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ABSTRACT
Burning and stabbing pain in the feet and lower limbs can have a significant impact on
the activities of daily living, including walking, climbing stairs and sleeping. Peripheral neu-
ropathy in particular is often misdiagnosed or underdiagnosed because of a lack of aware-
ness amongst both patients and physicians. Furthermore, crude screening tools, such as
the 10-g monofilament, only detect advanced neuropathy and a normal test will lead to
false reassurance of those with small fiber mediated painful neuropathy. The underestima-
tion of peripheral neuropathy is highly prevalent in the South-East Asia region due to a
lack of consensus guidance on routine screening and diagnostic pathways. Although neu-
ropathy as a result of diabetes is the most common cause in the region, other causes
due to infections (human immunodeficiency virus, hepatitis B or C virus), chronic inflam-
matory demyelinating polyneuropathy, drug-induced neuropathy (cancer chemotherapy,
antiretrovirals and antituberculous drugs) and vitamin deficiencies (vitamin B1, B6, B12, D)
should be actively excluded.

INTRODUCTION
Burning pain in the feet and lower limbs can have a significant
impact on the activities of daily living, including walking,
climbing stairs and sleeping. It is a common presenting com-
plaint to primary care physicians. The differential diagnosis of
such pain includes inflammatory, musculoskeletal and neuro-
pathic causes. Peripheral neuropathy (PN) is often misdiag-
nosed or underdiagnosed due to a lack of awareness amongst
both patients and physicians. The use of crude screening tools,
such as the 10-g monofilament, which only detects advanced
large fiber neuropathy, contributes to delayed diagnosis. Fur-
thermore, the underestimation of PN is especially prevalent in
the South-East Asia (SEA) region due to a lack of consensus
guidance on routine screening, diagnosis and management1.

PERIPHERAL NEUROPATHY IN SEA
Peripheral neuropathy in SEA is associated with multiple possi-
ble causes, such as metabolic disease (particularly diabetes

mellitus), infections (human immunodeficiency virus [HIV]
and hepatitis B or C virus), chronic inflammatory demyelinat-
ing polyneuropathy2, drug-induced toxicity (cancer chemother-
apy, antiretrovirals and antituberculous drugs) and vitamin
deficiencies (vitamin B1, B6, B12, D)

3. The causes of PN in these
countries might also differ from rural to urban areas; for exam-
ple, in the Philippines and India, workers in the agricultural
sector are exposed to organophosphorus pesticides, which can
lead to PN4. Tuberculosis (TB) remains a major public health
concern in SEA, contributing to 40% of the global burden of
disease, and the increasing incidence of HIV increases the risk
of TB. TB is associated with PN, and antituberculous drugs,
especially isoniazid, can lead to PN5. In addition, with drug-re-
sistant TB, various second-line treatments, such as cycloserine,
ethionamide, fluoroquinolones and newer drugs (such as line-
zolid), can cause PN (26%)6. HIV is associated with PN7, and
the concomitant treatment of HIV and multidrug resistant-TB
can result in PN in ~50% of patients8. Long-term survivors of
childhood acute lymphoblastic leukemia can have a high preva-
lence of PN and in a Malaysian series of 101 acuteReceived 15 March 2020; revised 30 March 2020; accepted 31 March 2020
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lymphoblastic leukemia survivors treated with vincristine, 26.7%
had an abnormal clinical Total Neuropathy Score, and 68.3%
had electrophysiological evidence of neuropathy9. In a study of
150 consecutive patients with systemic lupus erythematosus
from Malaysia, 15.3% had polyneuropathy characterized by
numbness, tingling and pain, with a predominantly axonal neu-
ropathy on electrophysiology10. In East Asia, Guillain–Barr�e
syndrome might be particularly troublesome in relation to anti-
ganglioside antibodies and acute motor axonal neuropathy11.

