
1,2,3 3,5 3,4,5 5 2 5

1,2 1,2 1,2

1 2

3 4

5

( ) ( ) 67

( HbA1c ) 

( 179 61 mg/dl ) ( 241 77 mg/dl ) 

( p 0.001 ) 252

57 mg/dl ( 221 64 mg/dl ) 

( p 0.008 ) ( 179

61 mg/dl ) ( 221 64 mg/dl ) ( p 0.038 )

( -63 86 mg/dl ) ( -32 85 mg/dl ) 

( 8.4 1.8% ) ( 11.3 1.9% ) 

( p 0.001 ) 10.9

2.0% ( 10.8 2.2% ) 

( p 0.807 ) ( 8.4 1.8% ) 

( 10.8 2.2% ) 
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1992

Shultz 1

intelligent modem

Gomez DIABTel 2

Shea 3

1,665

55 ( case

management ) 

Nigrin Glucoweb
4

5

Farmer

6

( DCCT ) 7

76% 54%
8

( Kumamoto study ) 9

( UKPDS ) 10,11,12

25%

HbA1c

35%13 ( NCEP ) 

2001 ( ATP III )

62

( diabetes self-management

education, DSME ) 

( Diabetes mellitus ) 

( Public key infrastructure )

( Quick response )

( Telemedical health-care )

( HbA1c, hemoglobin A1c )

( Fasting plasma glucose )



14

15,16

(  H C A  )  I C

( healthcare personnel card, HPC ) 

( MOICA ) 

( nature person certificate, NPC ) 

( public key infrastructure, PKI )

http://hsm.lioninfo.

com.tw/

( Intelligent Agent; IA ) 
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2004 2005

2

( ) 

e -mai l

1

2

( creatinine 1.5 mg/dl CCr 60

ml/min ) ( 

GOT GPT 2.5 ) 

( 

) ( 

)

http://hsm.lioninfo.com.tw/

Microsoft Office Excel 2003

means SD

one-way analysis of variance ( ANOVA )

, paral-

lel student's t-test p value 0.05

1 3 4

( )

43.9 8.8

4 4 . 6 7 . 5

(  p=0.52 )

2 4 4 3 2 7

4 0

(  p=0.69 )

( kg/m2 ) 

26.7 2.8 26.1 3.3

( p=0.76 )

7.8 1.3 8.2 1.7

( p=0.65 )

241 77 mg/dl 252 57 mg/dl

( p=0.35 )

11.3 1.9% 10.9 2.0%

( p=0.21 )

135 .4 11 .7  mmHg 136 .2 9 .2
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mmHg ( p=0.31 )

84.7 6.9 mmHg 85.3

4.1 mmHg (  p=0.48 )

225.3 28.7  mg/dl 230.5 19.8

mg/dl ( p=0.33 )

43.8 11.6 mg/dl

44.5 17.8 mg/dl

( p=0.65 ) 

1 6 3 . 5 1 4 . 8  m g / d l 1 7 1 1 9 . 6

mg/dl ( p=0.87 )

192 31.7 mg/dl

188 43.2 mg/dl

(  p=0.76 )

GOT 45.7

6.4 U/L 49.1 7.2 U/L

( p=0.23 ) GPT 31.8 5.5

U/L 32.9 6.9 U/L

( p=0.58 )

0.8

0.5 mg/dl 1.0 0.3 mg/dl

( p=0.27 ) 18.7

2.8 mg/dl 16.5 4.5 mg/dl

( p=0.33 )

3 2 . 8 4 %

37.31%

52.23% 49.25%

14.93%

13.43% (  p=0.61 )

65

( n=67 ) ( n=67 ) p

( ) 43.9 8.8 44.6 7.5 0.52

( / ) 24 43 27 40 0.69

( kg/m2 ) 26.7 2.8 26.1 3.3 0.76

( ) 7.8 1.3 8.2 1.7 0.65

( mg/dl ) 241 77 252 57 0.35

( % ) 11.3 1.9 10.9 2.0 0.21

( mmHg ) 135.4 11.7 136.2 9.2 0.31

( mmHg ) 84.7 6.9 85.3 4.1 0.48

( mg/dl ) 225.3 28.7 230.5 19.8 0.33

( mg/dl ) 43.8 11.6 44.5 17.8 0.65

( mg/dl ) 163.5 14.8 171 19.6 0.87

( mg/dl ) 192 31.7 188 43.2 0.76

GOT ( U/L ) 45.7 6.4 49.1 7.2 0.23

GPT ( U/L ) 31.8 5.5 32.9 6.9 0.58

( mg/dl ) 0.8 0.5 1.0 0.3 0.27

( mg/dl ) 18.7 2.8 16.5 4.5 0.33

1.82 0.67 1.76 0.68 0.61

% ( ) 32.84% ( 22 ) 37.31% ( 25 )

