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ABSTRACT

Objective To evaluate the effects of treatments for the

symptoms of painful diabetic neuropathy.

Design Systematic review.

Data sources Articles (English and full text) on double

blind randomised trials found by searching with the key

words anticonvulsant, antidepressant, non-steroidal anti-

inflammatory drugs, tramadol, opioid, ion channel

blocker, diabetic neuropathy, diabetic peripheral

neuropathy, peripheral neuropathy, and neuropathy. The

search included Medline, Embase, EMB reviews-AP

Journal club, and the Cochrane central register of

controlled trials.

Study selection Randomised controlled trials comparing

topically applied and orally administered drugs with a

placebo in adults with painful diabetic neuropathy.

Data extraction Data were extracted to examine quality of

methods, characteristics of studies and patients, efficacy,

and side effects. The primary outcome was dichotomous

information for 50% or moderate reduction of pain.

Secondary outcomes were 30% reduction of pain and

withdrawals related to adverse events.

Results Odds ratios were calculated for achievement of

30%, 50%, or moderate pain relief and for withdrawals

related to adverse effects. Twenty five reports were

included and seven were excluded. The 25 included

reports compared anticonvulsants (n=1270),
antidepressants (94), opioids (329), ion channel blockers

(173), N-methyl-D-aspartate antagonist (14), duloxetine

(805), capsaicin (277), and isosorbide dinitrate spray

(22) with placebo. The odds ratios in terms of 50% pain

relief were 5.33 (95% confidence interval 1.77 to 16.02)

for traditional anticonvulsants, 3.25 (2.27 to 4.66) for

newer generation anticonvulsants, and 22.24 (5.83 to

84.75) for tricylic antidepressants. The odds ratios in

terms of withdrawals related to adverse events were 1.51

(0.33 to 6.96) for traditional anticonvulsants, 2.98 (1.75

to 5.07) for newer generation anticonvulsants, and 2.32

(0.59 to 9.69) for tricylic antidepressants. Insufficient

dichotomous data were available to calculate the odds

ratios for ion channel blockers.

Conclusion Anticonvulsants and antidepressants are still

the most commonly used options to manage diabetic

neuropathy. Oral tricyclic antidepressants and traditional

anticonvulsants are better for short term pain relief than

newer generation anticonvulsants. Evidence of the long

term effects of oral antidepressants and anticonvulsants

is still lacking. Further studies are needed on opioids, N-

methyl-D-aspartate antagonists, and ion channel

blockers.

INTRODUCTION

Diabetic neuropathy is a common complication of dia-
betes. It usually progresses gradually and involves
small and large sensory fibres. The symptoms, such
as loss of ability to sense pain, loss of temperature sen-
sation, and developing neuropathic pain, follow a
“glove and stocking” distribution, beginning in the
lower limbs, first affecting the toes, and then progres-
sing upward.1 The primary cause of diabetic neuro-
pathy is thought to be hyperglycaemia.2

Diabetic neuropathy represents a major health pro-
blem worldwide. An Australian population based sur-
vey of 2436 patients with known or newly diagnosed
diabetes showed that 13.1% of them had peripheral
neuropathy.3 Another multicentre study in the United
Kingdom showed that 22-32% of 6363 diabetic
patients had peripheral neuropathy.4 Similar results
have been reported by an Italian multicentre study,
which showed that 32.3% of 8757 diabetic patients had
neuropathy.5

Symptoms of neuropathic pain are commonly
reported in patients with diabetic neuropathy. Parta-
nen and colleagues found that among 132 patients,
7-13% had pain and paraesthesias when they were
diagnosed as having type 2 diabetesmellitus.6 The pre-
valences of pain andof paraesthesiawere 20%and 33%
10 years after diagnosis.6 Sorensen and colleagues
identified neuropathic pain in 11.7% of those who
had insensate neuropathy and in 2.3% of those with
sensate neuropathy among 2610 patients with type 2
diabetes.7

Tight glycaemic control has been shown to be effec-
tive in slowing the progression of diabetic
neuropathy.8-11 The diabetes control and complica-
tions trial in 1441 patients with type 1 diabetes showed
that tight glycaemic control can delay the onset and
slow the progression of neuropathy, as measured by
clinical examination, autonomic testing, and nerve
conduction studies.10 11 Apart from glycaemic control,
antidepressants and anticonvulsants are commonly
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used to reduce the intensity of pain in patients with
painful diabetic neuropathy.

