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Background: Sarcopenia is an age-related loss of muscle mass and strength. Coffee has antioxidant and anti-in-
flammatory properties that have been shown to be inversely related to the mechanism of sarcopenia. While there
have been some studies on the effect of coffee on sarcopenia in animals, studies on the topic in humans are rare.
Therefore, we investigated this relationship in elderly Korean men.

Methods: The cross-sectional data were derived from the 2008-2011 Korea National Health and Nutrition Exami-
nation Survey. After applying the exclusion criteria, the study sample consisted of 1,781 men who were at least 60
years of age. Study participants were identified as having sarcopenia if their appendicular skeletal muscle mass di-
vided by height squared was less than two standard deviations below the gender-specific mean of this value for
young adults. Daily coffee consumption amounts were categorized as <1 cup, 1 cup, 2 cups, and =3 cups.

Results: Compared to the group of individuals who drank less than one cup of coffee a day, people who consumed
at least 3 cups (adjusted odds ratio, 0.43; 95% confidence interval, 0.20 to 0.94) showed significantly decreased sar-
copenia; however, the decrease was not significant when the daily coffee consumption was 1 or 2 cups. In multivar-
iate logistic regression models, significant associations were observed between sarcopenia and coffee consumption
(P for trend=0.039).

Conclusion: The results of this study suggest that consuming at least 3 cups of coffee per day was associated with a
lower prevalence of sarcopenia in elderly Korean elderly men.
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INTRODUCTION

Coffee has phenolic compounds such as chlorogenic acid and caffeic
acid that have strong antioxidant activity and anti-inflammatory ef-
fects, as well as the potential to induce autophagy."” Considering
these pharmacological benefits of coffee, studies have been conducted
to investigate the association between coffee consumption and several
clinical conditions. The results of these studies suggest that habitual
coffee consumption is associated with lower prevalence of diabetes or
pre-diabetes,” insulin resistance,” stroke,” Parkinson’s disease,” and
cardiovascular disease.” There is also evidence that coffee consump-
tion is associated with decreased risks for some types of cancer."”

Sarcopenia has been defined as the loss of muscle mass and
strength,'” which is progressive, and mainly related to age.'” It can re-
sult in mobility disorders, physical disability, poor quality of life, and
even death."” Several factors are related to the pathogenesis of sarco-
penia. Age-related changes such as decreased levels and sensitivity of
anabolic hormones, lack of physical activity, nutritional deficiencies,
and comorbid diseases all contribute to the onset and progression of
sarcopenia. These changes are hypothesized to lead inflammation
with increased circulating levels of inflammatory cytokines, oxidative
stress, suppressed muscle autophagy, and increased apoptosis by al-
tering intra- and extracellular processes.""® In addition, oxidative me-
tabolism generates reactive oxygen species, which alters skeletal mus-
cle mitochondrial DNA and can lead to sarcopenia.'”

In one animal trial of aged mice to examine the effect of coffee on
skeletal muscles, coffee attenuated the reduction of age-related muscle
weight and muscle power, and stimulated regeneration of injured
muscle compared to controls. Furthermore, pro-inflammatory media-
tors such as tumor necrosis factor-alpha and interleukin 6 decreased
after coffee treatment.”

Despite these findings, studies of the effect of coffee on sarcopenia
in humans are uncommon. In this epidemiological study, we analyzed
the association of coffee consumption and sarcopenia in elderly Kore-

an men.

METHODS

1. Study Population

Data are from the cross-sectional survey of the second and third year
(2008-2009) of the fourth Korea National Health and Nutrition Exami-
nation Survey (KNHANES IV) and the first and second year (2010-
2011) of the KNHANES V, conducted by the Korea Centers for Disease
Control and Prevention (KCDC). Originally conducted in 1998, the
KNHANES is performed periodically as a cross-sectional and nation-
ally representative survey to investigate the general health and nutri-
tional status of the Korean population. It uses a complex, stratified,
multistage, probability-cluster sampling method, which enables the
collection of extensive and nationally representative data. The proto-
cols for the KNHANES IV and V were approved by the institutional re-
view board of the KCDC (2008-04EXP-01-C, 2009-01CON-03-2C,
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2010-02CON-21-C, 2011-02CON-06-C). All participants provided writ-
ten informed consent before completing the survey, which included a
health interview, a nutritional survey, and a health examination. Data
were collected via household interviews and standardized physical ex-
aminations. During the period from 2008 to 2011, 9,043 males took
part in the KNHANES, and 2,451 men aged 60 years or older. Within
the sample of men who were at least 60 years of age, individuals with
stroke (144), myocardial infarction or angina (153), liver cirrhosis (17),
renal failure (12), or cancer (344) were excluded. The final 1,781 sub-

jects were included for the analysis.

