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Abstract
Pain is frequent in diabetic neuropathy and is very hard to manage. Antiepileptic drugs have
been used in treating pain for several decades. Their effectiveness has been described in
different types of neuropathic pain, but when used as analgesics in painful diabetic
neuropathy it still remains controversial. To clarify this effectiveness, a meta-analysis was
performed to determine which antiepileptic drug had the best analgesic potential for
managing pain in patients suffering from painful diabetic neuropathy. The search covered
the Cochrane, MEDLINE, EMBASE, and LILACS databases, between January 1966 and
September 2005. The following information was obtained from each article: criteria for
diagnosing diabetic neuropathy, patients’ age average, antiepileptic drug received and dose,
sample size, duration of the disease and treatment follow-up, outcome measurement,
evaluation of pain, and rescue medication. A combined 2.33 relative risk (95% confidence
interval [CI] 1.88e2.88) was obtained; this result indicated that the antiepileptic drugs
studied were effective for controlling pain in diabetic neuropathy. The corresponding
necessary number to treat (NNT) values were established for evaluating which antiepileptic
drug was most effective as an analgesic, according to our interests; pregabalin was shown to
be the antiepileptic drug having the lowest NNT (NNT¼ 3.24 and 95% CI 2.12e6.81) for
achieving greater than 50% analgesia in patients suffering from painful diabetic
neuropathy. Antiepileptic drugs are frequently used in the specific case of diabetic
neuropathy; the combined result of this meta-analysis has demonstrated their analgesic
benefit. J Pain Symptom Manage 2007;34:201e208. � 2007 U.S. Cancer Pain Relief
Committee. Published by Elsevier Inc. All rights reserved.

Key Words
Diabetic neuropathies, pain, anticonvulsants, neuropathy, treatment, meta-analysis,
randomized controlled trials
There is no actual or potential financial or other
conflict of interest related to the manuscript.

Address reprint requests to: Angela M. Gutierrez-Alvarez,
MD, Universidad del Rosario, Research Office,
School of Medicine, Calle 63D No. 24e31, Bogotá,
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Introduction
Pain is one of diabetic neuropathy’s most

common and incapacitating symptoms; its phar-
macological control is difficult. Pain treatment
thus represents one of the greatest challenges
in the clinical management of this disease.1,2

Neuropathy is one of the most frequent
complications of diabetes.3 Its incidence
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increases with the duration of the disease, and
over time, as many as 50% of patients can be
affected.4,5 It is a heterogeneous disorder
that may affect sensory, motor, and autonomic
nerves.3,6 The commonest type is a symmetric
distal sensorimotor polyneuropathy, in which
pain is a predominant symptom.7

Antiepileptic drugs have been used in treat-
ing pain for several decades. Their effective-
ness has been described in different types of
neuropathic pain,8e11 but their effectiveness
when used as analgesics in painful diabetic
neuropathy remains controversial. Given the
appearance of new antiepileptic drugs on the
market, systematic and rigorous evaluation of
their effectiveness in managing painful dia-
betic neuropathy has become necessary when
making evidence-based clinical recommenda-
tions. To clarify the evidence, a meta-analysis
was performed to determine which antiepilep-
tic drugs have the best analgesic potential for
managing pain in patients suffering from pain-
ful diabetic neuropathy.

Materials and Methods
A search was carried out and systematic

selection was made of all clinical trials for
analgesic treatment of diabetic neuropathy
with antiepileptic drugs that had been pub-
lished between January 1966 and September
2005. The search covered the Cochrane, MED-
LINE, EMBASE, and LILACS databases, using
combinations of the following MeSH terms:
‘‘diabetic neuropathies,’’ ‘‘pain,’’ ‘‘anticonvul-
sants,’’ ‘‘therapy (subheading),’’ ‘‘treatment
outcome,’’ ‘‘therapies, investigational,’’ ‘‘neu-
ropathy,’’ and ‘‘treatment.’’ The only search
limits imposed were human clinical trials and
publications in English or Spanish. The search
was done electronically; the titles and content
of the summaries of corresponding articles
were analyzed and the complete text was ob-
tained of those considered to be pertinent.
All references presented in each article were
reviewed. The following journals were manu-
ally consulted for identifying other relevant ar-
ticles: Acta Neurologica Scandinavica, Archives
of Internal Medicine, British Medical Journal,
Journal of the American Medical Association,
Neurology, New England Journal of Medicine,
Pain, Revista de Neurologı́a, and The Lancet.
Those randomized clinical trials (RCTs) com-
paring a product with a placebo were included
if they studied the analgesic effect of antiepi-
leptic drugs in adults suffering from painful
diabetic neuropathy (i.e., evaluated in such
a way that improvement could be objectively
measured). Excluded studies included those
that contained no relevant categorical mea-
surements, case reports, summarized publica-
tions, and studies of treatments still in the
research phase. All studies were independently
read by all three current authors and the valid-
ity of each trial to be included was based on
five parameters: method of assigning partici-
pants to an intervention within the study,
blinding, follow-up, definitions regarding
cases, and clinical results. Jadad et al.’s guide-
lines12 also were followed, and an assessment
performed (Table 1).

