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Abstract This study aimed to investigate the effects of DCI on glucose control, quality of life(SF-36 Version 2.0,
Korean) and SDSCA(Summary of Diabetes Self-Care Activities) in patients with type 2 diabetes mellitus. A
randomized, double-blind, placebo-controlled study was performed on 46 patients with HbAlc 7.0% taking triple
anti-diabetic drug regimen who visited the department of Endocrinology and Metabolism in Chungnam National
University Hospital between March 2015 and May 2016. As a result, DCI treatment in the intervention group resulted
in significantly reduced HbAlc levels 8.75+0.79%(baseline), 8.36+1.03%(after 12weeks), and 8.65+0.81%(after
24weeks). However, patients in the control group did not show any significant change. Interestingly, both DCI
treatment group and the control group significantly showed improvements in SDSCA. Participants in the intervention
group showed a small yet significant improvement in their only fasting blood glucose test in SDSCA and revealed
significant increase in the quantitative levels of quality of life, from 73.05+16.85 to 82.74+10.68. By using pathway
analysis, improvement of SDSCA scores(3=-0.505, t=-2.743) was the most influential factor to the fasting blood
glucose. The quality of life of patients with type 2 diabetes mellitus was affected by changes of SDSCA scores(3
=0.411, t=2.024) and fasting c-peptide([3=-0.445, t=-2.668) in DCI treatment group. In conclusion, treatment of DCI
effectively improved glucose control in patients with type 2 DM(HbAlc level>7.0%) after 12 weeks of treatment,
although it had no impact on glucose control after 24 weeks of treatment. Improved glucose control may encourage
diabetic patients to conduct self-care activities and improve the quality of life. Based on the present study, we suggest
that diabetes self-management, as well as consideration of comprehensive laboratory findings, may be important factor
in regulating the quality of life in type 2 DM patients.
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Screened (N=51) b—
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Inclusion criteria;

+Diagnosed attype 2 DM

» Prescribed atleast 3 oral agents or insulin
therapy plus oral agents for diabetes for 12
weeks

*HbALClevel 27.0%

Screened failures (N=4)
* Withdraw consent

Randomized (N=47)
! !

‘ DCI(N=23) ‘ ‘ Control (N=24) |

Drop-out (N=1)
* Dizziness

‘ Completed (N=23) ‘

‘ Completed (N=23) ‘

Fig. 1. Study protocol
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224 22 A FE HiFHH

ofES Fholmo|mAlEe] HE e = YEjel DCI
(T AN A} A 27|19k AL ke ()Y
Sto lﬂ?r"’éoﬂ/ﬂ Al gEoke), B AFAZL o] ol B85
9 FEAEE AN F7H R DCIE 18] 27344
(DCI 600mg)S 14 23] 2™l &3} A 2457 B+
Folskqit

2.3 EMUH

3% A5+ SPSS(Statistical Package for the

Social Science) program 23.0(Chicago, IL, USA)S ©]
Fagieh Agat vaTel QPP Yo 54
& 3137 Slal SARE LA AN, W]

AL =)
=7 B
HREZ= B

22l gjH] 1257, 245 o] % ¥ RS S
ou, o]kl tiH|ste] 247 F-of WslEkRS vl

7] $istol g o= ANSTh DCL Folo ot
2 g A7)eke) 2 a0l A2 wwel) $iste] UlgE
A2 shglom, dolzehel thulste] 245 F
Hlaeh] gistol FUBRAS ANse,

239 AF2 AMOS Program 22.05 A}
15], A28 9] A= 774-L Absolute fit
index$! xz(CMIN), Normed x’(CMIN/DF), RMR(Root
Mean-squared Residual), GFI(Goodness of Fit Index),
AGFI(Adjusted GFI), RMSEA(Root Mean Squared
Error of Approximation), NFI(Normed Fit Index), TLI
(Tucker-Lewis Index), CFI(Comparative Fit Index)E
ool Rl AgeE Hrleklv22]. 74 dre) avt