In the clinical setting, despite the use of various
analgesics to manage the neuropathic pain of diabetic
neuropathy, the problem persists. We did a systematic
review to explore the effectiveness of analgesics in
managing diabetic neuropathy.

METHODS

Search strategy to identify studies

We used several methods to identify the studies to be
included. We identified randomised trials that studied
analgesics used to treat diabetic neuropathy by using

Medline(R) without revision from 1966 to October
2006, Embase from 1980 to October 2006, EMB
reviews-AP Journal club from 1991 to September/
October 2006, and the third quarter 2006 of the
Cochrane central register of controlled trials.We iden-
tified additional reports from the reference lists of the
retrieved papers.
The key words used in the search were anti-

convulsant, non-steroidal anti-inflammatory drugs,
ion channel blocker and neuropathy, antiepileptic/
anticonvulsant and neuropathy, antidepressant or anti-
depressive agents and neuropathy, tramadol and
neuropathy, opioid and neuropathy, pregabalin and
neuropathy, duloxetine and neuropathy, capsaicin
and neuropathy, antidepressant or antidepressive
agents anddiabetic neuropathies or diabetic peripheral
neuropathy, antidepressant or antidepressive agents
and peripheral neuropathy.

Selection criteria

Participants in the studies were adults aged 18 years
and above with diabetic neuropathy. The inter-
ventions involved the administration of oral or topical
analgesics. The classes of drugs included paracetamol,
antidepressants, opioids, non-steroidal anti-inflamma-
tory drugs, N-methyl-D-aspartate antagonists, trama-
dol, capsaicin, and anticonvulsants. The comparator
was a placebo. We excluded studies comparing differ-
ent classes of analgesics, such as anticonvulsants versus
antidepressants. Theprimary and secondary outcomes
of the studies had to include subjective reports of pain
relief or pain intensity. We included randomised con-
trolled trials that investigated the analgesic effects of
pain relieving drugs for patients with diabetic neuro-
pathy. We excluded reports that were non-rando-
mised, case reports, clinical observations, or studies

Potentially relevant RCTs identified and screened for retrieval (n=1231)

RCTs retrieved for more detailed evaluation (n=32)

Potentially appropriate RCTs included in meta-analysis (n=25)

RCTs included in meta-analysis of treatment efficacy (n=17)
RCTs included in meta-analysis of withdrawals related to adverse events (n=21)

RCTs excluded as did not fit the inclusion criteria (n=1198)

RCTs excluded (n=7):
  Mixed patient groups used (n=3)
  Randomisation not used (n=2)
  Jadad score ≤2 (n=2)

RCTs excluded from meta-analysis of treatment efficacy (n=8):
  No dichotomous data could be extracted (n=3)
  Different type of continuous data reported, which cannot be converted (n=1)
  Investigated different classes of drugs, and data could not be combined (n=4)

RCTs excluded from meta-analysis of withdrawals related to adverse events (n=4):
  Studies investigated different classes of drugs, and data could not be combined (n=4)

Fig 1 | Identification and inclusion of studies. RCT=randomised controlled trial

50% reduction of pain

Eisenberg 2001w7

Subtotal (95% CI)

Total events: 12 (anticonvulsant), 5 (placebo)

Test for heterogeneity: not applicable

Test for overall effect: z=1.75, P=0.08

Moderate relief of pain

Kochar 2002w13

Rull 1969w5

Subtotal (95% CI)

Total events: 14 (anticonvulsant), 2 (placebo)

Test for heterogeneity: χ2=0.79, df=1, P=0.38, I 2=0%

Test for overall effect: z=2.99, P=0.003

Total (95% CI)

Total events: 26 (anticonvulsant), 7 (placebo)

Test for heterogeneity: χ2=2.35, df=2, P=0.31, I 2=14.7%

Test for overall effect: z=2.98, P=0.003
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Fig 2 | Treatment efficacy of traditional anticonvulsants versus placebo
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of intravenous analgesics, intramuscular analgesics, or
Chinese herbalmedicine.We included full text reports
published in English.

