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ذخأبمازتللاامدعنيبةقلاعلاءاصقتساةساردلاهذهتلواح:ثحبلافادهأ
٢عونلانميركسلاىضرمنيبيركسلايفرطلاباصعلأاللاتعاوءاودلا
.دنهلابونجيفصاخىفشتسمب

ىتحوم٢٠١٥ريانينمةرتفلاللاخةيلبقتسمةساردتيرجأ:ثحبلاقرط
دوجوعم٢عونلانميركسلاباضيرم٨٦ةساردلاتلمش.م٢٠١٥ربمسيد
ةثلاثةدملو،ايرهشىضرملاةعباتمتمت.يركسلايفرطلاباصعلأاللاتعا
لكلأادعبو،موصلادنعمدلابركسلاىوتسمصحفلمدلاتانيعتذخأ.رهشأ
سايقمةنابتساتمدختساو.يركسلانيبولغوميهلاىوتسمسايقىلإةفاضلإاب
صحفلزازتهلااكاردإسايقمو،ءاودلاذخلأىضرملامازتلامييقتليكسيروم
ءانثأىضرمللةروشملاميدقتىرجو.يركسلايفرطلاباصعلأاللاتعاةجرد
مازتللااةيمهأو،مدلابركسلاةبسنةبقارمىلإةجاحلاو،مهضرمنأشبةعباتملك
.ءاودلاذخأب

.اضيرم٨٦ةساردلاهذهتلمش،مهصحفمتاضيرم١٢٠نيبنم:جئاتنلا
يركسلاءادمهيدلمهنم٪٥١و،نزولاةدايزنميناعت)٪٧٦.٧(ةيبلاغلاتناك
ةبسنعضوةنراقملدحاولاهاجتلااتاذافونأةقيرطتمدختسا.اماع١٥-١١ذنم
ءاودلاذخأبمازتللااويركسلايفرطلاباصعلأاللاتعاصحفو،مدلايفركسلا
نمدحلاوءاودلاذخأبمازتللاايفريبكنسحتظحول.ثلاثلاتارايزلاعيمجيف
.ةثلاثللىلولأاةرايزلانميركسلايفرطلاباصعلأاللاتعاةدش

ززعيُنأنكميوءاودلاذخأبمازتللااقيقحتلمهمىضرملاميلعت:تاجاتنتسلاا
يفرطلاباصعلأاللاتعاراشتنانمللقيو،مدلابلثملأاركسلاةبسنةبقارم
Corresponding address: Department of Pharmacy Practice,

culty of Pharmacy, University of Tabuk, P.O. Box e 741, Tabuk,

91, KSA.

E-mail: amirpalanisamy15@gmail.com (P.S. Amirthalingam)

r review under responsibility of Taibah University.

Production and hosting by Elsevier

8-3612 � 2017 The Authors.

duction and hosting by Elsevier Ltd on behalf of Taibah Universit

tp://creativecommons.org/licenses/by-nc-nd/4.0/). http://dx.doi.org/10
ىضرمفيقثتيفايروحمارودةيحصلاةياعرلايسراممبعلي.يركسلا
.ءاودلاذخأبمازتللااصخيامبيركسلا

يبصعلاللاتعلاا؛ءاودلاذخأبمازتللاا؛يركسلاءاد:ةيحاتفملاتاملكلا
ىضرملاميلعت؛مدلابركسلاةبسنةبقارم؛يفرطلا

Abstract

Objectives: The present study attempted to explore the

relationship between non-adherence with medication and

diabetic peripheral neuropathy in patients with type 2

diabetes mellitus (DM) in a private hospital located in

South India.

Methods: A prospective study was carried out from

January 2015 to December 2015. This study included 86

type 2 DM patients with diabetic peripheral neuropathy.

The patients were followed-up for three months, once a

month. Blood samples were taken to test for fasting

blood sugar (FBS), postprandial blood sugar (PPBS) and

HbA1c. A Morisky scale questionnaire was used to assess

patients’ medication adherence and a biothesiometer was

used to screen the degree to which patients were affected

by diabetic peripheral neuropathy. Patient counselling,

which focused on the need for maintaining glycaemic

control and the importance of medication adherence, was

carried out during each follow-up.

