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ABSTRACT Objective: To explore the relationship between serum bilirubin, bile acid (BA), 25 hydroxyvitamin D3[25(OH)D;] and
insulin resistance (IR) in type 2 diabetes mellitus (T2DM) with obesity. Methods: From January 2018 to December 2019, 240 T2DM
patients were divided into T2DM-N group (84 cases), T2DM-OW group (92 cases) and T2DM-OB group (64 cases). TBIL, IBIL, DBIL,
BA and 25 (OH)D; were measured respectively. HOMA-IR was used as the dependent variable to analyze the risk factors of IR. Results:
BMI, BA, TG, FPG, 2hPG, HbAlc, FINS, HOMA-IR, CRP were higher in T2DM-OB group than in T2DM-N group, and DBIL, 25(OH)
D; were lower in T2DM-N group (P<0.05). Pearson correlation analysis showed that HOMA-IR was positively correlated with BMI and
BA (P<0.05), negatively correlated with DBIL and 25(OH)D; (P<0.05). Multiple linear regression analysis showed that BMI increased,
25 (OH)D; and DBIL decreased were the risk factors of IR (P<0.05). Conclusion: T2DM with obesity have IR and lipid disorders,
increased risk of cardiovascular disease, increased levels of BA, decreased levels of DBIL and 25(OH)D;, and increased levels of chronic
low grade inflammation, in addition to BMI, the decrease of 25 (OH)D; and DBIL may also be an important risk factor for IR in T2DM
with obesity.
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Table 1 Comparison of clinical data of T2DM patients with different body mass index(xt s)

Indexes T2DM-N group(n=_84) T2DM-OW group(n=92) T2DM-OB group(n=64)
Female/Male(n) 36/48 41/51 29/35
Age(years) 56.62+ 10.36 55.38+ 3.28 5430+ 4.81
Smoke(Yes/No) 28/56 31/61 21/43
Drink(Yes/No) 26/58 32/60 20/44
Medical history(years) 3.33+ 0.84 3.96x 0.90 343+ 091
BMI(kg/m?) 2231+ 1.46 2599+ 1.17Y 30.61+ 2.36"
SBP(mmHg) 133.76+ 21.47 137.12+ 12.45 136.56+ 18.21
DBP(mmHg) 82.76% 13.10 85.99+ 11.54 86.80% 13.44
BA(umol/L) 2.68+ 0.34 85.99+ 11.54 4.56+ 0.60"
TG(mmol/L) 1.56+ 0.84 243+ 2.14) 2.85+ 2.20"
TC(mmol/L) 4.88+ 1.32 5.04% 1.29 5.16x 1.36
HDL-C(mmol/L) 1.23+ 0.34 1.22+ 0.33 1.24+ 0.26
LDL-C(mmol/L) 2.87+ 0.83 291+ 0.95 2.90+ 0.95
FPG(mmol/L) 8.21+ 2.47 8.84+ 2.84 9.78+ 3.49Y
2hPG(mmol/L) 12.93+ 428 13.24+ 433 15.06+ 5.12Y
HbAlc(%) 8.45+ 1.39 9.08+ 1.77Y 9.27+ 2.01"
FINS(mIU/L) 3.01% 0.67 7.65+ 3.78" 11.60+ 4.19"
HOMA-IR 1.43(1.04~1.69) 2.56(1.64~2.79)" 4.13(3.42~4.92)™

TBIL(pmol/L)

11.96% 4.03

12.10+ 5.70

11.77+ 4.70
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DBIL(umol/L) 4.06x 1.99 3.54+ 2.01 3.07¢ 2.04Y
IBIL(pmol/L) 7.95% 3.95 8.90+ 4.65 8.08+ 3.97
25(OH)D;(nmol/L) 50.73+ 15.62 4490+ 14.62" 40.65+ 14.49"

CRP(mg/L) 1.02+ 0.96 1.35+ 0.89 1.71% 0.85"

Note: compared with T2DM-N group, "P<0.05; compared with T2DM-OW group, ?P<0.05.