Quality assessment

We used a three item, 1-5 quality scale to score each
report that met the inclusion criteria.12 We excluded
studies without randomisation and blinding and trials
with a quality score of 2 or less.We also assessed use of
concealment and intention to treat analysis. Lastly, we
did not consider trials with a sample size under 10. Two
of the three reviewers made quality assessments, and
disputes were settled by consensus.

Data extraction

We selected studies for retrieval from the library by
reviewing the information from the title and abstract
against our inclusion criteria. On the basis of their

titles, we retrieved studies identified from the reference
list of the available articles. We compared full reports
of the studies with the inclusion criteria to determine
their relevance to the systematic review. Two
reviewers extracted data independently to examine
characteristics of studies and patients, efficacy, and
side effects.

We sent 25 letters to authors for further information
on their published reports, includingmethod of rando-
misation, concealment, double blinding, outcome
measures, and reason for dropouts. Two of them
replied.w1 w2

Outcome

Wedefined clinical success as about a 50% reduction in
pain. This was the number of patients with a “moder-
ate,” “good,” or “notable” improvement in global
assessment of treatment or at least moderate pain relief

Rull 1969w5

Eisenberg 2001w7

Kochar 2002w13

Kochar 2004w14

Total (95% CI)

Total events: 4 (anticonvulsant), 2 (placebo)

Test for heterogeneity: χ2=0.61, df=2, P=0.74, I 2=0%

Test for overall effect: z=0.53, P=0.6
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Weight
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1.51 (0.33 to 6.96)

Odds ratio
(random) (95% CI)

Odds ratio
(random) (95% CI)
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Fig 3 | Withdrawals related to adverse events for traditional anticonvulsants versus placebo

50% reduction of pain

Dogra 2005w8

Rosenstock 2004w10

Lesser 2004w12

Subtotal (95% CI)

Total events: 91 (treatment), 41 (control)

Test for heterogeneity: χ2=1.11, df=2, P=0.57, I 2=0%

Test for overall effect: z=5.52, P<0.0001

Moderately improved in patient global impression of change

Backonja 1998w6

Subtotal (95% CI)

Total events: 47 (treatment), 25 (control)

Test for heterogeneity: not applicable

Test for overall effect: z=3.28, P=0.001

Total (95% CI)

Total events: 138 (treatment), 66 (control)

Test for heterogeneity: χ2=1.20, df=3, P=0.75, I 2=0%

Test for overall effect: z=6.41, P<0.0001
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Fig 4 | Treatment efficacy of newer generation anticonvulsants versus placebo
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Characteristics of included studies

Drug class Trial Active drug Daily dose (mg) No
Age

(mean) Design
Jadad
score Concealment ITT*

Treatment
period

Follow-up
(efficacy of treatment)

Topical treatment

Capsaicin cream Capsaicin
study group
1991w3

0.075% capsaicin Apply four times
daily

277 60 Parallel 4 NM Yes (for
PGE)

8 weeks Completion of treatment

Isosorbide
dinitrate spray

Yuen 2002w4 Isosorbide dinitrate Spray both feet
with 30 mg

before bedtime

22 63.7 Crossover,
two week
washout

4 NM No 4 weeks Completion of treatment

Oral treatment

Anticonvulsant Rull 1969w5 Carbamazepine 200-600 30 54.2 Crossover,
no washout

4 NM No 2 weeks Completion of treatment

Backonja
1998w6

Gabapentin 3600 165 53 Parallel 5 NM Yes 8 weeks Completion of treatment

Eisenberg
2001w7

Lamotrigine 25-400 59 55 Parallel 3 NM No 8 weeks Completion of treatment

Dogra
2005w8

Oxcarbazepine 1445 (mean) 146 60 Parallel 5 Yes Yes 16 weeks Completion of treatment

Beydoun
2006w9

Oxcarbazepine 600/1200/
1800

347 60 Parallel 5 Yes Yes 16 weeks Completion of treatment

Rosenstock
2004w10

Pregabalin 300 146 59.7 Parallel 5 Yes No 8 weeks Completion of treatment

Richter
2005w11

Pregabalin 150/600 246 57 Parallel 5 NM Yes 6 weeks Completion of treatment

Lesser
2004w12

Pregabalin 75/300/600 337 59.9 Parallel 5 Yes Yes 5 weeks Five weeks for double
blind period

