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Associations of green tea, coffee, 
and soft drink consumption 
with longitudinal changes 
in leukocyte telomere length
Inhae Sohn  1, Chol Shin  2* & Inkyung Baik  1*

Whether beverage consumption is associated with longitudinal observation of telomere length 
remains unclear. We evaluated the association of green tea, coffee, and soft drink consumption with 
6-year changes in leukocyte telomere length (LTL). The study included 1952 participants who provided 
whole blood samples for LTL assays during the baseline (year 2011–2012) and follow-up (year 2017–
2018) periods and reported baseline information on consumption of green tea, coffee, and soft drinks. 
Robust regression analysis was used to analyze the association adjusted for potential confounding 
variables. In the results, an inverse association between green tea consumption and LTL changes 
from baseline, which indicate telomere shortening, was found; regression coefficient [95% confidence 
interval] was − 0.097 [− 0.164, − 0.029] for participants who daily consumed at least 1 cup of green tea 
compared with non-consumers (p value = 0.006). This association was stronger among women (versus 
men) and younger participants aged 50–64 years (versus older). However, a positive association 
between soft drink consumption and LTL shortening was observed among women (p value < 0.05). 
Coffee consumption was not associated with LTL changes. These findings suggested that green tea 
consumption may be protective against telomere shortening reflecting biological aging whereas 
coffee and soft drink consumption may not.

Telomeres consisting of repeated DNA sequences (TTA​GGG​) are known to play a role in protecting the ends of 
human chromosomes from fusions and degradation. As cells replicate, telomere length shortens due to the end-
replication problem leading to cellular senescence1,2. Recently, many epidemiological studies measured leukocyte 
telomere length (LTL) as a useful marker of biological aging and accumulating data showed an inverse association 
between LTL and chronological age3. Some studies have provided data on the association of LTL with obesity, 
diabetes mellitus, hypertension, cardiovascular diseases, dementia, and cancer, including all-cause mortality4–9.

It was reported that LTL is influenced by genetic and lifestyle factors, including diet and alcohol 
consumption10–13. A few studies showed a significant association of LTL with the consumption of beverages, 
such as tea14, coffee15, and sweetened beverages12,16. These associations were analyzed in cross-sectional data 
while longitudinal data regarding changes in LTL are still limited. There is one intervention study which has 
observed LTL changes with beverage consumption as an exposure and found increased LTL in obese women with 
two-month green tea supplementation17. Although this study used a high dose of supplementation equivalent to 
at least 10 cups/day of green tea for a short period, it provides primary data to support the association between 
green tea consumption and longitudinal changes in LTL. Based on previous epidemiological studies reporting 
the significant associations of mortality with green tea and coffee consumption18 as well as with LTL changes19,20, 
it is worthy to investigate the link between these beverages and LTL changes in terms of exploring implications 
for lifestyle factors related to longevity.

The present study, which was embedded in a population-based cohort study, conducted repeated assays of 
LTL and aimed to investigate the association of green tea, coffee, and soft drink consumption with cross-sectional 
LTL and longitudinal changes in LTL during a six-year period among middle-aged and older Korean men and 
women. Furthermore, it evaluated whether the association results are different according to age groups and sex.
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Results
Characteristics, including beverage consumption status of the study participants, were compared across the 
tertile groups of LTL changes (Table 1). According to higher tertiles indicating greater LTL shortening, baseline 
values were greater whereas follow-up values of LTL were less. Participants with greater LTL shortening were 
more likely to be males and current smokers and consumed less green tea (p value for trend < 0.05). Compared 
with participants in the first and second tertiles, those in the top tertile tended to have less consumption of green 
tea and brewed coffee but consumed greater amount of instant coffee and soft drinks. Those in the second tertile 
showed greatest consumption of other types of tea.