2.2 {REIFERE T2DM EE HOMA-IR 5 & HshRigHE LM § TC.TG .HDL-C.LDL-C .DBP.SBP .TBIL IBIL }; CRP A
Pearson #3143 #7 2 7~ ,HOMA-IR 5 BMI BA 21EAM  HAMHRME(P>0.05), 1Lk 2,
3:(P<0.05), 55 DBIL ,25(0H)D; £ 1 (P<0.05), 54E % i

2 {FEYAERF T2DM 2E HOMA-IR 5 &i5RrEHEX T
Table 2 Correlation between HOMA-IR and indexes in T2DM patients with obesity

Indexes r P
Age 0.012 0.912
BMI 0.328 0.005

Medical history 0.082 0.883
BA 0.289 0.024
TC -0.063 0.619
TG 0.213 0.091

HDL-C 0.051 0.690

LDL-C -0.142 0.263
DBP 0.205 0.104
SBP -0.086 0.501

TBIL 0.015 0.907
DBIL -0.386 0.002
IBIL -0.006 0.964
25(OH)D; -0.458 0.000
CRP 0.106 0.403

2.3 {KEIPERE T2DM EEH HOMA-RR 5 &M S TEER #7204k RS54, BlIH 752 : HOMA-IR=-0.30425(0H)D:-
A5 4T 2.034DBIL+0.432BMI+45.227, 4551 /% ,BMI F1, 25(0H)D; |
HE—2EXHARIERE T2DM B35 HOMA-IR 583855936 %  DBIL RN IR (fER 2 (P<0.05), W3 3.

3 {RBUAERF T2DM BE HOMA-IR 5&54RH & Tk 3 554
Table 3 Multiple linear regression analysis of HOMA-IR and indexes in T2DM patients with obesity

Partial regression Standardized partial
Model . Standard error . . t P 95% C1
coefficient 3 regression coefficient 3
Absolute term 45.227 4.678 - 9.669 0.000 35.581~54.908
25(OH)D, -0.304 0.127 -0.306 -2.393 0.020 -0.558~-0.050
DBIL -2.034 0.890 -0.292 -2.285 0.026 -3.815~-0.254
BMI 0.432 0.184 0.152 2.032 0.038 0.283~0.872

3 Wig IS FERE IR, R PN B AR BRI 2203 WM K T 1Y S E

5, A 1S Sl B, A T B AN A A LU T L

T2DM JEJHE Bt i 28 SE AR E B CL B BB A 92, BT & A SN IR 61T 5 R B PR 1 S A= 0519, CRP 2 I

FE— PR PEAR B JOAE B, IR AUE T2DM B EEAGHAE Wb R AR 5 R O S8R, I JLAFESR , CRP Al 24k
BURHAIE, R ACER AR RSB ORERE AL SE  MAEBR A 3 R A LR SR S AR R B0
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CRP 7KVt , BA 7K F-FHis , VD \DBIL /K-F-F#fik. VD DBIL
KB R ARAT T RE S TH s FLR P AR SR E S 1o K-, AT
N IR, BETIANE T2DM fYkfE . DRk, 72 I R T A Ao AR
JiE T2DM (3% W E LT VD . BA K JBLLE JLH 2 DBIL /K
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8D I ATHAT Fp RAEAS B A TS PRI SR et — 2B 5

5 % 3T #k( References )

[1] Harpavat S, Garcia-Prats JA, Anaya C, et al. Diagnostic Yield of New-
born Screening for Biliary Atresia Using Direct or Conjugated Biliru-
bin Measurements[J]. JAMA, 2020, 323(12): 1141-1150

[2] Choi JS, Chung KS, Lee EH, et al. The role of bilirubin to albumin ra-
tio as a predictor for mortality in critically ill patients without existing
liver or biliary tract disease[J]. Acute Crit Care, 2020, 35(1): 24-30

[3] Lai X, Fang Q, Yang L, et al. Direct, indirect and total bilirubin and
risk of incident coronary heart disease in the Dongfeng-Tongji cohort

