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Abstract 

Introduction:  Despite the high number of patients suffering from the negative impact of diabetic neuropathy (DN) 
in Ethiopia, evidence regarding the time to DN and its predictors are not well document in Ethiopia. Therefore, the 
current study aimed to determine time to DN and its predictors among newly diagnosed type 2 diabetes patients 
(T2DM) in North West Ethiopia.

Methods:  Institutional based retrospective cohort study was conducted among 463 T2DM. Cox proportional hazard 
model was fitted to identify predictors of time to DN. The adjusted hazard ratio (AHR) with its 95% confidence interval 
was used to declare the presence and strength of association.

Results:  From a total 463 study participants, 77 (16.63%), (95% CI 13.23%, 20.03%) had developed diabetic neuropa-
thy. The median time to develop DN was 233.77 months. About 40 (51.95%) diabetic neuropathy cases occurred 
within 6 years of diagnosis of diabetic mellitus. The incidence density was 2.01/100 PY with 95% CI of [1.60, 2.53]. In 
the multivariable Cox proportional hazard analysis; being aged 65–69 [AHR = 2.78; 95% CI 1.20, 6.46], living with dia-
betes for less than 4 years [AHR = 3.77; 95% CI 1.82, 7.76], having anaemia [AHR = 3.82; 95% CI 1.66, 8.82] and having 
other complications [AHR = 1.68; 95% CI 1.03, 2.76 were significant predictors of DN.

Conclusion:  More than half of diabetic neuropathy cases occurred within a short period of diagnosed with T2DM. 
Significant predictors for the time to DN were age, duration, having anaemia and other DM complication. Therefore, 
we recommend that early screening for DM and its complication for risky groups. While doing that due consideration 
should be assumed for old and anemic patients.
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Introduction
Diabetes mellitus (DM) is a metabolic disorder charac-
terized by hyperglycemia and has an increasing trend 
globally. According to International Diabetes Federation 
(IDF) estimates in 2019 there are 463 million adults with 
diabetes worldwide. World Health Organization (WHO) 

projection indicated that around 700 million people will 
suffer from DM by 2045 [1]. Diabetes mellitus is the fifth 
leading cause of death worldwide and is responsible for 
almost 3 million deaths annually. Diabetic neuropathy 
(DN) is one of the most common chronic and micro-vas-
cular complications of DM [2].

Diabetic neuropathy (DN) is defined as signs and 
symptoms of peripheral nerve dysfunction in a patient 
with DM in whom other causes of peripheral nerve dys-
function have been excluded. It is a nerve damage related 
to chronically high blood sugar and diabetes. In the long 
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run, it leads to numbness, loss of sensation, and some-
times pain in feet, legs, or hands. About 60% to 70% of all 
people with diabetes develop DN [3, 4].

Diabetic neuropathy is characterized by frequent hos-
pitalization as compared to other complications of DM 
and also is the most frequent cause of non‐traumatic 
amputation resulting in severe disability and reduced 
quality of life. It accounts for silent myocardial infarc-
tion and shortens the life expectancy resulting in death in 
25–50% patients within 5–10 years of developing diabetic 
neuropathy. It can occur with both type 1 and type 2 DM 
(T2DM) and a major risk factor for foot ulceration [5, 6].

The prevalence of DN is high in low resource setting 
particularly, sub-Saharan Africa due to late diagnosis, 
scarcity of screening and diagnostic resources and poor 
control of blood sugar [7]. The prevalence rates of 56.2% 
and 50.7% were reported from Yemen and Ghana, respec-
tively [8, 9]. In Ethiopia the prevalence of 53.6% from 
Jimma [10] and 52.2% from Bahir Dar [11] were reported. 
The study showed that prevalence of DN is about 8% 
among newly diagnosed DM patients and greater than 
50% among patients with longstanding disease [12].

