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[Abstract] Objective To confirm the effect of cigarette smoking on B-cell function, and
further investigate the mediation effect of abdominal obesity. Methods Participants would include
1440 Chinese smokers who had participated in a community-based chronic disease screening project
in Guangzhou and Zhuhai from 2006 to 2007. They were interviewed with structured questionnaire on
their socio-demographic status and smoking behaviors. Waist-to-hip ratio (WHR) and fasting serum
C-peptide concentration were also measured. Results After adjustment for the potential confounding
factors, when compared with smokers with consumption 1-10 cigarettes/day, smokers with
consumption of 11-20 cigarettes/day (adjusted OR=1.53, 95%CI:1.22-1.90) or >20 cigarettes/day
(adjusted OR=1.92,95%CI: 1.32-2.79) had significant higher risks to get C-peptide concentration
larger than its median. Furthermore, 37.54% of the effect of cigarette smoking on C-peptide
concentration was partially mediated by abdominal obesity. Conclusion Cigarette smoking might be
a risk factor for B-cell dysfunction and abdominal obesity.

[Key words]  Abdominal obesity; Cigarette smoking; B-cell function; Mediation effect

QRGN R BRI EE RERERSIE ®Es0%™, DTS, pARIhtE 2 HiA 2 1
B—F RS R , KR WEMIE RBEENR  HRANOREEPRAREEERY, CHKE
Wz, ERE, AHEBEABRTEAR—H  HEDPARSBTE, ARBRSRIUAH TR, B
—_— i T 3 I B BAT L PR IR T BB il , AR
DOI: 10.3760/cmaj.issn.0254-6450.2010.09.007 TR R T 5004 5 BAE M T B 26 R B HL T BB
FEHBAL:510080 [ , Hlik A DA LB RE I S RITH BIBFST; T RO BUAR BE A B 8U0E o
FRNE R RHEE BRER) ; PUAEKBE—ERE
WEHERE R ) s | RE BB (PN HRS7E
SEIRAEH :BRYEH , Email: chenwq@mail.sysu.edu.cn 1. BFFEXT 42 . 2006 — 2007 4E[B) ZET~ M FI 2k %5 T



RTINS 225 20104E 9 1531 45 9 Chin J Epidemiol, September 2010, Vol.31, No.9 - 989 .

St X8R TE 2 69 7293 4 20 8 LA E 378 X4 1y
BAESLSEMNFBRSP , EEFEFARMEE LK
1440 B R AEVERIR X R, WEFFIGRT, AT
RIRHEZAHERES,

2. BRI R R ARG .0, E Sk
FE I g B 2 e 0 38 B A o Ve e 3 4 K FHl— 3P — 14
) R, A RS A O RFAE (R AERS VBRI
XAEE BERAE) , B RBARE (3/d) , FERE
AL %, WEEBRANEE, FRERKSE#K
113 ml, 2325 1175 /5 B T-80 CrKAREA,

3. RAHE BRI E 38— A PR
100 % 3F B BRIMD7ER R E ; IEREE 5 —E+
W IHBLT 100 X, (B RIEANHRMEE . AR
T, BRECEBREREEMUAEREE. 8K
W A - 48 A T LA TR A 3 [ S 34 A R R A &
s

4 POLBIERMEME X EE S BB HE
(WHR)fE R M Ie4n , P OBREBREEE &
WHR>0.90 5t WHR>0.85"",

5. CRRRE N . RARIETIEFRERMAR
A ERABERIA C BRI S S0 0 2 S E AT R U o 17
CHK(ng/mD)K¥E, I KEMEE — BB R ILBE
X IR, K06 1 R U 4 0.1 ng/ml, C AR
T 7R P4 B AT BESR

6. GLit2E5 0T  EEEW R B RS L iniEE,
NERTERAWBHLEH K. sEA-_F&
logtistic E R HIR 2 HE R /E , TR ER (0=
1~103%/d,1=11~203%/d,2=>203%/d) 5 C k¥
FEO=/MFPOE, 1=K FRETHMNEBOHXER;
HK, PORIERE(0=1E# , 1 =ERE) B P A 300 R
JH Hierarchical [8] )34 %1 (logistic [9113) #1707, &
% Baron #l Kenny & i H4r#E : OB T8 (RER)
5 R(CH)AXE; QRSP TR (ML
PR A KBk ; QEf T ARG, P TR
ENRFERE; @S THATRE, WREE
BNESMNE BFEAFITHEE LR KB, W AE
SRR BN A TEEF AR AR E
BARRMAR 2 W, Jha N B RS
AR Z R R EIE ARG ERFHA B EE M
AAREHEE SRS, —HHREIREBS R
b R T HEBRIER A e (4 B H 2 $0H IE 7 ) B
W ,ab M BIHEIE, EXRFARFIHEHC
B, BB (SR ST ENATE, U

