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ORIGINAL ARTICLE

Endocrine Research

TABLE 4. Adjusted associations of SMI (continuous)
and MBI (continuous) with insulin resistance and

Relative Muscle Mass Is | ly Associated with
ey S A A = dysglycemia, adjusted for age, sex, race, BMI

Insulin Resistance and Prediabetes. Findings from

The Third National Health and Nutrition Examination
Survey

Preethi Srikanthan and Arun S. Karlamangla

Divisions of Endocrinology (P.5.) and Geriatrics (A.S.K.), Department of Medicine, David Geffen School of
Medicine, Los Angeles, California 90095-1679

Context: Insulin resistance, the basis of type 2 diabetes, is rapidly ing verylow
muscle mass is a risk factor for insulin resistance.

Objective: The aim was to determine whether increases in muscle mass at average and above
average levels are associated with improved glucose regulation.

Design: We conducted a cross-sectional analysis of National Health and Nutrition Examination
Survey lll data.

Participants: Data from 13,644 subjects in a national study were evaluated.

Outcome we is model of insulin
(HOMA-IR), blood in level, iti overt diabetes
(PDM), and prevalence of overt diabetes mellitus.

Results: All four outcomes decreased from the lowest quartile to the highest quartile of skeletal
muscle index (SM1), the ratio of total skeletal muscle mass (esti by
to total body weight. After adjusting for age. ethn icity, sex, and generalized and central obesity,
each 10% insmi in HOMA-IR (95% confidence
interval, 6-15%) and 12% relative reduction m PDM prevalence (95% Cl, 1-21%). In nondiabetics,
SMI associations with HOMA-IR and PDM prevalence were stronger.

Condusions: Across the full range, higher muscle mass (relative to body size) is associated with
better insulin sensitvity and lower risk of POM. Further research is needed to examine the effect
of exercise i igned to increase muscle mass on incidence of diabetes.
U Clin Endocrinol Metab 96: 2898-2903, 2011)

woly

Wilh recent dramatic increases in obesity, both in the
United States and in developing societies, the
worldwide growth in the prevalence of diabetes, a major
source of cardiovascular morbidity and health expendi-
ture, is expected to accelerate. It is thus imperative that all

diabetes is now recognized (1-3). However, it is not
known whether muscle mass has any impact on insulin
resistance and diabetes risk outside the context of sarcope-
nia. Specifically, it is not known whether increasing mus-
cle mass beyond the sarcopenic range increases insulin

major factors that contribute to the devel of dia-
betes mellitus (DM) are identified. The adverse impact of
sarcopenia, or low muscle mass, on insulin resistance and

ISSN Print 0021-972X 1SN Ordine 19457197

Printed in USA

Copyright © 2011 by The Endocine Soci

dor: 10.1210jc 2011-0435 Recsived February 17, 2011. Accepted June 27, 2011
First Publihed Online July 21, 2011

and affords ion against incidence of di-
abetes. Because muscle is the primary tissue contributing
to whole-body insulin-mediated glucose disposal, we hy-

3 mass index; Cl,
OM, dabetes melltuz; HBA1C, glycosyiated hemogiabin; HOMA-IR, homeastass mods!

nt of insulin resstance: MEC, mobile examination center: MM, muscle mass.
index; POM, M

2898  jkem.endojournalsorg ) Clin Endocrinol Metab, September 2011, 96(9):2898-2903

[ZX : The Journal of Clinical Endocrinology & Metabolism(2011)]

2202 AQAR0 0 Vo 15906 Aa G,

(continuous), generalized ocbesity, overweight, and
central obesity

Predictors SMI (per 10%) MMl (per kg/m™)
Outcomes

HOMAR ratio 0.89 (0.85-0.94) 0.97 (0.96-0.995)

PDRA risk ratio” 088 (0_79-0.99 096 (0.92-0.997)

After excluding
diabetics
HOMAR ratio 0.86 (0.82-0.89) 0.96 {0.94-0.97)
HbAC ratio 1.0:01 09951008} O.997 (0_994-—0.9997)
Frediabetes risk ratio O.77 (0.67-0.89) 0.91 (0.87-0.96)

Data are esxpressed as ratio (95% Cl.

= Diabetes is present if one or mare of the following ocowrs: HbA1C
=hB.5%, fasting glucose =7 mmoliiter, self-report of diabetes, or use
of diabetes medications. Prediabetes or diabetes was defined by the
following: 1) HBAIC =6%; or 2) fasting glucose =5.5 mmolliter {100
mgfdlk or 3) self-reported DM; or 3) use of DM medications.

confounding by reverse causation (r.e. diabetes leading to
decreased SMI; see Table 2).

