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Age-Specific Association Between
Handgrip Strength and Nutritional
Quality in Korean Men: A Nationwide
Cross-Sectional Study

Woo-young Shin' and Jung-ha Kim?

Abstract

This study aimed to determine the potential association between handgrip strength and nutritional quality in Korean
men aged =20 years using data from the Korea National Health and Nutrition Examination Survey 2016 to 2018. This
population-based cross-sectional study included 5,748 men aged =20 years. A dietary intake survey was performed
using the 24-hr dietary recall method. Nutritional quality was examined using the Index of Nutritional Quality (INQ)
score. A high INQ score reflected poor nutritional quality, with insufficient intake of many nutrients. Multivariate
linear regression was used to determine the association between handgrip strength and INQ scores after adjusting
for other covariates. The intake of carbohydrates, fiber, calcium, and vitamins B2 and C was significantly positively
associated with a higher quartile for handgrip strength for those aged =65 years (all p < .0l). A significant inverse
association was found between the quartiles of handgrip strength and INQ scores among men aged =65 years after
adjusting for all covariates (B = —0.26, p < .01). This association was not found among those aged <65 years (p =
.25). The age-specific association between handgrip strength and nutritional quality underscores the importance of
public policies that promote sufficient and comprehensive nutrient intake among older adults. Handgrip strength may
be useful in clinical practice as a simple and cost-effective tool for screening for nutritional quality in older adults.
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serum albumin, prealbumin, and transferrin (Juby &
Mager, 2019; Reber et al., 2019; Russell, 2015). There is
no single efficient and effective tool to readily measure
comprehensive nutritional status in clinical practice.
Handgrip strength, an easy and quick method for mea-
suring muscle strength, has been used to indirectly assess

Introduction

Nutrition is an essential aspect of health and quality of
life (Cederholm et al., 2019; Chen et al., 2018).
Particularly, it is estimated that one in six older individu-
als is malnourished or at risk of undernutrition in South
Korea (Kim et al., 2019). Inadequate nutrition is reported
to be associated with declining general health, immune

dysfunction, reduced physical and cognitive function,
higher hospital admission and readmission rates, delay in
recovery from illness, and mortality in older adults
(Gabrovec et al., 2018; Kaiser et al., 2010). Numerous
studies have attempted to identify and investigate the
potential indicators of nutritional status. Various screen-
ing tools have been used. These include anthropometric
measures such as body mass index and bioelectrical
impedance analysis, and laboratory parameters such as
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disability and frailty (Bohannon, 2015; Norman et al.,
2011). Several studies have focused on the association
between handgrip strength and dietary intake, as a poten-
tial predictor of nutritional status (Buckinx et al., 2019;
Norman et al., 2011). However, most studies on the rela-
tionship between handgrip strength and nutritional status
have focused on a single nutrient in a specific vulnerable
group. Relatively little research has been conducted on
the association between handgrip strength and nutritional
quality. This would require a comprehensive macro- and
micronutrient intake analysis among older and younger
adults using a nationwide sample from Asia.

We aimed to determine the association between hand-
grip strength and nutritional quality in South Korean men
aged <65 years and in those aged =65 years using data
from the Korea National Health and Nutrition
Examination Survey (KNHANES).

Materials and Methods

Data Source and Study Participants

This study was based on data collected from KNHANES
VII (2016-2018). KNHANES VII is a nationwide cross-
sectional survey that combines health interviews and
physical and laboratory examinations to assess the health
and nutritional status of a representative population in
South Korea. It is conducted by the Korea Centers for
Disease Control and Prevention (Kweon et al., 2014).
The participants were men aged =20 years and they
had complete health data including a health interview,
physical examination, laboratory tests, and nutritional
survey data. Participants with a history of cancer, chronic
kidney disease, or thyroid disease and those treated for
tuberculosis were excluded. These individuals were
likely to have specific nutritional requirements or diets.
Participants who reported an implausible total calorie
intake (<500 kcal/day or >4,000 kcal/day) were
excluded from the study to improve the reliability of the
analysis. Written informed consent was obtained from all
participants, and the KNHANES has been approved by
the Institutional Review Board of the Korea Centers for
Disease Control and Prevention (2018-01-03-P-A).

Measurement of Handgrip Strength

Handgrip strength was measured using a digital grip
strength dynamometer at 0.1 kg intervals (T.K.K. 5401;
Takei, Tokyo, Japan) (Kim et al., 2019; Kweon et al.,
2014). While exhaling, using only one hand at a time, the
participants were asked to squeeze the dynamometer con-
tinuously with full force until they were unable to squeeze
any harder (Kim et al., 2019). Three measurements were
recorded for each hand alternately, with a 60-s rest period

between measurements of the same hand. The maximum
value among all six measurements was used in the analy-
sis and expressed in kilograms. For the analysis stratified
by quantitative handgrip strength in each age group (<65
and =65 years), the participants’ final reading was
divided into four levels using quartiles.

Dietary Intake and Nutrition Assessment

The survey on dietary intake and nutrition was conducted
by professional interviewers using a 24-hr dietary recall
method. Data on all foods and beverages consumed by
the participants in the 24 hr prior to the survey were col-
lected (Kweon et al., 2014). The total daily calorie intake
and nutrient intake were further calculated from the col-
lected data using a standard Korean food composition
table (Kweon et al., 2014). Diet quality was evaluated
using the Index of Nutritional Quality (INQ) based on
nutrient density. This index is expressed as the amount of
each nutrient per 1,000 kcal. The intake of each nutrient
was calculated as a ratio of the nutrient density of the
recommended dietary allowance intake of the nutrient.
This was calculated per 1,000 kcal according to age
(Sorenson et al., 1976; Shayanfar et al., 2018). The stan-
dard recommended intakes for protein; fiber; vitamins A,
B1, B2, B3, and C; calcium; potassium; and iron were
used to calculate the ratios. A ratio =1.0 for each nutrient
indicated a sufficient nutritional intake, whereas a value
<1.0 indicated an insufficient nutrient intake. The num-
ber of nutrients with an insufficient intake was defined as
the INQ score. The score ranged from 0 to 10. A low INQ
score indicated a high-quality diet.

