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Abstract: Background: Muscle mass evaluation methods are often expensive and therefore limited
in their daily use in clinical practice. In this study, we investigated the relationship between hand
grip strength (HGS) and other parameters of body measurements with urine creatinine, especially
to investigate whether HGS measurement is an indicator of muscle metabolism. Methods: In total,
310 relatively healthy people (mean age 47.8 + 9.6; 161 people or 51.9% of the total population
were men) who were undergoing preventive examinations were included in this study and given a
container to collect 24-h urine, and the amount of creatinine in the urine was determined by a kinetic
test without deproteinization according to the Jaffe method. A digital dynamometer (Takei Hand
Grip Dynamometer, Japan) was used in the measurement of HGS. Results: There was a significant
difference in 24-h urine creatinine (24 hCER) between the sexes, with a mean of 1382.9 mg/24 h
in men and 960.3 mg/24 h in women. According to the correlation analysis, the amount of urine
creatinine was related to age (r = —0.307, p < 0.001 in men, r = —0.309, p < 0.001 in women), and HGS
(r=0.207, p = 0.011 in men, r = 0.273, p = 0.002 in women) was significant for either sex. However,
other parameters of body measurements, such as girth, forearm circumference, and muscle mass
measured by bioelectrical impedance, were not related to urine 24 hCER. A correlation between HGS
and 24 hCER was observed in age groups. Conclusions: We found that HGS is a potential marker in
muscle metabolism assessment that is proven through 24 hCER. In addition, therefore, we suggest
using the HGS measure in clinical practice to evaluate muscle function and well-being.

Keywords: muscle strength; creatinine excretion; grip strength; sarcopenia

1. Introduction

Handgrip strength (HGS) is an important health indicator for older adults, as its lower
value is associated with adverse outcomes such as fragility and falls [1,2]. As described in a
review study, a lower HGS is positively associated with the risk of fragility independently
with various aging markers and physical functioning [1]. A recent prospective study
showed that a greater HGS was associated with better functional outcomes after 1-year
follow-up among fragility hip fracture patients [3]. In addition, falls and fracture risk
are greater among seniors with lower HGS [3,4]. A meta-analysis (n = 220,757) of 19
population-based prospective cohort studies showed a significant correlation between
hand grip strength and the predictability of bone fractures, and the odds ratio was 0.70 in
the highest tertile group compared to the lowest tertile group of HGS, which shows that
the fracture risk was low in people with higher HGS [4]. Furthermore, recent studies show
that the risk of mortality is higher in individuals with low HGS. For instance, in a Spanish
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study of 351 hospitalized cancer patients, the risk of mortality was not associated with body
circumference measures, while the HGS measurement proved to be a significant predictor
of mortality [5]. In recent years, in particular, clinical guidelines and recommendations
have included HGS as a muscle strength indicator in the criteria for identifying lower
muscle mass or sarcopenia [6-9].

In the literature, creatinine is an intermediate product of muscle metabolism and is
regularly excreted in the urine at a rate of 1 g/day under normal conditions [10]. Most of
the creatinine is produced by non-enzymatic metabolism, which occurs at a steady rate
in the skeletal muscle as a function of muscle mass [11,12]. Therefore, urinary creatinine
excretion is the main determining factor of skeletal muscle metabolism. Although measur-
ing serum creatine is important in evaluating muscle metabolism, researchers noted that
measuring creatinine in urine, particularly in urine samples taken 24 h a day (24 hCER),
is an appropriate method for assessing muscle metabolism [13-15]. A few studies have
examined the relationship between HGS and urinary creatinine excretion; most have been
conducted in patients with chronic illness [16-18].

It is important to investigate an easily accessible and inexpensive tool to measure
muscle metabolism; one would be HGS. In this study, we hypothesize that HGS could
be a potential marker for muscular metabolism that can be shown to possess a positive
association with urinary creatine excretion. Therefore, we aimed to explore the relationship
between HGS and 24 hCER among healthy adults. We also investigated whether HGS is a
better indicator of muscle metabolism than other body composition measures in relation to
24 hCER.

2. Materials and Methods
2.1. Study Participants

This study was conducted among those who participated in health screening at the
university hospital of the Mongolian National University of Medical Sciences between July
and September 2022, and those who agreed to participate in the study (n = 443). The sample
size was calculated based on the total number of people screened for the last 6 months
in the hospital (n = 12,500) and assuming a 95% confidence interval (Z = 1.96) with a 5%
acceptable margin of error (e = 0.05), which gave a sample size of 443 persons. During
the data collection, we excluded individuals who were being treated for chronic diseases,
which can impact muscle metabolism, such as diabetes and liver cirrhosis, as stated earlier
in the patient report (n = 90). We also excluded cases where these conditions were newly
diagnosed by doctors as a result of health screening (n = 19). Moreover, if an athlete had
participated in sports sessions in the last seven days or if patients were using diuretics, we
excluded them (n = 7). In addition, individuals who did not collect urine more than twice in
the 24-h urine collection period and those whose measurement was less than 500 mL/24 h
were excluded (n = 19) from the study [19]. A total of 310 participants were included in the
current analysis.