DIABETIC PERIPHERAL NEUROPATHY
There are limited published data on the prevalence of diabetic
neuropathy (Figure 1), particularly painful diabetic neuropathy
in the SEA region12. In 1998, the Diabcare-Asia study of 22,177
patients in 230 diabetes centers across 12 Asian regions showed
that the prevalence of diabetic neuropathy, as recorded in the
medical records, was 29% in patients with type 1 diabetes and
35% in those with type 2 diabetes13. More recently, a global,
prospective observational study of 15,992 patients with type 2
diabetes emphasized the higher prevalence of neuropathy
(7.7%) compared with albuminuria (4.3%)14.

Singapore
In a case–control study of 55 patients with type 2 diabetes in
primary care, 32.7% experienced spontaneous pain, 12.7% had
painful paresthesia and 34.6% had absent tendon reflexes15.

Whereas a study of 2,137 type 1 and 2 diabetes mellitus
patients from a single tertiary hospital identified advanced neu-
ropathy in 33.3% of patients using 10-g monofilament testing
and in 39.5% of patients using Neurothesiometer testing16. A
nationwide Singapore National Healthcare Group Diabetes Reg-
istry corroborates the steadily increasing prevalence of lower
limb complications (International Classification of Diseases,
Ninth Revision, Clinical Modification codes – dermopathy,
peripheral vascular disease and neuropathy) in type 2 diabetes
mellitus patients between 2005 (n = 129,183) and 2008
(n = 170,513) in both primary care (3.0–5.3%) and specialist
(13.2–23.8%) clinics17. A recent study compared 8,150 patients
with diabetes mellitus who underwent foot screening with
8,150 patients who did not, and showed that the risk of both
minor (3.5-fold) and major (25-fold) amputation was signifi-
cantly increased in the latter, emphasizing the importance of
screening for DPN18. In two separate studies from Singapore,
the presence of DPN has been associated with a poorer func-
tional status and health-related quality of life19,20.

Malaysia
In 138 patients admitted with diabetic foot ulceration or minor
amputation, not surprisingly there was an association with loss
of sensitivity to the 10-g monofilament21. In a university hospi-
tal clinic in Malaysia, of 1,077 patients with type 2 diabetes,
54.3% had abnormal nerve conduction studies22. In a study of
438 patients from private primary care clinics, neuropathy
(30.1%) was the most common long-term complication fol-
lowed by retinopathy (23.5%) and albuminuria (22.9%)23. In a
study of 134 diabetes patients attending a primary care clinic in
Kuala Lumpur, the prevalence of diabetic neuropathy based on
the Neuropathy Symptom Score and Neuropathy Disability
Score was 50.7%24.

The Philippines
A study from the Philippines in 2000 from the Diabcare-Asia
project, which assessed 2,708 patients in diabetes centers,
reported a prevalence of 42% for diabetic neuropathy, based on
medical records25. A more recent study of 150 diabetes patients
at the Philippine General Hospital showed a DPN prevalence
of 58%, based on an abnormality in nerve conduction studies26.

Indonesia
In a study from Bali, of 110 patients with type 2 diabetes melli-
tus and neuropathy based on electromyography, 54% had pain-
ful diabetic neuropathy27. In a recent study of 50 patients with
diabetes attending a hospital clinic in Medan, 58% had abnor-
malities on nerve conduction testing28.

Thailand
A nationwide cross-sectional study of 30,423 diabetes patients
attending public hospitals across Thailand found a prevalence
of 3.1% for PN; however, this was based on International Clas-
sification of Diseases, 10th Revision coding29. Indeed, in a study
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Figure 1 | Prevalence of diabetic neuropathy in different South-East
Asian countries, confirmed with the specified tests. Data shown for
Singapore (Nather 201016), Myanmar (Win 201932), Thailand (Nitiyanant
200731), Malaysia (Abougalambou 201222), the Philippines (Dagang
201626) and Indonesia (Fitri 201928). No data available for Vietnam,
Cambodia, Brunei and Laos. NCV, nerve conduction velocity.
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of 608 diabetes patients attending a hospital clinic, 16.8% had
advanced diabetic neuropathy based on loss of ankle reflexes,
vibration perception and insensitivity to the 10-g monofila-
ment30, whereas the prevalence of diabetic neuropathy in 1,078
diabetes patients attending primary care was 34%31.

