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Figure 2. Natural history of Type 2 diabetes.
Adapted from [74] with permission from © International Diabetes Center (2010).
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Table 9 HAABEEMOTVHECHKTEE L BARAN-ROTHFEG (1971-1980 4, 1981-1990 4, 1991-2000 435 X TF 2001-2010 4 L)

1) 1971~ 1980 | 2) 1981~ 1990 | 3) 1991~ 2000 | 4) 2001 ~ 2010 |2 P 1) BENTDII 0 2) LEXTD D) @3 LLXTO

% /8 % L8 % '8 % '8 % L8 5% L'y % '8

A HBAEANME (FHFG) T34V 788V [0V [S819@ Y |T76M Y |846@ Y |T96 MY (863 Y| +25@ | +31@& | +17M | +27® | +20& | +17&

B BR#M (PHECHTE) | 6312 64.9% 66.5% 6843 68.0% 71.6Y 714 75.1 +34 +35 +15 +32 +34 +35

B®D A ICHESRTOERKZE -103 | —-139 -94 -135 -96 -130 -82 -11.2

D16 LD, 2 X4 XD, 3 MRS XD, ¥ IWK6X Y

fERBEBE X —ARFIIFm L LEBL T
2001 ~2010 £ T

BE—82F (71.4m%) . T¥E—11.2 F (75.15%)
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Table 1-a HAABERBOIEH (SHEHF 45,708 FHlTHOREE, 2001-2010 4£)

etz | B 29801 i 7 15907 7 | #&at | 45708 i
A (%) (n) (%) (n) (%) (n)

i e 138 4126 170 2,608 14.9 6,824
B RS 3.1 924 43 689 35 1,613
BRI X B 25 746 35 557 29 1,303
BRI DAMC & % 0.6 178 08 132 0.7 310

e o P R 45 1,342 53 841 48 2,183
A 2 4.2 1258 49 777 45 2,035
R 0.3 84 0.4 64 0.3 148

i i A e 6.2 1,860 73 1168 |__ 66 3,028

H 1t 2.2 650 18 204 21 044
s 3.1 929 41 652 35 1,581

¢ b BT M 0.4 127 0.9 146 0.6 273

Z Dt 05 154 05 76 05 230

12 ML P B AR 0D Lo B 75 2,238 108 1717 87 3,955
N 0.9 272 08 121 0.9 303
DAR4 5.4 1,622 86 1372 6.6 2,004
Z 0t 12 344 14 224 12 568
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ADEE

P & BIEK L 29801 4 % 15907 B 45708 41
FEA (%) (n) (%) (n) (%) (n)
TR A 40.7 12,115 339 5,395 38.3 17,510
Al 14 407 04 62 1.0 469
H 4.0 1,189 24 389 3.5 1,578
fil 89 2,658 35 555 7.0 3213
K 2.7 799 26 418 2.7 1,217
Ht 6.7 2,007 4.7 741 6.0 2,748
L3 5.5 1,628 6.1 972 5.7 2,600
TE 0.0 0 14 230 0.5 230
FLbs 0.0 6 1.8 282 0.6 288
I - V) ¥ 23fE 4.0 1,193 3.6 573 39 1,766
Z DAl 5 2,228 74 1,173 74 3401
EYYE 17.6 5,255 158 2,516 17.0 g
Rit% 0.3 36 0.2 37 0.3 123
fili 9% 12.7 3,784 9.6 1,528 11.6 5312
Z DAl 46 1,385 6.0 951 5.1 2,336
FaranlyET = H- e A \ \
BEE. BIEFEY. BREEDVTRADKFZ 5805
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Table 3—Dementia risk by majority HbA;. exposure

>50% of HbA,.

