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Original Article: Epidemiology, Clinical Practice And Health
Comparison of height- and weight-adjusted sarcopenia in a Taiwanese metropolitan older population

Nai-Hsin Meng,1,2 Chia-Ing Li,2,3 Chiu-Shong Liu,2,4 Chih-Hsueh Lin,2,4,5 Wen-Yuan Lin,2,4 Chin-Kai Chang,1,2 Tsai-Chung Li6 and Cheng-Chieh Lin2,4,7
Departments of 1Physical Medicine and Rehabilitation, 3Medical Research and 4Family Medicine, China Medical University Hospital, 2School of Medicine, College of Medicine, 5PhD Program for Aging, College of Medicine, 6Graduate Institute of Biostatistics, College of Public Health, China Medical University, and7Department of Healthcare Administration, College of Health Science, Asia University, Taichung, Taiwan

Aim:
The present population-based, cross-sectional study was carried out in communities in Taichung, Taiwan, to identify the prevalence of and the factors associated with sarcopenia, using the diagnostic criteria of the European Working Group on Sarcopenia in Older People, which requires the presence of low muscle mass and low muscle function.

Methods:
We recruited 771 participants aged 65 years or older. Lean soft tissue mass was determined by dual-energy X-ray absorptiometry. Skeletal muscle index was calculated by dividing limb muscle mass by the square of height or weight. Low muscle mass was defined as having a skeletal muscle index two standard deviations or more below the gender-specific means of 506 healthy young adults. Sarcopenic obesity was defined as having sarcopenia and a body mass index over 25.
Results:
The prevalence of height- and weight-adjusted sarcopenia was 5.7% and 9.7%, respectively. The prevalence of height-adjusted sarcopenic obesity was 0.13%, much lower than that of weight-adjusted sarcopenic obesity (7.1%). Multivariate logistic regression analyses showed that higher urinary albumin-to-creatinine ratio was associated with both height- and weight-adjusted sarcopenia. Height-adjusted sarcopenia was also associated with male gender, lower body mass index and lower diastolic blood pressure. Weight-adjusted sarcopenia was also associated with older age, female gender, higher body mass index, gout, lack of regular exercise and a history of accidental falls.
Conclusions:
The weight-adjusted skeletal muscle index is more capable of showing the effect of increased age on the prevalence of sarcopenia and identifying subjects with sarcopenic obesity among our study population. Geriatr Gerontol Int 2013; xx: xxx-xxx

Keywords: Asian, older people, prevalence, risk factors, sarcopenia.
Introduction

Skeletal muscle mass and strength decrease progressively with aging by 6% per decade after the age of 45.<B1 B2>1,2</C> This rate accelerates to 1–2% annually beyond 50 years of age.<B3 B4 B5>3–5</C> Lower muscle mass contributes to increased risk of adverse health outcomes including physical disability, functional dependency, increased morbidity and mortality.<B6 B7 B8 B9>6–9</C> Therefore, since Rosenberg proposed the concept of sarcopenia,<B10>10</C> it has been considered one of the important geriatric syndromes.<B11 B12 B13 B14>11–14</C> The lack of a universally accepted diagnostic definition led to large variability in the prevalence of sarcopenia among different studies. The prevalence rate of sarcopenia varies from 5% to 13% among individuals aged between 60 and 70 years, and from 11% to 50% among those aged over 80 years.<B6 B15 B16 B17 B18>6,15–18</C>
The European Working Group on Sarcopenia in Older People (EWGSOP) established consensus diagnostic criteria for sarcopenia in 2009,<B12>12</C> and the International Working Group on Sarcopenia also published a consensus definition in 2011.<B13>13</C> The diagnostic criteria of sarcopenia defined by these two working groups require the presence of both decreased muscle mass and low muscle function (either muscle strength or physical performance). The reason to include muscle function in the diagnostic criteria is because of the non-linear relationship between muscle mass and strength.<B19 B20>19,20</C> Only a small portion of age-related decrease in muscle strength could be attributed to changes in muscle size.<B21>21</C> Furthermore, muscle strength or performance is associated more strongly with disability, morbidity and mortality than is muscle mass.<B22 B23>22,23</C> A limited number of studies on sarcopenia among Asian populations have been carried out,<B15 B16 B24 B25>15,16,24,25</C> and none of these included muscle strength or function in the definition of sarcopenia.

