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Background: Handgrip strength (HGS) is an important predictor of long-term health 
and physical function. Studies have associated alcohol consumption with HGS but based 
on inconsistent findings. The Korea National Health and Nutrition Examination Survey 
(KNHANES) data were analyzed to examine the association between alcohol consump-
tion levels and HGS based on sociodemographic and health-related factors. Methods: 
Using the 2014 to 2018 KNHANES data, alcohol consumption levels (abstinence, moder-
ate, binge, and heavy consumption) and HGS levels (normal vs. weak) were determined 
in 8,556 men and 10,054 women (age, 49±16 years). Logistic regression analyses were 
conducted after adjusting for sociodemographic and health-related factors and in sub-
groups of those factors. Results: Binge or heavy consumption was reported in 50.2% of 
men and 22.7% of women, and weak HGS was found in 4.6% of men and 9.9% of wom-
en. In the fully adjusted model, weak HGS was associated with binge consumption (odds 
ratio [OR], 0.51, 95% confidence interval [CI], 0.37–0.71) and heavy consumption (OR, 
0.37, 95% CI, 0.22–0.63) in men, and moderate consumption (OR, 0.79, 95% CI, 0.67–
0.93) and binge consumption (OR, 0.65, 95% CI, 0.52–0.83) in women. An association 
between consumption levels and weak HGS was found in both sexes regardless of age 
(<65 vs. ≥65 years), education/income level, exercise endurance level, presence/ab-
sence of co-morbid illness, weight, and the presence/absence of metabolic syndrome. 
Conclusions: Alcohol consumption may be inversely associated with weak HGS, regard-
less of sociodemographic and health-related factors using the 2014 to 2018 KNHANES 
data. Further prospective studies are necessary to examine the causality of the association.
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INTRODUCTION

Weak muscle strength is associated with an increased risk of mortality, func-
tional decline in older persons, and major osteoporotic fracture.[1-3] The associa-
tion of muscle strength with mortality is independent of muscle mass.[1] Thus, 
the measurement of handgrip strength (HGS), which reflects muscle strength, has 
emerged as a clinically important screening tool for functional disability and early 
mortality.[4] The risk for weak HGS has been associated with older age,[5,6] lower 
education levels, low body mass index (BMI), comorbidity,[6] insufficient exercise, 
and inadequate nutritional status.[7] Excessive chronic alcohol consumption may 
also induce impairment of skeletal muscle protein metabolism.[8] Evidence for the 
potential adverse effects of alcohol consumption on muscle function has been 
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found in previous studies: higher alcohol consumption at 
baseline was associated with a 2-year decline in muscle 
strength in middle-aged men,[9] and problematic consump-
tion behavior was inversely associated with HGS in older 
men with diabetes mellitus.[10] 

In contrast, the findings of meta-analysis studies sug-
gested that alcohol consumption was associated with a 
lower risk for sarcopenia in older men,[11] and heavier al-
cohol consumption was associated with a lower incidence 
of frailty when compared with no alcohol consumption.
[12] The findings of other studies also suggest an inverse 
association between alcohol consumption and weak HGS.
[6,13] 

Considering the associations between sociodemograph-
ic, health-related factors, and weak HGS, these factors may 
interact with alcohol consumption in terms of the associa-
tion with weak HGS. Although sex- or comorbidity-specific 
associations between alcohol consumption and HGS have 
been evaluated,[9,10] associations according to sociode-
mographic and health-related factors have been demon-
strated less frequently. 

Given the inconsistency in results, the limited number of 
relevant studies, and scarce information regarding interac-
tions between sociodemographic and health-related fac-
tors and alcohol consumption related to weak HGS, a fur-
ther study on the relationship between alcohol consump-
tion and muscle strength (considering those factors) may 
extend previous findings. 

The aim of this study was to explore the association be-
tween alcohol consumption levels and muscle strength 
(using HGS) while considering sociodemographic and health-
related factors in population-based data of Korean adults. 

