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The degree of oxidative stress in patients with rheumatoid
arthritis (RA): The introduction of the '"GAP Ratio'' yardstick

and its applications

— A "'sampled studies'' approach —
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Naoya Kishikawa”, Masao Yano”, Teruo Shiba®, Noriko Onishi”,
Naoko Ikoshi”, Hiroji Shimomura”, Tetsuo Adachi®, Naoki Suzuki”,

Matsuo Taniyama'” and Eisuke Maehata'”

Summary The DAS28 scoring system has long been used as a measure for assessing the condition

of rheumatoid arthritis (RA). Disease assessment through good physician-patient collaboration

seems to have become an established practice. On the other hand, based on the fact that RA patients

are in a state of high oxidative stress, Maehata et al. (Medicine and Biology 153: 611, 2009) have

developed a methodology, which assumes the presence of a gap in the oxidant-antioxidant balance

similar to that exist with electrolytes, and interprets the antioxidative/oxidative stress ratio (BAP/d-

ROMs ratio) setting the cutoff point at a GAP ratio of 6.0. The authors have been conducting
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studies adopting this methodology.

L S S I

The mean GAP ratio in a group of random selected RA patients was 7.6 for males and 6.8 for

females. The three-way 25th percentile point was 6.5 for males and 5.9 for females. A GAP ratio of

6.0 or less was considered to indicate a state of oxidative stress. The GAP ratio showed significant
negative correlations with ESR and CRP, as well as with DAS28-ESR and DAS28-CRP.
Furthermore, the separation at the GAP ratio of 6.0 was consistent with significant classification
according to RA markers ESR, CRP, and MMP-3. MMP-3 showed significant positive correlations
with DAS28-ESR and DAS28-CRP, and this relationship was considered to deserve further exami-

nation.

As discussed above, the GAP ratio is effective as an RA marker, particularly in examining

subclinical conditions, and therefore considered highly useful as a vital sign.

Key words: GAP ratio, Oxidative stress, Antioxidant ability, Rheumatoid arthritis,

Disease activity score (DAS)
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AEEEHERO DO THhLHEEY VY F
(Rheumatoid Arthritis: RA) &, {FIERAET 4 % £F
I IIEMED HORIERE TH S5, RAIX, FRILA
LSRR S~ BENT (iR, %
W, mH) OFELZT L, MEEE M &
AEREREETH D . FFIC, HELESRELS
TV TH 5o (GEEORFE, TR,
GREMD B VITEIE LNV BEE L T 5
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Whe, 92k, FI-—my Y TR TEE
(European League of Against Rheumatism: EULAR )
DDAS (Disease Activity Score) #ETH %,
DAS28%EIE, T R8I 2 0 1T, ShE~ —
71— (ESR, CRP) ZMAANTHEY, BFH
T OBREIEH G ETH 5,
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fREEFEMMP-3 (Y b v 7 AXAS 07077 —
¥-3) RPCCPHLR (FLBIRY b vy LT
FF) AMEHSIR T 5,
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hxRD7,
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N&EIZER (p<0.0001) (28 LTz,

RABEHOE R 707 4 — ) (X£SD) I,
DTo@E) T s,

ERES6 152/, HIMEREL7,680+2,470/ 11,
MEEL () > 788k) N (BFHER) 0304021,
ESR 43+30.2 mm/lhr, CRP 1.5+22 mg/dl, RF
88+112.3 IU/ml, MMP-3 150+117.8 ng/ml, #T
CCPHUfA 310£407.9 U/ml, Alb 3.6+£0.45 g/dl,
T-Bil 0.63+0.23 mg/dl, HbAlc (JDSfH) 4.93+
025%TdH o7,

2. ik (Fv FBLUHRAREE)
1) A bFtdr (e | HAETBMI650)
CRP: T)VE¥ 7T —Z CRP-LI (ZZE(b5 2
T4 LYRA), RF. A7 FMERFI (=Zfb5 2
T ALV A), MMP-3 . /8F 2 1) 7 MMP-37 7
v 7 A (BBAKXAT 1 AV)., HLCCPHIE :
MESACUP-27 X FNCCP (MBL), Alb: =7
+—hS ALB (&K A7 1 A)V), T-Bil . 47
MELQ T—BILI (ZZFEfbFEAT 1+ TV R),
AST (GOT) : 4 7 hELQ AST H I (=&t
FAT 4T RA), ALT (GPT) . A7 FHLQ
ALT O (Z#fLF AT 1T R), y-GT
(y-GTP) : 47 PHLQ y-GTO) I (=ZE(LE
A7 4TV A), T-Cho . 17 b TLQ T-CHO(A)
I (EF¥FEATFT1ZUA), TG: A7 hOLQ
TG (=ZZ{t%¥ A5 4 L A), HDL-Cho | &
% 14— HDL-C (l#f1 X7 v 7 X), LDL-