Though the majority of studies on sarcopenia uses height-adjusted skeletal muscle index (SMI) to define low muscle mass,<B9 B16 B19 B24 B26 B27>9,16,19,24,26,27</C> recent studies had shown evidence that the height-adjusted skeletal muscle index (hSMI) might severely underestimate the prevalence of sarcopenia among Chinese and Korean older populations,<B25 B28>25,28</C> raising the question of whether weight-adjusted SMI (wSMI) is more suitable to define low muscle mass in Asian older populations. Furthermore, hSMI seemed to be unable to identify the subjects with sarcopenic obesity,<B25>25</C> which has been reported to be more closely related with metabolic syndrome<B29>29</C> and physical disability than obesity or sarcopenia alone.<B30 B31 B32>30–32</C>
The aims of the present study were to: (i) determine the prevalence of sarcopenia, applying the EWGSOP criteria and both hSMI and wSMI to define low muscle mass; and (ii) compare the clinical characteristics and biomarkers that are associated with height- and weight-adjusted sarcopenia, in a metropolitan older population.
Methods

Population and participants

The Taichung Community Health Study for Elders is a population-based study aiming to investigate the frequency and course of frailty and sarcopenia among community-dwelling older people. The population of interest included all the people aged 65 years or older who were registered by the Bureau of Households in June 2009 as residents of the eight administrative neighborhoods (“Li”) of North District, Taichung City, Taiwan. Taichung City had a population of over 1 million, and a population density of 6249/km2 in 2009. The age and gender distributions of the residents of these eight administrative neighborhoods are similar to those of the population of Taichung City and Taiwan. A total of 3997 older citizens were invited to participate in the study. Through household visits, we excluded 1247 subjects because of death, institutionalization, having moved out of the area and errors of the registry. Among the remaining 2750 subjects, 1347 were willing to participate, but 465 refused to undertake the dual-energy X-ray absorptiometry (DXA) examination. After excluding another 111 subjects who had provided incomplete disease history, 771 subjects were included in data analysis. This study was approved by the Research Ethics Committee of our hospital. 
All participants gave written informed consent.
Skeletal muscle index

We used DXA (Lunar DPX; General Electric
) to determine lean soft tissue mass. DXA is recommended by the EWGSOP<B12>12</C> as the preferred alternative method to measure skeletal muscle mass for research and clinical use, because the radiation exposure and/or high costs limit the use of computer tomography and magnetic resonance imaging in routine clinical practice. Using DXA analysis software (Lunar enCORE
), the lean soft tissue mass was determined, and body composition analyzed. The hSMI was calculated by dividing appendicular muscle mass by the square of height, while the wSMI was derived by dividing appendicular muscle mass by the bodyweight.<B6>6</C> Low muscle mass was defined as having SMI two standard deviations (SD) or more below the gender-specific means of 506 healthy young adults (aged between 20 and 40 years) recruited from the aforementioned residential area in Taichung who had undergone DXA for health examination at our hospital. The wSMI cut-off points of low muscle mass were 27.1% for men and 22.3% for women; the hSMI cut-off points were 6.39 kg/m2 and 4.84 kg/m2 for men and women, respectively.
Muscle strength and physical performance
Physical performance was measured by a 5-m walking test. The participants were asked to walk with their usual gait, and the time consumed was recorded. A walking speed lower than 0.8 m/s would be classified as low physical performance.<B11 B12 B33>11,12,33</C> Hand grip strength was measured using a dynamometer. Three trials for each hand were carried out, and the best result was used for data analysis. Low muscle strength was defined as having hand grip strength lower than 20 kg in women and 30 kg in men, as proposed by the EWGSOP consensus.<B11 B12>11,12</C>
Other measures

Demographic and clinical data including physical activities, smoking or alcohol consumption, marital status, education and disease history were collected using questionnaires. The participants were asked about their history of cardiovascular accidents, heart disease, chronic lung diseases, diabetes mellitus, gout, osteoarthritis and accidental falls during the past year. Participants who exercised for at least 30 min three times per week during the preceding 3 months were classified as having regular exercise. Weight, height, resting blood pressure, and girths of the waist and hip were measured. The body mass index (BMI) was derived by dividing weight by the square of height. Blood samples were obtained for complete blood count and measurement of the serum levels of creatinine, blood urea nitrogen, fasting glucose, insulin, cholesterol, triglyceride, high sensitivity c-reactive protein, interleukin-6, and tumor necrosis factor-alpha. Estimated glomerular filtration rate (eGFR) based on the serum creatinine level was calculated using the Modification of Diet in Renal Disease study formula.<B34>34</C> Urine samples were collected for the measurement of the albumin-to-creatinine ratio (ACR). Brachial-ankle pulse wave velocity (PWV) and ankle-brachial index (ABI) were measured using a PWV/ABI analyzer (VP-1000; Colin Co. Ltd, Japan
).

