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INTRODUCTION

Age-related osteoarthritis (OA) is characterized by deg-
radation of articular cartilage and substantial loss of ma-
trix [1], as a consequence of senescence. The symptoms 
and signs usually appear after the fifth decade [2], and 
approximately 68% of women and 58% of men older 
than 65 years of age have OA [3]. Intra-articular cell se-
nescence and cartilage matrix degradation [4], extra-ar-
ticular loss of skeletal muscle mass (SMM) [5] and dete-

riorated proprioception [6] contribute to development 
of OA. In addition to age, obesity is regarded as another 
major risk factor for OA, especially in the elderly [7]. 

Body composition refers to the mass percentages of 
muscle, fat, and bone, as well as water of the body, and 
the spaces taken up by the compartments determine 
leanness/obesity of the body. The aging process accom-
panies altered body composition [8] with osteoporosis 
[9] as the normal consequences of cellular apoptosis 
[10], mitochondrial dysfunction [11], neurohormonal 
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Background/Aims: This study was conducted in order to analyze the effects of 
sarcopenia on age-related osteoarthritis (OA) of the knee in a Korean population.
Methods: All the Korean subjects who visited the Yeungnam University Medical 
Center Health Promotion Center between 2008 and 2012 in order to undergo a 
routine medical examination were enrolled. A total of 5,723 young, healthy people 
(2,959 males, 2,764 females) enrolled as normal subjects and 23,473 subjects (13,006 
males and 10,467 females) were included for evaluation of the effects of sarcopenia 
on OA. There were 266 subjects who followed-up bioelectrical impedance analysis 
at a 4-year interval. Of 327 subjects enrolled in this study, knees with anteroposte-
rior X-rays were assessed according to the Kellgren-Lawrence (K/L) grade. 
Results: Skeletal muscle mass index (SMI) and basal metabolic rate (BMR) showed 
a steady decrease with the advance of age (p < 0.01), but SMI showed strong posi-
tive correlation with BMR (r = 0.72, β = 30.96, p < 0.01). During the 4-year interval, 
BMR showed a significant decrease with aging (p < 0.01), consistently with the de-
crease of SMI. Knees with normal SMI were prone to be designated as K/L grade 
0 or 1; however, subjects with sarcopenia showed a trend toward the higher K/L 
grade, classified as knee radiological osteoarthritis (ROA) (p < 0.01). 
Conclusions: The results of this study may indicate that sarcopenia as age-related 
loss of skeletal muscle mass is interactively correlated with the presence and se-
verity of age-related OA.
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changes [12], nutritional insufficiency [13], and increas-
ing pro-inflammatory cytokine levels [14] in association 
with decreasing physical activity and performance [15]. 
Age-related degenerative loss of SMM and strength is 
referred to as sarcopenia, which can cause an increase 
in the percentage of body fat (PBF) mass as sarcopenic 
obesity [8,9,11-13]. SMM is the metabolically active body 
component; however, fat mass (FM) is metabolically 
inactive, so that the changes of SMM and FM with ag-
ing can be one of the most relevant biomarkers of se-
nescence [16]. In general, the body mass index (BMI) is 
used for determination of obesity, a measure of body fat 
based on height and weight which applies to adults [17-
23]. However, if obesity is defined as the gaining of FM 
in the aspect of metabolic alteration, the SMM and PBF 
could be a more critical parameter than BMI. Baumgart-
ner et al. defined sarcopenia as the appendicular skeletal 
muscle mass (ASM) divided by body height squared in 
meters, which is –2 or lesser standard deviations (SD) 
below the reference values for young, healthy individ-
uals of the same sex and ethnicity [24,25]. Janssen et al. 
[26] proposed percentage-skeletal muscle mass index 
(SMI), absolute SMM (kg) to percentage of weight (mus-
cle mass/body mass × 100), and defined sarcopenia as 
a SMI less than one SD below the reference values of 
bioelectrical impedance analysis (BIA) measured from 
sex- and ethnicity-matched healthy individuals between 
the ages of 18 and 39 years. A SMI between –1 to –2 SD of 
the mean is referred to as class I sarcopenia, and a SMI 
below –2 SD of the mean as class II sarcopenia [26]. 

