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MABZA7]F(wodrld  health  organization;
WHO)S] 10t] -8 AFgQle] w2, Adadsh
(cardiovascular disease)& & Al APGLSl 5
198 A8k SITHWHO, 2021). ©l9F A
Tl 7ol A dEshe A ApgEelel 4
aQlow BanEm gt 20229 =0l A EA
Az w2 At AbgalE 20109 Q17 105
e 46.9%004 20201 63.09°2 °F 16.0%7}
7k Aew JERithEAA, 2020). webA
WHOE A8 #3438 9adyo] &L sjole Aesln

A& Adlsle Ao] AMES Ve 7P &3
29l Hhio] & Ao g AABIHTHWHO, 2021).
E7A8A9(atherogenic index of plasma;
A%

7

AIP)= /37" (triglyceride; TG)Z} L E A e
Ze] 28 E(high-density lipoprotein cholesterol:
HDL-C)9] Hl&& AXE ™ (Edwards & Loprinzi,
2019 %1:_1']73@( q.z&iuﬂ;dgﬂr L= /J*sﬂq.z@j.g. oﬂ

Z3he 93 AR HuEa $ithCho, Kim,
Huh, & Lee, 2020). gt AIPE AlAIF 2 A8
FAGS: d&sle WHo R 2 43 Framingham
risk score (FRS)% 43157} 0.33-0.422 Y}
U 1 58735 918193 (Hammam, Abdel-Wahab,
& Gheita, 2021), 53, olel&4d w9743k #
FEAghs op7|dhe AR Hreal A YA
Az T 2 28 E(small dense LDL-C)
TR T o] QAR A Aola A
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= 994 43389 99 M1 Aoz

., 2021). 3k o2} AIPE
3| 20 Y2 A4 TRt Ay
1@1@% 04]#5&3] FIAQ Ao HaH gl
THEdwards, Blaha, & Loprinzi, 2017).
TAQ] AAEE Zode TG % HDL-CY -3
Aol slom, ARt S U= ? 9
102 Husw 9lthKatcher, Hill, Lanford,
Yoo, & Kris-Etherton, 2009). National health
and nutrition examination survey(NHANES)
ARE F8319 6,694%9] AUS e E F-1
Ao AA| S /*ZJ,]. AIPY] d3AS o
Az}, BeFE AIP &
A|7} vrol A8 A g %’4@&0] < g U9
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g Aole] faka B 29 AE 2e3t AIPY] A8y 2014-2019 SRARGEEALE o] & 247

AN = AH Edwards & Loprinzi, 2016).
ok 9 2 7Js &9 Foje AIP A9
g AdRdsie] e

ey
F3412 5 gl AR Pl @ 4 i 3

T @A AAGE oo 2 AIPY] 4
AT AF A o), W, QAF1] Afoldf
ne} th2 A dAE = Ao HuEa 9itk(Cai et
al., 2019). T3, A LF oo w2 ATPY| ¢
W B3 st AT Aol B8k A7)
g 23919 A G ol w2 AIPY] A2
A ATe g F59 Aol #uk oz}
A AT 28 e &5 Ad g4 &5
B89 5198 Busiele ¥ FARE BF 24
3l we] &kel F-wh&-(dose-response) T

o B GFE G Agolth, Heb] # A7)

2Ae 9% 49< sl FNAIYE} 4
huj

>
—
(o))
DL N

i
re
&y

22 A7gellol el £ et 59
oA FHEem (SeHE: 2013-12EXP-03-5C,

2018-01-03-P-A), AAEE FUAZLEEAL
S30]A (https://knhanes.kdca.go.kr/) oA T
EE 3Iitk

2014-201991 =1217 g FzAtel] Fedet 47,309
Y ZollA 1941 olst nddAt 9,393 3 AA1EE
AEA Y §% At gl 19 2,065 Al O}Oj
t}. Al #EA4(body mass index; BMI), d12l&
d, 7H &55F, ¥STT, 193¢ =, 28n
A9 A A9 2,539% = Asiglct. wat F
A5 AME S8 HDL-C TGY 2% <
1,369 g9 #elEe] A= el A8 A
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N=7,550 from Korea National N=7,380 N=8,150 N=8,127 N=7,992 N=8,110
Health and Nutrition Examination KNHANES VI KNHANES VII KNHANES VI KNHANES VII KNHANES VIl
Survey(KNHANES) VI (2014) (2015) (2016) (2017) (2018) (2019)

N=47,309 Merge participants

N=9,393 excluded
« Age<19

N=2,065 excluded
+ Not completed self-reported physical activity

N=2,539 excluded
- Covariate data for the relationship between
physical activity and atherogenic index of plasma

N=1,369 excluded
+ Without cardiovascular biomarkers and covariates

N=824 excluded
+ Participants who fasted less than 8 hours before
blood sampling

N=31,119 included in the analysis
* Men=13,576
« Women=17,543

Figure 1. Flow diagram of participants excluded.

