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Table 1. General characteristics of participant

Men Women

Normal LMM* P value Normal LMM P value
Age, yr 15.3 £ 0.9 14.3 £ 0.2 <0.001 15.0 £ 0.1 15.6 £ 0.2 0.025
Height, cm 169.2 £ 0.4 166.6 £ 1.3 0.054 159.7 £ 0.3 159.1 £ 0.9 0.519
Weight, kg 58.4 0.6 70.5 £ 1.9 <0.001 51.9 £ 0.5 62.8 £ 2.3 <0.001
BMI®, kg/m* 20.2 £ 0.2 25.1 0.4 <0.001 20.3 £ 0.2 24.7 £ 0.7 <0.001
WC*, cm 70.0 £ 0.4 82.6 £ 1.1 <0.001 67.5 04 76.4 £ 2.0 <0.001
Body fat, % 19.1 £ 0.4 34.3 £ 0.5 <0.001 32.0 £ 0.3 43.7 £ 0.6 <0.001
ASMY, kg 20.4 £ 0.2 20.0 £ 0.6 0.516 14.2 £ 0.1 13.8 £ 0.5 0.422

12



ASM/Wt®, %

Obesity

Current smoker

Alcohol

Physical activity

Resistance exercise

35.0 £ 0.2

6.9 (1.2)

25.9 (2.2)

12.6 (1.8)

15.8 (1.9)

23.1 (2.0)

28.4 £ 0.2

43.4 (5.9)

17.4 (5.2)

6.8 (3.1

11.2 (2.8)

15.1 (3.9)

<0.001

<0.001

0.165

0.183

0.228

0.095

274 £ 0.1

5.9 (1.1)

4.3 (1.3)

7.6 (1.7)

7.5 (1.2)

5.0 (1.1)

22.1 £0.2

50.0 (7.7)

4.5 (2.9)

22.9 (8.0)

14.5 (4.7)

5.8 (3.0)

<0.001

<0.001

0.954

0.012

0.065

0.787

“LMM : Low muscle mass
PBMI : Body mass index

‘WC : Waist circumference

dASM : Appendicular skeletal muscle mass

Wt : Weight

Note : Values are expressed as mean * standard error, estimated % (standard error).

Calculated by complex sample general linear model (CSGLM) and complex sample logistic regression analysis (CSLRA).
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Table 2. Comparison of mental health characteristics according to muscle mass status

Men Women

Normal LMM* P value Normal LMM P value
Sleep duration, h 7.7+ 0.2 8.3+ 0.9 0.478 8.0+ 0.3 9.2+ 1.4 0.337
Self-reported obesity 17.7 (1.9) 81.2 (4.5) <0.001 32.7 (2.7) 69.0 (6.2) <0.001
Weight-loss efforts 21.9 (2.1) 58.2 (5.5) <0.001 47.6 (2.4) 69.8 (6.0) 0.003
Self-perceived stress 20.7 (2.0) 25.5 (5.3) 0.367 28.8 (2.5) 38.4 (6.3) 0.130
Depressive mood 9.5 (1.5) 9.8 (3.9) 0.928 9.5 (1.5) 21.0 (6.2) 0.017
Psychiatric consultation 1.7 (0.6) 2.7 (1.3) 0.654 4.0 (1.1 4.2 (3.5) 0.464
Suicidal ideations 7.4 (1.2) 6.2 (2.0) 0.623 18.3 (2.2) 22.3 (6.1) 0.529
Suicide attempts 6.7 (1.2) 6.2 (2.0) 0.650 16.8 (2.1) 22.2 (6.1) 0.091

“LMM : Low muscle mass

Note : Values are expressed as estimated % (standard error).

Calculated by complex sample logistic regression analysis (CSLRA).
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Table 3. Adjusted OR for depressive mood in girls with LMM compared to normal muscle mass

Normal Low muscle mass P value
Model 1 1 2.44 (1.14-5.22) 0.022
Model 2 1 2.42 (1.01-5.80) 0.048
Model 3 1 3.94 (1.19-13.12) 0.026
Model 4 1 4.05 (1.13-14.54) 0.032

Model 1 : adjust for age.

Model 2 : adjust for age and body mass index.

