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Abstract: In recent years, it has been demonstrated that some susceptible gene loci of type 2 diabetes mellitus (T2DM)
are not only associated with the susceptibility risk of T2DM, but also the modifying effects of lifestyle interventions. To
further explore the modifying effects of the single nucleotide polymorphism (SNP) on the onset of T2DM and the
reduction of blood glucose in response to lifestyle interventions among the high-risk population, we performed a lifestyle
intervention study in two Deqing rural communities during the period from June to December in 2017. The intensive
lifestyle interventions were conducted among the study subjects of the intervention group while those in the control
group only received conventional and general health education. All participants were genotyped by the MassARRY
system. This study showed that for SNP rs9502570, fasting blood glucose showed a significantly greater reduction for
individuals with CC + CT genotype than those with TT genotype (P=0.031). In the intervention group, the glycated
hemoglobin A1C (HbAL1C) decreased by 0.03% for those with CC+CT genotype, while HbA1C increased by 0.27% for
those with TT genotype (P=0.012). The difference in the reduction of fasting blood glucose and HbAlc between the
intervention and control groups was also statistically significant between individuals with TT and those with CC+CT
genotype. For SNP rs10811661, the reduction of fasting blood glucose was significantly higher in people with TT
genotype than those with CC + CT genotype (0.44 mmol/L vs 0.12 mmol/L, P=0.021). The difference in reduction of
fasting blood glucose between the intervention group and control group was also statistically significant between TT and
CC+CT genotype (P<0.001). In summary, the SNP genotypes of both rs9502570 and rs10811661 could modify the
effects of lifestyle interventions on reducing fasting blood glucose and HbA1C among the high risk rural population for
T2DM. The present study has provided supporting evidence for future development of individualized intervention

measures for high-risk population of T2DM.
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Table 1 Basic information of 43 gene loci

07-06-0099 F1#2014-03-0480), 11 H JT #41if i i A 1
BB ) i A R 55 0 S 5 B A B A IR 5 1 P 2 R
FEW, FRNZABSMIEREE T HERER.,

1.2 EFAXTFM

2017 4F- 6 ~12 A, XTI BT R BEA T LR 1
AT THANRESS: JTRE 4 REREE 2
PR, RMERREE R . FEIXEEAE R A AP BT
—K, TBITENRRIRE . mah A | R
Fl S B ZE AL I DU T IC R AEBE VT I A 3 b, an AT F
X A TG T e L, IR S T G AL TR i
BT E bR, TR 6 N H o X BRI Z 180
LAk DX T AR IR 55 0 45 7 1) R B AR B 2

1.3 T2DM 3 RE R S aYiEF

1E https://www.ebi.ac.uk/gwas/P 3l |14 2% diabetes
mellitus, 753 279 /> T2DM 5 BIE A, i 16 5 1 n
T ()#ZE 2018 45 9 A 30 H, GWAS iff
P<5x107° i) T2DM PHIEA 55 (2)f# ] SNP info Web
Server, SNP Predication Function %% £ 17 2y GE Fit i 15
BN REMEN A ()L S BEAE W 553 1 37
Mo B, HHUT S5 T2DM KIRAHICRY 41 ASFE A
iy 43 M, AR 1.