Kochar
2002w13

Sodium valproate 1200 57 56 Parallel 3 Yes Yes 4 weeks Completion of treatment

Kochar
2004w14

Sodium valproate 1000 43 55 Parallel 5 NM No 3 months Completion of treatment

Antidepressant:

TCA Max 1987w15 Amitriptyline 25-100 37 57
(median)

Crossover,
no washout

4 NM No 6 weeks Completion of treatment

Max 1991w16 Desipramine 201 (mean) 24 62
(median)

Crossover,
no washout

4 NM No 6 weeks Completion of treatment

Kvinesdal
1984w17

Imipramine 100 15 54 Crossover,
no washout

4 NM No 5 weeks Completion of treatment

SSRI Sindrup
1992w1

Citalopram 40 18 56
(median)

Crossover,
one week
washout

4 NM No 3 weeks Completion of treatment

SNRI Goldstein
2005w18

Duloxetine 20/60/120 457 60 Parallel 4 Yes Yes 12 weeks Completion of treatment

Raskin
2005w19

Duloxetine 60/120 348 58.8 Parallel 5 Yes Yes 12 weeks Completion of treatment

Ion channel
blocker

Dejgard
1988w20

Mexiletine 10 mg/kg 16 50
(median)

Crossover,
four week
washout

3 NM No 10 weeks Completion of treatment

Oskarsson
1997w21

Mexiletine 225/450/675 126 53.5 Parallel 3 NM No 3 weeks Completion of treatment

Wright
1997w22

Mexiletine 600 31 50 Parallel 3 NM Yes 3 weeks Upon completing
treatment

NMDA antagonist Nelson
1997w23

Dextromethorphan 381 (mean) 14 54
(median)

Crossover,
one week
washout

5 NM No 6 weeks Completion of treatment

Opioid Gimbel
2003w24

Controlled release
oxycodone

10-120 159 59 Parallel 5 Yes Yes 42 days Completion of treatment

Watson
2003w2

Controlled release
oxycodone

10-80 45 63 Crossover,
no washout

5 Yes Yes 4 weeks Completion of treatment

Harati
1998w25

Tramadol 200-400 125 59 Parallel 5 Yes Yes 42 days Completion of treatment

ITT=intention to treat analysis; NM=not mentioned; NMDA=N-methyl-D-aspartate; PGE=physician’s global evaluation; SNRI=serotonin noradrenaline reuptake inhibitor; SSRI=selective
serotonin reuptake inhibitor; TCA=tricyclic antidepressant.

RESEARCH

page 4 of 10 BMJ | ONLINE FIRST | bmj.com



on a suitable categorical scale. Secondary outcomes
were 30% reduction in pain and the number of patients
who withdrew as a result of adverse events.

Data analysis

We combined the results and expressed them as odds
ratios with 95% confidence intervals, using a random
effect model, for the studies with sufficient data. We
usedReviewManager 4.2 for all statistical calculations.
We assessed homogeneity with the I 2 statistic for stu-
dies with sufficient data, and for the studies without
sufficient data we assessed homogeneity visually. We
based a subgroup analysis on different classes of drugs.
We followed QUOROM guidelines.13

RESULTS

Description of the studies

Wescreened1231 citations for eligibility;we identified
no eligible study on non-steroidal anti-inflammatory

drugs. We retrieved 32 full text articles published in
English. Three studies used mixed patient groups,14-16

two studies did not use randomisation,17 18 and the
Jadad score was ≤2 in two studies19 20; we excluded all
these studies. Finally, we included 25 articles that met
the inclusion criteria,w1-w25 and 17 of them were
included in the meta-analysis of treatment efficacy
(fig 1). The table shows the characteristics and metho-
dological quality of the included studies.

