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Effect of lifestyle interventions on diabetic peripheral
neuropathy in patients with type 2 diabetes,
result of a randomized clinical trial

Tip 2 diyabetli hastalarda yasam tarzi miidahalelerinin diyabetik periferik
noropati siddeti lizerine etkisi, randomize klinik ¢calismanin sonucu

Haleh GHAVAMI, 2 Moloud RADFAR, © Soraya SOHEILY, ©© Shams Aldin SHAMSI, © Hamid Reza KHALKHALI

Summary

Objectives: Diabetic peripheral neuropathy (DPN) is the most common and troublesome complication of diabetes leading
to great morbidity and resulting in a huge economic burden for diabetes care. Over half of people with diabetes develop
neuropathy. Also, DPN is a major cause of reduced quality of life due to pain, sensory loss, gait instability, fall-related injury,
and foot ulceration and amputation. The aim of this study was evaluating the effects of lifestyle interventions on diabetic
neuropathy severity in diabetes type 2 outpatients.

Methods: This clinical trial conducted on 74 patients with DPN that divided with random allocation into intervention or con-
trol group. The lifestyle interventions applied in the intervention group beginning four educational sessions on lifestyle that
emphasize strategies for lowering blood sugar, increasing physical activity, promoting weight loss, prudent diet, and foot car-
ing. Each session was lasted for1.5 hour. Then patients followed for 12 weeks. During this period, they received counseling on
mentioned lifestyle interventions. DPN severity in both groups measured using modified Toronto Clinical Neuropathy Score
(mMTCNS) at the beginning of study and at the end of counseling for 12 weeks.

Results: Comparing differences of mean of DNP severity before and after lifestyle intervention between two groups of study,
there was a significant difference (p<0.001). DNP severity in control group had not any change or it increased in some partici-
pants, but DNP decreased in intervention group, after applying lifestyle intervention.

Conclusion: Lifestyle interventions can contribute to reducing DPN severity, and consequently decreasing neuropathic pain.

Keywords: DPN severity; lifestyle interventions; modified Toronto Clinical Neuropathy Score (mTCNS).

Ozet

Amag: Diyabetik periferik noropati (DPN) diyabetin en sik karsilastigi ve sikintili bir komplikasyondur ve biyik bir morbidite-
ye yol acar ve diyabet bakimi icin biylik bir ekonomik yiik olusturur. Noropati diyabetli kisilerin yarisindan fazlasinda gelisir.
Ayrica, agri, duyusal kayip, ylirime instabilitesi, disme ile iliskili yaralanma, ayak Ulseri ve amputasyon nedeniyle, DPN yasam
kalitesinin azalmasinin temel nedenidir. Bu calismanin amaci, ayakta tedavi edilen diyabet tip 2 hastalarda; yasam tarzi miida-
halelerinin diyabetik ndropati siddeti Gzerine etkilerini degerlendirmekti.

Gereg ve Yontem: Bu klinik calisma, DPN'si olan ve rastgele yontemi ile; miidahale ya da kontrol grubuna ayrilanan, 74 hasta
Uizerinde gerceklestirildi.Kan sekerini duistirmek, fiziksel aktiviteyi arttirmak, kilo kaybini tesvik etmek, ihtiyatli beslenme ve
ayak bakimi icin stratejileri vurgulayan yasam tarzi lizerine dort egitim oturumu ile baslanan yasam tarzi miidahaleleri miida-
hale grubunda uygulanmaya basladi. Her egitim seansi 1.5 saat slirdii. Daha sonra hastalar 12 hafta boyunca takip edildiler ve
bu dénemde yasam tarzi miidahaleleri konusunda danismanlik aldilar. Her iki grupta da DPN'nin siddeti, calismanin baslangi-
cinda, ve 12 haftalik danismanlik sonunda modifiye Toronto Clinical Neuropathy Score (mTCNS) kullanilarak 6l¢tlda.
Bulgular: Calisma gruplarinin DNP siddeti, yasam tarzi miidahaleleri 6ncesi ve sonrasi, ortalamalari arasindaki farkhhklarin
karsilastinldiginda anlamli bir fark bulundu (p<0.001).Yasam tarzi miidahaleleri uygulandiktan sonar kontrol grubunun DNP
siddeti herhangi bir degisiklik gdostermemistir ya da bazi katilimcilarda DNP siddeti artmistir, ancak yasam tarzi midahaleleri
uygulandiktan sonra miidahale grubunda DNP azalmistir.

Sonug: Yasam tarzi miidahaleleri, DPN siddetinin azaltilmasinda ve sonug olarak néropatik agrinin azaltiimasinda katkida bu-
lunabilir.