Model 3 : adjust for age, body mass index, smoking status, alcohol consumption, frequency of physical activity with resistance exercise, and sleep
duration.

Model 4 : adjust for age, body mass index, smoking status, alcohol consumption, frequency of physical activity with resistance exercise, and sleep
duration and self-reported stress status.

Note : Values are presented as prevalence odds ratio (95% confidential interval).

Calculated by complex sample logistic regression analysis (CSLRA).

17



shgick. BelA o

A5

o

A

]

A
A

&

1

[e)
=

1

A

7ol

bl

B
e

B

o132

w5 @we] 60A

T

[21].

ooz eyt

]

A
AN

o]

a=ol A o]

ol =7 vEbst [23]

o

-

7}

[e)

"o

o
it

& A7

K

= Al

o

1

s

g o]

T

1

Ao HX &
A3z dEsty

1

s

A7)

] 5

Aol A =

T

9
pl

A 8

el

—_
fife)

Aol

37

[25].

st A}

7ol

o
o

bt

ol o

Al %
A}
18

7}

g} sam Alel

RLs

HH

FA

]

=
Aok A g B <

A



ojm

0
B/

i

S

9]

o

T

AA o=

=

[e)

s/ °l

-

7}

o
<)

, A=E=Z7 (Estrogen)

o=

3

1}
)=

o)

H2E2HE (Testosterone)¥ 2

o]

o

=

Aol 711 (Proinflammatory

1

=]
=

- =

o -
= O
o T

(Cortisol)

=
=

et SE

°©

A

2729
cytokines)?! tumor necrosis factor (TNF)-q, interleukin (IL)-6, IL-1

<

iy

my

pig
o7
"
=

e
of

o

gi

FE AL (Apotosis)ZF

x A

o] A

Ay
s i

Al

[e)

o

T7h TR A3

el

EA " [27]. o] dE,

=°]

1

jpuze)

Nfo

T
g
0

Jmuﬂo

)

—_
110

%ﬂ
T

Ton

o= d#A ot [29].

Al

A

F2 grobA
19

[28].

A =L, 2

=

=

TEEol £



(Neurogenesis)<

717l zhgtttal de A Ao
873

o]t} Brain—-derived neurotrophic
A7

=
R

1¢)

L

ar
=)
=

o}

o

T

T

9
pl

A} 3

o

T

(Hippocampus)®l| A

oA

(Neurotrophin)
Ihels

ol e,

I3

1

s

FRERS
(Synaptic potentiation)<
(BDNF)

[31].
factor

ol S =R g H W P W
ROR o om s B o o T B _
= P o i m# wr = %L
0 r o <
L R S S | o % - Tk
I VR > Mo Ne o o
Ny Moo of OB o W w '
SO - I o o TS w ¥
~ ol ) W B! ol o 03 l, %0 el
) = =
T o 4 £ MM = oo mr ) W
g % w5 oy o MW =
T o W e % of | o e i
= — o @ H]
o s F F v & g o o
O T R <R D K OB o B
OL OT OT — Y fw %T MT ‘,_JM MIM ﬂmE
o Cal ] N
T OEL 4 A ﬁ { = 5 B oM N
yoz o ° A R N
N = O SR
ol AN I o g
— — —~ i e —
S - A
o Ne —_ Y _ N X
gy 2 E B No = Wo R i ;
g - o <~ N Y
wﬁ R T mm do
o, % Z 0 F e 2 ox T o o w P T
<o g oz X5 A R -
BT E 7 U wm ww R W
I N B LT B - N
I N R B CH I~
C RN L D~ S R ST e m =
T T S R B .
©
Ko E W OB om oz od B oF W W B
= B 2 ® = oo e X o N
o 8w ow 5w T ook Mo W N