[J]. Ann Med, 2018, 50(1): 16-25
[4] Kim ES, Lee SW, Mo EY, et al. Inverse association between serum to-

tal bilirubin levels and diabetic peripheral neuropathy in patients with
type 2 diabetes[J]. Endocrine, 2015, 50(2): 405-412
[5] RaA et sty 2 A s fom e AT R R[] R X F 2 M(E

18, 2019, 40(5): 644-649

(6] 3K4R, AR iF T, ZAZ ALt BRI R 09 AR )]. P B AL F 5
2-F A4 FAR, 2019, 35(4): 399-403

[7] Shu L, Huang K. Effect of vitamin D supplementation on blood pres-
sure parameters in patients with vitamin D deficiencya systematic re-
view and meta-analysis[J]. J] Am Soc Hypertens, 2018, 12(7): 488-496

[8] Dadrass A, Mohamadzadeh Salamat K, Hamidi K, et al. Anti-inflam-
matory effects of vitamin D and resistance training in men with type 2
diabetes mellitus and vitamin D deficiency: a randomized, dou-
ble-blinded, placebo-controlled clinical trial [J]. J Diabetes MetabDis-
ord, 2019, 18(2): 323-331

[9] K4, i S A U, . AP B AR E T K3 G 4% B 78 I E AR
R AR R AT S AT ] 7 B AR E 25, 2017, 24(23): 3557-3562

[10] A% E g FrAdAa. 2 F AR MEARE o AR AR K B AL [)] P 46
FEFLE 2019,38(4): 431-434

[11] 2R, ZAEH, Z AL B RATEARM MR R E 2 o &t
MR 2 A (1] F 46 o Rt 2 &, 2019, 35(11): 907-926

[12] SUA% B, 40 Be o, R R A8, S AR M R % P A2 7 BR K - AL B AR %
%97 Rk [1]. Lk 3E X F F AR (E FR), 2019, 39(6): 678-683

[13] McCracken E, Monaghan M, Sreenivasan S. Pathophysiology of the
metabolic syndrome[J]. Clin Dermatol, 2018, 36(1): 14-20

[14] FRik. 3 EIPLBAEEZ RFNA L KT ELST L ERM R
BERRRA SRR X R (] Hd EFRFR, 2019, 2522):
1736-1739

[15] Z 8L, Z #7142 3k 3k, 5. L5147 R % 5 AE HOMA-IR % i
By F ARG U6 FALAM: £ F I 5 R S AEZ M 8 % & [1].F
A6 5B AR &, 2019, 35(8): 672-677

[16] I Wede, E 580,25 Hebl, 5.2 RUbE oom & FF R 42 A48 36 W By 3
Fode A 5 1R KR AT X AT R[]t de B F, 2019, 34(9):
826-830

[17] Xia M, Zhang C, Gu J, et al. Impact of C-reactive protein on
long-term mortality in acute myocardial infarction patients with dia-
betes and those without[J]. Clin Chim Acta, 2018, 480: 220-224

[18] Muilwijk M, Nieuwdorp M, Snijder MB, et al. The high risk for type
2 diabetes among ethnic minority populations is not explained by
low-grade inflammation[J]. Sci Rep, 2019, 9(1): 19871

[19] FRzbh, 80, 22 R .2 RN BRIk % 4 d i 25(OH)VD K-F 55 45 i
T B A R RAL I TR TR AR & HE[T] 0 A B 25, 2018, 58(39):
61-64

[20] Haidari F, Jalali MT, Shahbazian N, et al. Comparison of Serum Lev-
els of Vitamin D and Inflammatory Markers Between Women with
Gestational Diabetes Mellitus and Healthy Pregnant Control [J]. J
Family Reprod Health, 2016, 10(1): 1-8

[21] Jamilian M, Amirani E, Asemi Z. The effects of vitamin D and probi-
otic co-supplementation on glucose homeostasis, inflammation, ox-
idative stress and pregnancy outcomes in gestational diabetes: A ran-
domized, double-blind, placebo-controlled trial[J]. ClinNutr, 2019, 38
(5): 2098-2105