A A2 A0S B4l oA E HE3I9tHWorld - Control and Prevention, 2020). AIPE 4H&317]
Health Organization, 2010). Aol FNARLS SRS EWHAE B 534

A B35 nH9S 93 AAEE AR 2% HDL-C, TGS E431%9m, AIPE TG ™l HDL-C
(U.S. Department of health and human  H&=& ALK Dobidsova, & Frohlich, 2001).

services, 2018)¢] U&= #aslo firitak &5 ATPE AEHTE d8aiglon, Hgdrs 3
9 T-1A% AAZEo] ¢l A% inactive, 13t 0.24mmol/LE 71502 Ad#Aske 9]
T 150% Pue] AT AAGEd FAT P AsE FYIsetHEdwards, Blaha, &
7% ‘insufficiently active, F9 150% ©]% Loprinzi, 2017: DobiaSova, Frohlich, Sedova,
300 PRt =2 3% AL F #Fdd 45 Cheung, & Brown, 2011: Dobiasova, 2006).
active’, F9 3008 o3 F-14x AATE
d FE 7% ‘highly active® kg on, 3) zHdl
28 s BE § 29 oJ¥E VIEeR BF B e e ted 2 slrase
&, FEA Koz Hoallt o, FoF, B, AR A% F£FE 2ZE o
st T, 1F, UF o er LRSS A
2) STZERAIP) ) Axe 190 §F 0%, A0 FD 4RE
TGS R g Al o I W9l ARgeiSith 19 SR NlEE HE 1d Bt &
Z4ot  QthKorea Centers for Disease = 3] plAIA] &2 Abg &2 1d ¢ ¢ 2o
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Table 1. Characteristics of study participants

Table 2. Adherence rate of physical activity guidelines
according to AIP level

Mean(SE) 95% Confidence
ean ; interval Physical activity AIP level aluel)
or n(%) Tower limit, Upper limit guidelines >0.24mmol/L >0.24mmol/L, °

Age(yr) 4700.2) 46 46.9 C 17,204 4,597 Q001

Sexfemalo) 758503 497 508 Meet reigther ——g95) (19 <00

Household income MVPA only 1,480(6.00  408(6.4) 0.084
Low 5,630(14.5) 13.7 15.2 MSA only 4788(19.4)  1151(18.0)  <0.01*
Middle-low 7667(23.9) 230 24.8 Meet both 1243(5.0)  249(3.9) <0.01*
Middle-high 8,638(29.8) 28.8 30.7 Data are presented as number (%).

High 9,184(31.9) 30.7 33.1 AIP: atherogenic index of plasma; MVPA: moderate to vigorous

Education physical activity; MSA: muscle-strengthening activity.
<Flementary school 6,258(13.9)  13.3 14.6 1)Chi-square test, *p(.01
Middle school 3,168(8.6) 8.2 9.0
High school 102870364 3.5 37.2 ke g 2 78l &k AP SHAQl A%
>Undergraduat; 11406(41.1)  40.0 42.2 - _

T B RAB UL GE el AN, 0 4
Never 8429 23 235 ATEE 207w AT gt A S BzIE
Former 15.863(53.8)  53.1 54.6 i i
Current 6.783(23.3) 227 23.9 o7 3] 2A2E IAEAE 3 Ay 98 Y

Smoking W 2FE JAE Fol o2 g7)3 BMIS BA
Never 18876672 56 519 T FRES, #9, 3, 281 BMIZ 24
<Once/month 66850214 209 2.0 S90S u A1AHE%F <20l insufficiently active
>Once/month 5558(21.3) 207 22.0

BMI1) Table 3. Odds ratios of AIP according to MVPA and MSA
Underweight 1,202(4.2) 4.0 45 guidelines achievement
Normal 12,100039.00 384 39.7 ‘ ‘
Overveight 7210027 22 233 Mddl - M2 N )

