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ABSTRACT

Background: Prevalence of diabetic neuropathy (DPN)

is associated with increased Body Mass Index (BMI).

Synchronized lifestyle modification program attempts to synchronize the circadian rhythm of the body through diet and exercise.
Objective: Determine the role of Synchronized Lifestyle Modification Program (SLP) and Physiotherapy on fasting blood
glucose (FBG), HbAlc, lipid profile, and degree of neuropathy in Type 2 DPN patients on Oral Hypoglycemic Agents (OHAS)

having increased BMI.

Materials and Methods: Randomized-controlled trial. Evaluation of 120 DPN patients on OHAs included, MNSI, BBS,
FBG, HbAlc, Lipid profile and NCS. Participants divided into Group A and B, then divided into A1 and B1, that were
overweight and A2 and B2, that were obese. B1 was divided into 1, 2 and 3 and B2 was divided into 4, 5 and 6.
Groups 1 and 4 received SLP, Groups 2 and 5 received both SLP and Physiotherapy and Groups 3 and 6 received

Physiotherapy for 12 weeks. p<0.05was considered significant.

Results: MNSI, BBS, FBG, HbAlc, Total Cholesterol, TGs, HDL and LDL were significantly improved in Group 2.
Conclusion: Combined Synchronized Lifestyle Modification Program and Physiotherapy is effective in DSPN patients that

were overweight.
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INTRODUCTION

Distal symmetric sensorimotor  polyneuropathy (DSPN) is
characterized as a distal, symmetric sensorimotor polyneuropathy
caused by hyperglycemia and microangiopathy causing demyelination
of peripheral nerve fibers leading to parasthesias, loss of vibration,
proprioception, touch, pressure, pain, and temperature perceptions.*
Risk factors include aging, diabetes duration, HbAlc >7.0%, increased
BMI, hyperlipidemia including; low HDL, high LDL levels and
hyperglycemia.>® Several studies indicated a significant correlation
between excess weight and increased risk \s of death, placing the
overweight group at a 40% higher and the obese group at up to 300
% higher risk of death than persons whose BMI is normal*%6. Proper
history, examination and presence of symptoms with clinical
abnormalities in peripheral nerve functions in diabetic patients
along with changes in Nerve Conduction Studies (NCS) confirms the
diagnosis.”-8° Lifestyle modification and improving glycemic control
are considered the best approaches to prevent and treat DSPN.° In
terms of lifestyle changes, according to the statement released by
American Diabetic Association (ADA), in 2017, a number of exercises
were recommended such as aerobic training, weight-bearing, static
and dynamic balance training, strength training exercises and
flexibility exercises.'*1213 The study of how daily habits and activities
affect disease prevention and treatment is termed as lifestyle
medicine.** Synchronized Lifestyle Modification Program (SLP) is a
personalized, homeostasis restoring, liver centric lifestyle modification
program that works through the correction of body clock rhythm.t5
Suprachiasmatic nucleus (SCN) is a pacemaker in the hypothalamus
that maintains the body's circadian rhythm and is affected by the
alternating light/dark cycle, eating and sleeping habits, and physical
activity.'® Changes in lifestyle improve pancreatic islet cell function
and insulin release in diabetics.'”'® The aim of this study is to
determine the combined effect of SLP along with Physiotherapy in
Type 2 diabetic neuropathy patients that are overweight and obese.

MATERIALS AND METHODS

Randomized Controlled Trial (RCT) conducted at the Islamic
International Medical College (IIMC) Al-Mizan campus along with
the Physiotherapy Department, Railway Hospital, Rawalpindi. The
study lasted one year, from October 2020 to October 2021, after
the Ethical Review Committee (ERC) of IIMC approved it. Males
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and females aged 40-75 years with a five-year history of
diagnosed Type 2 Diabetic neuropathy patients were enrolled in
the study after written consent. Type 1 diabetics, Type 2 diabetics
less than 40 and greater than 75 years of age with diagnosed
disease duration of less than five years, having normal BMI and
underweight, with neuropathies due to other causes, having foot
ulcers were excluded. Lifestyle Pattern was assessed by a
questionnaire, including the timing and type of food eaten,
water intake, and physical activity. BMI was then computed by
using the formula i.e. weight(kg) / height (m2). BMI was classified
as: 18.5 (underweight), 18.5-24.9 (normal weight), 25-29.9
(overweight), 30-34.9 (class | obesity), 35-39.9 (class Il obese),
and >40 kg/m2 (class Il obese). DSPN was assessed by using
Michigan Neuropathy Screening Instrument (MNSI). Fasting
blood glucose was measured in mg/dl by using the glucometer
(Accu-Check Advantage®, Roche) after fasting for 8-12 hours.
Serum Triglycerides (mg/dl), Total cholesterol (mg/dl) and
High density lipoproteins (mg/dl) were measured by using
Microlab 300 analyzer (China), while Low density lipoproteins
(mg/dl) was calculated using Friedewald equation. Serum HbAlc
(%) levels were measured by using a glycated HbAl kit (AMP
diagnostics). NCS were performed by Keypoint work station
(Medtronic, France). Participants were randomly divided into a
control group (Group A) and an experimental group (Group B).
Group A was further divided into Group Al that were
overweight and Group A2 that were obese. Group B was
further divided into Group B1 that were overweight and Group
B2 that were obese. Group B1 was subdivided into Group 1,
Group 2 and Group 3 and Group B2 was subdivided into Group 4,
Group 5 and Group 6. Groups 1 and 4 received SLP only, for 12
weeks, Groups 2 and 5 received both SLP and Physiotherapy,
for 12 weeks and Groups 3 and 6 received Physiotherapy only, for
12 weeks. For SLP, diet charts were given, and patients were
monitored through phone calls thrice weekly and Physiotherapy
included, aerobic exercise- treadmill (150 minutes/week),
resistance exercise-dumbbells, flexibility exercise-hamstring and
calf stretch (10-30 seconds) and balance exercise-one leg stance.
Statistical Analysis was done by SPSS 21. Comparison
amongst the groups was done by Repeated Measure Design
ANOVA followed by Post Hoc-Tuckey test. Results were
expressed as meanzstandard deviation. p — value less than or
equal to 0.05 was considered as statistically significant.
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Table 2: Comparison of M+S.D of MNSI Subjective and Objective scores of Type 2 DSPN patients of all the Groups at baseline and after 12 weeks.

