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Diet and Metabolic Disease Risk Related to Sarcopenia in Pre- and Postmenopausal Adult Women:

Based on the Korea National Health and Nutrition Examination Survey (2009-2011)
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Department of Food and Development, Kyungil University, Gyeongsan, Korea

Abstract

Diet is important for muscle health and offers a protective effects against the loss of skeletal muscle mass and physical
functions with advancing age. We analyzed the relationship between diet, metabolic disease risk, and sarcopenia in Korean
female adults using the 2009-2011 Korea National Health and Nutrition Examination Survey (KNHANES). A total of 2038
adult women aged 50-64 years were classified into four groups based on the diagnosis of menopause and sarcopenia. The
groups were the non-menopause and non-sarcopenia group (NMNS, n=249), the non-menopause and sarcopenia group
(NMS, n=14), the menopause and non-sarcopenia group (MNS, n=1,653), and the menopause and sarcopenia group
(MS, n=122). The socio-demographics, anthropometrics, blood profile, and dietary data of the subjects were collected.
Those who were in both the sarcopenia groups were more obese (p<0.001), had greater waist circumferences (p<0.001),
higher body mass index (p<0.001), and higher obesity rates (p<0.001) after adjustment for covariants. Both the sarcopenia
groups also had higher plasma levels of total cholesterol (p<0.001), HbAlc (p=0.001), and vitamin D (p=0.020) than both
the non-sarcopenia groups. Both the sarcopenia groups demonstrated a decreased intake of calcium (p=0.05), potassium
(p=0.008), and niacin (p=0.008) than both the non-sarcopenia ones. Among the four groups, the NMS group showed the
highest levels of total cholesterol, obesity, and lowest intake of micronutrients such as calcium, niacin, and potassium. Thus,
muscle mass maintenance through weight control and adequate nutrient intake appears to demonstrate a potential
association with preventing sarcopenia in Korean middle-aged women.
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<Table 1> General characteristics of the subjects

NI\_ANSZ) Nl\/IS I_\/INS E/IS P value®

(n=249) (n=14) (n=1,653) (n=122)

Age (year) 5134010 53.040.7 56.720.1 57.6+:0.5 0.000
Low 9.142.0 203109 18.7%1.1 25.8+5.1

Household Lower middle 239433 23.0+11.7 29.0+1.4 27.6+4.9 0,001
income (%) Upper middle 25.9+3.1 214+11.7 26.8+1.3 242+5.0
High 41.14.0 354+153 25.5+1.5 223+4.8
<Elementary school 26,0432 52.6+£14.9 46.8+1.8 49.0+5.2

Education Middle school 26.9+£3.3 172113 22.7+1.3 19.844.6 0,001
level (%) High school 36.443.5 18.6+13.6 22.8+1.4 242456
>College 10.742.1 11.6+8.3 7710 7.143.5
Aleohol None 14.542.9 20.7+11.9 20.8+1.7 22.6+6.4

consumption >1/month 47.0+4.5 22.0+132 50.442.1 54,0473 0036
frequency for year 2~4/month 27.6+4.0 21.8+14.8 20.0+1.7 9.84+3.4
(%) ) week 10.9+2.9 3554170 89+1.3 13.744.5

Hglég};fj;; /ﬁgsss“’“ 17.542.8 23.0+13.8 14.6+1.2 20.124.4 0427

acﬂg:y“&) l\ggaaeaﬁigdinme“‘o“ 15.742.6 12.8£11.7 13.4+1.0 16.1+4.7 0.792

W;ifjfyggie“m 40.543.8 26.4+14.0 452415 36.045.2 0.202

Sarcopenia (%) ASM index (%) <21.24 0.0£1.0 16.0+4.2 0.0£0.0 84.0+44.2 0.000

DMean+SE or percentage(%).