Sociodemographic and Health-Related
Covariates

Participants’ sociodemographic data were obtained
through interviews or self-reported questionnaires.
Participants who were married and lived with their
spouses were defined as “married.” A higher educational
level was defined as at least the completion of a college
education. Individuals were classified into four groups
according to their occupation: non-manual workers (gen-
eral managers, professionals, and office workers), service
or sales workers, manual workers (skilled agricultural,
forestry, and fishery workers; craft and related trade
workers; plant and machine operators or assemblers; and
elementary workers), and unemployed individuals.
Health-related behaviors included cigarette smoking,
alcohol consumption, and physical activity. Participants
who smoked at the time of the survey or had smoked
=100 cigarettes in their lifetime were regarded as current
smokers. Those who consumed seven or more drinks at
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least twice a week were considered heavy drinkers.
Adequate physical activity was defined as moderate-
intensity activity for at least 150 min during the week,
vigorous-intensity activity for at least 75 min during the
week, or an equivalent combination of moderate- and
vigorous-intensity activities (Hagstromer et al., 2006).

A health examination, which included anthropometry,
blood pressure measurement, and blood analysis, was
conducted by trained medical personnel according to
standardized protocols. Body mass index (BMI) was cal-
culated as body weight in kilograms divided by the square
of height in meters (kg/m?). A BMI =<18.5 kg/m? and a
BMI =25 kg/m? were used to define underweight and
obesity, respectively. Blood pressure was measured using
a standard sphygmomanometer (Wall Unit 33 (0850);
Baumanometer®, New York, USA) after a 5-min rest in a
seated position. Venous blood samples collected after 12
hr of fasting were obtained for blood glucose and lipid
profile measurements. Chronic diseases were defined
using the following criteria: hypertension, increased
blood pressure (systolic =140 mmHg or diastolic =90
mmHg) or use of antihypertensive medications; diabetes,
fasting blood glucose levels =126 mg/dL, self-reported
medical history of being diagnosed by a health profes-
sional, or use of antidiabetic medications; and dyslipid-
emia, total cholesterol levels =240 mg/dL, serum
triglyceride levels =200 mg/dL in fasting blood samples,
or use of medications for dyslipidemia.

Statistical Analysis

Statistical analyses were conducted using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). Sample weights assigned
to participants’ data for analysis were used to arrive at
estimates representative of the Korean population for the
survey period. A multistage clustered and stratified ran-
domized sampling method based on National Census
data was used (Kweon et al., 2014). We conducted all
analyses for each group (aged <65 and =65 years) sepa-
rately owing to the differences in their cut-off values of
handgrip strength and recommended allowances of
nutrient intake. The participants were categorized into
four groups according to handgrip strength quartiles.
Participants’ characteristics were compared between the
age groups and among the in-group quartiles. Data are
presented as weighted percentages with standard errors
for categorical variables using weighted chi-square tests
and as mean values with standard errors for continuous
variables using weighted ¢-tests or weighted analysis of
variance. Multiple linear regression was used to deter-
mine the association between handgrip strength and INQ
scores after adjusting for potential confounding covari-
ates, including age; household income; marital status;
educational level; occupation; smoking status; heavy

drinking; adequate physical activity; obesity; chronic
diseases such as hypertension, diabetes, and dyslipid-
emia; and total calorie intake. P values <0.05 were con-
sidered significant.

Results

In total, 31,689 (10,806 in 2016, 10,430 in 2017, and
10,453 in 2018) Koreans were selected from the
KNHANES VII (2016-2018) using a two-stage stratified
cluster and complex sampling method. Of these, 24,269
(8,150 in 2016, 8,127 in 2017, and 7,992 in 2018) partici-
pants who had complete health data, which included a
health interview, health examination, and nutrition survey
data, were included. We excluded the following partici-
pants: individuals aged <20 years (n = 5,072); women (n
= 10,732); participants with missing data (n = 657);
those with a history of cancer (n = 333), chronic kidney
disease (n = 32), or thyroid disease (n = 103); those with
tuberculosis (n = 3); and those who reported implausible
total calorie intakes (<500 kcal/day or >4,000 kcal/day)
(n = 1,589). This study finally included 5,748 South
Korean men (Figure 1).

General Patient Characteristics

In total, 5,748 men with complete data were included.
The average age was 41.7 years in the group aged <65
years and 72.7 years in the group aged =65 years. Those
in the group aged =65 years who had lower household
incomes, lower levels of education, and higher levels of
unemployment were less likely to be current smokers or
heavy alcohol drinkers. They were also less likely to
engage in adequate physical activity than those in the
group aged <65 years. Handgrip strength values were
significantly higher in the group aged <65 years than in
the group aged =65 years. In Table 1, the characteristics
of both groups are compared according to the quartiles of
handgrip strength (the participants’ general characteris-
tics according to age group are presented in Supplemental
Table 1).