METHODS

1. Study subjects
This study was performed using data obtained from the 

2014 to 2018 Korea National Health and Nutrition Exami-
nation Survey (KNHANES).[14] KNHANES data can be re-
quested through the following website: http://knhanes.
cdc.go.kr. The KNHANES is a nationwide cross-sectional 
health survey conducted by the Korea Centers for Disease 
Control and Prevention for non-institutionalized South Ko-
reans; it employs a rolling sampling design that involves a 
complex, stratified, and multistage probability cluster sur-

vey.[15] Of 31,310 adults aged 19 to 80 years, individuals 
included in the present study were evaluated for complete 
data on alcohol use, HGS, demographic and health behav-
ior-related characteristics, chronic illnesses, and anthropo-
metric measurements. Individuals without available data 
for alcohol consumption (N=5,813), HGS (N=3,585), self-
reported health status (N=3,442), components of meta-
bolic syndrome (N=3,921), functional limitations (N=1,755), 
BMI (N=1,543), smoking status (N=2,400), physical activi-
ty including sedentary behavior and endurance and resis-
tance exercise (N=8,607), dietary intake (N=3,831), edu-
cation level (N=3,658), income level (N=152), and meno-
pausal status (in women; N=822) were excluded. The final 
dataset comprised complete data for 18,610 individuals 
(8,556 men, 10,054 women; 49.3±16.1 years of age). 

This work was categorized as an exemption category 
from the Institutional Review Board (IRB) of Busan Paik 
Hospital. The original KNHANES 2014 to 2017 were classi-
fied under the exemption category for ethical review in 
the Bioethics and Safety Act, and the KNHANES 2018 was 
approved by the IRB of the Korea Centers for Disease Con-
trol (IRB No. 2018-01-03-P-A). All participants provided 
written informed consent before enrollment to the original 
survey. 

 
2. Clinical and laboratory measurements

Grip strength was evaluated 3 times per hand using a 
TKK 5401 digital grip-strength dynamometer (Takei Scien-
tific Instruments Co. Ltd., Tokyo, Japan). All subjects stood 
with their hands at their sides. Then, each individual grasped 
the dynamometer with 1 hand, and 3 trials were conduct-
ed. The same procedure was repeated using the other hand. 
The subjects squeezed the dynamometer with maximum 
effort for approximately 3 sec; at least 30 sec of a resting 
interval was allowed between each measurement. Weak 
HGS was defined as the maximally measured grip strength 
of the dominant hand,[16] <26 kg for men and <18 kg for 
women, based on low muscle stren gth criteria among the 3 
criteria for sarcopenia, including low muscle mass and low 
physical performance recommended by the Asian Working 
Group for Sarcopenia.[5]

Alcohol consumption levels were categorized as absti-
nence (nondrinkers) or moderate consumption (up to 2 
drinks per day for men and 1 drink per day for women), 
binge consumption (7 or more alcoholic drinks for men or 5 
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or more drinks for women on the same occasion at least 
once per month but less than daily), or heavy consump-
tion (binge consumption almost daily).[17] The assessment 
of consumption levels was based on 3 questions: “How 
many drinks (using standard-sized containers of beverag-
es) do you have on a typical consumption day?”, with 6 re-
sponse options (none, 1–2 drinks, 3–4 drinks, 5–6 drinks, 
7–9 drinks, and ≥10 drinks); “How many days did you drink 
in the past year?”, with 6 response options (none, <1 day 
per month, 1 day per month, 2–4 days per month, 2–3 days 
per week, and ≥4 days per week); and “How many days did 
you consume ≥7 drinks (in men) or ≥5 drinks (in women) 
on the same occasion?”, with 5 response options (never, <1 
occasion per month, 1 occasion per month, 1 occasion per 
week, and almost every day). Considering that the amount 
of pure alcohol is about 10 g, the approximate average 
daily alcohol intake was calculated by multiplying drinking 
frequency and amount of alcohol consumed per occasion 
and dividing by the number of months.

In the USA, a “standard” drink contains about 14 g of pure 
alcohol,[18] whereas in Korea, standard‐sized containers of 
beverages contain 8 to 16 g of pure alcohol.[19] Therefore, 
binge consumption in the current study was defined as ≥7 
drinks in men or ≥5 drinks in women instead of ≥5 drinks 
in men or ≥4 drinks in women, as suggested by the Na-
tional Institute on Alcohol Abuse and Alcoholism.[20] 

The drinking duration was calculated by subtracting the 
drinking start age from the current age using the question 
about the drinking start age. Weight and height were mea-
sured with the subjects wearing light clothing and no shoes. 
BMI was calculated by dividing weight (kg) by squared hei-
ght (m). Then, the weight category was determined as non-
obese (BMI <25 kg/m2) or obese (BMI ≥25 kg/m2). Glu-
cose levels were assessed using the hexokinase ultraviolet 
method. Triglyceride (TG) levels were assessed using a stan-
dard enzymatic method. High-density lipoprotein choles-
terol (HDL-C) levels were assessed using a standard homo-
geneous enzymatic colorimetric method. All measurements 
were performed in a central certified laboratory using a 
7600-210 automatic analyzer (Hitachi Ltd., Tokyo, Japan) 
after the subjects had fasted for at least 8 hr. Waist circum-
ference was measured to the nearest 0.1 cm at the end of 
normal expiration at the midpoint between the lowest rib 
and iliac crest. Blood pressure (BP) was measured using a 
sphygmomanometer according to standard manual instruc-