MNSI(Subjective) GroupAl GroupA2 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Pre-Exp.Evaluation 9.12+1.09 9.33+1.24 9+1.02 9.23+1.02 9.3+1.21 9.45+1.08 9.06+1.09 9.35+1.06
Post-Exp.Evaluation 9.35+1.05 9.67+1.03 7.6£1.36* | 6.23+1.24**h | 7.78+1.26** | 6.73+1.12** 7.16+1.21* | 7.9+1.11*
MNSI(Objective)-Pre-Exp.Evaluation 5.97+0.71 5.79+1.32 6.7+1.45 5.7£1.02 7+1.02 6.2+0.77 5.76+0.78 6.9+0.78
Post-Exp.Evaluation 6.35+0.72 6.32+1.26 4.57+1.43* |3.52+1.03** *b | 6.23+1.00** 5+0.68** 4.5+0.68** | 6.4+0.72**
**=p < 0.001 **=p < 0.01 *=p < 0.05
Figure 2: Comparison of post-hoc analysis of M+SD of Serum FBG (mg/dl) levels. Figure 3: Comparison of post-hoc analysis of M+SD of Serum HbAlc (%) levels of
2 Type 2 DSPN patients
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Table 3: Comparison of Mean+SD of Serum Lipid Profile of Type 2 DSPN patients of all the Groups at baseline and after 12 weeks.

Serum HDL Group Al Group A2 |Group 1 n=30 | Group 2 (n=30) | Group 3(n=30) Group 4 Group 5 Group 6
Pre-Exp. Evaluation 33.92+6.41 | 40.1+10.1 41+10.1 33.46 +5.90 37.24+7.79 35.12 +5.01 38.8+6.60 35.24 £3.90
Post-Exp.Evaluation 33.85+6.42 |213.2+55.5 | 44+7.49**a 34.63 +5.79* 44.67+10.3* 34.63 +5.79 40.86+6.23* 36.80 +3.92
Serum LDL-Pre-Exp. 126.82 +88.1 | 134.5+51.2 135.1+70 127.95 £59.3 134.5+£31.8 139.95 +59.3 127.5+31.8 138.1+70
Evaluation

Post-Exp. Evaluation 126.33 £88.2 [ 135.5+56.1| 131.8+51* |100.35 +57.2**b 129.8+51* 129.35 £57.2* 121.8+29.1* 112.10+41.8*
Serum Total Cholesterol- | 183.38 £55.3 | 212.4+55.8 229.1+64 184.45 214459.4 184.45 + 187.60 230.5+48
Pre-Exp. 7 39.4 39.4 32.6 .8
Post-Exp. Evaluation 183.45 £55.3 [ 213.2+55.5| 159.8+32* |154.60 +32.7**b 159.8+32* 166.95 +31.8* 210+48.2* 166.95 £31.8*
Serum TG-Pre-Exp. 161.82 +88.1 | 157.5451.2 | 184.5+31.8 159.95+59.3 184.5+31.8 159.20 +81.2 162.50+45.5 178.1+70
Evaluation

Post-Exp. Evaluation 162.05 +88.2 | 185.5+56.1 | 124+31.2**a | 139.30+48.5* 142.8+51* 146.10+41.8* 179.8+£29.1* 146.10+41.8*

*p<0.05*=Group 1, 2,3, 4 vs A, *a = Group 1b vs all the intervention groups, *b = Group 2b vs all the intervention groups, Group Al= Control group having BMI 25.0-29.9 kg/m?, Group
A2= Control group having BMI 30-40 kg/mz, Group 1= SLP group having BMI 25.0-29.9 kg/mz, Group 2= SLP & Physiotherapy group having BMI 25.0-29.9 kg/mz, Group 3= Physiotherapy
group having BMI 25.0-29.9 kg/m?, Group 4= SLP group having BMI 30-40 kg/m?, Group 5= SLP & Physiotherapy group having BMI 30-40 kg/m?, Group 6= Physiotherapy group having

BMI 30-40 kg/m?