INMNS: non-menopause and non-sarcopenia group, NMS: non-menopause and sarcopenia group, MNS: menopause and non-sarcopenia group,
MS: menopause and sarcopenia group

Ip-values across the sarcopenia groups were calculated by chi-square tests for categorical variables and general linear regression. Total
percentage of sum may not be exactly 100% due to round-off in each column.
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<Table 2> Anthropometric and biochemical indices of the subjects

o)},

s} 5 %ﬁl 3

A3 22 (IGF-1)2]

NMNS? NMS MNS MS P value®

(n=249) (n=14) (n=1,653) (n=122)
Height (cm) 155.3+0.5" 154.9+1.6 155.2+0.2 152.9+0.8 0.042
Weight (kg) 59.7+0.8 67.5+1.7 58.0+0.3 61.5+0.9 <0.001
Waist circumference (cm) 82.0+0.9 90.1+2.8 80.8+0.3 87.7+1.1 <0.001
Body Mass index (kg/m?) 24.7+0.3 28.2+0.8 24.1+0.1 26.3+0.3 <0.001
Obesity (%, BMI >25 kg/m?) 38.0+4.0 91.6+8.1 32.0£1.5 65.3+6.3 <0.001
ASM (Kg) 14.8+0.2 13.7+£0.3 14.4+0.1 12.5+0.2 0.000
ASM index (%) 25.0+0.2 20.3+0.2 25.0+0.1 20.3+0.2 0.000
Total cholesterol (mg/dL) 192.242.9 202.0+12.9 204.1£1.5 213.5+4.0 <0.001
LDL cholesterol (mg/dL) 121.3£3.9 107.1+4.5 122.3£2.3 135.9+5.7 0.004
HDL cholesterol (mg/dL) 50.3+1.1 53.845.3 50.9+0.5 52.7+1.3 0.331
Triglyceride (mg/dL) 108.2+6.1 94.5+12.2 131.443.6 124.0+8.8 0.002
Fasting blood sugar (mg/dL) 97.6£1.9 109.8+8.0 98.1+0.9 98.6+1.8 0.518
HbAlc (%) 6.88+0.28 7.86+0.85 6.54+0.11 5.90+0.17 0.001
Vitamin D (ng/mL) 17.1+0.5 14.2£1.6 18.1£0.3 16.6+0.9 0.020
Systolic blood pressure (mmHg) 125.1+1.7 129.1+2.7 123.8+0.8 127.9+2.8 0.143
Diastolic blood pressure (mmHg) 79.6£1.0 82.0£1.6 79.1+0.5 80.4+1.5 0.321

YMean=SE adjusted for age, income, education, alcohol consumption.

INMNS: non-menopause and non-sarcopenia group, NMS: non-menopause and sarcopenia group, MNS: menopause and non-sarcopenia group,

MS: menopause and sarcopenia group

Ip-values across the subject groups were calculated by general linear regression.
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7Fetsiet. HDL-Z# 8 &=} 1%@% FAE = 0l Fel
g )7k itk ey Bald e 7 A ST
X 7Hg =ekth(p=0.001). @ 4 HER D sEE H7
A B 2] /e A gasidlon, 53] 57

A 2T 7P WU TH(p=0.020).

BN

ARVIAES] W7 W SaaE o Bk A8

AR=E defar] flall Uol, a5, wETE, s
2 BAS F 2A2Y FARS AAHIT<Table 3> 7
R N i I ) R e B N d e e B i
2 H7 F 2N 18, AHDL-ZE2H 28T,

<]

JLDL-ZHZHEES, 18] 982 FAd Ao7t
Ak 2y, w7 A el vlsiA H d AT
oA AFH2EHEE 2go] 2.48)(OR=2.284, 95%
CL: 0477, 11.921), A7 & A7dto] 2280 (OR=2.235, 95%
CL: 1.143, 4369), #17d § 42T 2.681(OR=2.587,
95% CI: 1.047, 6.391)2 Z718F9tH(p<0.05). ZLSA3AEE
T 7 mg A7 A gl vls) #A7 &
(OR=2.078, 95% CI: 1.178, 3.665), W74 & 242ZFTe
2.49)(OR=2.418, 95% CI: 0.997, 5.864) =713} Ao 2 U}
F/]—‘/LE]—(p<O 05). B9k 9)H e HA A At vls) A
A ZaZTo) A 2281(0R=2.244, 95 CI: 0.570, 9.210),
H7 F 23025 5.681(0R=5.665, 95% CI: 2.299,
13.962) Z718AtH(p<0.001). ¥ A4}, #57 Aol =7
Aol e AY IFHU2EETES WA o] HF T
A= 18 fAFAl STEstAT). HIRE B=gk #7d A
o] e S A el STk e ol #H1A
I G Eo] 9130] ¥ S7ksh=s ZoE Helth