= AR gl A WA TR Fete Rt
RAAAAG Alole] HR 2 o] PARE wef 28
st A HEHE EI]SHATH23)
3. gdx&xn
3.1 CHAXte| atdat & M3stsid E4
tdAte] Hat volis AT 63.5249.47A], iz
61.00+8.74A0]9 o, AFL 717} 64.73+10.20kg,

dat e
169.83+47.01mg/dL, 184.13+43.77mg/dLo]

65.60+10.68kgo] ATt Hlo] ekl ¥
SLEL Ao

= O 1o
Qo FE o&EHUL 10.28+5.99ulU/mL, 9.45+4.54u
IU/mLO]‘,?i\jr. FE el == 0.96+0.57mmol/L,
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0.92:£0.30mmol/Le] 1o, B3} A
8.90+1.18%°¢] A tHTable 1].

2= 8.7540.79%,

Table 1. Clinical and Biochemical characteristics of

participants (N=46)
Variable (I\]I): 213) f;:’;r;))l

Age (year) 63.52+£9.47 61.00+8.74
Weight (kg) 64.73+10.20 65.60+10.68
BMI (kg/m’) 25.06+2.74 24.76+2.94
SBP (mmHg) 132.87+13.02 129.00£15.42
DBP (mmHg) 76.65+8.00 73.52+11.70
Fasting glucose (mg/dL) 169.83+47.01 184.13+43.77
Fasting insulin (UIU/mL) 10.28+5.99 9.45+4.54
Fasting c-peptide (mmol/L) 0.96+0.57 0.92+0.30
HbAlc (%) 8.75+0.79 8.90+1.18
Total Cholesterol (mg/dL) 146.04+28.22 143.83+25.86
Triglyceride (mg/dL) 126.00+65.70 191.96+136.76
LDL-Cholesterol (mg/dL) 77.57£22.16 71.48+16.69
HDL-Cholesterol (mg/dL) 51.78+11.32 47.91£11.99
AST (U/L) 23.74+15.10 23.1348.13
ALT (U/L) 25.00+14.77 23.744+10.01
BUN (mg/dL) 16.04+4.98 16.64+4.63
Creatinine (mg/dL) 0.73+£0.20 0.78+0.18

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HbAlc, glycated hemoglobin; LDL-Cholesterol, low
density lipoprotein cholesterol; HDL-Cholesterol, high density
lipoprotein cholesterol
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752£0.79%, 8.36+1.03%, 8.65+0.81%°.%
3} tH(p<0.05)[Table 2]. 1&1}, tizx=a"

2]

TE Q&Y T8 -l =, P}

o
o ot

_lZ;

&
Weh= glitHTable 3].

DCI Fofol] M AT thxate] s 2 A
3}eba WslES AviRd, 38 g9 Waleke Aty
2T Z7F -14.09£29.67mg/dL, -11.35+51.15mg/dLo]
Rom, FE Q&S] WP -0.65+5.55ulU/mL,
2.8949.54ulU/mL, 35 c-FEf]= ®gFL -0.02+
0.41mmol/L, 0.03+£0.50mmol/L, T3}& A tﬂﬁrak——
Z47; - (.10+0.84%, -0.28+0.90% 2 & T 7-o] W3}k

-]'017} uA/v\E}‘[Table 4].
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Table 2. Clinical and biochemical changes of the DCI group at baseline, 12 and 24 weeks (N=23)
Variable Baseline 12weeks 24weeks p-value

Fasting glucose (mg/dL) 169.83+47.01 168.65+41.64 155.74+35.12 0.187

Fasting insulin (1IU/mL) 10.28+5.99 9.45+3.94 9.62+3.28 0.712

Fasting c-peptide (mmol/L) 0.96+0.57 0.86+0.35 0.94+0.43 0.383

HbAlc (%) 8.75+0.79 8.36+1.03 8.65+0.81 0.048

Table 3. Clinical and biochemical changes of the Control group at baseline, 12 and 24 weeks (N=23)
Variable Baseline 12weeks 24weeks p-value