Cross‑sectional and longitudinal associations between beverage consumption and LTL.  A 
supplemental table shows results regarding the association between beverage consumption and cross-sectional 
observations for LTL (Supplemental Table S1). No significant association between beverage consumption and 
baseline LTL was observed. In the multiple model for follow-up LTL, participants with green tea consump-
tion ≥ 7 cups/week showed longer LTL values compared with those who did not drink green tea (p < 0.05).

Table 2 presents regression coefficient estimates and their 95% confidence intervals (95% CI) for the associa-
tion between beverage consumption and longitudinal observations for LTL. As shown, green tea drinkers showed 
less LTL shortening during the six-year period compared with nondrinker (p < 0.01). After further adjustment 
of the baseline LTL in the multiple model, this significant association was not changed (data available upon 
request). No significant association was observed for other beverages.

Stratified analyses by age groups and sex for the longitudinal association between beverage 
consumption and LTL.  Results of the association between beverage consumption and LTL changes strati-
fied by age groups are shown in Table 3. As shown, a significant inverse association between green tea consump-
tion ≥ 7 cups/week and LTL shortening was solely observed among participants younger than 65 years (p < 0.01). 
However, no significant association was observed among older participants. Because this null association might 
be partly due to a small number of those with 65 years or older, we re-analyzed data using 60 years as a cutoff 
point of age and observed similar results (data available upon request). Other types of beverages consumed were 
not associated with LTL shortening.

Table 1.   Characteristics of the 1952 participants according to tertile groups of six-year changes in leukocyte 
telomere length. Values are mean ± standard deviation or %. 1 Changes were calculated by subtracting the 
follow-up value from the baseline value of telomere length (baseline value − follow-up value) and its positive 
value indicates telomere shortening. 2 Monthly household income less than 1,500,000 won (approximately 
equal to 1300 dollars). 3 Black tea, oolong tea, and other teas.

Variables

All participants
Tertile of changes in leukocyte telomere 
length

p value for trend[median] 1st tertile 2nd tertile 3rd tertile

Number of participants (%) 1952 (100) 650 (33.3) 651 (33.4) 651 (33.4)

Baseline and follow-up LTL data

LTL changes1 − 0.03 ± 0.54 [− 0.02] − 0.58 ± 0.37 − 0.02 ± 0.10 0.52 ± 0.38 < 0.001

Baseline LTL 1.08 ± 0.40 [0.98] 0.86 ± 0.25 0.97 ± 0.22 1.40 ± 0.46 < 0.001

Follow-up LTL 1.10 ± 0.40 [1.02] 1.44 ± 0.43 0.99 ± 0.23 0.88 ± 0.25 < 0.001

Baseline data of characteristics

Age, years 58.1 ± 6.9 [56.0] 58.4 ± 7.0 58.0 ± 6.8 57.8 ± 6.7 0.12

Men, % 50.0 46.3 50.5 53.2 < 0.05

Low income2, % 17.0 18.9 16.3 15.9 0.16

Employed, % 34.9 30.9 37.2 36.6 < 0.05

Body mass index, kg/m2 24.7 ± 3.0 [24.6] 24.7 ± 3.0 24.7 ± 2.9 24.8 ± 3.0 0.80

Current smoker, % 12.5 9.9 13.5 14.0 0.02

Current alcohol drinker, % 48.7 45.4 50.2 50.5 0.06

Physical activity, met-h/day 40.9 ± 6.3 [40.0] 40.9 ± 5.9 40.7 ± 6.4 41.1 ± 6.6 0.65

Presence of hypertension, % 34.1 33.7 33.5 35.2 0.57

Presence of diabetes mellitus, % 18.1 17.9 18.0 18.4 0.78

White blood cell counts, thousand/uL 5.1 ± 1.5 [4.9] 5.0 ± 1.5 5.1 ± 1.4 5.2 ± 1.5 0.06

