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Aim: Scant information is available about the prevalence of diabetic polyneuropathy, as well as the appli-
cability of screening tools in sub-Saharan Africa. We aimed to investigate these issues in Zanzibar
(Tanzania).
Methods: One hundred consecutive diabetes patients were included from the diabetes clinic at Mnazi
Mmoja Hospital. Clinical characteristics were recorded. Further, we investigated: a) self-reported numb-
ness of the lower limbs, b) ten-point monofilament test, c) the Sibbald 60-s Tool and d) nerve conduction
studies (NCS, using an automated handheld point-of-care device, the NC-stat DPNCheck).
Results: Mean age was 54 years, 90% had type 2 diabetes, and with 9 year average disease duration. Mean
HbA1c was 8.5% (69 mmol/mol), blood pressure 155/88 mmHg. Sixty-two% reported numbness, 61% had
positive monofilament and 79% positive Sibbald tool. NCS defined neuropathy in 45% of the patients. Only
the monofilament showed appreciable concordance with the NCS, Cohen’s j 0.43.
Conclusions: The patient population was characterised by poor glycaemic control and hypertension. In
line with this, neuropathy was rampant. The monofilament test tended to define more cases of probable
neuropathy than the NCS, however specificity was rather low. Plantar skin thickening may have led to
false positives in this population. Overall concordance was, however, appreciable, and could support con-
tinued use of monofilament as a neuropathy screening tool. The NC-stat DPNCheck could be useful in
cases of diagnostic uncertainty or for research purposes in a low resource setting.
� 2017 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Diabetes mellitus (DM) is on the rise globally and especially in
sub-Saharan Africa (SSA), with a predicted doubling the next
20 years [1,2]. Among the causes of this rise are rural-urban migra-
tion with accompanying dietary changes, reduced physical activity
and longer life expectancy [3–5]. The estimated DM prevalence in
the adult population of SSA today is 14.2 million [6,7]. Information
regarding the prevalence of diabetes and diabetic complications in
the region is limited, with more than three quarters of the
countries in SSA lacking national data [7,8]. In Zanzibar (Tanzania)
the estimated DM prevalence is 3–7%, based on random screening
of selected populations and the 2011 National survey on Non Com-
municable Disease [9]. In light of this, increasing diabetes compli-
cations can be expected.

Diabetic polyneuropathy (DPN) is one of the most common dia-
betes complications. It is characterized by progressive loss of nerve
fibres resulting in clinical manifestations such as reduced sensibil-
ity, pain and eventually motor nerve dysfunction [10]. As a dismal
end-result, DPNmay result in foot ulcers and amputations. Seventy
percent of leg amputations in Tanzania occur in patients with DM,
and the mortality rates associated with foot ulcers are reported to
be as high as 50% [11]. In Zanzibar the clinical impression is that
DPN represents a significant disease burden, however, evidence
is scarce. One multi-centre study has been performed in Tanzania,
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in which more than a third of DM patients were considered to have
high-risk feet for DPN [12]. Loss of a limb is serious in any setting,
but potentially catastrophic in a society with limited social security
structures. Early detection could facilitate interventions aimed at
preventing such severe endpoints [12].

Because of the insidious development of DPN, patients can be
asymptomatic for years and diagnosed only after complications
like foot ulcers appear. There are multiple methods for DPN evalu-
ation, and for screening purpose a variety of tests together with
clinical judgement are recommended [13]. The accepted gold stan-
dard for the diagnosis of DPN is a traditional nerve conduction
study (NCS) [14], a resource demanding examination not available
in Zanzibar. Simpler, commercially available, point-of-care devices
have been developed. The NC-stat DPNCheck is a hand-held device
that measures sural nerve conduction velocity and action potential
amplitude and gives a quantitative measurement of DPN. It is val-
idated against traditional NCS [15,16]. To our knowledge there are
no studies on the use of nerve conduction tests in SSA. Hence, the
aim of this study was to compare different methods of diagnosing
DPN in a sub-Saharan population, and to evaluate the NC-stat
DPNCheck as a potential tool for detection of DPN in a low-
resource setting.
Methods