The study was conducted according to the Helsinki Declaration, and it was approved
by the medical ethical committee of the Mongolian National University of Medical Sciences
(METc 2022/Z-03). All participants provided their written informed consent.

2.2. Hand Grip Strength Measurement

A digital dynamometer (Takei Hand Grip Dynamometer 5401-C, Tokyo, Japan), which
is an isometric electronic device, was used to measure HGS in this study [20]. The instru-
ment weighed 5 to 100 kg, and the minimum unit of measurement was 0.1 kg. The HGS
was measured two times for both hands and the mean for each hand was recorded. During
the measurement, the participant was recorded with feet shoulder-width apart, elbows
fully extended, and fingers bent 90° once in each hand. Participants were instructed to con-
tinually tighten the handle with full force for at least 3 s and not to move the dynamometer
or hold their breath while taking the measurement. The measures were the same for men
and women and age groups, but we used different thresholds that had been established
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before in the same population [21]. The maximal measurement for one of the two hands
was taken and called the dominant HGS [20].

2.3. 24-h Urine Creatinine Collection and Measurement

The kinetic test without deproteinization according to the Jaffe method was used to
measure urine creatinine (BioMajesty® BM6010/C) [22]. Subjects were provided with a
designated urine collection container and advised to stay at home or choose a convenient
day for urine collection. When providing instructions, it was recommended that urine
collection began at 8:00 a.m. or the time and date at the start of urine collection was
recorded. In addition, on the day of urine collection, it was recommended not to consume
beets, coffee, or foods that were too sweetened; not to use diuretics; and not to perform
physical workouts and heavy sports.

2.4. Other Variables and Measurements

The interview included questions related to participants’ general and lifestyle charac-
teristics, including education, smoking, alcohol use, diet, and physical activity. Questions
on the intake of meat, fruits, and vegetables were based on a daily to weekly frequency. We
assessed physical activity behavior, using a question that dealt with workouts, exercise, and
sports [23]. The question was “How often do you perform physical activities to work out
or exercise or sports?” The answers were “never or less than once monthly”, “1-2 times per
month”, “1-2 times per week”, “3—4 times per week”, and “daily”. Based on the descriptive
results, lifestyle variables were classified as dichotomous variables: smokers/non-smokers,
weekly /non-weekly alcohol use, daily /non-daily intake of meat, fruit and vegetable intake,
and weekly /non-weekly regular physical activity.

Participants’ body weight (in kg), height (in cm), blood pressure (Pangao, PG-800B69,
The Hague, Netherlands), and body circumferences, such as neck, chest, midarms (upper
arm circumference), forearm (lower arm circumference), waist, hip, and thigh circumfer-
ence, were measured by well-trained assistants implementing a standardized protocol.
Body mass index (BMI; kg/m?) was subsequently calculated based on body weight and
height. A bioelectric impedance analyzer (Tanita BC-730) was used for muscle mass mea-
surement (in kg).

2.5. Statistical Analysis

The characteristics of the study population were expressed as means with standard
deviation (SD) and as numbers with percentages according to 24-h urine creatinine tertiles.
A histogram of the 24-h urine creatinine concentration was obtained and expressed as
a median with a 25th-75th percentile. The differences between groups were compared
using Student’s ¢-test, one-way analysis of variance (ANOVA), the Kruskal-Wallis test, and
Pearson’s Chi-Square test.

Crude and age-adjusted Spearman’s correlation coefficient was calculated between
24-h urine creatinine and age, HGS, and other anthropometry measures. Furthermore,
sex-stratified and age-adjusted estimation of the 24-h urine creatinine concentration was
performed in stratified groups of age, physical activity, and HGS category using univariate
analysis. The age group was determined based on age tertiles. The HGS category was
based on previous study results that categorized dominant HGS into higher and less than
the 25th percentile of HGS based on its histogram in men and women, respectively. Less
than the 25th percentile of HGS (31.8 for men and 20.5 for women) was categorized as the
lower HGS group [21]. Additionally, a linear regression analysis was performed, and the
unstandardized beta coefficient was reported with a 95% confidence interval (CI). After
crude analysis, the analysis was adjusted for age, education, and BML

For all statistical analyses, we used IBM SPSS V.28.0. A statistical significance level
was set at p < 0.05 for all tests.
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3. Results

The mean age of the subjects was 47.8 + 9.6 years and 51.9% (n = 161) of the total
subjects were male. The amount of creatinine excreted in the urine was significantly
different for the two genders, with a mean of 1382.9 mg/24 h (median of 1322.0 and
25th-75th percentile of 869-1815) in men and 960.3 mg/24 h (median of 878 and 25th-75th
percentile of 583-1265) in women. Therefore, further analyses were performed by gender.