Myanmar
In a recent study of 975 participants with type 2 diabetes melli-
tus attending outpatient clinics in four hospitals in Myanmar,
33.7% had neuropathy, of whom 59.5% had painful neuropa-
thy32.

Vietnam
A study in 71 patients with diabetes identified a high preva-
lence (68%) of mild cardiac autonomic dysfunction, of whom
52% had at least two abnormal heart rate variability tests33.

Cambodia, Brunei, Laos, Vietnam
There are no English language published data on the prevalence
of diabetic neuropathy from Cambodia, Brunei, Laos or Viet-
nam.

CHALLENGES IN DIAGNOSING DPN IN PRIMARY CARE
There is a lack of awareness and urgency in making the diag-
nosis of DPN, even though advanced DPN with foot ulcera-
tion34 and especially amputation35 is associated with a 5-year
mortality that exceeds that of patients with a previous myocar-
dial infarction, stroke36 and other microvascular complications,
such as hemodialysis for end-stage renal disease37 and vitrec-
tomy for proliferative diabetic retinopathy (Figure 2)38. Indeed,
the perception of most physicians who see patients with dia-
betes is that cardiovascular disease, retinopathy and nephropa-
thy can be managed effectively, whereas “nothing can be done”
for DPN.

CHALLENGES WITH CURRENT RECOMMENDED
DIAGNOSTIC TOOLS
Several diagnostic screening questionnaires, such as the McGill
Pain Questionnaire, NeuroQoL and Neuropathy Symptom
Score, which rely on the patient’s reported clinical symptoms
have been used. Screening tools that assess both clinical signs
and symptoms include the Neuropathy Disability Score, Michi-
gan Neuropathy Screening Instrument and Douleur Neu-
ropathique 4, and were initially validated in studies in Western
populations and written in the English language. These tests
have been translated and validated in many other languages,
and are widely available, but remain woefully underutilized.
The tools recommended and most commonly used today for

screening and diagnosing PN are the monofilament test, ankle
reflex and vibration perception testing using a 128-Hz tuning
fork. The challenge in most countries is that even these simple
diagnostic tools are only available in a specialist setting. Foot
examinations are usually cursory only if patients report symp-
toms. Monofilament testing detects moderate-to-severe PN, and

even this is not available in most SEA countries in primary care
and indeed most primary care physicians do not know how to
carry out the test. Objective diagnostic tests of PN can be
undertaken by neurophysiologists to evaluate nerve conduction
velocity, amplitude and F-wave latency to identify different
causes of neuropathy, and differentiate chronic inflammatory
demyelinating polyneuropathy from DPN and so on39. Skin
biopsy40 and corneal confocal microscopy41,42 can also be used
to objectively quantify early small fiber neuropathy, but require
expertise to carry out and are currently not feasible in primary
healthcare. However, more recently, easy to use devices, such
the DPN-Check and Sudoscan, have become available to allow
non-specialists to identify large and small fiber neuropathy43.