Study design and patients

This was an open, cross-sectional study of 100 patients with
previously diagnosed diabetes consecutively included from the
diabetes clinic at Mnazi Mmoja Hospital (MMH), Zanzibar (Tanza-
nia). Data collection was performed between September 28th and
October 21st, 2015. MMH is one of four hospitals in Zanzibar, the
local hospital for Zanzibar City, as well as the only tertiary referral
hospital in the region. Between 30–60 patients attend the clinic
daily, out of which the first 5–20 patients on each occasion were
invited to participate. The research procedures were carried out
in an air conditioned room by a local intern doctor, a local nurse
and a Norwegian doctor or nurse. Participants signed a written
consent form after receiving thorough oral and written informa-
tion. Illiterate participants were asked to consent by fingerprint.

Anthropometric data

Weight (kg), height (cm), Body mass index (kg/m2) as well as
blood pressure (mm Hg) was recorded. Weight was measured on
a standing scale with light clothing. Height was measured using
a wall-mounted measuring rod.

Laboratory data

Fasting capillary blood sugar was measured with an Accu-check
Glucometer. Further biochemistry was analysed at the laboratory
of the private TASAKHTAA Hospital Zanzibar, an associate of GLO-
BAL Group of Hospitals. HbA1c was measured on BS 200 Mindray
Automated Chemistry Analyzer.

Neuropathy

DPN status was evaluated by four methods: (1) self-reported
numbness of the lower limbs, (2) monofilament test, (3) The Sib-
bald 60-s Tool, a standardized foot examination tool, and (4) nerve
conduction studies using the NC-stat DPN Check. Self-reported
numbness was recorded as the outcome of a simple yes/no ques-
tion (‘‘Do you have numbness of the lower limbs?”). The standard-
ized ten gram monofilament evaluation was performed at ten sites
on each foot [17]: the plantar surface of all toes, the hallux, the
third and fifth metatarsal heads, the base of the fifth and the heal.
With eyes closed, the patients provided a yes/no response to
monofilament pressure. A score � four negative responses was
considered as a case of reduced sensibility. The Sibbald 60-
Second Tool (2012) is a standardized foot examination tool
designed to identify persons with diabetes who have high risk feet,
modified from the International Diabetes Federations International
Working Group on the Diabetic Foot [17]. The test included ascer-
taining any previous history of ulcer or amputation, physical exam-
ination for deformity, foot lesions, lower limb circulation, and
sensibility examined by the monofilament test (as described
above). Results were recorded as ten yes/no responses. Any posi-
tive response was defined as a high-risk foot for DPN.

By use of the NC-stat DPN Check (NeuroMetrix Inc., Waltham,
MA, USA) participants were categorized into four different groups
(no neuropathy, mild, moderate or severe neuropathy) by combin-
ing sural nerve conduction velocity and sensory nerve action
potential amplitude results. All examinations were performed
according to a standard protocol by non-specialized personnel,
and were done in duplicates. The instrument consists of a display,
a single use biosensor pad and two metal stimulation probes
placed 9.22 cm from the biosensor. The probes discharge a
100 mA current to be detected orthodromically by the biosensor.
The skin overlying the anatomical position of the sural nerve, pos-
terior to the lateral malleolus and proximally to the Achilles ten-
don, was first prepared using a preparation pad that sterilized
and buffered the testing area. The stimulation probes were then
covered in gel to promote conduction, and placed on the prepared
area. The medial edge of the biosensor was placed on the lower
calf, in line with the Achilles tendon. In an automated protocol
the sural nerve was stimulated 4–16 times within 10–20 s,
depending on the strength of the sural nerve signal detected by
the biosensor. Results below 1.5 mV were automatically adjusted
to zero. If a device error was observed, the test was repeated. If a
second error was observed, the test was recorded as unsuccessful.
Statistics