TS 7IZUAFS] oF 30% B AA| sk S
o] AAYFo] FHAishHA T ZhAMEE wid Zragith
o5 e AAgE Ao gEe] oy &R 7
XA R YA RS 838 (Ravussin et al. 1986)

<Table 3> Adjusted Odd’s ratio (OR) for metabolic risk factors of the subjects

Variables NMNS? NMS MNS MS
(n=249) (n=14) (n=1,653) (n=122)
Hyperglycemia LoV 2.596 1.087 0.592
(FBS 2126 mg/dL) ’ (0.276, 24.431) (0.444, 2.664) (0.150, 2.333)
Hypercholesterolemia 10 2384 22359 2.587*
(TC 2240 mg/dL) ’ (0477, 11.921) (1.143, 4.369) (1.047, 6.391)
Hypertriglycemia 10 0.436 2.078* 2.418*
(TG 2150 mg/dL) ’ (0.054, 3.511) (1.178, 3.665) (0.997, 5.864)
Hypo-HDL cholesterolemia 10 0.585 0.855 0.502
(HDL-C <50 mg/dL) . (0.154, 2.223) (0.555, 1.317) (0.234, 1.074)
Hyper-LDL cholesterolemia 10 2304 2.051 3.330
(measured, LDL-C >160 mg/dL) . (0.417, 11.920) (0.386, 10.907) (0.406, 27.321)
Hypertension 10 0.988 0.728 1.419
(SBP or DBP >140/90 mmHg) ’ (0.217, 4.490) (0.435, 1.218) (0.651, 3.093)
#%%5)
Obesity (BMI 23 kg/m?)? 10 2.244 0.998 5.665

(0.570, 9.210) (0.639, 1.558) (2.299, 13.962)

Y Adjusted for age, income, education, alcohol consumption, and OR of other groups based on the risk of non-menopause and non-sarcopenia group.
INMNS: non-menopause and non-sarcopenia group, NMS: non-menopause and sarcopenia group, MNS: menopause and non-sarcopenia group,

MS: menopause and sarcopenia group

ILow wight: BMI <18.5 kg/m?, Normal weight: 18.5< BMI <23 kg/m?, Overweight: 23< BMI <25 kg/m?, Obesity: BMI >25 kg/m?

D#p<0.05, Significance between NMNS and MNS or MS groups at 0=0.05

D#x%p<(),001 Significance between NMNS and MNS or MS groups at 0=0.001



ole d&d A, type 11 TH, o dAEES 2 ¥
St vy 9193 #AI7) dck(Hong & Choi 2012). H7 o
de] AR T} AEAAE g meke] #EAdS B4
3 A7H(Kim & Sohn 2016)°14 ¥ 27taFtol| Hls| =7+
2EwollM AdHA A @0l FRIAY, T,

g 2HE, LDL-ZFE2H1E $27F B4 Jeton o= &
ZE2HE 9 Gl A st =9E 2 drdde d
FE fAsIITE B3, ACC/AHA WEAH 2 7]5<l 10-
year ASCVD risk7} 27453 Z3du| oA S71s8e]
AEAAS DI =2 222 YERT Korean
Longitudinal Study on Health and Aging 17+ o4
9l A vla 2tagTolA dF SR A7
=S A07 BUSINTHKIm et al. 2010). wEbA HH 3
2Ake} AR S-S Tl AlsS FAlske Ao] ksl nE
AA S71e} 5% 2l Ego] Hm vl b Esgh
A S AaAd F US AR Bt 53] #7
SHaAaFN FFYUZHE Tl HAE - 3 HsEt
A F7H ol #73 de] AFH et 5% FA7F A7
o]F 7] A F83 4&E & FoE A7iH