RECOMMENDATION FOR THE DIAGNOSIS OF
PERIPHERAL NEUROPATHY IN SEA
In a survey of physician and patient perceptions of painful
DPN, we identified that the physician–patient dialogue was
central to increasing the awareness of the complications of PN
and overcoming the burden of this disease1. A first critical step
is to increase patients’ awareness of PN and a sense of urgency
to seek medical consultation. Other than knowledge about the
condition, information on who is at risk, the consequences of
PN in relation to reduced quality of life and increased risk of
foot ulcers needs to be disseminated to the public, to encourage
early self-referral44. Once the diagnosis of PN has been made, it
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Figure 2 | Comparison of 5-year mortality rates in patients after
myocardial infarction (MI) and stroke (Malik 201636), vitrectomy for
proliferative diabetic retinopathy (PDR; Liu 201938), diabetic foot
ulceration (DFU; Walsh 201634), end-stage renal disease in diabetes
mellitus (ESRD-DM; Lu 201737) and DFU with amputation (Apelqvist
199335).
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is important to educate patients of the dangers of PN. A recent
systematic review has found that health education programs
increase the foot self-care scores and reduce foot problems45.
Furthermore, to increase awareness among physicians, more
data need to be gathered and published on the prevalence of
DPN from the region12. It is also important that governments
in the region attempt to harmonize their guidelines with other
international guidelines. Indeed a recent analysis showed that
six national guidelines of Western Pacific nations were at best
only partially similar to 53% of the recommendations by the
International Working Group on the Diabetic Foot; specifically
42% for wound healing, 40% for infection, 40% for peripheral
artery disease and just 20% for offloading46.

PRACTICAL STEPPED APPROACH TO THE DIAGNOSIS
OF PERIPHERAL NEUROPATH
Given the existing limitations within primary healthcare in
SEA, an easy, fast and reliable diagnostic procedure is required
(Table 1). It should be a simple and systematic approach to
enable allied health staff to assess the majority (~90%) of
patients, especially in countries with geographical challenges,
such as Indonesia and the Philippines.

Step 1. Classification into acute, subacute and chronic
A simple classification based on the onset of symptoms will
provide an initial differential diagnosis. Generally, if the

symptoms are chronic, the physician should consider diabetic
or hereditary neuropathy; subacute, consider inflammatory,
immune-mediated, metabolic (diabetes, nutritional deficiency),
medication or chemotherapy, whereas acute onset could be due
to an infectious cause (Guillain–Barr�e syndrome) or a toxin
(Table 2).

Step 2. Careful medical history
Underlying causes of PN can be identified by taking a careful
medical history alongside simple laboratory tests. However, of
all patients with PN, 24–27% will have idiopathic neuropathy
where no underlying cause can be identified47. In patients with
diabetes, it is important to exclude other causes of PN
(Table 3).

Step 3. Assessment of symptoms and signs of peripheral
neuropathy
The history taking should be proactive and should focus on
four or five main characteristics of PN such as numbness, pins
and needles, and tingling sensation, lancinating stabbing or
electric shock-like pain48. Acknowledging that it might be diffi-
cult for the patient to express symptoms or for the physician to
translate these words into the exact local language, the algo-
rithm could include simple descriptions/descriptive questions
that can be used by physicians. Examples can help the patient
to visualize or imagine a symptom; for example “Do you have
a feeling as if ants are crawling along your feet?”, “Does it feel
like electric shocks from nothing?”, “Does a touch of the bed-
sheet on your feet sometimes feel painful?” Other questions to
be included should elicit more details about the localization or
the course of symptoms; for example, “Where is the pain/sensa-
tion experienced?”, “Does it occur on both sides (symmetri-
cal)?”, “Is it worse at night?”
Alternatively, simple questionnaires, such as the Douleur

Neuropathique 4, can be used to differentiate neuropathic pain
from nociceptive pain based on seven interview questions,
assessment of hypoesthesia to touch and pinprick, and the pres-
ence of allodynia49,50.

Table 1 | Simple diagnostic procedure for peripheral neuropathy in
patients presenting with neuropathic symptoms

Recommendation for the diagnosis of PN

Step 1: Classification into acute, subacute and chronic
Step 2: Medical history
Step 3: Assessment of symptoms of peripheral neuropathy
Step 4: Neurological examination
Step 5: Laboratory tests to support or refute the diagnosis of PN

PN, peripheral neuropathy.