tions.[21] Metabolic syndrome was defined when at least 3 
of the following components were satisfied: waist circum-
ference ≥90 cm (for men) or 85 cm (for women) [22]; BP 
≥130/85 mmHg or a history of hypertension; fasting plas-
ma glucose ≥5.6 mmol/L or a history of diabetes mellitus; 
TG ≥1.7 mmol/L; and HDL-C <1.03 mmol/L in men and 
<1.29 mmol/L in women.[23] 

Sociodemographic characteristics included age, sex, ed-
ucation level (did not graduate from high school vs. gradu-
ated from high school or above), and income level (low to 
low-middle vs. middle-high to high). Health-related factors 
included illnesses (diagnosis of cardiovascular disease, ar-
thritis, or cancer), self-reported health status (excellent/
good/fair vs. poor/extremely poor), functional limitations, 
physical activity, current smoking status (yes vs. no), pro-
tein intake (adequate vs. inadequate), and menopausal sta-
tus (of women). Physical activity was defined as endurance 
physical activity (yes vs. no for engaging in high-intensity 
activity for >75 min/week, moderate-intensity activity for 
>150 min/week, or a combination of both), strength exer-
cises (yes vs. no for ≥once/week), and sedentary activity 
(yes vs. no for sex-specific median time spent sitting). 

Self-reported questionnaires were used to determine 
sociodemographic and health-related factors.[14] A 24-hr 
recall nutritional survey was used for dietary intake esti-
mates of protein, and insufficient intake was determined 
using dietary reference intakes in the guidelines set for Ko-
reans.[24] 

 
3. Statistical analysis

A χ2 test for linear trend, or t-test was performed to com-
pare alcohol consumption levels, sociodemographic fac-
tors, and health-related factors between individuals with 
weak HGS and those with normal HGS in each sex. A χ2 test 
for linear trend was applied to find a linear trend in the re-
lationship of alcohol consumption levels with sociodemo-
graphic and health-related factors. Considering the sex dif-
ferences in the distribution of alcohol consumption levels 
and HGS levels, a sex-specific logistic regression analysis 
was conducted for the associations of HGS (low vs. normal) 
with alcohol consumption levels, sociodemographic fac-
tors, and health-related factors. The Wald test was applied 
to identify the interactions of sociodemographic factors 
and health-related factors with alcohol consumption levels 
in the associations with HGS. A sex-specific logistic regres-
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sion analysis was also conducted for those associations ac-
cording to the strata of sociodemographic factors and health-
related factors. In these analyses, factors other than the 
stratum factor were adjusted. All analyses were performed 
using the IBM SPSS software version 24 (IBM Corp., Armonk, 
NY, USA).

RESULTS

In this sample of Korean adults, 50.2% of men and 22.7% 
of women were binge or heavy alcohol drinkers, and 4.6% 
of men and 9.9% of women had weak HGS. Table 1 pres-
ents comparison of alcohol drinking levels and sociodemo-
graphic and health-related characteristics between indi-
viduals with weak HGS and those with normal HGS in each 
sex. Compared to individuals with normal HGS, those with 
weak HGS were more likely to be non- or moderate drinker, 
have a long duration of drinking, be older, have lower in-
come and educational levels, be less physically active, per-
ceive them unhealthy, and have functional limitation and 

illnesses, and intake protein inadequately regardless of 
sex. Women with weak HGS were more likely to be obese 
and have metabolic syndrome compared to those with nor-
mal HGS, while men with weak HGS were less likely to be 
obese compared to their counterparts. 

Men and women with high alcohol consumption tended to 
be younger (P<0.01), have high educational levels (P<0.01), 
perceive them healthy (P<0.01), have no functional limita-
tions (P<0.01), no chronic diseases (P<0.01), regular stren-
gth (P<0.01) and aerobic exercise (P<0.01), no metabolic 
syndrome (P<0.01), or adequate protein intake (P<0.01), 
while they tended to be smoker (P<0.01) and have high 
BMI (P<0.01) (Data are not shown).