Anticonvulsants

Ten trials, with a total of 1576 patients, investigated
traditional and newer generation anticonvulsants,
including sodium valproate,w13 w14 gabapentin,w6

lamotrigine,w7 carbamazepine,w5 pregabalin,w10-w12 and
oxcarbazepine.w8 w9 The carbamazepine trial used a
crossover design. Two of the pregabalin studies and
one of the oxcarbazepine studies were dose response
trials.w9 w11 w12 The treatment period varied from two

Beydoun 2006w9

Dogra 2005w8

Rosenstock 2004w10

Backonja 1998w6

Lesser 2004w12

Total (95% CI)

Total events: 57 (treatment), 22 (control)

Test for heterogeneity: χ2=4.03, df=4, P=0.40, I 2=0.8%

Test for overall effect: z=4.03, P<0.0001

Study or sub-category

19/69 

20/87 

8/76 

7/84 

3/81 

397

Treatment
(n/N)

6/77 

6/89 

2/70 

5/81 

3/97 

414

Control
(n/N)

28.66 

29.80 

11.18 

19.76 

10.60 

100.00

Weight
(%)

4.50 (1.68 to 12.06)

4.13 (1.57 to 10.87)

4.00 (0.82 to 19.53)

1.38 (0.42 to 4.54)

1.21 (0.24 to 6.14)

2.98 (1.75 to 5.07)

Odds ratio
(random) (95% CI)

Odds ratio
(random) (95% CI)

0.1 0.2 0.5 1 2 5 10

Favours
treatment

Favours
control

Fig 5 | Withdrawals related to adverse events for newer generation anticonvulsants versus placebo

Notable improvement in global assessment

Kvinesdal 1984w17

Subtotal (95% CI)

Total events: 7 (TCA), 0 (placebo)

Test for heterogeneity: not applicable

Test for overall effect: z=2.28, P=0.02

Moderate relief of pain

Max 1987w15

Max 1991w16

Subtotal (95% CI)

Total events: 30 (TCA), 2 (placebo)

Test for heterogeneity: χ2=1.97, df=1, P=0.16, I 2=49.1%

Test for overall effect: z=2.80, P=0.005

Total (95% CI)

Total events: 37 (TCA), 2 (placebo)

Test for heterogeneity: χ2=2.03, df=2, P=0.36, I 2=1.5%

Test for overall effect: z=4.54, P<0.0001
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26.16 (2.67 to 256.42)
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Fig 6 | Treatment efficacy of tricyclic antidepressants (TCA) versus placebo
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weeks to three months. We extracted no efficacy data
from one of the studies on sodium valproate.w14 We
extracted data on 300 mg pregabalin, 1200 mg oxcar-
bazepine, and the first treatment period in the carba-
mazepine trial for meta-analysis.w5 w9 w10 w12 We
analysed data on 600 mg pregabalin separately.w11 w12

We categorised anticonvulsants into two groups—tra-
ditional anticonvulsants and newer generation anti-
convulsants.
The pooled odds ratio of treatment efficacy with tra-

ditional anticonvulsants was 5.33 (95% confidence
interval 1.77 to 16.02) (fig 2). The pooled odds ratio
for withdrawal related to adverse events with tradi-
tional anticonvulsants was 1.51 (0.33 to 6.96) (fig 3).
The pooled odds ratio of treatment efficacy with

newer generation anticonvulsants was 3.25 (2.27 to
4.66) (fig 4). The pooled odds ratio for withdrawal
related to adverse events with traditional anti-
convulsants was 2.98 (1.75 to 5.07) (fig 5).
The odds ratios in terms of 50%pain relief with preg-

abalin 600 mg daily and pregabalin 300 mg daily were
3.96 (2.5 to 5.55) and 3.95 (2.34 to 6.66). The odds
ratios in terms of withdrawal related to adverse effects
were 2.81 (1.13 to 7.04) for pregabalin 600 mg daily
and 2.23 (0.68 to 7.26) for pregabalin 300 mg daily.
The odds ratios in terms of 30% pain relief with prega-
balin 300mg and600mgdailywere 3.28 and3.84. The
odds ratio in terms of 30% pain relief with oxcarbaze-
pine 1445 mg was 2.04.
The common side effects from use of anti-

convulsants were somnolence and dizziness, and the
major adverse reaction was liver derangement. Two

participants withdrew from studies because of liver
derangement.w13 w14

Antidepressants

Four trials with a total of 94 patients investigated the tri-
cyclic antidepressants desipramine,w16 imipramine,w17

andamitriptylinew15 and the selective serotonin reuptake
inhibitor citalopram.w1 All of them were crossover
studies with treatment periods between three and six
weeks. Only one study had a one week washout
period: we extracted the data from both treatment
periods of this study.w1