LA BB R U, P=0.05 0 BEWKE, TS
143728 3K FH SPSS 13.0 %844,

g R

1. AN EIZE451E - 1440 2R IR, SE# 20 ~ 85 % ;
F9(53.93+12.40) % ; HH192.15% K B 598.75%
RDURNEE PO KR p EBEAR BARAR B
BR%E NG BRAER EIRRA B AR Tl A BT o
£ b 41 43 31 R 12.50%  13.96%  12.02% . 24.65% .
26.18% 1 10.69% ; Xk BEE/NERUT H
21.39%, 914 K 32.85% , B % R 31.25%, K¥#
KU F14.51%; K iBH 15 4.65%, B 1B H 5 91.39%,
B 5 18 o 3.96% ; W ST 0 & 1l 7 C KK BE Y

H1(2.40+1.02)ng/ml(F 1),
F1 1440 ZIRAAH A — A O 2EFF1E
IR Y HIR
HE AE %) HHE AH %)
FER () . BRI
<30 63 438 || Kif 67 4.65
30~ 154 1069 | BB 1316 91.39
40 ~ 297 2063 | BESHEE 57 3.96
50 ~ 462 32.08 ||BERKMERES
60 ~ 360 25.00 | X 1235 85.76
70~ 104 71220 & 205 14.24
5 KB
5 1327 92.15 | Ak 959 66.60
& 113 785 || BEK 391 27.15
Rk LRI 90 6.25
W 1422 98.75 |{i53h
PERE 18 125 % 320 2222
Bk A 1120 77.78
BEHAR 180 12.50 || L EIAERE
BARAR 201 13.96 & 867 60.21
BlLEREAR 173 12.02 2 573 39.79
BER 355 24.65 || BRWEE (/)
BBKAR 377 2618 || 1~10 670 46.53
FTlb & 154 1069 | 11~20 629 43.68
SO >20 141 9.79
NERUTF 308 2139 | MIECHIKIE (ng/ml)
Ly 473 3285 [ <236 720 50.00
B % 450 3125 || =236 720 50.00
KEREMUE 209 1451

2 WIH ST BE Z M M KB . FE A B
logistic B, il THER A8 L KB RR R G L
Ja BRI ~ 10 X E RN MA, BRBAMH 11 ~
20 32 A1 >20 32 E B9 OR (B 5> M R 1.53 (95% CI.;
1.22 ~ 1.90)F11.92(95%CI:1.32 ~2.79) . W32,

3. fP0 BUAE B A R 55 P AR M D BE S BK H B
SRR - FEAE B logistic [B] T8 Y w48 il AH DL A 1R



990 . PAERATINE ZE20104E9 A B 31 4% 93 Chin) Epidemiol, September 2010, Vol.31,No.9

HNER, TR S0 R R 6 R EE R B
H30.21(a) s EELACBK ORI AE B AR R b, [RIBF 0 A
WARBEMPORIERE 2 MR, —FHARFIERE
2514033 (c’)F0.94 (b), 3 B’ HREE ST
28, W R TR R ; £E BITAE S R
TUFE BB A BB R 37.54%(F2 TR 3) o

®2 PORERTERMS CIRX R PHHMER

-5 /8 | R 2
E3- 4 BRI ORTH* g $RIE OR{H B A
(95% CI) (95% ClI) BIE (%)

B d) 0.36 0.33

1~10 1 1

11~20 1.53(1.22~1.90) 1.47(1.18 ~ 1.85)

>20 1.92%(1.32~2.79) 1.81¢(1.22 ~ 2.66)
LR 094 37.54

& 1

£ 2.5612.05 ~3.21)

o 7B B logistic [ IARERY o Bl R B AU R IR R
Wes s ¢ ESRERY s 0 01 V3 R (e xtE) , 7E I B 8 KU
#(1=1~10, 2=11~20, 3=>20 X/Md) A ELEHTRIAFTE;
< P<0.05

#3 BRUHER ST ORALA XK

R RUAERE
ol BFIE ORH°(95% CI) B
B d) 0.21
1~10 1
11~20 1.28(1.02 ~ 1.61)
>20 1.46'(1.01 ~2.13)

e A R logistic MR AR i R 51 7k KB 12 5);
'P<0.05; “EIIALRY s 1 P U3 AR R (e XD , ZE L B P B R R
MR LIS TR ATE

