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Pregabalin as a Treatment for Painful Diabetic
Peripheral Neuropathy: A Meta-Analysis

Robert W. Hurley, M.D., Ph.D., Maggie R. Lesley, B.S., Meredith C. B. Adams, M.D.,

Chad M. Brummett, M.D., and Christopher L. Wu, M.D.

Background and Objectives:  Painful diabetic peripheral neuropathy (DPN) is an increasingly prevalent dis-
order that is best managed through a multimodal approach. We examined the effects of pregabalin on pain
control, sleep disturbance, and the patient’s global impression of change (PGIC) for the treatment of this
disorder.

Methods: Studies were identified using the National Library of Medicine’s PubMed and EMBase databases
(1966 to July 15, 2007). Inclusion criteria were randomized trials comparing pregabalin to placebo in the
treatment of DPN for adult patients. A total of 13 abstracts were identified of which 3 met inclusion criteria. Data
were collected from each article and results were recorded. Primary outcome was pain at the conclusion of the
study. Secondary outcomes included number of patients with 50% reduction in mean pain score, PGIC ratings
at endpoint, and adverse events. A random-effects model was used.

Results:  The 3 studies yielded 728 total subjects from 5 centers, of which 476 received pregabalin (dose range
75 to 600 mg/day) and 252 received placebo. Pregabalin treatment was associated with a significant decrease in
pain scores (weighted mean difference, 1.15), higher likelihood to achieve at least a 50% reduction in mean pain
score (relative risk [RR], 4.05), and improved PGIC ratings (RR = 1.45). Pregabalin was associated with an

increased risk of somnolence, dizziness, and edema.

Conclusions:

Pregabalin has significant effects on the pain associated with DPN as well as secondary end-

points that affect patients” quality of life. Reg Anesth Pain Med 2008,33:389-394.
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iabetes mellitus is an increasingly prevalent
multiple organ system disorder with numer-
ous devastating systemic effects. While several
manifestations of this disease, including retinopa-

From the Department of Anesthesiology and Critical Care
Medicine (R.W.H., M.R.L.,, M.C.B.A., C.L.W.), The Johns Hop-
kins University, Baltimore, MD; and the Department of Anes-
thesiology(C.M.B.), University of Michigan, Ann Arbor, ML

Accepted for publication February 15, 2008.

Grant Support: Department of Anesthesiology and Critical
Care Medicine; The Johns Hopkins University; Baltimore, Mary-
land and NIH grant #MH075884 (R.W.H.) and the IASP Trainee
Fellowship funded by the Scan/Design by Jens and Inger Bruun
Foundation (R.W.H.). The authors have no conflicts of interest.
This work was carried out at The Johns Hopkins Medical Insti-
tutes. Ms. Lesley and Dr. Adams contributed equally to this
work.

Reprint requests: Robert W. Hurley, M.D., Ph.D., Department
of Anesthesiology and Critical Care Medicine, The Johns Hop-
kins University, Osler 292, 600 N. Wolfe Street, Baltimore, MD
21287. E-mail: rhurley3@jhmi.edu

© 2008 Published by Elsevier Inc. on behalf of the American
Society of Regional Anesthesia and Pain Medicine.

1098-7339/08/3305-0001$34.00/0

doi:10.1016/j.rapm.2008.02.012

thy and nephropathy, are often considered the
most deleterious health effects related to this dis-
ease, the pain associated with diabetic peripheral
neuropathy (DPN) has a dramatic negative effect on
the patients” daily quality of life and function. Dia-
betic peripheral neuropathy classically presents
with bilateral lower extremity “burning” pain and
can also be associated with sensory loss, paresthe-
sias, and allodynia.! Neuropathic pain is a diverse
designation that covers a variety of conditions, but
the largest subset is DPN. Neuropathic pain can be
described as a malfunction of the sensory pathways
of the central and peripheral nervous systems.2
While there are multimodal and multidisciplinary
approaches to the treatment of painful DPN, the
primary treatment pathway is pharmacologically
based. The pathophysiology of neuropathic pain
provides several treatment targets including abnor-
mal peripheral nerve activity, decreased inhibition
of central nervous system pathways, and height-
ened response to normal afferent input.? The treat-
ment of painful DPN includes addressing the etiol-
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ogy of the disorder and managing the symptoms.*
This includes slowing of the metabolically-induced
nerve damage through strict blood glucose control,
and the treatment of the debilitating pain and as-
sociated sleep disturbances, respectively.>