Although we could extract no data from the pub-
lished report on citalopram, this study used published
data from a previous study.21 The odds ratio in terms of
50% pain relief with citalopram was 3.5 (0.3 to 38.2),
and the odds ratio for withdrawal related to adverse
events was 5.6 (0.3 to 125.5). The pooled odds ratio
for treatment efficacy of tricyclic antidepressants was
22.24 (5.83 to 84.75) (fig 6). The pooled odds ratio for
adverse effect related withdrawal from tricyclic anti-
depressants was 2.32 (0.59 to 9.69) (fig 7). The most
common adverse effect related to withdrawal was dry
mouth and sedation.

Serotonin noradrenaline reuptake inhibitor

Two trials with a total of 805 patients investigated
duloxetine.w18 w19 Both trials used a 12 week parallel
group design, and both of them were dose response
trials. The pooled odds ratio in terms for 50% pain
relief with duloxetine 60 mg was 2.55 (1.73 to 3.77)
(fig 8), and the odds ratio for withdrawal related to

Kvinesdal 1984w17

Max 1987w15

Max 1991w16

Total (95% CI)

Total events: 6 (TCA), 2 (placebo)

Test for heterogeneity: χ2=0.52, df=2, P=0.77, I 2=0%

Test for overall effect: z=1.16, P=0.25

0.1 0.2 0.5 1 2 5 10

Study or sub-category

1/15 

3/37 

2/24 

76
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(n/N)

0/15 

2/37 

0/24 

76

Placebo
(n/N)

18.98 

59.63 

21.39 

100.00

Weight
(%)

3.21 (0.12 to 85.20)

1.54 (0.24 to 9.82)

5.44 (0.25 to 119.63)

2.32 (0.56 to 9.69)

Odds ratio
(random) (95% CI)

Odds ratio
(random) (95% CI)

Favours
treatment

Favours
control

Fig 7 | Withdrawals related to adverse events for tricyclic antidepressants (TCA) versus placebo

Raskin 2005w19

Goldstein 2005w18

Total (95% CI)

Total events: 112 (duloxetine 60 mg), 63 (placebo)

Test for heterogeneity: χ2=0.15, df=1, P=0.70, I 2=0%

Test for overall effect: z=4.71, P<0.0001

0.1 0.2 0.5 1 2 5 10
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29/115 
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Weight
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Fig 8 | Treatment efficacy of duloxetine 60 mg versus placebo
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adverse eventswas 2.36 (1.05 to 5.35) (fig 9). For dulox-
etine 120 mg, the odds ratios were 2.10 (1.03 to 4.27)
for 50% pain relief (fig 10) and 4.65 (2.18 to 9.94) for
withdrawal related to adverse events (fig 11). Themost
frequently reported adverse events were nausea, som-
nolence, dizziness, and constipation.

Ion channel blockers

Three trials investigated mexiletine in a total of 173
patients. One trial used a crossover design,w20 and
another was a dose response study.w21 The pooled
weightedmean difference of themean score on a visual
analogue scale for pain intensity formexiletine 600mg
and 720 mg versus placebo was −1.87 (−2.64 to −1.11)
(fig 12). One study reported no statistical differences
between mexiletine 600-675 mg and a placebo with a
three week treatment period.w22

The pooled odds ratio for adverse effect relatedwith-
drawal frommexiletine was 1.08 (0.13 to 8.80) (fig 13).
The adverse effects related to withdrawal were itching,
pain, headache, nausea, and vomiting.w22

N-methyl-D-aspartate antagonists

Only one trial, with a total of 14 patients, investigated
dextromethorphan.w23 This trial used a crossover
design, with a six week treatment period and a one
week washout. We could not extract the data for the
first treatment period, so we based the calculation on
the data for the whole treatment period. The odds ratio
in terms of 50% pain relief with a mean daily dose of
381 mg dextromethorphan was 31.2 (1.5 to 633.1). No
extractable dichotomous data on adverse events
related to withdrawal have been published.