Table 1 shows the characteristics of the study participants, based on urine creatinine
levels (tertiles). Significant differences were observed for age and HGS, and it seems that
with increasing age, urinary creatinine levels declined, while those with high HGS tended to
have higher creatinine levels in the urine. It was assumed that meat consumption, physical
activity frequency, and muscle mass measured by the bioelectrical impedance analyzer were
consistent with creatinine levels in the urine, but no differences were observed between the
24 hCER groups. Regarding the level of education, 13% of men and 10% of women had
low education and no differences between groups were found (p > 0.05). In addition, there
were no differences between groups (24 hCER groups) in systolic blood pressure.

As shown in Table 1, there was a tendency for urine creatinine to increase with
increased physical activity, but this was not significant. Therefore, age-adjusted urine
creatinine was compared for three levels of physical activity. Although there was a ten-
dency for urine creatinine to increase with an increased level of physical activity, this was
not significant.

Spearman’s correlation analysis showed that the 24 hCER was correlated significantly
only with age and HGS in both sexes (Table 2). Although no significant correlation was
observed, we can see from the table that there was a correlation between 24 hCER and
BMI and muscle mass determined by the bioelectric impedance analyzer. For other body
composition measures, body height and weight alone, as well as body circumference
measurements, were not related to urine creatinine excretion. In addition, when adjusting
for age, the correlations of 24 hCER with HGS remained.

Table 1. Characteristics of study population.

24-h Urine Creatinine Level

Findings Total p-Value
T1 T2 T3
Male (n) 161 53 54 54

Age (years) 4254+9.6 46.8 +10.8 41.1 £ 8.6 39.8+7.38 0.002
Height (cm) 169.0 £ 8.2 168.1 £ 8.3 1694 +75 169.6 £ 8.7 0.551
Weight (kg) 78.7 £14.1 779 + 14.1 77.3 £ 14.2 80.9 +13.9 0.364
BMI (kg/mz) 289 +17.0 273 +34 27.0+3.7 32.3 £28.7 0.144
Systolic blood pressure (mmHg) 1145+ 129 116.1 £11.7 1154 +12.1 1119 £ 134 0.401
Muscle mass (kg) 53.5 +38.3 50.0 £ 10.5 579 £ 65.1 52.54+10.3 0.372
Neck circumference (cm) 39.2+5.0 38.1+4.0 398+71 39.6 + 3.0 0.054
Waist circumference (cm) 92.3 £ 109 92.0 +10.4 90.5 +11.7 94.5 +£10.3 0.240
Hip circumference (cm) 100.3 £+ 8.3 101.0 + 8.1 100.0 £ 8.5 99.9 + 8.5 0.741
Upper arm circumference (cm) 33.5+£259 312+4.1 37.6 £42 31.6 £39 0.589
Lower arm circumference (cm) 235+ 4.6 234 +45 235+ 4.6 237 £4.7 0.839
Tigh circumference (cm) 547 + 64 53.6 £ 6.1 546 £6.7 56.0 £ 6.3 0.108
Hand grip strength (kg) 43.7 £ 12.8 38.0 £ 14.1 456 £ 11.3 475+ 111 0.002
Meat intake (daily) 98.1 (158) 98.1 (52) 96.3 (52) 100.0 (54) 0.363
Fruit and vegetable intake (daily) 5.0 (8) 5.7 (3) 1.9 (1) 7.4 (4) 0.398
Regular physical activity (weekly) 42.2 (68) 415 (22) 38.9 (21) 46.3 (25) 0.732
Education (lower level) 13.0 (21) 11.3 (6) 14.8 (8) 13.0 (7) 0.801
Alcohol use (weekly) 24.8 (40) 35.8 (19) 18.5 (10) 20.4 (11) 0.075
Smokers 55.3 (89) 47.2 (25) 53.7 (29) 64.8 (35) 0.178
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Table 1. Cont.
24-h Urine Creatinine Level
Findings Total p-Value
T1 T2 T3
Female (n) 149 49 50 50
Age (years) 4514+94 49.8 +£9.8 441+ 8.6 416 +£79 <0.001
Height (cm) 164.6 + 8.2 165.0 + 8.3 164.0 8.5 1648 =79 0.790
Weight (kg) 732 +£129 754 +13.1 72.0 £ 122 724 £ 135 0.366
BMI (kg/m?) 269 £3.7 27.6 £ 3.6 26.8 £3.7 264 + 3.7 0.227
Systolic blood pressure (mmHg) 1175+ 114 1183 +£9.9 116.1 £11.9 118.1 +10.9 0.401
Muscle mass (kg) 457 +£9.5 46.8 +10.1 448 £ 85 45.7 £9.9 0.867
Neck circumference (cm) 36.7 £3.7 373 +£32 364 +44 363 £3.3 0.331
Waist circumference (cm) 88.1 £ 12.0 91.2 £ 11.6 86.3 £ 11.5 87.0 £ 125 0.094
Hip circumference (cm) 99.2 + 8.2 100.7 £ 7.6 98.1 £8.1 98.6 + 8.8 0.231
Upper arm circumference (cm) 30.2+£3.6 30.7 £35 299 +4.0 30.1 £33 0.245
Lower arm circumference (cm) 23.6 +4.0 2404+ 3.7 23.7 + 3.7 2294+ 4.6 0.322
Tigh circumference (cm) 53.1+6.1 524 +6.2 53.6 £ 6.3 53457 0.503
Hand grip strength (kg) 33.0£13.8 30.8 + 14.8 29.9 £10.9 382 +£139 0.009
Meat intake (daily) 98.0 (146) 95.9 (47) 98.0 (49) 100.0 (50) 0.352
Fruit and vegetable intake (daily) 4.0 (6) 4.1(2) 6.0 (3) 2.0(1) 0.596
Regular physical activity (weekly) 37.2 (55) 30.6 (15) 40.0 (20) 40.8 (20) 0.508
Education (lower level) 10.1 (15) 8.2 (4) 12.0 (6) 10.0 (5) 0.782
Alcohol use (weekly) 18.1 (27) 224 (11) 14.0 (7) 18.0 (9) 0.694
Smokers 38.9 (58) 34.7 (17) 40.0 (20) 42.0 (21) 0.744