SE: standard error; BMI: body mass index MVPA(H]H']/Wk)

0 (Inactive) 1.00 1.00 1.00

1) Underweight : (BMI)(18.5kg/m’, Normal’: 18.5 ke/m(BMI(23 ke/
', Overweight 23ke/m'<BMI<25 ke/m'’, ‘Obese BMI)25 ke/nr'.
Z7k8 Qo] Hjgo] 4597%(71.8%) 2 AIP
A 7F 2 91919] )& 17,2047 (69.6%) B} &
& Ao epdth(p(.001). W) 29 43 ¢
T AR DAY ke 2 2 s 2% A
A BFE G4 Fde AIP FA7} 74AE 999
77+ 4,788%(19.4%)2 1,243%(5.0%)
o2 AIP 317} 27K <19 1,1519(18.0%) %
2497 (3.9%) B0t £& Ao YeRth(p.01).

i (arf”f?“e“t 0810075087 083(0810%) 09108-0%)
150-29Active)  0.87(0.76:0.99) 0.72(0.63-0.82) 0.78(0.680.89)
>300(Highly active) 1.09(0.89-1.32) 0.79(0.65-0.97) 0.84(0.69-1.03)
MA(d/wk) Model 32)

(+H1 1.00 1.00 1.00
2-3 0.89(0.80-1.00) 0.77(0.68-0.87) 0.78(0.69-0.89)
>4 0.87(0.78:0.97)  0.67(0.60-0.76) 0.69(0.61-0.77)
AIP:  atherogenic index of plasma; MVPA: moderate to vigorous
physical activity: MSA: muscle-strengthening activity: OR: odds
ratio; CI: confidence interval.
Model 1: adjusted for age.
Model 2: adjusted for model 1 plus sex, education, household income,
smoking, alcohol, body mass index.
1)Model 3: adjusted for Model 2 plus MSA guidelines achievement
2)Model 3: adjusted for model 2 plus MVPA guidelines achievement




‘active’, highly active 0.2 Z7FeRE AIP9] 4t
H]7} 7428kt OR: 0.88, 95% CI: 0.81-0.95:
OR: 0.72, 95% CI: 0.63-0.82: OR 0.79, 95%
CL: 0.65-0.97). X3t FUgt 3|A2elM 24 7t
45 Y oFE F7slo] BASIIE 735 AIPY &
AH|E insufficiently active, ‘active ZLFollAR
SAHCRE festA ZAAHUTHOR: 0.91, 95%
CI: 0.84-0.98: OR: 0.78, 95% CI: 0.68-0.89).

o8 e S AP F 13 njit HoqE A2
OFOR slo] BA2E DA EAM S ANE 23t A

B, Y, 1% v THAES,

o

BMIS B80S uf 5 2-3%, F 4% o]’ Hojd
J59 SaHI7F AHETHOR: 0.77, 95% CI:
0.68-0.87; OR: 0.67, 95% CI: 0.60-0.76). %
g U3 3|40 aka A S A2 BA o7
g TRl B S ATlE AIPY S
7H25HOR: 0.78, 95% CI: 0.69-0.89; OR:
0.67, 95% CI: 0.61-0.77).

o 3l 3 2] S 3
A g 29 33 8% A0S 25 2

m Meet neither (ref)

Odds Ratio
o o o
- [} [ —

Q
N}

T

Meet neither (ref) MVPA only

i MVPA only

(OR:0.79, 95% CI: 0.72-0.86; OR:0.61,
95% CI: 0.52-0.72). WHdel] fAkA A4 5
A e Fo3 dAde UehiAl skt
(OR:0.91, 95% CI=0.79-1.05).