Cho: 7% X+ — LDL-C (HIAT v 7 R),
Gluc . 1 7 FULQ Glu (Z#{bF 271>
A). Crea: 47 FALQCREA)I (=t
TAITYA), UA: 47 FEILQUAIN (=1L
HFXTFT LI UR)
2) IMiEiEAE

Mma (EEseE - 2 —)L % — LH750)

L/NM. CGHISERESS © 0 — )L % — LH750)
3) ESR

ESR (HlI%EHZR © %t £=% —100)
4) HbAlc (JDSTH)

HbAlc (HlEHE#T © 3 — HLC—728GS)

3. A ML ABAE
1) BRLA P LA, HUERbAA®
MFHOMALA b LA, HiRIbHAIZ, 7Y
— 7 VN VI HTEEEFRAS4® (Wismer Co. Ltd.,
Tokyo Japan) % FI\THll%E L7z ERILREIZ. d-
ROMs (R) #: (Diacron-reactive oxygen metabo-
lites) (ZfEV JRELEMRILZ A Vv oe Fux
VAEFTRII ANV (ROO-), TLIAFIN
IV (RO-) #HEE L., FentonUtd 5
V3 Haber-Weiss /UG CHEZ . CARRIAL (574
FIv 2Ly 200~30080) & L7,
PilEftigiZ. BAP (B) {# (Biological antiox-
idant potential) ZfEVy, 7 A IV E VERE FLL
& L7 AR ITTYE Dt & FeCLIZTEH S 4,
FATT VR - aREEGEARREE LT,

Table I  Comparison of RA patients vs. healthy controls

No. HH H AL RAHE (n=40) HEHTE (n=20) A ENE

1 i 3 55.6+15.2 50.3+8.9 NS

2 AST un 24.0£24.5 19.7+£4.4 NS

3 ALT un 26.4£37.1 18.4£12.4 NS

4 T-Cho mg/dl 186.4£33.3 201.1£27.8 NS

5 TG mg/dl 105.6%+35.5 88.2£41.0 NS

6 HDL-Cho mg/dl 48.5+9.0 75.0+20.7 P=0.0010
7 LDL-Cho mg/dl 98.7£24.3 121.0£32.2 NS

8 Gluc mg/dl 108.5+35.4 92.9+£9.5 P=0.0043
9 Crea mg/dl 0.6910.26 0.74%0.15 NS

10 UA mg/dl 4.89+1.65 4.661+1.48 NS

11 d-ROMs CARR 390.8£121.0 349.3£51.6 NS

12 BAP pmol/l 2512200 2656229 P=0.0088
13 |GAPB/R)ML - 7.1112.64 7.71%£1.06 P=0.0370
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ZORILHEE LT KDz BILENTFef + V&
% pmol/l (FEHEfH : 2201 molILh ) & L7z,
2) GAP (BAP(B)/d-ROMs(R)) Lt

KF7 6, d-ROMs/BAPILE TR& &5,
ATy 7 ZMEBED R E T 5720,
BAP/d-ROMstt & L TR 72,

4. FEHENTE

FRATICIE, IMPY AT 4 (SASHL) % w7z,
HEZII0RE. HR X Pearson & Spearmanis: %
W7z, BB O ERIZ X, Wilcoxoni: & W72,

II. #&R

1. RABEN EEFETOE

RABE L fBH HHREO LI 2 A LA THE . 18
ftA ML A (d-ROMs). #ifEft (BAP). GAP
(BR) lT/xRL7 (Table 1),

RATE vs EHEHHEOMBEHHB CHEELR
®7-MDl%, HDL-Cho, GlucT® - 72,

—h. PiEEbOBAP (2,5124200 vs 2,656+
229 pmol/l) &, JEEETH CHRAMYE % FMI L 7225,
BEE (p=0.0088) 7580 5, GAPIL (7.1+

S

iy

26vs7.711.1) bEFICARE (p=0.0370) TH

272,

2. MHHEAHR T A7 PR LY & M o B
HEALFRAEIHE O 9 BV —F VL L TW AT
BELE 1ZAb, 7V T I VEEEEFEILEWOD
UA., T-BilTHh %, 209 5, P LEIFEE
AL L IEOMBE%Z /R L7201k, T-Bil. BAPT
Hy, BOMBEERL7ZI12IE, ESR, CRP,
MMP-3T» > 72, F72. UA, T-Bilid, BAP&