Data are presented as mean + SD and percentages, % (number). Bold values denote statistical significance at the
p <0.05level.

Table 2. Association of 24-h urine creatinine with body composition indices.

Male Female
24 hCER
r p-Value r p-Value
Age —0.307 <0.001 —0.309 <0.001
HGS 0.207 0.011 0.273 0.002
BMI 0.097 0.237 —0.037 0.680
Muscle mass 0.018 0.831 —0.016 0.857

Data are presented as Spearman’s correlation coefficients. Bold values denote statistical significance at the
p <0.05level.
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Figure 1. HGS and 24 hCER, according to sex.

The positive correlation between 24 hCER and HGS shown in the table above shows
that people with higher HGS or muscle mass may possess a higher metabolism of creatinine
as they present higher 24 hCER (Figure 1).

80.0
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In the additional analysis, when we used the reference value of the study that es-
tablished the lower limit of HGS among Mongolian people (31.8 for men and 20.5 for
women), Figure 2 shows that with increasing age, the number of people in the low HGS
group increases.

A. Male B. Female
100 + NomalHGe 100 7
B Low HGS
375 3 751
) &
£ =
5 50 1 g 50 A
o o
5] bt
R A~
25 A 33.9 25
18.8
12.5
0 - 0 4
Age Tl Age T2 Age T3 AgeT1 Age T2 AgeT3

Figure 2. Percentage of low HGS according to age groups in men and women.

When we used the HGS groups mentioned above, there were significant differences in
the amount of creatinine excreted in the urine by groups of HGS (Table 3). Moreover, when
considering age groups, the amount of creatinine excreted in the urine tended to decrease.
Considering both sexes, 24 hCER levels were significantly lower in men with increasing
age in the lower HGS groups. Similarly, in women, 24 hCER decreased in the low HGS
groups with increasing age, but only a significant difference was observed in the middle
age group (Table 3).

Table 3. Mean 24 hCER according to sex, age, and HGS category.

HGS Category

Age Groups Total
Normal Low p-Value
Male
Age tertile 1 1556.0 £ 540.1 1574.0 + 541.0 1434.1 £ 554.2 0.528
Age tertile 2 1507.0 £ 649.0 1620.1 + 589.2 1020.1 £ 705.3 0.011
Age tertile 3 1115.1 £517.2 1297.1 + 516.2 759.1 + 288.3 <0.001
Total 1387.1 £ 598.9 1506.2 + 562.3 961.2 + 534.1 <0.001
Female
Age tertile 1 1138.1 £ 566.4 1184.3 + 562.9 805.3 £ 521.9 0.126
Age tertile 2 1014.5 £ 436.1 10954 + 4244 653.2 +291.4 0.005
Age tertile 3 739.4 + 367.8 776.1 £385.1 619.4 £ 2783 0.199
Total 960.1 £ 489.3 1024.2 + 495.5 672.2 £ 341.7 <0.001

Data are presented as mean =+ SD. Bold values denote statistical significance at the p < 0.05 level.

Finally, we tested the relationship between HGS and 24 hCER using linear regression
analysis (Table 4). The HGS was significantly associated with 24 hCER in both men and
women. After adjusting for age, the association was attenuated but remained significant,
indicating that the association was age-independent. Further adjustments showed the
significant association of HGS with 24-h urine creatinine.
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Table 4. Association of HGS and 24-h urine creatinine.

Unstandardized Beta Coefficient of 24 hCER

HGS Male Female
B (95% CI) p-Value 3 (95% CI) p-Value
Crude 16.1 (9.3-22.9) <0.001 8.6 (3.3-13.9) 0.002
Adjusted for age 12.5 (5.3-19.6) <0.001 8.1 (3.1-13.1) 0.002
Adjusted for age and education 11.1 (3.9-18.1) 0.002 8.2 (3.2-13.3) 0.002
Adjusted for age and BMI 12.1 (5.1-19.0) <0.001 8.2 (2.9-13.1) 0.002

Data are presented as unstandardized beta coefficient with 95% CI. CI, confidence interval. Bold values denote
statistical significance at the p < 0.05 level.

