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ABSTRACT

Background: Diabetic Neuropathy (DN) is a common and serious complication of diabetes
mellitus (DM), affecting up to 50% of diabetic patients globally. It leads to significant morbidity
including chronic pain, loss of sensation, and increased risk of foot ulcers and amputations.
Among Ethiopian Diabetic patients, studies indicate varying prevalence rates, yet limited
research has focused specifically on the impact of long-term metformin use. Metformin, the first-
line drug treatment for type 2 diabetes mellitus (T2DM), has been associated with Vitamin B 12

deficiency, a known risk factor for neuropathy.

Objective: The aim of the study was to determine the prevalence and associated factors of
diabetic neuropathy among Ethiopian long-term metformin users attending the diabetes clinic of
the Tikur Anbessa Specialized Hospital and Yekatit 12 Hospital, Addis Ababa, Ethiopia.

Methods: The study employed a descriptive cross-sectional design that utilized quantitative
methods for data collection and analysis. Data were collected using a pretested and standardized
questionnaire, laboratory tests and also physical examinations. The questionnaires were
originally prepared in English and then translated into Amharic to facilitate effective

communication with the study participants.

Results: Of the total 390 study participants 246 (63.1%) were found to have diabetic neuropathy,
while 144 (36.9%) showed no evidence of neuropathy. The factors found to be significantly
associated with diabetic neuropathy include age, duration of metformin use, and fasting blood

sugar level.

Conclusion and Recommendations: Among the total 390 participants, more than half were
affected, highlighting the substantial burden of neuropathic complications among long-term
metformin users. The study found a significant association between prolonged metformin use
and the occurrence of diabetic neuropathy. This calls for a national guideline endorsement
necessitating screening long-term metformin users for vitamin B 12 deficiency and early

replacement to avoid this debilitating complication.

Keywords: Diabetes Mellitus, Diabetic Neuropathy, Metformin, Vitamin B 12 Deficiency






1. INTRODUCTION

1.1. Background

Diabetes mellitus (DM) is a chronic metabolic disorder marked by persistent hyperglycemia and
disruptions in carbohydrate, fat, and protein metabolism. It arises from either an absolute or
relative deficiency in insulin secretion and/or insulin action (1). Globally, diabetes directly
contributes to approximately 1.5 million deaths annually (2). The International Diabetes
Federation (IDF) estimated that in 2019, around 19.4 million adults aged 20-79 years in the
African region were living with diabetes, representing a regional prevalence of 3.9% (3). In
Ethiopia, the 2015 WHO STEPS survey reported a national DM prevalence of 3.2% (4). Over
the past 30 years, the global prevalence of diabetes has more than doubled, underscoring its
status as a growing public health crisis (5).

Diabetes is generally categorized into two main types. Type 1 diabetes (T1DM) results from an
absolute insulin deficiency, often due to autoimmune destruction of pancreatic beta cells and
related genetic markers. Conversely, type 2 diabetes mellitus (T2DM), the most prevalent form
develops from a combination of insulin resistance and inadequate compensatory insulin
secretion(6). T2DM is characterized by dysregulated metabolism of carbohydrates, fats, and
proteins, due to impaired insulin function. It accounts for over 90% of all diabetes cases,

surpassing both TIDM and gestational diabetes (7).

The incidence of T2DM has been increasing steadily worldwide (8). As of 2017, an estimated
462 million people were living with T2DM, equivalent to 6.28% of the global population.
Prevalence varied by age group 4.4% among those aged 15-49, 15% among those 50-69, and
22% among those aged 70 and older, amounting to approximately 6,059 cases per 100,000
people (9). In Africa, the IDF projected that diabetes cases would increase from 7.1 million in
2003 to 15 million by 2025 (10). In Ethiopia, pooled estimates place the national DM prevalence
at 6.5% (4). The development of T2DM is primarily driven by a combination of genetic
predisposition and modifiable lifestyle factors such as obesity, abdominal fat accumulation, and

physical inactivity (11).



Metformin is the most widely prescribed oral hypoglycemic agent for T2DM and has also shown
analgesic effects (12). It is typically the first-line treatment for T2DM in patients with adequate
renal function, with nearly 70% of U.S. Veterans using metformin as part of their diabetes
management. However, prolonged use of metformin has been associated with vitamin B12
(VB12) deficiency, which may contribute to an increased risk of peripheral neuropathy among
T2DM patients (13). Numerous studies have documented reduced serum VB12 levels in
metformin users (14), establishing the drug as a pharmacologic cause of VB12 deficiency in
diabetic patients. This deficiency can lead to significant hematologic and neurological
complications. Reported prevalence rates of VB12 deficiency among long-term metformin users
range from 5% to 40%, depending on the population studied (15). The risk is further increased

with higher dosages and extended durations of metformin therapy (14).

The complications of chronic hyperglycemia are generally categorized as macrovascular (e.g.,
coronary artery disease, peripheral arterial disease, stroke) and microvascular (e.g., nephropathy,
retinopathy, and neuropathy) (16). Diabetic neuropathy (DN), a microvascular complication, is
defined as peripheral nerve dysfunction in individuals with diabetes after excluding other
potential causes (17). DN affects approximately 30-50% of diabetic patients globally (18). It
encompasses a broad spectrum of disorders, including focal and diffuse neuropathies, and may
affect both peripheral and autonomic nervous systems (19). DN significantly diminishes quality
of life and is associated with chronic pain, mobility impairment, foot ulcers, and an elevated risk

of lower-limb amputation (20).



1.2 Statements of the problem

T2DM has become one of the most widespread chronic diseases globally, posing a significant
challenges to public health systems (21). It accounts for approximately 90-95% of all diabetes
cases and is characterized by relative insulin deficiency, peripheral insulin resistance, and
sustained hyperglycemia (22). As of 2021, an estimated 537 million adults aged 20-79 years
were living with diabetes worldwide, with projections indicating this number will increase to 783
million by 2045 (23). The escalating prevalence of T2DM is closely linked to the global rise in
obesity, driven by energy-dense diets and sedentary lifestyles, which together constitute a
growing metabolic health crisis (24). T2DM is associated with a wide range of chronic
complications including cardiovascular disease, renal failure, retinopathy, and diabetic

neuropathy, all of which contribute to increased morbidity and mortality (21).

In the African region, approximately 19.4 million adults were living with diabetes in 2019,
corresponding to a regional prevalence of 3.9% (25). The economic impact of diabetes is
substantial, with global losses in gross domestic product due to both direct and indirect costs
estimated at US $1.7 trillion. Of this, US $800 billion is projected to affect low- and middle-
income countries (26). A systematic review and meta-analysis of studies primarily conducted in
East Africa revealed a high burden of diabetes-related complications, with diabetic peripheral
neuropathy and diabetic retinopathy affecting 38% and 32% of patients, respectively (27).
Furthermore, the rate of undiagnosed diabetes in Africa remains alarmingly high at 66.7%,

exacerbating the region's diabetes-related health burden (4).

In Ethiopia, an estimated 2.57 million people approximately 5.2% of the population are living
with diabetes, placing the country among those with the highest diabetes prevalence rates in Sub-
Saharan Africa (25). Diabetes has emerged as a major public health concern in Ethiopia,
alongside other non-communicable diseases. The prevalence of diabetes varies widely across
regions, ranging from 0.3% to 7.0% (28). Among the complications associated with T2DM,
diabetic neuropathy (DN) is particularly common. DN is defined as the presence of signs and
symptoms of peripheral nerve dysfunction in individuals with diabetes, in the absence of other
identifiable causes (29). Poorly managed diabetes often leads to such complications, which

contribute significantly to disability, premature mortality, and a reduced quality of life (28).