Opioid therapy has been found to be effective for
the treatment of neuropathic pain on a short term
basis, but concerns about side effects and potential
concern regarding addiction limit their use.®-¢ Neu-
romodulating medications, including tricyclic anti-
depressants and anticonvulsants, have become the
mainstay of treatment for neuropathic pain. While
these medications have been able to make excellent
advances in pain control and improved quality of
life, one of the primary factors limiting their wide-
spread use is intractable adverse effects.”!° Pregaba-
lin has been shown to have a similar mechanism to
gabapentin, working via the a,8-1 protein accessory
subunit of voltage-gated calcium channels, but with
improved bioavailability, and dosing structure.!!.12
The administration of these anticonvulsants is asso-
ciated with improved pain control for patients with
neuropathic pain, specifically diabetic peripheral
neuropathy and postherpetic neuralgia.!#13> This
meta-analysis examines the effects of pregabalin
over placebo on not only pain control, but also
quality of life issues including sleep disturbance and
patient’s global impression of change (PGIC).

Methods

The National Library of Medicine’s PubMed data-
base and EMBase were searched for the time period
1966 to July 15, 2007. These databases were searched
for all articles containing text words “pregabalin” or
“Lyrica” (387 articles) and pain (356,874 articles).
These 2 searches were then combined using the
Boolean term “and” (168 articles). The results were
limited to randomized controlled trials to yield 13
abstracts. The reference lists of these articles were
reviewed for additional studies not found on the
initial search. No additional articles were found.
The full article of each abstract was then reviewed
by one of the authors (C.L.W.) for inclusion into
the meta-analysis. No minimum sample sizes
were invoked for inclusion of studies in the anal-

ysis. Two reviewers, in a blinded fashion to min-
imize bias, analyzed the articles independently
(M.R.L.,, M.C.B.A.). Any disputes were resolved
by agreement of at least 2 authors (R.W.H.,
C.M.B.). The primary outcome for assessment
was measurement of pain at the conclusion of the
study. For the purpose of this meta-analysis, only
randomized trials comparing pregabalin vs. pla-
cebo for the treatment of painful diabetic periph-
eral neuropathy (DPN) were included. Other in-
clusion criteria were trials involving only adult
patients. We excluded any studies where pain
scores could not be obtained.

Data (including study characteristics, number,
and mean age of study subjects, type of pain, and
outcome data) were collected from each article and
results were recorded. In addition to the primary
outcome measure of pain at the conclusion of the
study, secondary measures extracted from included
studies, when available, were the number of par-
ticipants who had a 50% reduction in mean pain
scores during the trial, PGIC ratings at endpoint,
and adverse events as defined by the study. Data
were estimated and extrapolated from figures and
tables as needed.

A random effects model was used. All statistical
analyses including assessment for heterogeneity
were performed with RevMan 4.2.7 (The Cochrane
Collaboration, 2004; www.cochrane.org). After the
data compilation was complete, we performed an
analysis of the file drawer problem to provide an
estimate of the number of unpublished studies or
subjects showing no difference between treatment
regimens that would be needed to be “discovered”
in someone’s file drawer to invalidate our results as
described by Rosenthal.'# The level of significance
for all tests was set at an alpha level of 0.05.

Results

Our search resulted in 13 abstracts of which 3
met inclusion criteria. A total of 10 articles were
rejected because they did not evaluate the efficacy
of pregabalin in DPN patients. There were 728 total
subjects in the 3 randomized trials used for this
meta-analysis, of which 476 received pregabalin

Table 1. Studies Included in the Meta-Analysis

Effect on Endpoint

Study Study Population (Sex) Subjects (n) Dose (mg/d) Length of Study Mean Pain Score
Lesser (2004)'5 M/F 239 P/97 p 75, 300, 600 TID 5 weeks Decreased
Rosenstock (2004)16 M/F 76 P/70 p 300 TID 8 weeks Decreased
Richter (2005)'7 M/F 161 P/85p 150, 600 TID 6 weeks Decreased

NOTE. Data from Lesser,'® Rosenstock,'® and Richter.1?