Nutrient Intake and Diet Quality According to
Handgrip Strength

The total daily dictary intake data analysis showed that,
in the group aged =65 years, men in the higher quartiles
of handgrip strength had significantly higher intakes of
carbohydrates, fiber, calcium, and vitamins B2 and C
than men in the lower quartiles. Among this group (=65
years), the mean daily intakes of carbohydrates, fiber,
calcium, and vitamins B2 and C for each quartile were,
respectively, as follows: 291.0 = 59 g, 22.7 = 0.8 g,
403.0 £15.5¢,1.0 = 0.4 X 10" mg, and 58.4 = 4.2 mg
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KNHANES VII (2016-2018) (n = 24,269)

Exclusion (n =16,932)

* Women (n = 10,732)

Y

* Aged <20years(n=35,072)

* Missing data (n = 657)
* Participants with a history of cancer (n = 333),

chronic kidney disease (n = 32), or thyroid disease (n = 103)
* Receiving treatment for tuberculosis (n = 3)

n="7,337

Exclusion (n = 1,589)

> ¢ Implausible total calorie intake (< 500 kcal/d or > 4,000 kcal/d)

Study participants (n = 5,748)

Figure |. Study Participant Data Obtained From the Korea National Health and Nutrition Examination Survey VII (2016-2018).

for Quartile 1;313.7 = 7.3 g,26.6 = 1.0 g, 484.1 £ 20.6
g, 1.3 £ 0.5 X 107" mg, and 66.6 = 4.9 mg for Quartile
2;3233%£6.7g,27.5%10.8¢g,5144+194¢g,14+0.5
X 10" mg, and 77.1 * 4.9 mg for Quartile 3; and 340.5
+6.8¢g,302*08g 5613 +225¢ 1.5+0.4 X 10"
mg, and 93.0 = 6.6 mg for Quartile 4 (p < .01) (Table 2).

Association Between Handgrip Strength and
Dietary Quality in Men Aged <65 and =65
Years

The INQ scores for the total daily meals decreased with
the quartiles among men aged =65 years. The mean
INQ scores for each quartile among men aged =65
years were, respectively, as follows: 540 = 0.15 for
Quartile 1, 4.83 £ 0.13 for Quartile 2, 4.68 = 0.15 for
Quartile 3, and 4.42 = 0.14 for Quartile 4 (p < .01).
However, there was no significant association between
handgrip strength quartiles and INQ scores among men
aged <65 years (p = .25), as presented in Figure 2. A
significant inverse association was found between hand-
grip strength quartiles and INQ scores among men aged
=65 years after adjusting for all covariates (f = —0.26,
p < .01) (Table 3).

Discussion

This study identified the association between handgrip
strength and nutritional quality in men aged <65 and
=065 years selected from a nationally representative sam-
ple of South Korean men. Our findings indicate that a
sufficient intake of nutrients, including proteins; fiber;
vitamins A, B1, B2, B3, and C; calcium; potassium; and
iron, to meet the daily intake requirements can contribute
to the maintenance of muscle health. This has a greater
influence on older adults than on younger adults. We also
found that in both age groups, men in the higher quartiles
of handgrip strength reported adequate intakes of total
calories, protein, fat, iron, sodium, and vitamins B1 and
B3. However, handgrip strength was significantly associ-
ated with sufficient intakes of carbohydrates, dietary
fiber, calcium, and vitamins B2 and C only in men aged
=65 years.

Previous studies on the relationship between handgrip
strength and nutritional status have primarily been con-
ducted on hospitalized patients or older patients (Power
et al., 2018; Stechmiller, 2003). Handgrip strength has
been demonstrated to reflect the nutritional status in older
people. However, some studies have reported mixed
results. Norman et al. suggested that low handgrip
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Table I. General Characteristics of Men According to Quartiles of Handgrip Strength.

