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Abstract
Background: Cellular phones are extremely prevalent in modern society and they enable appropriate
feedback mechanisms through real time monitoring and short message services regarding blood glucose
levels. We investigated whether cellular phone-based telemedicine support system could improve blood glucose
control in type 2 diabetes patients who were in inadequate glycemic control regardless of insulin therapy.
Methods: A randomized, controlled clinical trial was conducted involving 74 type 2 diabetic patients with
suboptimal glycemic control (HbAlc levels > 7%) regardless of insulin therapy. The intervention (cellular
phone-based telemedicine) group managed their blood glucose using a cellular phone for 3 months, while
the control (self monitoring of blood glucose) group managed their blood glucose with a standard
glucometer for the same period.

Results: Three months later, HbAlc levels were decreased in both groups. However, the decrease in the
control group from 8.37% to 8.20% was only 0.20% (P = 0.152) which was not significant. In contrast, the
intervention group had a significant reduction of 0.61% from 8.77% to 8.16% (P < 0.001). Moreover, among
patients with a baseline > 8%, the patients in the intervention group showed a significant reduction of 0.81%
from 9.16% to 8.34% (P < 0.001).

Conclusion: HbAlc levels were significantly decreased in the cellular phone-based telemedicine group
compared with the control group after 3 months. This study suggests that cellular phone-based telemedicine
is helpful for better glucose control in type 2 diabetes patients who previously were unable to control

glucose levels adequately with insulin therapy. (Korean Diabetes J 33:232-240, 2009)
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Table 1. Baseline clinical and biochemical laboratory data of subjects

Intervention group

Control group

(n = 29) M = 32) P value

Sex Male 9 (31.0%) 16 (50.0%) 0.133
Female 20 (69.0%) 16 (50.0%)

Age 53.9 + 112 60.3 + 9.0 0.017"
BMI (kg/m®) 265 + 2.7 247 + 3.0 0.015
DM duration (years) 14.1 + 8.3 152 + 74 0.564"
SBP (mm Hg) 122.4 + 16.6 1249 = 16.9 0.563
DBP (mm Hg) 80.0 + 12.6 73.6 + 13.6 0.061"
HbAlc (%) 877 + 1.03 837 + 1.20 0.166
FBS (mg/dL) 168.0 + 52.4 1522 + 54.5 0.255
PP2hr (mg/dL) 274.3 £ 99.0 229.7 + 87.3 0.069"
Total cholesterol (mg/dL) 165.8 + 32.3 160.2 + 31.8 0.497"
HDL-cholesterol (mg/dL) 47.6 £ 12.6 504 = 139 0.419"
Triglyceride (mg/dL) 139 (96~199) 118 (90~159) 0.363°
ALT (IU/L) 21 (17~29) 22.5 (14.5~29.5) 0.908°
AST (U/L) 20 (16~26) 20.5 (16~29.5) 0.977*
Creatinine (mg/dL) 0.9 (0.7~1.1) 1 (0.9~1.25) 0.030°

Data are n (%) or means = SD or median (25%~75%). * Chi-square test. ¥ Independent student t-test. ¥ Non-parametric

method, Wilcoxon’s rank sum test. ALT, alanine aminotransferase; AST, aspartate amino-transferase; BMI, body mass

index; DBP, diastolic blood pressure; FBS, fasting blood sugar; HDL-cholesterol, high-density lipoprotein cholesterol;

PP2hr, post prandial 2 hour blood sugar; SBP, systolic blood pressure.

Table 2. Treatment of modalities of subjects at baseline

Intervention group

Control group

P value
(n = 29) (n = 32)
Insulin single therapy 11 (37.9%) 16 (50.0%) 0.352
Insulin type Insulin glargine 12 (41.4%) 15 (46.8%) 0.719°
NPH 8 (27.6%) 10 (31.3%)
NPH + RI' 9 (31.0%) 7 (21.9%)
Injection time per day 1 19 (65.5%) 28 (87.5%) 0.042"
2 10 (34.5%) 4 (12.5%)
Insulin dosage (unit/kg) 0.68 + 0.25 0.54 + 0.26 0.031"
Number of OHAs' 0 11 (37.9%) 16 (50%) 0.291
1 15 (51.72%) 10 (31.3%)
2 3 (10.3%) 6 (18.8%)

Data are n (%) or means + SD. * Chi-square

test and Fisher’s exact test. T Independent student t-test. NPH, neutral

protamine Hagedorn; OHAs, oral hypoglycemic agents; RI, regular insulin.
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Table 3. Change of the laboratory data and differences between intervention and control group