A SNP e i fk Bl 3 MAF Prwe BN 43 LR (%)
FSCN3-PAX4 rs10229583 7 GIA 0.171 1.000 92.9
CDKN2A rs10811661 9 TIC 0.417 1.000 92.6
GRK5 rs10886471 10 cIT 0.217 0.515 93.7
CDC123 rs10906115 10 AIG 0.361 0.688 94.2
CDC123 rs11257655 10 TIC 0.472 0.636 91.1
ZFAND6-FAH rs11634397 15 AlG 0.069 0.792 97.0
HHEX rs1111875 10 AIG 0.346 0.335 94.4
FAMS58A rs12010175 X GIA 0.157 0.000 96.6
GCKR rs1260326 2 TIC 0.357 0.399 95.8
RPS3AP49-MC4R rs12970134 18 GIA 0.167 1.000 91.6
SLC30A8 rs13266634 8 cIT 0.2849 0.013 90.5
KCNK16 rs1535500 6 GIT 0.4035 0.363 97.0
ARAP1 rs1552224 11 TIG 0.071 0.375 93.7
FAF1 rs17106184 1 GIA 0.102 0.290 94.4
PTPRD rs17584499 9 cIT 0.118 0.251 97.5
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4| SNP PASERES {58 MAF Phwe BT 53 BIFR (%)
PPARG rs1801282 & CIG 0.046 1.000 97.8
AP3S2 7/ C150rf38-AP3S2 rs2028299 5 A/C 0.18 0.233 94.0
KRT18P24-CHCHD2P9 rs17791513 9 AlG 0.07 0.637 97.8
KCNQ1 rs2237892 11 CIT 0.399 0.302 93.2
RPSAP52 rs2261181 12 CIT 0.121 0.217 91.9
RNA5SP94-MIR4432 rs243021 2 TIC 0.354 0.410 95.2
PROX1 rs340874 1 AlIG 0.376 0.746 94.4
GLP1R rs3765467 6 CIT 0.076 0.252 94.4
EIF3EP3-COBLL1 rs3923113 2 TIG 0.143 0.409 95.5
HNF1B rs4430796 17 AlG 0.316 1.000 93.6
HNF4A rs4812829 20 G/A 0.456 0.222 97.3
HHEX rs5015480 10 TIC 0.206 0.686 93.3
KCNJ11 rs5215 11 TIC 0.344 0.414 96.0
KRT18P48-DUSP9 rs5945326 X AlG 0.167 0.000 96.6
IGF2BP2 rs6769511 3 TIC 0.29 0.765 95.3
MAEA rs6815464 4 CIG 0.42 0.209 92.2
GCKYKT6 rs6975024 7 T/IC 0.142 0.324 97.0
ARL15 rs702634 5 AlG 0.132 0.018 97.5
GLIS3 rs7041847 9 G/A 0.406 0.164 94.9
HMG20A rs7178572 15 AIG 0.422 1.000 97.1
UBE2E2 rs7612463 3 CIA 0.228 0.729 91.6
TCF7L2 rs7903146 10 CIT 0.36 1.000 94.2
PSMD6-PRICKLE2-AS1 rs831571 3 CIT 0.412 0.395 94.0
NPM1P47-C2CD4B rs7172432 s AlG 0.395 0.201 97.1
ZFAND3 rs9470794 6 TIC 0.27 0.526 91.1
RREB1 rs9502570 6 TIC 0.421 0.091 93.6
FTO rs9936385 16 TIC 0.117 0.000 97.9
MACF1 rs2296172 1 AlG 0.1853 0.007 97.0
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1.6 HIBESW

K Epidata3.1 #r BdE 2, R H RN
DA A B I A AT R AU o {f ] SPSS19.0,
Plink. R studio #4758 50 0. S48 hm i 22
IR TE S 5340 (I U 24 ) RO , A el N 22 57
fEHECAT ¢ R, AR ) 25 S H Oy 22 0 Hr ek t
R, FIAUECRNE 4y Eox 2R As b A Tk, R
TR B0k He AL AR ) o0 A 25 5 o % PR IS A 1y i
B PORME A Mann-Whitney U #:56 . {88 P 7 22 2047
e IE TR 2% P 2 SEBR AT M I 52 . LA P<0.05 A 25 5%
BGT2EE L, UK AR S Bonferroni 4%
IEZHAKRY P {EEI{E N 0.05/43,