Age-adjusted HR

HR (95% Cl) adjusted

\ ——

JE=

HR (95% Cl) adjusted
for race, sex, and baseline

fﬁun\ MRl BERREZ
nﬂ Lj—— IZ/T\ mﬁﬂf—@ﬁ
P9

HR (95% Cl) adjusted for race, sex,
baseline health conditions,* and

measurements (95% Cl) for race and sex health conditions* frequency of HbA,. measurement
<6% 2.06 (1.11, 3.82) 2.03 (1.10, 3.78) 1.44 (0.75, 2.77) 1.45 (0.71, 2.92)
6-6.9% 0.55 (0.34, 0.88) 0.53 (0.33, 0.85) 0.54 (0.34, 0.87) 0.55 (0.34, 0.88)
7-79% 0.52 (0.35, 0.77) 0.55 (0.37, 0.82) 0.55 (0.37, 0.82) 0.55 (0.37, 0.82)
8-8.9% 1.57 (1.01 2.46) 1.58 (1.01, 2.47) 1.64 (1.05, 2.57) 1.65 (1.06, 2.57)
=9% 1.82 (1.14, 2.90) 1.80 (1.12, 2.89) 1.80 (1.11, 2.90) 1.79 (1.11, 2.90)

Estimates obtained from Cox proportional hazards models with age as time scale. *Each of the following baseline health conditions was adjusted forin
the model: history of stroke, myocardial infarction, nephropathy, neuropathy, severe diabetic retinopathy, peripheral arterial disease, hyperglycemic
events, and hypoglycemic events.

FHMmAEL N (HbAlc) SENRIAVEREY A 7D ER EBE]

“HEEET %

Lacy ME, Gilsanz P, Karter AJ, Quesenberry CP,
Pletcher MJ, Whitmer RA (2018) Long-term Glycemic

Control and Dementia Risk in Type 1 Diabetes. Diabetes Care 41: 2339-2345
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BEMx | AVAFD | (B/A)
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= i £ fE 137,539A 20,388A 14.8%
24 EigR 126,221 A 2,150A 1.70%
ELIES 126,748 A 3,115A 2.46%
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IRBE
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0.73% (909A)
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Promoting regeneration of islet cells

» through secreling cytokines and growth factors
like VEGF, IGF-1, PDGF-BB, angiopoietin-1, efc.

«restorationof § cell mass

«conversion from a cells to B cells

Differentiation into IPCs
«the capacity to release insulin
«typical g cellfuncions
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Amelioration of insulin resistance

IS Of endiogenions A cols - activation of IRS-1/PI3K signaling pathway

Fig. 1 Diagram explaining the mechanism by which MSCs act on type 2 diabetes. MSCs exert beneficial effects on type 2 diabetes through differ-
entiation into IPCs, promotion of islet cell regeneration, protection of endogenous islet cells and amelioration of insulin resistance. IPCs insulin-pro-
ducing cells, IGF-1 insulin-like growth factor-1, VEGF vascular endothelial growth factor, PDGF platelet-derived growth factor, IRS-1 insulin receptor

substrate-1, PI3K phosphoinositide 3-kinase
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Table 1. Summary of clinical trials using MSCs to treat patients with TADM

Study (S(T;:f__;gi:tl y Duration FPG (mg/dl) C(‘r‘]’z;’;:’)e HbA1lc (%) Insulin Dose (IU/day)
Mesples et al. 2013° i I 3 Baseline 334 +171 053+009 1185+184 6+1
12 months 1225125 095+036 75+05 8+2
HEHE EE ;E Thakkar et al. 2015° 2 10 Baseline (autologous IPCs) 2696 +93.04 022+021 109+215 639 +209
24 months (autologous IPCs) 2180+ 72.45 093 +024 15+1.05 39.66 + 9.37
10 Baseline (allogeneic IPCs) 3095+6701 002+001 1139+19 575+218
24 months (allogeneic IPCs) 2025+5134 046 +029 801+104 385+1334
Dave et al. 2015° 4 10 Baseline 2696 022 10.99 64
27 months 197.2 092 6.72 39
Carlsson et al. 2015 5 20 Baseline N/A 029 +0.05 65+04 0.43 + 0.05 (lU/kg/day)
12 months N/A 032+ 0.05 6.3+0.2 0.39 + 0.05 (lU/kg/day)

Most studies did not conduct statistical significance tests to compare follow-up values to baseline. However, overall values showed improvement at follow up for each of
these studies. Carlsson et al. 2015 did not find any statistically significant differences between baseline and 12 month follow up. Zhao et al. found significant improve-
ments in values including an increase in C-peptide, decrease in HbAlc, and lowering of daily insulin dose. *Due to small sample size, no statistical significance tests were
performed. *Statistical significance tests comparing to baseline were not conducted. “No data on standard errors reported.