Table 2 | Classification of peripheral neuropathy based on clinical progression

Acute (days) Subacute (weeks to months) Chronic (>6 months) Relapsing–remitting

Guillain–Barr�e syndrome Nutritional deficiency Hereditary neuropathy Guillain–Barr�e syndrome
Acute intermittent porphyria Prolonged exposure to toxin Diabetic neuropathy Porphyria
Diphtheria Metabolic (diabetic neuropathy,

uremic neuropathy)
CIDP CIDP

Thallium/mercury/arsenic/
lead toxicity

Immune-mediated (e.g., CIDP,
vasculitis, sarcoidosis)

Hereditary (e.g., Charcot–Marie–Tooth, familial
amyloidosis) HIV neuropathy

HIV/AIDS

Critical illness neuropathy Neoplastic (e.g., hematological/
lymphoproliferative
malignancies)

CIPN

Paraneoplastic (e.g., anti-Hu)

CIDP, chronic inflammatory demyelinating polyneuropathy; CIPN, chemotherapy-induced peripheral neuropathy; HIV, human immunodeficiency
virus; PN, peripheral neuropathy.
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Step 4. Neurological examination
A neurological examination using simple tools should be estab-
lished as a routine in primary care, and should include vibra-
tion perception testing using a 128-Hz tuning fork, pin-prick
test and temperature sensation testing alongside reflexes. In a
study from Singapore of 60 patients without diabetic foot prob-
lems, the simple pin-prick test identified a greater proportion
of patients with neuropathy compared with the monofila-
ment51.

Step 5. Laboratory investigations
Several key laboratory tests can help to refine the diagnosis
(Table 4).

REFERRAL TO NEUROLOGY
Patients with diabetes who require referral to a specialist
include those with an acute–rapid progression or relapsing–
remitting pattern of neurological symptoms and signs; predomi-
nance of motor symptoms and deficits; acute, asymmetric or

proximal involvement; and the absence of other microvascular
complications52.

CONCLUSION
The underdiagnosis of PN, especially in primary healthcare in
SEA, creates a huge burden of hidden disease. This has a major
impact on the quality of life as a result of painful neuropathic
symptoms and morbidity due to foot ulceration and amputa-
tion, as well as increased mortality. An awareness and sense of
urgency amongst patients and healthcare providers is required,
and primary care physicians require access to simple tools to
help them diagnose peripheral neuropathy.

DISCLOSURE
The authors declare no conflict of interest.

REFERENCES
1. Malik RA, Aldinc E, Chan S-P, et al. Perceptions of painful

diabetic peripheral neuropathy in South-East Asia: results
from patient and physician surveys. Adv Ther 2017; 34:
1426–1437.

2. Lotan I, Hellman MA, Steiner I. Diagnostic criteria of chronic
inflammatory demyelinating polyneuropathy in diabetes
mellitus. Acta Neurol Scand 2015; 132: 278–283.

3. Trivedi S, Pandit A, Ganguly G, et al. Epidemiology of
peripheral neuropathy: an Indian perspective. Ann Indian
Acad Neurol 2017; 20: 173–184.

4. Karami-Mohajeri S, Nikfar S, Abdollahi M. A systematic
review on the nerve-muscle electrophysiology in human
organophosphorus pesticide exposure. Hum Exp Toxicol
2014; 33: 92–102.

5. Mafukidze AT, Calnan M, Furin J. Peripheral neuropathy in
persons with tuberculosis. J Clin Tuberc other Mycobact Dis
2016; 2: 5–11.

6. Lifan Z, Sainan B, Feng S, et al. Linezolid for the treatment
of extensively drug-resistant tuberculosis: a systematic

Table 3 | Other causes of peripheral neuropathy based on a careful
history, clinical examination and laboratory investigations

Metabolic disease Hypothyroidism
Chronic liver disease
Chronic kidney disease
Prediabetes
Prediabetes

Systemic disease Systemic/non-systemic vasculitis (ANCA,
cryoglobulinemia)

Paraproteinemia
Amyloidosis

Infectious HIV
Leprosy
Hepatitis B/C

Inflammatory Chronic Inflammatory demyelinating
polyneuropathy

Nutritional Vitamin B deficiency (B12, B1, B6)
Malabsorption syndromes
Bariatric surgery