21 MRXIFELEE

THidh B 169 A, 2tk 208 A, “FH4ER
41(64.02+10.66) %/ ; X HRZH 1 51k 162 N, 2Pk 144
N, PR H(65.0949.17) % , (R PEArm;, 5
XTHRAAAR LG, I W) T K DA b SO B T
By, SR LB, BEFEPE AL, 4
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FIE S, ol =R R, At s
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22 SRHEMR SNP XMFHEmiETHIFERE
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TEVHEE TS AR . SCIRRERE . s .
& T2DM ZEIESE . WO . POl RS AT ]
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H1rs10811661 41, HiAy SNP R & B4 3 7 2 T 1
BORA G, gk 3 Fias, X rs9502570,
TG TR CC+CT He[A AR 123 i 1M1
P b TT PR A CHE B AR T8 £ (0.31 mmol/L vs
-0.01 mmol/L, P=0.031), % Bonferroni &1Ef5, 2
S IGE T 2E 7 L (P>0.05), [AliF, —F F4H Fxt B8 26 11
25 i WA S5 22 (622 CC+CT LMW E T TT
FE[X%1(0.26 mmol/L vs 0.14 mmol/L, P<0.001), %
Bonferroni #%1EJ5, 2 545 Giit 2% & X (P<0.05)
(3 3)., THis T4 CC+CT JEH B AR B 1L
L2136 1 E S (E AR T 0.03%, 17 TT He P i1k
MLT5E HEE TR T 0.27% (P=0.012), %4 Bon-
ferroni /¢ 1E )5, 2R L4024 X (P>0.05), CC+CT
HUTT BLPRIR A T T3 2H OGS IR 26 Al Ak ol 20 26 11
& 20 2 Z [ A S 1t 2 22 5 (-0.29 mmol/L vs
-0.09 mmol/L, P<0.001), £ Bonferroni #¢1E)5, 2
SR e 2F 7 X (P<0.05) o A A 5 AR 8 1 4
Bt 5 ULRfE % 1.

XFF rs10811661, T 15 T4l TT FHE A A
TR0 23 I IR B {E HE CC+CT 3[R AU AR A o
% (0.44 mmol/L vs 0.12 mmol/L, P=0.021), £
Bonferroni ®IEJ5, 27 4tit=#& X (P>0.05) (%
4). [FIEF, TT Ml CC+CT &K AL ()T Fil 2l Ak B 41
(1) 25 [ I W 1 J5 2% {8 25 Z (B A 4e 1 2% 2% 5 (0.40
mmol/L vs 0.16 mmol/L, P<0.001), % Bonferroni &
B, 2R A50T2%E X (P<0.05), {HZ&, KA
T TZH P R X B2 P AS (] ik PR 2R 1) A i 21 8 11
TG 22 (H Z [ 4E 3177 22 5 (P>0.05) o A ] B AH 5C Py
AR [ 43 M 435 SR ILRE R 2.