HIEN] DE & tARE ofet &5 tiAblM e Sa3k o
k2 SIoh(Visser et al. 2003). HIEF] D ZSAXE QoA
HIEF] D =&A|9F Afste] Tz g8 FX1git). vlgt
9l D AFSA AN 2 28 oFsle} 2AaTA &
3] YER= type 11 4 150 HALEATH(Visser et al.
2003). ¥ Ao E BE oA HlE D 0] 10-20
ng/mL AFo] 2 ZAAE) (deficiency)S H G o HAwH Tt
SeTTM o W S B 7 vk 58] W3 A 2
razte] dof mlel]l D A7 7P Wk 504 o)
/dRle] vgl Do} FtAasae] AEAd S =7 (Park
2019plA= 3 BIElR] D =7t 24a5olA 18.6+0.4
ng/mL, F2AZFTNA 17.5£0.5 ng/mLE LERNo] B A
TAE] #H7 A5 AL TR} FAEAT o=
Park(2019)¢] A= 504 o HFHAR1S tide s § A
O F R A Aol ok Aoz E 4 Atk ¢ 4
TFoX= BIER] D 0] $E5E 2aF0] o8
ZF7ksted & AAFel fAlsISTh ¢k, HlER D Ao
A= 45-604 #73 JAdelAl 40,000 TUS] 2L HE
(ergocalciferol)e dFHe g WA 3¢ S B
randomized, double-blind, placebo-controlled trial (Suebthawinkul
20180lM = K3 & 2573 2ol 1o zto|7t fixiTh.
HIEN] D7} &5 @l X1 5 diAtel] F83t 98-S 3
ARt Z5F ST 715 el e o A 717kl
&l obg] o B2 A7F Z a8t

—

4. S MF MEY

AP Y WA Gl AT FFHL WA

=

[lre]
3171 <18l A% D 1,000 keal T FF4 AFHFoE

gl

o

slo] BA3F AIE <Table 4> JeERNATH E, g3}
&, od A 244 QL 3, UES, HER] A, Eloll,
gRZ 2 HjER C AHTFS A 2ol Kol

ol7} ISth. Zi Z4F % YoloR HdHFe AH & 3
A, A7 A R, A § 23S, 0 A 23
S o2 9 ek th(p=0.051, p=0.008, p=0.008).
FolE Tl A AR A gH]) g2 7l fel sk Aol
7F 9tk BE oA gskE AFH 7T 70%E 99leH,
H73 A 2aFlA BerslE A3 O ool BlE] 7t
o Eskon st Ak IS 7P w2 s B

et

(AU

SR DI EPES RIE RS ER S e BRI
JULSE PR PR BaEa Mno HFshe o)

e HlEE A st <Table 5> B @EaolA 2ol

2 frolgt zpol= qiich 28y Zg, &, glopl, i
Fepl, vololdl, vl C 5 mlgd el oAl SAA
o= Folatxl AT H7d A -5 Hdtol Hls) 234
FolM FHZ o vvte g HF sk thidAte] HEol =
Rom 53] HA A 2T 7P =A YElT

g 3 o] oS U O=E g Lee & Kim(2020)2]
Aol e AAE(1,6713keal) Bk 2732% i
(14633 keal)o] E&F AHdFFe] AR & AFoxe= =
ol 2 folg Apol= qiieh. H7 A4S e R
gk Kim & Sohn(2016)] Aol M= A gt} 24T
Atolel] diF AF Tl folgt 2polE HolR] ol & A
Aol RsIlh. 257 FAE flaiAe AEE oA
AF e} A1 AAIEso] €23 Cruz-Jentoft & Sayer
2019). & AlA BE o] Yo FAH olet= dHS A
Fsla AT FHAHC R AABFS A= v]Eo] W
ong AHg A HH9 AAEES Hashs Zlo] 2
T o] =go] € Zog Helth