Table 4: Comparison of Mean + SD of NCS of Sural Sensory Nerve of Right and Left Lower Limbs of patients at baseline and after 12 weeks.

Parameters Sural(Sensory) GroupAl GroupA2 Groupl Group2 Group3 Group4 Group5 Group6
Peak Right 3.30+2.30 3.30+2.30 3.66+2.17 3.61+2.10 3.56+2.11 3.64+2.13 3.70+2.19 3.67+2.11
Latency Left 3.25+2.33 3.25+2.33 3.69+2.15 3.66+2.11 3.57+2.11 3.65+2.19 3.68+2.18 3.64+2.10
Amplitude Right 2.00£1.51 2.00+1.51 2.01+1.20 2.23+1.41 2.11+1.26 2.18+1.40 1.75+1.04 2.09+1.32
Left 2.12+1.51 2.12+1.51 2.12+1.26 2.32+1.43 2.01+1.20 2.38+1.54 1.78+1.06 2.28+1.47
Conduction Right 24.96+17.83 | 24.96+17.83 28.72+17.04 28.50+16.94 28.54+16.94 28.50£16.9 28.43+16.85 | 28.45+16.88
Velocity Left 25.48+18.24 | 25.48+18.24 28.79+17.09 28.60+£17.0 29.06+17.25 28.79+17.09 29.13+17.28 | 28.50+16.93

Group Al= Control group having BMI 25.0-29.9 kg/m?, Group A2= Control group having BMI 30-40 kg/m?, Group 1= SLP group having BMI 25.0-29.9 kg/m?,
Group 2= SLP & Physiotherapy group having BMI 25.0-29.9 kg/m?, Group 3= Physiotherapy group having BMI 25.0-29.9 kg/m?, Group 4= SLP group having BMI
30-40 kg/m?, Group 5= SLP & Physiotherapy group having BMI 30-40 kg/m?, Group 6= Physiotherapy group having BMI 30-40 kg/m?

DISCUSSION

Results of subjective and objective scoring of MNSI in the current
study showed improvement in Group 2 (overweight having BMI in
the range of 25.0-29.9 kg/m?, on SLP and Physiotherapy for 12
weeks) and findings are consistent with a LOOK Ahead Trial
(2017), showing significant improvements in MNSI scoring.®
AE Brunner et al.,, (2015) observed that plant-based diet for 20
weeks did not improve the MNSI scoring.?° Results were
contradictory due to the fact that pain-related calcium
channels have circadian oscillation confirmed by a study.?* Similar
findings were reported by Kluding et al. and Zilliox et al., and
Russell et al., (2019).22% Group 2 showed significant improvement
in BBS scoring after 12 weeks. Similar results were reported by
Khallaf et al., (2020), Kashif. et al (2021), and Ajitha. et al
(2020).24:2526 No study was found that could reflect the role of diet
on BBS score improvement to the best of my knowledge. Group 2
showed a significant reduction in fasting blood glucose (mg/dl)
levels after 12 weeks and findings were consistent with those of
E. Barreira et al., (2017) and Pot GK et al., (2019), and Koing.
et al (2014).27282% various studies emphasized the role of the
central circadian clock (SCN) on the pancreatic B-islet cells.6:18:30
Serum HbAlc (%) levels of Group 2 showed significant
improvement and findings are consistent with a study by Che.et
al (2021), Lubia et al., Abril et al, (2016) and Kéing.et al
(2014).%132 Serum total cholesterol (mg/dl) levels are significantly
reduced in Group 2. Findings are consistent with those of Asif et
al., (2014) and E. Barriera et al., emphasizing the role of diet in
the overweight individuals.®33* Serum TG (mg/dl) are significantly
reduced in Group 1 (Type 2 DSPN, SLP-group, having BMI in the
range of 25.0-29.9 kg/m?), that are consistent with the results
stated by E. Barriera et al.®* HDL (mg/dl) levels of Group 1 are
significantly improved and our findings were similar with
studies conducted by Lazarevic et al., and Kasumov et al.3% 36
LDL cholesterol (mg/dl) of Group 2 have shown significant
improvement. These findings are consistent with those reported
previously by Cater et al., and Garg et al.>” NCS of sural
sensory nerves of both lower limbs of all the groups were
improved but these changes were not found to be significant.
Results are consistent with a study conducted by Gholami et al.,

and Bedi et al., (2018)

CONCLUSION

SLP and Physiotherapy are found to be more effective in
improving the degree of neuropathy, balance and biochemical
parameters in Type 2 DSPN patients having BMI in the range of
25.0-29.9 kg/m2.
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