Continuous variables were compared by independent sample T-
test or Mann-Whitney U test whenever the data did not have nor-
mal distribution or when the assumption of equal variance was
violated across the study groups. Chi-square test was used to com-
pare the qualitative differences between groups. A p-value <0.05
was considered statistically significant. Results were reported as
mean, standard deviation (SD) and frequencies (percentage),
unless otherwise stated. Sensitivity, specificity and predictive val-
ues were calculated for the different methods and measures of
agreement between methods were evaluated by Cohen’s kappa (j).
Ethics

The study was conducted in accordance with the principles of
Good Clinical Practice (CPMP/ICH/135/95) and the Declaration of
Helsinki on ethical principles for medical research involving
human subjects (2013 version). Prior approval was obtained by
the Zanzibarian medical ethics committee (ZAMREC) and the Nor-
wegian regional ethics committee (REK Vest).

The clinically relevant results were made available for the
patients and the health care personnel at the diabetes clinic at
MMH. Patients who were found to have foot ulcers were referred
for surgical evaluation. Those with DPN or other risk factors were
given individual counselling on how to prevent foot ulcers. Key
study findings have been presented to the doctors at MMH.
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Results

Clinical characteristics

Fifty-one male and forty-nine female patients with diabetes
were included in the study. The characteristics of the study popu-
lation are listed in Table 1. Ten patients had been clinically diag-
nosed with type 1 DM. These were younger (40 vs. 55 years) had
longer DM duration compared to patients with clinical type 2 DM
(14 vs. 8 years). Fifty-one patients were treated with oral antidia-
betic medication, 44 patients with insulin, two patients with both,
and two patients with diet alone. The mean DM duration was
longer in the insulin vs. non-insulin treated group (11.7 vs.
6.7 years). In total, 50% were treated with metformin, and the most
common dose was 500 mg twice daily. Thirty-three patients were
treated with sulphonylureas (glibenclamide), the most common
dose being 20 mg daily. The mean daily insulin dose was 50 IU
(0.8 IU/kg). One patient reported use of lipid-lowering medication.
Table 1
Characteristics of the study population.

Variables

Number of included patients 100
Sex male/female 51/49
Age, years 54 [29–85]
Body mass index, kg/m2 26 [17–43]
Type 1DM/Type 2 DM* 10/90
DM duration, years 8.9 [0 �3 0]
Systolic blood pressure, mmHg 155 [81–233]
Diastolic blood pressure, mmHg 88 [51–127]
Previous amputation 6
HbA1c,%, (mmol/mol) 8.5 [3.7–23] (69 [17–227])
Fasting blood glucose, mmol/l 12.4 [4.3–26]
Insulin treatment 44
Oral antidiabetic medication 51
Antihypertensive treatment 75
Lipid-lowering therapy 1

Data are presented as number of patients or mean [range].
* Clinical diagnosis, not verified.
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Fig. 1. Nerve conduction study results DPN gra
Seventy-five percent of the patients reported use of antihyperten-
sive medication, of which 61% used Angiotensin-Converting
Enzyme (ACE) inhibitors. The majority were however still hyper-
tensive, 60% had systolic blood pressure above 140 mmHg. A sig-
nificant correlation was found between morning fasting capillary
glucose and HbA1 c level, r = 0.55, p < 0.0005

Neuropathy

When asked about numbness of the feet, 62% answered confir-
matory. The monofilament test was positive in 61%, whereas the
Sibbald 60-s Tool was positive in 87%, of the patients. NCS mea-
sured by NC-stat DPNCheck, detected DPN in 45% of the patients,
15% were classified as mild, 20% as moderate and 10% as severe
polyneuropathy (Fig. 1). In seven patients the NCS test results were
invalid; these patients were excluded from further analysis.