2. Assessment of Coffee Intake

Self-reported coffee consumption data were obtained through dietary
interviews. A food frequency questionnaire was used to assess the
usual dietary intake over the preceding year. Participants were asked
how many cups of coffee they drank during a day, a week or a month.
In the questionnaire, the frequency of coffee intake was classified into
ten categories: rarely, 6-11 cups per year, 1 cup per month, 2-3 cups
per month, 1 cup per week, 2-3 cups per week, 4-6 cups per week, 1
cup per day, 2 cups per day, and 3 or more cups per day. Four coffee
consumption groups were constructed: less than 1 cup per day (<1
cup), 1 cup per day (1 cup), 2 cups per day (2 cups), and 3 or more
cups per day (=3 cups), because of the excessively small samples and
the small differences between data of each section of the four groups.
No distinction was made between caffeinated and decaffeinated cof-
fee, or between the individual types of coffee (boiled, filtered, or in-

stant).

3. Definition of Sarcopenia

Whole and regional body compositions of participants were measured
using dual-energy X-ray absorptiometry (DXA, Discovery-W fan-beam
densitometer; Hologic Inc., Bedford, MA, USA). According to the defi-
nition of sarcopenia proposed by Baumgartner et al.,"” we summed
the muscle mass of the four limbs from DXA as appendicular skeletal
muscle mass (ASM) and defined a skeletal muscle mass index (SMI)
as ASM divided by height squared, ASM/height* (kg/m?). The cutoff
value for sarcopenia was 2 standard deviations (SDs) below the mean
SMI of young males (20-39 years). Participants were divided into

groups with and without sarcopenia.

4. Statistical Analysis

We applied weights from the KNHANES to calculate estimated means,
proportions, and standard errors for the Korean population. We also
used complex-sample logistic regression analysis to evaluate the rela-
tionship between sarcopenia and coffee consumption. Results were
considered to be statistically significant when the P-value was less than
0.05. To estimate P for trends, coffee consumption group variable was
regarded as a continuous variable in the trend analysis. Data were ana-
lyzed using IBM SPSS ver. 20.0 for Windows (IBM Corp., Armonk, NY,
USA).
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RESULTS

1. Comparison of the Groups with and without Sarcopenia

The clinical characteristics of the Korean elderly men who were in-
cluded in this analysis are shown in Table 1. These estimates were cal-
culated using complex-sample general linear regression and analyzed
using complex-sample logistic regression methods (Table 1). All 1,781
study subjects were men aged 60 years or older and their mean age
was 68.2 years. With the sarcopenia definition as described in the
methods, the cutoff point of sarcopenia in men was 6.07 kg/m? The
mean age of men with sarcopenia was 72.0+0.68 years, which was sig-
nificantly higher than in men without sarcopenia, 67.9+0.19 years
(P<0.001). Similarly, the mean height and weight of individuals with-
out sarcopenia was 165.8+0.17 cm and 65.5+0.28 kg, respectively,
while those of the sarcopenia group was 163.8+0.57 cm (P=0.001) and
51.1£0.71 kg (P<0.001). Furthermore, the mean SMI in men without
sarcopenia was 7.4+0.03 kg/m? and 5.7+0.04 kg/m? in the group with
sarcopenia (P<0.001). Smoking status and exercise frequency were
significantly different between two groups (P=0.004, P=0.006, respec-

tively), but there was no difference in alcohol consumption frequency

Table 1. Clinical characteristics of the participants with and without sarcopenia