Despite the high number of patients suffering from 
the negative impact of DN in Ethiopia, evidence regard-
ing the time to DN and its predictors is not well docu-
ment in Ethiopia. Therefore, the current study aimed to 
determine time to DN and its predictors among newly 
diagnosed type 2 diabetes patients in North West Ethio-
pia. The finding of the current study will be helpful for 
the timely identification and treatment of DN thereby to 
improve the extent of damage and disability.

Methods
Study design, periods and settings
An institutional based retrospective cohort study was 
conducted from March 1 to April 15, 2019 among 
patients diagnosed with T2DM from January 2001 to 
February 2019.

Study population
The current study included all patients who were newly 
diagnosed with T2DM during the follow-up visits from 
January 2001 to February 2019 at UGCSH. New T2DM 
diagnosed patients with DN at the time of the diagnosis 
and no baseline records were excluded from the study.

Sample size determination
The sample size was determined using the “powerSur-
vEpi” package of R software by considering Cox pro-
portional hazard model assumptions. We assumed the 
probability of type I error (α) 0.05, power of the study, 
80% and the withdrawal probability of 0.1 which is the 
proportions of subjects expected to withdraw from the 

study. Accordingly, the total calculated sample size was 
491.

Operational definitions
Newly diagnosed type 2 diabetic patients
Patients who were diagnosed for T2DM from January 
2001 to February 2019.

Diabetic neuropathy
Diabetic neuropathy can be either small fiber neuropathy 
or large fiber neuropath. Small fiber neuropathy mani-
fested by pain, tingling, paraesthesia and confirmed by 
pinprick and temperature examination. Large fiber neu-
ropathy is manifested by numb feet and gait ataxia and 
confirmed by touch sensation by 10  g monofilament, 
vibration sense by biothesiometer and ankle reflex.

Time to diabetic neuropathy
Time difference between being diagnosed with T2DM to 
the development of diabetic neuropathy.

Censored
Patients who did not develop diabetic neuropathy or died 
or lost follow-up or transfer-out before developing dia-
betic neuropathy within the study period.

The event of interest
The experience of symptoms of diabetic neuropathy 
within the follow-up period.

Other DM complication
Having other diabetic complications like diabetic retin-
opathy, diabetic nephropathy, diabetic foot ulcer, periph-
eral arterial disease, stroke and chronic heart diseases.

Measurement of variables and data collection methods
Data for this study were collected from patient’s rou-
tine records using a data extraction checklist. Data was 
extracted by reviewing DM registration book, patient 
intake form and follow-up card. Health management 
information system (HMIS) card number was used to 
identify individual patient cards. The dependent variable 
for this study was time to time to diabetic neuropathy. 
Independent variables like gender, age, duration of DM, 
hypertension, anaemia, other DM complications, base-
line medication, Systolic Blood Pressure (SBP) and Dias-
tolic Blood Pressure (DBP) were collected from patient 
cards.

Data quality control methods
To check the adequacy of the checklist, the preliminary 
review was conducted before the actual data collec-
tion period. Based on this, unavailable variables were 
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excluded from the checklist. Data was collected by 
trained health care workers who are familiar with chronic 
disease. In addition, a random sample of data extracted 
was crosschecked for consistency. Strict supervision was 
taken by supervisors during data collection.

Data processing and analysis
The data were entered into Epi Info 7 and then exported 
to R statistical software 4.0.1 for further analysis. The 
incidence of diabetic neuropathy was calculated from 
the start of T2DM diagnosis until the last follow-up visit. 
Person-time at risk was measured starting from the time 
of T2DM diagnosis until each patient ended the follow-
up. Time to diabetic neuropathy was estimated using 
Kaplan–Meier (KM) method and KM curve was used 
to compare survival time between groups of categorical 
variables. Before fitting cox proportional hazard model, 
proportional hazard assumptions (PHA) were checked 
by the Schoenfeld residual test and the results tell that 
the assumption of PHA is plausible at 5% level of sig-
nificance. The adjusted hazard ratio with its confidence 
interval was used to show the presence and strength of 
the association.