Patients with DPN based on NC-stat DPNCheck were more likely
male (62% vs. 40%, p < 0.05), of higher age (56 vs. 52 years, p < 0.05)
and had more cases of present and previous foot ulcers (31 vs. 17
reported cases, p < 0.05). Out of the six participants who had
undergone lower limb amputation, five had DPN based on NC-
stat DPNCheck on the contralateral limb.

No significant differences were detected in terms of diabetes
duration, BMI, blood pressure and HbA1c. The different evaluation
methods for DPN were compared with NC-stat DPNCheck test
results in terms of accuracy and agreement. Monofilament and
the Sibbald 60-s Tool showed the highest sensitivity. Although
both these tests showed a high negative predictive value, the
monofilament also demonstrated the highest specificity, resulting
in the highest positive predictive value and Cohen‘s kappa
(j = 0.43), suggesting better overall association with NC-stat
DPNCheck (Table 2). Between-method concordances are depicted
in Fig. 2.
Discussion

With the help of a hand-held nerve conduction study device,
DPN could be confirmed in almost half the patients attending the
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Table 2
Diagnostic accuracy and agreement of DPN screening methods.

Test method Sensitivity Specificity PPV NPV Cohen’s j of agreement

Numbness 74% 49% 54% 69% 0.22
Monofilament 86% 59% 63% 83% 0.43
Sibbald 98% 47% 54% 94% 0.19

The accuracy and degree of agreement between self-reported numbness of the lower limbs, the monofilament test and Sibbald 60-s tool, compared to the NC-stat DPNCheck.
PPV = positive predictive value, NPV = negative predictive value.

Fig. 2. Venn diagram depicting between-method concordances.
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diabetes clinic at Mnazi Mmoja Hospital, Zanzibar This is in accor-
dance with the estimated prevalence of DPN [13,14], and previous
investigations in of DPN in this population[12]. Compared to NC-
stat DPNCheck, only the monofilament test had an acceptable level
of agreement.

In this study we wanted to estimate the prevalence of DPN and
to compare different screening methods for detecting DPN using
nerve conduction study as our gold standard [14]. In our experi-
ence, the NC-stat DPNCheck was technically easy to use in this set-
ting, and none of the test subjects found the test procedure any
more than mildly discomforting. The NC-stat DPNCheck is depen-
dent on the presence of an anatomically standard sural nerve. In
up to 9% of adults the sural nerve can be inaccessible [18,19],
which is an obvious challenge in the use of the NC-stat DPNCheck.
In line with this, we were not able to acquire test results from
seven of the participants and consequently they were excluded
from the between-method analysis. These were comparable with
the total cohort in terms of glycaemic control, diabetes type and
other neuropathy tests. Furthermore, a well-known limitation of
the NC-stat DPNCheck is the possible underestimation of sural
nerve amplitudes, since results <1.5 mV are not registered [15].
These cases are classified as severe neuropathy, independently of
conduction velocity, as can be seen in Fig. 1.

Self-reported numbness of the lower limb is a standardized part
of a diabetes anamnesis. Our findings showed low agreement with
NC-stat DPNCheck (Table 2), and also with the Sibbald 60-Second
Tool, suggesting this method of screening for DPN is insufficient.

The monofilament test is a recommended screening method for
both DPN and identification of risk for foot ulceration [14,20,21]. It
is universally widespread in use and available at a low cost. The
monofilament test had high sensitivity (86%), and a better positive
predictive value (63%) than self-reported numbness and the Sib-
bald 60-s Tool. The agreement with the NC-stat DPNCheck was also
highest for this test (j = 0.39), albeit still a substantial proportion
(23%) of patients with positive monofilament test had normal
NC-stat DPNCheck. The high sensitivity stands in contrast to previ-
ous studies that have found that monofilament used alone has low
sensitivity compared to other tests [22,23]. One can however spec-
ulate as to whether the monofilament tests estimate of DPN is too
high in a population where barefoot walking is customary, result-
ing in thickening of palmar skin and reduced sensation.