Metformin remains the cornerstone of pharmacologic management for T2DM and has
demonstrated additional analgesic and neuroprotective properties (12). However, prolonged
metformin use has been linked to an elevated risk of vitamin B12 deficiency, which may
contribute to the development or progression of diabetic peripheral neuropathy (DPN). While
some studies have identified an association between metformin use and DPN, findings across the
literature remain inconsistent. This inconsistency highlights the need for further investigation to
clarify the relationship. Moreover, it supports the recommendation for routine monitoring of
vitamin B12 levels in patients undergoing long-term metformin therapy.



1.3 Significance of the Study

The investigation of the prevalence and associated factors of diabetic neuropathy among
Ethiopian long-term metformin users holds significant implications for public health, clinical
practice, and healthcare policy. DN is one of the most debilitating and common complications of
DM, contributing to considerable morbidity, disability, and diminished quality of life.
Understanding its prevalence, particularly among long-term metformin users, is crucial for the
development of targeted interventions aimed at prevention, early diagnosis, and effective

management.

Given the rising burden of diabetes in Ethiopia, it is imperative to generate localized evidence to
inform public health strategies. While metformin remains the primary first-line treatment for
T2DM, studies have established its association with vitamin B12 deficiency-a potential
contributor to the development and progression of diabetic neuropathy. In this context,
investigation of the role of long-term metformin use in the pathogenesis of DN is essential,
especially in Ethiopia where routine vitamin B12 screening is not standard practice.

This study is expected to provide valuable insights into the link between chronic metformin use
and diabetic neuropathy, with an emphasis on identifying modifiable risk factors such as vitamin
B12 deficiency. The results could inform clinical guidelines, advocating for regular vitamin B12
monitoring and potential supplementation among patients at risk. Additionally, the study may
influence national diabetes management protocols by supporting the integration of neuropathy

screening tools in routine care, particularly in resource-limited settings.

Given the limited existing research on metformin-induced neuropathy in Ethiopia, this study will
address a critical knowledge gap and contribute to the global literature on diabetes
complications. Most importantly, by raising awareness among healthcare providers and patients,
the findings can improve treatment outcomes, reduce the incidence of severe complications, and

enhance the overall quality of life for individuals living with diabetes in Ethiopia.



2. LITERATURE REVIEW

2.1 History and Definition of Diabetic Neuropathy

The relationship between diabetes mellitus and peripheral nerve dysfunction has been recognized
for centuries. However, it was not until Marchal de Calvi’s work in 1864 that DN began to be
understood as a complication of diabetes rather than a primary cause (30). Most clinical
manifestations of DN were described in the latter half of the 19th century. Recent advances in
pathology have provided new insights into the diverse patterns of DN, revealing findings such as
inflammatory lesions in focal forms of the condition (31). Despite these developments, the
natural history of diabetic neuropathy remains poorly understood, partly due to inconsistent

diagnostic criteria and patient selection in earlier studies (32).

DN refers to the presence of symptoms and/or signs of peripheral nerve dysfunction in
individuals with diabetes after excluding other causes (29). DN encompasses a spectrum of
neuropathic disorders, including focal, diffuse, proximal, and distal forms, affecting both the
peripheral and autonomic nervous systems. As one of the most common chronic complications
of diabetes, DN significantly contributes to both morbidity and mortality (33). It is the leading
cause of peripheral neuropathy and accounts for more hospitalizations than other diabetic

complications. Moreover, it is the primary cause of non-traumatic lower-limb amputations (29).

DN typically begins with sensory loss in the lower extremities and is often associated with pain
and functional limitations. At least half of all individuals with diabetes will eventually develop
some form of neuropathy (34). DN is the most frequently occurring neuropathy in developed
countries, characterized by a wide range of clinical presentations (35). Diabetic neuropathies are
the most prevalent chronic complications of diabetes. This heterogeneous group of conditions
affects different parts of the nervous system and presents with diverse clinical manifestations
(36). Diabetic neuropathy is not a single entity but rather a number of different syndromes, each
with a range of clinical and subclinical manifestations (37). Diabetic neuropathy is one of the
most common long-term complications of diabetes and is the main initiating factor for foot

ulceration, Charcot neuroarthropathy, and lower-extremity amputation (38).



2.2 Prevalence of Diabetic Neuropathy
The global prevalence of diabetic peripheral neuropathy (DPN) varies considerably, with

estimates ranging from 22.7% to 54%, depending on diagnostic methods, patient demographics,
and study design. In Iran, studies have reported DPN prevalence rates ranging from 32% to
75.1%. Diabetic autonomic neuropathy, a particularly severe form, has been linked to silent
myocardial infarctions and reduced life expectancy, with mortality rates between 25% and 50%
within 5 to 10 years. Up to two-thirds of diabetic individuals may exhibit clinical or subclinical
neuropathic signs. One study documented an increase in DPN incidence from 7.5% at diabetes
diagnosis to 50% after 25 years (29).

Painful diabetic neuropathy (PDN), defined by a neuropathic symptom score (NSS) >5 and a
neuropathic disability score (NDS) >3, has a prevalence of 21%. Among those with severe
neuropathy (NDS >8), painful symptoms were reported in 60% of cases. Interestingly, 26% of
individuals without neuropathy (NDS <2) also reported painful symptoms. The adjusted odds of
painful symptoms were twice as high in individuals with T2DM compared to TIDM (OR = 2.1,
95% CI: 1.7-2.4, P < 0.001) and were independent of other factors such as insulin use, foot
deformities, smoking, or alcohol consumption. Women had a 50% higher risk of painful
symptoms than men (OR = 1.5, 95% CI: 1.4-1.6, P < 0.0001). Although the overall prevalence
of neuropathy was lower among South Asians (14%) than Europeans (22%) and African
Caribbeans (21%), painful symptoms were more common among South Asians (38% vs. 34% vs.
32%, respectively, P < 0.0001) (39).

In a large population-based study from Augsburg, Germany, the prevalence of DPN was 28%
among individuals with diabetes, 13% in those with impaired glucose tolerance, 11% in those
with impaired fasting glucose, and 7% in those with normal glucose levels (40). Another study in
Oxford, England, found that 16.7% of patients had autonomic neuropathy based on abnormal
heart rate variability tests. A multicenter study by Ziegler et al. involving 1,171 diabetic patients
reported cardiac autonomic neuropathy (CAN) in 25.3% of individuals with TIDM and 34.3%
with T2DM, based on abnormalities in more than two out of six autonomic function tests. Under
stricter criteria (abnormalities in at least three tests), prevalence dropped to 16.8% in T1DM and
22.1% in T2DM (41).



The Rochester Diabetic Neuropathy Study, which examined a cohort of 870 diabetes patients,
reported that 66% of individuals with insulin-dependent diabetes mellitus (IDDM) and 59% of
those with non-insulin-dependent diabetes mellitus (NIDDM) had some form of neuropathy.
Within the IDDM group, polyneuropathy was observed in 54%, asymptomatic carpal tunnel
syndrome in 22%, and symptomatic carpal tunnel syndrome in 11%. Among NIDDM patients,
45% had polyneuropathy, and 29% had carpal tunnel syndrome. Only 6% of IDDM and 1% of
NIDDM patients exhibited severe polyneuropathy (stage 2b), and none reached stage 3 (42).