4. Discussion

We found that there was a significant association between HGS and the level of
creatinine in the urine within 24 h. We hypothesized that other body composition measures,
especially muscle mass measured by bioelectrical impedance analysis, were positively
associated with 24 hCER, but there were no significant correlations observed. These
suggest that HGS may be a better indicator of muscle mass compared to other body
composition indices, because urine creatinine is the main determining factor in skeletal
muscle metabolism. Furthermore, there were significant differences in 24 hCER by sex and
age, but the association of HGS with 24 hCER was independent of age and sex.

Most previous studies examining the relationship between HGS and urinary creatinine
levels were linked to nutritional status or in individuals with chronic renal disease [16-18].
A study in the Netherlands (including 184 renal transplant recipients) showed a significant
association between HGS and 24 hCER (standardized 3 = 0.33, p < 0.001), independent
of adjustment for potential confounders such as age, sex, eGFR, time after transplanta-
tion, living donor, BSA, history of CVD, hypertension, glucose levels, albumin, lipids,
hs-CRP medication use, and protein intake [17]. In 50 dialysis patients, the rate of endoge-
nous creatinine synthesis was calculated and found to be positively associated with HGS
(B =0.44, p < 0.001) [18]. These studies also tested the association of HGS with other muscle
characteristics, including walking tests, etc., showing that HGS is a useful measure for
assessing muscle function, not merely muscle strength. We found a significant association
between HGS and urinary creatinine levels within 24 h in relatively healthy individuals.
These suggest that this simple and fast method is suitable for clinical use, as HGS can be
used as an indicator of muscular metabolism, in relatively healthy people and people with
chronic illnesses.

Although we found that there were no associations of other body composition mea-
sures with urine creatinine, previous research has found anthropometric predictors of
creatine clearance in urine, including body weight, height, and girth [24-28]. Joachim et al.
examined the association of the urinary creatinine excretion rate with mortality risk in
a relationship with coronary artery disease [26]. The study analyzed the associations of
body circumferences and the calculated rate of creatinine excretion (CER) with a marker
of muscle mass. Only the WHR had a weak association with CER. Barrios et al. analyzed
the relationships between waist circumference (WC), waist-hip ratio, and 24-h urinary
albumin excretion rate (UAER) and creatine clearance [27]. Study participants underwent
measurements of anthropometric factors and calculations (including WC, waist to hip ratio)
and 24-h urine sampling to determine creatinine clearance and UAER. Of the anthropomet-
ric parameters, one increase in WC was found to be independently linked to 24 h UAER,
although this association disappeared after the correction of creatinine clearance on the
body surface area [28]. In addition, the researchers developed some indices, such as the
creatine height index and the creatine arm index [29,30]. However, these indices are not
commonly used for clinical application or research. Moreover, not all studies found a sig-
nificant association between urinary creatinine and the aforementioned body composition
indices [16,18]. It could be explained that these indexes are not direct measures of muscle
mass or function. Indeed, HGS is also not a direct measure of muscle metabolism. Our
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results suggest that HGS might be a better measure than other anthropometric measures.
Furthermore, some studies have shown a positive association between urinary creatinine
and muscle mass measured by bioelectrical impedance analyzers (BIA) [16]. Our study did
not reveal any significant association among these variables. This may be explained by the
capacity and estimation of the BIA methodology. The results of a bioelectric impedance
analysis are dependent on the BIA equation and the number of sensors used in the mea-
surement [31]. For instance, one study found a significant association between 24 hCER
and HGS, using the multifrequency BIA method [16]. A single-frequency BIA analyzer was
used for this study. Therefore, we suggest using HGS in muscle evaluations instead of the
single-frequency BIA analyzer in clinical settings.

In accordance with the literature, we found that the concentration of urinary creati-
nine depends on age and gender [10,24,32]. As a result, the current study has identified
creatinine differences by HGS with an age effect. The participants were divided into two
groups, those with high HGS (>25 percentile) and low HGS (<25 per percentile); this
threshold criterion was found in a previous study in the same population [21]. There
were certain associations for the urinary creatine concentration in relation to HGS groups
and age groups in this study. The relations among age-HGS and age—-concentration of
urinary creatine were logically correlated in males. The incidence of lower HGS and age
were positively correlated, and a low urinary level of creatinine could be associated with
sarcopenia. However, not all associations in the age groups were relevant for women. This
may be associated with lower levels of creatine in urine in women than in men in order to
divide them into subgroups.

Studies showed that the urinary level of creatinine was induced by physical activity
and exercise [16,33]. In the present study, there was no relationship between them. This
could be due to the exclusion criterion used in the study that excluded people who had
exercised in the last three days. In addition, studies have shown that creatinine in the urine
is linked to protein intake [34,35]. There was no correlation between meat consumption
and 24 hCER in this study. This could be explained by the fact that Mongolians regularly
consume a large amount of meat, which does not lead to any difference [36].

According to the research hypothesis in this study, HGS seems to be a good marker for
muscle metabolism, as shown by a positive association with urinary creatinine excretion.
Therefore, HGS measurement should be used in daily clinical practice to assess muscle
function and well-being, particularly in older adults, to prevent frailty and falls.