20



ol

1

s

B

=7}5

b %

°©

A EEFE A

2]
=

b of

°©

9
pl

ot

= w M T " o o T O oW N T W
o5 N T mﬂm Y (-
o T o 2= % 7 H % oz ok
5 ; N oy O i 0
il dr o "2 Lmo mo = ] wm i " un
v 5 A B PR o ° H
T T o B )
s 2\ % ~ =0 qﬂol wWom L, M«
m T W o) e B do MM ~ [ S
ol = = A B 7 0% & g BoR e
o T - R <N =
o B uﬂL X0 T W cﬁ P AN ﬁ oo %.
= 3 it ¢
~ 3 v 5 Py Lo T e dyow
" T
= 1__/| ] ﬁ J 0 J.M o 0 —_
= A L S TR O T
- os B G A S S RS
T OO T R Ty A P
—_ L 0 s aojo Mo
e g P - o T B L 4 o P
< R o R T <M om T =
T M . P2 o % om X omoq
Wﬂ NE o5 o o do = Lﬂ %0 dr ) 3 it w
< I - alo ofr - e < ™
63 aw RS e om e Fog
M KR o- o | oy ,WI M
— » o
w= e M W W_ cm ® o5 g B3 W
) o X ZT o5 ‘_.ﬂol _ = ,UI EE MW X0 M
—_— ny i N o = oR
o o S B I RGN . O A N
o D e 2o OB ON 4 oW oW A
-~ ) — L
5} A -~ B B SR N v R ¥ Eow
o o k ofp ,W\V Iy off % i3 u_.IL off % T W_
of % T g o2 o M= m ¥ XX
PREE L g oo e e
— e 0
L . =R R -
ofr il T} K or ojo XA X o < o) dr e ~o =
El _ —_ ~ = (&) — ) X M
G <~ MoxoRr s % o= OB T T

21



A7}

o=

p=Nye}
==

i

il

3 A7} gelobAlTh

22



Y
|
Flg
ro

Pine DS, Cohen E, Cohen P, Brook J. Adolescent depressive symptoms
as predictors of adult depression: moodiness or mood disorder? Am J

Psychiatry 1999;156:133-5. DOI: 10.1176/ajp.156.1.133.

Hallfors DD, Waller MW, Ford CA, et al. Adolescent depression and
suicide risk: association with sex and drug behavior. Am J Prev Med

2004;27:224-31. DOI: 10.1016/j.amepre.2004.06.001.

WHO. Suicide Prevention (SUPRE) Information. Geneva: World Health

rganization; 2012.

Korea Centers for Disease Control and Prevention, KCDCP (2008)
2007 statistics on adolescent health-related behavior in South Korea.
Seoul, South Korea. Available at: http://yhs.cdc.go.kr. Accessed

September 23, 2012.

Costello EJ, Mustillo S, Erkanli A, et al. Prevalence and development of
psychiatric disorders in childhood and adolescence. Arch Gen

Psychiatry 2003;60:837-44. DOI: 10.1001/archpsyc.60.8.837.

23



Garber J. Depression in children and adolescents: linking risk research
and prevention. Am J Prev Med 2006;31:104-25. DOI

10.1016/j.amepre.2006.07.007.

Ter Bogt TF, van Dorsselaer SA, Monshouwer K, et al. Body mass
index and body weight perception as risk factors for internalizing and
externalizing problem behavior among adolescents. J Adolesc Health

2006;39:27-34. DOI: 10.1016/].jadohealth.2005.09.007.

Latha K, Hegde S, Bhat S, et al. Body Image, Self-Esteem and
Depression in Female Adolescent College Students. J Indian Assoc
Child Adolesc Ment Health 2006;2:78-84. Ind Psychiatry J. 2012 Jul-

Dec; 21(2): 168-172. DOI: 10.4103/0972-6748.119653.

9. Rosenberg IH. Sarcopenia: origins and clinical relevance. J Nutr

997;127(5 Suppl):990S-991S. DOI: 10.1016/j.cger.2011.03.003.

10. Baumgartner RN, Koehler KM, Gallagher D, et al. Epidemiology of

11.

sarcopenia among the elderly in New Mexico. Am J Epidemiol
1998;147:755-763. Erratum in: Am J Epidemiol 1999;149:1161. DOI:

10.1093/oxfordjournals.aje.a009520.

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;50:889-96. DOI:

24



12.

13.

14.

15.

16.

17.

10.1046/j.1532-5415.2002.50216.x.