2.3 Factors of Diabetic Neuropathy
Neuropathy is one of the most disabling complications of diabetes, with prevalence estimates

ranging from 50% to 90%, depending on the diagnostic tools used (43). Some studies have
identified age and duration of diabetes as significant risk factors, while others have also
highlighted poor metabolic control, smoking, low HDL cholesterol levels, and the presence of
retinopathy (44). Older adults are particularly vulnerable to both acute and chronic microvascular
complications, including DN. Reported prevalence rates vary widely from 5% to 100% largely
due to differences in diagnostic criteria (45). A meta-analysis identified several consistent risk
factors for DPN, including diabetes duration, age, HbAlc levels, smoking, body mass index
(BMI), fasting plasma glucose, blood urea nitrogen (BUN), and diastolic blood pressure (DBP)
(46).

2.4 Relationship Between Diabetic Neuropathy and Long-Term Metformin Use
Metformin remains the preferred first-line therapy for individuals with T2DM and normal renal

function, with approximately 70% of U.S. Veterans prescribed this medication. Despite
widespread use, its role in vitamin B12 deficiency is a growing concern, particularly given the
prevalence of B12 deficiency in metformin-treated patients, which ranges from 5.8% to 52%
47).

Older adults, especially those with T2DM, are at greater risk of B12 deficiency, which can
exacerbate or mimic neuropathic symptoms. Several studies have reported that long-term
metformin use is associated with reduced serum vitamin B12 concentrations (48). Although the
clinical implications of low B12 levels remain debated, prolonged deficiency may lead to
irreversible nerve damage (49). Early studies suggested that up to 30% of patients on long-term

metformin therapy experience B12 malabsorption, with average reductions in serum B12 levels



ranging from 14% to 30% (50). Cobalamin (B12) deficiency, particularly when it involves

reduced methyl cobalamin, has been strongly linked to neurological symptoms, including

peripheral neuropathy. This deficiency may be exacerbated in patients already suffering from

DPN and could be further aggravated by continued metformin use (51).

2.5 Conceptual Framework

Figure 1. Conceptual Framework for the Study
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3. OBJECTIVES

3.1. General Objective

e To determine the prevalence and associated factors of diabetic neuropathy among
Ethiopian long-term metformin users in Tikur Anbessa Specialized Hospital and Yekatit
12 Hospital, Addis Ababa, Ethiopia, 2025

3.2 Specific Objectives

e To estimate the prevalence of diabetic neuropathy in Ethiopian diabetic patients on long-
term metformin treatment.

e To identify factors associated with diabetic neuropathy in Ethiopian population.
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4. METHODOLOGY

4.1. Study Area
The study was conducted in Addis Ababa, in two tertiary hospitals of Ethiopia Tikur Anbessa
Specialized Hospital (TASH) and Yekatit 12 Hospital. Tikur Anbessa Specialized Hospital is
Ethiopia’s largest general public hospital and one of the University Hospitals in the country. It
was established in 1964. In 1998 Tikur Anbessa Specialized Hospital, which is also the largest
and oldest referral teaching hospital in the country, was given to AAU by the Ministry of Health
as a main teaching hospital. It has nearly 200 doctors, 700 beds, 379 nurses and 115 other health
professionals offering health care services. The hospital consists of 950 permanent contract
administrative staffs that supports the hospital activities. The faculty is the oldest and the largest
among the health training institutions in the country, staffed with the most senior specialists. The
hospital provides a tertiary level health care service and it is administered by Addis Ababa

University.

Yekatit 12 Hospital was established in 1923 and is among the well-recognized hospitals in Addis
Ababa. The hospital offers many preventive, curative, and rehabilitative health services for

approximately 4 million people, and is also a teaching hospital.
4.2. Study Period
e The study was conducted from February to October, 2025

4.3. Study design

e A Hospital-Based Cross-sectional study was conducted in Tikur Anbessa Specialized
Hospital and Yekatit 12 Hospital, Ethiopia

4.4. Population

4.4.1. Source Population
® All patients who attended Tikur Anbessa Specialized Hospital and Yekatit 12
Hospital for diabetes follow-up

11



4.4.2. Study Population
e All patients who presented to Tikur Anbessa Specialized Hospital and Yekatit 12

Hospital for T2DM follow-up and also who are long-term metformin users.

4.4.3. Study Unit
e All patients who attended Tikur Anbessa Specialized Hospital and Yekatit 12 Hospital

for T2DM follow-up and also who are long-term metformin users presented during the
study period.

4.5. Eligibility Criteria

4.5.1. Inclusion criteria:

e Ethiopian patients diagnosed with T2DM.

e On metformin treatment for at least 5 years.

e Aged 30 years and above.

4.5.2. Exclusion criteria:
e Patients with pre-existing neurological conditions unrelated to diabetes.

e Patients on other medications known to cause neuropathy (e.g., chemotherapy drugs).

4.6. Sample Size and Sampling Procedure

The sample size was determined using Cochran’s formula, which is appropriate for estimating

proportions in large populations.

The formula is given as:

(B p.a-p
d2

n=

Where:

n: required sample size for the study

z: standard normal deviate corresponding to the desired confidence level (Z=1.96),
Cl of 95% = 0.05

z: estimated prevalence of diabetic neuropathy (38%, based on previous studies
conducted in East Africa (51)

e d: margin of error= set as 5% (0.05)

Substituting the values into the formula:

12



7z

(7)2* p.(1-p)
d2

n=

Therefore, the minimum required sample size was 362 participants. To account for potential non-
response and ensure adequate power, an additional 10% was added resulting in a final sample

size of 398 participants.

Systematic random sampling was employed to include study participants who met the inclusion
criteria during the study period. Out of 398 patients, 390 participants were included with a

response rate of 98%.

4.7. Study Variables
4.7.1. Dependent Variables
e Diabetic neuropathy

4.7.2. Independent Variables
e Demographic- Age, Sex, Occupation

e Diabetes related- Duration of Diabetes, Blood sugar control (HbAlc)
e Metformin use- Duration of metformin, Metformin dosage (mg/day)
¢ Nutritional/Biochemical status- Serum Vitamin B12 level (pg/mL)

e Comorbidities- Hypertension, Renal function (eGFR or serum creatinine)

4.8 Operational and Term Definitions

Prevalence- The proportion of study participants diagnosed with diabetic neuropathy among the

total number eligible long-term metformin users enrolled in the study at the time of assessment.

Associated Factors- Demographic (e.g. age, gender), clinical (e.g. duration of diabetes and
glycemic control), and biochemical (e.g. Vitamin B12 levels) variables that demonstrate a

statistically significant association with presence of diabetic neuropathy.
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Diabetic Neuropathy (DN)- A clinical or subclinical condition characterized by signs and/or
symptoms of peripheral nerve dysfunction in a patient with diabetes mellitus, diagnosed using
the Michigan Neuropathy Screening Instrument (MNSI) and 10g monofilament test, after ruling
out other causes of neuropathy.

Type 2 Diabetes Mellitus(T2DM)- A metabolic disorder diagnosed in accordance with
established clinical guidelines (e.g. fasting blood glucose >126 mg/dl, HbAlc >6.5%), and

characterized by insulin resistance with relative insulin deficiency.

Ethiopian Diabetic Patients- Individuals of Ethiopian nationality or residence who have been

formally diagnosed with T2DM and meet the study’s inclusion criteria.

Age >30 Years- Participants eligible inclusion must be 30 years or older, as specified in the

inclusion criteria.

Long-term metformin use- continuous administration of metformin for duration of five years or

more in patients diagnosed with type 2 diabetes mellitus (T2DM)

Vitamin B12 Deficiency- A serum vitamin B12 concentration of <200 pg/ml, which may be
associated with hematological or neurological manifestations.

Neuropathy Symptoms- Subjective sensory disturbances (e.g. numbness, tingling, burning
pain) reported by participants in response to the standardized questionnaire tools used in the

study.

