of a
specific NAB and sex have rarely been demonstrated.

There are several possible mechanisms in the relationship
between NAB consumption and hs-CRP status. First, coffee
contains more than 100 chemical components including caffeine,
polyphenols, and minerals.*'Y Green tea is a food rich in
polyphenol flavonoids including catechin, gallocatechin, epigal-
locatechin, epicatechin gallate, and epigallocatechin 3-gallate,
which has the ability of scavenging free radicals species.“®
These were suggested to be responsible for the antioxidants and
anti-inflammatory effects of coffee and tea.(!12!9 Second, SSBs

*See online. https://doi.org/10.3164/jcbn.21-20

J.-S. Kong et al.

such as soda have a low satiating effect through provision of
liquid calories; therefore, SSB drinkers may subsequently have
more energy.® Also, consumption of SSBs including soda, which
contains rapidly absorbable sugar, has been shown to result in
rapid increases in blood glucose and insulin concentrations.®
This property, high glycemic index (GI), is suggested to be
associated with elevated inflammation levels.“”? Commercial
fruit/vegetable juices have these properties and cannot be recom-
mended as a healthy substitute or alternative.“® Finally, the
stronger associations with elevated hs-CRP in the obese group
may be explained by the fact that obesity predisposes individuals
to a pro-inflammatory state via increased inflammatory mediator
interleukin-6 (IL-6).4% This increase in IL-6 may trigger the
hepatic synthesis of CRP and TNF-a (tumor necrosis factor
alpha) and reduce levels of adiponectin.

The present study had some limitations. First, although this
study data was from a large representative population, it was a
cross-sectional study design. Therefore, we could not establish
causal links between NAB consumption and hs-CRP status. The
associations of specific NABs with hs-CRP in the present study
should be confirmed in large-scale prospective studies. Second,
dietary data of the KNHANES were self-reported; thus potential
recall and nonresponse biases remained. Third, the FFQ was not
specifically developed for a study on NABs; therefore, the FFQ
did not collect data on all kinds of beverages separately. Because
different types of beverages were included in one question,
sugar-added type and sugar-free type were not distinguishable for
green tea and commercial fruit juice/drinks. Finally, NAB
consumption may be correlated with other dietary patterns or
unmeasured covariates which may affect hs-CRP levels. To
display possible relationships with other foods consumed, we
demonstrated radar charts in Supplemental Fig. 1*. For example,
in women, participants with high green tea consumption tended
to have high seaweed consumption. Participants with high SSB
such as commercial fruit juice/drink and soda tended to have
relatively high meat, poultry, and carbohydrate-rich foods such as
snacks and ice cream, rice cake, and bread/noodles/cereal, but
low multi-grain rice and fish and seafood. However, adjusting
those food groups in place of the modified KHEI did not
substantially change the associations.

In conclusion, coffee and green tea consumption was cross-
sectionally inversely associated with elevated hs-CRP status and
that soda in women and commercial fruit juice/drinks in men
were positively associated with elevated hs-CRP status, particu-
larly in the obese population. However, for the adequate recom-
mendation of NABs to the public, further studies should be
needed considering the types of NABs, sugar content, and
obesity status in the large-size prospective studies.
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