Beverage consumption, cup/week

Green tea 1.8 ± 6.2 [0] 2.1 ± 6.2 2.0 ± 7.4 1.4 ± 4.5 0.04

Other types of tea3 0.27 ± 2.81 [0] 0.19 ± 1.61 0.49 ± 4.34 0.14 ± 1.51 0.77

Brewed coffee 2.5 ± 7.1 [0] 2.5 ± 7.0 3.0 ± 7.9 2.1 ± 6.2 0.38

Instant coffee 8.9 ± 11.6 [7] 8.6 ± 11.5 8.9 ± 11.5 9.4 ± 11.9 0.80

Soft drink 0.17 ± 1.46 [0] 0.16 ± 1.75 0.13 ± 0.86 0.20 ± 1.60 0.61
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Table 4 presents results stratified by gender for the association between beverage consumption and LTL 
changes. A significant inverse association between green tea consumption ≥ 7 cups/week and LTL shorten-
ing was shown among women only after adjusting for potential confounding variables (p < 0.05). Although no 
association for soft drinks was observed among all participants in Table 2, a significant positive association was 
observed among women (p < 0.05). In contrast, an insignificant inverse trend was examined among men. For 
other beverages, no significant association was observed.

Table 2.   Association between beverage consumption and 6-year changes1 in leukocyte telomere length. CI 
confidence interval, WBCC white blood cell counts. 1 Changes were calculated by subtracting the follow-up 
value from the baseline value of telomere length (baseline value − follow-up value) and its positive value 
indicates telomere shortening. 2 Number of participants. 3 Regression coefficient estimate. 4 Model adjusted 
for age, sex, monthly household income status, employment status, body mass index, smoking status, alcohol 
consumption status, physical activity, white blood cell counts, and presence of hypertension or diabetes 
mellitus. 5 Black tea, oolong tea, and other types of tea. 6 p value = 0.006.

Beverage consumption

Categories N2

Age, sex, WBCC adjusted model Multiple model4

Types Estimate3 (95% CI) Estimate3 (95% CI)

Green tea

None 1505 Reference Reference

< 7 cups/week 227 − 0.024 (− 0.090, 0.043) − 0.021 (− 0.089, 0.044)

≥ 7 cups/week 220 − 0.094 (− 0.161, − 0.027)6 − 0.097 (− 0.164, − 0.029)6

Others5
None 1910 Reference Reference

≥ 1 cup/month 42 − 0.054 (− 0.199, 0.090) − 0.052 (− 0.197, 0.093)

Brewed coffee

None 1563 Reference Reference

< 14 cups/week 217 0.035 (− 0.033, 0.103) 0.037 (− 0.031, 0.105)

≥ 14 cups/week 172 − 0.030 (− 0.106, 0.045) − 0.030 (− 0.105, 0.046)

Instant coffee

None 755 Reference Reference

< 14 cups/week 518 − 0.001 (− 0.054, 0.052) − 0.001 (− 0.054, 0.053)

≥ 14 cups/week 679 − 0.009 (− 0.061, 0.043) − 0.012 (− 0.064, 0.041)

Soft drink
None 1870 Reference Reference

≥ 1 cup/month 82 − 0.009 (− 0.115, 0.096) − 0.008 (− 0.113, 0.098)

Table 3.   Age-stratified association between beverage consumption and six-year changes1 in leukocyte 
telomere length. CI, confidence interval. 1 Changes were calculated by subtracting the follow-up value from the 
baseline value of telomere length (baseline value − follow-up value) and its positive value indicates telomere 
shortening. 2 Number of participants. 3 Model adjusted for sex, monthly household income status, employment 
status, body mass index, smoking status, alcohol consumption status, physical activity, white blood cell counts, 
and presence of hypertension or diabetes mellitus. 4 Regression coefficient estimate. 5 Black tea, oolong tea, and 
other teas. 6 p value = 0.002.