Opioids

Three trials with a total of 329 patients investigated
controlled release oxycodone and tramadol.w2 w24 w25

One of the controlled release oxycodone trials used a
crossover design.w2 In another trial, a 37 mg average
daily dose of controlled release oxycodone reportedly
had a superior analgesic effect compared with
placebo.w24

Although we could extract no data from the pub-
lished report on tramadol, this study used and pub-
lished data from a previous study.21 The odds ratio of
50% pain relief was 3.8 (1.8 to 8.0) for tramadol at an
average daily dose of 210 mg. The pooled odds ratio
for treatment efficacy of opioids was 4.25 (2.33 to 7.77)
(fig 14).

The pooled odds ratio for withdrawal from opioids
related to adverse events was 4.06 (1.16 to 14.21)
(fig 15). The most common adverse events related to
use of controlled release oxycodone were constipation,
somnolence, and nausea. The withdrawal related
adverse events for tramadolwere dyspepsia andnausea.
Common adverse events related to use of tramadol
were nausea, constipation, headache, and somnolence.

Topical agents

One trial with a total of 22 patients investigated isosor-
bide dinitrate spray.w4 This trial used a crossover
design, with a four week treatment period and a two
week washout. However, we could extract no dichot-
omous data from the published reports. The author
reported that significant relief from burning sensation
occurred in the treatment group.

Raskin 2005w19

Goldstein 2005w18

Total (95% CI)

Total events: 20 (duloxetine 60 mg), 9 (placebo)

Test for heterogeneity: χ2=0.29, df=1, P=0.59, I 2=0%

Test for overall effect: z=2.07, P=0.04
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Weight
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2.36 (1.05 to 5.35)
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treatment
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control

Fig 9 | Withdrawals related to adverse events for duloxetine 60 mg versus placebo

Raskin 2005w19

Goldstein 2005w18

Total (95% CI)

Total events: 101 (duloxetine 120 mg), 63 (placebo)

Test for heterogeneity: χ2=3.28, df=1, P=0.07, I 2=69.5%

Test for overall effect: z=2.04, P=0.04

0.1 0.2 0.5 1 2 5 10
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Duloxetine 120 mg
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control
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Fig 10 | Treatment efficacy of duloxetine 120 mg versus placebo
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One trial with a total of 277 patients investigated
0.075% capsaicin cream.w3 This trial used an eight
week parallel group design, and the capsaicin cream
was applied to the skin four times daily. The odds
ratio in terms of 50% pain relief was 2.37 (1.32 to
4.26), and the odds ratio of withdrawal related to
adverse events was 4.02 (1.45 to 11.16). Themost com-
mon adverse eventswere a burning sensation at the site
of application, coughing or sneezing, accidental irrita-
tion to other body parts, and rashes.

DISCUSSION

Our systematic review shows that tricyclic anti-
depressants, traditional anticonvulsants, and opioids
have better efficacy than newer generation anti-
convulsants, a selective serotonin reuptake inhibitor,
and a serotonin noradrenaline reuptake inhibitor for

relieving the pain of diabetic neuropathy. Most trials
were of goodmethodological quality, although sample
size was small and some of the trials used a crossover
design without a washout period.
Some of the trials included in this review used the

crossover method; only four of them mentioned
using a washout period. In a study with no washout
period, the carryover effect may not be eliminated
from the first period of the treatment effect; we there-
fore used only the data from the first period to calculate
the efficacy of the drugs (if we could extract the data).
However, this may lead to selection bias, resulting in
an underestimation of the effect of the drug.22 w3 In
Rull’s study, the odds ratio was 33 when calculated
for the first treatment period and 18.31 when calcu-
lated for the whole treatment period.w5 Therefore,
interpretation of systematic review results should be

Raskin 2005w19

Goldstein 2005w18

Total (95% CI)

Total events: 36 (duloxetine 120 mg), 9 (placebo)

Test for heterogeneity: χ2=0.04, df=1, P=0.84, I 2=0%

Test for overall effect: z=3.97, P<0.0001
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Fig 11 | Withdrawals related to adverse events for duloxetine 120 mg versus placebo

Dejgard 1988w20

Wright 1997w22

Total (95% CI)