Sex-specific associations of weak HGS with alcohol con-
sumption levels, sociodemographic factors, and health-re-
lated factors are presented in Table 2. After adjusting for 
sociodemographic and health-related factors, the odds for 
weak HGS among men who engaged in binge or heavy con-
sumption were 49% and 63% lower, respectively, whereas 
the odds for weak HGS among women who engaged in 

Table 1. Comparison of alcohol consumption and sociodemographic and health-related characteristics by HGS status

Men (N=8,556) Women (N=10,054) 

Weak HGSa) (N=390) Normal HGS (N=8,166) Weak HGSa) (N=999) Normal HGS (N=9,055)

Alcohol consumption

   Non-drinker 125 (32.1) 1,010 (12.4) 337 (33.7) 1,900 (21.0)

   Moderate drinker 172 (44.1) 2,953 (36.2) 527 (52.8) 5,005 (55.3)

   Binge drinker 75 (19.2) 3,404 (41.7) 118 (11.8) 1,969 (21.7)

   Heavy drinker 18 (4.6) 799 (9.8)c) 17 (1.7) 181 (2.0)c)

Duration of alcohol consumption (yr) 30.8±15.8 47.9±15.8c) 22.6±11.8 27.4±15.3c)

Age ≥65 yr 302 (77.4) 1,843 (22.6)c) 470 (47.0) 1,223 (13.5)c)

Income ≥ 3rd quartile 158 (40.5) 4,264 (52.2)c) 473 (47.3) 4,717 (52.1)c)

≥High school 142 (36.4) 6,303 (77.2)c) 429 (42.9) 6,772 (74.8)c)

Regular endurance physical activity 124 (31.8) 4,129 (50.6)c) 336 (33.6) 4,231 (46.7)c)

Exercise ≥1/week 69 (17.7) 2,783 (34.1)c) 101 (10.1) 1,690 (18.7)c)

Sedentary time/day ≥median 220 (56.4) 4,433 (54.3) 582 (58.3) 4,673 (51.6)c)

Current smoker 95 (24.4) 2,823 (34.6)c) 44 (4.4) 469 (5.2)

Self-rated poor/very poor health 126 (32.3) 1,207 (14.8)c) 319 (31.9) 1,564 (17.3)c)

Functional limitation 87 (22.3) 483 (5.9)c) 172 (17.2) 479 (5.3)c)

Illnessesb) 122 (31.3) 946 (11.6)c) 354 (35.4) 1,330 (14.7)c)

Obesity 97 (24.9) 3,323 (40.7)c) 316 (31.6) 2,495 (27.6)c)

Metabolic syndrome 143 (36.7) 2,719 (33.3) 363 (36.3) 1,865 (20.6)c)

Low protein intake 149 (38.2) 1,404 (17.2)c) 372 (37.2) 2,038 (22.5)c)

Menopause - - 672 (67.3) 3,660 (40.4)c)

The data is presented as number (%) or mean±standard deviation.
a)HGS <26 kg for men, <18 kg for women. b)Cardiovascular diseases, arthritis, and cancers. c)P<0.05 using χ2 test for linear trend, or t-test.
HGS, handgrip strength.
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moderate or binge consumption were 21% and 35% lower, 
respectively, compared to male or female nondrinkers. In 
both men and women, the odds for weak HGS increased 
for those who were 65 years of age or older, had low edu-
cation levels, engaged in irregular endurance or resistance 
exercises, had functional limitations, were not obese, and 
had inadequate protein intake levels compared to their 
counterparts. Additionally, women who spent more time 
in a sedentary position and had poor self-reported health 
and illnesses had higher odds for weak HGS compared to 
their counterparts (Table 2). 

The sex-specific associations between alcohol consump-
tion levels and HGS in the strata of sociodemographic and 
health-related factors are presented in Table 3 for men and 
Table 4 for women. Interaction with alcohol consumption 
levels was significant only for strength exercise in men, while 
there were no significant interactions between other fac-
tors and alcohol consumption levels in either men or wom-
en. Compared to male nondrinkers, male binge-to-heavy 
drinkers were less likely to have weak HGS, regardless of 
age, income and education levels, endurance exercise lev-

el, sedentary time level, smoking status, self-rated health 
status, illness category, weight status, and metabolic syn-
drome category. Compared to female nondrinkers, female 
moderate-to-binge drinkers were less likely to have weak 
HGS, regardless of age, income and education levels, regu-
larity of endurance exercise, illness category, weight status, 
metabolic syndrome category, and menopausal status. How-
ever, alcohol consumption levels and weak HGS were not 
associated in men who performed regular strength exer-
cises or had functional limitations or inadequate protein 
intake; they were also not associated in women who per-
formed regular strength exercises, exhibited current smok-
ing behavior, and had short sedentary times, poor self-rat-
ed health, functional limitations, or inadequate protein in-
take. 