Anahtar sozctkler: DPN siddeti; yasam tarzi mudahaleleri; modifiye Toronto Klinik Noropati Skoru (mTCNS).
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Introduction

Diabetes mellitus (DM) is one of the largest global
public health emergencies of the 21st century. Ap-
proximately 415 million adults have DM and by 2040
this number will rise to 642 million.! Diabetic neu-
ropathies are a heterogeneous group of disorders of
varying etiology and clinical presentation. Diabetic
neuropathy with a prevalence of approximately 60%
is the most common form of neuropathy in devel-
oped countries and may affect about half of all pa-
tients with diabetes mellitus, contributing to sub-
stantial morbidity and mortality and resulting in a
huge economic burden. The most common form is
symmetrical diabetic peripheral neuropathy (DPN),
which mainly affects the lower extremities and is a
major cause of morbidity because of its effects on
risk for subsequent ulcers, amputation and disabil-
ity.'3! Diabetic neuropathy (DN) severely decreases
patients’ quality of life and the quality of diabetes
self-management and, in consequence, is worsen-
ing the prognosis of other diabetes complications.
[ Diabetic peripheral neuropathy (DPN) was defined
by the presence of at least two of the following three
characteristics: (a) pain, paresthesia, or numbness;
(b) absence of tendon reflexes; (c) abnormal malleoli
vibration perception threshold.™

Studies show that improved glycemic control im-
proves nerve function in diabetic patients.> In ad-
dition, there is good evidence that intensive glyce-
mic control reduces the risk of developing diabetic
neuropathy in patients with type 1diabetes and may
reduce the risk in patients with type 2 diabetes.”-™"
Unhealthy behaviors (such as comfort eating, poor
diet choices, smoking, and inactivity) implicated in
up to 40% of premature deaths in the U.S. and con-
tribute to persistent disparities in health. On the oth-
er hand, healthy lifestyles are broad and potentially
unobservable orientations that organize patterns of
behaviors that derive from knowledge and norms
about what constitutes healthy, stress relieving, or
pleasurable behaviors.'?

The aim of this study was to determine the effect
of lifestyle interventions (based on; lowering blood
sugar, increasing physical activity, lowering weight,
and proper caring of feet) on the severity of diabetic
peripheral neuropathy in patients with type 2 dia-
betes. We hypothesized that this lifestyle interven-
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tions program would reduce the severity of diabetic
peripheral neuropathy progression in the interven-
tion group.

Material and methods

Design

This study is a randomized clinical trial with a pre-
post-test design. This study obtained the approval
from the Research Ethics Committee of Urmia Uni-
versity of Medical Sciences (Reference No. IR.UMSU.
REC.1393.11). Patients who met the eligibility criteria
invited to participate. Eligible participants were sys-
tematically randomized by computer into the con-
trol or lifestyle intervention group. Then, participants
received the introductory instructional guide and all
participants signed an informed-consent form (Fig. 1).

Participant recruitment and eligibility criteria
Over a 12 months period study participants were
recruited using face-to-face strategy. Eligibility cri-
teria included; Adults (=18 years and older) with
diabetic neuropathy, without any ulcer on their foot,
and living in Urmia. Patients were excluded if they
had known non-diabetic causes of neuropathy (for
example, vitamin deficiencies, uremia, thyroid dis-
ease, lumbar or cervical radiculopathy, inflammatory
neuropathy or presence of alcoholism). The sample
size goal of 80 (half in each treatment group) was de-
rived a priori with G*Power software version 3.1.9.2
(Universitat Kiel, Germany) for analysis of covariance
with an effect size of 0.25, p<0.05, and 95% power.
During the study three participants from each group
discontinued their participation.

Instruments

Demographic information questionnaire, and
the modified Toronto Clinical Neuropathy Score
(MTCNS) used for data collection. For measuring the
severity of neuropathy, participants were allowed a
10-minute acclimatization period in constant room
temperature (24+1°C) after they had removed their
socks and shoes.

The Toronto Clinical Neuropathy Score (TCNS) is a
sensitive scoring system used to diagnose diabetic
neuropathy, and to measure changes in such early
diabetic sensorimotor polyneuropathy (DSP) patho-
physiology. TCNS can be used as an inexpensive bed-
side screening tool.>'* The TCNS was modified (into
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Table 1. Comparison the severity of DPN between two groups of study before and after lifestyle intervention

Neuropathy score Control group Intervention group Results of independent
T test
Mean SD Mean SD

Before intervention 9.51 2.7 11.9 3 p<0.001

After intervention 10.41 2.6 6.81 2.2 p<0.001
Difference of before- after 0.89 0.73 -5.1 1.2 p<0.001