The following information was obtained
from each article: criteria for diagnosing
diabetic neuropathy, patients’ age average,
antiepileptic drug received and dose, sample
size, duration of the disease and treatment
follow-up, outcome measurement, evaluation
of pain, and rescue medication. Any discrep-
ancy was resolved by consensus.

Statistical Analysis
The data were set out in contingency tables

in which the rows showed exposure to antiepi-
leptic drug and the columns improvement
regarding pain; the response variable was

Table 1
Assessment Using Jadad et al.’s Guidelinesa

Study Year
Jadad et al.’s

Score

1. Rulldcarbamazepine13 1969 3
2. Chaddadphenytoin14 1978 2
3. Backonjadgabapentin15 1998 5
4. Gorsondgabapentin16 1999 2
5. Eisenbergdlamotrigine17 2001 5
6. Kochardvalproic acid18 2002 3
7. Lesserdpregabalin 60019 2004 5
8. Lesserdpregabalin 30019 2004 5
9. Ottodvalproic acid20 2004 5
10. Raskindtopiramate21 2004 5
11. Rosenstockdpregabalin22 2004 5
12. Dogradoxcarbazepine23 2005 5
13. Freynhagendpregabalin24 2005 3
14. Freynhagendpregabalin24 2005 3
15. Richterdpregabalin25 2005 5

aJadad et al.’s scale to judge the quality of trials is based on the
following parameters: randomization, blinding, and withdrawals
description (maximum 5; minimum 1).



Vol. 34 No. 2 August 2007 203Antiepileptic Drugs in Painful Diabetic Neuropathy
binary. Measurement of effect was defined as
relative risk (RR). The following tests were per-
formed: 1) DerSimonian and Laird’s test and
Galbraith’s plot for establishing heterogenic-
ity; 2) individual and combined results table
for fixed and random effects model, and
meta-analysis and accumulated meta-analysis
plots for combining results; and 3) funnel
plot and Begg and Egger’s tests for publication
bias. Pan-American Health Organization Epi-
dat software (version 3.0, December 2003)
was used for the meta-analysis (a program for
epidemiological analysis of tabulated data).
Necessary number to treat (NNT) values were
calculated for each antiepileptic drug, as well
as NNT 95% confidence interval (CI) based
on the following formulae: NNT¼ 1/ARR
and 95% CI NNT¼reciprocal of ARR 95% CI.

ARR 95% CI¼ ARR� 1:96 SEARR

where ARR¼ absolute risk reduction.

Results
This research included 2035 adult patients

from 15 RCTs13e25 published between 1969
and 2005. The analgesic effects of the follow-
ing antiepileptic drugs were investigated:
carbamazepine, phenytoin, gabapentin, lamo-
trigine, valproic acid, pregabalin, topiramate,
and oxcarbazepine (Table 2). Patients had
been randomly assigned to the intervention
group or control group in all studies. The vari-
able used was some degree of improvement of
pain (as measured by an objective test) and RR
as measurement of effect.
Four studies26e29 were excluded from the
analysis because they did not provide suffi-
cient categorical data for drawing up contin-
gency tables. Another three studies30e32 did
not fulfill all the selection criteria. The Q test
proposed by DerSimonian and Laird33 was
used for evaluating the degree of heterogenic-
ity and determining whether the results from
different studies could be summarized in just
one measurement; this indicated a 95% confi-
dence level and statistical evidence of hetero-
genicity (P¼ 0.0001, Chi-square¼ 41.73 with
14 df). A clear influence of studies by Rull
et al.,13 Otto et al.,20 and Rosenstock et al.22

was noted as they have contributed most to-
ward heterogenicity; values were seen to be
outside Galbraith’s plot confidence bands
(Fig. 1).