Toxins Organophosphorus agents
Alcohol
Arsenic
Mercury

Medication Isoniazid
Colchicine
Dapsone
Amiodarone
Nitrofurantoin
Metronidazole
Ethambutol
Chemotherapy (vincristine, cisplatin, Taxol,
bortezomib)

ANCA, anti-neutrophil cytoplasmic antibodies; CIDP, chronic inflamma-
tory demyelinating neuropathy; HIV, human immunodeficiency virus;
PN, peripheral neuropathy.

Table 4 | Laboratory investigations to rule out other causes of
peripheral neuropathy

Laboratory tests

Comon/simple Serum glucose, HbA1c, oral glucose
tolerance test, vitamin B12

Erythrocyte sedimentation rate serum and
urine electrophoresis

Liver and renal function tests
Thyroid function tests

Might require referrals
depending on available
resources

Anti-HIV antibodies
Tumor (paraneoplastic) markers
Vasculitis profile (ANA, ANCA, Ro/La,
cryoglobulin)

ANA, anti-nuclear antibodies; ANCA, anti-neutrophil cytoplasmic anti-
bodies; HbA1c, glycated hemoglobin; HIV, human immunodeficiency
virus; PN, peripheral neuropathy.

ª 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 11 No. 5 September 2020 1101

R E V I EW A R T I C L E

http://wileyonlinelibrary.com/journal/jdi Diagnosing neuropathy in South-East Asia



review and meta-analysis. Int J Tuberc Lung Dis 2019; 23:
1293–1307.

7. Howlett WP. Neurological disorders in HIV in Africa: a
review. Afr Health Sci 2019; 19: 1953–1977.

8. Smith JP, Gandhi NR, Shah NS, et al. The impact of
concurrent antiretroviral therapy and MDR-TB treatment on
adverse events. J Acquir Immune Defic Syndr 2020; 83: 47–55.

9. Tay CG, Lee VWM, Ong LC, et al. Vincristine-induced
peripheral neuropathy in survivors of childhood acute
lymphoblastic leukaemia. Pediatr Blood Cancer 2017; 64:
e26471.

10. Jasmin R, Sockalingam S, Ramanaidu LP, et al. Clinical and
electrophysiological characteristics of symmetric
polyneuropathy in a cohort of systemic lupus
erythematosus patients. Lupus 2015; 24: 248–255.

11. Bae JS, Yuki N, Kuwabara S, et al. Guillain-Barre syndrome in
Asia. J Neurol Neurosurg Psychiatry 2014; 85: 907–913.

12. Almuhannadi H, Ponirakis G, Khan A, et al. Diabetic
neuropathy and painful diabetic neuropathy: Cinderella
complications in South East Asia. J Pak Med Assoc 2018; 68:
85–89.

13. Nitiyanant W, Tandhanand S, Mahtab H, et al. The Diabcare-
Asia 1998 study–outcomes on control and complications in
type 1 and type 2 diabetic patients. Curr Med Res Opin
2002; 18: 317–327.

14. Kosiborod M, Gomes MB, Nicolucci A, et al. Vascular
complications in patients with type 2 diabetes: prevalence
and associated factors in 38 countries (the DISCOVER study
program). Cardiovasc Diabetol 2018; 17: 150.

15. Hong CY, Chia SE, Fong SK. Neuropathy in non-insulin-
dependent diabetes mellitus. The significance of symptoms.
Scand J Prim Health Care 1998; 16: 233–237.

16. Nather A, Chionh SB, Tay PLM, et al. Foot screening for
diabetics. Ann Acad Med Singapore 2010; 39: 472–475.

17. Heng BH, Sun Y, Cheah JTS, et al. The Singapore National
Healthcare Group Diabetes Registry–descriptive
epidemiology of type 2 diabetes mellitus. Ann Acad Med
Singapore 2010; 39: 348–352.