Characteristic W'th(ﬁi[f‘%rggf)ema W't?st;CZ%E(;ma P-value
Age () 67.9+0.19 72.0+0.68 <0.001
60-69 64.0 (1.3 38.5(4.5) <0.001
70-79 31.2(1.2 49.0 (5.0)
>80 4.8 (0.6) 21.5(3.6)
Height (cm) 165.8+0.17 163.8+0.57 0.001
Weight (kg) 65.5+0.28 51.1+0.71 <0.001
Waist circumference (cm) 86.3+0.27 73.9+0.97 <0.001
Body mass index (kg/m?) 23.8+0.09 19.0+0.24 <0.001
ASM (kg) 20.4+0.09 15.4+0.16 <0.001
ASM/height? (kg/m?) 7.4+0.03 5.7+0.04 <0.001
Coffee (cup/d) 0.034
<1 30.7 (1.4 43.4(5.7)
1 271 (1.4) 28.2 (4.5)
2 24.4(1.3) 18.8 (4.2
>3 17.9(1.2) 9.6 (2.8)
Smoking 0.004
Never 16.2 (1.1) 9.1 (2.6)
Former 27.8(1.5) 17.2(4.1)
Current 56.0 (1.7) 73.7 (4.7)
Alcohol 0.618
Never 23.8(1.2) 27.9 (4.6)
<1/wk 35.8(1.6) 31.06.3)
>2/wk 40.4 (1.5) 41.1(5.7)
Exercise 0.006
None 71.3(1.6) 85.7 (3.4)
<2/wk 14.8 (1.2) 7.5(2.8)
>3/wk 13.9(1.2) 6.7 (2.2)

Values are presented as mean=standard error or estimated % (standard error). All
data are weighted to the residential population of Korea. Calculated by complex
sample general linear model and complex sample logistic regression analysis.

ASM, appendicular skeletal muscle.

*Unweighted sample size.
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(P=0.618).

The proportion of coffee consumption by stratified frequencies was
significantly different between the two groups (P=0.034). Additionally,
the ratio of the number of persons who drank less than 1 cup of coffee
per day and 1 cup per day was relatively higher in the group with sar-
copenia than in the group without sarcopenia (43.4% and 28.2% in the
group with sarcopenia versus 30.7% and 27.1% in the group without
sarcopenia, respectively). Furthermore, the ratios were relatively lower
as daily coffee consumption increased to 2 cups and 3 or more cups
(18.8% and 9.6% in the group with sarcopenia versus 24.4% and 17.9%
in the group without sarcopenia).

2. Baseline Characteristics of the Subjects According to
Coffee Consumption Frequency

In the unweighted KNHANES data, there were 583 men who con-
sumed less than 1 cup of coffee per day, 476 who drank 1 cup per day,
423 who drank 2 cups per day, and 299 who consumed 3 or more cups.
The mean ages were lower as the daily coffee consumption amount
increased (P=0.001), but there were no differences in mean height,
weight, waist circumference, body mass index, amount of protein in-
take, or exercise frequency by coffee consumption. Additionally, we
observed no significant differences between the means of ASM and
SMI by each coffee consumption group (P=0.113, P=0.243, respective-
ly). Among the factors we included in the regression model, smoking,
alcohol consumption rate, household income, education, and total
energy intake amount were significantly different by daily coffee con-

sumption (Table 2).

3. Relationship between Coffee Consumption and

Sarcopenia
Compared to the reference group of individuals whose daily coffee
consumption was <1 cup, sarcopenia was significantly lower in people
whose daily consumption was at least 3 cups (odds ratio [OR], 0.38;
95% confidence interval [CI], 0.18 to 0.80), while the prevalence of sar-
copenia was not significantly lower for persons who consumed 1 or 2
cups of coffee a day (1 cup: OR, 0.74; 95% ClI, 0.43 to 1.26; 2 cups: OR,
0.54; 95% CI, 0.29 to 1.03) without any adjustment (model 1 in Table 3).
This result was also observed after adjusting for covariates as shown in
Table 3. Notably, the prevalence of sarcopenia was significantly lower
in individuals who drank at least 3 cups of coffee per day, even after
adjusting for age, smoking, alcohol, exercise, education, household in-
come, occupational status, protein intake, and energy intake (adjusted
OR, 0.44; 95% CI, 0.21 to 0.94) (model 5 in Table 3).