Based on these findings, we reran the models wirh SMI
as conunuous predictor for outcomes thar had shown sig-
nificant linear trends across SMI quartiles and included
adjustment for age, sex, racefethnicity, continuous BMI,
generalized obesity and overweight starus, ai ntral
obesity. Adjusted associations {per 10% increa SMI)
are presented in Table 4. After excluding participants with
wvert diabetes, per 10% increment in SML there was a

14 % relanve reduction in HOMA-IR (95% CI, 10-18%:)
and 23% relative reduction in PDM prevalence (95% CI,
11-33%).

b THOFC

o
MO 14% 2ASHD

GCOoOOoP

"paniasay sIybY |I¥ 400D 2202 O LHONADOD



General

Balance
S’

Epidemiology/Health Services Research

Prevalence uncl Determinant Factors of
Sarcopenia in Patients With Type 2

The Korean Sarcopenic Obesity Study (KSOS)

Tae Nyvus Kin, an' Jr A Seo, up’

ManN Sik ParK, pHD®
SAE JEONG YanG, Mp!
HyE Jin Yoo, mp'
Hyun Joo Kaxg, pn®
WOoOK SONG, PHD”

Sin Gox K, mp!

Nan Hee Kiv, mp"

Sel Hyuw Baik, mp'
DonG Seor CHol, Mp"
Kyung Mook Crot, Mo"

OBJECTIVE — We cxamined prevalence of sarcopenia in Korean patients with type 2 dia-
betes and compared body compositional parameters between subjects with and without rype 2
diabetes

AND The Korean Obesity Study
(Ks0S) incladed B10 subjects (414 paienis with dabetes and 395 control sobject) who were
examined usiny o, y. of s defined using

the skeletal muscls mdzx lSMW].

RESULYS — Frevalence in patients with diabetes and in the control group was 15.7 and 6.9%,
respectively. In both men and women, SMI values were significantly decreased in patients with
iabetes compared with subjects without disbetes. Furthermore, multiple logistic regression

analysis showed that type 2 diabetes was independently associated with sarcopenia

CONCLUSIONS — Type 2 diabetes was associated with increased risk of sarcopenia. These
characteristics may contribute to physical disability and metaholic disorders in older adults with
dishetes.

caple in Asia tend 1o develop type 2
diabetes with less degree of obesity

Diabetes Care 33:1497-1499, 2010

Recently, we examined prevalence of sar-
copenia in nondiabetic Korean adulis and

(1). In addition, Asian po
are more prone to ahdominal obesity
and low skeletal muscle mass (sarcope-
nia) with increased insulin resistance
compared with their Western counter-
parts (2).

Type 2 diabetes is associated with
|thr ;.k:h_ul muscle strength and guality
as well as excessive loss of skeletal muscle
mass in the Health, Aging. and Body
Composition (Health ABC) study (3,4).

found that obesity defined us-
ing the skeletal muscle index (SMI (%):
tonal skeletal muscle mass (kg)fweight
g] ¥ 100) was associated with in-
ereased risk of metabolic syndrome (3).
The aim of the current study was 1o
examine prevalence of sarcopenia in Ko-
rean patients with type 2 diabetes and 1o
compare body compositional parameters
between subjects with and without
diabetes.

Department of tnternal Med)

and

the * szurlm:mo(‘ﬂjlmu.: Callege of Natural
ris Medicine, D

- Collsge of Med-
ences, chin
hysical Education, kxxu.'hunh)‘nlc_
- Seience Laboruory, Institute of Spons Science.

onal University, Seaul, Korea.

@gmail com

2010. Published abead of print ar hiupicare.

on 22 April 2010. DO 10.23374de0%-2310,
abetes Asmociation. Readers may use this anticle = long as the work is properdy

n
cited, the use & educational and net for profit, and the work is not aliered. See hup.fereativecommons.

harges. This arsiele mass thergfare be hereby

o
i 1754 solely 1 o shis Gt

METHODS — The Korcan Sarcopenic
Obesity Study (KSOS) enrolled 446 well-
functioning community-dwelling healthy
volunteers without diabetes recruited
[rom residents of Secul, Korea, and 428
diabetic patients treated at the Diabetes
Center of Korea University Guro Hospi-
1al. Analysis was conducted on 810 sub-
jects (414 patients with wype 2 diabetes
and 396 control subjects) who were ex-
amined using dual-energy X-ray absorp-
tiometry (Hologic Discovery A; Hologie,
Bedford, MA) Medical histories and
lifestyle information were collected by
personal interview using a detailed ques-
tionnaire (6). The Korea University Insti-
tutional Review Board approved this
study protacol