Beverage consumption

Categories

Model3 for < 65 years Model3 for ≥ 65 years

Types N2 Estimate4 (95% CI) N2 Estimate4 (95% CI)

1578 374

Green tea

None 1198 Reference 307 Reference

< 7 cups/week 189 − 0.003 (− 0.075, 0.070) 38 − 0.118 (− 0.292, 0.055)

≥ 7 cups/week 191 − 0.114 (− 0.185, − 0.042)6 29 0.052 (− 0.147, 0.252)

Others5
None 1542 Reference 368 Reference

≥ 1 cup/month 36 − 0.112 (− 0.268, 0.043) 6 0.154 (− 0.263, 0.571)

Brewed coffee

None 1222 Reference 341 Reference

< 14 cups/week 197 0.031 (− 0.041, 0.102) 20 0.167 (− 0.069, 0.403)

≥ 14 cups/week 159 − 0.042 (− 0.120, 0.036) 13 0.047 (− 0.242, 0.336)

Instant coffee

None 586 Reference 169 Reference

< 14 cups/week 414 0.007 (− 0.053, 0.066) 104 − 0.039 (− 0.165, 0.088)

≥ 14 cups/week 578 − 0.009 (− 0.066, 0.048) 101 − 0.034 (− 0.172, 0.104)

Soft drink
None 1504 Reference 366 Reference

≥ 1 cup/month 74 − 0.013 (− 0.123, 0.097) 8 − 0.153 (− 0.531, 0.224)
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Discussion
In this study, we evaluated six-year changes in LTL among 1952 Korean adults and its association with beverage 
consumption, including tea, coffee, and soft drinks. In our findings, daily consumption of green tea was inversely 
associated with LTL shortening, a change from baseline to follow-up values, whereas soft drink consumption 
was positively associated with it. In particular, these associations were more evident among women than among 
men. This association for green tea consumption was also significant among participants younger than 65 years. 
Additionally, consumption of coffee and other types of tea was associated with neither cross-sectional values 
nor longitudinal changes of LTL.

An earlier epidemiological study reported a positive association between tea consumption and cross-sectional 
values of LTL14. Although further data for the association between varied types of tea and LTL are limited, the 
beneficial effects of green tea, oolong, and black tea, which are favorably consumed worldwide, have been well 
described21–23. These teas contain polyphenols, tocopherols, ascorbic acid, carotenoids, phytochemical com-
pounds, and minerals such as Cr, Mn, Se, or Zn. Specifically, green tea contains catechins, which are poly-
phenolic compounds classified as flavonoids, showing robust antioxidant properties24, gallic acid, and other 
phenolic acids25. Polyphenol epigallocatechin-3-gallate (EGCG), one of the most abundant catechins found in 
green tea, is a component with antioxidant and anti-inflammatory properties26,27. Furthermore, compounds with 
antioxidant properties scavenge reactive oxygen species (ROS) and nitrogen species and chelate redox-active 
metal ions, which are involved in Fenton and Haber–Weiss reactions. These scavenging properties are essential 
because ROS attacks the G triplets in telomeres, leading to DNA cleavage and telomere attrition28–30. Thus, anti-
oxidant properties of green tea may delay telomere attrition by protecting telomeres against oxidative damage. 
As another mechanism, the impact of green tea compounds on telomerase may contribute to the maintenance 
or elongation of telomeres. According to an in vitro study, EGCG increased chromosomal instability (CIN) in a 
dose-dependent manner, reportedly correlated with telomere shortening, in colon adenocarcinoma cells, but it 
decreased CIN in normal colon epithelial cells, proposing different effects of EGCG on normal and malignant 
cells31. In normal cells, EGCG may inhibit telomere shortening by modifying the mechanism of telomere biology, 
for example, by upregulating telomerase activity. An intervention study demonstrated that obese women with 
green tea supplementation had increased LTL, possibly reflecting telomere lengthening17. Our study found a 
significant association between green tea consumption and LTL changes, in particular LTL lengthening, among 
women only. Biological mechanisms underlying the differential associations by sex are not fully understood. It 
has been suggested that men have faster attrition of telomere length than women partly due to the association 
of sex hormones in telomere maintenance and oxidative stress32, and thus there may be sex-specific effects of 
green tea on this association.