AW & RREBL 5 K Ff 3T 1) rs9502570 5+
TR 5, EARFEIAE 023 7 A AR AL (5 A AL
ML 5 AR 2 . T d rs9502570 fY
CC+CT P ARy 23 MR - S4B b TT 55 [N A
TR 2, XA I T =T A v Ak T
HE7R rs9502570 ff) CC+CT Fe R Y A X A 36 5 20T
T REE AV 2 I ) 0 RO SR . [RIEE, T i
H CCH+CT HL K X G WAk it 21 2 P (R R ARG 1T TT 3k
PRI X AR I 2188 &, JF B CC+CT R A
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Table 2 Baseline characteristics of the participants in the intervention and the control groups
AR FHi4H (n=377) X} BE 2H (n=306) it (n=683) P fi
UNIEE 5 B3 200 = 22 & 1
FIE () 64.02+10.66 65.09+9.17 64.46+12.73 0.211
PER () 169(44.9) 162(52.8) 331(48.5) 0.025
SCARRR BE (91 B DA L) 106(28.2) 35(11.3) 141(20.6) <0.001
A PP A 0.096
1% 64(17.0) 69(22.6) 133(19.5)
i 291(77.3) 213(69.5) 504(73.8)
= 22(5.8) 24(7.9) 46(6.7)
FROE) 58(15.5) 81(26.5) 139(20.4) <0.001
CIFCE) 297(78.7) 244(79.8) 541(79.2) 0.082
A AN A AE BT IR 364(96.5) 298(97.5) 662(96.9) 0.446
ENivE =g 7Y
JEE [ (cm) 82.67+8.91 89.58+8.43 85.84+9.34 <0.001
e 45 K (mmHg) 138.29+16.25 130.27+15.71 134.60+16.48 <0.001
&F 1K i (mmHg) 80.92+8.57 81.15+8.50 81.02+8.53 0.697
23 J 1M 4% (mmol/L) 5.59+0.80 5.400.99 5.500.89 0.003
WAL I 21 2K 11 (%) 5.61+0.67 5.52+0.52 5.57+0.61 0.047
b JIH [ 5 (mmol /L) 4.64+1.12 4.5620.74 4.600.96 0.265
“H 9l =1 (mmol/L) 1.50+1.61 1.75+1.06 1.62+1.39 0.009
HH (BM1 =25 kg/m?) 112(29.7) 257(83.9) 369(54.0) <0.001
{eFEAE G &
WA 103(27.4) 88(28.9) 191(28.0) 0.773
el 97(25.8) 80(26.3) 177(25.9) 0.870
BIKE RN B 47(12.1) 43(14.1) 81(11.9) 0.394
S 279(74.0) 101(33.0) 380(55.6) <0.001
YL <0.001
REHRE 56(14.9) 25(8.2) 81(11.9)
HEAHE 15(3.9) 9(3.1) 24(3.5)
¥y fi 306(81.2) 256(83.6) 562(82.3)
Wl DRI SR ik s 22(5.8) 22(7.1) 44(6.4) 0.277
o I 137(36.3) 94(30.8) 231(33.8) 0.116
XTE T T X AL i 2T A TR S 22 (H 222 7, RREBL JE A A i XU S5 47 JE N W] g 5 T2DM

[ IRA et 25, $2/R rs9502570 [ CC+CT A
TR T A= 1 5 3K 700 3 EOWH Ak il 21 28 10 1 g 25
SR AU, rs9502570 i T RREBL FEHHT,

RREB1 & [H 575 i ifi 7+ A 5 51 A A DG -
B HHAT rs9502570 54 bR A = 1] 1Y A= )~ AL
MANTERE , [HAE—T6 T GWAS #F5E ) meta 434
Hig AL S S T2DM B & 0 BFg

AR B 40 M e AT A 5, ki S5 T2DM 1Y
KA ARBIEGE I U & B RREB1 JE K i/ A% rs9502570
P BHE AN T2DM AR 3 7 201 F AR 25 i i
BRI Ak I 2T 8 B 53808

AHFFE A & B CDKN2A PR B 11 rs10811661
55 A% 7 U RS T BRCR AT 06, BARRIAE X 25
W (AR A R S L, B g rp TT S A AT
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3 rs9502570 AR EFEBE FAMMBEATEMYE, ELMIERER/GEELL
Table 3 Comparisons of the difference in the reduction of fasting blood glucose and HbAlc between the
intervention and control groups by different genotype of rs9502570

o TT(n=186) CC+CT(n=497) o
THi41(n=100) *I M4l (n=86) d p? FTHigH (n=277) XJHE4(n=220) d p?

23 i R S -0.01+1.40 —0.15+0.77 0.14+£1.13 0.418 0.31+1.22 0.05+1.04 0.26£1.09 0.011 <0.001

2% {8 (mmol/L)

AR I 21 8 1l —-0.27+1.20° 0.02+0.47 —0.29+0.89 0.034 0.03+1.98 0.12+0.50 -0.09+£1.34 0.225 <0.001