Lim S, Kim JH, Yoon JW, et al. Sarcopenic obesity: prevalence and
association with metabolic syndrome in the Korean Longitudinal Study
on Health and Aging (KLoSHA). Diabetes Care 2010;33:1652-4. DOI:

10.2337/dc10-0107.

Hong S, Oh HJ, Choi H, et al. Characteristics of body fat, body fat
percentage and other body composition for Koreans from KNHANES

IV. J Korean Med Sci 2011;26:1599-1605. DOI: 10.3346/jkms.

Topinkova E. Aging, disability and frailty. Ann Nutr Metab 2008;52:6—

11. DOI: 10.1159/000115340.

Moon JH, Kong MH, Kim HJ. Implication of Sarcopenia and Sarcopenic
Obesity on Lung Function in Healthy Elderly: Using Korean National
Health and Nutrition Examination Survey. J Korean Med Sci

2015;30:1682-8. DOI: 10.3346/jkms.2015.30.11.1682.

Karakelides H, Nair KS. Sarcopenia of aging and its metabolic impact.
Curr Top Dev Biol 2005;68:123-48. DOI: 10.1016/S0070-

2153(05)68005-2.

Yamada M, Nishiguchi S, Fukutani N, et al. Prevalence of sarcopenia in

community—dwelling Japanese older adults. J] Am Med Dir Assoc

25



18.

19.

20.

2013;14:911-5. DOI: 10.1016/j.jamda.2013.08.015.

Janssen I, Shepard DS, Katzmarzyk PT, et al. The healthcare costs of
sarcopenia in the United States. J Am Geriatr Soc 2004;52:80-5. DOI:

10.1111/5.1532-5415.2004.52014 .x.

Jung H, Kim S, Chin HJ, et al. Skeletal Muscle Mass as a Predictor of
Mortality in the Elderly Population. Korean J Med 2013;85:167-73. DOI:

10.3904/kjm.2013.85.2.167.

Kim O, Kim K. Body weight, self-esteem, and depression in Korean

female adolescents. Adolescence 2001;36:315-22.

21. Hsu YH, Liang CK, Chou MY, et al. Association of cognitive impairment,

22.

23.

depressive symptoms and sarcopenia among healthy older men in the
veterans retirement community in southern Taiwan: A cross-sectional

study. Geriatr Gerontol Int 2014;14:102-8. DOI: 10.1111/ggi.12221.

Kim NH, Kim HS, Eun CR, et al. Depression is associated with
sarcopenia, not central obesity, in elderly korean men. J Am Geriatr

Soc 2011;59:2062-8. DOI: 10.1111/j.1532-5415.2011.03664..x.

Gariballa S, Alessa A. Sarcopenia: prevalence and prognostic
significance in hospitalized patients. Clin Nutr 2013;32:772-6. DOI:

10.1016/j.¢Inu.2013.01.010.

26



24.

25.

26.

27.

28.

29.

Sparrow D, Gottlieb DJ, DeMolles D, Fielding RA. Increases in muscle
strength and balance using a resistance training program administered
via a telecommunications system in older adults. J Gerontol A Biol Sci

Med Sci 2011;66:1251-7. DOI: 10.1093/gerona/glr138.

Ruggero CJ, Petrie T, Sheinbein S, et al. Cardiorespiratory fitness may
help in protecting against depression among middle school adolescents.

J Adolesc Health 2015;57:60-5. DOI: 10.1016/j.jadohealth.2015.03.016.

Wang C, Bai L. Sarcopenia in the elderly: basic and clinical issues.
Geriatr  Gerontol Int 2012;12:388-96. DOI: 10.1111/j.1447-

0594.2012.00851.x.

Zoico E, Roubenoff R. The role of cytokines in regulating protein
metabolism and muscle function. Nutr Rev 2002;60:39-51. DOI:

10.1301/00296640260085949.

Volpi E, Mittendorfer B, Rasmussen BB, Wolfe RR. The response of
muscle protein anabolism to combined hyperaminoacidemia
andglucose—-induced hyperinsulinemia is impaired in the elderly. J Clin

Endocrinol Metab 2000; 85:4481-4490. DOI: 10.1210/jcem.85.12.7021.