Some investigations reported conflicting data regarding the association between coffee consumption and 
LTL11,12,33. For example, a cross-sectional study showed no association11, while others observed a positive 
association12,33. The present longitudinal study observed a significant association between soft drink consump-
tion and LTL shortening in women. An earlier animal data34 indicating that soft drink consumption induces 
oxidative stress may explain a biological mechanism underlying this association.

Table 4.   Sex-stratified association between beverage consumption and six-year changes1 in leukocyte telomere 
length. CI confidence interval. 1 Changes were calculated by subtracting the follow-up value from the baseline 
value of telomere length (baseline value − follow-up value) and its positive value indicates telomere shortening. 
2 Number of participants. 3 Model for leukocyte telomere length adjusted for age, monthly household income 
status, employment status, body mass index, smoking status, alcohol consumption status, physical activity, 
white blood cell counts, and presence of hypertension or diabetes mellitus. 4 Regression coefficient estimate. 
5 Black tea, oolong tea, and other teas. 6 p value < 0.05.

Beverage consumption Model3 for women Model3 for men

Types Categories N2 Estimate4 (95% CI) N2 Estimate4 (95% CI)

976 976

Green tea

None 737 Reference 768 Reference

< 7 cups/week 140 − 0.088 (− 0.176, 0.001) 87 0.075 (− 0.028, 0.178)

≥ 7 cups/week 99 − 0.104 (− 0.206, − 0.001)6 121 − 0.083 (− 0.173, 0.006)

Others5
None 953 Reference 957 Reference

≥ 1 cup/month 23 − 0.027 (− 0.228, 0.175) 19 − 0.098 (− 0.309, 0.114)

Brewed coffee

None 738 Reference 825 Reference

< 14 cups/week 142 0.037 (− 0.052, 0.126) 75 0.044 (− 0.067, 0.154)

≥ 14 cups/week 96 − 0.029 (− 0.135, 0.076) 76 − 0.034 (− 0.144, 0.076)

Instant coffee

None 476 Reference 279 Reference

< 14 cups/week 311 − 0.010 (− 0.080, 0.060) 207 0.014 (− 0.070, 0.098)

≥ 14 cups/week 189 − 0.021 (− 0.104, 0.063) 490 − 0.009 (− 0.079, 0.060)

Soft drink
None 953 Reference 917 Reference

≥ 1 cup/month 23 0.230 (0.030, 0.431)6 59 − 0.095 (− 0.217, 0.027)
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Study limitations should be considered when interpreting our findings. Telomere length was assessed in 
leukocytes rather than somatic cells in this study. Because it was reported that telomere shortening rates were 
similar in leukocytes and somatic cells35, LTL has been a valuable marker of biological aging. However, based 
on longitudinal changes in LTL, telomere lengthening has been proposed to be limited to hematopoietic cells36. 
We used the baseline information of beverage consumption as an exposure in this study because its follow-up 
information was unavailable. Under the assumption that the baseline information of beverage consumption is 
sustained during the study period, we analyzed its association with longitudinal changes in telomere length. Thus, 
the exposure of beverage consumption might be less accurate probably due to non-differential misclassification 
leading to weak or null associations. Thus, further investigation on coffee consumption and other beverages, 
except green tea, is warranted. In addition, unadjusted residual confounding factors including diet and dietary 
supplementations, which we were unable to observe in this study, might lead to weak or null associations.

The study findings can also be generalized to Korean adults of similar ages. Nevertheless, further studies 
including participants with varied ethnicities and age ranges are warranted. The strength of our study includes 
using a large sample size from the general population, a wide range of confounding variables, and the longitudinal 
observation method of LTL adopted.

Therefore, based on our findings, we suggest beneficial effects of green tea consumption and potentially disad-
vantageous effects of soft drink consumption on LTL shortening, which may reflect accelerated biological aging.