ATPS} frita 9 28733} & A3 249 ¢
-HS IAE (2" 3)d AAE T Tnactive’
JdgdAM 29 A3t 5S 7 0-13] o dds
FEAFOR sl ZA2E RN S A3
7, Tnactive’ 159 28743 &5 F 44 ]
g Feld age SAE A (OR:
0.67, 95% CI: 0.51-0.86), Tnsufficiently
active’ 15< 28 73t €% F 0-13], 2-39],
49 o)d gt 1F BFAA FAm|7F 7HAss
THOR: 0.91, 95% CI: 0.84-0.99: OR 0.72,
95% CI: 0.62-0.85; OR: 0.67, 95% CI:

O

o,
iy,

=MSA only 7% Meet both

MSA only Meet both

Figure 2. Odds ratio(OR) with 95% confidence intervals (95% Cl) having increased AIP among
individuals meeting MVPA and MSA, and both guidelines. The OR (95% Cl) are as follows: MVPA
only: 0.91 (0.79-1.05); MSA only: 0.79 (0.72-0.86); both: 0.61 (0.52-0.72).
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08

06

0Odds Ratio (95% Cl)

04

0.2

(ref) 2 3 1 2 3

Inactive Insufficiently active

1 2 3 1 2 3

Active Highly active

MSA (1: 0-1, 2: 2-3, 3: 24 d/wk) / MVPA (Inactive: 0, Insufficiently active: 1-149, Active: 150-299, Highly active: 2300 min/wk)

Figure 3. Dose-response relationship of MVPA, MSA with AIP. The odd ratio (OR)
with 95% confidence intervals (95% Cl) are as follows: Inactive 2: 1.02 (0.79-1.32);
Inactive 3: 0.67 (0.51-0.86); Insufficiently active 1: 0.91 (0.84-0.99); Insufficiently
active 2: 0.72 (0.62-0.85); Insufficiently active 3: 0.67 (0.57-0.78); Active 1: 0.83
(0.70-0.78); Active 2: 0.62 (0.46-0.84); Active 3: 0.49 (0.36-0.66); Highly active 1: 0.90
(0.71-1.16); Highly active 2: 0.39 (0.24-0.63); Highly active 3: 0.76 (0.48-1.20).

0.57-0.78). T3 ‘Active’ 159 Z4$ 29 73}
4% F 0-13), 2-33], 49 o]} Fojg 94 =
T A7 HAEE o (OR: 0.83, 95%
Cl: 0.70-0.78: OR 0.62, 95% CI:
0.46-0.84; OR: 0.49, 95% CI: 0.36-0.66),
Highly active ZgdX= 29 23 &5 F
2-338] #ojdt 259 ST AASTHOR:
0.39. 95% CI: 0.24-0.63).

29 43 8% A7 24 AIPY ABYL B
sinl, 2 el glo] ke WAE BAGE A
o}, A7 AT B2 ot g3 2o}

2 AgRlof A Qo] itk AR ES B8 A
gk 479 o5& 4] Heide F9 150-300+%
o = &% rE 75-15089 173: d%5%
AABIAY, o] 29 A-e 235 5l 563 A
H S Aasta ik &3 3008 ol =
BE e B3 A4 F7HARI o]dE =
STk sisich B o} diEss 243 4
T olikel 28 sl E2 7 23] o3 FAT A
S Ausla ok A9 22 AL qAE 5
datA ALt 9 Ao wht Ak 9 2
2ot &3} ATPY AdAS Qe A AAE
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Association of Aerobic and Muscle-strengthening Activities with AIP in
Korean Adults: Korea National Health and Nutrition Examination Survey
2014-2019

Jungjun Lim(Seoul National University, Lecturer) - Yang Hei(Seoul National University, Ph.D.
candidate) * Yeonsoo Kim(Seoul National University, Professor)

ABSTRACT

Purpose of this study was to investigate the association of the Atherogenic index of plasma(AIP) with aerobic and
muscle-strengthening activities(MSA) in Korean adults. Also, dose-response relationship was examined. Using the
data from the Korea National Health and Nutrition Examination Survey, 31,119 people were analyzed whether they
achieved the aerobic and MSA guidelines. Chi-square test and logistic regression analysis were performed. The
result is as follows. 1) According to the AIP level, there was a difference in the proportion of people who met the
physical activity guidelines(p<.05). 2) When the aerobic physical activity and MSA guidelines were achieved, the
OR of AIP decreased. (OR: 0.78, 95% CI: 0.68-0.89; OR: 0.69, 95% CI: 0.61-0.77). 3) The OR of AIP decreased
the most in the group that achieved both guidelines(OR: 0.61, 95% CI: 0.52-0.72). 4) As the time of aerobic
physical activity and MSA increased, the OR of AIP decreased. Therefore, it is important to participate in aerobic

and MSA in accordance with the guidelines to prevention of cardiovascular disease.

Key words : Aerobic physical activity, Muscle strengthening activity, AIP, Cardiovascular disease
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