5 B 4

ARRERER, BRBER S mE C IRk E
FEEEARR, 3 H X C Rk BE &2 w19 37.54%H
FORIEREA B, IR B ARIE T REE R P4 A
MREMR R, RRE L& B ML T Bt s 4y
WD, AR IEF K . HIFHE T REA U
TR B R MMM EZ R, BE T Al 7
PN B4R IR & A AR AT A, 3 BdE R
145 P9 B2 400 f T BEL Lk B4 A 3R 5 C VR R p At i £
W, R T LLESpAIRRE M el T ZAEME
B 2F i A0 B RE T A BAR AR , FELR B AR S T M 28 3R
£, N7 R RBAEA SRR T, F T 89 p4H A
T 0200 S AR IE B IR 5 K. PR
RS RS, WA R BUE R RS, NS IR &
MUBHAE , (15 BT AR A2t 1 43 B0 38 2

BT bR R AN LT BE A B AR AR ST PR

RIA B =43 2 — e FRE T PO BIAL e 1 5
BB TFBWIPNBAL BRBESE RO
JEARTT BEPE S G 5 X Rl LA B RS R—B(, B
YERPLEI A M A BB, BRATRRSUT LN E
R BRRA RN, ERRNE
WA RGER E TS BUEE R RE 8,
JE T REA i i 8 B B B AR R LT
R AR AR ERSEAR s 58 =, WA T LA B LA
Joi 4 4R e i o 3 R e, AR SRR RS A A R 0 H
AR R B IBRIBEAE s A, R M Y
i 25, P I 0 1 AR AR T A L 53 1 98 Y = R
W, L AR VR BE o MW R BRI B AR B 1 AR
]t 3L, 5 R 6 o AP 2 L 17 0k 2 3% T ) R PO 2
B, TR0 o 4 BE S B 1 R I B A B A, E— 2P
4R Gali] 73 N

KT PO RINERE X AR HI DI RER R, 7T REAYHL
HAEUTILA T E: B 5%, EREHRA R RS
FROIF RS AR TR , L4530 22 58 VT B AR Ui A A s R
By & MAE , B RA i) 2 3% ] (B4R D RERE B 5
WAL, BARERERR . FOK, IR R A
REFBLFER—ENERMEBRET AL
FATU, JF A B AR A 2 ARt s o3-S 0 R 5
JE L HRAERAA A AR RS R o FIOR
AR P 5 BB & RS, N E E 2 BRI T BE
2

EHRAEUT AR : O T AEBTmHT, B
WA BB S8 A B 22 1A B R SR G s QB TN R 228
K IEARE, BR AGEE R B, TR TR
BT s @B A W B AE R R BRI 2R, Bl =+
BT T VR, T[54 9 25 T BEAFAE AR B RO 18lHZ
IR, SE A B R AR R R, NTTREm
1171 BT L RE e B L SC B 3R s QWA IR % R4
HATERR , RREAATIR B RARHUE AR 5 AR T e
ZETEA

AP RERER , BT R @ F R P
> BYE JE T 5 BB AN A T RE S22 , B 2 A 2 BB IR
o LA RXTHRR AR 2 BV RSB KDL
F—ESEME.

[t LR R K ME A PR R E—EREA

PR E P LU RR LR RRBIH RSB AW R
MTTEZ TA: B FATE B ¥ B (2005-ZDa~001) ]

$ £ X &

[11 Willi C, Bodenmann P, Ghali WA, et al. Active smoking and the
risk of type 2 diabetes: a systematic review and meta-analysis.



PEFATRERE 2010559 A% 31 £E 9% Chin J Epidemiol, September 2010, Vol.31, No.9

<991 .

JAMA,2007,298(22) : 2654-2664.

[2] Weng XZ,Hong ZG, Chen DY. Smoking prevalence in Chinese
aged 15 and above. Chin Med J, 1987, 100(11) : 886-892.

[3] Xiao L, Yang J, Wan X, et al. What is the prevalence of smoking
in China. Chin J Epidemiol, 2009,30(1):30-33. (in Chinese)
Y. R, B, % PEABNRERREA LR, PERT
FiZeE ,2009,30(1):30-33.

[4] Litlioja S, Mott DM, Spraul M, et al. Insulin resistance and
insulin secretory dysfunction as precursors of non-insulin-
dependent diabetes mellitus. Prospective studies of Pima Indians.
N Engl ] Med, 1993,329(27) : 1988-1992.

[5] Liu HZ. Discussion on the relationship between level of C-protein
and function of B cell. Chin J Practical Chin Modem Med, 2007,
20(13):1184-1185. (in Chinese)

XL, CRAK TSRS pA T SRR R Y. L AP HEE
#23,2007,20(13): 1184-1185.

