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Development of a new health guidance method for diabetic patients using
visualization of biological rhythms

Nishimura, Makoto
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The purpose of this study was to clarify whether interventions in diabetic
patients who regulate biological rhythms can contribute to the improvement of diabetes by acquiring
new lifestyle habits.

First, we conducted a questionnaire survey of residents who had undergone specific health checkups
in the community, and clarified the possibility that sleep time in middle age and sleep quality in
old age are related to HbAlc. An intervention program was then developed and tested in a small
number of people. Through the case studies, it was clarified that it leads to improvement of
subjective insomnia and that it is an opportunity to reflect on appetite and eating behavior. In
addition, in order to facilitate remote interventions, we created a biological rhythm visualization
application in collaboration with Fujitsu Limited.
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Middle-age (56.8+6.6 y.0.) Elderly-age (69.1+2.7 y.0.)

n=378 n=711
n (%) HbAlc p-value Hedges'g n (%) HbAlc p-value Hedges'g
PSQI global score
<6 171 (45.2) 5.7+0.5 297 (41.8) 5.8+0.5
.859 0.018 .997 <.001
>6 203 (53.7) 5.7#0.5 409 (57.5) 5.8%0.5
Sex
Male 151 (39.9) 5.7+0.6 337 (47.4) 5.9+0.5
.968 0.004 .037 0.158
Female 227 (60.1) 5.7+0.5 374 (52.6) 5.8+0.5
BMI, kg/m’
<25 310(82.0) 5.6+0.5 597 (83.4) 5.8+0.5
<.001 0.683 481 0.074
>25 63 (16.7) 6.00.6 106 (14.9) 5.9+0.4
Blood Pressure
Optimal 303(80.2) 5.7+0.5 486 (68.4) 5.8+0.5
_ .011 0.337 .973 0.028
Hypertension 71(18.8) 5.8%0.6 219 (30.8) 5.8+0.5
Smoking status
Never/Former 325(86.0) 5.7+0.5 649 (91.3) 5.8+0.5
411 0.180 227 0.177
Current 46 (12.2) 5.8+0.7 50 ( 7.0) 5.910.5
Drinking status
Not drinking
296 (78.3) 5.6+0.4 514 (72.3) 5.8+0.5
everyday
.098 0.216 .281 0.093
Drinking
74 (19.6) 5.7+0.5 183 (25.7) 5.90.5
everyday
Living status
Living with
342 (90.5) 5.8+0.5 625 (87.9) 5.8+0.5
others 314 0.198 497 0.083
Living alone 28 ( 7.4) 5.74+0.5 75 (10.5) 5.940.5
Working
Working 104 (27.5) 5.74+0.5 363 (51.1) 5.9+0.5
_ .076 0.235 171 0.106
Not working 256 (67.7) 5.80.6 303 (42.6) 5.8+0.5
Breakfast skipping
< 2/week 342 (90.5) 5.6%0.6 687 (96.6) 5.8+0.5
419 0.152 .603 0.140
> 3/week 31( 8.2) 5.7t+0.5 14 (2.0) 5.8+0.5
Diabetes mellitus
Not treatment 343 (90.7) 5.6+0.4 624 (87.8) 5.8+0.4
Under <.001 1.993 <.001 2.333
o 18( 4.8) 6.6+0.8 44 (6.2) 6.8+0.7
medication

HbAlc
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Figure 1. Scatter plot of HbAlc values against sleep duration
(Black line; linear function, Red line; secondary function)
HbAlc
Middle-age
Model 1 Model 2 Model 3 Model 4
Sleep duration [h} -0.054 (-0.068,0.021) -1.009% {-0.681, -0.196) -0.791* (-0.618, -0.063) -0.902* {-0.615, -0.175)

Sleep duration *2 (h)
Sleep efficiency (%)
Sleep disturbance

0.971* ( 0.016,0.058) 0.817* (0.008, 0.053)
-0.087 (-0.008, 0.002)
0.032 (-0.111, 0.213)

0.873* (0.014, 0.053)

seX
Age (years) 0.244* (0.012, 0.026)
BAI [kg/m?) 0.193* ( 0.016, 0.046)
SBP (mmHg) -0.015 {-0.003, 0.003)
Under medical treatment 0.319* ( 0.528, 0.959)
R 054 .183 .199 523
R .003 033 .040 273
adjusted R* <.001 028 029 261
ANOVA p-value .296 002 .005 < .001
Data as presented as standardized regression coefficient (95% confidence interval)
Statistical significance based on 35% confidence interval {* p <.050, Tp <.100)
Elderly-age
Model 1 Model 2 Model 3 Model 4

Sleep duration (h)
Sleep duration A2 (h)
Sleep efficiency (%)
Sleep disturbance
sex

-0.041 (-0.052, 0.015)

0.150 (-0.167, 0.302) 0.304 (-0.112, 0.387)
-0.728 (-0.026, 0.012) -0.299 (-0.031, 0.009)
-0.066 (-0.006, 0.001)

0.058 (-0.024, 0.185) 0.065" (-0.002, 0.186)

0.020 (-0.048, 0.089)

Age (years)

BMI (kg/m?) 0.090* ( 0.004, 0.029)
SBP (mmHg)

Under medical treatment 0.496* ( 0.878, 1.150)
R .041 .049 .093 513

R? .002 .002 .009 .263
adjusted R? < .001 <.001 .003 .259
ANOVA p-value 276 424 .194 < .001
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