Appendicular skeletal muscle mass
(ASM), ASM/height”, and SMI were per-
formed as previously described (7—10)
Sarcopenia was defined as SMI <2 5D be-
low the mean of the young reference
group (see supplementary Table 2, avail-
able in an online appendix at hup/
care diabetesjournals org/egifcontent/
full/dc09-2310/DC1). We previously es-
tabliched cutoll values for sarcopenia
(5). Further information on study de-
sign and methods is given in the online
appendix

RESULTS — Figure | presents the scai-
ter plats for the association between age
and ASM and SMI, according 1o sex and
diabetes status. Total lean body mass and
SMIin men with diabetes were lower than
in control subjects alter adjustment for
covariates such as age, BMI, health-
related behaviors, medication, and meta-
bolic parameters. In women, ASM/
height® and SMI in patients with diabetes
were lower than in nondiabetic counter-
pans (supplementary Table 1)
Prevalence of sarcopenia in patients
with diabetes and in the contral group
was 15.7 and 6.9%, respectively. In
subjects older than 60 years, prevalence
of sarcopenia was greater in both men
and women with diabetes than in non-

Care diabetesjournals org
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=21 ! CF =x [*],
q o Table 2. Partidpant characteristics by the sarcoperia status.
high muscle mass s pre-sarcopenia SATCOPeRia pvaluc
Characteristics N (%) N (%) N (%) N (%
Age (vears) M2 H). 5388 H0.20 56.93 =029 a5l =054 <001
http:/ /kak cokr Body mass index (kg/m) A% #0112 a2 0.4 2547 B T2 A <001
http:/ /e-ajk.org Sex (n (%))
282 2% digA M3s DOI : http:/ /dx.doi.org/10.15758/ jkak.2017.19.3.61 3M {4556 3819 (3084) 01 (1364) 27 (3758) -
Males 3 ; <
- Females 511 (54.44) 42 (29.16) 153 (56.36) 4D (6212)
IFAR09 TS FulEx: FEE € SHEYEY Household income (n (%))
_?_}.;5 A ;ll-ql A 73-%] ool:}_,\]. 2008-2011* Low ) 240 (2282) 1740 (18.71) ™ (2363) 224 (3151)
Low-middle M4 (2585 1781 (55.29) 684 (2528) 173 (2894) <o
High-middle 189 (26.63) 1862 (27.38) 20 (2510) 113 (18.56)
XD - AN KNSy I—Egh 189 (24.6% 1948 (28.67) 654 (2599 119 (2099)
7HdgEw Education level (n (%))
<Elementary 356 (3284) 220 (2869 1100 (3617) 0 (294
ABSTRACT Middle school 105 (12.36) 1165 (1645) 13 (1652) 111 (1947) -
. = i o " — High school 245 (5.7 272 (309) 675 (2742) 122 (B£5)
‘oon - Jungh n - iy iati S ia with Rh tis thriti Coll
in Korean Adults: the Korea National Health and Nutrition Examination Survey 20082011, The )umui of Kinesiology, 2017, 19(3) = st (n (%) B (1209 1374 (1.77) 5 (1089) 7 (U
61-70. [PURPOSE] This study aimed to investigate the associations of ia with rt d arthritis and Smoking B
in the general population of Korean adults. [METHODS] We analyzed the data for 11,466 adults aged 40 years from the Never 519 (35.67) 402 (323) 1646 (53847) 412 (6245)
Korea National Health and Nutrition Examination Survey 20082011 Dual-energy X-ray absorptiometry was used to measure Former 49733 724 (1110 315 (1229) 78 (11.95) <(m