SD: Standard deviation.
the mTCNS) to better capture a categorical scale of Results

simple sensory tests, which are better representa-
tive of the early dysfunction in DSP, and to eliminate
reflex testing, which represent the late-stage patho-
physiology of DSP, are highly variable between rat-
ers, age dependent and heavily weighted in the
TCNS. The mTCNS, a clinical score with higher face
validity for tracking mild to moderate DSP, has suf-
ficient reliability and validity relative to its precursor
TCNS for use in clinical research.¥ mTCNS consists
of graded symptoms (foot pain, numbness, tingling,
weakness, ataxia and upper limb symptoms) and a
sensory test (pinprick, temperature, light touch, vi-
bration and position sense) score associated with
DPN in the judgment of the examiner. The scale var-
ies from 0 (no signs or symptoms) to 33 (maximal
symptoms and signs).!"!

Intervention

The lifestyle interventions applied in the interven-
tion group beginning 4 educational sessions on life-
style that emphasize strategies for; lowering blood
sugar, increasing physical activity, promoting weight
loss, and feet caring. Each session was lasted for1.5
hour. Then patients followed for 12 weeks. During
this period, they received individualized counseling
on mentioned lifestyle interventions. All participants
of intervention group received individualized coun-
seling with goals of reducing weight by 7%, increas-
ing weekly exercise to 150 min, and proper daily feet
caring. They received dietary counseling based on
their preferences individually, too. Participants in the
control group received their routine care and educa-
tion, without any more education or consulting on
lifestyle. Diabetic neuropathy symptom severity in
both groups measured using Modified Toronto Clini-
cal Neuropathy Score (mTCNS) at the beginning of
study and at the end of counseling for 12 weeks.
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Demographic variables of participants

In the present study, results showed that 81.1% of
participants in the control group, and 70.3% of inter-
vention group were female. 29.7% of participants in
control group, and 35.1% in intervention group were
illiterate. In the control group, the mean and standard
deviation of age were (47.3+10.8) and in the inter-
vention group, the mean of age were (49.38+7.9) and
there was no significant difference in age of partici-
pants between the two groups of study(p=0.29). In
the control group, the mean and standard deviation
of diabetes duration is (16.89+ 5.4) and in the inter-
vention group, the mean and standard deviation of
diabetes duration is (19+4.6) and there was no signif-
icant difference in duration of diabetes between the
two groups of study (p=0.07). A higher proportion of
participants in both groups of study were married.

Intervention impact measurement

Based on the results of independent t-test, the mean
of DPN severity was statistically significant before
intervention between two groups of study, but con-
sidering before and after differences of the mean of
DPN severity, there was significantly decrease in DPN
severity of intervention group after the lifestyle in-
tervention (p<0.001) (Table 1).

Before and after differences of the mean of DPN se-
verity in the intervention group is bigger than it in
the control group (Table 1).

In the intervention group, the severity of neuropathy
decreased from; severe to moderate, and from mod-
erate to mild/ without neuropathy symptom, but in
the control group, the severity of neuropathy did not
change or progressed to a higher levels (Tables 2, 3).
Comparing the severity of DPN in the intervention
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Table 2. Comparison the severity of DPN in the intervention group before and after lifestyle intervention

After Absence of Mild Moderate Severe Total
inter. neuropathy neuropathy neuropathy neuropathy
symptoms
Before inter. n % n % n % n % n %
Mild neuropathy 6 100 0 0 0 0 0 0 6 100
Moderate neuropathy 5 385 8 61.5 0 0 0 0 13 100
Severe neuropathy 0 0 10 55.6 8 4.44 0 0 18 100
Total 1 29.7 18 48.6 8 2.6 0 0 37 100
DPN: Diabetic peripheral neuropathy; Inter.: Intervention.
Table 3. Comparison the severity of DPN in the control group before and after lifestyle intervention
After Absence of Mild Moderate Severe Total
inter. neuropathy neuropathy neuropathy neuropathy
symptoms
Before inter. n % n % n % n % n %
Mild neuropathy 0 0 7 46.7 8 533 0 0 15 100
Moderate neuropathy 0 0 0 0 17 100 0 0 17 100
Severe neuropathy 0 0 0 0 0 0 5 100 5 100
Total 0 0 7 18.9 25 67.6 5 13.5 37 100

DPN: Diabetic peripheral neuropathy; Inter.: Intervention.

group, before and after lifestyle intervention present-
ed intheTable 2; the severity of neuropathy decreased;
from the severe to moderate, and from moderate level
to mild or to absence of neuropathy symptom level.
For example, before the intervention, there were 13
participants with moderate neuropathy, that 5 pa-
tients had not any neuropathy symptom (absent of
neuropathy) and 8 of them had mild neuropathy, after
the end of lifestyle intervention (Table 2).