% ( ) 52.23% ( 35 ) 49.25% ( 33 )

% ( ) 14.93% ( 10 ) 13.43% ( 9 )

All data showed in Average SD mg/dl



one-way ANOVA

fasting plasma glucose level

( mg/dl SD ) ( )

241 77 mg/dl

( 194 57 mg/dl )

( p 0.001 )

( 179 61 mg/dl ) 

(  p

0.001 )

252 57 mg/dl

( 233 54 mg/dl ) 

( p=0.242 )

( 221

64 mg/dl ) 

( p=0.008 )

parallel student's t-test

( 241 77 mg/dl ) 

( 252 57 mg/dl )

( p=0.346 )

( 194 57 mg/dl ) ( 233 54

mg/dl ) ( p=0.034 )

( 179

61 mg/dl ) ( 221 64 mg/dl ) 

( p=0.038 )

( ) ( -63

86 mg/dl ) ( -32 85 mg/dl ) 

66

HbA1c

Patients p

HbA1c<7% at endpoint
16 51.0 ± 14.6 

<45 9 59.8 ± 10.4 
45 7 39.7 ± 11.3 

5 60.2 ± 9.9 
11 46.8 ± 14.9 

Patients
HbA1c 7% at endpoint

51 35.0 ± 14.6 0.003
<45 25 40.8 ± 14.3 0.001

45 26 29.5 ± 12.7 0.063
19 41.6 ± 15.1 0.017
32 31.2 ± 13.0 0.002

(mg/dl±SD) (n=67) (n=67) p( )

241 ± 77 252 ± 57 0.346
194 ± 57 233 ± 54 0.034 
179 ± 61 221 ± 64 0.038

p ( ) p( ) p( )
-47 ± 82 p < 0.001 -19 ± 70 0.058
-62 ± 86 p < 0.001 -32 ± 85 0.008 

HbA1c

51 15

HbA1c

( )

HbA1c 7%

( 51 14.6 vs 35.0 14.6, p=0.003 )

45

HbA1c 7% ( 59.8 

10.4 vs 40.8 14.3, p=0.001 ) 45 ,

HbA1c

( 39.7 11.3 vs 29.5 12.7, p=0.063 )

HbA1c 7% , 

HbA1c 7%

( 60.2 9.9 vs 41.6 15.1, p=0.017 )

( 46.8 14.9 vs 31.2 13.0, p=0.002 )



HbA1c ( % SD ) one-way

ANOVA ( )

11.3 1.9%

(  10 .0

1.7% ) 

( p 0.001 )

( 8.4 1.8% ) 

( p

0.001 ) 

10.9 2.0%

( 11.6 1.9% ) 

( p 0.001 )

( 10.8 2.2% ) 

( p=0.807 )

parallel student's t-test

(  )

( 11.3 1.9% ) ( 10.9

2.0% ) 

( 10.0 1.7% ) 

( 11.6 1.9% ) 

( p 0.001 ) 

( -1.3 1.5% ) 

( p 0.001 ) ( 0.7

1.6% ) ( p 0.001 )

( 8.4 1.8% ) ( 10.8 2.2% ) 

( p 0.001 )

( )

( -2.9 1.7% ) 

( p 0.001 )

( -0.1 2.1% ) 

67

HbA1c

HbA1c(%SD) (n=67) (n=67) p( )

11.3 ± 1.9 10.9 ± 2.0 0.214
10.0 ± 1.7 11.6 ± 1.9 p<0.001

8.4 ± 1.8 10.8 ± 2.2 p<0.001

p( ) p( ) p( )
-1.3 ± 1.5 p < 0.001 0.7 ± 1.6 p<0.001
-2.9 ± 1.7 p < 0.001 -0.1 ± 2.1 0.807 



HbA1c 7%

45

HbA1c 7%

H b A 1 c (  A m e r i c a n

Diabetes Association, ADA ) 

7% 45

HbA1c

Andersson
17

Andersson

2003

( GSM long-range communication ) 