DISCUSSION

Based on the 2014 to 2018 KNHANES data, findings of 
this cross-sectional study suggest that binge-to-heavy con-
sumption levels in men and moderate-to-binge consump-

Table 2. Sex-specific associations of weak handgrip strengtha) with alcohol consumption levels and sociodemographic and health-related factors

Men (N=8,556) Women (N=10,054)

Alcohol consumptionb)

   Non-drinker 1.0 1.0

   Moderate drinker 0.85 (0.65-1.11) 0.79 (0.67-0.93)

   Binge drinker 0.51 (0.37-0.71) 0.65 (0.52-0.83)

   Heavy drinker 0.37 (0.22-0.63) 0.79 (0.45-1.39)

Age, ≥65 yr vs.<65 yrc) 6.15 (4.61-9.21) 2.84 (2.35-3.44)

Income,<3rd quartile vs. ≥ 3rd quartilec) 1.27 (1.01-1.61) 1.11 (0.96-1.28)

Education,<high school vs. ≥ high schoolc) 1.86 (1.44-2.40) 1.66 (1.38-2.01)

Endurance physical activity, irregular vs. regularc) 1.31 (1.03-1.67) 1.18 (1.01-1.37)

Exercise,<1/week vs. ≥ 1/weekc) 1.84 (1.38-2.45) 1.51 (1.21-1.89)

Sedentary time, ≥ median vs.<medianc) 1.20 (0.96-1.51) 1.27 (1.10-1.47)

Current smoker, yes vs. noc) 0.97 (0.74-1.27) 0.95 (0.67-1.35)

Self-rated health, poor/very poor vs. fair to excellentc) 1.28 (0.98-1.68) 1.26 (1.07-1.50)

Functional limitation, presence vs. absencec) 1.92 (1.41-2.62) 1.67 (1.34-2.09)

Illnesses, presence vs. absencec) 1.05 (0.81-1.36) 1.20 (1.01-1.42)

Obesity vs. non-obesityc) 0.55 (0.42-0.73) 0.74 (0.63-0.88)

Metabolic syndrome, presence vs. absencec) 1.07 (0.83-1.38) 1.16 (0.97-1.39)

Protein intake, inadequate vs. adequatec) 1.59 (1.25-2.02) 1.39 (1.19-1.61)

Menopause vs. premenopausec) 0.99 (0.80-1.23)
a)Handgrip strength <26 kg for men, <18 kg for women. b)Logistic regression analysis adjusting for age, education and income levels, engagement of 
endurance physical activity and strength exercise, status of sedentary time, smoking, self-rated health, functional limitation, illnesses, weight, meta-
bolic syndrome, adequacy of protein intake, and menopause (in women). c)Logistic regression analysis adjusting for the same confounding factors (except 
for that variable) and alcohol drinking levels.
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Table 3. The associations of weak handgrip strengtha) with alcohol consumption levels according to sociodemographic and health-related factors 
in men (N=8,556)

Non-drinker Moderate drinker Binge drinker Heavy drinker

Ageb)

   ≥65 yr 1.0 0.87 (0.65-1.18) 0.53 (0.35-0.79) 0.45 (0.24-0.83)

   <65 yr 1.0 0.70 (0.30-1.26) 0.43 (0.23-0.80) 0.22 (0.07-0.65)

Incomeb)

   <3rd quartile 1.0 0.97 (0.68-1.39) 0.61 (0.39-0.93) 0.28 (0.14-0.59)

   ≥3rd quartile 1.0 0.71 (0.46-1.08) 0.40 (0.23-0.68) 0.56 (0.26-1.21)

Educationb)

   <High school 1.0 0.82 (0.58-1.16) 0.50 (0.32-0.77) 0.42 (0.23-0.77)

   ≥High school 1.0 0.87 (0.55-1.37) 0.51 (0.30-0.88) 0.22 (0.07-0.74)

Physical activityb)

   Irregular 1.0 0.89 (0.64-1.23) 0.52 (0.34-0.79) 0.46 (0.25-0.86)

   Regular 1.0 0.69 (0.43-1.12) 0.46 (0.27-0.81) 0.20 (0.07-0.59)

Strength exerciseb,c)

   <1/week 1.0 0.81 (0.61-1.10) 0.44 (0.30-0.64) 0.31 (0.17-0.57)

   ≥1/week 1.0 1.01 (0.50-2.01) 0.88 (0.41-1.92) 0.79 (0.24-1.56)

Sedentary timeb)

