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ABSTRACT

Objective: Chronic obstructive pulmonary disease(COPD) is characterized by persistent airflow limitations
associated with chronic inflammatory response due to noxious particles or gases in the lung. Increasing
oxidative stress associated with COPD. The aim of this study was to evaluate the influencing factors of
biomarkers for oxidative stress in retired miners with COPD.

Methods: The levels of total peroxide(TPx), total antioxidant capacity(TAC), and oxidative stress index(TPx/TAC
ratio, OSI) in plasma as biomarkers for oxidative stress, serum C-reactive protein(CRP) as a biomarker for
inflammation, and general characteristics were measured in 93 male subjects with COPD. COPD was defined
as post bronchodilator FEV:/FVC(0.7 by spirometry.

Results: Mean levels of TPx(p=0.013), TAC(p=0.010), OSI(p=0.040), and CRP(p=0.024) were higher in current
smokers. Levels of TPx(3=0.445, p{0.001), TAC(8=0.490, p{0.001), and OSI(8=0.351, p{0.001) were related to
CRP levels, and CRP levels were related to %FEV; predicted(8=-0.295, p=0.003) and current smoking(s
=0.214, p=0.032).

Conclusions: These results suggest that oxidative stress was related to inflammation, and inflammation were
related to decreasing %FEV; predicted and current smoking in retired miners with COPD.

Key words: Chronic obstructive pulmonary disease, C-reactive protein, oxidative stress index, retired miner,
total peroxide

LA B ks SACE vk Agt 9 AR 42 F
X222 XHSH 3 COPDLl 83k HQlojH,
A4 H A chronic obstructive pulmonary HReEo] SHE Fof|& o|Zet Aol AFPH 4= 3l
disease, COPD)2 A AAZOZE &=L AES YE 7] w&of o]&ztof tigt A7t 2 stk Porter
£ 8% Ao &(Lozano et al, 2012), ¥ukzo et al, 2004).
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Hz gANE d S5t T2 AFAEE AT
7= Q7] = 289 fEHA SOl sl Ak
EYA7t F7F 4 QltKBabior, 1999; Barnes,
2004; MacNee, 2005). 53] Holg<o] xate 23
< AR S TFAIE & Aokl SielH
(Schins & Borm, 1999). COPD 3x}9] ASIAEH A
= 357 9457 A% AB™Ao] i (Kostikas et al.,
2003), 71FAE F5=e TAHAo]l Stk Shlch
(Tkacova et al., 2007; Singh et al., 2017). A4A] At
SIAEG A 59 A 9 FAEsS o855k
H71ek 4= J=d(Fukui et al., 2011; Morimoto et
al.,, 2016), Barany et al.(2017)2 €% £9] & 1415}
E(total peroxide, TPx), & @ABFs(total antioxidant
capacity, TAC) 2 ASIAEFHA X4 (oxidative stress
index: TPx/TAC ratio, OS]) 5= ©|-&s}o] ASIAE
A5 Hriet 4= Slvkal shich

¥ C-reactive protein(CRP) 7oA A==
A SR HEZA(Pepys & Hirschfield, 2003), B2
APAo 4 COPD At} EF CRP &7t Kot
A Z7retctar ol th(Karadag et al., 2008; Chen
et al,, 2016; Su et al., 2016). Gulumian et al.
(20062 @4 CRP7} COPD ¥A19] GFAHE G-&
sital shth A4l HSERE> COPDOY 9%t # &
39 FE2 A8 yUEg £ QAT Fabbri &
Rabe(2007)= COPD7} THg Al AF535te] A7
o|7] Zof H9 T4 thd A7) &4 IR
stk

I8y FEEZ =E5I=A9}F Zo] COPD #iE+&E
Aol &go] Y= Mol gt ASPAEHA A=
A A A=A (reactive oxidants metabolites)
5= 0|83t Lee et al.(2019)2] AFE AlLstal= A
o] g & oplzl, EALE HAWS Yo E TPx,

C 9 OSI 5& o]&3t ABIAE A A7 A9
itk mEkA o] A= COPDE &HISH o2 gHE
WO g 5 ARAEYAAE 5L F710] FF=
U]X= COPD WSS Hx st

NI

1. G2 Ol
AR T ARkl oA FEEAS] L2
Aol Qe olHBREA G Aol ATe ¢
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g OOAT-of Wehst =717 5 COPDZE At JAt
9310l om, FHIA AaoA FHS2 QIck o] A
T= 00%TY 71#AEaEA¥SI(No. 2017-02-02,
2016.11.24)9] AFAE 59 9 AFAgA] 2k