Comparing the severity of DPN in the control group,
before and after lifestyle intervention presented in
the Table 3; the severity of neuropathy had not any
change or it increased to a higher level of severity
after the end of lifestyle intervention. For example,
before the intervention, there were 15 participants
with mild neuropathy, that DPN severity in 8 of them
reached to moderate level and DPN severity in the
rest of 7 patients had not any change after the end
of lifestyle intervention (Table 3).

Discussion

Poor lifestyle choices, such as smoking, poor diet, lack
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of physical activity and inadequate relief of chronic
stress are key contributors in the development and
progression of preventable chronic diseases, includ-
ing type 2 diabetes mellitus. Even though physicians
encourage healthy lifestyle to help prevent or man-
age many chronic medical conditions, many patients
are inadequately prepared to either start or maintain
these appropriate, healthy changes.

This randomized controlled trial study was designed
to clarify the effectiveness of Lifestyle Interventions
on the severity of diabetic peripheral neuropathy
in patients with type 2 diabetes. Our study findings
support our priori hypothesis that lifestyle interven-
tions with emphasize strategies for lowering blood
sugar, increasing physical activity, promoting weight
loss, prudent diet, and foot caring, would contribute
to reducing DPN severity.

Our results are consistent with the study findings of
Smit et al.* on lifestyle intervention for pre-diabet-
ic neuropathy in 2006, indicated; diet and exercise
counseling for patients with impaired glucose tol-
erance results in cutaneous re-innervation and im-
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Assessed for eligibility
(n=100)

Excluded (n=20)

\ 4

« Not meeting inclusion criteria (n=18)

4

Enrollment patients

Randomized (n=80)

- Refused to participate (n=2)

Allocated to intervention (n=40)
Received allocated intervention (n=40)

Allocation
patients

Did not receive allocated intervention (give reasons) (n=0)

Care providers (n=1), teams (n=1),
centers (n=1) performing the intervention
Number of patients treated by each care provider,
team and center (median=40)

Allocation
care providers

Lost to follow-up (n=2)
Reason: Moving to another city
Discontinued intervention (n=1)

Reason: Participant died

Follow-up
patients

Analysed (n=37)
Excluded from analysis (give reasons) (n=0)

Analysis
patients

Allocated to control (n=40)
Received Routine care (n=40)
Did not receive allocated intervention (give reasons) (n=0)

Care providers (n=1), teams (n=1),
centers (n=1) performing the intervention
Number of patients treated by each care provider,
team and center (median=40)

Lost to follow-up (n=1)

Reason: moving to another city
Discontinued intervention (n=2)
Reason: the reluctance of their families to
continue to participate in research

Analysed (n=37)
Excluded from analysis (give reasons) (n=0)

Figure 1. Consort flow diagram.

proved pain. Also, Juster-Switlyk and Smit in 2016
suggested that; weight loss and exercise are helpful
strategies for patients with neuropathy in the set-
ting of both diabetes and pre-diabetes.'® Also, our
results is consistent with other studies which im-
provement in health status after lifestyle interven-
tions have seen in their results such as; A) Study of
Khaniji et al."” on lifestyle advice and interventions
for cardiovascular risk reduction, B) Study of Howells
et al."® on the clinical impact of lifestyle interven-
tions for the prevention of diabetes, C) Study of Kolb
and Martin on Environmental/lifestyle factors in the
pathogenesis and prevention of type 2 diabetes.!'

Limitations: This study had some limitations: 1) par-
ticipants were enrolled only from one hospital; 2) rel-
atively short intervention time. It is suggested that
other multi centers studies with longer intervention
time be conducted.
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Conclusion

Findings of this study showed that, despite the high
levels of neuropathic disorders among diabetic pa-
tients, using low cost and safe methods such as life-
style interventions, can contribute in reducing sever-
ity of diabetic peripheral neuropathy, and enhancing
comfort among these patients. Traditionally, neuro-
pathic pain prompts physicians to prescribe drugs
(usually gabapentin and pregabalin) for DPN pain”
that may be associated with adverse effects, such as
drug resistance, dependence and addiction. In this
study, it demonstrated that lifestyle intervention
would successfully contribute in reduction of DPN se-
verity in patients with diabetic peripheral neuropathy.

Our findings have implications for clinical and policy
decisions, as well as for the design for future studies
with larger sample sizes and long period of time. In
particular, our findings underscore the importance
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of healthy lifestyle in the management of diabetic
patients with or at risk of diabetic peripheral neu-
ropathy. Reduction in the severity of DPN following
lifestyle intervention in this study can contribute in
enhancing quality of life regarding DPN is a major
cause of reduced quality of life due to pain, sensory
loss, gait instability, fall-related injury, and foot ulcer-
ation and amputation.
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