There was a limitation in our study. The sample was not sufficient to conduct age
group analyses for other groups of variables, such as sex, 24 hCER, and HGS. Furthermore,
we did not calculate eGFR and creatinine clearance using the serum creatinine level in our
study. Finally, the participants in this study were relatively young.

5. Conclusions

We found that HGS is a potential marker in muscle metabolism assessment that
is proven through 24 hCER. In addition, HGS can be a better indicator of muscle mass
compared to other body composition indexes, such as single-frequency BIA and body
circumferences. Therefore, we suggest using the HGS measure in clinical practice to
evaluate muscle function and well-being.

Author Contributions: Conceptualization, O.B. (Oyuntugs Byambasukh) and U.E.; methodology,
O.B. (Oyuntugs Byambasukh) and U.E.; software, E.U. and D.B.; validation, O.B.; formal analysis,
E.U., D.B.,, and O.B. (Oyuntugs Byambasukh); resources, E.U. and D.B.; data curation, E.U., D.B.,
N.-E.S.,N.U,, U.G. and O.B. (Odmaa Byambasuren); writing—original draft preparation, E.U. and
D.B.; writing—review and editing, O.B. (Oyuntugs Byambasukh); visualization, N.-E.S., N.U., U.G.
and O.B. (Odmaa Byambasuren); supervision, O.B. (Oyuntugs Byambasukh) and U.E. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received financial support from the Ministry of Education and Science,
Mongolia (2021/478).



Int. |. Environ. Res. Public Health 2023, 20, 5191 90of 10

Institutional Review Board Statement: The study was conducted according to the Helsinki Declara-
tion, and it was approved by the medical ethical committee of the Mongolian National University of
Medical Sciences (METc 2022 /Z-03).

Informed Consent Statement: All participants provided their written informed consent.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Acknowledgments: We would like to thank all the participants who supported our study, the people
who helped to collect and prepare the data, and the staff and professors at the Mongolian National
University of Medical Sciences.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.
15.

16.

17.

18.

Abd Kahar, N.S.; Kuan, C.S.; Singh, D.K.; Mokhtar, S.A. Risk Factors Associated with Fragility Fracture Among Older Adults
with Fragility Fracture: A Systematic Review. Mal. J. Med. Health Sci. 2022, 18, 318-326. [CrossRef]

Bautmans, I.; Gorus, E.; Njemini, R.; Mets, T.; Njemini, R. Handgrip performance in relation to self-perceived fatigue, physical
functioning and circulating IL-6 in elderly persons without inflammation. BMC Geriatr. 2007, 7, 1-8. [CrossRef] [PubMed]

Au, LLY,; Lau, N.Y.N.; Lee, SK.W.; Tiu, K.L.; Lee, K.B.; Chan, A.C.M. Handgrip strength is associated with length of stay and
functional outcomes at 1-year follow up in fragility hip fracture patients. J. Orthop. Trauma Rehabil. 2022, 29, 22104917221095255.
[CrossRef]

Kunutsor, S.K.; Seidu, S.; Voutilainen, A.; Blom, A.W.; Laukkanen, J.A. Handgrip strength—A risk indicator for future fractures in
the general population: Findings from a prospective study and meta-analysis of 19 prospective cohort studies. Geroscience 2021,
43, 869-880. [CrossRef] [PubMed]

Contreras-Bolivar, V.; Sanchez-Torralvo, EJ.; Ruiz-Vico, M.; Gonzalez-Almendros, I.; Barrios, M.; Padin, S.; Alba, E.; Olveira, G.
GLIM criteria using hand grip strength adequately predict six-month mortality in cancer inpatients. Nutrients 2019, 11, 2043.
[CrossRef]

Bahat, G.; Tufan, A.; Tufan, F; Kilic, C.; Akpinar, T.S.; Kose, M.; Erten, N.; Karan, M. A.; Cruz-Jentoft, A.]. Cut-off points to identify
sarcopenia according to European Working Group on Sarcopenia in Older People (EWGSOP) definition. Clin. Nutr. 2016, 35,
1557-1563. [CrossRef]

Chen, L.-K.; Woo, ].; Assantachai, P.; Auyeung, T.-W.; Chou, M.-Y;; lijima, K,; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 consensus update on sarcopenia diagnosis and treatment. J. Am. Med. Dir. Assoc. 2020, 21,
300-307. [CrossRef]

Donini, L.M.; Busetto, L.; Bischoff, S.C.; Cederholm, T.; Ballesteros-Pomar, M.D.; Batsis, J.A.; Bauer, ].M.; Boirie, Y.; Cruz-Jentoft,
AJ.; Dicker, D.; et al. Definition and diagnostic criteria for sarcopenic obesity: ESPEN and EASO consensus statement. Obes. Facts
2022, 15, 321-335. [CrossRef]

Murawiak, M.; Krzymiriska-Siemaszko, R.; KaluZzniak-Szymanowska, A.; Lewandowicz, M.; Tobis, S.; Wieczorowska-Tobis, K;
Deskur-Smielecka, E. Sarcopenia, Obesity, Sarcopenic Obesity and Risk of Poor Nutritional Status in Polish Community-Dwelling
Older People Aged 60 Years and Over. Nutrients 2022, 14, 2889. [CrossRef]

McPherson, R.A.; Matthew, R.P. Henry’s Clinical Diagnosis and Management by Laboratory Methods E-Book; Elsevier:
Amsterdam, The Netherlands, 2021.