This study was conducted in order to analyze the 
changes of SMM and body composition in association 
with aging, and to evaluate the effects of sarcopenia and 
SMI on age-related knee OA in a Korean population.

METHODS

Procurement of study populations
All the Korean subjects (age 18 and older) who visited 
the Yeungnam University Medical Center Health Pro-
motion Center (Daegu, Korea) between 2008 and 2012 
in order to undergo a routine medical examination, in-
cluding BIA, were enrolled in this study. Any cases of 
erythrocyte sedimentation rate ≥ 40 mm/hr, positive 
rheumatoid factor, abnormal results on laboratory tests 

and a chest X-ray, and a medical history of diabetes, 
malignancies, joint trauma or surgery, and other met-
abolic or inflammatory diseases were excluded. A total 
of 5,723 normal subjects (2,959 males, 2,764 females) aged 
between 18 and 39 years were enrolled as the young and 
healthy Korean population, and 23,473 subjects (13,006 
males and 10,467 females) were included for evaluation 
of the effects of sarcopenia on OA. For analysis of the 
effect of aging on body composition, 266 subjects who 
followed-up BIA at a 4-year interval from 2008 to 2012 
were evaluated regarding the interval changes in paired 
comparison. The study was conducted according to the 
code of ethics of the World Medical Association (Dec-
laration of Helsinki) and all of the procedures followed 
were approved by the Ethical Committee of the Yeun-
gnam University Medical Center.

Determination of body mass and body composition 
by BIA
Body weight, height, BMI, basal metabolic rate (BMR), 
FM, PBF, ASM, SMM, and SMI were determined using 
standardized equipment and procedures. BMR was cal-
culated using the Cunningham equation, BMI as weight/
height2 (kg/m2), SMI as ASM/body mass × 100 (%), and 
PBF as FM/body mass × 100 (%). For measurement of 
body composition, dual energy X-ray absorptiometry 
(DXA) is the standard for clinical analysis; however, due 
to its reliability and convenience, BIA can replace DXA 
[27]. The body components were assessed by BIA using 
InBody 720 (Biospace, Seoul, Korea). In principle, BIA 
is based on the height and impedance value of the body 
and body water volume on BIA determines fat and fat-
free mass of the body. From the data, sarcopenia was 
defined as a weight-adjusted SMI below –1 SD of the 
reference values. Analysis of BIA data was performed for 
comparison of the effects of sarcopenia on age-related 
OA in the populations.

Evaluation of radiological osteoarthritis and Kellgren- 
Lawrence grade of the knee
The American College of Rheumatology (ACR) criteria 
for knee OA are comprised of age criterion, joint symp-
toms, exclusion of inflammatory conditions, and pos-
itive radiography of the knee [28]. The significances of 
SMI were analyzed in the aspect of aging and age-relat-
ed OA. Radiological bony changes were graded on an-
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teroposterior knee X-rays using the Kellgren-Lawrence 
(K/L) grading system in those with knee joint symptoms. 
Knees showing a K/L grade ≥ 2 were classified as knee 
radiological osteoarthritis (ROA) according to the ACR 
criteria. In this study 327 subjects underwent knee X-ray 
tests, and the presence and severity of bony changes for 
OA were determined twice by experts in rheumatolo-
gy; (1) no abnormal radiological finding was designated 
as grade 0; (2) no joint space narrowing but suspicious 
osteophytes, grade 1; (3) minimal joint space narrow-
ing and definite osteophytes, grade 2; (4) joint space 
less than 3 mm, severe intra-articular irregularity, and 
prominent osteophytes, grade 3; (5) no visible joint space 
and severe sclerosis, grade 4 [29]. The higher K/L grade 
between both knees was selected. The intraobserver re-
liability was 0.78 indicating moderate agreement. SMI, 
PBF, BMR, and BMI were compared according to the 
K/L grade of knees.