Results: Of the 120 screened subjects, 86 patients were

included in the present study. A majority (76.7%) were

overweight, and 51% had DM for the past 11e15 years.

ANOVA was used to compare patients’ glycaemic status,

peripheral diabetic neuropathy screening and medication
y. This is an open access article under the CC BY-NC-ND license
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adherence in all three follow-up visits, and p < 0.0001 was

considered as significant. Significant improvement in

medication adherence and reduction of the peripheral

diabetic neuropathy severity (p < 0.0001) were observed

from patients’ first to third visits.

Conclusions: Patient education is prudent for improving

medication adherence, a result that can potentially pro-

mote optimal glycaemic control and can reduce the

prevalence of diabetic peripheral neuropathy in patients

with DM. Health-care practitioners play a pivotal role in

educating the diabetic population about medication

adherence.

Keywords: Diabetes mellitus; Glycaemic control; Medication

adherence; Patient education; Peripheral neuropathy

� 2017 The Authors.
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Introduction

India has more people with diabetes than does any
other country in the world, according to the International

Diabetes Foundation, although more recent data suggest that
China nowhasmore peoplewith diabetes than does India. The
disease affects more than 62 million Indians, which is more

than 7.1% of India’s adult population. An estimate shows that
nearly 1 million Indians die every year due to diabetes.1 The
average age of onset is 42.5 years.2 The high incidence is

attributed to the combination of genetic susceptibility and
the adoption of a high-calorie, low-activity lifestyle by India’s
growingmiddle class.3,4 Additionally, a study by theAmerican
Diabetes Association reports that India will see the greatest

increase in people diagnosed with diabetes by 2030.4

Diabetes has both macro-vascular complications
(ischaemic heart disease, stroke, and peripheral vascular

disease) and micro-vascular complications (diabetic neu-
ropathy, diabetic retinopathy, and diabetic nephropathy).
Diabetic peripheral neuropathy (DPN) is a frequent

complication of diabetes and a leading cause of morbidity
and increased mortality; it is associated with the duration
that a person is affected by diabetes, hyperlipidaemia, and

poor glycaemic control. DPN is typically characterized by
significant deficits in tactile sensitivity, vibration sense, lower
limb proprioception, and kinaesthesia.5 Diabetic neuropathy
affects all peripheral nerves, including pain fibres, motor

neurons and the autonomic nervous system.6

Diabetic neuropathy affects up to 50% of patients with
diabetes, and new cases occur at an annual incidence of

approximately 2%. In absolute numbers, in contrast to the
estimated global prevalence of 220 million cases of diabetes
by 2010, DPN is likely to affect as many as 110 million

people worldwide.7 In India, studies revealed that diabetic
neuropathy occurs in 19%e27.5% of patients with type 2
diabetes.8 Glycaemic control is crucial for individuals with
diabetes to prevent the progression of neuropathy, and
intensive glucose lowering therapy reduces the risk of
developing diabetic neuropathy.9 Glucose management

focuses on keeping blood sugar levels as close to normal as
possible.10 Hence, patients’ medication adherence is
important to the treatment of diabetes.11

Medication adherence usually refers to whether patients
take their medications as prescribed (e.g., twice daily), as well
as whether patients take a prescribed medication. Medica-

tion nonadherence is a growing concern to clinicians,
healthcare systems, and other stakeholders (e.g., payers)
because of the mounting evidence that nonadherence is
prevalent and is associated with adverse outcomes and higher

costs of care. To date, in routine clinical practice, the mea-
surement of patients’ medication adherence and the use of
interventions by clinicians to improve adherence are rare.12

Worldwide, the medication adherence rate for patients
with diabetes varies between 36% and 93%.13 Adherence to
prescribed medication is crucial for attaining metabolic

control, and nonadherence with blood glucose lowering
and lipid lowering drugs is associated with higher HbA1c
and cholesterol levels, respectively.13

Nonadherence with medication in patients with diabetes

resulted in poor glycaemic control and, hence, an increased
risk of developing chronic complications, such as diabetic
neuropathy. So medication adherence is necessary for the

effective management of diabetes and its complications.14

The present study is one of a number of worldwide studies
that show the significant relationship between medication

adherence and diabetic peripheral neuropathy. To our
knowledge, no previous study of patients in India has been
conducted to understand the relationship between

medication adherence and diabetic peripheral neuropathy.
Hence, the present study attempted to investigate this
relationship in patients with diabetes in a private hospital
in Kollam, Kerala.