AREIS e F Sastgih

fu—

-

2. COPD Tt 2 &5 WX HE s &4

ALAIARSY] to], AR (body mass index,
BMD), % =&7|17F 4 SdoR 59 dvrd E442
HYARALE B0l AP {752 vl=8583]/+
HEZ7Isk8loA E ot i (Miller et al., 2005)
S 83519 H7]5 HAF](Vmax22, sensorMedics,
USA)Z Attt =24 H&®H forced vital capacity,
FVC) ¥ =34 Ax7t S7|%(forced expiratory
volume in one second, FEV)& &A%t &, d=2l
d|&24](Choi et al., 2005)°] we} Z+zke] ASXE Al
Akttt COPDE] e tfghds] 9 5575304
Aokl Q= 71&KATRD, 2005)°] w2t £84 471
] FIAE S * FARE FEVi©o] 200 mL ¥
12% mHto 2 2715t dZS(%FEV,/FVC)e] 70%
ojgel A= SHAT

o FEAAR A F 39 TPx(Oxystat
assay Kit, Biomedica, Austria)®} TAC(Oxiselect
total antioxidant capacity assay kit, Cellbio labs,
USA)= aAHFEAH(Enzyme-linked immunosorbent
assay, ELISA)Z o]&sdto] ARAMNA A|AIGE B o]
weh 245193, OSlE TPx/TACS] H&2 A&
ot} CRPS}F 7F ASAIR e FSIA7E 0194
U2 FHoA FHS BFHT T AsAYBHEA7](7080
automatic analyzer, Hitachi High-Technologies
Co., Japan)Z A5ttt d354 171 oA = A
A X #E(Anderson & Cockayne, 2003) €% &°
aspartate aminotransferase()38 U/L), alanine
aminotransferase()44 U/L), alkaline phosphatase
(338 U/L), total bilirubin(>1.2 mg/dL), E+=
lactate dehydrogenase()211 U/L) 59| FAF &%
£ StUold 2st= A2 SIolHh

3. Atz 2M

EAEAHL SPSS 17.0 =2 73(IBM SPSS statistics,
USA)o =2 385k9tt. tro], BMI, %FEV, &% ¢
OSI 52 AE=E st EA=2717F TPx, TAC
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4 CRP= 218 & AR s5i3lo, %FVC dl&
2|9} %FEV,/FVCE AAlFHS & Y= st o
B A EsEE t-test, ANOVA B+ 59
o A4S Bl vlasklar, AR E] gt A=A o
H= B3 ARAE oot AAstart. 74 £49
AA o2 p0.05% st

of

m.2

1. e £

AFVIA] dRba E42 Table 13 gtk A+
hdRte] Bt Uols 694419, B BXLeE77t
< 13.5901300h FAAN AR 24.7%(2378)

2. €3 YNXE 5
Atz EAE PR EEE= Table 29 2ot S

Table 1. Characteristics of COPD patients(N=93)

9] TPx(467.0 pmol/L vs. 647.3 pmol/L, p=0.013),
TAC(168.7 gmol/L vs. 191.9 gmol/L, p=0.010),
OSI(3.02 vs. 3.67, p=0.040) ¥ CRP(1.32 mg/L vs.
246 mg/L, p=0.024) B+t =7t HIFATLET =%
ok %FEV; 9I&A] 80% m]eEAtellA] CRP(0.85 mg/L vs.
1.70 mg/L, p=0.004) S s&7} =931, COPD 7|
FAIgte] $5=7F Ad4E TAC(GOLD 1, 167.0 ¢
mol/L vs. GOLD 2, 175.0 #mol/L vs. GOLD 3<,
2123 pmol/L, p=0.025)2} CRP(GOLD 1, 0.85
mg/L vs. GOLD 2, 1.70 mg/L vs. GOLD 3<, 3.00
mg/L, p=0.010)%] &% s=7F S71s5Ieh

g5 BAAE s=ol et A4 23, TPx
FE37H= CRP(B=0.445, p<0.001) =%=37} ¥ BMI
(8=-0.260, p=0.006) 4} o] UYL, TAC &
E37= CRP(£=0.490, p<0.001) s=37Iet #=4
o] At 0SI9] £7l= CRP(8=0.351, p<0.001) &
=371 9 BMI(B=-0.263, p=0.008)9] 742} #eo|