Given the heterogenicity obtained, sub-
group analysis was undertaken, which included
1129 patients from 6 RCTs carried out between
2004 and 2005, which evaluated the change to
oxcarbazepine, pregabalin, or topiramate. All
these studies explicitly reported the number
of patients improved by more than 50% in
terms of perception of pain, respecting the
baseline, and evaluated improvement of pain
using very similar parameters. The results ob-
tained when analyzing the subgroup are shown
in Table 3 and Fig. 2. Freynhagen et al.’s
study24 was excluded (in spite of being meth-
odologically similar to the other subgroup
analysis studies), as it did not allow data corre-
sponding to patients suffering from neuropa-
thy who had antecedents of diabetes to be
identified.
Table 2
Meta-Analysis of 15 RCTs Analyzing Any Degree of Analgesia

from Different Anticonvulsants in Diabetic Neuropathy

Study Year n RR 95% CI

1. Rulldcarbamazepine13 1969 60 1.12 0.93, 1.35
2. Chaddadphenytoin14 1978 76 2.80 1.59, 4.93
3. Backonjadgabapentin15 1998 162 1.84 1.28, 2.64
4. Gorsondgabapentin16 1999 40 2.09 1.24, 3.50
5. Eisenbergdlamotrigine17 2001 53 2.12 1.26, 3.55
6. Kochardvalproic acid18 2002 52 3.43 1.52, 7.74
7. Lesserdpregabalin 60019 2004 177 1.96 1.42, 2.71
8. Lesserdpregabalin 30019 2004 177 1.85 1.33, 2.58
9. Ottodvalproic acid20 2004 62 0.37 0.11, 1.28
10. Raskindtopiramate21 2004 317 1.46 1.08, 1.96
11. Rosenstockdpregabalin22 2004 146 4.60 2.04, 10.39
12. Dogradoxcarbazepine23 2005 146 1.57 1.01, 2.44
13. Freynhagendpregabalin24 2005 197 1.80 1.28, 2.54
14. Freynhagendpregabalin24 2005 206 1.59 1.13, 2.25
15. Richterdpregabalin25 2005 164 2.67 1.48, 4.80
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DerSimonian and Laird’s heterogenicity test
for the subgroup consisting of the six selected
RCTs indicated 95% confidence level; however,
there was no evidence of statistical heteroge-
nicity (P¼ 0.28, Chi-square¼ 6.42 with 5 df).
This result agreed with that observed in the
Galbraith plot (Fig. 3).

A funnel plot was used for discarding publi-
cation bias (Fig. 4) and for contrasting the null
hypothesis regarding the absence of Begg34

Fig. 1. Galbraith’s plot for determining the degree
of heterogenicity, where: 1. Rulldcarbamazepine, 2.
Chaddadphenytoin, 3. Backonjadgabapentin, 4.
Gorsondgabapentin, 5. Eisenbergdlamotrigine,
6. Kochardvalproic acid, 7. Lesserdpregabalin
600, 8. Lesserdpregabalin 300, 9. Ottodvalproic
acid, 10. Raskindtopiramate, 11. Rosenstockdpre-
gabalin, 12. Dogradoxcarbazepine, 13. Freynha-
gendpregabalin, 14. Freynhagendpregabalin, and
15. Richterdpregabalin. The Rull et al.,13 Otto
et al.,20 and Rosenstock et al.22 studies have contrib-
uted toward heterogenicity, because values were out-
side Galbraith’s plot confidence bands.

Table 3
Analysis of the Subgroup of Six RCTs Analyzing

the Analgesic Effect (>50% with Regard
to Baseline) of Different Anticonvulsants

in Diabetic Neuropathy

Study Year n RR 95% CI

Lesserdpregabalin 600 2004 178 2.75 1.69, 4.47
Lesserdpregabalin 300 2004 178 2.61 1.59, 4.27
Raskindtopiramate 2004 317 1.69 1.12, 2.53
Rosenstockdpregabalin 2004 146 4.60 2.04, 10.39
Dogradoxcarbazepine 2005 146 1.91 1.09, 3.39
Richterdpregabalin 2005 164 2.67 1.48, 4.80

Fixed effects 1129 2.33 1.88, 2.89
Random effects 1129 2.37 1.85, 3.04
(P¼ 0.45, Z¼ 0.75) and Egger test35 (P¼ 0.09,
t¼ 2.18 with 4 df) publication bias. NNTs
were calculated with their respective CIs for
antiepileptic drugs included in the definitive
meta-analysis (Fig. 5).

Discussion
Pain is frequent in diabetic neuropathy and is

very hard to manage. Tricyclic antidepres-
sants31,36,37 have generally been proposed for

Fig. 3. Galbraith’s plot for determining the degree
of heterogenicity when analyzing the subgroup of
six RCTs. There was no evidence of statistical heter-
ogenicity, because there were no studies outside
Galbraith’s plot confidence bands.

Fig. 2. RCT subgroup forest plot, where b ¼ lesser-
pregabalin 600, c ¼ lesser-pregabalin 300, d ¼ Ras-
kin-topiramate, e ¼ Rosenstock-pregabalin, a ¼
Dogra-oxcarbazepine, f ¼ Richter-pregabalin.