Materials and Methods

A prospective study was carried out from January 2015 to
December 2015 in a private hospital in the city ofKottarakara,
Kollam, Kerala, India. Ethical approval was granted by the

Institutional Ethics Committee of Swamy Vivekanandha
College of Pharmacy, Namakkal, Tamilnadu, India. Type 2
DMpatients with diabetic peripheral neuropathy but no other

complications from type 2 DM were included in the study;
patients were of both genders and were between 45 and 70
years old. Patients who were severely ill or who were not

following their prescribed diets or exercise were excluded from
the study. The patients in the study population were well
informed andwere providedwith patient information forms in
English and the local language (Malayalam) that contained

the details of the study, i.e., information about the parameters
that would be investigated (FBS, PPBS, andHbA1C level) and
about the foot screening process utilizing a biothesiometer.

The study and its importance were explained to the po-
tential participants. After interviewing 120 patients, 86 pa-
tients, who responded positively and passed inclusion

criteria, were selected for this study. Blood samples were
taken on the same day to determine patients’ initial FBS,
PPBS and HbA1c levels. Glucose levels were determined
using the hexokinase method in an Olympus 2700 analyser

http://creativecommons.org/licenses/by-nc-nd/4.0/
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with commercially available Olympus kits (Olympus Optical
Co. Ltd, Shizuoka ken, Japan) and FBS <110 and PPBS

<140 levels were considered normal.15 HbA1c levels were
estimated using a glycol haemoglobin reagent set from
HbA1c Siemens Healthcare Diagnostics Newark, DE

19714, USA, and a HbA1c of <7 was considered
optimal.16 The study was conducted in the hospital’s
Diabetic clinic department. Data were also gathered

through patient interviews using a Morisky questionnaire,
an 8-item scaled questionnaire that assesses medication
adherence.17 A biothesiometer was used to screen patients’
diabetic peripheral neuropathy; VPT was measured on the

big toe of each foot and was assessed as normal (�15 V),
grade I (16e25 V) and grade II (>25 V).18,19 The patient
details were collected during each of their three follow-up

visits to the clinic.
Patient counselling occurred for each of the 86 patients

during each of their follow-up visits. Patient counselling

included information about their disease, prescribed medica-
tions, and the complicationsof uncontrolled blood sugar levels
as well as the need for maintaining glycaemic control, regular
dietary patterns, and motivation to improve their lifestyles.

The patients were asked to come back for follow-up once a
month, for three months. All of the patients (n¼ 86) returned
for the regular check-ups and participated in the study.
Table 1: Demographics of the study population (n [ 86).

Demographics Percentage of patients

(number of patients)

Age

45e50 years 26.7% (n ¼ 23)

51e65 years 65.1% (n ¼ 56)

65 years 8.2% (n ¼ 7)

Gender

Male 44% (n ¼ 38)

Female 56% (n ¼ 48)

Body Mass Index

Overweight 81.3% (n ¼ 70)

Normal 18.6% (n ¼ 16)

Education status

Primary Education

(I to V standard)

23.3% (n ¼ 20)

Secondary Education

(VI to XII standard)

38.3% (n ¼ 33)

Higher Education

(>XII or graduates)

38.3% (n ¼ 33)

Past medical history

5e10 years 25.5% (n ¼ 22)

11e15 years 51.2% (n ¼ 44)

16e20 years 23.3% (n ¼ 20)

Table 2: Glycaemic status, peripheral diabetic neuropathy screening

Parameters First visit Second

FBS 284.32 � 80.19 173.53 �
PPBS 322.01 � 83.5 211.39 �
Right foot Value 20.02 � 5.233 15.69 �
Left foot Value 18.87 � 5.01 14.67 �
Medication Adherence score 4.26 � 2.31 1.83 � 1
The counselling aimed to achieve patients’ normal metabolic
control and to prevent or delay DPN in the patients.