Statistical analyses
Values are expressed as mean ± SD. BIA measurements 
were compared using independent Student t test, anal-
ysis of variance (ANOVA) test, and paired t test. Correla-
tion analyses were performed using Pearson correlation 
test, cross-tab with chi-square test, linear and logistic 
regression tests. Four years follow-up BIA values were 
evaluated using paired t test and repeated measured 
ANOVA test. Cohen’s κ test was used for determination 
of the intraobserver variation. The results were consid-
ered statistically significant if p < 0.05 in 95% confidence 
interval (CI) and p < 0.001 in 99% CI. Statistical analyses 

were performed using SPSS version 12 (SPSS Inc., Chi-
cago, IL, USA).

RESULTS

The mean and SD of SMI was 43.53% ± 3.55% in healthy 
males (n = 2,959) and 37.99% ± 3.19% in healthy females 
(n = 2,764) aged between 18 and 39 years. According to 
Janssen’s classification for sarcopenia [26], cases with a 
SMI greater than 39.98%, between 36.43% and 39.98%, 
and less than 36.43%, were designated as the normal, 
class I and class II sarcopenia, respectively, in males; 
greater than 34.80%, between 31.61% and 34.80%, and 
less than 31.61% as the normal, class I and class II sar-
copenia, respectively, in females based on the reference 
values (Table 1).

A total of 23,473 subjects, 13,006 males and 10,467 fe-
males who underwent BIA were included. The mean 
age of subjects was 47.92 ± 11.16 and 47.58 ± 11.91 years, 
respectively. Based on the weight-adjusted SMI, 1,841 
males (1,575 class I, 266 class II) and 2,737 females (2,178 
class I, 559 class II) were classified according to sarcope-
nia, demonstrating a higher incidence of sarcopenia in 
females than in males (Table 2). In the aspect of metabol-
ic rate, BMR showed a steady decrease with the advance 
of age (p < 0.01) and SMI positively correlated with BMR 
(r = 0.72, β = 30.96, p < 0.01). The results may indicate that 
SMI are changing consistently with aging metabolism.

In the purpose of proving the changes of SMI in asso-
ciation with age, BIA was followed up at a 4-year interval 

Table 1. Reference values for the classification of sarcopenia from a sex-matched, healthy Korean population aged between 18 
and 39 years

Variable No. (%)
Bioelectrical impedance analysis

BMI, kg/m2 BMR, kcal PBF, % SMI, kg/m2 SMI, %
Male (18≤ age ≤ 39) 2,959 (51.7) 24.90 ± 3.71 1,400.58 ± 207.49 22.90 ± 6.24 10.74 ± 1.04 43.53 ± 3.55

Sarcopenia class I 36.43 ≤ & < 39.98

Sarcopenia class II < 36.43

Female (18 ≤ age ≤ 39) 2,764 (48.3) 21.84 ± 3.40 1,403.87 ± 206.71 29.56 ± 5.94 8.22 ± 0.86 37.99 ± 3.19

Sarcopenia class I 31.61 ≤ & < 34.80

Sarcopenia class II < 31.61

Values are presented as mean ± SD.
BMI, body mass index; BMR, basal metabolic rate; PBF, percentage of body fat; SMI (kg/m2), height adjusted skeletal muscle 
mass index; SMI (%), weight adjusted skeletal muscle mass index.
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in 266 subjects (164 males, 102 females) and evaluated 
in paired comparisons. During the 4 years the skele-
tal muscle component showed a significant decrease 
by –0.33% for SMI (p < 0.01); however, no significant 
interval change was observed for BMI (p = 0.45). BMR 
decreases with aging (p < 0.01) consistently with the 
decreases of SMI. The prevalence was 4.50% (10/222) 
for sarcopenia during the 4 years follow-up. The re-
sults may indicate that SMI is decreasing in the cor-
relation with aging (Table 3).