2Fo 2 HAT dde 2§ il Ao F8Sk of
v =hhs Faeich WeREA] A3 223 obv|=4H(branched
chain amino acid)®] 3FQ1 F2l(leuciny =104 AR
g v 25 S STPIVIER =3 dEhE 25T 4
2o E37F Qe AoE BIHT JrHXu et al. 2015).
Ty B AT giARE 7l gE HF e foldk 2t
o7} §191 2™ o]i= Oh & Park(2019), Lee & Kim(2020)
o] Azl UX|glt), o]= E A gidAEe whE
Aol w7 A Aol 59.542.0 g/day, 7 A A
S| 50.445.5 g/day, ¥ F B3 58.4+1.0 g/day, F7
S AET 55.043.1 g/ldayR RE oA ARAEFH TS
=313 7] wlE o ® HOltKdata not shown). 3HH
Bopp et al.(2008)> H]=F North Carolina®| 5=3}= =73
ARS tde s oA MY 25 dAE A
&k Aol A Ao TlAL 0.8 g/day ©lE= AHT w A

Age] G Bastel WA HHsh 23AES)

ofj ot
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S 931tk B UTHOh &
Park 2019). & A7 AN IAES] @ HATS AT
A

+0.09 gkg BW., @73 ¥

2T 0.89+0.05

Zge 25 A oA cysteine proteasel! calpaineS
2dshe ST AT EdR Aeotuw 2y A9 A 24
2%0] 9|%lo] F71sH(Dargelos et al. 2008). UK Biobank
oA gk Aol T Tl FTHETs 2T
1Y 918 (0dds ratio)o] 7H4~31S TH(Petermann-Rocha et al.
2020). & AN e ZAHAaTolA AR 2 AF
Fo] frolatA wokom 71Ee] AREAEE o= & A

T(Oh & Park 2019)¢} U5t 28}

e
THETS

o

317] 913 AU 2 AF ol tig ARE ol glonw
Zg B3y 24T MYy #YEItY AZEAFSY
randomized controlled trialS &3+ &<lo] H a3 Zo|t},
2 AFAY 2T vololild 2 HHF JA
7g74el] vls Wekth. UK Biobank S17ollM = ZHE 4#

<Table 4> Intake of energy and nutrients intake per 1,000 kcal and C:P:F ratio of the subjects

Th AN A

o] ©r}l 3 TH(Chan et al. 2015). =

I k7] Feteke] s AR
2019)914 &ZEd AF A2 Eo
2 122 e 25
o] Ao 7 dzelA AF3 HHE

FEAPEOE Bol AHgH T

ZAg FAEE 28-S

He FATe] duld 23

<5 &4

21EQ =

& 9lal =g

3ol 2 AS

(Oh & Park

Hlgo] At 1.5, AT

g As H

39 T84S s
!

% 34

A7F Ao

< fg 253

DXA 4%

g 9ol EkTH(Petermann-
LY Aaks A

Al A A

= 32 297 Eads

o & gfle= ny Q). wEhA ZE-IEed

Q)