Methods
Study design and participants.  Study participants were from an ongoing population-based prospective 
cohort study, a part of the Korean Genome Epidemiology Study. Detailed information on the study design and 
procedures is available in a previous study37,38. Briefly, eligible study subjects were selected based on a two-
stage cluster sampling method using the information of residential district and demographic characteristics and 
identified by telephone contact. They were invited to visit the Korea University Ansan Hospital on a designated 
date between June, 2001 and January, 2003. Finally, 5012 participants were enrolled at baseline and have been 
followed up biennially since February, 2003. At baseline, trained researchers conducted a questionnaire-based 
interview and comprehensive health examination, including anthropometric assessment, blood pressure (BP) 
measurement, and bio-specimen collection. The questionnaire inquired about participants’ demography, medi-
cal history, health conditions, and lifestyle including smoking and alcohol drinking, and dietary intake. During 
the follow-up period, similar interviews and health examinations were repeated although food frequency ques-
tionnaire was not included after 2011. The Human Subjects Review Committee at the Korea University Ansan 
Hospital approved all study procedures and protocols, and participants signed an informed consent form during 
every visit (IRB number: ED0624). All methods were performed in accordance with the Declaration of Helsinki 
and local guidelines and regulations concerning the ethics of human research.

For the present study, initial investigation on beverage consumption, as an exposure, and LTL, as an outcome, 
was conducted between February, 2011 and November, 2012 (the baseline period). Then, repeated measurement 
of LTL was conducted between February, 2017 and December, 2018 (the follow-up period). Thus, longitudinal 
changes during six years between initial assays and repeated assays of LTL were observed. As recorded, 2314 
cohort members completed the interview and health examination and their initial LTL were assayed. Among 
84% of them, the follow-up assay of LTL were completed. Thus, 1952 participants were included in the analysis. 
General characteristics, except age, between participants and nonparticipants were similar.

Beverage consumption.  Information on green tea, coffee, and soft drink consumption was collected dur-
ing the baseline period using a caffeine food frequency questionnaire (C-FFQ), but it was not updated during the 
follow-up period. C-FFQ inquired consumption of 18 beverage categories, including brewed coffee, three types 
of instant coffee, green tea, black tea, oolong, two types of instant hot chocolate, two types of regular coke, diet 
coke, two types of carbonated drinks, two types of energy drink, and two types of processed milk with the infor-
mation on quantified consumption frequency (one standard serving size for beverage is defined as one paper 
cup of 190 mL) consumed over the past year. This questionnaire was constructed based on the Fred Hutchinson 
Cancer Research Center Caffeine Questionnaire39. We calculated average consumption per week for each bever-
age and generated categories considering the number of participants in each category; none, 0–14 cups/week, 
and ≥ 14 cups/week for brewed and instant coffee; none, 1–6 cups/week, and ≥ 7 cups/week for green tea; then 
none and ≥ 1 cup/week for other types of tea or soft drinks.