   ≥Median 1.0 0.78 (0.54-1.13) 0.44 (0.28-0.69) 0.34 (0.16-0.70)

   <Median 1.0 1.00 (0.66-1.51) 0.63 (0.39-1.04) 0.44 (0.20-0.99)

Current smokerb)

   Yes 1.0 0.67 (0.37-1.21) 0.44 (0.23-0.87) 0.41 (0.18-0.98)

   No 1.0 0.89 (0.66-1.21) 0.52 (0.36-0.77) 0.31 (0.15-0.63)

Self-rated healthb)

   Poor/Very poor 1.0 0.87 (0.54-1.38) 0.46 (0.24-0.86) 0.73 (0.32-1.64)

   Fair/Good/Excellent 1.0 0.83 (0.60-1.16) 0.52 (0.35-0.78) 0.25 (0.12-0.51)

Functional limitationb)

   Presence 1.0 1.36 (0.75-1.48) 0.77 (0.35-1.70) 0.52 (0.17-1.60)

   Absence 1.0 0.75 (0.55-1.02) 0.46 (0.32-0.66) 0.32 (0.17-0.59)

Illnessesb)

   Presence 1.0 1.10 (0.70-1.73) 0.50 (0.26-0.96) 0.09 (0.01-0.65)

   Absence 1.0 0.75 (0.53-1.05) 0.51 (0.35-0.76) 0.45 (0.25-0.80)

Obesityb)

   Presence 1.0 0.85 (0.49-1.45) 0.46 (0.24-0.87) 0.38 (0.14-1.03)

   Absence 1.0 0.83 (0.61-1.14) 0.53 (0.36-0.79) 0.36 (0.19-0.68)

Metabolic syndromeb)

   Presence 1.0 0.75 (0.47-1.18) 0.50 (0.30-0.84) 0.47 (0.20-1.00)

   Absence 1.0 0.90 (0.64-1.27) 0.52 (0.34-0.80) 0.29 (0.13-0.62)

Protein intakeb)

   Inadequate 1.0 1.09 (0.69-1.72) 0.74 (0.42-1.31) 0.58 (0.26-1.30)

   Adequate 1.0 0.73 (0.52-1.02) 0.42 (0.28-0.64) 0.27 (0.13-0.56)

The data is presented as odds ratio (95% confidence interval).
a)Handgrip strength <26 kg. b)Logistic regression analysis after adjusting for age, education, income, smoking status, endurance exercise, resistance 
exercise, sedentary time, self-rated health, functional limitation, chronic illness, obesity, metabolic syndrome, and protein intake (except for the stratum 
variable). c)P<0.05 using the Wald test.

tion levels in women had inverse associations with weak 
HGS after adjusting for sociodemographic and health-re-

lated factors. Male binge-to-heavy drinkers and female 
moderate-to-binge drinkers were 49% to 63% and 21% to 
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Table 4. The associations of low handgrip strengtha) with alcohol consumption levels according to sociodemographic and health-related factors 
in women (N=10,054)

Non-drinker Moderate drinker Binge drinker Heavy drinker

Ageb)

   ≥65 yr 1.0 0.81 (0.64-1.03) 0.43 (0.23-0.81) 1.40 (0.45-1.41)

   <65 yr 1.0 0.79 (0.63-0.99) 0.71 (0.54-0.93) 0.71 (0.36-1.40)

Incomeb)

   <3rd quartile 1.0 0.80 (0.64-0.99) 0.60 (0.43-0.83) 0.84 (0.43-1.66)

   ≥3rd quartile 1.0 0.78 (0.62-0.98) 0.72 (0.51-1.01) 0.65 (0.22-1.87)

Educationb)

   <High school 1.0 0.85 (0.69-1.05) 0.63 (0.42-0.94) 0.87 (0.39-1.96)

   ≥High school 1.0 0.74 (0.58-0.95) 0.65 (0.48-0.89) 0.74 (0.33-1.65)

Physical activityb)

   Irregular 1.0 0.98 (0.80-1.19) 0.69 (0.50-0.95) 0.87 (0.42-1.80)

   Regular 1.0 0.54 (0.42-0.71) 0.56 (0.39-0.80) 0.80 (0.33-1.95)

Strength exerciseb)

   <1/week 1.0 0.80 (0.68-0.95) 0.65 (0.50-0.85) 0.90 (0.50-1.64)

   ≥1/week 1.0 0.72 (0.44-1.18) 0.65 (0.34-1.24) 0.31 (0.04-2.44)

Sedentary timeb)

   ≥Median 1.0 0.74 (0.60-0.91) 0.61 (0.44-0.85) 0.70 (0.32-1.51)