Clinical Assessment Tools: Michigan Neuropathy Screening Instrument (MNSI)- A
validated clinical tool used to assess the presence and severity of diabetic neuropathy through
symptom scoring and physical examination findings. For the prevalence of diabetic neuropathy a
total score of 9 and above is considered to have diabetic neuropathy. Whereas, for the severity of
diabetic neuropathy a total score of 0-5 is considered as no neuropathy, 6-10 as mild neuropathy,

11-15 as moderate neuropathy and >15 as severe neuropathy.

10g Monofilament Test- A standard method used to assess peripheral sensory loss by applying a

10-gram pressure filament to predefined points on the foot.
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4.9 Data Collection

Clinical Assessment:

e Neuropathy was diagnosed using the Michigan Neuropathy Screening Instrument
(MNSI) and the 10g monofilament test.

Questionnaires

e Socio-demographic data

e Diabetes history (duration, glycemic control)

e Metformin use (duration, dosage)

e Neuropathy symptoms and quality of life impact (using validated scales)

Laboratory Tests

e Fasting blood glucose
e HbAIc levels

4.10 Data Quality Control

Training was given to the data collectors and supervisors on techniques of data collection, data
collection material and purpose of research and a pilot test of the data collection tool on a small

sample was conducted before full data extraction.

Data Validation and Cross-Checking were also conducted by comparing extracted data with
hospital logbooks, HMIS (Health Management Information System), and patient records to
ensure completeness and Data Cleaning was performed by identifying and correcting duplicate
records, missing values, and outliers before analysis. Supervision was carried out daily to check
completeness and consistency by both the supervisor and the principal Investigator (PI) to assure

the quality of data.
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4.11 Data Analysis and Interpretation

Researchers checked the data for completeness after each collection and the data were entered
into Epi-Data version 4.7 and then it was exported to SPSS Version 27 for analysis.

For categorical data, descriptive statistics like frequency and percentage were computed and
presented by the use of tables, bar graphs and pie chart. Continuous variables were summarized
using means, median, mode and standard deviation. Associations between diabetic neuropathy
and variables such as metformin use, vitamin B12 levels, and other risk factors were analyzed
using Binomial regression model by running bivariate and multivariate logistic regression
models. Whereas, Association between the independent variables and the severity of diabetic

neuropathy were analyzed using the multinomial regression model.

4.12 Ethical consideration

Ethical clearance was obtained from Department of Research Ethics Review Committee
(DRERC) of Addis Ababa University in Anatomy department (DRERC/13/20). Then this ethical
clearance and cooperation letter was sent for Tikur Anbessa Specialized Hospital and Yekatit 12
Hospital outpatient department director to obtain consent to perform data collection.
Confidentiality of patient information was maintained through taking the data anonymously.
After data collection, the raw data was secured and wasn’t accessed by anyone except the

principal investigator and no personal identifiers used to keep confidentially.
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5. RESULT
5.1. Socio-demographic Characteristics of Participants

A total of 390 adult patients with Type 2 Diabetes Mellitus who were on follow-up at Tikur
Anbessa Specialized Hospital and Yekatit 12 Hospital were included in the study. Of these, 193
(49.5%) were male and 197 (50.5%) were female. Regarding age distribution, the majority of
participants were aged 51-70 years, accounting for over 60% of the sample. In terms of
residence, 358 (91.8%) lived in urban areas, while 32 (8.2%) resided in rural settings. Regarding
educational status, 116 (29.7%) of respondents had attained higher education. Occupational
status was distributed as follows 149 (38.2%) employed, 128 (32.8) unemployed, and 113
(29.0%) retired.

Table 1 Socio-demographic characteristics of participants

Variable Category N %
Age (years) | 31-40 19 4.9
41-50 58 14.9

51-60 118 30.3

61-70 123 315

>70 72 18.5

Sex | Male 193 49.5
Female 197 50.5

Residence | Urban 358 91.8
Rural 32 8.2

Education level | No formal 99 25.4
Primary 96 24.6

Secondary 79 20.3

Higher 116 29.7

Occupation | Employed 149 38.2
Unemployed 128 32.8

Retired 113 29.0

17



5.2 Clinical and laboratory characteristics of participants

Our findings indicated that, 145 (37.2%) had been living with diabetes for 5-10 years, while the
majority, 245 (62.8%), had been diagnosed for more than 10 years. Similarly, most participants
had used metformin for over a decade, with 249 (63.8%) reporting more than 10 years of use
compared to 141 (36.2%) who had taken it for 5-10 years. Notably, daily dosage analysis
showed that most patients, 215 (55.1%) were prescribed more than 1,000 mg/day, while 134
(34.4%) took 1,000 mg/day and only 41 (10.5%) were on 500 mg regimens, indicating a
predominant use of higher metformin doses in this population. The mean + SD for HbA1c level
among participants was 8.87 + 1.45%, while the mean + SD for fasting blood sugar was 153.65 +
44.39 mg/dL.

Table 2 Clinical and laboratory Characteristics of participants

Variable Category N %
5-10 Years 145 37.2
Duration of diabetes (years) >10 Years 245 62.8
Regular Monitoring of Blood Sugar [~ 103 26.4
_ o Yes 239 61.3
Diabetes Related Complications No 151 38.7
5-10 Years 141 36.2
Duration of metformin use (years) >10 Years 249 63.8
500 mg/day 41 10.5
Daily metformin dose (mg) | 1000 mg/day 134 344
>1000 mg/day 215 95.1
) ) Yes 77 19.7
Side Effects of Metformin =5 313 80.3
. Yes 90 231
Insulin Use No 300 76.9
L Yes 285 73.1
Any Comorbidities No 105 26.9
Yes 83 21.3
Any Medication used for nerve Health =g 307 78.7
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5.3 Prevalence of diabetic neuropathy

This finding revealed that, 246 (63.1%) was found to have diabetic neuropathy, while 144
(36.9%) did not show evidence of neuropathy. This indicates that more than half of the study
population is affected, highlighting the substantial burden of neuropathic complications in long-

term metformin users.

Diabetic Neuropathy Prevalence

m Positive

' Negative

Figure 2: Prevalence of diabetic neuropathy among the study participants.
The prevalence of diabetic neuropathy among the study participants was high, with 63%

presenting with neuropathy (positive) and 37% showing no evidence of neuropathy (negative).
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5.4 Distribution of Diabetic Neuropathy across Duration of Metformin Use

Among participants who had taken metformin for 5-10 years, 42.6% developed neuropathy while
74.7% of those who had used metformin for more than 10 years experienced neuropathy. This
suggests that longer duration of metformin is greatly associated with higher prevalence of
diabetic neuropathy.