( bluetooth short-range communication ) 

Andersson

Arsand
18

Arsan Andersson
19

SARS

MediCompass
20 1 2

Yahoo

web-based

web-based

MediCompass

MediCompass

M e d i C o m p a s s

Dr.Nigrin

2000 Glucoweb
4 VeriSign

s e c u r e

socket layer ( SSL ) 

Zgibor 21
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Chin
22 Robertson

23

PKI

PKI

( 

)

HCA

( pattern management ) 

Harris

National Health and Nutrition Examination

Survey ( NHANES III ) 24 2

2 37%

( HbA1c 7% )

( HbA1c 8% ) 37.2%

7%

25 3%

Franciosi 26

2

( 241 77 mg/dl ) ( 252 57 mg/dl ) 

( 179 61 mg/dl ) 

( 221 64 mg/dl ) 

( p=0.038 )

(  - 6 3 8 6

mg/dl ) ( -32 85 mg/dl ) 

( p<0.001 vs p=0.008 )
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(  d a t a

mining )

R F I D  (  R a d i o

Frequency Identification ) 

RFID ( Tag ) 

MOICA

HCA

3G

27

RFID

PKI

DCCT UKPDS
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Building a Certificate-Based Secure and

Quick Response Telemedical Health-care System

for Diabetic Patients

Ming-Nan Chien1,2,3, Li Liu3,5, Hsiu-Ching Chiang3,4,5, 

Chi-Chen Wu5, Yann-Jinn Lee2, Chen-Ling Huang5 , 

Chun-Chuan Lee1,2, Ching-Hsiang Leung1,2, and Chao-Hung Wang1,2

The internet has begun to play a greater role in many health-care processes. To improve the quality of di-

abetes control while safeguarding and keeping the patient's information confidential, a certificate-based and quick

response telemedical health-care system can be used to devise a program which allows patients with diabetes

to transmit their self-monitored blood glucose data directly from their personal glucometer device to their diabetes

care provider over the internet. The system can integrate the remotely transmitted glycemic data to a secure

database for retrieval by physician to analyze at a later time. If unusual or alarming trends are detected by an in-

telligent agent (IA) system, both the physician and patient are notified of the occurrence. Patients are also al-

lowed to access clinical data through web-based interface. We hope that this initiative can improve the quality of

diabetic care.  The aim of this study was to evaluate the effectiveness of a quick response telemedical health-

care model to biomonitor type 2 diabetic patients attending the diabetic OPD of Mackay Memorial Hospital and

Taipei Medical University Hospital. A total of 134 unrelated type 2 diabetic patients were included in a 6-month

prospective study. They were categorized into either the experimental or the control group. The experimental

group was monitored using our telemedical health-care system for 6 months. The control group received the usu-

al outpatient management over the same period. We compared the differences in HbA1c and fasting plasma glu-

cose levels before and at the end of the study, both in each group as well as between the experimental group

and the control group. Initially, there is no significant difference in either fasting glucose levels or HbA1c between

the experimental group and control group. At the end of the study (6 months later), there were significant changes

in fasting plasma glucose when compared with the initial data, both in the experimental group (179±61 mg/dl vs.

241±77 mg/dl, p<0.001), as well as in the control group (221±64 mg/dl vs. 252±57 mg/dl, p=0.008). Additionally,

fasting plasma glucose levels showed significant difference (p=0.038) between the experimental group (179

61 mg/dl) and control group(221 64 mg/dl) at the end of the study.  In the experimental group, mean HbA1c

level reduced significantly (p<0.001) from the initial 11.3±1.9% to 8.4±1.8%, while in the control group, there was

no significant change in mean HbA1c level (p=0.807), which was initially 10.9±2.0% and 10.8±2.2% at the end

of the study. HbA1c levels showed significant reduction (p<0.001) when the experimental group (8.4±1.8%) was

compared with the control group (10.8 ±2.2%) at the end of the study. Our study demonstrated that the quick re-

sponse telemedical healthcare system seems to be feasible and highly effective. It integrates not only the mon-

itoring of blood glucose control but also allows a quick response model, assisting in the delivery of diabetes self-

management education (DSME), an evolving process which helps to meet the needs and expectations of indi-

viduals with diabetes. These results suggest that our system could improve the quality of, and hence possibly

help to reduce the complications of diabetes. ( J Intern Med Taiwan 2006; 17: 61-72 )
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