When the population was divided at 50 of age, an 
ACR criterion for diagnosis of OA, the population 
aged over 50 showed a decrease of SMI with the ad-
vance of age (r = –0.166, β = –0.112, p < 0.01) in con-
trast to the population under age 50. The change of 
SMI in the population over 50 of age was as great as 
two folds of that in the total population, and 25 to 28 
folds of that in the population under 50. Sarcopenia 
is defined as age-related loss of SMM and a degenera-
tive process of aging. In this study, a negative correla-
tion was observed between SMI and age (r = –0.157, 
p < 0.01), which was more prominent in females (r = 
–0.313, p < 0.01) than in males (r = –0.164, p < 0.01). Re-
gression analyses of SMI by years of age showed that 
the SMI will decrease by 0.061% per year (p < 0.01), 
and a higher decreasing ratio was observed in females 
(β = –0.085, p < 0.01) than in males (β = –0.046, p < 0.01) 
(Table 4).

Logistic regression analyses between SMI and K/L 
grade adjusted by age, BMI and PBF showed a signifi-
cantly high frequency of a higher K/L grade (grade 3 
and 4) in subjects with a lower SMI (p < 0.01). Howev-
er, the difference by SMI was not significant in K/L 
grade 0 and 1 (Table 5). Effects of BMI and BMR on 
the K/L grade were not consistent or statistically sig-
nificant.

Analyses of BIA determinants in the aspect of bony 
changes of OA showed that SMI differed statistical-
ly among the K/L grades (p < 0.01) contrary to BMI, 
lean body mass, and SMM. Subjects with the lower 
SMI tended to be the higher in K/L grade (p < 0.01). In 
addition, the SMI of subjects with ROA was signifi-
cantly lower than that of non-ROA, and knees with 
sarcopenia were prone to be classified as ROA (p < 
0.01). As compared with the residuals, the difference 
between the observed value and the estimated value 
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of the quantity of interest, knees of subjects with nor-
mal SMI were prone to be designated as K/L grade 0 or 
1, however, knees with sarcopenia showed a significant 
propensity to be designated as K/L grade 3 or 4 with a 
trend toward the higher K/L grade in the higher sarco-
penia class (p < 0.01) (Table 6). 

DISCUSSION

The mean and cut-off values for classification of sarco-
penia were relatively higher in Korean people than in 
those (42.5% ± 5.5% in males, 33.1% ± 5.5% in females) of 
New Mexico Aging Process Study [24]. Differences be-
tween the reference values of SMI may be closely related 
to differences of ethnicity. It is natural for the SMM to 
diminish after the adolescent period, and the decrease 

can be as much as 0.5% to 1% per year after 25 years of 
age [30]. Loss of SMM, quality, and strength in associ-
ation with the advance of age refers to sarcopenia as a 
degenerative process [31]. SMM is active in metabolism, 
and consistent changes of SMM with aging may be one 
of the most relevant biomarkers of senescence in the as-
pect of metabolic alteration [16]. 

The current study shows a negative correlation be-
tween SMI and years of age. BMR decreased with the 
advance of age, showing a strong positive correlation 
with SMI. Based on the results, sarcopenia may be the 
metabolic consequences of aging, and the decreasing 
SMI can be a reliable indicator of aging.

In the current study, the significance of SMI, age, and 
BMI was analyzed on age-related OA as compared with 
the K/L grade of knee joints. Sarcopenia may affect the 
presence and severity of ROA in association with aging. 

Table 3. Changes of BMI, PBF, SMM, SMI, and BMR in followed up BIA at a 4-year interval