DIABETICNEUROPATHYCATEGORIZED

[H Megative
W Positive

200

Prevalence of Diabetic Neuropathy (%)

5-10 years =10 years

Duration of Metformin

Figure 3: Prevalence of diabetic neuropathy by Duration of metformin use among study

participants

5.5 Associated factors for Prevalence of Diabetic Neuropathy

Each independent variable was assessed to evaluate for their association with diabetic
neuropathy. Variables including age, educational status, occupational status, duration of diabetes,
duration of metformin use, any side-effects of metformin, HbAlc, FBS and insulin use and any
co morbidities showed significant crude associations. They were then included as candidate for
the binomial multivariate logistic regression to evaluate their independent effect.
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Table 3: Binomial Bivariate Logistic Regression Analysis of Factors Associated with Diabetic

Neuropathy Prevalence

Variable Category Crude OR 95% Confidence p-value
(Exp(B)) Interval
31-40 0.11 0.04-0.35 0.00*
41-50 0.17 0.08-0.37 0.00*
Age 51-60 0.45 0.23-0.91 0.27*
61-70 0.47 0.23-0.93 0.03*
>70 1.00 - -
Sex Male 1.21 0.80-1.82 0.37
Female 1.00 - -
. Urban 1.19 0.57-2.48 0.65
Residence Rural 1.00 . .
No formal 1.76 1.01-3.08 0.05*
education
Educational Status Primary 1.94 1.10-3.43 0.02*
Secondary 1.37 0.77-2.46 0.29
Higher 1.00 - -
Employed 0.36 0.21-0.61 0.00*
Occupation Unemployed 0.46 0.26-0.82 0.0*
Retired 1.00 - -
b ion of Diab 5-10 Years 0.25 0.16-0.38 0.00*
uration of Diabetes 10 Years 100 - -
Diabetes Related Yes 1.27 0.84-1.94 0.26
Complication No 1.00 - -
Regular Monitoring of Blood Yes 0.89 0.57-1.43 0.63
Sugar No 1.00 - -
. . 5-10 Years 0.25 0.16-0.39 0.00*
Duration of Metformin >10 Years 1.00 . :
500 mg/day 0.48 0.31-0.75 0.00*
Daily metformin dosage 1000 mg/day 0.48 0.24-0.95 0.03*
>1000 mg/day 1.00 - -
Any Side effects of Yes 1.37 0.81-2.34 0.24*
Metformin No 1.00 - -
Last Recorded HbA1C level Continuous 1.17 1.01-1.36 0.04*
Fasting Blood Sugar Continuous 1.00 1.00-1.01 0.01*
Insulin Use Yes 1.37 0.84-2.31 0.19*
No 1.00 - -
. Yes 1.75 1.11-2.76 0.02*
Any Co-morbidities No 1.00 . :
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Age, Duration of metformin, and Fasting blood sugar were found to be significant predictors of

diabetic neuropathy after adjustment.

Patients aged 31-40 (AOR = 0.26, 95% CI: 0.07-0.90, p = 0.03) and 41-50 years (AOR = 0.36,
95% CI: 0.15-0.88, p = 0.02) had lower odds of developing neuropathy compared with those
over 70 years. Duration of Metformin was also significantly associated with neuropathy.
Participants who had used metformin for 5-10 years were less likely to develop neuropathy
compared with those who had used if for more than 10 years. Additionally, for every 1mg/dL
increase in fasting blood sugar the odds of developing diabetic neuropathy slightly increased by
1%.

Table 4: Binomial Multivariate Logistic Regression Analysis of Associated Factors Related with
Diabetic Neuropathy Prevalence

Variable Category Adjusted OR 95% Confidence p-value
(Exp(B)) Interval
31-40 0.26 0.07-0.90 0.03*
41-50 0.36 0.15-0.88 0.02*
Age | 51-60 0.67 0.31-1.46 0.31
61-70 0.56 0.27-1.15 0.12
>70 1.00 - -
No Formal 1.80 0.87-3.73 0.11
Education
Primary 1.86 0.97-3.57 0.06
Educational Status

Secondary 1.58 0.81-3.09 0.18
Higher 1.00 - -
Employed 0.72 0.37-1.37 0.31

Occupation Unemployed 0.59 0.30-1.57 0.12
Retired 1.00 - -
5-10 Years 0.40 0.24-0.67 0.00*

Duration of Metformin

>10 Years 1.00 - -
Yes 1.44 0.80-2.61 0.23

Any Side effects Of
Metformin
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No 1.00 - -
Yes 1.17 0.70-1.95 0.56
Any Comorbidity
No 1.00 - -
A _ *
Fasting Blood Sugar Continuous 1.01 1.00-1.01 0.04

5.6 Severity of Diabetic Neuropathy

This finding suggested that, 16 (4.1%) had no neuropathy, 174 (44.6%) had mild neuropathy,
134 (34.4%) had moderate neuropathy, and 66 (16.9%) had severe neuropathy. The largest
proportion of participants fell into the mild and moderate categories, indicating that the majority

of long-term metformin users experience some degree of neuropathic complications.

Sevetity of Diabetic Neuropathy

50

45 44.6%

40

35 34.4%
30

25

20

15

10

5 4.1%

Frequency %

16.9%

No Neuropathy Mild Neuropathy Moderate Neuropathy Severe Neuropathy

Figure 4: Severity of Diabetic Neuropathy among participants.

The graph indicates that among all participants, the majority experience mild to moderate
complications.

5.7 Associated factors for Severity of Diabetic Neuropathy

Independent variables were assessed to evaluate for their association with the severity of diabetic
neuropathy. Variables including age, residence, occupational status, duration of diabetes,
duration of metformin use, any side-effects of metformin, HbAlc, FBS and insulin use and any
co morbidities showed significant crude associations. They were then included as candidate for

the multinomial multivariate logistic regression to evaluate their independent effect.
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Table 5: Multinomial Bivariate Logistic Regression Analysis of Diabetes Related Factors

Associated with Diabetic Neuropathy Severity

Variable Category No Neuropathy OR | Mild Neuropathy Moderate Neuropathy
(95% ClI, p) OR (95% ClI, p) OR (95% ClI, p)
31-40 19.00 (2.21-163.57, | 9.50 (0.42-217.61, 2.00 (0.21-19.16,
0.007) * 0.159) * 0.548)
41-50 9.35 (2.88-30.36, 3.80 (0.42-34.08, 1.90 (0.62-5.87, 0.265)
0.000) * 0.233) * *
Age Category | 51-60 3.70 (1.47-9.33, 2.53 (0.41-15.75, 2.03 (0.92-4.48, 0.078)
0.006) * 0.319) *
61-70 2.14 (0.90-5.07, 2.56 (0.48-13.71, 1.00 (0.49-2.06, 1.000)
0.085) * 0.273)
>70 - - -
Male 0.91 (0.51-1.65, 0.31 (0.09-1.07, 0.99 (0.56-1.74, 0.960)
Sex 0.764) 0.065) *
Female - - -
Urban 1.61 (0.64-4.03, 2.37 (0.28-20.19, 2.59 (1.00-6.69, 0.050)
. 0.313) 0.430) *
Residence
Rural - - -
No formal 0.45 (0.20-1.03, 1.56 (0.38-6.31, 0.95 (0.43-2.08, 0.894)
Education 0.059) * 0.536)
Primary 0.49 (0.22-1.10, 0.44 (0.07-2.76, 0.95 (0.43-2.08, 0.894)
) 0.085) * 0.384)
Educational status gecondary 0.65 (0.28-1.52, 0.86 (0.16-4.51, 0.84 (0.36-1.95, 0.683)
0.320) 0.856)
Higher - - -
Employed 3.54 (1.69-7.39, 1.29 (0.29-5.75, 1.29 (0.65-2.53, 0.48)
0.01) * 0.74)
: Unemployed 2.75(1.27-5.98, 3.00 (0.79-11.46, 1.50 (0.75-3.02, 0.26)
Occupation 0.01) * 0.11)
Retired - - -
5-10 Years 4.74 (2.42-9.26, 2.64 (0.84-8.30, 1.19(0.61-2.31, 0.62)
0.01) * 0.09) *
Duration of Diabetes
>10 Years - - -
Yes 0.97 (0.53-1.75, 1.23 (0.40-3.78, 1.44 (0.80-2.57,0.22)
. 0.91) 0.72) *
Diabetes Related
Complication [~ ; : :