Characteristics Remarks
Age, years;, AM+SD 69.416.4
BMI, kg/m? ; AM#SD 22.8+3.6
Exposure period, years; GM(GSD)" 13.5(1.5)
%FVC predicted; GM(GSD)* 88.7(64.0)
%FEV; predicted; AMtSD 69.4 £ 141
%FEV:1/FVC; GM(GSD)" 57.4(43.1)
Current smoker; N(%) 23(24.7)
Cumulative smoking, pack-years; GM(GSD)* 14.9(6.4)
Degree of COPD severity, GOLD; N(%)3 1, 18(19.4); 2, 65(69.9); 3<, 10(10.8)
Inflammatory liver dysfunction; N(%)' 48(51.6)
TPx, umol/L; GM(GSD)" 506.3(1.7)
TAC, umol/L; GM(GSD)’ 174.2(1.2)
OSl; AM£SD 3.1841.31
CRP, mg/L; GM(GSD)* 1.54(3.16)

"Log transformed data
TCubic transformed data
TSquare root transformed data

SSeverity of airway flow limitation in COPD(FEV:/FVC(0.7) patients: GOLD 1(mild): FEV,>80% predicted; GOLD 2
(moderate): 50%<FEV{80% predicted; GOLD 3<(severe or more): FEV:{50% predicted

'One or more exceeded reference level of serum indices related to liver inflammation: aspartate aminotransferase,
alanine aminotransferase, alkaline phosphatase, total bilirubin, or lactate dehydrogenase

Abbreviations: AMSD, arithmetic meanzstandard deviation; BMI, body mass index; CRP, C-reactive protein; FVC, forced
vital capacity; FEV;, forced expiratory volume in 1 second; GM(GSD), geometric mean(geometric standard deviation):
GOLD, global initiatives for obstructive lung disease; OSI, oxidative stress index; TAC, total antioxidants capacity; TPX,

total peroxide
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Table 2. Mean levels of biomarkers as related to general characteristics

o

Hisk 0

RN EE £ Peroxide L MSIAERA K| £Z0f O|X|

*

*

Characteristics N TPx TAC Osl CRP
(umol/L) (umol/L) (mg/L)
Age(years)’
- 64 24 549.0(1.8) 190.5(1.3) 3.16£1.36 1.82(3.50)
65 - 74 48 468.0(1.8) 164.7(1.2) 3.12+1.35 1.44(3.36)
75 - 21 552.3(1.6) 178.6(1.2) 3.33+1.23 1.49(2.41)
(0=0.367) (p=0.016) (p=0.840) (p=0.710)
BMI(kg/m?)T
225 64 516.1(1.8) 172.9(1.2) 3.30+1.44 1.35(2.99)
(25 29 485.3(1.6) 177.1(1.3) 2.91+0.95 2.06(3.44)
(0=0.620) (p=0.607) (p=0.179) (p=0.104)
Exposure period(years)?
- 9 19 541.9(52.5) 175.6(45.3) 3.09(54.2) 1.80(50.4)
10 - 19 58 483.1(44.0) 175.7(46.1) 2.86(44.4) 1.25(45.4)
20 - 16 597.2(51.3) 180.9(52.2) 3.15(47.9) 1.85(48.8)
(p=0.383) (p=0.692) (p=0.386) (p=0.747)
Current smoking™
No 70 467.0(1.7) 168.7(1.2) 3.02(1.26) 1.32(3.06)
Yes 23 647.3(1.7) 191.9(1.3) 3.67(1.39) 2.46(3.08)
(p=0.013) (p=0.010) (p=0.040) (p=0.024)
Cumulative smoking(pack-years)™
Never 12 476.7(37.3) 162.1(38.3) 2.92(39.3) 0.90(36.7)
0.1 -20 44 573.3(50.1) 177.2(49.4) 3.18(49.1) 1.25(43.2)
21 - 37 502.8(46.5) 168.1(47.0) 3.06(47.0) 2.40(54.9)
(p=0.346) (p=0.452) (p=0.537) (p=0.055)
%FVC predicted
>80 80 529.0(48.2) 175.7(46.6) 3.16(48.5) 1.35(46.5)
(80 13 4225(39.7) 178.4(49.4) 2.62(38.1) 2.22(50.0)
(p=0.293) (p=0.735) (p=0.199) (p=0.665)
%FEV1 predicted’
>80 18 554.7(47.1) 167.0(39.6) 3.29(50.2) 0.85(30.5)
(80 75 496.5(47.0) 176.8(48.8) 2.87(46.2) 1.70(51.0)
(0=0.992) (p=0.194) (p=0.576) (p=0.004)
Degree of COPD severity™
GOLD 1 18 554.7(47.1) 167.0(39.6) 3.29(50.2) 0.85(30.5)
GOLD 2 65 487.7(45.3) 175.0(45.9) 2.86(45.0) 1.70(49.8)
GOLD 3< 10 686.4(58.0) 212.3(67.7) 3.75(54.2) 3.00(58.2)
(p=0.383) (p=0.025) (p=0.517) (p=0.010)
Inflammatory Liver dysfunction™
Normal 45 497.1(1.6) 174.3(1.2) 3.07(1.20) 1.49(3.00)
Abnormal 48 515.0(1.8) 174.1(1.3) 3.28(1.42) 1.60(3.33)
(p=0.758) (0=0.977) (p=0.447) (p=0.760)