Variable No. (%)
BIA

p value
Initial Follow-up

BMI, kg/m2

Total 266 (100) 23.70 ± 2.79 23.76 ± 2.83 0.415

Males 164 (61.7) 24.20 ± 2.79 24.17 ± 2.81

Females 102 (38.3) 22.94 ± 2.62 23.12 ± 2.76

PBF, %

Total 266 (100) 25.82 ± 0.40 26.30 ± 0.43a 0.008

Males 164 (61.7) 22.68 ± 0.39 22.91 ± 0.41

Females 102 (38.3) 30.86 ± 5.56 31.74 ± 5.87

SMM, kg/m2

Total 266 (100) 9.70 ± 1.26 9.64 ± 1.23a 0

Males 164 (61.7) 10.46 ± 0.90 10.38 ± 0.85

Females 102 (38.3) 8.51 ± 0.69 8.45 ± 0.71

SMI, %

Total 266 (100) 41.08 ± 4.21 40.75 ± 4.41a 0.002

Males 164 (61.7) 43.41 ± 2.87 43.19 ± 3.03

Females 102 (38.3) 37.33 ± 3.18 36.82 ± 3.31

BMR, kcal

Total 266 (100) 1,416.52 ± 190.89 1,407.65 ± 188.33a 0

Males 164 (61.7) 1,536.75 ± 129.34 1,527.69 ± 123.94

Females 102 (38.3) 1,223.21 ± 86.01 1,214.63 ± 85.12

Values are presented as mean ± SD.
BMI, body mass index; PBF, percentage of body fat; SMM, skeletal muscle mass; SMI, skeletal muscle mass index; BMR, basal 
metabolic rate; BIA, bioelectrical impedance analysis.
ap < 0.01.
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A higher K/L grade was more frequent in the popula-
tion with sarcopenia of a lower SMI. When K/L grades 
2, 3, and 4 are classified as ROA according to the ACR 
criteria for OA, subjects accompanying knee ROA had a 
lower SMI than those with non-ROA, and bony changes 
of knee joints were found to be more advanced in as-
sociation with a lower SMI. The probability of a higher 
K/L grade and the incidence of ROA were increased in 
the population with a lower SMI; inversely, knees with a 
higher SMI showed a higher probability of being a lower 
K/L grade. The results may provide the significance of 
sarcopenia on development of OA with aging. 

Some studies have reported correlation of sarcopenia, 
sarcopenic obesity and BMI with functional impair-
ment, physical disability, and performance. Lee et al. 
[32] observed a contribution of BMI-defined sarcopenic 
obesity to OA suggesting that it is more important than 
sarcopenia or BMI alone. Scott et al. [33] reported that 
knee and hip pain may directly affect the progression of 

sarcopenia in older women, and a higher baseline score 
of knee ROA may predict a greater increase in the mean 
lean mass of the leg in both sexes. And Visser et al. [34] 
reported that a high FM/SMM ratio seems to be unfa-
vorable in knee OA.

In the current study, a time-sequential BIA on the 
changes of body mass and composition in a paired 266 
cases made it clear that it is not BMI but SMI that cor-
respond with aging. Paired comparisons following four 
years of BIA proved that SMI is decreasing with the ad-
vance of age as the normal consequences of senescence. 
In addition to the cross-sectional correlation between 
SMI and ROA, the results may be suggestive of a patho-
genic correlation between sarcopenia and development 
of OA with aging. The altered body composition may 
not be substantial until the end of the fifth decade [35]; 
however, loss of fat-free mass is augmented and the ef-
fects are more prominent in older people. Alterations of 
growth hormone [36], insulin [37], estrogen, and testos-

Table 5. Correlation of SMI and the K/L grade of knee joints with multiple regression analyses for age, body mass index, and 
PBF

K/L grade Total no. (M/F) % (M/F)
SMI, %

Mean ± SD β OR (95% CI)
0 121 (62/59) 37 (19/18) 40.87 ± 8.82 0 1

1 66 (34/32) 20.2 (10.4/9.8) 40.48 ± 4.76 –0.061 0.941 (0.690–1.284)

2 69 (19/50) 21.1 (5.8/15.3) 37.87 ± 4.62 –0.247 0.782 (0.567–1.077)

3 50 (16/34) 15.3 (4.9/10.4) 37.03 ± 4.34 –0.512a 0.599 (0.414–0.866)

4 21 (3/18) 6.4 (0.9/5.5) 35.08 ± 3.41 –0.719a 0.487 (0.304–0.783)

SMI, skeletal muscle mass index; K/L grade, Kellgren-Lawrence grade; PBF, percentage of body fat; OR, odds ratio; CI, confi-
dence interval. 
ap < 0.01.