24




Yes 0.86 (0.42-1.75, 0.59 (0.18-1.99, 0.63(0.32-1.24,0.18)
0.67) 0.39) *
Regular Monitoring
of Blood Sugar | No - - -
5-10 Years 5.90 (2.89-12.03, 3.50 (1.09-11.27, 1.62 (0.80-3.29, 0.19)
Duration of 0.01) * 0.04) * *
Metformin
>10 Years - - -
500 mg/day 1.66 (0.63-4.38, 1.01 (0.18-5.59, 0.77 (0.29-2.04, 0.61)
0.31) 0.99)
Daily metformin | 1000 mg/day | 2.06 (1.07-3.93, 0.53 (0.13-2.12, 0.92 (0.49-1.74, 0.799)
dosage .030) * 0.37)
>1000 mg/day | - - -
2.05 (1.07-3.93, 0.53 (0.13-2.13, 0.92 (0.49-1.74, 0.79)
Yes 0.03) * 0.37)
Any Side effects of
Metformin | No - - -
L ast Recorded 8.32)(8.67—1.03, (1).82)(2.99—1.91, 1.02 (0.84-1.24, 0.86)
HbA1C level ' '
Yes 0.69 (0.35-1.40, 1.31(0.40-4.32, 0.92 (0.48-1.76, 0.79)
) 0.31) 0.66)
Insulin Use
No - - -
Yes 0.53 (0.27-1.04, 1.28 (0.32-5.07, 1.02 (0.52-2.00, 0.96)
0.06) * 0.73)
Any Co-morbidities
No - - -

Age, Residence, Duration of Metformin and Fasting blood sugar became significant factors after

their adjustment for the severity of diabetic neuropathy.

Patients aged 3140 years (AOR = 7.45, 95% CI: 0.73-75.71, p = 0.04) had significantly higher
odds of having no neuropathy compared with those over 70 years. Similarly, urban residents
(AOR = 2.73, 95% CI: 1.02-7.30, p = 0.05) are more likely to have moderate neuropathy

compared with rural residents.
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Duration of Metformin was also a significant predictor in which participants using metformin for
5-10 years (AOR = 3.29, 95% CI: 1.47-7.36, p = 0.01) had higher odds of having no neuropathy
compared with those using it for more than 10 years. Additionally, fasting blood sugar (AOR =
0.99, 95% CI: 0.99-7.36, p = 0.02) was inversely associated with having no neuropathy,

indicating that having high blood sugar reduces the likelihood of being free from neuropathy.

Table 6: Multinomial Multivariate Logistic Regression Analysis of Factors Associated with
Diabetic Neuropathy Severity

Variable Category No Neuropathy Mild Neuropathy Moderate Neuropathy
Adjusted OR (95% CI, | Adjusted OR (95% Adjusted OR (95% ClI,
p) Cl, p) p)
4.22 (0.13-141.91,
31-40 7.45 (0.73-75.71, 0.04) * 0.42) 1.84 (0.17-20.24, 0.62)
41-50 3.83 (0.99-14.77,005) | 5 13 (018 25.79,0.56) | 1.69 (0.48-5.99, 0.41)
Age Category | 5, g, 2.50(0.88-7.13,009) | 5 19 (0.29-15.27,0.47) | 2.15 (0.88-5.29, 0.09)
61-70 1.92(0.76-4.84,0.17) | 5 63 (0.45-15.30,0.28) | 1.17 (0.54-2.52, 0.69)
>70 ) - -
Male 1.31(0.65-261,045) | 53(014211,037) | 1.19 (0.63-2.27, 0.58)
Sex
Female ) - -
. Urban 1,59 (0.56-4.30, 0.40) | 283(0:29-27.08,0.87) | 5 25 4 45 7,30, 0.05) *
Residence
Rural - - -
No formal 057 (020161, 0.20) | 109 (0:28-10.15,056) | 1.28 (051-3.23,0.59)
education
_ primary 050 (023149, 0.25) | 045 (006-329,043) | 1.15(049-271 0.75)
Educational
status [ oy 065 (025160, 038) | 097 (017-558,097) | 0.96(0.39-2.32,092)
Higher 1.00 - -
Employed 238 (0.69-8.1,017) | +92(0.34-69.77,0.24) | 3.26 (0.98-10.87, 0.06)
Occupation | Unemployed 2.09 (0.81-5.41, 0.13) 1.79(0.35-9.10, 0.48) 1.21(0.53-2.74,0.65)
Retired 1.00 - -
Duration of | 5 16 vears | 329 (1.47-7.36,0.01) * | 308 (076-1248,012) 1 350 61 2,97, 0.46)
Metformin
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>10 Years

0.73 (0.12-4.49, 0.74)

0.57 (0.20-1.56, 0.29)

500mg/day 0.70 (0.23-2.14, 0.53)
Daily men;ormm 1000mg/day 1.33 (0.65-2.72, 0.44) 0.48 (0.11-2.05, 0.32) 0.81 (0.41-1.58, 0.54)
osage
>1000mg/day ) - -
A Yes 0.72 (0.16-6.19, 0.66) 0.72 (0.16-6.19, 0.66) 0.85 (0.39-2.43, 0.67)
ny
Comorbidities No 1.00 - -
FBS| Continuous 0.99 (0.98-0.99, 0.02) * | 1.00 (0.99-1.02, 0.18) 0.99 (0.99-1.00, 0.40)
Insulin use| Continuous 1.06 (0.49-2.28, 0.87) 1.74 (0.48-6.38, 0.40) 0.93(0.47-1.85, 0.84)
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6 DISSCUSSIONS

This study assessed the prevalence and determinants of diabetic neuropathy among adults with
T2DM on long-term metformin therapy at two major referral hospitals in Addis Ababa. The
finding revealed a high prevalence (63.1%), with most patients presenting with mild to moderate
forms of severity. Longer metformin exposure (>10 years) and elevated fasting blood glucose
were independently associated with diabetic neuropathy, while younger adults (31-50 years) had
significantly lower odds compared with those older than 70 years. These findings highlight the
combined impact of long-term metformin therapy and poor glycemic control on diabetic

neuropathy risk.
6.1 Prevalence of Diabetic Neuropathy

The observed prevalence of 63.1% exceeds global pooled estimates of 25-35% (36,52,53), but
remains within the upper range when sensitive diagnostic tools are employed. Sub-Saharan
Africa studies report similarly high burdens, ranging from 45% in Kenya to 68% in Nigeria (54-
56). A recent African meta-analysis estimated a pooled prevalence of 53%, with considerable
heterogeneity (57). Regional studies in Ethiopia have reported similar high burdens of diabetic

neuropathy, corroborating our findings (58-60).
6.2 Associated Factors of Diabetic Neuropathy

Long-term Metformin exposure

Neuropathy was significantly more common in patients using metformin for over 10 years,
supporting evidence that prolonged therapy predisposes to vitamin B12 deficiency—a well-
established cause of sensory neuropathy (61-64). Randomized and longitudinal studies,
including the Diabetes Prevention Program Outcomes Study (DPPQOS), have shown progressive
declines in vitamin B12 levels with metformin use and higher neuropathy prevalence in those
deficient (61,62). Systematic reviews reinforce this association (63,64), and the American
Diabetes Association (ADA) Standards of Care (2025) recommend periodic assessment of
vitamin B12 in individuals on long- term metformin, particularly when anemia or neuropathy is
suspected (65).
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Age

Patients aged 31-50 years had lower odds of neuropathy than those over 70. This may reflect
shorter duration of diabetes and metformin reduces the risk of developing the complication.
Similar findings have been reported in USA and Iran, where younger patients has lower risk of
neuropathy when compared with older aged patients (44,48).