The prevalence of sarcopenia was 7% (n=125) in the unweighted
study population, while the estimated rate of sarcopenia was 9.0%
among people who drank less than one cup of coffee per day, 6.8%
among individuals who drank 1 cup per day, 5.1% in persons who
consumed 2 cups of coffee per day, and 3.6% among individuals who
drank at least 3 cups of coffee per day, as shown in Figure 1 (P for
trend=0.007). After adjustment for age (model 2), the estimated preva-

lence of sarcopenia still decreased significantly as daily coffee con-
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Table 2. Anthropometric and demographic characteristics according to coffee consumption (N=1,781%)

Coffee consumption (cup/d)

Characteristic P-value
<1 (N=583% 1 (N=476%) 2 (N=423% >3 (N=299%)

Age (y) 68.9+0.33 68.5+0.38 67.9+0.33 66.8+0.42 0.001
60-69 57.5(2.3) 60.2 (2.8) 64.6 (2.5) 71.1 (3.0 0.032
70-79 35.9(2.2) 33.8(2.6) 31.0(2.3) 25.9 (2.9
>80 6.6 (1.2 6.0 (1.4) 44(1.1) 31(1.2)

Height (cm) 165.3+0.31 165.6+0.29 166.0+0.33 166.2+3.36 0.234

Weight (kg) 63.7+0.54 64.6+0.51 65.2+0.59 65.2+0.66 0.225

Waist circumference (cm) 85.2+0.48 85.4+0.48 85.8+0.57 85.5+0.65 0.854

Body mass index (kg/m? 23.2+0.16 23.5+0.16 23.6+0.19 23.6+0.23 0.378

ASM mass (kg) 19.8+0.19 20.1+0.15 20.2+0.17 20.5+0.18 0.113

ASM/height? (kg/m?) 7.2+0.06 7.3+0.04 7.3+0.05 7.4+0.06 0.243

Hypertension 37.7(2.6) 40.5 (2.7) 40.1 (2.9 38.9(3.9) 0.888

Diabetes mellitus 15.4(2.1) 14.5(1.9) 16.7 (2.1) 15.8 (2.6) 0.894

Dyslipidemia 6.4 (1.3 59 (1.4 53(1.2) 6.7 (2.0) 0.908

Osteoarthritis 12.6 (2.0) 10.1 (1.9 11.2(2.2) 9.0 (1.9 0.621

Smoking 0.001
Never 21.3(2.0) 14.7 (1.9 13.3(2.1) 10.5(2.2)

Former 25.6 (2.2) 26.5 (2.4) 32.9(3) 22.7 (3.1)
Current 53.0 (2.6) 58.7 (2.7) 53.8 (3.3) 66.8 (3.2)

Alcohol 0.039
Never 22.7(2.1) 22.9(2.4) 20.8 (2.3) 32.6 (3.4)
<1/wk 34.9(2.7) 37.1(2.9 34.5(2.8) 35.5(3.6)
>2/wk 42.4(2.8) 40.0 (2.8) 44.7 (2.7) 31.9(3.3)

Exercise 0.790
None 74.6 (2.3) 71.7 (2.9 73.0 (2.9 68.0 (3.5)
<2/wk 12.5(1.6) 15.1 (2.4) 13.4(2.2) 17.3(2.8)
>3/wk 12.9(1.9) 13.2(1.9) 13.6 (2.5) 14.7 (2.8)

Household income <0.001
Low 45.4 (2.7 40.8 28.8(2.7) 29.7 (3.4)

Low-moderate 28.5(2.5) 27.5 31.3(2.8) 27.1(3.4)
Moderate-high 13.8(1.8) 17.9 21.0(2.3) 25.9(2.9
High 12.3(2.1) 13.8 18.9 (2.4) 17.3(2.9)

Education (y) 0.002
<6 51.5(2.7) 40.0 41.5(3.0) 41.8(3.9)
7-9 20.8 (2.2 20.6 21.4(2.6) 22.93.0)
10-12 19.6 (2.1) 23.8 19.9 (2.4) 26.8 (3.1)
>13 8.1 (1.4 15.6 17.2(2.8) 8.6 (2.0)