Handgrip strength

Quartile | Quartile 2 Quartile 3 Quartile 4
Variables® Mor % SE Mor % SE Mor % SE Mor % SE P value®
Men aged <65 years
Handgrip strength, kg 33.0 0.1 39.6 0.5 X 107! 44.0 0.5 X 107! 50.9 0.1 <ol
Number 24.3 0.9 24.7 0.7 25.3 0.8 25.7 0.9 .68
Age, years 422 0.5 425 0.5 42.5 0.4 39.8 0.4 <.0l
Household income <.0l
Quartile | 13.0 1.3 1.6 1.2 6.6 1.0 5.6 0.8
Quartile 2 24.2 1.6 22.3 1.6 20.0 1.4 19.6 1.4
Quartile 3 29.0 1.6 30.5 1.7 31.8 1.7 359 1.7
Quartile 4 337 1.8 35.6 1.8 41.6 1.8 389 1.9
Higher education: at least college 44.1 2.0 49.7 1.8 51.5 1.7 528 1.8 <.0l
Occupation <.0l
Non-manual worker 34.1 1.9 35.0 1.8 40.0 1.9 40.2 1.9
Service and sales worker 1.4 1.2 13.1 1.3 13.1 1.2 1.7 1.2
Manual worker 28.5 1.6 31.0 1.7 32.0 1.7 36.0 1.7
None 26.0 1.8 20.9 1.6 14.9 1.3 12.1 1.3
Married 54.2 1.9 64.2 1.9 67.9 1.7 65.2 1.9 <.0l
Obesity <.0l
Underweight 6.1 0.9 2.7 0.6 1.5 0.4 0.5 0.2
Obese 329 1.6 39.7 1.7 453 1.8 54.8 1.8
Current smoker® 353 1.8 384 1.8 40.5 1.6 40.5 1.8 .10
Heavy drinker? 17.3 1.3 19.8 1.5 227 1.3 26.3 1.6 <0l
Adequate physical activity® 51.3 1.8 52.0 1.8 53.2 1.8 52.6 1.9 .88
Chronic diseases
Hypertension 24.3 1.5 24.9 1.4 26.1 1.5 24.9 1.4 .85
Diabetes 9.1 0.9 9.0 0.9 9.0 1.0 57 0.8 .02
Dyslipidemia 334 1.9 36.1 1.9 35.1 1.8 39.3 1.9 16
Handgrip strength
Quartile | Quartile 2 Quartile 3 Quartile 4
Variables® Mor % SE Mor % SE Mor % SE Mor % SE P value®
Men aged =65 years
Handgrip strength, kg 23.0 0.2 30.5 0.1 35.3 0.7 X 107! 41.4 0.2 <.0l
Number 24.4 1.3 25.7 1.4 24.5 1.2 25.4 1.3 91
Age, years 76.1 0.3 73.5 0.3 71.4 0.3 69.9 0.3 <.0l
Household income <.0l
Quartile | 584 3.1 43.8 3.0 334 29 249 29
Quartile 2 21.8 2.5 29.2 2.7 31.6 2.7 29.4 29
Quartile 3 13.2 2.1 14.5 2.0 20.1 22 249 238
Quartile 4 6.5 1.6 12.6 2.0 14.9 2.2 20.8 2.6
Higher education: at least college 10.5 1.9 16.7 2.1 15.8 2.0 20.9 25 <.0l
Occupation <0l
Non-manual worker 2.7 1.4 2.8 0.9 77 1.4 10.2 1.7
Service and sales worker 3.0 1.0 2.6 0.8 3.0 0.9 34 0.9
Manual worker 25.1 2.8 27.2 2.7 374 3.1 332 29
None 69.0 3.1 67.3 3.0 51.8 3.1 53.2 3.1
Married 81.4 2.4 86.4 2.1 91.5 1.5 9l.1 1.7 <.0l
Obesity <.0l
Underweight 6.4 1.4 34 1.0 2.6 1.2 0.2 0.2
Obese 18.4 22 25.8 2.7 36.0 2.8 45.4 2.9
Current smoker® 183 2.2 19.3 2.4 19.5 2.5 135 2.1 19
Heavy drinker? 7.5 1.5 6.5 1.6 88 1.5 10.1 1.8 40
Adequate physical activity® 25.1 2.6 338 29 40.8 3.0 47.0 29 <.0l
Chronic diseases
Hypertension 61.2 2.7 62.6 2.7 59.8 2.8 59.4 29 .85
Diabetes 25.0 23 237 2.5 27.1 2.6 18.8 22 .09
Dyslipidemia 24.4 2.5 30.5 2.8 429 32 41.2 29 <.0l

*Data are expressed as weighted % for categorical variables and as mean values for continuous variables with their standard errors. "Analyzed using weighted t-tests or
weighted y2-tests to assess differences between adults aged <65 years and those aged =65 years. Participants who smoked at the time of the survey and who had smoked
=100 cigarettes in their lifetime. 9Participants who consumed seven or more drinks at least twice a week. ®Participants who engaged in moderate-intensity activities for at
least 150 min during the week, vigorous-intensity activities for at least 75 min during the week, or an equivalent combination of moderate- and vigorous-intensity activities.



American Journal of Men’s Health

Table 2. Nutrient Intakes According to Quartiles of Handgrip Strength.

Handgrip strength

Quartile | Quartile 2 Quartile 3 Quartile 4
Variables® M SE M SE M SE M SE P value®
Men aged <65 years
Total energy intake, kcal 2,178.2 29.0 2,224.2 25.0 2,287.5 25.0 2,331.6 259 <.0l
Nutrient intake
Protein, g 78.9 1.4 83.2 1.2 85.4 1.3 88.0 1.3 <.0l
Fat, g 47.6 1.1 48.8 1.1 52.6 1.0 54.7 1.0 <.0l
Carbohydrate, g 3184 4.1 325.6 4.0 323.0 4.0 321.8 3.8 .67
Fiber, g 23.9 0.4 25.2 0.5 25.4 0.5 24.8 0.4 .08
Calcium, mg 527.4 10.5 547.3 10.3 555.9 10.6 555.0 11.0 A7
Iron, mg 14.2 0.3 15.4 0.4 16.0 0.4 16.6 0.4 <.0l
Sodium, mg 3,992.6 773 4,139.4 70.2 4,351.6 719 4,435.4 72.0 <.0l
Potassium, mg 2,864.6 422 3,123.2 47.3 3,129.0 43.6 3,113.2 41.8 <.0l
Vitamin A, pg 529.8 17.9 603.8 25.9 604.6 19.7 579.8 20.6 .01
Vitamin BI, mg 1.7 3.0x 10" 1.7 03 x 107! 1.8 03x10" 1.9 03x10" <.0l
Vitamin B2, mg 1.7  04x 107" 1.7  03x 107! 1.7 03x 107" 1.8 03x10" .18
Vitamin B3, mg 15.3 0.3 16.4 03 17.3 0.3 17.8 0.3 <.0l
Vitamin C, mg 71.4 4.0 71.8 3.2 75.0 3.0 79.6 3.7 .36
Handgrip strength
Quartile | Quartile 2 Quartile 3 Quartile 4
Variables® M SE M SE M SE M SE P value®
Men aged =65 years
Total energy intake, kcal 1,665.0 322 1,827.5 43.0 1,959.6 43.1 2,035.4 385 <.0l
Nutrient intake
Protein, g 54.5 1.6 63.3 1.8 67.2 2.0 71.5 1.7 <.0l
Fat, g 47.6 1.1 48.8 1.1 52.6 1.0 54.7 1.0 <.0l
Carbohydrate, g 291.0 5.9 313.7 73 3233 6.7 340.5 6.8 <.0l
Fiber, g 22.7 0.8 26.6 1.0 27.5 0.8 30.2 0.8 <.0l
Calcium, mg 403.0 15.5 484.1 20.6 514.4 19.4 561.3 22.5 <.0l
Iron, mg 1.9 0.4 13.9 0.5 15.1 0.5 16.2 0.5 <.0l
Sodium, mg 2,970.1 116.7 3,316.5 105.7 3,669.9 120.5 3,953.1 144.0 <.0l
Potassium, mg 2,461.2 74.6 2,837.3 82.5 3,016.1 83.6 3,307.1 90.2 <.0l
Vitamin A, ng 428.7 29.4 474.1 27.6 588.6 64.9 582.7 35.5 <.0l
Vitamin BI, mg 1.3 04x10"' 14  04x107" 1.6 05X 107" 1.7 04 x 10" <.0l
Vitamin B2, mg 1.0 04X 107" 1.3 05x 107! 14 05X 107" 1.5  04x10" <.0l
Vitamin B3, mg 10.8 0.3 12.7 0.4 13.7 0.5 14.4 0.4 <.0l
Vitamin C, mg 58.4 42 66.6 4.9 77.1 4.9 93.0 6.6 <.0l