Fasting glucose (mg/dL) 184.13+43.77 167.87+41.63 172.78+33.21 0.276

Fasting insulin (UIU/mL) 9.45+4.54 10.21+5.47 12.34+10.76 0.156

Fasting c-peptide (mmol/L) 0.92+0.30 0.91+0.32 0.95+0.53 0.916

HbAlc (%) 8.90+1.18 8.66+0.99 8.62+0.96 0.415

Table 4. Clinical and biochemical variation at baseline, 24 weeks between DCI and Control groups (N=46)
Variable (I\II): 213) g;)z;rso)l p-value

Weight variation (kg) -0.88+2.89 -0.78+3.01 0.888

BMI variation (kgmz) -0.32+1.11 -0.31£1.17 0.998

SBP variation (mmHg) 1.65+10.84 1.17+17.63 0.523

DBP variation (mmHg) -0.74+8.04 1.83+9.62 0.673

Fasting glucose variation (mg/dL) -14.09+£29.67 -11.35+51.15 0.196

Fasting Insulin variation (uIU/mL) -0.65+5.55 2.89+9.54 0.161

Fasting c-peptide variation (mmol/L) -0.02+0.41 0.03+0.50 0.785

HbAlc variation (%) -0.10+0.84 -0.28+0.90 0.604

Total Cholesterol variation (mg/dL) 2.00+17.35 -0.61+24.75 0.566

Triglyceride variation (mg/dL) 4.25+36.54 -0.22+167.12 0.130

LDL-Cholesterol variation (mg/dL) 1.04+14.55 -2.18+16.24 0.167

HDL-Cholesterol variation (mg/dL) -0.39+7.08 -0.96+7.21 0.661

AST variation (U/L) 0.78+10.87 2.87+9.48 0.477

ALT variation (U/L) 2.14+12.44 1.39+9.01 0.794

BUN variation (mg/dL) -0.93+4.20 0.73+4.48 0.171

Creatinine variation (mg/dL) -0.01+0.07 0.75+3.56 0.383

3.3 DCI E0ofof| =
Ap7H2| Hlm
g A2l DCI Fo] M3} o] G 27k #e] ¥
T 34711274, 4744091 0.7 §-2]8k 2}o) 7}
ATh(p<0.001). Bxx A7ke] 9 FollA A
DCI Fo] A3} 5= 27} 2.78+2.167, 4.04+1.40%

o 01 (p<0.05), 20| 2.99+1.30%, 4.81+1.76
A, ok 4.17+1.03%, 6.04+£1.52H 22 §o3HA o}
Athp<0.001). ¥FA] oA DCI Fo] M} 9

Al

=
Z]
h=

roye ol

lor

247

2=

AFE 3.86£0.974, 4711081 0=
FrelaA zol7t YR (p<0.01), 2FE oA 491+1.13
A, 6.20£0.898 0= fo]8tA ol tHp<0.001)[Table

5]

A7 gz DCI Fofo me P 27t
o] WMalakoll A AFT 13621147, T 0.85+1.427
o|th A FollA F7 AAM AT 1.37+2.80
Mo ozt 0.33£2.40% 0] ]3] =rhp<0.05)[Table
6].
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Table 5. SDSCA changes pre and post group treatment

Variable pre post p-value

Blood glucose DCI 2.78+2.16 4.04+1.40 0.034
self-monitoring  Control 2.78+1.91  3.11£1.59 0.522
General diet DCI 2.99+1.30 4.81£1.76 <0.001
Control 3.64+2.54 4.57+£2.03 0.216

Physical DCI 3.78+2.31 4.33£1.86 0.054
activity Control 437+1.52  4.74+£2.13 0.518
Foot care DCI 3.63+2.64 4.50+£2.12 0.134
Control 3.60+£2.15 4.96+1.36 0.045