Table 4. Comparison of SMI changes between the age under 50 and over 50

Variable
Age < 50 yr Age 50 ≤ yr

SMI/age (r) ΔSMI/yr (β)
No. (%) SMI, % PBF, % No. (%) SMI, % PBF, %

Total population 14,352 (61.1) 40.86 ± 4.24 26.23 ± 6.66 9,121 (38.9) 39.48 ± 4.62 28.10 ± 7.32 –0.157a –0.061a

Males 7,961 (33.9) 43.45 ± 3.14 22.93 ± 5.50 5,045 (21.5) 42.59 ± 2.97 23.64 ± 5.11 –0.164a –0.046a

Females 6,391 (27.2)  37.64 ± 3.06 30.33 ± 5.61 4,076 (17.4) 35.64 ± 3.18 33.62 ± 5.70 –0.313a –0.085a

SMI/age (r) 0.007 –0.166a

ΔSMI/yr (β) 0.004 –0.112a

Values are presented as mean ± SD.
SMI, skeletal muscle mass index; PBF, percentage body fat; SMI/age (r), correlation coefficients between SMI and age; ΔSMI/yr 
(β), β coefficients between SMI and age.
ap < 0.01.
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terone [38]; increased levels of interleukin 6 and tumor 
necrosis factor α [39]; cellular dysfunction and apoptosis 
with mitochondrial damage [11], and decreased dietary 
protein intake [13] can be factors contributing to the loss 
of SMM and strength with aging. After reaching the 
maximum around 20 years of age, fat-free mass, primar-
ily SMM, will decrease by up to 40 % until 70 years of 
age [40,41]. 

This study provides evidence that the presence and se-
verity of ROA are inversely correlated with the age-relat-
ed loss of SMM. Sarcopenia related with aging may in-
teractively correlate with age-related OA in development 
and progression. However, because of cross-sectional 
design of the study, further prospective study is needed 
to confirm the causal-relationship between sarcopenia 
and OA development.

Conflict of interest
No potential conflict of interest relevant to this article 
was reported.

REFERENCES

1.	 Loeser RF. Aging processes and the development of os-
teoarthritis. Curr Opin Rheumatol 2013;25:108-113.

2.	 Bronson W, Strauss E, Bronson M. Osteoarthritis: elim-
inating pain and restoring function: an orthopedic per-
spective. Clin Geriatr 2010;18:9-10.

3.	 Villareal DT, Apovian CM, Kushner RF, Klein S; American 
Society for Nutrition; NAASO The Obesity Society. Obe-
sity in older adults: technical review and position state-
ment of the American Society for Nutrition and NAASO, 
The Obesity Society. Obes Res 2005;13:1849-1863.

Table 6. Cross-tab analysis between sarcopenia and the K/L grade of knee joints

Variable
SMI classification

Total
Normal Sarcopenia

Total 259 (79.2) 68 (20.8) 327 (100)

Radiological non-OA 164 (50.2) 23 (7.0) 187 (57.2)

Residual 15.9 –15.9

K/L grade 0 107 (32.7) 14 (4.3) 121 (37.0)

Residual 11.2 –11.2

K/L grade 1 57 (17.4) 9 (2.8) 66 (20.2)

Residual 4.7 –4.7

Radiological OA 95 (29.1) 45 (13.7) 140 (42.8)

Residual –15.9 15.9

K/L grade 2 52 (15.9) 17 (5.2) 69 (21.1)

Residual –2.7 2.7

K/L grade 3 33 (10.1) 17 (5.2) 50 (15.3)

Residual –6.6 6.6

K/L grade 4 10 (3.1) 11 (3.3) 21 (6.4)

Residual –6.6 6.6

Values are presented as number (%).
K/L grade, Kellgren-Lawrence grade; SMI, skeletal muscle mass index; OA, osteoarthritis.

KEY MESSAGE

1.	 Age-related osteoarthritis (OA) is characterized 
by degradation of articular cartilage and loss of 
matrix, as a consequence of senescence.

2.	 The aging process accompanies altered body 
composition with degenerative loss of skeletal 

muscle mass and strength, which is referred to 
as sarcopenia.