The Sibbald 60-Second Tool was chosen for its implementability
by all healthcare providers, ease of use and previous validation in
an African population and other low income countries [24,25]. As
shown, the Sibbald 60-Second Tool was very sensitive (100%), more
so than self-reported symptoms of numbness (74%). On the other
hand, both had low specificity, resulting in a low positive predic-
tive value when compared to NCS. Conversely, the negative predic-
tive value for the Sibbald 60-s Tool was high, rendering it useful in
many clinical settings. It is a validated screening instrument that
can be implemented at low cost. Its use is limited as it is somewhat
time-consuming; also our clinical experience is that it requires
dedicated personnel to perform in a standardized fashion.

Surprisingly, we found a higher prevalence of DPN through
screening questionnaires and clinical examination than the NC-
stat DPNCheck [26–29]. Several explanations may be offered. It
may reflect an actual difference in neuropathy phenotype com-
pared to studies done on different ethnic populations [30,31]. In
line with this, a formal validation of the device in specific ethnic
populations could be of value. Also, it may reflect upon cultural dif-
ferences in the experience and reporting of symptoms. As this
study – to the best of our knowledge – is the first employing NCS
in this setting, this remains to be concluded upon.

We recruited participants from the largest public out-patient
diabetes clinic in Zanzibar. Patients were consecutively included,
informed and investigated by their regular health care providers
in their native language The cross-sectional nature of the study
prohibits exploration of causal factors leading to DPN. Further-
more, we cannot determine which method of investigation pre-
dicts hard end-points such as ulcers and amputations.

The glycaemic status, as measured by HbA1c, showed an extre-
mely wide range (3.7–23%). This could be an expression of true
variation, or it could be due to technical difficulties and other con-
founding factors like anaemia and haemoglobinopathies known to
affect HbA1c [32,33]. Our findings suggest that there is room for
improved antidiabetic treatment in the prevention of DPN, as there
was little inter-patient variation in doses of both oral antidiabetic
drugs and insulin doses, and especially metformin doses were con-
sistently very low. The lack of available glucose self-monitoring
severely limits the possibility of optimizing the antidiabetic treat-
ment. Likewise, the prevalence of hypertension was very high, and
the majority of patients were still hypertensive despite reporting
antihypertensive treatment. Most were on ACE-inhibitors, which
are known to be less effective in patients of African origin [34].
Hypertension is known to be an independent risk factor for the
development of DPN, and may add to the undesirable
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consequences of hyperglycaemia [35]. Unfortunately, we lack
information about dyslipidaemia. However, the use of statins was
surprisingly low, implying a high prevalence of untreated patients.

The clinical consequence of detecting DPN is to initiate preven-
tive interventions aimed at saving limbs and lives. Raised aware-
ness about the condition has previously been shown to improve
diabetic foot care through the Step by Step Project in Tanzania
[12]. The monofilament test showed high sensitivity, with limited
specificity. We would still argue for the applicability of monofila-
ment as a screening tool for DPN, since the benefits of early iden-
tification of risk of foot ulceration, outweigh the risks associated
with false positive results. Also, the interventions in terms of treat-
ing risk factors and patient education are advantageous to all DM
patients. Furthermore, monofilament is inexpensive and ubiqui-
tous. The automated point-of-care NCS device NC-stat DPNCheck
could play a role as an alternative to traditional NCS in this setting.

Conclusion

We have confirmed a rampant prevalence of DPN and an unfa-
vourable metabolic risk profile in diabetes patients in Zanzibar.
Our findings suggest the utility of monofilament as a screening tool
for DPN and the NC-stat DPNCheck in cases of diagnostic uncer-
tainty or for research purposes in a low resource setting. In order
to address the associated risk of ulcers and amputations, a prospec-
tive study in this diabetes population would be of great value.
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