[6] Ponniah S. Monitoring tobacco use in New Zealand:a technical
report on defining smoking status and estimates of smoking
prevalence. Ministry of Health, 2008.

(7] Bakari AG, Onyemelukwe GC. Indices of obesity among type-2
diabetic Hausa-Fulani Nigerians. Int J Diab Metab, 2005, 13:28-
29.

[8] MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Ann
Rev Psychol,2007,58:593-614.

[9] Bruin JE, Kellenberger LD, Gerstein HC et al. Fetal and neonatal
nicotine exposure and postnatal glucose homeostasis: identifying
critical windows of exposure, J Endocrinol, 2007, 194(1) ;: 171-
178.

[10] Zanone MM, Favaro E, Camussi G. From endothelial to beta
cells: insights into pancreatic islet microendothelium. Curr Diab
Rev,2008,4(1):1-9.

[11] Bruin JE, Gerstein HC, Morrison KM, et al. Increased pancreatic

beta-cell apoptosis following fetal and neonatal exposure to
nicotine is mediated via the mitochondria. Toxicol Sci, 2008, 103
(2):362-370.

{12] Targher G, Alberiche M, Zenere MB, et al. Cigaretic smoking
and insulin resistance in patients with noninsulin-dependent
diabetes mellitus. J Clin Endocrinol Metab, 1997,82(11) : 3619-
3624.

[13] Wareham NJ, Ness EM, Byrne CD, et al. Cigarette smoking is not
associated with hyperinsulinemia: evidence against a causal
relationship between smoking and insulin resistance. Metab: Clin
and Exp, 1996,45(12):1551-1556.

[14] Sulander T, Rahkonen O, Nissinen A, et al. Association of smoking
status with obesity and diabetes among elderly people. Arch
Gerontol Geriatrics, 2007,45(2): 159-167.

{15] Canoy D, Wareham N, Luben R, et al. Cigarette smoking and fat
distribution in 21, 828 British men and women: a population-
based study. Obesity Res,2005,13(8):1466-1475.

[16] Freeman DJ, Caslake MJ, Griffin BA et al. The effect of smoking
on post-heparin lipoprotein and hepatic lipase, cholesteryl ester
transfer protein and lecithin: cholesterol acyl transferase activities
in human plasma. Eur J Clin Invest, 1998,28(7): 584— 591.

[17] Unger RH. Lipotoxicity in the pathogenesis of obesity-dependent
NIDDM. Genetic and Clin Implications. Diabetes, 1995,44(8) :
863-870.

[18] Shimabukuro M, Ohneda M, Lee Y, et al. Role of nitric oxide in
obesity-induced beta cell disease. J Clin Invest, 1997, 100(2) :
290-295.

{19] Ferrannini E. Insulin resistance versus insulin deficiency in non-
insulin-dependent diabetes mellitus: problems and prospects.
Endocr Rev, 1998,19(4) :477-490.

(R F :2010-04-02)
(F % F )

-THE -

HEEFRRIFECHREHFHSE—FRIAN

WX S HE—ARIRA (digital object identifier, DON) XIS BB M5 BZE N MEFIE BT RN —F T H.

T LI PEEES RIIAEHER R A SRR, BRI X ey PR W S e o R AU M R 518
B, MRS S EAUCR A B AR, LSBT R AR RFELIE RS, B 2009558 | §IFFR , PR 2SR IR ELM
BIPRS AL RIRIB 0K 347 DOL, B EE 24 RF R ERANE AN B 2545, HftSc BT 4RE: DOI, DOIRE
FHECEY RHENE 10, hPEEESAERA B TIRETE N RE RIS DO,

S W IDF 45 7 R (B ANSINISO Z39.84-2000)HL5E , PHEEZ LRI ZEFIREMULT : “DOL L —H B/ 4R
LB BT IEKEY J2 K ISSN wwrwnsx A J 30K B, BJ . “DOIL: 10.3760/cma.j.issn. #*#*—*%** yyyy nn 722",

AR R 4 R B E DOL S F B X “10.3760" 4 P 3L DOI B LM LA P EZ S RPIRERN S WS
“cma” g F 42 E % £x( Chinese Medical Association) 455 ; “j” 4 journal 5 , {UF 15 BB T AHIF; “issn srrr—rrs+” J R
FREEL B S (ISSN) ; “yyyy” K AL BLEA ; “on” Ky 2 BT 5 5 “222” 2y 3 AR WK S,

VYHREFREEE