Glycemic exposure

Elevated fasting blood glucose was independently associated with DN, consistent with the
established role of hyperglycemia in promoting oxidative stress, mitochondrial injury, and
microvascular ischemia (44). This reinforces the central role of durable glycemic control in

preventing progression (52,53).
Socioeconomic determinants

Lower educational attainment was linked with greater neuropathy risk, reflecting the influence of
health literacy, adherence, and self-management. Comparable associations have been reported in
Ghana and the U.S (48). Occupational status also mattered: unemployed participants were more
likely to have neuropathy than retired individuals, suggesting barriers to healthcare access and

lifestyle differences.
Duration and treatment

Longer diabetes duration (>10 years) strongly predicted neuropathy, in line with established
evidence linking chronicity to microvascular complications (36). Although most patients
received >1000 mg/day metformin, dosage was not independently predictive after adjustment.
The wide variation in reported vitamin B12 deficiency prevalence among metformin users from
7.8% in Saudi Arabia to >40% in Ghana—supports the biological plausibility of our findings
(66).
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Protective factors

Only 21.3% of patients reported taking nerve health supplements, yet supplementation was
strongly protective. Comparable evidence from India demonstrates that vitamin replacement can

significantly reduce deficiency and neuropathy prevalence in long-term metformin users (67).
6.3 Severity of Neuropathy

Most participants had mild (44.6%) or moderate (34.4%) neuropathy, with 16.9% classified as
severe. This distribution aligns with staging patterns observed in longitudinal cohorts, where
early sensory deficits precede disabling complications (7,68). Patients taking supplements were

less likely to experience severe neuropathy, reinforcing the value of preventive intervention.
6.4 Relationship between Long-term Metformin Use and Vitamin B12 Levels

Although the present study did not directly assess the relationship between long-term metformin
use and serum Vitamin B12 levels, numerous International and Ethiopian studies have
demonstrated as significant association between chronic metformin theraphy and vitamin B12

deficiency.

Evidence from international research consistently supports this relationship. For instance, a study
conducted in United States found that approximately 7% of individuals with diabetes receiving
metformin were vitamin B12 deficient (<170 pg/dL) compared to 3% of persons among non-
diabetic individuals or those not using metformin (P = .0001) (48). Similarly, another study
reported that patients using metformin for 3 years or longer had an adjusted odds ratios of 2.39
(95% confidence interval, 1.46-3.91) (P = 0.001) for vitamin B12 deficiency compared with
those using it for less than 3 years. The authors concluded that metformin dose and duration of
use were the strongest independent predictor of vitamin B12 deficiency, supporting a dose-
dependent effect (50).
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Ethiopian data further strengthen these findings. A study conducted at Tikur Anbessa Specialized
Hospital in Addis Ababa revealed that 21.1% of patients with T2DM on metformin therapy
exhibited low serum vitamin B12 levels, compared to 4.0% among those not receiving
metformin. The study demonstrated a significant negative correlation between metformin dose
and treatment duration with serum vitamin B12 concentration, indicating that prolonged and

higher-dose metformin use is associated with greater risk of deficiency(71).

Taken together, these findings suggest that long-term metformin therapy adversely affects
vitamin B12 status, likely through reduced intestinal absorption. While our study did not include
a direct assessment of serum vitamin B12 levels, these consistent findings from both
international and Ethiopian research highlight the importance of monitoring vitamin B12 status
in patients on long-term metformin therapy to prevent potential neurological and hematological

complications.
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7. STRENGTH AND LIMITATION OF THE STUDY

7.1 Strength of the study

v'Large sample size, which increases the statistical power and reliability of the findings
v" Use of robust regression analyses, enhancing the validity of the results by accounting for

potential confounding variables and outliers.
7.2 Limitation of the study

v Cross-sectional design, which limits causal inference

v" Absence of direct VB12 measurements
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8. CONCLUSION

This study demonstrates that diabetic neuropathy is highly prevalent among patients with type 2
diabetes on long-term metformin treatment in Ethiopia, with most patients presenting with mild
to moderate form of severity. Prolonged metformin use (>10 years), poor glycemic control,
longer diabetes duration, and lower educational status were significant risk factors, while vitamin
supplementation emerged as a strong protective factor. These findings underscore the dual
contribution of hyperglycemia and metformin-associated vitamin B12 deficiency to neuropathy
development. Routine screening for neuropathy, regular monitoring of vitamin B12 levels, and
timely supplementation, alongside sustained glycemic management and patient education, should
be prioritized to reduce neuropathy burden and improve quality of life in this high-risk

population.

Mechanistic and Clinical Considerations

These findings underscore two converging mechanisms: (A) vitamin B12 deficiency due to
prolonged metformin use and (B) hyperglycemia-driven metabolic and vascular damage. Acting
synergistically, they accelerate nerve injury in long-standing diabetes (61-63,69). Clinically,
three priorities emerge: (a) routine screening and correction of vitamin B12 deficiency in chronic
metformin users, (b) optimization of glycemic control, and (c) targeted monitoring of high-risk

groups, including older adults and those with longer disease duration.

Implications for Practice and Policy

Routine neuropathy screening and B12 monitoring should be incorporated into diabetes care in
Ethiopia. Expanding access to cost-effective supplementation and patient education programs

may reduce neuropathy burden and improve long-term outcomes.
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9. RECOMMENDATION

Routine neuropathy screening and Vitamin B12 monitoring should be incorporated into diabetes
care in Ethiopia. Expanding access to cost-effective supplementations and patient education
programs may help reduce the burden of neuropathy and improve long-term health outcomes for
patients.

Future research should include prospective studies that incorporate biochemical assessments and
intervention trials. Conducting such prospective studies will allow for more direct evaluation of
relationships between risk factors, interventions, and the development or progression of diabetic
neuropathy. This approach will strengthen the evidence based and guide more effective strategies

for prevention and management.
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Annexes

Annex |. Participant information sheet (English Version)

Department of Anatomy, School of Biomedicine and Laboratory Sciences, College of Health
Sciences, Addis Ababa University, Addis Ababa, Ethiopia.

Title of the Research Project: Prevalence and Associated factors of diabetic neuropathy among
Ethiopian long-term metformin users in Tikur Anbessa Specialized Hospital and Yekatit 12
Hospital, Addis Ababa, Ethiopia. First of all, we would like to thank you in advance for your
cooperation and consent in participation in this study. Please read or listen when it is read for you
about the general information of the study. If you have any question regarding the study please
ask freely.

Background information

My name is Michael Teshale, a Master’s degree (MSc) student in Biomedical Science
specializing in Human Anatomy at Addis Ababa University. I am planning to conduct a medical

research study, which I invite you to take part in.

Background: Diabetic Neuropathy (DN) is a common and serious complication of diabetes
mellitus (DM), affecting up to 50% of diabetic patients globally. It leads to significant morbidity
including chronic pain, loss of sensation, and increased risk of foot ulcers and amputations.
Among Ethiopian Diabetic patients, studies indicate varying prevalence rates, yet limited
research has focused specifically on the impact of long-term metformin use. Metformin, the first-
line drug treatment for type 2 diabetes mellitus (T2DM), has been associated with Vitamin B 12
deficiency, a known risk factor for neuropathy.

Aim of the study

» The purpose of this study is to assess the prevalence of diabetic neuropathy and its associated
risk factors in long-term metformin users at Tikur Anbessa Specialized Teaching Hospital and
Yekatit 12 Hospital, Addis Ababa, Ethiopia.
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Benefits for participants

Study participants will not have any financial incentives or other inducements from participating
on this study. However, based on the diagnosis result you will be treated accordingly. Most
importantly, the result of the study will be beneficial for planning to screen, prevent or treat
neuropathy due to long-term metformin use. Hence, you are indirectly benefiting other patients

and the society in this respect.