Occupation 55.9 (2.7) 51.1 (3.0 55.4 (3.1) 64.7 (3.8) 0.029

Protein intake (g/d)t 65.9+1.47 67.9+1.99 71.2+1.97 721+2.34 0.062

Total energy intake (kcal/d)t 1,957+31.5 1,994+40.1 2,101+44.8 2,123+50.2 0.006

Values are presented as mean=standard error or estimated % (standard error). All data are weighted to the residential population of Korea. Calculated by complex sample

general linear model and complex sample logistic regression analysis.
ASM, appendicular skeletal muscle.

*Unweighted sample size. 'Daily energy and protein intakes were assessed using the 24-hour recall method of the nutrition survey of the Korea National Health and Nutrition

Examination Survey.

sumption increased (P for trend=0.025). This significant pattern con-
tinued in the multivariate-adjusted model 3, 4, and 5 as shown in Table
3 (P for trends=0.011, 0.020, and 0.026, respectively).

DISCUSSION

Because sarcopenia is mainly related to aging, we expected the mean
age of the group of sarcopenia to be higher than the group without sar-

copenia, and the analyzed results were in good accord with the ex-
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pected results (72.0 years old in persons with sarcopenia versus 67.9
years old in individuals without sarcopenia). In the present study, cof-
fee consumption was associated with a significantly decreased risk of
sarcopenia. This observed association was independent of age, life-
style (alcohol consumption, smoking, and exercise), degrees of educa-
tion and household income, and nutrition status (protein and energy
intake). Furthermore, a significant linear trend was observed across
the levels of coffee consumption. Study participants who consumed 3

or more cups of coffee per day had a 62% lower risk of sarcopenia,
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Table 3. ORs and 95% Cls of sarcopenia by coffee consumption
Coffee consumption (cup/d)
Model 1 2 >3 P for trend
OR (Cl) P-value OR (Cl) P-value OR (Cl) P-value

1 0.74 (0.43-1.26) 0.36 0.54 (0.29-1.03) 0.07 0.38 (0.18-0.80) 0.01 0.007

2 0.75 (0.44-1.28) 0.53 0.59 (0.31-1.11) 0.18 0.46 (0.22-0.96) 0.04 0.025

3 0.69 (0.39-1.22) 0.44 0.55 (0.29-1.05) 0.17 0.41 (0.19-0.85) 0.02 0.011

4 0.70 (0.39-1.24) 0.50 0.57 (0.31-1.07) 0.23 0.44 (0.21-0.93) 0.03 0.020

5 0.69 (0.39-1.24) 0.44 0.60 (0.32-1.12) 0.25 0.44 (0.21-0.94) 0.04 0.026

Values are presented as prevalence OR (95% Cl) compared with the group of coffee consumption less than 1 cup per day in each model. Model 1: not adjusted; model 2:
univariate adjusted for age; model 3: multivariate adjusted for age, smoking, alcohol, and exercise; model 4: multivariate adjusted for education, household income, and
occupation status in addition to the covariates included in the model 3; model 5: multivariate adjusted for protein intake and energy intake in addition to the covariates

included in the model 4.
OR, odds ratio; CI, confidence interval.

b P for trend=0.007

9.0
6.8
5.1
<1 1 2 >3

Daily coffee consumption (cup/d)

Sarcopenia prevalence (%)

Figure 1. Unadjusted prevalence of sarcopenia according to daily coffee
consumption. Sarcopenia prevalence (%): estimated value.

compared with those who drank less than 1 cup of coffee per day in
unadjusted analyses. In contrast, individuals who consumed at least 3
per day had a 57% lower risk of sarcopenia after adjustment for the co-
variates mentioned above.