Definition of sarcopenia and sarcopenic obesity
The EWGSOP conceptual stages of sarcopenia<B12>12</C> were applied: sarcopenia was defined by low muscle mass combined with low muscle strength or low physical performance, whereas severe sarcopenia means muscle mass, strength and physical performance were all low. Presarcopenia was referred to as having low muscle mass with normal muscle strength and physical performance. Sarcopenic obesity was defined as having sarcopenia and a BMI greater than 25.
Statistical analysis

Descriptive analyses including mean, SD and proportion were used to analyze data when appropriate. Variables with skewed distribution of data were presented with median values and interquartile range. The (2-test, Student’s t-test and Wilcoxon rank sum test were used to examine the association between sarcopenia and various demographic characteristics, clinical variables, and biomarkers. Variables associated with sarcopenia shown in the univariate analyses were entered in the multivariate logistic regression analysis models, and odds ratios (OR) and their 95% confidence interval (CI) were derived. The level of statistical significance was set at P < 0.05. Statistical analysis was carried out using Statistical Package for the Social Sciences 10.0 for Windows (SPSS, Chicago, IL, USA
).

Results

The 771 participants included 359 women (aged 73.0 ± 5.7 years) and 412 men (aged 74.8 ± 6.7 years). Applying hSMI, the crude prevalence of sarcopenia (including sarcopenia and severe sarcopenia) was 5.7%, and was higher among men (8.4%) than among women (2.6%). By contrast, the prevalence of sarcopenia defined by wSMI was higher among women (12.5%) than men (7.2%), with an overall prevalence of 9.7%. The prevalence of sarcopenia increased with age, reaching over 15% and 23% among those aged over 85 years, as defined by hSMI and wSMI, respectively
 (Fig. 1). Sarcopenic obesity prevalence defined by hSMI was 0.13% (1/771), which was much lower than that defined by wSMI (7.1%, 55/771; Table
 1). Table
 2 summarizes the relationship between the prevalence of sarcopenia and demographic characteristics, health practice, and disease history. Table
 3 compares the anthropometric measurements and biomarkers in participants with and without sarcopenia.
Multivariate logistic regression analyses
 (Table 4) showed that height-adjusted sarcopenia was associated with male gender (women vs men, OR 0.16, 95% CI 0.07–0.39), lower BMI (OR 0.57, 95% CI 0.49–0.67), lower diastolic blood pressure (OR 0.95, 95% CI 0.92–0.99) and higher urinary ACR (OR 2.93, 95% CI 1.33–6.47
, whereas higher age was not identified as an independent factor associated with height-adjusted sarcopenia. When sarcopenia was defined by wSMI, increased age (for age between 75–84 years: OR 2.34, 95% CI 1.29–4.23), female gender (OR 2.07, 95% CI 1.16–3.72), higher BMI (OR 1.43, 95% CI 1.30–1.56), gout (OR 2.46, 95% CI 1.20–5.05), a history of accidental falls (OR 2.03, 95% CI 1.12–3.67), lack of regular exercise (OR 1.90, 95% CI 1.06–3.39) and higher urinary ACR (OR 2.03, 95% CI 1.12–3.68) were associated with a higher risk of sarcopenia.
Discussion