Sayer AA, Syddall H, Martin H, et al. The developmental origins of
sarcopenia. J Nutr Health Aging 2008;12:427-32. DOI:

10.1007/BF02982703.

27



30.

31.

32.

33.

Luppino FS, de Wit LM, Bouvy PF, et al. Overweight, obesity, and
depression: a systematic review and meta—analysis of longitudinal
studies. Arch Gen Psychiatry 2010;67:220-9. DOI:

10.1001/archgenpsychiatry.2010.2.

Pasco JA, Williams LJ, Jacka FN, et al. Sarcopenia and the Common
Mental Disorders: a Potential Regulatory Role of Skeletal Muscle on
Brain Function? Curr Osteoporos Rep 2015;13:351-7. DOI:

10.1007/s11914-015-0279-7.

Campbell S, Marriott M, Nahmias C, MacQueen GM. Lower
hippocampal volume in patients suffering from depression: a meta-—
analysis. Am J Psychiatry. 2004;161:598-607. DOLI:

10.1176/appi.ajp.161.4.598.

Mousavi K, Jasmin BJ. BDNF is expressed in skeletal muscle satellite
cells and inhibits myogenic differentiation. J Neurosci 2006;26:5739-

49. DOI: 10.1523/JINEUROSCI.5398-05.2006.

34. Molendijk ML, Spinhoven P, Polak M, Bus BA, Penninx BW, Elzinga BM.

Serum BDNF concentrations as peripheral manifestations of depression:

evidence from a systematic review and meta—analyses on 179
associations (N=9484). Mol Psychiatry. 2014;19:791-800.

DOI:10.1038/mp.2013.105.

28



35. Ren JC, Fan XL, Song XA, Shi L. Decreased neurotrophin—-3 expression

of intrafusal muscle fibers in rat soleus muscles under simulated

weightlessness. Sheng Li Xue Bao. 2011;63:75-80.

36. Maes M, Ruckoanich P, Chang YS, et al. Multiple aberrations in shared

37.

38.

inflammatory and oxidative & nitrosative stress (IO&NS) pathways
explain the co—association of depression and cardiovascular disorder
(CVD), and the increased risk for CVD and due mortality in depressed
patients. Prog Neuropsychopharmacol Biol Psychiatry 2011;35:769-83.

DOI: 10.1016/;.pnpbp.2010.06.008.

Roubenoff R. Exercise, sarcopenia, cognition, and mood 2002. Nestle
Nutr Workshop Ser Clin Perform Programme. 2002;6:151-9;

discussion 160-2. DOI: 10.1159/000061864.

Park HY, Heo J, Subramanian S, et al. Socioeconomic inequalities in
adolescent depression in South Korea: a multilevel analysis. PloS One

2012;7:e47025. DOI: 10.1371/journal.pone.0047025.

29



ABSTRACT

Purpose : Muscle mass and muscle function are related with depressive mood
in studies for adults. Korean students are highly chance to suffer from
decreased muscle mass like elderly because of social conditions. In this
study, we evaluated the muscle mass status in Korean adolescents and

assessed the effect of muscle on depressive mood.

Methods : A total 1,233 boys and girls of subjects in Korea National Health
and Nutrition Examination Survey (KNHANES) were enrolled in our study.
Participants were undergone dual-energy x-ray absorptiometry (DXA) for
assessment of appendicular muscle mass and self-reported questionnaires

about depressive mood, stress, suicide idea and attempt.

Results : 17.5% of boys and 10.9% of girls were low muscle mass state. Boys
depressed mood were unconnected with muscle status (P = 0.928). However,
decreased muscle mass girls were have more tendency to get depressive

mood than optimal muscle mass girls (P = 0.017). After adjusting for age,

30



body mass index, smoking status, amount of alcohol consumption frequency
of physical activity with resistance exercise, sleep duration, and stress
status low muscle mass group girls were 4.05 risk of suffer from depressive

mood than normal muscle girls (95% C.I. : 1.13 - 14.54, P = 0.032).

Conclusion : Adolescent girls who have insufficient muscle mass were high
possibility of undergo depressive mood than girls who have proper muscle

mass. Interventions for maintain proper muscle mass are needed.

Keywords : Adolescent, Body composition, Skeletal muscle, Mental health
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