Results
Characteristics of study participants
A total of 463 newly diagnosed type 2 DM patients were 
included in the analysis. Among these, 278 (60.04%) of 
them were females, 107 (23.11%) of them had hyperten-
sion and 37 (7.99%) of them had anaemia. Regarding the 
baseline medication, 296 (63.93) study participants took 
one oral anti-diabetic agent, whereas 79 (17.06%) of them 
took more than one oral anti-diabetic agent (Table 1).

Time to diabetic nephropathy
From a total 463 study participants, 77 (16.63%), (95% CI 
13.23%, 20.03%) had developed diabetic neuropathy with 
3716.71 person-year (PY) of observations. The incidence 
density was 2.01/100 PY with 95% CI of [1.60, 2.53]. 
More than half (51.95%) of the event of interest (diabetic 
neuropathy), were occurred with 6 years of diagnosis of 
diabetic mellitus.

By the end of the follow-up period, the cumulative 
probability of survival was 0.44. The median survival 
time was 233.77  months which indicates the study was 
ended after 50% of the study subject develop diabetic 
neuropathy (Fig. 1). Furthermore, Kaplan–Meier survival 
estimate showed that hazards of developing diabetic neu-
ropathy were higher among patients who had anaemia as 
compared to its counterparts (Fig. 2).

Predictors of time to diabetic neuropathy
Based on multivariable Cox-regression analysis, age, 
duration of DM, having anaemia and other complica-
tions were significant predictors of diabetic neuropathy 
among newly diagnosed type 2 DM patients at p value 
0.05 (Tables 1, 2).

Holding other variables constant, the hazard of diabetic 
neuropathy was increased by 2.78 times among newly 
diagnosed T2DM aged 65–59 than aged 45–49. Adjust-
ing for other variables, the risks of developing diabetic 
neuropathy were increased by 3.82 and 1.68 times among 
newly diagnosed T2DM who had anemia and other DM 
complication, respectively.

The duration of DM was an important variable that 
showed significant association with diabetic neuropa-
thy among newly diagnosed T2DM. Keeping other vari-
able constant, the hazard of diabetic neuropathy was 
increased by 3.77 times among T2DM who had DM less 
than 4  years as compared to 5–9  years. In contrast, the 
risk diabetic neuropathy was decreased among T2DM 
who had DM for greater than 10  years as compared to 
those who lived with DM 5–9 years.

Discussion
Diabetic neuropathy is a well-known micro-vascular 
complication among T2DM resulted from chronic hyper-
glycaemia and is defined as the manifestation of periph-
eral nerve dysfunction in diabetics after the exclusion of 
other sources of causes [13]. As per the author’s knowl-
edge, no previous study was conducted to determine the 
time to DN and its predictors among newly diagnosed 
type 2 diabetes patients. That’s why the present study 
intended to determine time to DN and its predictors 
among newly diagnosed type 2 diabetes patients in North 
West Ethiopia.

According to the current study, the proportions of 
newly diagnosed type 2 diabetes patients who have dia-
betic neuropathy were 16.63% [95% CI 13.23%, 20.03%]. 
This finding is lower than the study conducted in Tan-
zania [14], Uganda [15], Pakistan [16] and Jordan [17]. 
This discrepancy might be due to the difference in health 
care systems that help to early diagnose diabetes and its 
complication.

In the current study, the duration of DM was an impor-
tant variable that had a negative association with diabetic 
neuropathy among newly diagnosed T2DM. Further-
more, more than half of the event of interest (diabetic 
neuropathy), were occurring within 6 years of diagnosis 
of diabetes mellitus. Such findings tell us majority dia-
betic patients were diagnosed with diabetes mellitus in 
late time and they were at risk for developing diabetic 
neuropathy in early time.
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In line with studies conducted in Tanzania [14], China 
[18], and India [19], the present study documented that 
the hazard of diabetic neuropathy was increased with 
the increase of age. It might be related to the three main 
alterations involved in the pathologic changes of diabetic 
neuropathy; inflammation, oxidative stress, and mito-
chondrial dysfunction [20], and all of these alterations are 
related to the process of aging [21].