The data collected from all patients by means of the
questionnaire during the interviews were thoroughly ana-
lysed in regard to medication adherence and the quality of

life of the patients. Graphpad InStat Prism 4.0 software 4.0
was used to analyse the statistical data.
Results

A total of 86 patients, from an initial screening of 120,
were included in the present study and the demographics of
the patients correspond with those given in Table 1.

ANOVA was used to compare patients’ glycaemic status,

peripheral diabetic neuropathy screening and medication
adherence in all three follow-up visits, and p < 0.0001 was
considered as significant. Fasting blood sugar and post-

prandial blood sugar were found to be significantly reduced
(p< 0.0001) from the first to third visit. Diabetic neuropathy
screening on right foot indicated that the study population

was found to have grade I peripheral diabetic neuropathy
(20� 5.233) during the first visit, grade I (15.69� 3.89) during
the second visit, and normal (13.08 � 2.29) during the

third visit. The peripheral diabetic neuropathy severity was
significantly reduced from the first to third visits (p< 0.0001).
According to results of screening the left foot, the study
population was found to have a grade I (18.87� 5.01) during

the first visit, and normal in the second (14.67 � 3.78) and
third (12.77� 1.83) visits. The peripheral diabetic neuropathy
risk was significantly reduced from the first to third visits.

Lowmedication adherence (4.26� 2.31) was observed during
the first visit, and adherence improved to medium adherence
(1.83 � 1.96) and to high adherence (0.39 � 0.84)

during second and third visits, respectively. Significant
improvement in medication adherence (p < 0.0001) was
observed from the first to third visits (Table 2).

Regression analysis was used to analyse the relationship

between medication nonadherence and glycaemic status, and
p < 0.0001 (95% confidence interval) was considered as
significant. Significant positive correlation was observed

between medication nonadherence and glycaemic status
(FBS, PPBS, HbA1c) during all the visits (Table 3).

Initially, 20% and 13% of patients had grade II diabetic

neuropathy on the right foot and left foot, respectively;
however, none reported grade II diabetic neuropathy during
the second and third visits. Seventy-seven percent (right foot)

and 81% (left foot) of the study population were found to be
normal according to diabetic neuropathy screening during
the third visit. On the contrary, only 8% (right foot) and
3.4% (left foot) were normal during the first visit. The ma-

jority of the study population belongs to grade I (right foot:
and medication adherence among the study population (n [ 86).

visit Third visit p value F value

79.35 108.32 � 61.16 <0.0001 534.27

72.19 142.83 � 61.54 <0.0001 527.62

3.89 13.08 � 2.29 <0.0001 251.21

3.78 12.77 � 1.83 <0.0001 199.56

.96 0.39 � 0.84 <0.0001 285.72



Table 3: Relationship between medication nonadherence and

glycaemic status (n [ 86).

Parameter 95% confidence

interval

r value p value

FBS

First visit 26.273 to 33.749 0.8676 <0.0001

Second visit 30.038 to 39.128 0.8557 <0.0001

Third visit 54.872 to 70.625 0.866 <0.0001

PPBS

First visit 26.749 to 34.863 0.8553 <0.0001

Second visit 26.856 to 35.371 0.8462 <0.0001

Third visit 52.860 to 69.949 0.8422 <0.0001

HbA1c level

First visit

(At the first month)

0.5492 to 0.7011 0.8729 <0.0001

Second visit

(At the third month)

0.5908 to 0.7459 0.8822 <0.0001

Table 5: Relationship between medication nonadherence and

peripheral diabetic neuropathy (n [ 86).