[22] Dadrass A, Mohamadzadeh Salamat K, Hamidi K, et al. Anti-inflam-

—

matory effects of vitamin D and resistance training in men with type 2
diabetes mellitus and vitamin D deficiency: a randomized, dou-
ble-blinded, placebo-controlled clinical trial[J]. J Diabetes MetabDis-
ord, 2019, 18(2): 323-331 (T#%E2E 3928 TT )



- 3928 -

DREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.20 OCT.2020

(6] RAE, £ 538, F%, ¥ BREHFRAEWBLIARFENE
KRG B % Z B [I]. B 536917 22, 2017, 21(10): 1758-1759

[7] Raineki C, Bodnar TS, Holman PJ, et al. Effects of early-life adversity
on immune function are mediated by prenatal environment: Role of
prenatal alcohol exposure[J]. Brain Behav Immun, 2017, 66: 210-220

[8] Kim H, Oh YK, Park HC, et al. Clinical experience with white blood
cell-PET/CT in autosomal dominant polycystic kidney disease pa-
tients with suspected cyst infection: A prospective case series [J].
Nephrology (Carlton), 2017, 23(7): 661-668

9] PHEAREFBE R EAFHR AT LR 4 FRLENS T IEE
R PEEFZAE L E(BFIR), 2013, 6(8): 56-63

[10] Hayashi T, Yoshikawa T, Aoyama T, et al. Impact of infectious com-
plications on gastric cancer recurrence [J]. Gastric Cancer, 2015, 18
(2): 368-374

[11] Fattahi S, Kosari-Monfared M, Ghadami E, et al. Infection-associated
epigenetic alterations in gastric cancer: New insight in cancer therapy
[J]. J Cell Physiol, 2018, 233(12): 9261-9270

[12] Kim EY, Yim HW, Park CH, et al. C-reactive protein can be an early
predictor of postoperative complications after gastrectomy for gastric
cancer[J]. Surg Endosc, 2017, 31(1): 445-454

[13] Vicente D, Ikoma N, Chiang YJ, et al. Preoperative Therapy for Gas-
tric Adenocarcinoma is Protective for Poor Oncologic Outcomes in
Patients with Complications After Gastrectomy [J]. Ann Surg Oncol,
2018, 25(9): 2720-2730

[14] Chen QY, Huang CM, Zheng CH, et al. Do preoperative enlarged
lymph nodes affect the oncologic outcome of laparoscopic radical
gastrectomy for gastric cancer?[J]. Oncotarget, 2017, 8(5): 8825-8834

[15] Caruso S, Patriti A, Roviello F, et al. Robot-assisted laparoscopic vs
open gastrectomy for gastric cancer: Systematic review and
meta-analysis[J]. World J Clin Oncol, 2017, 8(3): 273-284

[16] ‘T wels, i& K ie. Bl #ALIT 2 B fedkis A g &4 5MA o T it
LA A NK 206y % em[J]. i E 5, 2017, 28(24): 4002-4004

[17] Soares MP, Teixeira L, Moita LF. Disease tolerance and immunity in
host protection against infection [J]. Nat Rev Immunol, 2017, 17(2):
83-96

[18] Inaoka K, Kanda M, Uda H, et al.Clinical utility of the platelet-lym-
phocyte ratio as a predictor of postoperative complications after radi-
cal gastrectomy for clinical T2-4 gastric cancer[J]. World J Gastroen-

terol, 2017, 23(14): 2519-2526

[19] Hamiel U, Bahat H, Kozer E, et al. Diagnostic markers of acute infec-
tions in infants aged 1 week to 3 months: a retrospective cohort study
[J]. BMJ Open, 2018, 8(1): 018092

[20] Ma Z, Bao X, Gu J. Effects of laparoscopic radical gastrectomy and
the influence on immune function and inflammatory factors [J]. Exp
Ther Med, 2016, 2(2): 983-986