Test for heterogeneity: χ2=0.02, df=1, P=0.88, I 2=0%

Test for overall effect: z=4.80, P<0.0001 -10 -5 0 5 10
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2.70 (1.10) 
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Favours
treatment

Favours
control

Fig 12 | Weighted mean differences in mean visual analogue scale score for pain intensity with mexiletine versus placebo
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Oskarsson 1997w21

Wright 1997w22

Total (95% CI)

Total events: 2 (mexiletine), 2 (placebo)

Test for heterogeneity: not applicable

Test for overall effect: z=0.07, P=0.94
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Fig 13 | Withdrawals related to adverse events for mexiletine versus placebo
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cautious when both crossover and parallel studies are
included.
A single study investigated N-methyl-D-aspartate

antagonists, and estimating the effect of the drug on
the basis of only one study is difficult. For ion channel
blockers, three trials reported contradictory results, so
we could not calculate the efficacy of this treatment.
Although the odds ratio of 50%pain relief for tramadol
was 3.8, that for withdrawal related to adverse events
was greater for tramadol than for other treatments,
which may reduce the generalisability of the findings

for this drug. For anticonvulsants, the odds ratio for
50% pain relief was greater with traditional anti-
convulsants than with newer generation anti-
convulsants. In contrast, the odds ratio for
withdrawals related to adverse events was greater for
newer generation anticonvulsants than for traditional
anticonvulsants. This may be related to the use of dif-
ferent inclusion criteria and treatment periods. Finally,
the treatment period was less then six months in all of
the studies, so the long termeffect of these drugs cannot
be judged.

Painful symptoms reported by patients with diabetic
neuropathyhavebeen frequently documented.Neuro-
pathic pain symptoms are reported in 3-20%of patients
with diabetic neuropathy.6 7 23 24 Pain paroxysms, deep
aching pain, and hot or burning pain have often been
described.25 26 In the clinical setting, management
focuses on two aspects: disease modifying treatment
such as glycaemic control and the use of various
kinds of analgesics to reduce the intensity of the pain.
Although pain intensity may not be sufficient to reflect
the outcome of treatment, it is a common outcome
measure in clinical research. Few studies reported
treatment efficacy for different qualities of pain such
as allodynia and burning pain.w4 w11 w18 The efficacy of
drug treatment may be underestimated, especially for
particular painful symptoms.

Conclusions

Although an increasing number of trials have investi-
gated different kinds of drugs to manage neuropathic

Harati 1998w25

Watson 2003w2

Total (95% CI)

Total events: 64 (opioid), 31 (placebo)

Test for heterogeneity: χ2=0.23, df=1, P=0.63, I 2=0%

Test for overall effect: z=4.70, P<0.0001
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Fig 14 | Treatment efficacy of opioids versus placebo
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Total events: 23 (opioid), 6 (placebo)

Test for heterogeneity: χ2=2.99, df=2, P=0.22, I 2=33.0%

Test for overall effect: z=2.19, P=0.03

Study or sub-category

9/63 

7/82 

7/42 

190

Opioid
(n/N)

1/64 

4/77 

1/45 

186

Placebo
(n/N)

26.07 

48.61 
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Fig 15 | Withdrawals related to adverse events of opioids versus placebo
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Fig 16 | Proposed treatment algorithm for painful diabetic

neuropathy
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pain, anticonvulsants and antidepressants are still the
options most commonly used for painful diabetic neu-
ropathy. Long term studies of the efficacy and adverse
effects of anticonvulsants and antidepressants are
needed, as these drugs are commonly used in clinical
setting. Further studies are needed on ion channel
blockers, N-methyl-D-aspartate antagonists, and
opioids, as well as non-pharmacological strategies.
In addition, their treatment efficacy for common
painful symptoms needs to be explored. Finally, we
propose a treatment algorithm based on the available
data (fig 16).
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Current guidelines recommend the use of antidepressants and anticonvulsants in the
treatment of painful diabetic neuropathy

WHAT THIS STUDY ADDS

Oral tricyclic antidepressants and traditional anticonvulsants are better for short term pain
relief than newer generation anticonvulsants

Evidence of the long term effects of oral antidepressants and anticonvulsants is still lacking
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