Risks and complication

There are no anticipated risks to your participation. Questions and Standardized simple physical
examinations are done.

Confidentiality

On the request paper your name or your identities will not be mentioned and any information
given to me will remain confidential and your privacy will be respected. Results and information
given by the participants will serve only for this research not for any other purpose. Participation
in this study is exclusively voluntarily. If you are not interested to participate, there will be no
consequences.

Person to contact

If you have any questions about this study, you should feel free to ask now or anytime

throughout the study by contacting:

Pl Address: Michael Teshale: Department of Anatomy, School of Biomedicine and Laboratory

Sciences, College of Health Sciences, Addis Ababa University, Addis Ababa, Ethiopia.
Cell phone: +251-927 697027

Email: michael-gsr-1411-16@aau.edu.et
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Questionnaire: Prevalence and Associated Factors of Diabetic Neuropathy Among Ethiopian

Long-Term Metformin Users

Section 1: Demographic Information

1. Age L1 31-40 years

[1 41-50 years

[1 51-60 years

[1 61-70 years

L1 >70 years
2. Gender O Male
O Female
3. Residence O Urban
O Rural
4. Level of Education O No formal Education

O Primary Education

[0 Secondary Education

0 Higher Education

Section 2: Diabetes History

6. How long have you been diagnosed with [0 5-10 years
diabetes?

[0 More than 10 years

7. Have you been diagnosed with any [ Yes
diabetes-related complications?

1 No
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8. Do you regularly monitor your blood sugar | O Yes
levels?
0 No
9. What was your last recorded HbA1c level %
(if known)?
Section 3: Metformin Use
10. How long have you been taking [0 5-10 years

metformin?

[0 More than 10 years

11. What is your current metformin dosage?

[0 500 mg/day

[0 1000 mg/day

0 More than 1000 mg/day

12. Have you ever experienced any side O Yes
effects from metformin?

0 No
13. Have you been tested for vitamin B12 1 Yes
deficiency?

L1 No
14. If tested, was your vitamin B12 level 1 Normal
found to be

O Low
15. Are you taking any additional O Yes
supplements or medications for nerve health
(e.g., vitamin B12, pain relievers)? O No
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MICHIGAN NEUROPATHY SCREENING INSTRUMENT
Patient version
A. History (To be completed by the person with diabetes)

Please take a few minutes to answer the following questions about the feeling in your legs and
feet. Check yes or no based on how you usually feel. Thank you

1. Are your legs and/or feet numb? O Yes

1 No

2. Do you ever have any burning pain in | J Yes
your legs and/or feet?

O No

3. Are your feet too sensitive to touch? O Yes

0 No
4. Do you get muscle cramps in your O Yes
legs and/or feet?
L1 No
5. Do you ever have any prickling O Yes
feelings in your legs or feet?
O No
6. Does it hurt when the bed covers O Yes
touch your skin?
L1 No

7. When you get into the tub or shower, | J Yes
are you able to tell the hot water from

the cold water? 0 No
8. Have you ever had an open sore on O Yes
your foot?
1 No

9. Has your doctor ever told you that you | ] Yes
have diabetic neuropathy?

1 No
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10. Do you feel weak all over most of the | [J Yes
time?

1 No

11. Are your symptoms worse at night? O Yes

0 No

12. Do your legs hurt when you walk? 1 Yes

[ No

13. Are you able to sense your feet when I Yes
you walk?

1 No

14. Is the skin on your feet so dry that it 1 Yes
cracks open?

1 No
15. Have you ever had an amputation? O Yes
1 No
TOTAL |
B. Physical Assessment
1.Appearance of foot
Right Foot- Normal O Yes
1 No
Left Foot- Normal O Yes
1 No
If no, check all that apply O Deformities
O Dry skin, callus
O Infection
O Fissure

46




O Other

2.Ulceration
Right Foot I Yes
1 No
Left foot O Yes
0 No
3.Ankle Reflexes
Right Foot O Yes
1 No
Left Foot O Present
O Absent
4.Vibration
Right Foot [ Present
O Reduced
O Absent
Left Foot O Present
O Reduced
O Absent

5.10 gm filament (number of applications

deducted out of 10 applications)

Right Foot O Present (8 and above)
0 Reduced (1-7)
1 Absent (0)

Left Foot O Present (8 and above)

[0 Reduced (1-7)

[0 Absent (0)
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Annex Il. Participant information sheet (Amharic Version)
NA%0 AN RLACHE: PmS ALTN hAE CATHL T/NGA

PTG Con- ALES® 1H “BFECL? 0lo0s PancC NNHET AL 1Ch vaoy®
FIC oomt 9°7 LoodAN PTLA TST NTPRC AMNA OWEAAGHE POTIA AS
aeh-tk 12 POCHA AS%0 a0 AA4CEE 0PL7.° (LY TG T AL AATqE G PLE
NaoP 72 AGaoNTGAT: AMAL NATSE MPAA oolB NTIG 70N @LI° AMNNAT
Lhoo-: TIE®I: AN LAY 114 omee P V19 SmBd:

NA 19k oo 7S5 A0

At “Lhi FAA ANAAU NASNA AN RLACHE  NAgel8hA AL (NAGPoY,
NEAAL) Nao2NG@- TC4-9° OINHCH (PUATE) £94 WHTICh AWPT Aavaol4f
9998 PTLLTYT TG ALEIC M TRTECOTT NPlonsg POnC NN ST AL Pich
Vaod® FI9C oom 9°7 LoohAA PULA TS OMTRC AMNA WTAALHE PO A
AS NP0 12 PAT A O-0T 07176 AL ATFA®-:

MY TG+ oA+ PN T TPIT

MY TG+ OATATS 9°19° 980T ARL/TN ABhEAPTI°: WUPH° NI°Coavd-or
@M aoOl VARG PIFA NMI° AhdALD: TIC PHY TG @-mu ALEI® 1N
LTG0, @dL PanC NHHETF PICNT vood® T T LANT LLE T10F AS
N ANALDT  TIEE QI° VAICS ATLLLINT®- L8N NAHY NSk
NoA+EL VHFHPPL o071 AMAT Vo977 NA9° AVNLTAN SmPoIN “I0T
FJORE

PTGk HAF4 NooPrP P9I +%H/TIC

PTGk A4 NP 2P 9°19° ALY 1%T ALLCANTI®: AIPCI°S P71.LN4AT
TLELPT hG Phahd  I°Covd- ASLCONE: (HY ULt onT  9°79° 18T
ALLCANT9"::
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TLOTEBrE

NeoMPLL® OLP T AL CHAFLDT O9° ®LI° “11rt AL PoLAMT ovlG
NOATEPrE PHmOe 1@ NFATELPTF POLAT GooG ALY TST NF 277010740
LIPSA: LY TG+ @0T AAeeAHE hon' OHY Pvages 0 0T eoLaT 2t
WA ARELTI®: NTGE AaoO+HE PoL0%T00- aPY PO P24 AL NA &
L9 NNt &LCIPT TINParT LTCNTAN::

Thni HAA
Pa-o8hA AL /AN PmS ALTN AT ALN AN RLNCHL:
LN +251-9-27697027

h.- 324 michael-gsr-1411-16@aau.edu.et
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aoMSP: NNY.C NNF 9°n30+F P2%a0M ICNH Vavd® TIUC AG +LEH 9°n7 82T
NA 5 e 2L09° 1H POUHECL7 TMPoL LT AL

neA 1 20 VHN A@PPC aolE

1. 0L O 31-40 G oo

O 41-50 Gavt-
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