[21] K2R, B4h, BRI, F. 50 F Ba Btk K g Mk B bt
K ey TR B & AT [J]F A8 s A4 &, 2017, 32(11): 917-920

[22] % kAh, &L, AV RU, 5. BES S LS Rt i 8 A& &
B F KM B I Ry Hra IR 4 B 3, 2017,
17(20): 3921-3924

[23] Gans SL, Atema JJ, van Dieren S, et al. Diagnostic value of C-reac-
tive protein to rule out infectious complications after major abdomi-
nal surgery:a systematic review and meta-analysis[J]. Int J Colorectal
Dis, 2015, 30(7): 861-873

[24] A& Ik, 1hms, Jo—Af, 5 R RIARS RS &4 B F KM T A 69 &
& BB ARG B R A2 e d [J]. #T Ak B 25, 2017, 39(23):
3554-3556

[25] Nguyen-Thi-Dieu T, Le-Thi-Thu H, Duong-Quy S. The profile of
leucocytes, CD3*, CD4", and CD8'T cells, and cytokine concentra-
tions in peripheral blood of children with acute asthma exacerbation:
[J]. J Int Med Res, 2017, 45(6): 1658-1669

[26] Soutto M, Saleh M, Arredouani MS, et al. Loss of Tffl Promotes
Pro-Inflammatory Phenotype with Increase in the Levels of RORyt+
T Lymphocytes and II-17 in Mouse Gastric Neoplasia [J]. J Cancer,
2017, 8(13): 2424-2435

[27] Cheng Y, Zhang J, Zhang L, et al. Enteral immunonutrition versus
enteral nutrition for gastric cancer patients undergoing a total gastrec-
tomy: a systematic review and meta-analysis [J]. BMC Gastroenterol,
2018, 18(1): 11

[28] Kiatpapan P, Vilaichone RK, Chotivitayatarakorn P, et al. Gastric
Cancer and Gastrointestinal Stromal Tumors Could be Causes of
non-Helicobacter Pylori non-NSAIDs Peptic Ulcers in Thailand [J].
Asian Pac J Cancer Prev, 2017, 18(1): 155-157

[29] A2 X, E 3040, ok R B ST MR B AR e R & SR B
T 5 kA e Honll] BB &, 2017, 22(1): 30-35

[30] sz, Fms, %) %, 5. Sh &5 Jam B ARG AR EH T HC mL L
KT 80 W R[] 48 I e 3 2 J ., 2019, 29(6): 884-887

(_E3%5 3936 1)

[23] Takei R, Inoue T, Sonoda N, et al. Bilirubin reduces visceral obesity
and insulin resistance by suppression of inflammatory cytokines [J].
PLoS One, 2019, 14(10): 0223302

[24] RiFiF TR ARG, FRED 0F Ead i AEEL BT
B AF R E LIRS B ¥ L A AT L AR 49 9 AT s [J] LR A T B
e & 2017, 323): 152-156

[25] Oesterle A, Laufs U, Liao JK. Pleiotropic effects of statins on the car-
diovascular system[J]. Circ Res, 2017, 120(1): 229-243

[26] Lai X, Fang Q, Yang L, et al. Direct, indirect and total bilirubin and

risk of incident coronary heart disease in the Dongfeng-Tongji cohort

[J]. Ann Med, 2018, 50(1): 16-25

[27] Jia W, Xie G, Jia W. Bile acid-microbiota crosstalk in gastrointestinal
inflammation and carcinogenesis [J]. Nat Rev Gastroenterol Hepatol,
2018, 15(2): 111-128

(28] 2 M W,k B A, B Ap, 5. i B Rt 8RB 55 2 AR fom fg %
AR E 2, 2019, 47(3): 250-254

[29] A5k F 4 3,30 5 55, .2 U4 AR IA & IE 2 & A Me £ AR
L d ik TG A e H B X A [T) P B S E94 i 4, 2016, 20(8):
1356-1357

[30] KA, 2F da, B B4R Ae vt BR S5 R 4r SRR AT R [J]. I 5 45
ix, 2016, 22(5): 964-967