Parameter 95% confidence interval r value p value

Right foot

First visit 1.838 to 2.253 0.9061 <0.0001

Second visit 1.698 to 2.005 0.9346 <0.0001

Third visit 2.396 to 2.764 0.9502 <0.0001

Left foot

First visit 1.357 to 1.961 0.7666 <0.0001

Second visit 1.221 to 1.754 0.7719 <0.0001

Third visit 1.526 to 2.057 0.8263 <0.0001
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first visit 34%, second visit 40%, third visit 19%; left foot:
first visit 50%, second visit 28%, third visit 15%) or to grade
II (right foot: first visit 38%, second visit 20%, third visit 5%;

left foot: first visit 29%, second visit 15%, third visit 3.4%)
for risk of peripheral diabetic neuropathy (Table 4).

Regression analysis was used to analyse the relationship

between medication nonadherence and diabetic peripheral
neuropathy, and p < 0.0001 (95% confidence interval) was
considered as significant. Significant positive correlation was
observed between medication nonadherence (0e8) and dia-

betic peripheral neuropathy (15e32) in both right and left
feet during all three visits (Table 5).
Discussion

High medication adherence was observed among those in
the study population who were between 45 and 65 years old,

whereas poor adherence was reported in those older than 65.
Thus, age may interfere with achieving glycaemic control and
also to worsening diabetic peripheral neuropathy. These re-

sults correspond to similar results observed in multicentre
hospital clinics in the UK.20

Female patients were found to have higher medication
adherence when compared with male patients. The results of

the present study show that high medication adherence
correlates with high income (>10,000) and these results
coincide with previous studies.21e25 High medication

adherence was noted in those in the study population who
had completed their secondary or higher educations, results
that are consistent with previous studies.26,27

Educating patients about medication adherence resulted
in improvements in medication adherence, glycaemic control,
and improvement of diabetic peripheral diabetic neuropathy
Table 4: Peripheral diabetic neuropathy screening among the study p

Parameters Right foot screening

First visit Second visit Third v

Normal 7 (8%) 35 (41%) 66 (77%

Mild 29 (34%) 34 (40%) 16 (19%

Moderate 33 (38%) 17 (20%) 4 (5%)

Severe 17 (20%) 0 (0%) 0 (0%)
(Table 2). Patient education, understanding, and participation

arevital since the complicationsofdiabetesare far less common
and less severe in people who have well-managed blood sugar
levels.28,29 Previous studies concluded that optimal glycaemic

control can be achieved with effective patient counselling.26,27

The present study investigated the medication adherence,
glycaemic status, and diabetic peripheral neuropathy in a
frequent interval to know the effectiveness of patient

counselling. There was continuous improvement on these
parameters on subsequent visits (Table 2).

Our findings are consistent with Nathan et al., 2005, who

emphasized patient education, understanding and partici-
pation are vital because the complications of diabetes are far
less common and less severe in people who have well-

managed blood sugar levels.10,30,31

The present study aimed to understand the relationship of
medication adherence with glycaemic status and diabetic pe-

ripheral neuropathy. This study showed a significant associa-
tion of medication adherence in both glycaemic control and
peripheral neuropathy (Table 2). The study population was
found to have better glycaemic control with high medication

adherence, which substantiates previous studies conducted
with Ethiopian,20 Malaysian,14 and Indian11 populations.

The results from regression analysis (Table 5) indicate

significant positive correlations between medication
nonadherence and diabetic peripheral neuropathy, which
shows that medication nonadherence induces peripheral

diabetic neuropathy over time. Similarly, Kuo et al., 2003
and Sokol et al., 2005 reported that nonadherence with
medication among diabetic patients resulted in poor

glycaemic control and, hence, increased the risk of
developing chronic complications as well as increased
hospitalization and mortality.32,33

In conclusion, patient education is prudent for improving

medication adherence, a result that can potentially promote
optimal glycaemic control and reduce the prevalence of
diabetic peripheral neuropathy in patients with DM. Health-

care practitioners play a pivotal role in educating the diabetic
population about medication adherence.
opulation (n [ 86).

Left foot screening

isit First visit Second visit Third visit

) 3 (3.4%) 49 (57%) 70 (81%)

) 43 (50%) 24 (28%) 13 (15%)

25 (29%) 13 (15%) 3 (3.4%)

11 (13%) 0 (0%) 0 (0%)
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