*Data are expressed as mean values with their standard errors. "Analyzed using a weighted analysis of covariance according to quartiles of handgrip strength among

study participants aged <65 and =65 years.

strength is not suitable for supporting a diagnosis of mod-
erate malnutrition (Norman et al., 2011). In some previ-
ous studies, the insufficient intake of specific nutrients,
such as proteins, essential amino acids, vitamin D, cal-
cium, and some antioxidants, was observed among older
people with low handgrip strength (Cruz-Jentoft et al.,
2020). Dietary protein and amino acids have been consid-
ered to play an essential role in muscle health owing to
their anabolic effects on the musculoskeletal system.
Poor intake of proteins or essential amino acids can lead
to decreased muscle mass and atrophy of muscle fiber.

This in turn can result in impaired muscle function
(Candow et al., 2012; Cruz-Jentoft et al., 2020; Mithal
et al., 2013). Vitamin D has been reported to improve
muscle mass and muscle strength, and calcium functions
as a collaborator in this process (Cruz-Jentoft et al., 2020;
Robinson et al., 2018). While some studies have reported
inconsistent results, some vitamins are known to have
protective effects against oxidative stress. They have also
been suggested to be highly correlated with muscle
strength. Oxidative stress has been reported to have a
harmful impact on muscle function with increasing age
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(A) Men aged < 65 years (n =4,208) (B) Men aged > 65 years (n =1,540)
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Figure 2. Comparison of the Index of Nutritional Quality (INQ) Scores From Total Meals Per Day According to Quartiles of
Handgrip Strength Among Study Participants Aged <65 Years and Those Aged =65 Years Using Weighted Linear Regression
Analysis.

Note. In this study, the intake of each nutrient, including protein; fiber; vitamins A, BI, B2, B3, and C; calcium; potassium; and iron, was calculated
as a ratio of intake to the recommended dietary allowance of the nutrient per 1,000 kcal according to age and sex. A ratio <|.0 for each nutrient
indicates insufficient intake. The number of nutrients for which insufficient intakes were indicated was defined as the INQ score. The mean INQ
scores and standard errors, represented by error bars according to the quartiles of handgrip strength among men aged < 65 and = 65 years, are
presented.

Table 3. Multivariate Linear Regression Analysis of Handgrip Strength According to INQ?® Scores in Men Aged <65 and =65
Years.

B SE t value P-value R?

Men aged <65 years

Unadjusted -0.06 0.07 -0.84 40 1.2

Model I° -0.05 0.07 -0.70 A8

Model 2¢ -0.06 0.06 -0.93 .35

Model 3¢ -0.10 0.07 -1.46 .14
Men aged =65 years

Unadjusted -0.47 0.10 -4.84 < .0l 29.3

Model 1° -0.26 0.09 -2.86 < .0l

Model 2¢ -0.31 0.10 -3.19 < .0l

Model 3¢ -0.26 0.09 -2.88 < .0l

*The Index of Nutritional Quality (INQ) of each nutrient, including proteins; fiber; vitamins A, BI, B2, B3, and C; calcium; potassium; and iron,
was calculated as a ratio of the nutrient density of the intake to the recommended dietary allowance of the nutrient per 1,000 kcal according to
age and sex. "Model I: adjusted for age, household income, marital status, educational level, and occupation. “Model 2: additionally adjusted for
smoking status, heavy drinking, adequate physical activity, obesity, and chronic diseases such as hypertension, diabetes, and dyslipidemia. ‘Model
3: additionally adjusted for total calorie intake.

(Candow et al., 2012). Vitamins A and C have antioxidant (Cruz-Jentoft et al., 2020; Mithal et al., 2013; Williams,
functions that block free radical chain reactions. This pro- 1989).

cess protects body tissues and slows aging. Vitamins B For quantitative and qualitative analyses of the partici-
and C are essential for converting food intake into energy ~ pants’ diets, we used INQ scores to assess and compare
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nutritional quality (Sorenson et al., 1976). The number of
nutrients for which the intake was insufficient was used
to determine the INQ score. High INQ scores reflected
poor nutritional quality and insufficient intake of many
nutrients. Vitamins and minerals are required in small
quantities in our bodies as they maintain the proper func-
tion and structure of cells and facilitate various metabolic
processes (Turnlund, 1994; Williams, 1989). A balanced
intake is necessary to ensure that there is no shortage of a
specific nutrient.