The present study reported that the risks of develop-
ing diabetic neuropathy were increased among anemic 
patients as compared to non-anemic patients. This find-
ing is consistent with other previous study [22]. The pos-
sible explanation for such consistent finding, anemia 
is considered to be associated with oxidative stress [23] 
which is also an important mechanism of diabetic neu-
ropathy [24].

Table 1  Characteristics of study participants of newly diagnosed T2DM patients in UGCSH, January 2001–February 2019

DBP diastolic blood pressure; DM diabetes mellitus; DN diabetic neuropathy; SBP systolic blood pressure

Variable Event (%) Censored (%) Total (n = 463) Percentage

Gender

 Female 45 (16.2) 233 (83.8) 278 60.04

 Male 32 (17.3) 153 (82.7) 185 39.96

Age

 30–34 1 (16.7) 5 (83.3) 6 1.30

 35–39 6 (19.4) 25 (80.6) 31 6.70

 40–44 6 (12.0) 44 (88.0) 50 10.80

 45–49 10 (11.9) 74 (88.1) 84 18.14

 50–54 12 (15.6) 65 (84.4) 77 16.63

 55–59 11 (14.7) 64 (85.3) 75 16.20

 60–64 12 (19.7) 49 (80.3) 61 13.17

 65–69 14 (31.1) 31 (68.9) 45 9.72

 > 70 5 (14.7) 29 (85.3) 34 7.34

Duration of DM

 0–4 15 (18.3) 67 (81.7) 82 17.71

 5–9 35 (15.8) 187 (84.2) 222 47.95

 10–14 22 (16.7) 110 (83.3) 132 28.51

 > 14 5 (18.5) 22 (83.4) 27 5.83

Hypertension

 Yes 22 (20.6) 85 (79.4) 107 23.11

 No 55 (15.4) 301 (84.6) 356 76.89

Anemia

 Yes 22 (59.5) 15 (40.5) 37 7.99

 No 62 (14.5) 364 (85.5) 426 92.01

Other DM complication

 Yes 43 (24.2) 135 (75.8) 178 38.44

 No 34 (11.9) 251 (88.1) 285 61.56

Baseline medication

 Dietary modification 4 (13.8) 25 (86.2) 29 6.26

 One oral agent 47 (15.9) 249 (84.1) 296 63.93

 > 1 Oral agent 17 (21.5) 62 (78.5) 79 17.06

 Insulin 9 (15.3) 50 (84.7) 59 12.74

SBP

 ≤ 140 62 (16.5) 313 (83.5) 375 80.99

 > 140 15 (17.1) 73 (82.9) 88 19.01

DBP

 ≤ 90 69 (16.7) 344 (83.3) 413 89.20

 > 90 8 (16.0) 42 (84.0) 50 10.80
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According to the present study, the hazards of devel-
oping diabetic neuropathy were increased among newly 
diagnosed T2DM who had other DM complications than 
their counterparts. A similar result has been found in a 
systematic review [25]. This might due to the majority of 
diabetic complications have similar risk factor especially 
poor glycemic control and this leads to the co-existence 
of different diabetic complications.