Table 2  Association with antioxidants shown by cross
correlation (n = 40)

PURAL S | WBIEE | B o) | AEN
T-Bil 0.391 P=0.0119

BAP 0.460 P=0.0023

Alb ESR (1hr) -0.570 P<0.0001
CRP -0.447 P=0.0034

i -0.390 P=0.0122

MMP-3 -0.493 P=0.0016

UA BAP 0.454 P=0.0004
T-Bil BAP 0.356 P=0.0183

Table 3 Sex difference in the degree of oxidative stress as seen from tertile GAP (B/R) ratio in RA patients
H H 57t (N=16) Lk (N=24) A EE
d-ROMs
y 331459 377469 NS
(CARR)
BAP
24244245 24861220 NS
( o mol/])
GAP(B/R)}L 7.6+1.6 6.8%+1.4 P=0.0034
GAP(B/R)It 25%53 B L 6.5 25%453 R 1 5.9
FANACY T5% N D84 | T5% LI 1 7.6
.A Bk 5AM, LoIks. oA
Bl b LA "
Cut off 6.0

Table 4  Association with related parameters shown by GAP (B/R) ratio (n = 40)
TURALIMRALZ » L X x B H HHBITE (1) A EN
ESR (1hr) -0.555 P=0.0001
CRP -0.521 P=0.0004
GAP (B/R)}t RF 0.527 P=0.0129
DAS-ESR -0.337 P=0.0329
DAS-CRP -0.352 P=0.0255
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EDOHEN S 572 (Table 2) o

RERMIZ, PURRILE DEFIREZ LB 5 5
BAPIZ. WML E DAl (r=0.460.
p=0.0023). UA (r=0.454, p=0.0004). T-Bil
(r=0.356, p=0.0183) DWW L DIZHHE
B E A LT,

3. GAP (BR) D&

B 521, GAPLLEZFRET AL TAY R
v 7y KU — A0 BIREORELIEA fE
Thbe L7z, ThbH, GAPHEOKHT A Y
Ry 7oy Fu—LEMEICIRZONE L L,
XL SRABE Z FMRIZEHE L7z, £2 T,
GAPI6.0% kAR L, 6.0%Cutofffli: L. BRLA
FLAREEZRT OIS L E LT,

FREEDGAP (B/R) O A NT T A
(Fig. 1) &, 7.3+23 (X£SD) TH b, [kt
WL )V (Table 3) 132531 (N=16) T7.6+

1.6, Ltk (N=24) T6.8+1.4% R %
(p=0.0034) Hd -7,

=5 25% 5 hirid. BEe.s. KikS.9L
D, ZEEDS beut off 6.0%FE L7 (Table 3),
ZDOEEOGAP (BR) L3, REVFIEDHR (r=
0.527, p=0.0129). ESR (r=—0.555, p=0.0001)
ECRP (r=—0.521. p=0.0004) HSEOMM & 7%
-7z (Table 4),

4. BELA N L AFE © cut of il Fi 12 DX EY
GAP cut of ffED L R )VA3F %47 o 725 5
GAPIL6.0£{# T, d-ROMsi3501£88, 6.0LL 1=
T328+61 CARRHAL (p<0.0001) TH o7z,
—77. BAPIZ6.0Kii T2526+ 169, 6.0LL LT
2574%237 ymol/l (NS) TH o7 (Fig.2)o
RA~Y— 7 —%GAPLL T4 9 4 &, ESRIZ6.0
K T61+32, 6.0LL FET31+22 mm/lhr
(p=0.0031), CRPIZ6.04:{i#T2.8+2.8, 6.0l |

B{LANZE i
cut off f 6.0

7.342.3(X%SD)

-
T L T — 7
8 10 12 14 16 1‘8
GAP(B/R) i
Fig. 1 Histogram of GAP (B/R) ratio (n = 40).
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Detection sensitivity of oxidative stress markers shown by GAP (B/R) ratio.