5 2516.(%)

d NTFHGH RERY M, P Fam TT JLFIEATE T I HxF I8 2H 23 18 005 220 B0 P 7 2240 B i BB PER 30 45 5, P2 £
CC+CT FE DK B A v 1 T 2 R 0] 20 225 8 LW i 5 2508 A B 0 26 0 M 1Y) i S PEAG B 25 21, SRR T N sl 0 B2 N TT F CC+CT
FE PR 023 5 IUR I S 25 (5 00 P 07 25 43l MRS S, PR 3RIR TT R CC+CT 35k R 8~ J 25 A 0T BE 2 114 25 1 B 67 I 25 (1 25 i By 7 2
IR B E VAR IR R . UL B E I 25 TR A A e RS L AR . SRR L Wi . I . T2DM KRR . AR . BRI L IR,

TR T O TR I 4

4 rs10811661 WA EEFEBAFAMIMN BAMNTEMEE, BEUMIERERFEEENLL
Table 4 Comparisons of the difference in the reduction of fasting blood glucose and HbAlc between the
intervention and control groups by different genotype of rs10811661

TT(n=210) CC+CT(n=473)
Eian p3
THidl (n=124) *}HE4H(n=86) d p? T it (n=253) X4 (n=220) d p?
23 16 MR S 0.44+1.09* 0.04+0.92 0.40+#1.02 0.006 0.12+1.35 —0.04+1.03 0.16+1.22 0.15 <0.001
2%{8 (mmol/L)
WL A —0.03+0.86 0.15+0.45 —0.18+0.66 0.08 —0.05+1.13 0.09+0.51 —0.14+0.98 0.083 0.341
HiI & 25(8(%)

d BT S5 BANEME, P IR TT FEFE B b+ TR B 2 I i R0 22 M H 0 2200 BT i B ERR R 45 3R, P2 FoR
CC+CT AR T PR B AL Wp 7 22 70 M i) 3 MEARR B 45 2R, 20K T HUAL N BO IR TT F1 CC+CT Ak R AL 2 R il A iy J
ZABRI P Ir 2250 W7 G VER X, PP 3R TT R CC+CT Jk IR 20 T 2 A0 %o e 2 194 2 ML IR i I 25 10 2 (A b 0y 28 43 M7 1) 8 P 4 4
Fo VLEBIr 20 Wi i AR AR L AR . SOOI @R . BT . T2DM MR . WL BRI L BRAE . RLERIR R SRR RIIR

R
B o

()23 B 2 e CC+CT R RS i &, H:
AENE T AT TR RON R, 42755 rs10811661 {37 5
() TT ik PRIARY R AR 1 7 2T 90 A AT 2 I It i iy
o 23R T AR . CDKIN2A JE [ 37 T 9p21 S et fA
D30, 22 DX 3B O LA 5 e e ) st A2 2 T v i 1
FRE S T2DMI8 25 i Bops U9 35 56RO
RPN IR O . 7E 1k E Duesing %14
H A% Takeuchi 2231 [ Wu ZE PO 5 35 % B
i F CDKN2A JEK L Y rs10811661 i 5 5 T2DM
AARSRAAH M . BF9T R D] CDKN2A 5EE B 41/
DIfez i %, R4S SRS 4
M Re ) i R ¥ — VER, R 330 T2DM &
A ARBIFSE AR U e B CDKIN2A JE PR B3 1Y
rs10811661 fv mi & i MAXT T2DM A 1§ 77 =X T i
R AP 22 L I 1) o7 225 0 R I 5

AHIFE & BE rs9502570 , rs10811661 P~ i 4>
TE—EFEE MR T2DM AR 35 5 3 Fil A%
25 1 IOE SSOBE Ak I 2T 2 (B R R AR, XA BT
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Supplementary Table 1 Comparisons of the difference in the reduction of fasting blood glucose and HbAlc
between the intervention and control groups by different genotype of rs9502570
without the adjustment of possible covariates
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Supplementary Table 2 Comparisons of the difference in the reduction of fasting blood glucose and HbAlc
between the intervention and control groups by different genotype of rs10811661
without the adjustment of possible covariates
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