   <Median 1.0 0.89 (0.69-1.13) 0.73 (0.51-1.05) 0.93 (0.40-2.14)

Current smokerb)

   Yes 1.0 2.26 (0.69-7.34) 2.45 (0.68-8.87) 0.87 (0.14-5.49)

   No 1.0 0.78 (0.66-0.91) 0.61 (0.48-0.79) 1.02 (0.56-1.87)

Self-rated healthb)

   Poor/Very poor 1.0 0.85 (0.64-1.13) 0.64 (0.38-1.09) 0.95 (0.27-3.39)

   Fair/Good/Excellent 1.0 0.77 (0.63-0.93) 0.64 (0.43-0.85) 0.74 (0.39-1.40)

Functional limitationb)

   Presence 1.0 0.96 (0.64-1.44) 0.97 (0.45-2.07) -

   Absence 1.0 0.76 (0.64-0.91) 0.63 (0.49-0.81) 0.86 (0.49-1.52)

Illnessesb)

   Presence 1.0 0.86 (0.67-1.12) 0.39 (0.21-0.71) 0.53 (0.11-2.43)

   Absence 1.0 0.76 (0.62-0.93) 0.71 (0.54-0.93) 0.83 (0.45-1.53)

Obesityb)

   Presence 1.0 0.77 (0.58-1.02) 0.44 (0.27-0.72) 1.02 (0.43-2.43)

   Absence 1.0 0.80 (0.66-0.98) 0.74 (0.56-0.98) 0.65 (0.31-1.39)

Metabolic syndromeb)

   Presence 1.0 0.78 (0.60-1.01) 0.52 (0.31-0.86) 0.99 (0.41-2.39)

   Absence 1.0 0.81 (0.66-0.99) 0.70 (0.53-0.93) 0.69 (0.32-1.46)

Protein intakeb)

   Inadequate 1.0 0.95 (0.72-1.25) 0.56 (0.35-0.89) 0.42 (0.12-1.44)

   Adequate 1.0 0.72 (0.59-0.87) 0.68 (0.51-0.90) 0.97 (0.51-1.82)

Menopausal statusb)

   Premenopause 1.0 0.67 (0.50-0.90) 0.71 (0.51-0.99) 0.56 (0.23-1.35)

   Postmenopause 1.0 0.86 (0.71-1.04) 0.48 (0.32-0.71) 1.19 (0.55-2.58)

The data is presented as odds ratio (95% confidence interval). 
a)Handgrip strength <18 kg. b)Logistic regression analysis after adjusting for age, education, income, smoking status, endurance exercise, resistance 
exercise, sedentary time, self-rated health, functional limitation, chronic illness, obesity, metabolic syndrome, protein intake, and menopausal status in 
each stratum (except for the stratum variable itself). 
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35% less likely to have weak HGS compared to male or fe-
male nondrinkers, respectively. In both sexes, these associ-
ations were consistent in the strata of age, education and 
income levels, endurance exercise level, comorbid illness, 
weight status, and comorbid metabolic syndrome. In men, 
an inverse association between consumption levels and 
weak HGS was also found in the strata of sedentary time 
levels, smoking status, and self-rated health—and in wom-
en, in the stratum of menopausal status. However, alcohol 
consumption had a significant interaction with strength 
exercise in men. In other words, in men who performed 
strength exercise less than once a week, the odds ratio of 
weak grip strength decreased as the amount of alcohol in-
creased, whereas in those who performed strength exer-
cise more than once a week, there was no relationship be-
tween the amount of alcohol and grip strength. 

Stating whether alcohol consumption is a risk factor or a 
protective factor for sarcopenia, frailty, or weak HGS is am-
biguous. In a meta-analysis using 13 cross-sectional stud-
ies in which alcohol drinking group was defined as those 
who consumed alcohol regardless of the period or intensi-
ty, the risk for sarcopenia based on the measurement of 
muscle mass was lower in men and women who consumed 
alcohol compared with nondrinkers.[11] In another meta-
analysis using 4 prospective studies in which alcohol con-
sumption was evaluated using quantity or frequency, heavi-
er alcohol consumption was associated with 39% to 56% 
lower incidence of frailty compared with the frailty status 
of nondrinkers.[12] In a previous study among white older 
women, nondrinkers had poorer performance measures 
that included muscle strength using grip strength, agility 
and coordination, gait and balance, and self-reported func-
tional status, compared with current moderate drinkers.
[13] A cross-sectional study involving a Chinese population 
indicated that current drinkers were associated with better 
performance of HGS and usual gait speed compared to non-
drinkers.[6] 