— 229 —



EY)]

T0.6+0.9 mg/dl (p=0.0003) TH o7, Tz,
MMP-3136.0K# CT198+ 138, 6.0LL L CT117+92
ng/ml& HE (p=0.00513) & 7 -72%5, RFEHL
CCPHUADH; A3, GAPLE6.OLL E L 6,04 & b
HEAEZRORD»->72 (Fig.3)

2512, VAS., DASZGHIFHA L 72, VASH
X U'DAS28-ESRIZD W T, 6.0Kiiivs 6.0LL
FHTHEZEIZZ WA, DAS28-CRPTOAE
& (p=0.0292) 260K EHMTH - 72
(Fig.4) o

5. GAP (B/R) L& DAS28¢ DD Y
ESR & CRP & O#HES L, r=0.650 (p<0.0001)
TdH o725, DAS28-ESR & DAS28-CRPH] i,

ESR(1hr)

P=0. 0031
—

A A

iy

r=0.944 (p<0.0001) & &EELMHETH -7z,
E 512, VASE R ET, DAS28L DD Y
R L7, £9. HRERABEIZB VT, VAS
JEMEI33.24+4.2, KIH1310.619.4, FiA42.4+
20.1, IWERAEM39.0E19.6TH o720 51T,
DAS/AillEiZ. DAS28-ESRA5.0+1.6, DAS28-
CRPH™4.2+1.5TH - 72,

¥ 72, GAPIL LESROAMR I, r=—0.555
(p=0.0002), DAS28-ESR& X, r=—0.337
(p=0.0329) EAHEAEIFE T T2 DD, ZD%
BIHEENIER LTI Oy b ek o7z,
FAEIZ, CRPE X, 1=—0.606 (p=0.0004),
DAS28-CRP & (%, r=—0.351 (p=0.0261) &7
D, ShHIETLTWwo72 (Fig. 5),

CRP
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26.0
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[ —
300 800
200
600
200
400
100
100
200
GAP(B/R)1£<6. 0 =6.0 6.0 =6.0 <6.0 =6.0

Fig. 3 Behavior of RA markers in oxidative stress range (GAP ratio < 6.0) and non-
oxidative stress range (GAP ratio > 6.0).
B HHREAH (VAS) DAS28—ESR DAS28—CRP
VAS DAS28- DAS28-
NS ESR NS CRP P=0.0292
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<6.0
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<6.0

Fig. 4
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Comparison of diagnostic specificity shown by GAP (B/R) ratio.
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+1) VNV EDASIET 5 2 & T, DASL
Sh7-7ay hov 7 Mz 6, A ML
A& DD HEEHICHEIE T £ 72, ESR. CRP
DIENE L DASILO Ll CE¥fE) % LLTF IR
9 (Table 5),

ESRIZ. GAPL6.0D Ll E R IZBIRZ <

ESR7”* 5 DAS28-ESRNDEFI I, DAS28-
ESR/ESRILO.IFIAICEH STz,

—7J5. DAS28-CRP/CRPH.1Z. GAPH:6.05kii
DOKE, Bk $1.50~2.00 (BPE149, 01%1.90) .
6.0LL EOFE5.0~10.0 (B146.87. %149.97) |
B o 77, FEFRMIIZDAS28-CRP/CRPILIZ, GAPLL

Table 5  Comparison between ESR and CRP readings and corresponding DAS scores (mean values)
ESR CRP GAPIt
ESR DAS28-ESR CRP DAS28-CRP
434 4.96 1.47 4.22
# A5 (N=40) 7.31
DAS28-ESR/ESR=0.11 DAS28-CRP/CRP=2.87
<60 647 | 6.00 376 | se i
B (N=6) 0.09 149 )
(N=16) | =60 261 | 443 054 | 371 505
(N=10) 0.17 6.87 ’
<60 595 | 531 235 | a4 i
ik (N=11) 0.09 1.90 -
(N=24) | =60 33| 4.35 037 | 369 623
(N=13) 0.13 9.97 B
CRPEGAPLEM2ZE R DBIMR DAS28-CRPEGAPLE M2 ZE B DBSR
GAPL GAPK
20 20
n=40 . n=40
15 r=—0.606 15 r=—0.351
=0.0004 o =0.0261
1 DA 1 N
¢ " . ACIRA Y o
5 ."0 L3R A . R . 5 ) 9‘:(’..‘ \Q“
0 0
00 10 20 30 40 50 60 70 80 9.0 100 00 10 20 30 40 50 60 70 80
CRP (mg/di) DAS28-CRP
ESR(1hr) EGAPLLD2ZE R DBSR DAS28-ESREGAPLED2ZE B DREIR
GAPY GAPH
20 20
* n=40 ¢ n=40
15 r=—0.555 15 r=—0.337
.o =0.0002 . p=0.0329
10 ° . DAS{E 10 . *
IR RN RIMR 2 .
s *ete ¢ A ’:0 . . 5 . b’:‘ ‘o a':’\’
[ [
0 20 40 60 80 100 120 00 10 20 30 40 50 60 70 80
ESR (mm/1hr) DAS28-ESR
Fig. 5 Correlation with GAP (B/R) ratio after conversion to DAS.
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80 . . 80
4] L .
A 0 - ¢ 0. % 60 M ; ® . ‘
alc b o * olo LN
& a0 PRT ¢ ete, N a0 fe %
=R EIN R
20 o ¢ 20 | &
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Fig. 6 Association between serum MMP-3 and DAS28-ESR and DAS28-CRP scores.
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6.0ARMTEL KT L, GAPELT/RT A ML R
FE& ML Tz,