“Log transformed data

TCalculated by t-test or ANOVA, arithmetic meanzstandard deviation, geometric mean(geometric standard deviation)

TCalculated by Mann-Whitney U test or Kruskal-Wallis H test, median(mean rank)

Abbreviation: BMI, body mass index; GM, geometric mean; CRP, high sensitivity C-reactive protein; GOLD, global
initiatives for obstructive lung disease; OSI, TPx/TAC ratio; TAC, total antioxidants capacity; TPx, total peroxide
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Table 3. Independent factors associated with biomarkers(N=93)

Variables
B SE B p-values

Dependents Independents '

Log TPx(umol/L) Constant 3.057 0.140 <0.001
Log CRP 0.213 0.044 0.445 0.001
BMI -0.017 0.006 -0.260 0.006
Adjusted R? 0.227
F 14.48(p<0.001)

Log TAC(umol/L) Constant 2.224 0.009 <0.001
Log CRP 0.090 0.017 0.490 0.001
Adjusted R? 0.231
F 28.68(p€0.001)

oSl Constant 5.189 0.805 0.001
Log CRP 0.926 0.254 0.351 0.001
BMI -0.096 0.035 -0.263 0.008
Adjusted R? 0.156
F 9.52(p<0.001)

Log CRP(mg/L) Constant 0.852 0.249 0.303
%FEV: predicted -0.010 0.003 -0.295 0.003
Current smoking 0.246 0.113 0.214 0.032
Adjusted R? 0.123
F 7.43(p=0.001)

Statistics were analyzed by stepwise method in multiple linear regression analysis

"B, regression coefficients; SE, standard error; 8, standardized B

TIncluding independent variables were age, BMI, exposure period, current smoking(no/yes), pulmonary function(%FVC
predicted, %FEV; predicted, %FEV;/FVC ratio), inflammatory liver dysfunction(no/yes), and CRP

ATt ABIAEHA AHE A Lokl —E—’—‘ﬂ?l’ CRPY A= T B &9 do7 4 QItiRepine et al.,
FEZ7H= %FEV, AI&A|(8=-0.295, p=0.003) T4 1997; Larsson, 2007; Singh et al., 2017).

9 FAAF(B=0.214, p=0.032)2 FHo] SIS A HollA BAgE Eg4AE F9] B2 TR
(Table 3). A ASFAEHA AFE S AR EE == A

AR o], &R &% FAEEAY, 3t a4, A4 AEHE 9 DNA SA4AE 50| o]85
%FEV,/FVC 2 ¥Z4 7|5 olAdd® St d% A3 3 JoHGulumian et al.,, 2006). <+ COPDY] 4ts}

AA 7 7Fe] BAA Fod2 S AEFA Ao @ 59 F AR B AR
olggt A7r} H1EY QcHFukui et al, 2011;

v.n =t Morimoto et al., 2016; Barany et al., 2017). o|¥

AFoA EASE EF ASEE A7) TPx+= ALl

CcorDe] & er AP &A, AAES, ASAEY) A ‘6‘7]'°]‘MJ__7_(467.O umol/L vs. 6473 pmol/L,
&, AdaS R 2R B 53 7P 2R p=0.013), SR ARAEY TPx %2 $7k= CRP

AE/gol ;JH(Agustl et al, 2003; Strassmann et B Z719F #eo] QAATHB=0.445, p<0.001). o]
al., 2009). ﬁlf/]_-.]‘_f__x]jq- 7o 9F01a} k2o AFAQ 5 ATl ¥2 At 2717 =210 Z7tel T
T7195S e 4= 1, o2 Qe A5 A o] tt= APAH(Tkacova et al., 2007; Hirose et
25 FBE 7% B4 STt ot ARRAER al., 2009)3} YAISHA
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Figure 1. The relationship between plasma levels of total peroxide and total antioxidant capacity(r=0.658, p<0.001)