Mean at 3-month Change in mean from

Between -group
differences in

Group Mean at bascline follow up baseline change in mean
(follow up-baseline)
HbAlc Control 837 + 1.20 8.20 = 1.27 -0.20 + 0.77 = 0.042
(%) (P = 0.152) P = 0036
Intervention 877 + 1.03 8.16 + 0.85 -0.61 = 0.74
(P < 0.001)
FBS Control 1522 + 545 123.0 + 42.0 -29.2 + 243 P = 0763
(mg/dL) (P = 0.034) P = 0966
Intervention 168.0 £ 52.4 144.1 + 39.0 -239 + 595
(P = 0.039)
PP2 hr blood Control 229.7 £ 87.3 208.1 £ 54.4 -16.7 £ 972 P = 0.158
sugar (mg/dL) (P = 0.355) P = 0.100"
Intervention 2743 + 99.0 223.7 £ 65.9 -50.7 £+ 84.5
(P = 0.003)
Total-cholesterol Control 160.2 £ 31.8 157.5 + 334 -2.6 £ 26.2 P = 0.641
(mg/dL) (P = 0.579) P = 0.883"
Intervention 165.8 £ 32.3 159.7 = 28.3 -6.1 £ 30.8
(P = 0.295)
Triglyceride Control 118 (90~159) 106 (81~192) 28 + 729 P = 0.184"
(mg/dL) (P = 0.837) P = 0.140"
Intervention 139 (96~199) 125 (83~204) =229 + 73.6
(P = 0.105)
HDL-cholesterol ~ Control 50.4 £ 13.9 49.7 £ 13.1 -09 + 8.6 P = 0.123
(mg/dL) (P = 0.587) P = 0139
. 47.6 £ 12.6 51.0 £ 11.7 35 £ 124
Intervention
(P = 0.142)

Data are n (%) or means *

SD or median (25%~75%). * Independent student t-test. ¥ ANCOVA (adjusted for age, BMI,

creatinine, insulin injection time, insulin dosage). FBS, fasting blood sugar; HDL-cholesterol, high-density lipoprotein

cholesterol; PP2 hr, post-prandial 2 hour.
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Table 4. Change of HbAlc according to baseline HbAlc in two group

Between group

Mean at Mean at 3 month Change in mean differences in change
Group n . . .
baseline follow up from baseline in mean
(follow up-baseline)
Intervention HbAlc < 8% 6 7.30 + 0.36 7.47 £ 035 0.17 + 0.31 P = 0.002°
(P = 0.250)
HbAIC = 8% 23 9.16 = 0.75 834 + 0.85 -0.81 + 0.69
(P < 0.001)
Control HbAlc < 8% 15 742 + 0.32 7.41 £ 0.85 -0.01 + 0.80 P = 0221
(P = 0.948)
HbAlc > 8% 17 9.21 = 1.06 8.85 £+ 1.20 -0.36 + 0.73
(P = 0.061)
Data are means + SD. * Independent student t-test.
Table 5. Satisfaction measurement of intervention group
Gender Age
Total Male Female P -value < 60 years > 60 years P -value’
(n =9 (n = 20) (n = 16) (n = 13)
question 1 1, 2 — — 1.000 — - 0.026
3 2 (22.2%) 5 (25.0%) -1 (6.3%) 6 (46.2%)
4,5 7 (77.8%) 15 (75.0%) 15 (93.8%) 7 (53.9%)
question 2 1, 2 1 (11.1%) 1 (5.0%) 0.052 1 (6.3%) 1 (7.7%) 0.596
3 0 (0%) 8 (40.0%) 3 (18.8%) 5 (38.5%)
4,5 8 (88.9%) 11 (55.0%) 12 (75.0%) 7 (53.9%)
question 3 1, 2 — — 0.412 — - 0.003
3 2 (22.2%) 9 (45.0%) 2 (12.5%) 9 (69.2%)
4,5 7 (77.8%) 11 (55.0%) 14 (87.5%) 4 (30.8%)
question 4 1,2 — - 1.000 - — 0.192
3 2 (22.2%) 7 (77.8%) 2 (12.5%) 5 (38.5%)
4,5 5 (25.0%) 15 (75.0%) 14 (87.5%) 8 (61.5%)
question 5 1, 2 0 (0%) 1 (5.0%) 1.000 0 (0%) 1 (7.7%) 0.333
3 4 (44.4%) 7 (35.0%) 5 (31.3%) 6 (46.2%)
4,5 5 (55.6%) 12 (60.0%) 11 (68.8%) 6 (46.2%)
question 6 1, 2 0 (0%) 2 (10.0%) 0.453 1 (6.3%) 1 (7.7%) 0.260
3 5 (55.6%) 13 (65.0%) 8 (50.0%) 10 (76.9%)
4,5 4 (44.4%) 5 (25.0%) 7 (43.8%) 2 (15.4%)

Data are n (%); Perfect score of each point is 5.0. * Chi-square test and Fisher’s exact test; question 1, providing

information of educator; question 2, handy convenience; question 3, general management; question 4, automatic glucose

recording system; question 5, degree of interest question 6, conveniencec of program.
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