Measurement of leukocyte telomere length.  Relative LTL was measured using quantitative real-time 
polymerase chain reaction40. Genomic DNA in leukocytes was extracted from peripheral blood samples col-
lected during the baseline and six-year follow-up periods, using a QIAamp DNA blood mini kit (Qiagen, Hilden, 
Germany). Then, purified DNA samples were diluted and quantified using a NanoDrop 1000 spectrophotometer 
(Thermo Fisher Scientific, Wilmington, DE, USA). Subsequently, the ratio of telomere repeat copy number to 
the single-copy gene copy number (36B4 gene encoding acidic ribosomal phosphoprotein) was determined 
using the iQ Multi-Color Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA). The final concentra-
tions of the PCR reagents were 1× SYBR Green SuperMix (Bio-Rad), 50 ng of DNA, 0.2 μM of telomere prim-
ers (forward, 5′-GGT​TTT​TGA​GGG​TGA​GGG​TGA​GGG​TGA​GGG​TG A GGGT-3′; reverse, 5′-TCC​CGA​CTA​
TCC​CTA​TCC​C TATC CCT​ATC​CCT​ATC​CCTA-3′) and 0.3 μM of 36B4 primers (forward, 5′-CAG​CAA​GTG​
GGA​AGG​TGT​AATC C-3′; reverse, 5′-CCC​ATT​CTA​TCA​TCA​ACG​GGT​ACA​A-3′). Reactions were conducted 
using telomere and 36B4 primers in the same 96-well plate, and each plate included a reference DNA sample. 
Finally, a four-point standard curve was established to transform the cycle threshold to nanograms of DNA. In 
a quality control test, coefficient of variation values were 4.4% for the intra-assay and 7.6% for the inter-assay 
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when 34 duplicate samples were run in two batches. To evaluate reproducibility, we obtained Pearson correlation 
coefficients; 0.97 (p < 0.001) for 34 duplicate samples, 0.98 (p < 0.001) for 17 duplicate samples in one batch, and 
0.95 (p < 0.001) for 17 duplicate samples in the other batch. To calculate six-year changes in LTL, a change from 
baseline to follow-up values indicating LTL shortening for each individual was calculated.

Potential confounding variables.  On the basis of previous studies related to main exposures and 
outcomes12,14, we considered age, sex, body mass index (BMI), income status, smoking status, alcohol con-
sumption status, physical activity, and presence of diabetes mellitus or hypertension as potential confounding 
variables. In this study, the baseline information on these confounding variables was used. Body weight and 
height were measured to the nearest 0.1 kg and 0.1 cm, respectively, to calculate BMI (kg/m2). Smoking status 
was categorized into four groups; nonsmoker and current smoker (≤ 10  cigarettes/day, 11–20  cigarettes/day, 
and > 20  cigarettes/day). Alcohol consumption status was also categorized into four groups; nondrinker and 
current drinker (< 15 g/day, 15–30 g/day, and > 30 g/day). To assess physical activity, participants were asked to 
report hours spent in a typical day in sleep and five categories of activity intensity (sedentary, very light, light, 
moderate, vigorous), for each of which specific activities were listed. A total metabolic equivalent (MET) score 
was calculated by multiplying hours spent by a MET value (1.0 for sleep or sedentary, 1.5 for very light, 2.4 for 
light, 5.0 for moderate, and 7.5 for vigorous activity), which was an average of MET values of specific activities 
listed for each category41, and summing up the total. The presence of diabetes mellitus or hypertension was 
determined if one of the following criteria was met: use of hypoglycemic medications or fasting plasma glucose 
levels ≥ 126  mg/dL or postprandial glucose level ≥ 200  mg/dL; use of hypertension treatment medications or 
systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg.

Statistical analysis.  Descriptive statistics, chi-square test, and analysis of variance (ANOVA) were used to 
compare participants’ characteristics according to the categories of LTL changes. The Cochran-Armitage trend 
test and linear trend analysis in ANOVA were performed to obtain p values for trend. To analyze the association 
between beverage consumption and LTL changes, a robust linear regression model was used because the distri-
bution of the dependent variable, which had negative and positive values and zero, was skewed due to outliers. 
In multiple models, age, BMI, and physical activity were treated as continuous variables and sex, monthly house-
hold income, smoking status, alcohol consumption status, and the presence of hypertension and diabetes mel-
litus as categorical variables. We confirmed no missing data for continuous covariates and created an additional 
group for missing data of categorical covariates. Further analysis stratified by sex and age groups (age < 65 years 
and ≥ 65 years) was also conducted. All tests were based on a two-sided level of significance, and SAS, version 9.4 
software was used (SAS Institute, Cary, NC, USA).

Data availability
Datasets are available in a funder- mandated (website of the Korea Disease Control and Prevention Agency: 
https://​is.​kdca.​go.​kr/).
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