1RHERBEEICHWVWT., BERBHRORSE. Itu*'ﬁ?“ll«:l — 2LV
HbAICcL RILHBKIGICIET L. C-RZ7FFLRIL (41 ¥ vE) PERL.
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Table 2. Summary of clinical trials using MSCs to treat patients with T2DM

: C-peptide Insulin Dose
Study Treatment Method n Duration FPG (mg/dl) (": g}’ml) HDA1C (%) i
Bhansali et al. 2009 Autologous BMSCs injected into gastroduodenal artery 10 Baseline 1365+ 251 06+01 | 84+06 69.4+66
6 months 1191+213 11+02¢ | 73+08° 282+ 74°
Jiang et al. 2011 Three IV infusions of PD-MSCs at 1 mo intervals 10 Baseline N/A 26+21 98+22 63.7 +18.7
6 months N/A 35423 |67+12° 347 +13.4¢°
Bhansali et al. 2014 Two autologous BMSCs injections into superior 11  Baseline (Cases) 945(87.7-1034) 0.7(0.3-1.2) |6.9(6.4-71) |42.0(31.0-64.0)
pancreaticoduodenal artery at 12 wk interval 12 months (Cases)  104.0 (98.5-118.5) N/A 71(6.6-75) |14.0(0.0-30.0*
10  Baseline (Controls)  103.0 (95.0-112.3) 1.2(0.7-1.6) |6.9 (6.2-7.0) |40.5(31.8-44.3)
12 months (Controls)  104.0 (101.0-113.0) N/A 7.0 (6.9-75) |275(23.5-33.3F
Bhansali et al. 2017 Autologous BM-MSCs and BM-MNCs were injected into 10  Baseline (BM-MSC)  104.4(95.4-1116) 0.4(0.3-0.4) |6.9(6.6-7.0) | 475 (34.052.3)
the superior pancreaticoduodenal artery 9 12 months (BM-MSC) 1206 (115.2-1206) 0.4 (0.4-0.5) |6.4(6.0-71) |24.0 (12.0-33.0)°
10 Baseline (BM-MNC)  113.4(99.0-1152) 0.5 (0.4-0.6) |6.7 (6.4-7.3) |68.0(50.5-84.3)
12 months (BM-MNC) 117.0 (111.6-120.6)° 0.7 (0.4-1.1) |7.0(6.7-75) [38.0 (24.3-41.5)*
10 Baseline (Controls) 108.0(111.6-122.4) 0.5 (0.4-0.7) |6.5(6.2-6.8) | 48.5(29.5-76.0)
12 months (Controls) 1134 (99.0-120.6) 0.7 (0.4-0.9) |6.1(6.0-6.8) |45.0(26.3-67.5)

Studies reviewed showed significant improvement in in T2DM patients treated with MSCs, especially in significantly decreasing daily required insulin doses. Bhansali et ai—2665-anrdHang et al. 2011 showed
significant improvements in C-peptides, HbAlc levels, and insulin dosages using their distinct methods of MSC treatment. Bhansali et al. 2014 showed significant improvement in daily insulin requirements.
Bhansali et al. 2017 showed significant decreases in daily insulin requirements for patients treated with BM-MSCs and BM-MNCs in addition to a significant increase in FPG levels in patients receiving BM-
MNCs (negative result). *Statistically significant difference from baseline (P < 0.05). *Statistically significant difference between Cases and Controls (P < 0.05).
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