Applying the EWGSOP criteria and two different SMI definitions to our study population, the prevalence of sarcopenia, including severe sarcopenia, was 5.9% using hSMI and 9.7% using wSMI among the 771 participants. The present study was carried out among a well-defined population. Invitations were extended by mail and through more than 1000 household visits. Thus, the participants are more representative of the whole population than are a group of volunteers.
Sarcopenia identified by the two SMI definitions differed greatly both in gender distribution and in BMI. Although the hSMI has been widely used in studies on sarcopenia,<B13 B15 B16>13,15,16</C> recent studies have shown evidence that the hSMI might underestimate the prevalence of sarcopenia among older Chinese<B28>28</C> and Korean<B25>25</C> populations, especially among women. Kim et al. showed that the height-adjusted appendicular skeletal muscle mass of older women is similar to that of the young adult reference group in a Korean population.<B25>25</C> Wen et al. also reported no significant decrease in the height-adjusted appendicular SMI in older women and men compared with young adults,<B28>28</C> and none of the older Chinese participants in the study had sarcopenia when the hSMI was used to define low muscle mass. Previous studies in Taiwan<B15>15</C> and Hong Kong<B16>16</C> used hSMI to define sarcopenia (not applying muscle function and performance criteria), and showed a higher prevalence among men. In the present study, the prevalence of hSMI-defined sarcopenia among women was less than one-third of that among men (just 0.4% among women aged between 65 and 74 years). Furthermore, older age was not associated with an increased risk of height-adjusted sarcopenia as shown by multivariate regression models. These results suggest that the prevalence of sarcopenia was possibly underestimated among our study population using hSMI as the definition.
Studies applying the hSMI<B9 B16 B19 B24 B27>9,16,19,24,27</C> showed a negative association between sarcopenia and the indicators of obesity. For example, Lau et al. identified no risk factor for sarcopenia other than low BMI among 527 older volunteers in Hong Kong.<B16>16</C> Carrying a greater body mass can be regarded as a form of strength training applied to the appendicular skeletal muscles, contributing to increased muscle mass relative to height, but not to weight. Thus, subjects with obesity are less likely to be classified as having sarcopenia if hSMI is used for the definition. Conversely, the wSMI decreases whether a subject loses skeletal muscles or gains fat; in both cases the percentage of skeletal muscle relative to the whole-body mass is reduced. Thus, wSMI definition is more likely to identify overweight or obese subjects as sarcopenic. The present study showed that wSMI-defined sarcopenia was associated with higher weight, BMI, as well as waist and hip girths; these results are similar to those obtained by Janssen et al.<B6>6</C> Furthermore, Kim et al. showed that the prevalence of sarcopenic obesity was approximately zero if height-adjusted SMI was applied, but reached 7.6% among men and 9.1% in women when weight-adjusted SMI was used.<B25>25</C> Similar results were observed in the present study, in which the prevalence rates of sarcopenic obesity were 0.13% and 7.2% when hSMI and wSMI were applied, respectively.
Multivariate logistic regression models showed a higher urinary ACR as a common factor associated with both height- and weight-adjusted sarcopenia,
 The association between sarcopenia and impaired renal function has been reported,<B35>35</C> but this association vanished when adjustment for age and comorbidities was made. The present participants with sarcopenia showed higher BUN
 (which was not significantly associated with sarcopenia according to multivariate logistic regression models) and a non-significantly lower eGFR. Thus, the association between sarcopenia and a higher urinary ACR might be better explained by a lower urinary creatinine level, which is closely related to lower lean body mass.<B36>36</C>
Several other factors associated with height- or weight-adjusted sarcopenia were also identified by multivariate logistic regression: participants with height-adjusted sarcopenia showed lower diastolic blood pressure, which is in term related to lower S
MI.<B37>37</C> Weight-adjusted sarcopenia, in contrast, is associated with gout, which is closely associated with higher BMI.<B38>38</C> Lack of regular exercise was also associated with weight-adjusted sarcopenia. Exercise or physical activity increases muscle mass and strength.<B39 B40>39,40</C> In a study carried out among 122 older residents of nursing homes,<B26>26</C> participating in leisure physical activities for more than 1 h per day is negatively associated with sarcopenia. By contrast, Lau et al. did not observe such an association between exercise and sarcopenia among their Hong Kong participants.<B16>16</C> This difference might be partly explained by the different definitions of regular exercise. In the current study, regular exercise was defined as engaging in at least 30 min of exercise for three times per week in the previous 3 months. The present results suggest that the definition of regular exercise we used might serve as a cut-off point that allows identification of subjects with a higher prevalence of weight-adjusted sarcopenia. A history of accident falls, which could be either the cause of or result from poorer physical function and mobility, was associated with weight-adjusted sarcopenia. This finding is in agreement with the results of Estrada et al., which showed that “relative sarcopenia”, defined by appendicular skeletal muscle mass adjusted for body mass, predicts mobility better than height-adjusted sarcopenia.<B41>41</C>
Some limitations existed in the present study. First, this study was carried out in an urban population, and the generalization of results to other populations should be done with caution. Second, the response rate of those consenting to participate in the study was relatively low (49%), giving rise to potential selection bias. The age and gender distributions of the population and sample were similar, with small differences in proportion between them (ranging from 1.7% to 3.4%). The distributions in age and gender were non-differential, suggesting that the selection error in this research might be random, and the effect could lean toward the null, thereby posing a minimal threat to validity. Third, the cross-sectional design of this study did not allow us to delineate the natural course of sarcopenia, and the causal relationship between sarcopenia and factors associated with it. Fourth, the present study was designed to investigate sarcopenia and frailty in community settings. Thus, institutionalized subjects were excluded because they did not live in a registered household and contacting them was difficult. Finally, the prevalence of sarcopenia might be subjected to survival effect.