In contrast, a recent longitudinal study in which drinking 
levels were categorized into sex-specific quartiles based 
on calculation of drinking frequency and the type of alco-
holic beverages suggested that high alcohol consumption 
(when compared with low and medium alcohol consump-
tion) was more likely to be associated with a decline in HGS 
after 2 years in Japanese men, but not in women.[9] A cross-
sectional study also demonstrated an association between 

problem drinking assessed using the Alcohol Use Disorders 
Identification Test (AUDIT) questionnaire and a decline in 
HGS among older men with diabetes mellitus, but not in 
women with type 2 diabetes mellitus and older individuals 
without diabetes mellitus.[10] The discrepancy between 
study findings may probably be explained by differences 
in the sociodemographic and health-related characteristics 
of the subjects, the measurement of alcohol consumption, 
and the adjustment for confounding factors. However, find-
ings of the current study indicated that the inverse associa-
tion between alcohol consumption and weak HGS was con-
sistent in subgroups of sociodemographic and health-re-
lated factors, regardless of adjustments for those factors. 
Therefore, the current findings can be differentiated from 
previous studies in that it tried to exclude the residual in-
fluence of the sociodemographic characteristics and health-
related characteristics on the relationship between alcohol 
consumption and muscle strength.

The underlying mechanisms for a lower risk of weak HGS 
among drinkers compared with nondrinkers are not clear. 
Excessive chronic alcohol consumption has adverse effects 
on multiple organ systems,[25] and alcoholic myopathy 
has been reported among patients who misuse alcohol.[8] 
Chronic alcohol consumption may induce dysregulation of 
skeletal muscle protein metabolism by inhibiting global 
protein synthesis under basal conditions and response to 
several anabolic stimuli (e.g., growth factors, nutrients, and 
muscle contraction). Potential inhibiting mechanisms in-
clude reduction in the mammalian/mechanistic target of 
rapamycin (mTOR) kinase activity and an exacerbation of 
the decrement in mTOR and/or muscle protein synthesis 
present in other catabolic states.[8] Considering the mech-
anisms of alcohol consumption related to muscle atrophy 
and the present cross-sectional study, the current findings 
may be explained by reverse causation or uncaptured re-
sidual confounding factors. Thus, those with weak HGS 
might be more likely to be nondrinkers because of poor 
health (sick quitters).[12] In the current study, individuals 
with high alcohol consumption tended to have positive 
sociodemographic characteristics, better health, function-
al, and lifestyle factors for HGS. Those positive factors for 
HGS may have residual effects despite adjustment of those 
factors and explain the inverse association between alco-
hol consumption levels and HGS. In addition, unmeasured 
confounding factors (i.e., jobs, work, eating patterns, and 
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social networks) might affect both alcohol consumption 
and HGS.

Findings of the current study also demonstrate well-es-
tablished sociodemographic and health-related factors re-
lated to weak HGS. The risk factors such as older age, lower 
education level, low BMI, and comorbidity for weak HGS 
found in the current study are in agreement with a previ-
ous study in Chinese.[6] In addition, the current findings 
highlight the positive effects of exercise and/or nutritional 
intervention for improving sarcopenia in older people.[7]

In terms of clinical implications, the current findings may 
not support the reduction of alcohol consumption as an 
approach to reducing cases of weak HGS. Considering the 
fact that this study is a cross-sectional study before infer-
ring causality by observing alcohol intake and grip strength 
prospectively, caution may be necessary to make recom-
mendations that alcohol intake has a positive effect on grip 
strength.

Other limitations, except for reverse causation and resid-
ual confounding factors, should be noted. The estimated 
alcohol consumption levels based on self-reporting might 
have had a recall bias and induced misclassifications of al-
cohol drinking levels. The current results may not be ex-
trapolated to other populations. Besides, the relationship 
between the precise cumulative alcohol consumption and 
HGS is not possible to examine because the KNHANES data 
did not provide average drinking units over time. Although 
the current study shows the relationship between alcohol 
consumption and muscle strength, the current findings 
may not be extended to the relationship with low muscle 
mass, another definition of sarcopenia. 

In conclusion, findings of this population-based study 
indicated negative associations of weak HGS with binge-
to-heavy drinking levels in men and moderate-to-binge 
drinking levels in women, and the findings were consistent 
in most sociodemographic and health-related factor-spe-
cific analyses. Considering the possibilities of reverse cau-
sation and bias, further well-designed prospective studies 
would clarify causality between alcohol consumption and 
muscle strength.
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