Medication DCI 4.17£1.03 6.04+1.52 <0.001
Control 4.91«1.13 6.20+0.89 <0.001

Total DCI 3.47+1.12 4.74+0.91 <0.001

o Control  386:0.97 4712081  0.009

Table 6. Comparison of changes of SDSCA between

DCI and Control group (N=46)
DCI Control
i -val
Variable (N=23) (N=23) p-value
Blood glucose 1374280 0.33+240  0.037
self-monitoring variation
General diet variation 2.16£2.00  0.92+3.48 0.334
Physical activity variation 0.76+1.36  0.59+1.05 0.950
Foot care variation 0.61£2.31  1.14+3.31 0.428
Medication  variation 1.87+£1.42  1.28+1.44 0.875
Total 1.36+1.14  0.85+1.42 0.585
3.4 4F0|M DCI F04 b 22| 4o A
Hlw
AN DAL ol A3t o] del A B W

73.05+16.85%, 82.74+10.68% 0.2 =o}H th(p<0.001).
AAA 7158 79.35£19.447, 88.26+12.21 0], &
Z& 74.30431.93, 84.48+25.477 0] THp<0.05). 1A
2 A3kA| e Zb2}F 77.99424.20%, 88.86+22.99 0 &

=05 0 H(p<0.001), YWHA7FLE- 48.91:+15.74%, 60.65+17.01
A, FEL 62.23£20.167, 72551528 0.2 ol 5HA

A YJERETHp<0.01). tiTollA Fo] 3 Fo) &
o] A HiATE 247} 63.35117.397, 64.4619.58% 0 &
2ol gilont, dut AZFS 4217421267, 32.39+13.22
oz Yol tHp<0.05)[Table 7].

DCI Folol wp2 4ke] 2 §ishake Agr 9.69+12.244,
2T 112416878 0.2 EAZ o0& fo/3 2jo]2 K

21 (p<0.001), AAZ 7% WsEkS AT 891+17.32
A, T 4.3£24.74% 0] 29 (p<0.05), Lut A7} W

]fﬂ
2%

Az

gl
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A8

NI 11.74+19.634, iz -9.78+17.55%
ThH(p<0.001). &% wstge AET 1032+417.334
T - 24542397701 3(p<0.001), A+3]4 7]%5 Wst

AFT 7.61£19.857, thEw 4.89+2521 H oo
H(p<0.01), A7 WslEre AT 4.13+16.14%,
2T 9.35422.68 22 fo gk o7}t ATHPp<0.001)
[Table 8].

o
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o
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o]

o

£

32

rlo

Table 7. The quality of life changes pre and post
group treatment

Variable pre post p-value

PF DCI 79.35+19.44 88.26+12.21 0.022
Control 63.26+30.70 67.61+£25.84 0.408

RP DCI 77.99+24.20 88.86+22.99 <0.001
Control 67.94+22.56 71.47+£24.92 0.470

BP DCI 74.30+£31.93 84.48+25.47 0.040
Control 68.65+29.95 74.65+24.44 0.214

GH DCI 48.91+15.74 60.65+17.01 0.009
Control 42.17+£21.26 32.39+13.22 0.014

VT DCI 62.23+20.16 72.55+15.28 0.009
Control 53.26+23.30 50.82+12.82 0.629

SF DCI 82.07+18.78 89.67x12.87 0.080
Control 70.11+£21.23 75.00+15.08 0.362

RE DCI 77.17+£25.77 86.59+18.07 0.132
Control 77.90+£27.48 85.51+£20.29 0.242

MH DCI 74.78+19.57 78.91+17.05 0.233
Control 63.47+25.69 54.13+16.76 0.061

Total DCI 73.05+16.85 82.74+10.68 <0.001
4 Control 63351739 64.46+9.58 0.754

PF; physical functioning, RP; role limit-physical, BP; bodily pain,
GH; general health, VT; vitality, SF; social functioning, RE; role
limit-emotional, MH; mental health