Heymsfield, S.B.; Arteaga, C.; McManus, C.; Smith, J.; Moffitt, S. Measurement of muscle mass in humans: Validity of the 24-hour
urinary creatinine method. Am. J. Clin. Nutr. 1983, 37, 478-494. [CrossRef]

Delanaye, P.; Cavalier, E.; Maillard, N.; Krzesinski, ] M.; Mariat, C.; Cristol, ].P; Piéroni, L. Creatinine: Past and present. Ann. De
Biol. Clin. 2010, 68, 5.

Curcio, E; Ferro, G.; Basile, C.; Liguori, L; Parrella, P.; Pirozzi, F.; Della-Morte, D.; Gargiulo, G.; Testa, G.; Tocchetti, C.G.; et al.
Biomarkers in sarcopenia: A multifactorial approach. Exp. Gerontol. 2016, 85, 1-8. [CrossRef]

Keller, U. Nutritional laboratory markers in malnutrition. J. Clin. Med. 2019, 8, 775. [CrossRef]

Sallsten, G.; Lars, B. Variability of urinary creatinine in healthy individuals. Int. |. Environ. Res. Public Health 2021, 18, 3166.
[CrossRef]

Baxmann, A.C.; Ahmed, M.S.; Marques, N.C.; Menon, V.B,; Pereira, A.B.; Kirsztajn, G.M.; Heilberg, I.P. Influence of muscle mass
and physical activity on serum and urinary creatinine and serum cystatin C. Clin. ]. Am. Soc. Nephrol. 2008, 3, 348-354. [CrossRef]
Oterdoom, L.H.; Gansevoort, R.T.; Schouten, J.P,; de Jong, PE.; Gans, R.O.; Bakker, S.J. Urinary creatinine excretion, an indirect
measure of muscle mass, is an independent predictor of cardiovascular disease and mortality in the general population.
Atherosclerosis 2009, 207, 534-540. [CrossRef] [PubMed]

Poppe, E.S.; Polinder-Bos, H.A.; Huberts, M.; Vogels, S.; Ipema, K.J.; Gansevoort, R.T.; Westerhuis, R.; Bakker, S.J.; Gaillard, C.A,;
Franssen, C.F. Creatinine synthesis rate and muscle strength and self-reported physical health in dialysis patients. Clin. Nutr.
2020, 39, 1600-1607. [CrossRef] [PubMed]


http://doi.org/10.47836/mjmhs.18.s15.44
http://doi.org/10.1186/1471-2318-7-5
http://www.ncbi.nlm.nih.gov/pubmed/17331228
http://doi.org/10.1177/22104917221095255
http://doi.org/10.1007/s11357-020-00251-8
http://www.ncbi.nlm.nih.gov/pubmed/32812100
http://doi.org/10.3390/nu11092043
http://doi.org/10.1016/j.clnu.2016.02.002
http://doi.org/10.1016/j.jamda.2019.12.012
http://doi.org/10.1159/000521241
http://doi.org/10.3390/nu14142889
http://doi.org/10.1093/ajcn/37.3.478
http://doi.org/10.1016/j.exger.2016.09.007
http://doi.org/10.3390/jcm8060775
http://doi.org/10.3390/ijerph18063166
http://doi.org/10.2215/CJN.02870707
http://doi.org/10.1016/j.atherosclerosis.2009.05.010
http://www.ncbi.nlm.nih.gov/pubmed/19535078
http://doi.org/10.1016/j.clnu.2019.07.010
http://www.ncbi.nlm.nih.gov/pubmed/31378513

Int. |. Environ. Res. Public Health 2023, 20, 5191 10 of 10

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Iacone, R.; D’Elia, L.; Guida, B.; Barbato, A.; Scanzano, C.; Strazzullo, P. Validation of daily urinary creatinine excretion
measurement by muscle-creatinine equivalence. J. Clin. Lab. Anal. 2018, 32, €22407. [CrossRef]

Riebe, D.; Ehrman, J.K.; Liguori, G.; Magal, M.; American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and
Prescription; Wolters Kluwer: Alphen aan den Rijn, The Netherlands, 2018.

Altankhuyag, I.; Byambaa, A.; Tuvshinjargal, A.; Bayarmunkh, A.; Jadamba, T.; Dagvajantsan, B.; Byambasukh, O. Association
between hand-grip strength and risk of stroke among Mongolian adults: Results from a population-based study. Neurosci. Res.
Notes 2021, 4 (Suppl. 3), 8-16. [CrossRef]

Delanghe, J.R.; Marijn, M. Speeckaert. Creatinine determination according to Jaffe—What does it stand for? Nephrol. Dial.
Transplant. Plus 2011, 4, 83-86.