As per the author’s knowledge no follow-up study on 
the risk of diabetic neuropathy in type 2 diabetes was 
conducted in these study areas. As a result, this study 

may give a basis for the future studies. However, this 
study also has limitations that should be considered 
when interpreting the results. Since the current study 
used secondary data, some important variable like 

Fig. 1  Plot of the overall estimate of Kaplan–Meier for time to 
diabetic neuropathy among T2DM patients. The red line indicated the 
survival estimate, the blue and green colour line show the upper and 
the lower boundary of the estimate

Fig. 2  Kaplan–Meier survival estimate show that the hazards of 
developing diabetic neuropathy were higher among patients who 
had anemia as compared to its counterparts. Green line show T2DM 
patients having anemia and red line those patients with no anaemia

Table 2  Predictors of time to diabetic neuropathy among newly 
diagnosed T2DM patients in UGCSH, January 2001–February 
2019

AHR adjusted hazard ratio; CHR crud hazard ratio; CI confidence interval; DBP 
diastolic blood pressure; DM diabetes mellitus; DN diabetic neuropathy; SBP 
systolic blood pressure

Variable Event 
(DN)

Censored CHR [95% CI] AHR [95% CI]

Gender

 Female 45 233 1 1

 Male 32 153 1.18 [0.74, 1.87] 1.16 [0.70, 1.84]

Age

 45–49 10 74 1 1

 30–34 1 5 1.57 [0.20,12.30] 2.16 [0.27, 17.26]

 35–39 6 25 1.57 [0.57, 4.36] 2.15 [0.76, 6.13]

 40–44 6 44 0.74 [0.25, 2.19] 0.87 [0.29, 2.58]

 50–54 12 65 1.22 [0.52, 2.83] 1.29 [0.54, 3.05]

 55–59 11 64 1.34 [0.56, 3.18] 1.36 [0.57, 3.25]

 60–64 12 49 1.40 [0.59, 3.33] 1.02 [0.41, 2.54]

 65–69 14 31 3.14 [1.38, 7.16] 2.78 [1.20, 6.46]

 > 70 5 29 1.66 [0.56, 4.89] 1.08 [0.34, 3.39]

Duration of DM

 5–9 35 187 1 1

 0–4 67 15 3.20 [1.64, 6.26] 3.77 [1.82, 7.76]

 10–14 22 110 0.45 [0.25, 0.81] 0.43 [0.24, 0.80]

 > 14 5 22 0.45 [0.25, 0.81] 0.29 [0.09, 0.87]

Hypertension

 No 55 301 1 1

 Yes 22 85 1.06 [0.64, 1.75] 0.74 [0.36, 1.51]

Anemia

 No 62 364 1 1

 Yes 22 15 3.16 [1.79, 5.58] 3.82 [1.66, 8.82]

Other DM com-
plication

 No 34 251 1 1

 Yes 43 135 1.82 [1.15, 2.88 1.68 [1.03, 2.76]

Baseline medica-
tion

 One oral agent 47 249 1 1

 Dietary modifi-
cation

4 25 0.80 [0.29, 2.23] 1.13 [0.39, 3.27]

 > 1 Oral agent 17 62 2.27 [1.28, 4.01] 1.63 [0.89, 2.97]

 Insulin 9 50 1.01 [0.49, 2.07] 0.76 [0.36, 1.60]

SBP

 ≤ 140 62 313 1 1

 > 140 15 73 0.89 [0.50, 1.57] 0.94 [0.46, 1.92]

DBP

 ≤ 90 69 344 1 1

 > 90 8 42 0.77 [0.37, 1.61] 1.30 [0.51, 3.32]
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baseline fasting blood sugar, diabetic self-care activity, 
body mass index, cigarette smoking, hyperlipidaemia 
and micro-albuminuria were not included in the analy-
sis. In addition, Diabetic neuropathy was not diagnosed 
using electrophysiological or NCS. This might be no 
sufficient to confirm diabetic neuropathy.

Conclusion
More than half of diabetic neuropathy cases were 
occurred within short period of diagnosed with T2DM. 
Significant predictors for the time to DN were old age, 
short duration of DM, having anaemia and other DM 
complication. Therefore, we recommend early screen-
ing for DM and its complication for risky groups. While 
doing that due consideration should be assumed for old 
& anemic patients.
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