There are some supporting explanations about the preventive effect
of coffee on sarcopenia. According to the mitochondrial free radical
theory of aging, mitochondrial dysfunction due to oxidative damage to
mitochondrial DNA is a major mechanism in the aging process.'” Au-
tophagy is essential for proper renewal of mitochondria and mainte-
nance of muscle mass. As a result, the autophagy rate should be in-
creased by various stresses on muscle cells like exercise or starvation.*
It has also been shown that autophagy is deficient in aged muscle and
may affect to mitochondrial dysfunction, enhanced oxidative stress,
and the decline of muscle homeostasis which occurs during the aging
process.'® According to Pietrocola et al.,” chronic consumption of cof-
fee diluted in the drinking water of female mice stimulated autophagy
in the liver, heart, and skeletal muscle in a dose-dependent manner.
Additionally, polyphenols, the main antioxidant component of coffee,
have been shown to induce autophagy.*” Because of its antioxidant
properties, it is conceivable that coffee may lower the risk of sarcope-

nia by reducing oxidative stress of mitochondria of muscle cells.

Korean Journal of Family Medicine

For the definition of sarcopenia, SMI could be calculated in 2 meth-
ods representatively; ASM divided by height squared (ASM/height®) or
by weight (ASM/weight).!**? In addition to various definition of SMI,
the cutoff values could be chosen differently: (1) less than 1 SD below
the mean values of healthy adults, (2) less than 2 SDs below the mean
values of healthy adults, or (3) the lowest quintile of study popula-
tions.?** In our study, the overall prevalence of sarcopenia was 7.5%
in Korean men aged 60 years or older. We used ASM/height* index
with 2 SDs below the mean values of healthy adults as the cutoff value.
There have been many investigations about sarcopenia in Korea and
the prevalence of sarcopenia and its effects on various health condi-
tions are different according to the methods used to define sarcope-
nia.* In an observational study by Kim et al.* on the association of
sarcopenia with cardiometabolic risk factors in elderly aged 65 years
or older, the prevalence of sarcopenia was 35.5% in men and 13.4% in
women using the ASM/height* index. In contrast, when they used
ASM/weight index, the prevalence estimates rose to 37.3% for men
and 62.6% for women. In another study, sarcopenia was defined as an
ASM-adjusted weight index less than 2 SDs below the mean of healthy
adults (20-39 years), and the prevalence of sarcopenia in participants
older than 50 years was 7.8%.2” The difference of sarcopenia preva-
lence was due to different cutoff values of SMI and the difference in
age and sex in the study population.

Several published studies offer insight into the role of dietary factors,
including coffee, to prevent sarcopenia. According to Kim et al.,*® Ko-
rean men at least 65 years of age who consumed the highest quintile of
vegetables, fruits and vegetables, and fruits consumption had 52%,
70%, and 68% lower risk of sarcopenia compared with those in the
lowest quintile of vegetable, fruit, and vegetables and fruit consump-
tion. These results were hypothesized to be related to the antioxidant
effects of vegetables and fruits on sarcopenia. Kim et al.>” also demon-
strated that vitamin D levels were significantly lower in subjects with
sarcopenia compared with those without sarcopenia.

In this study, we hypothesized that coffee might be associated with a
reduced risk of sarcopenia in humans through its antioxidant, anti-in-
flammatory, and pro-autophagy effects described in previous animal

trials.2" Our results support this hypothesis. To our knowledge, this is
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the first human study to examine the correlation between coffee con-
sumption and sarcopenia. These data support the potential role of cof-

'9) via the theoretical mechanism of

fee in helping prevent sarcopenia
coffee on sarcopenia.” Another strong point of this study is that the
study sample was obtained from a reliable nationally representative
population database, lending credence to the generalizability of the
findings, which were statistically significant even after adjustment for
covariates including demographic and health-related variables.

This study has some limitations. First, coffee consumption was esti-
mated by asking individuals to recall the amounts of coffee they drank
daily on average over the preceding year. The data did not take into ac-
count any changes of consumption over the person'’s lifetime. Second,
because the study was performed using a cross-sectional design, there
is limitation to detect the causal relations or mechanism of action.
Third, we cannot completely exclude the possibility that confounding
due to consumption of herb tea, green tea, vegetables, fruits, or other
substances that provide antioxidants.

In conclusion, this study is a large population-based study to exam-
ine the association between coffee consumption and sarcopenia. High
consumption of coffee was associated with a lower risk of sarcopenia

in elderly Korean men.
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