Bergland, A.; Langhammer, B. EU-Rapport Regarding Ageing, Disability and Physical Activity in Norway; Oslo University College:
Oslo, Norway, 2005.

Kuriyan, R.; Kurpad, A.V. Prediction of total body muscle mass from simple anthropometric measurements in young Indian
males. Indian |. Med. Res. 2004, 119, 121. [PubMed]

Kawasaki, T.; Uezono, K.; Itoh, K.; Ueno, M. Prediction of 24-hour urinary creatinine excretion from age, body weight and height
of an individual and its application. Jpn. |. Public Health 1991, 38, 567-574.

Ix, ].H.; de Boer, .H.; Wassel, C.L.; Criqui, M.H.; Shlipak, M.G.; Whooley, M.A. Urinary creatinine excretion rate and mortality in
persons with coronary artery disease: The Heart and Soul Study. Circulation 2010, 121, 1295-1303. [CrossRef] [PubMed]

Afsar, B.; Elsurer, R.; Guner, E.; Kirkpantur, A. Which anthropometric parameter is best related with urinary albumin excretion
and creatinine clearance in type 2 diabetes: Body mass index, waist circumference, waist-to-hip ratio, or conicity index? J. Ren.
Nutr. 2011, 21, 472-478. [CrossRef] [PubMed]

Wang, Z.M.; Gallagher, D.; Nelson, M.; Matthews, D.; Heymsfield, S.B. Total-body skeletal muscle mass: Evaluation of 24-h
urinary creatinine excretion by computerized axial tomography. Am. J. Clin. Nutr. 1996, 63, 863-869. [CrossRef]

van Hoeyweghen, R.].; De Leeuw, I.H.; Vandewoude, M.F. Creatinine arm index as alternative for creatinine height index. Am. J.
Clin. Nutr. 1992, 56, 611-615. [CrossRef]

Blackburn, G.; Benotti, P; Bistrian, B.; Bothe, A.; Maini, B.; Schlamm, H.; Smith, M. Nutritional Assessment and Treatment of
Hospital Malnutrition. Transfus. Med. Hemoth. 1979, 6, 238-250. [CrossRef]

Byambasukh, O.; Eisenga, M.F,; Gansevoort, R.T.; Bakker, S.J.; Corpeleijn, E. Body fat estimates from bioelectrical impedance
equations in cardiovascular risk assessment: The PREVEND cohort study. Eur. J. Prev. Cardiol. 2019, 26, 905-916. [CrossRef]
Walser, M. Creatinine excretion as a measure of protein nutrition in adults of varying age. J. Parenter. Enter. Nutr. 1987, 11,
S73-578. [CrossRef]

Oosterwijk, M.M.; Braber, N.; Bakker, S.J.; Laverman, G.D. Urinary creatinine excretion is an indicator of physical performance
and function. J. Cachexia Sarcopenia Muscle 2022, 13, 1431. [CrossRef]

Neubert, A.; Remer, T. The impact of dietary protein intake on urinary creatinine excretion in a healthy pediatric population. J.
Pediatr. 1998, 133, 655-659. [CrossRef] [PubMed]

Kesteloot, H.; Joossens, J.V. Relationship between dietary protein intake and serum urea, uric acid and creatinine, and 24-hour
urinary creatinine excretion: The BIRNH Study. J. Am. Coll. Nutr. 1993, 12, 42-46. [CrossRef] [PubMed]

Byambasukh, O.; Bayarmunkh, A.; Byambaa, A.; Tuvshinjargal, A.; Bor, D.; Ganbaatar, U.; Dagvajantsan, B.; Jadamba, T. The
Contributions of Food Groups to the Daily Caloric Intake in Mongolian Population: A Mon-Timeline Study. Nutrients 2021, 13,
4062. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1002/jcla.22407
http://doi.org/10.31117/neuroscirn.v4i3Suppl.97
http://www.ncbi.nlm.nih.gov/pubmed/15115164
http://doi.org/10.1161/CIRCULATIONAHA.109.924266
http://www.ncbi.nlm.nih.gov/pubmed/20212276
http://doi.org/10.1053/j.jrn.2010.12.003
http://www.ncbi.nlm.nih.gov/pubmed/21454092
http://doi.org/10.1093/ajcn/63.6.863
http://doi.org/10.1093/ajcn/56.4.611
http://doi.org/10.1159/000220927
http://doi.org/10.1177/2047487319833283
http://doi.org/10.1177/014860718701100510
http://doi.org/10.1002/jcsm.12965
http://doi.org/10.1016/S0022-3476(98)70107-6
http://www.ncbi.nlm.nih.gov/pubmed/9821424
http://doi.org/10.1080/07315724.1993.10718281
http://www.ncbi.nlm.nih.gov/pubmed/8440817
http://doi.org/10.3390/nu13114062
http://www.ncbi.nlm.nih.gov/pubmed/34836317

	Introduction 
	Materials and Methods 
	Study Participants 
	Hand Grip Strength Measurement 
	24-h Urine Creatinine Collection and Measurement 
	Other Variables and Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