3.	 Sarcopenia related with aging may interactive-
ly correlate with the presence and severity of 
age-related OA.



592 www.kjim.org

The Korean Journal of Internal Medicine Vol. 31, No. 3, May 2016

http://dx.doi.org/10.3904/kjim.2015.156

4.	 Martin JA, Buckwalter JA. Telomere erosion and se-
nescence in human articular cartilage chondrocytes. J 
Gerontol A Biol Sci Med Sci 2001;56:B172-B179.

5.	 Tonge DP, Bardsley RG, Parr T, Maciewicz RA, Jones 
SW. Evidence of changes to skeletal muscle contractile 
properties during the initiation of disease in the ageing 
guinea pig model of osteoarthritis. Longev Healthspan 
2013;2:15.

6.	 Barry BK, Sturnieks DL. How important are perturbation 
responses and joint proprioception to knee osteoarthri-
tis? J Appl Physiol (1985) 2014;116:1-2.

7.	 Oyeyemi AL. Body mass index, pain and function in indi-
viduals with knee osteoarthritis. Niger Med J 2013;54:230-
235.

8.	 Baumgartner RN. Body composition in healthy aging. 
Ann N Y Acad Sci 2000;904:437-448.

9.	 Go SW, Cha YH, Lee JA, Park HS. Association between 
sarcopenia, bone density, and health-related quality of 
life in Korean men. Korean J Fam Med 2013;34:281-288. 

10.	 Salucci S, Burattini S, Baldassarri V, et al. The peculiar 
apoptotic behavior of skeletal muscle cells. Histol Histo-
pathol 2013;28:1073-1087.

11.	 Marzetti E, Calvani R, Cesari M, et al. Mitochondrial 
dysfunction and sarcopenia of aging: from signal-
ing pathways to clinical trials. Int J Biochem Cell Biol 
2013;45:2288-2301.

12.	 Morley JE, Malmstrom TK. Frailty, sarcopenia, and hor-
mones. Endocrinol Metab Clin North Am 2013;42:391-405.

13.	 Dickinson JM, Volpi E, Rasmussen BB. Exercise and nu-
trition to target protein synthesis impairments in aging 
skeletal muscle. Exerc Sport Sci Rev 2013;41:216-223.

14.	 Michaud M, Balardy L, Moulis G, et al. Proinflammatory 
cytokines, aging, and age-related diseases. J Am Med Dir 
Assoc 2013;14:877-882.

15.	 Edwards MH, Gregson CL, Patel HP, et al. Muscle size, 
strength, and physical performance and their associa-
tions with bone structure in the Hertfordshire cohort 
study. J Bone Miner Res 2013;28:2295-2304. 

16.	 Michalakis K, Goulis DG, Vazaiou A, Mintziori G, Po-
lymeris A, Abrahamian-Michalakis A. Obesity in the age-
ing man. Metabolism 2013;62:1341-1349. 

17.	 Adams ST, Salhab M, Hussain ZI, Miller GV, Leveson SH. 
Obesity-related hypertension and its remission following 
gastric bypass surgery: a review of the mechanisms and 
predictive factors. Blood Press 2013;22:131-137.

18.	 Misra A, Shrivastava U. Obesity and dyslipidemia in 

South Asians. Nutrients 2013;5:2708-2733. 
19.	 Drong AW, Lindgren CM, McCarthy MI. The genetic and 

epigenetic basis of type 2 diabetes and obesity. Clin Phar-
macol Ther 2012;92:707-715. 

20.	 Dulloo AG, Jacquet J, Solinas G, Montani JP, Schutz Y. 
Body composition phenotypes in pathways to obesity and 
the metabolic syndrome. Int J Obes (Lond) 2010;34 Suppl 
2:S4-S17.

21.	 Jones PH. Management of obesity in the prevention of 
cardiovascular disease. Methodist Debakey Cardiovasc J 
2010;6:33-36.