18. Ang GY, Yap CW, Saxena N. Effectiveness of diabetes foot
screening in primary care in preventing lower extremity
amputations. Ann Acad Med Singapore 2017; 46: 417–423.

19. Venkataraman K, Wee HL, Leow MKS, et al. Associations
between complications and health-related quality of life in
individuals with diabetes. Clin Endocrinol 2013; 78: 865–873.

20. Riandini T, Wee HL, Khoo EYH, et al. Functional status
mediates the association between peripheral neuropathy
and health-related quality of life in individuals with diabetes.
Acta Diabetol 2018; 55: 155–164.

21. Zakaria Z, Afifi M, Sharifudin MA. Clinical factors affecting
minor amputation in diabetic foot disease at Tengku
Ampuan Afzan Hospital, Kuantan. Malays J Med Sci 2015; 22:
41–47.

22. Abougalambou SSI, Abougalambou AS. Explorative study
on diabetes neuropathy among type II diabetic patients in

Universiti Sains Malaysia Hospital. Diabetes Metab Syndr
2012; 6: 167–172.

23. Mafauzy M. Diabetes control and complications in private
primary healthcare in Malaysia. Med J Malaysia 2005; 60:
212–217.

24. Mimi O, Teng CL, Chia YC. The prevalence of diabetic
peripheral neuropathy in an outpatient setting. Med J
Malaysia 2003; 58: 533–538.

25. Lantion-Ang LC. Epidemiology of diabetes mellitus in
Western pacific region: focus on Philippines. Diabetes Res
Clin Pract 2000; 50(Suppl 2): S29–S34.

26. Dagang DJ, Diestro JD, Hamoy-Jimenez G, et al. Validation
of the Filipino-translated version of the Michigan
Neuropathy Screening Instrument among Filipino Patients
with Diabetes Mellitus Seen at the Philippine General
Hospital. J ASEAN Fed Endocr Soc 2016; 31: 115.

27. Purwata TE. High TNF-alpha plasma levels and
macrophages iNOS and TNF-alpha expression as risk
factors for painful diabetic neuropathy. J Pain Res 2011; 4:
169–175.

28. Fitri A, Sjahrir H, Bachtiar A, et al. Predictive model of
diabetic polyneuropathy severity based on vitamin D level.
Open Access Maced J Med Sci 2019; 7: 2626–2629.

29. Kaewput W, Thongprayoon C, Rangsin R, et al. The
association between renal function and neurological
diseases in type 2 diabetes: a multicenter nationwide cross-
sectional study. Hosp Pract 2019; 47: 46–52.

30. Chuengsamarn S, Rattanamongkolgul S, Sittithumcharee G,
et al. Association of serum high-sensitivity C-reactive protein
with metabolic control and diabetic chronic vascular
complications in patients with type 2 diabetes. Diabetes
Metab Syndr 2017; 11: 103–108.

31. Nitiyanant W, Chetthakul T, Sang-A-kad P, et al. A survey
study on diabetes management and complication status in
primary care setting in Thailand. J Med Assoc Thai 2007; 90:
65–71.

32. Win MMTM, Fukai K, Nyunt HH, et al. Prevalence of
peripheral neuropathy and its impact on activities of daily
living in people with type 2 diabetes mellitus. Nurs Health
Sci 2019; 21: 445–453.

33. Thi NN, Paries J, Attali JR, et al. High prevalence and severity
of cardiac autonomic neuropathy in Vietnamese diabetic
patients. Diabet Med 2005; 22: 1072–1078.

34. Walsh JW, Hoffstad OJ, Sullivan MO, et al. Association of
diabetic foot ulcer and death in a population-based cohort
from the United Kingdom. Diabet Med 2016; 33: 1493–1498.

35. Apelqvist J, Larsson J, Agardh CD. Long-term prognosis for
diabetic patients with foot ulcers. J Intern Med 1993; 233:
485–491.