The age-specific difference in the relationship between
handgrip strength and sufficient intake of comprehensive
micronutrients in this study is yet to be clarified. However,
various mechanisms for this difference can be suggested.
Handgrip strength in older adults is strongly correlated
with muscle mass and physical performance (McKee
et al., 2017; Robinson et al., 2019). A gradual decline in
muscle mass and strength in older adults is a common
consequence of the aging process (Mithal et al., 2013).
Sarcopenia, which involves the loss of muscle mass and
physical performance as well as a decline in muscle
strength, occurs in relation to aging (Cruz-Jentoft et al.,
2019; Drey, 2011). A reduction in muscle fiber due to
atrophy, apoptosis, or denervation results in the loss of
muscle mass (Candow et al., 2012). It has been identified
that age-related muscle mass reduction is, in part, a result
of inadequate muscle protein synthesis after anabolic
stimuli and an increased breakdown of muscle protein
(Fry et al., 2011). Older adults have impaired signaling
pathways that are involved in muscle protein kinetics
compared with young adults. We found that the group
with high handgrip strength had sufficient intake of
B-group vitamins. These vitamins have an essential func-
tion in the regulation of cellular metabolism and energy-
producing processes of the mitochondria (Turnlund,
1994; Williams, 1989). An insufficient intake of these
vitamins can influence muscle strength by reducing mus-
cle protein synthesis or increasing muscle protein degra-
dation, with decreased energy and capacity to regulate the
signaling pathway (Mithal et al., 2013). Ahn et al. (2020)
reported found that age had a distinct influence on the
relationship between handgrip strength and thyroid-stim-
ulating hormone levels in euthyroid Korean men (Ahn
et al., 2020). Handgrip strength was positively associated
with serum thyroid-stimulating hormone levels in older
adults. In younger adults, handgrip strength was nega-
tively associated with the level of this hormone.
Accordingly, the high catabolic rate in older people and
the reduced rate of muscle development and maturation
in younger adults have been suggested as underlying fac-
tors leading to muscle weakness in the presence of thy-
roid dysfunctions. Oxidative stress associated with aging,
as well as its effects on chronic inflammation, has been
reported to contribute, in part, to muscle fiber apoptosis

and denervation, which could lead to the development of
sarcopenia (Mithal et al., 2013). Micronutrients that have
antioxidant properties, such as vitamins B and C, are
important for muscle fiber integrity. Owing to these
potentially complex changes in the intramuscular net-
work that are associated with aging, the influence of
insufficient intake of comprehensive micronutrients on
reduced handgrip strength might be much more pro-
nounced in older adults than in younger adults (Robinson
et al., 2018, 2019; Romagnoli et al., 2019). As these vita-
mins are not produced by the body, the importance of
micronutrients that can only be replenished through
dietary intake becomes evident and the difference in mus-
cle strength resulting from differences in nutritional qual-
ity becomes more noticeable. In particular, water-soluble
vitamins, including B-group vitamins, are absorbed
directly into the blood and used as necessary. The remain-
der are released into the urine. Thus, daily intake of these
vitamins is essential (Williams, 1989).

We found that a sufficient intake of various micronu-
trients was more effective in preventing muscle weakness
in older adults than in younger adults. Previously, low
handgrip strength has been reported to be associated with
many poor health-related outcomes such as frailty, dis-
ability, and mortality (Bohannon, 2015; Norman et al.,
2011). We may be able to determine the relationship
between muscle strength and nutritional quality by evalu-
ating the association between handgrip strength and vari-
ous nutrient intake levels in both younger and older
adults. However, further studies are required to identify
the mechanisms underlying our results.

There are some limitations to this study. Owing to the
cross-sectional design of this study, we could not report
causality. In addition, as the data on nutrient intake were
based on self-reports using the 24-hr recall method,
under- or overestimation of consumption cannot be ruled
out. Although the use of this method may not provide
data that fully reflect long-term dietary habits and behav-
iors, this concern was mitigated by the high statistical
power owing to the large sample size and the probability
of revealing diverse dietary behaviors. The possibility of
unmeasured confounders cannot be ruled out, and this
requires analyses in further studies. However, this study
included current data from a large, nationally representa-
tive sample of Korean adult men over 20 years of age.

Our finding of an age-specific association between
handgrip strength and nutritional quality is crucial regard-
ing public health concerns for healthy aging. These could
be helpful in developing policies on adequate nutrition
for older adults. Handgrip strength may be useful in daily
clinical practice. It is a simple and cost-effective tool for
assessing the nutritional quality of older people vulnera-
ble to malnutrition. This method may assist in improving
muscle strength, frailty, and quality of life.



Shin and Kim

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Ethical Approval

Written informed consent was obtained from all participants,
and the KNHANES has been approved by the Institutional
Review Board of the Korea Centers for Disease Control and
Prevention (2018-01-03-P-A).

ORCID iD

Jung-ha Kim https://orcid.org/0000-0002-7630-9501

Supplemental Material

Supplemental material for this article is available online.