the skeletal muscle mass. Sarcopenia was defined when the appendicular skeletal muscle index was less than the sex-specific Current 54(3?“1) 23‘)5(363}] ?Bmﬁﬂ] 139(3.60}
mwagemuﬂnmshmhd&wamml}nywngrdumguwp(agz 20-39 years). Survey logistic regression analysis Jeohol ion (n (%) i
was used to assess the i of penia with rh hritis. [RESULTS] Sarcopenia status was consumption
dose-dependently associated with a higher risk of rf anhnhs. aﬂer dij for potential ders(p-trend=002, Newver 310 (3045 815 (T4 1008 (3405 282 (40407
:;ﬂ ml;ﬁs( ISRL 214; %% confidence interval [CT], 113, 4.05 in sarcopenia W£4E musde mass group). Fk;vg\;; =0Once a week 330 (4448) 3266 (45.51) 1115 (4353) 242 (1.93) <o
i i ostecarthritis was observed in presarcopenia group compared wi igh muscle mass group{OR, 1.45; :
1, 1.03, 206), but not in sarcopenia group. [CONCLUSIONS] We found that sarcopenia status was associated with rheuma- e m"‘lm 100 (1412) 105 (1675 321 (1363 €0 (1077)
toid arthritis, and penia status was associated with brits. Our findings suggest that miiaining a skeletal =4 times/week 73 (1004 715 (1030) 0 {879 5 (1M
musde could be beneficial in p ing | disorders, incl d arthritis and ostecarthritis. Physical activity (n (%))
Low (<150 min/weck) 421 {#911) 4319 (57.80) 1540) (6851) 438 (66.45)
skeletal muscl h i e B - =001
BT T i o i e JRCRml  mem  mEn  was  m@s
.'I.I.I'\.II’% [N
xe & 400 ol% A7k oF 08%(10Mo] oF 8%) 7HEnl L;;‘ff;‘r; }‘:"‘;‘fk] - g;g
(Mitchell et al, 2012), 70tk o1F<] xloiAl= o) F Ostecartheitis (n (%) ) :I.JI-AEO' ol A—|O|O| o920
243 Auo Bew $eue paelTe] vae A3 T & @il B 108 5% °F BRA o 79 o091 _O=o AA o= ==
0159 128%04, 5= 0% A&HoR ﬁ*s’tff‘i‘_’f“‘jl i Yes 18 P) 082 2 7H, EHe 2 3 od
7 o2 AR SicSuatiotics Korea, 219, 9 4 8 B 7155 WS S Seareopeni) o1 Rheumatoid arthritis (n (%)
24s) P G sUvsl ks wyane Al @ ol, 210, JIE AT 2WTE No 02 (97.25) i o) s ey ot e - 8
b8 28], 02 A ASLEANY Rag o) 85 B R 9E SR i 2 Wl Yes 2 7) 189 (209 81 27) ® (563 < 3
Aol (functional impairment)S} Blo] gl HoZ 1 ) ]
28 gl AQuiliy of lfgel Ak 3o £4 T g S A Hypertension (n (%)) )
2 hE 1 UcKLee, 2014). 22 gltifansen et al, 202; Rantanen, 2005, No 5% (76.28) 89 ©25) 1267 (5012) 25 (712 =
Landi et al, wek ohjel, A3e) we ot o <001 0
Sspol wE gEA AAe] wEsle A4S AT I a T e Yes 2% (37 2441 (3745) 1417 {4988) 414 (£288) N
i = TolA 2Tl dAIs g R =A4 B : o (O ' N
(skeletal musdle mass)? Z&(musde strength)2] 2 3 2 Euk AYe) Ulo P 22 S Wi IrkBiol Diabetes (n (%)) N
& £ 4 ITHGoodpaster et al, 2006). 22 29] % i e X o No TA {93.66) 6457 (88.91) 271 (3400) 169 (B25) a
et al, 2014). 12]3 o= T4FF tumor necrosis Yes D (634) 74 (11.09) 463 (16.00) 160 2475) <0m 8
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Cardievascular and Metabolic Risk
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Sarcopenic Obesity: Prevalence and
Association With Metabolic Syndrome in
the Korean I.onglilulmul Study on Health

and Aging (KLoSHA)

DA H|BHI} CHAPRE

[

— We investigated the prevalence of sarcopenic obesity (S0 and its relationship
with metabolic syndrome in 2 community-based elderly cohor in Korea.