36. Malik RA. Wherefore Art Thou, O treatment for diabetic
neuropathy? Int Rev Neurobiol 2016; 127: 287–317.

37. Lu Y, Stamm C, Nobre D, et al. Changing trends in end-
stage renal disease patients with diabetes. Swiss Med Wkly
2017; 147: w14458.

1102 J Diabetes Investig Vol. 11 No. 5 September 2020 ª 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

R E V I EW A R T I C L E

Malik et al. http://wileyonlinelibrary.com/journal/jdi



38. Liu E, Estevez J, Kaidonis G, et al. Long-term survival rates of
patients undergoing vitrectomy for diabetic retinopathy in
an Australian population: a population-based audit. Clin
Experiment Ophthalmol 2019; 47: 598–604.

39. Rajabally YA, Stettner M, Kieseler BC, et al. CIDP and other
inflammatory neuropathies in diabetes- diagnosis and
management. Nat Rev Neurol 2017; 13: 599–611.

40. Lauria G, Merkies ISJ, Faber CG. Small fibre neuropathy. Curr
Opin Neurol 2012; 25: 542–549.

41. Malik RA, Kallinikos P, Abbott C, et al. Corneal confocal
microscopy: a non-invasive surrogate of nerve fibre damage
and repair in diabetic patients. Diabetologia 2003; 46: 683–8.

42. Perkins BA, Lovblom LE, Bril V, et al. Corneal confocal
microscopy for identification of diabetic sensorimotor
polyneuropathy: a pooled multinational consortium study.
Diabetologia 2018; 61: 1856–1861.

43. Binns-Hall O, Selverajah D, Sanger J, et al. One-stop
microvascular screening service: an effective model for the
early detection of diabetic peripheral neuropathy and the
high-risk foot. Diabet Med 2018; 35: 887–894.

44. Iqbal Z, Azmi S, Yadav R, et al. Diabetic peripheral
neuropathy: epidemiology, diagnosis, and pharmacotherapy.
Clin Ther 2018; 40: 828–849.

45. Ahmad Sharoni SK, Minhat HS, Mohd Zulkefli NA, et al.
Health education programmes to improve foot self-care
practices and foot problems among older people with

diabetes: a systematic review. Int J Older People Nurs 2016;
11: 214–239.

46. Parker CN, Van Netten JJ, Parker TJ, et al. Differences
between national and international guidelines for the
management of diabetic foot disease. Diabetes Metab Res
Rev 2019; 35: e3101.

47. Lauria G, Ziegler D, Malik R, et al. The role of sodium
channels in painful diabetic and idiopathic neuropathy. Curr
Diab Rep 2014; 14: 538.

48. Themistocleous AC, Ramirez JD, Shillo PR, et al. The Pain
in Neuropathy Study (PiNS): a cross-sectional observational
study determining the somatosensory phenotype of
painful and painless diabetic neuropathy. Pain 2016; 157:
1132–1145.

49. Basit A, Basit KA, Fawwad A, et al. Vitamin D for the
treatment of painful diabetic neuropathy. BMJ Open
Diabetes Res Care 2016; 4: e000148.

50. Ponirakis G, Elhadd T, Chinnaiyan S, et al. Prevalence and
risk factors for painful diabetic neuropathy in secondary
healthcare in Qatar. J Diabetes Investig 2019; 10: 1558–1564.

51. Nather A, Neo SH, Chionh SB, et al. Assessment of sensory
neuropathy in diabetic patients without diabetic foot
problems. J Diabetes Complicat 2008; 22: 126–131.

52. Pop-Busui R, Boulton AJM, Feldman EL, et al. Diabetic
neuropathy: a position statement by the American Diabetes
Association. Diabetes Care 2017; 40: 136–154.

ª 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 11 No. 5 September 2020 1103

R E V I EW A R T I C L E

http://wileyonlinelibrary.com/journal/jdi Diagnosing neuropathy in South-East Asia