References

Ahn, S. H., Seo, D. H., Cho, Y., Jung, M., Kim, S. H., & Hong,
S. (2020). Different relationships between thyrotropin and
muscle strength according to sex and age in euthyroid
Koreans (The 6th Korea National Health and Nutritional
Examination Survey 2014-2015). Thyroid, 30(12),
1710-1717. https://doi.org/10.1089/thy.2019.0601

Bohannon, R. W. (2015). Muscle strength: Clinical and prog-
nostic value of hand-grip dynamometry. Current Opinion
in Clinical Nutrition and Metabolic Care, 18(5), 465—470.
https://doi.org/10.1097/MCO.0000000000000202

Buckinx, F., & Aubertin-Leheudre, M. (2019). Relevance
to assess and preserve muscle strength in aging field.
Progress in Neuro-Psychopharmacology and Biological
Psychiatry, 94, Article 109663. https://doi.org/10.1016/j.
pnpbp.2019.109663

Candow, D. G., Forbes, S. C., Little, J. P., Cornish, S. M.,
Pinkoski, C., & Chilibeck, P. D. (2012). Effect of nutri-
tional interventions and resistance exercise on aging mus-
cle mass and strength. Biogerontology, 13(4), 345-358.
https://doi.org/10.1007/s10522-012-9385-4

Cederholm, T., Jensen, G. L., Correia, M. 1. T. D., Gonzalez,
M. C., Fukushima, R., Higashiguchi, T., et al. (2019).
GLIM criteria for the diagnosis of malnutrition—A con-
sensus report from the global clinical nutrition community.
Clinical Nutrition, 38(1), 1-9. https://doi.org/10.1016/j.
¢lnu.2018.08.002

Chen, Y., Michalak, M., & Agellon, L. B. (2018). Importance
of nutrients and nutrient metabolism on human health. Yale
Journal of Biology and Medicine, 91(2), 95-103.

Cruz-Jentoft, A. J., Bahat, G., Bauer, J., Boirie, Y., Bruyére,
0., Cederholm, T., Cooper, C., Landi, F., Rolland, Y.,
Sayer, A. A., Schneider, S. M., Sieber C. C., Topinkova
E., Vandewoude M., Visser M., & Zamboni M., Writing
Group for the European Working Group on Sarcopenia in

Older People 2 (EWGSOP2), & the Extended Group for
EWGSOP2 (2019). Sarcopenia: Revised European con-
sensus on definition and diagnosis. Age and Ageing, 48,
16-31. https://doi.org/10.1093/ageing/aty 169

Cruz-Jentoft, A. J., Dawson Hughes, B. D., Scott, D., Sanders,
K. M., & Rizzoli, R. (2020). Nutritional strategies for main-
taining muscle mass and strength from middle age to later
life: A narrative review. Maturitas, 132, 57-64. https://doi.
org/10.1016/j.maturitas.2019.11.007

Drey, M. (2011). Sarcopenia—Pathophysiology and clinical
relevance. Wiener Medizinische Wochenschrift, 161(17—
18), 402—408. https://doi.org/10.1007/s10354-011-0002-y

Fry, C. S., Drummond, M. J., Glynn, E. L., Dickinson, J. M.,
Gundermann, D. M., Timmerman, K. L., Walker, D.
K., Dhanani, S., Volpi, E., & Rasmussen, B. B. (2011).
Aging impairs contraction-induced human skeletal muscle
mTORCI signaling and protein synthesis. Skeletal Muscle,
1, 1-11. https://doi.org/10.1186/2044-5040-1-11

Gabrovec, B., Veninsek, G., Samaniego, L. L., Carriazo, A.
M., Antoniadou, E., & Jelenc, M. (2018). The role of nutri-
tion in ageing: A narrative review from the perspective of
the European joint action on frailty- ADVANTAGE JA.
European Journal of Internal Medicine, 56, 26-32. https://
doi.org/10.1016/j.€jim.2018.07.021

Hagstromer, M., Oja, P., & Sjostrom, M. (2006). The
International Physical Activity Questionnaire (IPAQ):
A study of concurrent and construct validity. Public
Health Nutrition, 9(6), 755-762. https://doi.org/10.1079/
phn2005898

Juby, A. G., & Mager, D. R. (2019). A review of nutrition screen-
ing tools used to assess the malnutrition-sarcopenia syn-
drome (MSS) in the older adult. Clinical Nutrition ESPEN,
32, 8—15. https://doi.org/10.1016/j.clnesp.2019.04.003

Kaiser, M., Bandinelli, S., & Lunenfeld, B. (2010). Frailty and
the role of nutrition in older people. A review of the current
literature. Acta Bio-Medica: Atenei Parmensis, 81(Suppl.
1), 37-45.

Kim, C.R., Jeon, Y. J., & Jeong, T. (2019). Risk factors associ-
ated with low handgrip strength in the older Korean popu-
lation. PLOS ONE, 14(3), Article ¢0214612. https://doi.
org/10.1371/journal.pone.0214612

Kweon, S., Kim, Y., Jang, M. J., Kim, Y., Kim, K., Choi, S.,
Chun, C., Khang, Y., & Oh, K. (2014). Data resource
profile: The Korea National Health and Nutrition
Examination Survey (KNHANES). International Journal
of Epidemiology, 43(1), 69—77. https://doi.org/10.1093/ije/
dyt228

McKee, A., Morley, J. E., Matsumoto, A. M., & Vinik, A.
(2017). Sarcopenia: An endocrine disorder? Endocrine
Practice, 23(9), 1140-1149. https://doi.org/10.4158/
EP171795.RA

Mithal, A., Bonjour, J. P., Boonen, S., Burckhardt, P., Degens,
H., El-Hajj Fuleihan, G., Josse, R., Lips, P., Morales Torres,
J., Rizzoli, R., Yoshimura, N., Wahl, D. A., Cooper, C.,
Dawson-Hughes, B., & IOF CSA Nutrition Working Group
(2013). Impact of nutrition on muscle mass, strength, and
performance in older adults. Osteoporosis International,
24(5), 1555-1566.  https://doi.org/10.1007/s00198-012-
2236-y