RESEARCH DESIGN AND METHODS — 1n his study, 257 men and 278 women aged
65 or older were recruiled. Sarcopenia was defined as the appendiculsr skeletal muscle moss
(ASM) divided by height squared (Hi*) (kgfm®) o by weight (W) (%) of <1 SD below the
sex-specilic mean for young adults. Obesity was defined as 1 visceral B area = 100 em®

RESULTS — The prevalence of 50 was 16.7% in men and 5.7% in women with surcopenia
defined by ASM/HL, however, it was 33.1% in men and 48.1% in women by ASMAWL Using
ASMAWL, the home cstasis model assessment of ineulin resistance of subjects with S0 was higher
and they were al higher risk for metsbalic syndrome (odds mtio [OR] 828 [95% C14.45-15.301)
than the sbese (5.51 [281-10.80]} or sarcopenic group (264 [1.08-8.44])

COMCLUSIOMNS — 50 defined by ASMOWL was more closely associated with metabolic

syndrome thamn either surcopents or abesity alane

Dighetes Care 33:1652-1654, 2010

increasing worldwide. Aging is asso-

ciated with increased fai mass and
reduced muscle mass or strength, even in
those with stable body weight. This sar-
copenic obesity (S0) is associmed with
deteriorations in physical disability, mor-
bidity, and mortality. Therefore,
nia and obesity might act syne|
on metabolic and funciional impainmenis
in the elderly {1-2). However, there have
been few reports investigating the associ-
arion of SO with metabolic syndrome,
particularly in Asian ethnic groups. The

T he number of obese elderly peaple is

aim of the present study was tainvestigate
the prevalence of 50 and its association
with metabolic syndrome in a communi-
ty-based elderly cohort in Korea.

RESEARCH DESIGN AND

METHODS — This study wasa pan of
the Korean Longitudinal Study on Health
and Aging (KLoSHA), which has been de-
scribed in detail (3). Appendicular skele-
tal muscle mass (ASM) was measured by
dual energy X-ray absorptiometry (DXA;
Lunar Corporation, Madison, WI). We
used two definitions for sarcopenia: 1}

From the *Departmens of lnernal Medicine, Seoul National University College of Medicme., Seoul. Kares: the
*Depanment of Inernal Medscine, Seoul National Uriversity, Bundang, Hospital, Seangram. Kores; the

“Department of Neuropsychitry, Seoul National University. Bunda
the *Department of Rehabilismion Medicine, Seoul Narional University, B

Eorea

Corresponding aushar: Hals Chul Jang, janghsk@snu ac lr
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lospital, Scongrman, Korea: and
i Hospaial, Seangnam,
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Sarcopen defined as <1 SD below
the sex-specific mean for a young refer-
ence group. The cutaff peint for sarcope-
nia was 7.09 kg/m® in men and 5.27
ks,-’m in women as measured using ASM/

. For ASMAW, the cutoff was 29 9% in
men and 23.1% in women. The sex-
specific young reference group included
32 men and 38 women_ Their mean age +
SDiwas 284 = 3.1 and 26.3 * 2.6 years,
respectively. Obesity was defined as a
wvisceral fat area exceeding 100 cm® on ab-
dominal computed tomography (Soma-
tom Sensation 16; Siemens, Munich,
Germany) (6). The subjects were classi-
hed into sarcopenic obese, ohese, sar-
copenic, and normal groups according to
the definitions set out above

Metabolic syndrome was defined ac-
cording to the Mational Chalesterol Edu-
cation Program criteria using the Asia-
Pacific abdominal obesity criteria (waist
circumference =90 cm in men and =80
em in women) {(7—8). Differences be-
tween the four groups were tesied using
AMNOVA. Pearson’s correlation and multi-
ple logistic regression models were used.
P = 0.05 was considered statistically
significan:.

RESULYS — The prevalence of S0 was
16.7% in men and 5.7% in women with
sarcopenia defined by ASM/HL'. How-
ever, it was 35.1% in men and 48.1% in
women when defined by ASM W \\ hen
SArCopenia was defined by ASM/HL, the
obese group showed a higher BM1, greater
waist circumference, more visceral fat
mass, and more insulin resistance than
any other group in either sex. although
the SO group had poorer profiles than the
group with sarcopenia alone. In conerast,
the 50 group defined by ASMAWE showed
a higher BMI, more visceral fat mass, and
more insulin resistance than any other
group in either sex (Table 1).

Duareres Case, vousse 33, suseses 7, Juiy 2010

care_diabetesjournals.org
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RESULTS — The prevalence of SO was 16.7% in men and 5.7% in women with sarcopenia
defined by ASM/Ht?; however, it was 35.1% in men and 48.1% in women by ASM/Wt. Using
ASM/WT, the homeostasis model assessment of insulin resistance of subjects with SO was higher
and they were at higher risk for metabolic syndrome (odds ratio [OR] 8.28 [95% C14.45-15.40])
than the obese (5.51 [2.81-10.80]) or sarcopenic group (2.64 [1.08—-6.44]).
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