The results of the present study suggest that, among our study population, wSMI is more capable of showing the effect of increased age on the prevalence of sarcopenia. It can be used to identify subjects with sarcopenic obesity. Further studies are required to determine which definition of SMI is more suitable for clinical and public health purposes among Asian populations.
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Figure 1 Prevalence rates of height- and weight-adjusted sarcopenia among genders and age strata.
Table 1 Prevalence rates of height- and weight-adjusted sarcopenia among body mass index strata.
	BMI (kg/m2)
	Total
	Sarcopenia,
(height-adjusted)
	Sarcopenia,
(weight-adjusted)

	
	
	n
	%
	n
	%

	<18.5
	29
	13
	44.83%
	1
	3.45%

	18.5–24.9
	454
	30
	6.61%
	19
	4.19%

	25.0–29.9
	257
	1
	0.39%
	39
	15.18%

	(30.0
	31
	0
	0.00%
	16
	51.61%


BMI, body mass index.
Table 2 Prevalence rates of sarcopenia and demographic characteristics, health practice, and disease history

	Variable
	Total
	Sarcopenia

(weight-adjusted)
	Sarcopenia

(height-adjusted)

	
	n
	%
	n
	%
	P-value†
	n
	%
	P-value†

	Total (n)
	771
	100.00
	75
	9.73
	—
	44
	5.71
	—

	Demographic factors
	
	
	
	
	
	
	
	

	 Age (years)
	
	
	
	
	<0.001
	
	
	<0.001

	  65–74
	449
	58.24
	30
	6.68
	
	14
	3.12 
	

	  75–84
	270
	35.02
	33
	12.22
	
	22
	8.15 
	

	  >85
	52
	6.74
	12
	23.08
	
	8
	15.38 
	

	 Gender
	
	
	
	
	0.020
	
	
	<0.001

	  Women
	359
	46.56
	45
	12.53
	
	9
	2.51 
	

	  Men 
	412
	53.44
	30
	7.28
	
	35
	8.50 
	

	 Education
	
	
	
	
	0.052
	
	
	0.561

	  Illiterate
	84
	10.89
	9
	10.71
	
	6
	7.14 
	

	  (6 years
	201
	26.07
	29
	14.43
	
	10
	4.98 
	

	  7–12 years
	263
	34.11
	21
	7.98
	
	12
	4.56 
	

	  ( 13 years
	223
	28.92
	16
	7.17
	
	16
	7.17 
	

	 Marital status
	
	
	
	
	0.086
	
	
	0.569

	  Married
	563
	73.02
	48
	8.53
	
	30
	5.33 
	

	  Single or widow
	208
	26.98
	27
	12.98
	
	14
	6.73 
	

	Health practice
	
	
	
	
	
	
	
	

	 Exercise
	
	
	
	
	0.006
	
	
	0.027

	  No
	183
	23.74
	28
	15.30
	
	17
	9.29 
	

	  Yes
	588
	76.26
	47
	7.99
	
	27
	4.59 
	

	 Smoking
	
	
	
	
	0.121
	
	
	0.010

	  Never
	607
	78.73
	64
	10.54
	
	27
	4.45 
	

	  Current
	70
	9.08
	2
	2.86
	
	6
	8.57 
	

	  Former
	94
	12.19
	9
	9.57
	
	11
	11.70 
	

	 Alcohol drinking
	
	
	
	
	0.097
	
	
	0.110

	  Never
	615
	79.77
	63
	10.24
	
	32
	5.20 
	

	  Current
	108
	14.01
	5
	4.63
	
	6
	5.56 
	

	  Former
	48
	6.23
	7
	14.58
	
	6
	12.50 
	

	Disease history
	
	
	