=

3} &g FR3) WAk Qo) T2 4

ToME o]FATA WAMdEF (DXA)] <7
A& o] &3ttt o= MRI A% =2 4
I~

WAL ARERe] Aol Helsle] 2T X

o
Ak 1

2500 F5o] AU Aol H2=NS
5o I HriE= Aol ok B AtellA =
2F ATR7|EOF Janssen et al.(2002)°] 2]dF ARA] 5%
RS ARESIAT FHAT 2AE

o} oo} 27kaF g

3711 8] (EWGSOP)
| (AWGS)S 24T oz

NMNS NMS MNS MS P valued
(n=249) (n=14) (n=1,653) (=122)
Energy (keal) 1615.5+54.2" 1685.5+155.6 1680.5+27.8 1584.9+78.1 0.518
Carbohydrate (g/1000 kcal) 177.243.2 185.5+7.7 179.0+1.4 177.6+4.6 0.776
Protein (g/1000 kcal) 35.7+0.9 32.1£1.8 34.7+0.4 34.8£1.3 0.323
(g/kg body weight) 1.040.04 0.75+0.09 1.02+0.02 0.89+0.05 0.003
Fat (/1000 kcal) 15.9+0.8 15.742.2 16.5+0.4 17.2+1.4 0.878
Fiber (/1000 keal) 5.0+0.3 43+0.4 4.7+0.1 4.6+0.4 0.501
Calcium (mg/1000 kcal) 277.0+14.4 218.6£27.9 280.3+6.0 251.8+17.5 0.051
Phosphorus (mg/1000 kcal) 625.7+13.7 546.0+£39.0 620.7+5.8 618.3+21.5 0.273
Tron (mg/1000 keal) 7.9£0.4 7.3+0.8 8.6£0.2 8.4+0.7 0.291
Sodium (mg/1000 kcal) 2732.9£131.8 2524.44227.1 2590.8+64.1 2357.6+136.2 0.255
Potassium (mg/1000 kcal) 1826.2+56.6 1360.2+131.3 1724.4+24.1 1722.3+113.1 0.008
Vitamin A (ug RE/1000 kcal) 452.4£33.8 470.0+95.6 439.3+16.1 469.6+56.0 0.918
Thiamin (mg/1000 kcal) 0.65+0.02 0.60+0.06 0.65+0.01 0.61+0.03 0.558
Riboflavin (mg/1000 kcal) 0.600.02 0.51+0.06 0.6120.01 0.60+0.04 0.466
Niacin (mg/1000 kcal) 8.6+0.3 7.3+0.5 8.4£0.1 7.8+0.3 0.008
Vitamin C (mg/1000 kcal) 64.1+4.1 62.5+13.2 64.5+1.8 63.3+7.0 0.997
C:P:F ratio
Carbohydrate 70.9+1.3 74.2+3.1 71.6+0.6 71.1£1.8 0.776
Protein 143+0.4 12.8+0.7 13.9+0.2 13.9+0.5 0.323
Fat 14.3+0.7 14.1£2.0 14.840.4 15.541.3 0.878

YMean=SE adjusted for age, income, education, alcohol consumption.

INMNS: non-menopause and non-sarcopenia group, NMS: non-menopause and sarcopenia group, MNS: menopause and non-sarcopenia group,

MS: menopause and sarcopenia group

Ip-values across the subjects groups were calculated by general linear regression.
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<Table 5> The percent of the subjects under EAR" intake

NMNS NMS MNS MS P value?

(n=249) (n=14) (n=1,653) (n=122)
Energy” 60.6£4.2% 54.8+16.0 59.5£1.9 63.5£5.9 0.924
Protein 21.8+3.1 2724132 26.3+1.5 26.1+£6.0 0.662
Calcium 72.6+3.7 96.4+3.7 76.7+1.4 81.6+5.7 0.169
Iron 6.3+2.1 11.3£10.6 13.4+£1.3 18.2+5.7 0.081
Vitamin A 36.0£3.5 21.5+12.4 38.6x1.6 42.4+6.5 0.511
Thiamin 42.5¢4.0 67.0£15.4 439+1.8 58.6+5.8 0.073
Riboflavin 53.4+3.5 72.7£15.3 57.6x1.7 64.8+5.9 0312
Niacin 55.144.2 70.6£14.8 61.6+1.7 67.2+6.2 0317
Vitamin C 44.2+4.1 49.8+£16.0 43.0£1.7 54.246.0 0.396

DEAR: Estimated

average requirement.

DEstimated energy requirement.

9%, MeantSE.

“NMNS: non-menopause and non-sarcopenia group, NMS: non-menopause and sarcopenia group, MNS: menopause and non-sarcopenia group,

MS: menopause ai

nd sarcopenia group

p-values across the subject groups were calculated by chi-square tests for categorical variables. Total percentage of sum may not be exactly
100% due to round-off in each column.

S5 oFd S48 X 28 32 AAVEt 3
< EFstal ok 2y 3 oprlotollA] AAlgh 217
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FFAR 0] o gle Aot SR ERA = oY
I AA715R 7T S5 AT leER 2 A= o] 7]
=& AL Ealsln) o= ol =S A85t
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g 5 A EAS TR yEs AT AWE
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