Table 8. Comparison of changes of quality of life

between DCI and Control group (N=46)
Health Status DCI Control
Area (N=23) (N=23) p-value
PF variation 8.91x17.32 4.354+24.74 0.013
RP variation 10.87+12.67 3.53+23.07 0.059
BP variation 10.17+22.38 6.00+22.50 0.222
GH variation 11.74£19.63 -9.78+17.55 <0.001
VT variation 10.32+17.33 -2.45423.97 <0.001
SF variation 7.61x19.85 4.894£25.21 0.003
RE variation 9.42+28.91 7.61£30.35 0.833
MH variation 4.13£16.14 -9.35+22.68 <0.001
Total 9.69+12.24 1.12+16.87 <0.001
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(=0.545, p<0.01)[Table 9]. koM (p<0.01), B Apheke] WEFo] EEFER
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= 9ol T EIHB=0.365)% i%ElSdi‘ﬂ, Aol
X (CMIN)=18.482(p=0.000), RMR(Root Mean-squared )
, , ge REdRE 0o PoiFig. 2],
Residual)=8.820, GFI(Goodness of Fit Index)=0.839,
Table 9. Correlation analysis of variables in the DCI group following administration of DCI (N=23)
Fasti Fasti Fasti
. BMI asting Fasting asting HbAlc SDSCA  Quality of
Variable Age .. glucose insulin c-peptide L. . . -
variation . .. o variation variation life variation
variation variation variation
Age variation 1.000 0.038 0.191 0.080 0.171 0.099 -0.055 0.144
BMI variation 0.038 1.000 0.115 -0.151 0418 0.249 0.077 0.242
Fasting glucose variation 0.191 0.115 1.000 0.209 0.119 0.076 -0.505" -0.100
Fasting insulin variation 0.080 -0.151 0.209 1.000 0.545" -0.073 -0.154 -0.160
Fasting c-peptide variation  0.171 0418 0.119 0.545" 1.000 0.002 20.115 0412
HbAlc variation 0.099 0.1249 0.076 -0.073 0.002 1.000 0318 0.072
SDSCA variation -0.055 0.077 —0.505* -0.154 -0.115 0318 1.000 0.369
Quality of life variation 0.144 0.242 -0.100 -0.160 -0.412 0.072 0.369 1.000
*p<0.05 “p<0.01
Table 10. Standardized effects of variables in the DCI group according to the administration of DCI (N=23)
Direct Indirect Total
Variables Estimate S.E CR p-value  effects effects  efffects
[12) ®) ®
SDSCA variation < Age -0.058 0.026 -0.273 0.785 -0.058 0.000 -0.058
SDSCA variation < BMI variation 0.079 0.217 0.372 0.710 0.079 0.000 0.079
Fasting glucose variation <~ SDSCA variation -0.505 4.797 -2.743 0.006 -0.505 0.000 -0.505
Fasting insulin variation < SDSCA variation -0.154 1.026 -0.733 0.463 -0.154 0.000 -0.154
Fasting c-peptide variation <— SDSCA variation -0.115 0.076 -0.545 0.586 -0.115 0.000 -0.115
HbAlc variation < SDSCA variation 0318 0.150 1.575 0.115 0318 0.000 0318
Quality of life variation < Age 0.216 0.222 1.304 0.192 0.216 -0.021 0.195
Quality of life variation <— BMI variation 0.035 1.897 0.213 0.831 0.035 0.029 0.064
Quality of life variation < SDSCA variation 0.411 2.262 2.024 0.043 0411 -0.046 0.365
Quality of life variation < Fasting glucose variation 0.102 0.082 0.529 0.596 0.102 0.000 0.102
Quality of life variation < Fasting insulin variation 0.111 0.383 0.664 0.506 0.111 0.000 0.111
Quality of life variation < Fasting c-peptide variation -0.445 5.156 -2.668 0.008 -0.445 0.000 -0.445
Quality of life variation <— HbAlc variation -0.090 2.625 -0.517 0.605 -0.090 0.000 -0.090

< Denotes the direct effect of the variable on the right-hand side to the variable on the left-hand side
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