Vol. 34 No. 2 August 2007 205Antiepileptic Drugs in Painful Diabetic Neuropathy
treating neuropathic pain as first-line medica-
tions and antiepileptic drugs have been consid-
ered to be second-line medications due to their
ability to suppress neuronal hyperexcitability.38

Even though managing pain is ideally achieved
by improving patients’ condition with just one
medication, around 30% of patients suffering
from neuropathic pain do not respond suitably
to monotherapy. Combined therapy38 must,
therefore, be provided in such cases. Antiepi-
leptic drugs are frequently used in the specific
case of diabetic neuropathy; the combined re-
sult of this meta-analysis has demonstrated their
analgesic benefit. Hyperglycemia treatment is
also required in these patients in addition to an-
algesic medication. Poorly controlled levels of
glycemia contribute toward worsening neuro-
pathy and hamper managing pain.39

Two different meta-analyses were performed
for interpreting the results of this study. The
first one included all studies fulfilling the
selection criteria (Table 2). It was found that
the studies were very heterogeneous in both
clinical and statistical aspects, as the follow-up
periods were different and the outcome of
most work did not establish the magnitude of
analgesia considered to be clinically significant.
The studies could not be compared to one

Fig. 4. Funnel plot for discarding publication bias
for the selected RCTs in subgroup analysis. Al-
though this statistical test suggests that there was
no publication bias in this group of studies (all
the studies are included in the funnel plot), it is
known that several antiepileptic drugs have been
tested in this condition without the results ever be-
ing published.
another and the conclusions were only
applicable to each separate study, thereby limit-
ing the clinical application of this combined
analysis. The foregoing led to carrying out a sec-
ond meta-analysis (subgroup analysis, Table 3)
using those studies which specifically reported
50% or greater improvement of pain as the cri-
teria for considering the clinical effectiveness of
a particular antiepileptic drug used. These were
also studies having similar methodology and
a minimum of 5 weeks follow-up. Statistical ho-
mogeneity was shown in this group of studies.
Although statistical tests suggest that there was
no publication bias in this group of studies
(Fig. 4), it is known that several antiepileptic
drugs have been tested in this condition without
the results ever being published. In fact, some of
these studies have been presented as congress
abstracts,40e43 showing that a specific antiepi-
leptic drug (topiramate) may be useful in the
treatment of diabetic neuropathic pain. Cau-
tion should be taken against interpreting the re-
sults exclusively on the basis of published data.

A combined 2.33 RR (95% CI 1.88e2.89) was
obtained; this result indicated that the three an-
tiepileptic drugs studied were effective for con-
trolling pain in diabetic neuropathy. Even
though the number of studies may have been
small (6 studies), all presented positive results,
had been published recently, and included
1129 patients from the 2035 involved in the ini-
tial analysis (55% of cases). The corresponding
NNTs (Fig. 5) were established for evaluating
which antiepileptic drug was most effective as
an analgesic, according to our interests; pregaba-
lin was shown to be the antiepileptic drug having
the lowest NNT (NNT¼ 3.24 and 95% CI
2.12e6.81) for achieving greater than 50% anal-
gesia in patients suffering from painful diabetic
neuropathy. Nevertheless, there are few differ-
ences between the studied drugs. Accordingly,
to select the final analgesic treatment, the side ef-
fects of all these drugs must be considered. The
most common side effects are somnolence or
drowsiness, nausea or vomiting, and dizziness.

Meta-analysis concerning the analgesic ef-
fect of antiepileptic drugs in patients suffering
from diabetic neuropathy had two limitations.
The first was the lack of consensus in classify-
ing diabetic neuropathy,1 hampering compar-
ing the groups being investigated. The
second lay in the difficulty in precisely and
objectively evaluating pain; even though the
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Fig. 5. NNTs for studies reporting greater than 50% reduction of pain with regard to baseline. NNT is the num-
ber of patients that need to be treated to get 50% reduction of pain in one of them.
visual analog scale is generally used for evaluat-
ing its intensity, there is still discussion about
the clinical interpretation of this scale44 and
other similar ones. These instruments can
also lose their reliability when the intensity of
a particular pain is not evaluated at the same
time as it is being felt, because memory is un-
reliable regarding pain. On the other hand,
pain involves other dimensions, such as dura-
tion, quality, and localization, which cannot
be quantified using these scales.

Future studies concerning this topic should
consider administering the medication over
more prolonged periods of time and objec-
tively evaluating their effects on quality of life
in dimensions such as sleep, effects on work,
social life, and state of mind.
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