https://orcid.org/0000-0002-7630-9501
https://doi.org/10.1089/thy.2019.0601
https://doi.org/10.1097/MCO.0000000000000202
https://doi.org/10.1016/j.pnpbp.2019.109663
https://doi.org/10.1016/j.pnpbp.2019.109663
https://doi.org/10.1007/s10522-012-9385-4
https://doi.org/10.1016/j.clnu.2018.08.002
https://doi.org/10.1016/j.clnu.2018.08.002
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/j.maturitas.2019.11.007
https://doi.org/10.1016/j.maturitas.2019.11.007
https://doi.org/10.1007/s10354-011-0002-y
https://doi.org/10.1186/2044-5040-1-11
https://doi.org/10.1016/j.ejim.2018.07.021
https://doi.org/10.1016/j.ejim.2018.07.021
https://doi.org/10.1079/phn2005898
https://doi.org/10.1079/phn2005898
https://doi.org/10.1016/j.clnesp.2019.04.003
https://doi.org/10.1371/journal.pone.0214612
https://doi.org/10.1371/journal.pone.0214612
https://doi.org/10.1093/ije/dyt228
https://doi.org/10.1093/ije/dyt228
https://doi.org/10.4158/EP171795.RA
https://doi.org/10.4158/EP171795.RA
https://doi.org/10.1007/s00198-012-2236-y
https://doi.org/10.1007/s00198-012-2236-y

10

American Journal of Men’s Health

Norman, K., Stobdus, N., Gonzalez, M. C., Schulzke, J. D., &
Pirlich, M. (2011). Hand grip strength: Outcome predictor
and marker of nutritional status. Clinical Nutrition, 30(2),
135-142. https://doi.org/10.1016/j.cInu.2010.09.010

Power, L., Mullally, D., Gibney, E. R., Clarke, M., Visser,
M., Volkert, D., Bardon, L., A E de van der Schueren,
M., Corish, C. A., & Consortium, M. (2018). A review of
the validity of malnutrition screening tools used in older
adults in community and healthcare settings—A MaNuEL
study. Clinical Nutrition ESPEN, 24, 1-13. https://doi.
org/10.1016/j.clnesp.2018.02.005

Reber, E., Gomes, F., Vasiloglou, M. F., Schuetz, P., & Stanga,
Z. (2019). Nutritional risk screening and assessment.
Journal of Clinical Medicine, 8(7), Article 1065. https://
doi.org/10.3390/jcm8071065

Robinson, S. M., Granic, A., & Sayer, A. A. (2019). Nutrition
and muscle strength, as the key component of sarcopenia:
An overview of current evidence. Nutrients, 11(12), Article
2942, https://doi.org/10.3390/nu11122942

Robinson, S. M., Reginster, J. Y., Rizzoli, R., Shaw, S. C.,
Kanis, J. A., Bautmans, 1., Bischoff-Ferrari, H., Bruyére,
0., Cesari, M., Dawson-Hughes, B., Fielding, R. A.,
Kaufman, J. M., Landi, F., Malafarina, V., Rolland, Y.,
van Loon, L. J., Vellas, B., Visser, M., Cooper, C., &
ESCEO working group (2018). Does nutrition play a role
in the prevention and management of sarcopenia? Clinical
Nutrition, 37(4), 1121-1132. https://doi.org/10.1016/].
¢clnu.2017.08.016

Romagnoli, C., Pampaloni, B., & Brandi, M. L. (2019). Muscle
endocrinology and its relation with nutrition. Aging Clinical
and Experimental Research, 31(6), 783—792. https://doi.
org/10.1007/s40520-019-01188-5

Russell, M. K. (2015). Functional assessment of nutrition sta-
tus. Nutrition in Clinical Practice, 30(2), 211-218. https://
doi.org/10.1177/0884533615570094

Shayanfar, M., Vahid, F., Faghfoori, Z., Davoodi, S. H., & Goodarzi,
R. (2018). The association between index of nutritional quality
(INQ) and glioma and evaluation of nutrient intakes of these
patients: A case-control study. Nutrition and Cancer, 70(2),
213-220. https://doi.org/10.1080/01635581.2018.1412469

Sorenson, A. W., Wyse, B. W., Wittwer, A. J., & Hansen, R.
G. (1976). An index of nutritional quality for a balanced
diet. New help for an old problem. Journal of the American
Dietetic Association, 68(3), 236-242.

Stechmiller, J. K. (2003). Early nutritional screening of
older adults: Review of nutritional support. Journal of
Infusion Nursing, 26(3), 170-177. https://doi.org/10.1097/
00129804-200305000-00009

Turnlund, J. R. (1994). Future directions for establishing min-
eral/trace element requirements. Journal of Nutrition,
124(Suppl. 9), 1765S-17708S. https://doi.org/10.1093/jn/124.
zsuppl_9.1765S

Williams, M. H. (1989). Vitamin supplementation and ath-
letic performance. International Journal for Vitamin and
Nutrition Research. Supplement, 30, 163—191.


https://doi.org/10.1016/j.clnu.2010.09.010
https://doi.org/10.1016/j.clnesp.2018.02.005
https://doi.org/10.1016/j.clnesp.2018.02.005
https://doi.org/10.3390/jcm8071065
https://doi.org/10.3390/jcm8071065
https://doi.org/10.3390/nu11122942
https://doi.org/10.1016/j.clnu.2017.08.016
https://doi.org/10.1016/j.clnu.2017.08.016
https://doi.org/10.1007/s40520-019-01188-5
https://doi.org/10.1007/s40520-019-01188-5
https://doi.org/10.1177/0884533615570094
https://doi.org/10.1177/0884533615570094
https://doi.org/10.1080/01635581.2018.1412469
https://doi.org/10.1097/00129804-200305000-00009
https://doi.org/10.1097/00129804-200305000-00009
https://doi.org/10.1093/jn/124.suppl_9.1765S
https://doi.org/10.1093/jn/124.suppl_9.1765S