6. FRA~Y —H — DM
MMP3ETHT A7) H o RaT =7 v &hy
3 BB, PLCCPHLR I SRIEF A E T
HY., FrzmRAY— A — & LT ORRRME % H
DIFTWw5b, MMP-313, HIMLERMAL/NLI
(r=—0.412, p=0.0107), Alb (r=—0.493,
p=0.0016) & UMM FEIIL . ADOMHBEEZ/RL
720 ¥72, DAS{tL L 72DAS28-ESR (r=0.416,
p=0.0099) . DAS28-CRP (r=0.456, p=0.0041)
EIEHSIN, EOMBEERLZ (Fig 6). £
D—} T, PLCCPHiRIZ. BAP (r=0.634,
p=0.0476) . T-Bil (r=0.768. p=0.0072) & IE®D
HHES 2 7R LITRRILWE O b b 2Rz L7z,

V. EZ

H OB ETH HRAZ, BIE, BEhNE A2
Hbo T, BEEITO~110F AL L ED
N, EEBE LTERLN TV LEFEIERT
HBo LK, RALBREIZEEA N L AZFRHE
THRBRTHD, DI FTFIEI KAV A
(AAMVA, A NLVA, KA ML 2R)
I2E ), WEMEEETE (ROS) RIGHERME
(RNS) DEREZTTHEL, 2N S IFPIRMETIEL
BERORHAR UIEREH RS 5, WE
i, BECE R LK 77— I
(FAET) BELA DL ZAZHAL, R
TR =A% &R L, BELZIT/-M
Rl T %

o T, RABIAERDIEMWEERRE V) 2 &
1270, ERICREEEIE, BRI N L AvsHiE
ICDING VAT F R Db,

b2, REROPI LB E & L TRt
RiEEEE (SOD, ¥ F5—¥), TLT 3,
TNT I VAERERILEW (B ver | R
M), SR E (P2 720 7,
7)) FV), ¥€¥ I (C.E) REDHIEZTF
TWwb, bbb, E{LFHA T OMIRIT Ik
EMEOHFAEB LONIETEMT S Z L2k 5,

RAMIFE X, A ZRAMA E LT, &5
DPFEY —H —TdH HESR, S E D
CRPHD ETH 55, Wil CIHERKIE~Y —H —

O S S I

DMMP-3, JLCCPHLAD N - T b,

AR OMEH 5. MMP-313 4 B TESSE % T
I Z BRAY = —TH D, PLCCPHURIIPiE
IERZRIES A< —H—ThhI LI -7,
EH 513, MMP3D L —F SALE AL, —
HOBFEITV, BENICEHE LTELDS
SRIOME 26 b ZFOFAEIZE 2 & 25H B
L7z,

L2 L. RADKARIIMB O g & 270 |
MARRA I Cld HH L WIRESEIZAEAE L2
B H D OERIERE A ANTRERI OR
AL, DAS28ZE Y A T L DIEHEAL % 52 S 4,
A S IIDAS28 T OFER.6 X RATEIRD HE &
LTW5h,

BN E UL, VY TFOBRIILEDb o8
L. BEOMIEE D & L TRBICERE 25 L
TWh, &5I12, REXRNPPBETA NI~
& Treat to TargetD R A &5 LR S6, 412127
Tu—FLTWwh,

ZZT, RAMEOEHZH A TRIET LT
X, LA b L ANOHIBRITH A 9 o Gt
MEMNEPIERELETH L Z L5, FHEGR
P BT AN H 722 b —~HTH A
I BSOS, TEHMEREOZEE) Z /N1 & LA
YOFEE L TGAPHERZ T, EXH D,
BIREINTG  ADT =F Y GAPDEAL & 51
BALEE vs PURALICBWT, FAAF AT =T R
DEZTTHHHTEDLE L, GAPYHFIEET S &
L72o 22T, WEMEAIA—CTHD I &b,
pilRftaE (BAP: B) & MEeftRE (d-ROMs: R) @
I (BR) #boTHRKL, B{LA b L ATHYE,
bbb, BLA N L A% cut off EH6.05K1H &
REL,

Z OFf, BAPHRAE & A EICIEOH M % 7R
L7=®iE, Alb, UA, T-BilTH ., d-ROMs&
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