COPD $A}= S7He &84a7 HABRAIE 4
st7] WlEel %5 AT #AAIHAL Siel=T
(Hanta et al., 2006; ben Anes et al., 2014), Mak
(2008)= AtsHAlol it Ag#-go g <l 25 &
ARIE7E 7RIl STt o|f AtollA @ 4AE
SR HQ] TAC 55+ S97H168.7 pmol/L vs. 191.9
umol/L, p=0.010)Z} COPD 7|FA|sto] 571 A
$2 Z7BFH2H(GOLD 1, 167.0 pmol/L vs. GOLD
2, 175.0 gmol/L vs. GOLD 3<, 212.3 pmol/L,
p=0.025), HE3AEANA TAC & F7H= CRP
sk S71eF #Ho] SIITH(8=0.490, p<0.001). EZF
7 TACEE= TPx =2 &9 4ol As=H
(r=0.658, p<0.001)(Figure 1), °olzst A¥= Mak
(2008)°] ZAztel Zgich
Barany et al.(2017)= ABIAEHAE OSIZ H7+
= dokal SHi=El, old AtolA OSIe] B
Aol E=¥A(3.02 vs. 3.67, p=0.040), tF53]HE
23} OSIE GFAEQ! CRPSF ¥9] wigkoz
go] AATHB=0.351, p<0.001). o]&st Ait= FSo]
ABIAEH AL o] Ytk APA+E(Tkacova et
al., 2007; Hirose et al., 2009)9] Ax}e} ZQtth.

COPDe} d3ol gt APAFEolA COPD 43}

% oo ok

>
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717ko] €% CRP s%=(Hurst et al., 2006; Chen et
al., 2016; Taylan et al., 2017)<} SEFL 9 AL
A4 % (Taylan et al., 2017) 59 9% AE5E7}
7Kkt SFAL). Agusti et al.(2012)2 COPD 3
9] @F CRP =7t SAAIA F7Hcal st
&<%do] COPDY] 7 23 FF8llolzta d=A
QoK (Strassmann et al., 2009; Lamprecht et al.,
2011), FEA 4 9A] COPDS Agalloly Mgt
B 52 COPDY ATl sltH Meijers et
al., 1997; Coggon & Anthony, 1998; Bergdahl et
al., 2004). °|AFR-E o 33t o ALolA
¥% CRPY Hdsre TdTto] =911(1.32 mg/L
vs. 2.46 mg/L, p=0.024), A 442 AAATt
T4 FAFo] USFE Ieke 4TS UEieH
(p=0.055), 5 ARAIAE FA2 CRPEEY F
FFHSHCHB=0.214, p=0.032). Gan et al. (2004)=
COPD 9] @5 CRP sk W75 74t T4
o] Atk =T, ol AFolMZ CRPY F9¢
= %FEV; =X 80% ©|9H0.85 mg/L vs. 1.70
mg/L, p=0.004) & COPD 71FAIgto] $5=71 Alg
$2 Z718F92H(GOLD 1, 0.85 mg/L vs. GOLD
2, 1.70 mg/L vs. GOLD 3<, 3.00 mg/L, p=0.010),

www.kiha.kr
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53] AEYNME 84 CRP &9 Z7K= %FEV,
ASA] 7ot Bo] UATHB=-0.295, p=0.003). °]
g A= FAE, W75 A4 9 7IFRAI S50

5 ¥F CRP 5%/} 37IRthH= APA+=2
et AX|sFAT.

ol oA BMIE= TPx(B=-0.260, p=0.006)2}
OSI(8=-0.263, p=0.008)°] sl =2 AHAZ=S EHA
ou}, BMI 25 kg/m*o.2 FESH FF BEHoA= 5
AR Foido] it wEbA S Hgh ARIAED
AAE 5k 7He] A7t o 285kt

o3t AMEE E ], COPD #A}9] ASIAEFH A
A #Q TPx, TAC ¥ OSI9 Z7l= AA A=A ®
CRP 5%9 Z7I9} o] 911, CRPEES F7H=
%FEV, dl&X]9] 749}t F<o] 7ol Q= AR
e

i o>
sk

A

COPDE &%kt o
Axe}t A4 ATAHE, FA ¥ #Hrls &I T2
COPD #WF 719 FAGS 4% 23 % 5
9] TPx, TAC @ OSI 59| ARBIAEHAAE B
A4l ASAE CRP kot #=4gol 9U1aL, CRP &
9] F7k= %FEV: AEA 74 9 A7 Bl 3l
et ol A= £ of, FEEL k& FHo| AUe
o] AgRof A dHE COPD o] E% ABIAEH A
9] 37t= &4 ¢ HUls At Beo
I 558 o] Q= Ao E wokdr)

>
o)
3%,
it
)
o
I
S
]>
m
&
[>

oo
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