	
	
	
	
	

	 Hypertension
	
	
	
	
	<0.001
	
	
	0.171

	  No
	387
	50.19
	20
	5.17
	
	27
	6.98 
	

	  Yes
	384
	49.81
	55
	14.32
	
	17
	4.43 
	

	 Diabetes mellitus
	
	
	
	
	0.010
	
	
	0.268

	  No
	650
	84.31
	55
	8.46
	
	34
	5.23 
	

	  Yes
	121
	15.69
	20
	16.53
	
	10
	8.26 
	

	 Heart disease
	
	
	
	
	0.609
	
	
	0.098

	  No
	549
	71.21
	24
	10.81
	
	26
	4.74 
	

	  Yes
	222
	28.79
	51
	9.29
	
	18
	8.11 
	

	 Hyperlipidemia
	
	
	
	
	0.009
	
	
	0.183

	  No
	574
	74.45
	46
	8.01
	
	37
	6.45 
	

	  Yes
	197
	25.55
	29
	14.72
	
	7
	3.55 
	

	 Gout
	
	
	
	
	0.011
	
	
	0.253

	  No
	681
	88.33
	59
	8.66
	
	36
	5.29 
	

	  Yes
	90
	11.67
	16
	17.78
	
	8
	8.89 
	

	 Arthritis
	
	
	
	
	<0.001
	
	
	0.396

	  No
	619
	80.29
	47
	7.59
	
	38
	6.14 
	

	  Yes
	152
	19.71
	28
	18.42
	
	6
	3.95 
	

	 Stroke
	
	
	
	
	0.245
	
	
	0.994

	  No
	727
	94.29
	68
	9.35
	
	42
	5.78 
	

	  Yes
	44
	5.71
	7
	15.91
	
	2
	4.55 
	

	 Cataract
	
	
	
	
	0.014
	
	
	0.072

	  No
	408
	52.92
	32
	7.84
	
	17
	4.17 
	

	  Yes
	363
	47.08
	43
	11.85
	
	27
	7.44 
	

	 Fall history
	
	
	
	
	0.002
	
	
	0.545

	  No
	598
	77.56
	47
	7.86
	
	32
	5.35 
	

	  Yes
	173
	22.44
	28
	16.19
	
	12
	6.94 
	


†The (2-test was used.
Table 3 Anthropometric measurements and biomarkers of the participants with and without sarcopenia

	Variable
	Sarcopenia (weight-adjusted)
	Sarcopenia (height-adjusted)

	
	No (n = 696)
	Yes (n = 75)
	
	No (n = 727)
	Yes (n = 44)
	

	
	Mean
	SD
	Mean
	SD
	P-value†
	Mean
	SD
	Mean
	SD
	P-value†

	Waist circumference(cm)
	83.6
	8.7
	90.5
	8.5
	<0.001
	84.6
	8.8
	78.9
	8.4
	<0.001

	Hip circumference (cm)
	95.8
	6.0
	102.6
	8.7
	<0.001
	96.8
	6.6
	91.0
	4.9
	<0.001

	Weight (kg)
	60.2
	9.8
	64.8
	9.5
	<0.001
	61.2
	9.7
	51.1
	8.3
	<0.001

	Body mass index (kg/m2)
	23.8
	3.0
	27.4
	3.9
	<0.001
	24.4
	3.2
	20.2
	2.5
	<0.001

	Systolic blood pressure (mmHg)
	137.6
	16.9
	139.0
	15.1
	0.491
	138.0
	16.4
	134.4
	21.4
	0.278

	Diastolic blood pressure (mmHg)
	78.2
	10.9
	77.8
	8.9
	0.716
	78.6
	10.6
	71.5
	10.2
	<0.001

	Brachial-ankle pulse wave velocity (m/s)
	21.3
	5.5
	22.1
	5.3
	0.221
	21.2
	5.4
	23.5
	6.0
	0.007

	Ankle-brachial index
	1.11
	0.12
	1.07
	0.12
	0.008
	1.11
	0.11
	1.07
	0.17
	0.211

	Hemoglobin (g/dL)
	13.8
	1.4
	13.4
	1.4
	0.017
	13.8
	1.4
	13.2
	1.8
	0.025

	Hematocrit (%)
	41.1
	3.8
	39.8
	3.8
	0.007
	41.0
	3.7
	39.7
	4.9
	0.077

	Aspartate aminotransferase (U/L)
	26.6
	9.6
	27.1
	9.8
	0.620
	26.7
	9.8
	24.6
	6.7
	0.047