22.	 Lee R, Kean WF. Obesity and knee osteoarthritis. Inflam-
mopharmacology 2012;20:53-58.

23.	 Berrington de Gonzalez A, Hartge P, et al. Body-mass 
index and mortality among 1.46 million white adults. N 
Engl J Med 2010;363:2211-2219. 

24.	 Baumgartner RN, Koehler KM, Gallagher D, et al. Epide-
miology of sarcopenia among the elderly in New Mexico. 
Am J Epidemiol 1998;147:755-763. 

25.	 Kiebzak GM. Age-related bone changes. Exp Gerontol 
1991;26:171-187.

26.	 Janssen I, Heymsfield SB, Ross R. Low relative skeletal 
muscle mass (sarcopenia) in older persons is associated 
with functional impairment and physical disability. J Am 
Geriatr Soc 2002;50:889-896.

27.	 Thomas BJ, Cornish BH, Ward LC. Bioelectrical imped-
ance analysis for measurement of body fluid volumes: a 
review. J Clin Eng 1992;17:505-510.

28.	 Altman R, Asch E, Bloch D, et al. Development of criteria 
for the classification and reporting of osteoarthritis: clas-
sification of osteoarthritis of the knee: Diagnostic and 
Therapeutic Criteria Committee of the American Rheu-
matism Association. Arthritis Rheum 1986;29:1039-1049.

29.	 Kellgren JH, Lawrence JS. Radiological assessment of os-
teo-arthrosis. Ann Rheum Dis 1957;16:494-502.

30.	 Jackson AS, Janssen I, Sui X, Church TS, Blair SN. Lon-
gitudinal changes in body composition associated 
with healthy ageing: men, aged 20-96 years. Br J Nutr 
2012;107:1085-1091.

31.	 Rosenberg I. Summary comments: epidemiological and 
methodological problems in determining nutritional sta-
tus of older persons. Am J Clin Nutr 1989;50:1231-1233.

32.	 Lee S, Kim TN, Kim SH. Sarcopenic obesity is more 
closely associated with knee osteoarthritis than is nonsar-
copenic obesity: a cross-sectional study. Arthritis Rheum 
2012;64:3947-3954.



593

Kim HT, et al. Sarcopenia and OA

www.kjim.orghttp://dx.doi.org/10.3904/kjim.2015.156

33.	 Scott D, Blizzard L, Fell J, Jones G. Prospective study of 
self-reported pain, radiographic osteoarthritis, sarcopenia 
progression, and falls risk in community-dwelling older 
adults. Arthritis Care Res (Hoboken) 2012;64:30-37. 

34.	 Visser AW, de Mutsert R, Loef M, et al. The role of fat 
mass and skeletal muscle mass in knee osteoarthritis is 
different for men and women: the NEO study. Osteoar-
thritis Cartilage 2014;22:197-202.

35.	 Janssen I, Heymsfield SB, Wang ZM, Ross R. Skeletal 
muscle mass and distribution in 468 men and women 
aged 18-88 yr. J Appl Physiol (1985) 2000;89:81-88.

36.	 Weltman A, Weltman JY, Veldhuis JD, Hartman ML. Body 
composition, physical exercise, growth hormone and 
obesity. Eat Weight Disord 2001;6(3 Suppl):28-37. 

37.	 Bastard JP, Maachi M, Lagathu C, et al. Recent advances 
in the relationship between obesity, inflammation, and 
insulin resistance. Eur Cytokine Netw 2006;17:4-12.

38.	 Allan CA, Strauss BJ, McLachlan RI. Body composition, 
metabolic syndrome and testosterone in ageing men. Int 
J Impot Res 2007;19:448-457.

39.	 Fantuzzi G. Adipose tissue, adipokines, and inflamma-
tion. J Allergy Clin Immunol 2005;115:911-919.

40.	 Doherty TJ. Invited review: aging and sarcopenia. J Appl 
Physiol (1985) 2003;95:1717-1727.

41.	 Beaufrere B, Morio B. Fat and protein redistribution with 
aging: metabolic considerations. Eur J Clin Nutr 2000;54 
Suppl 3:S48-S53.