	Alanine aminotransferase (U/L)
	24.2
	13.2
	25.1
	12.4
	0.567
	24.6
	13.3
	18.7
	7.5
	<0.001

	Blood urea nitrogen (mg/dL)
	15.0
	6.4
	16.9
	7.9
	0.047
	15.0
	6.4
	18.1
	8.5
	0.023

	Serum creatinine (mg/dL)
	1.0
	0.5
	1.1
	1.0
	0.349
	0.97
	0.61
	1.10
	0.58
	0.162

	eGFR (mL/min/1.73 m2) 
	75.0
	19.3
	71.7
	25.2
	0.278
	74.8
	19.4
	73.7
	28.1
	0.809

	Urinary albumin-creatinine ratio (mg/g)*
	8.87
	4.86–21.61
	16.45
	6.87–45.51
	0.001
	9.09
	4.92–21.80
	17.64
	5.70–42.45
	0.022

	Fasting glucose (mg/dL)
	108.2
	24.2
	114.1
	29.9
	0.100
	109.0
	25.2
	105.4
	17.8
	0.218

	Insulin (IU/L)*
	5.41
	4.00–8.06
	8.00
	5.76–11.87
	<0.001
	5.69
	4.20–8.46
	4.59
	2.92–7.12
	<0.001

	Cholesterol (mg/dL)
	191.8
	35.5
	193.5
	39.3
	0.694
	191.7
	35.5
	196.1
	41.6
	0.433

	Triglyceride (mg/dL)‡
	98.0
	71.0–139.0
	119.0
	82.0–163.0
	0.012
	100.0
	72.0–142.0
	77.5
	62.5–131.0
	0.108

	High density lipoprotein cholesterol (mg/dL)
	46.4
	14.1
	45.1
	12.7
	0.442
	46.2
	13.8
	47.3
	17.7
	0.700

	Low-density lipoprotein cholesterol (mg/dL)
	114.4
	30.4
	114.5
	31.9
	0.973
	114.2
	30.6
	118.1
	29.5
	0.405


†Student’s t-test was used. ‡Median, the 1st and 3rd quartile were presented, and data with log-transform were analyzed. eGFR, estimated glomerular filtration rate.
Table 4 Risk factors for height- and weight-adjusted sarcopenia as determined by multiple logistic regression analyses

	
	Odds ratio
	95% CI
	P-value

	Model I: Risk of sarcopenia with height-adjusted
	

	Age (years)
	
	
	

	 65–74
	1.00
	(Reference)
	

	 75–84
	1.71
	(0.77, 3.79)
	0.189

	 >85
	1.46
	(0.46, 4.65)
	0.526

	Gender (women vs men)
	0.16
	(0.07, 0.39)
	<0.001

	BMI ‡ (kg/m2)
	0.57
	(0.49, 0.67)
	<0.001

	Exercise (no vs yes)
	2.04
	(0.94, 4.44)
	0.071

	Diastolic blood pressure (mmHg)
	0.95
	(0.92, 0.99)
	0.011

	Urinary albumin-creatinine ratio (mg/g)
	
	
	

	 (30
	1.00
	(Reference)
	

	 >30
	2.93
	(1.33, 6.47)
	0.008

	Model II: Risk of sarcopenia with weight-adjusted
	

	Age (years)
	
	
	

	 65–74
	1.00
	(Reference)
	

	 75–84
	2.34
	(1.29, 4.23)
	0.005

	 >85
	5.67
	(2.32, 13.84)
	<0.001

	Gender (women vs men)
	2.07
	(1.16, 3.72)
	0.015

	BMI (kg/m2)
	1.43
	(1.30, 1.56)
	<0.001

	Exercise (no vs yes)
	1.90
	(1.06, 3.39)
	0.031

	Gout (yes vs no)
	2.46
	(1.20, 5.05)
	0.014

	Fall (yes vs no)
	2.03
	(1.12, 3.67)
	0.020

	Urinary albumin-creatinine ratio (mg/g)
	
	
	

	 (30
	1.00
	(Reference)
	

	 >30
	2.03
	(1.12, 3.68)
	0.020


BMI, body mass index; CI, confidence interval.
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