Abbreviations: P, pregabalin group; p, placebo group; TID, 3 times a day.
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Review. Pregabain (DPN.
Comparison: 01 Pain scores
Outcome: 01 Endpoint pain scores vs. placebo

Study Flacebo Fregabalin WMD (random) Weight WND (random)
or sub-category N Mean (SD) N Mean (SD) 95% C1 % 95% CI

Lesser 04 97 5.06(2.07) 239
Richter 05 8z §.80(z.20) 161
Rosenstock 04 €9 5.48(2.32) 75

- 48.30 0.57
— 31.03 1.21
—_— 20.67 1.47
-

Total (85% CI) 248 478
Test for heterogenaity: ChF = 1.26, df = 2 (P = 0.53), F = 0%
Test for overal effect. Z = 6.62 (P « 0.00001)

100.00 1.15 [0.81, 1.49]

pry -2 0 2
Favors placebo  Favors pregabalin

Fig 1. Pregabalin vs. placebo: pain scores. The weighted (pooled) estimate for the effect of oral pregabalin on DPN as
measured by endpoint mean pain scores. “N” represents the number of subjects in each experimental group. The entire
diamond (pooled estimate) lies to the right of the weighted mean difference (WMD) = 0 (which represents “no
difference”), suggesting that pregabalin administration is associated with lower pain scores (WMD = 1.15 [95% CI, 0.81
to 1.49]). DPN, diabetic peripheral neuropathy. Data from Lesser,!®> Richter,'” and Rosenstock.!¢

and 252 received placebo. Doses ranged from 75 to yses (Figs 1-6). The file drawer analysis revealed
600 mg/day. it would require 11,027 subjects with negative

Table 1 provides a detailed overview of studies findings to invalidate the results of this meta-
included in the analysis. All of the studies were analysis.

conducted in the U.S. and were performed in more
than 5 centers. Figure 1 shows the pooled estimate

: : Discussion
(meta-analysis) demonstrating the effect of oral
pregabalin on the primary endpoint “mean pain Compared with placebo, pregabalin demon-
scores.” Pregabalin treatment was associated with a strated improved pain control in patients with
significant decrease in pain score (weighted mean diabetic peripheral neuropathy. Baseline and
difference, 1.15; 95% confidence interval [CI]: 0.81 posttreatment pain scores were used to determine
to 1.49). Patients who received pregabalin treat- the change in patients’ neuropathic pain. Most
ment were significantly more likely to achieve at responders reported a significant decrease in pain
least a 50% reduction in mean pain score (relative early in the treatment regimen. Secondary end-
risk [RR], 4.05; 95% CI: 3.01 to 5.46) (Fig 2). Pa- points assessed sleep interference and the pa-
tients treated with pregabalin were significantly more tients” PGIC. These outcomes demonstrated sig-
likely using a PGIC scale to rate their overall condition nificant improvement throughout the treatment
as improved (RR, 1.45; 95% CI: 1.26 to 1.67) (Fig 3). groups. However, patients were found to be at
Finally, pregabalin was associated with a significantly risk for increased side effects relative to the pla-
increased risk of somnolence (RR, 0.21; 95% CI: cebo group including dizziness, increased somno-
0.11 to 0.42) (Fig 4), dizziness (RR, 0.22; 95% CI: lence, and edema.!>-17
0.12 to 0.41) (Fig 5), and edema (RR, 0.31; 95% In addition to the effects upon neuropathic pain,
CI: 0.14 to 0.69) (Fig 6). Heterogeneity was not pregabalin has anxiolytic and anticonvulsant prop-
statistically significant in any of the pooled anal- erties.'® While the mechanism of pregabalin-in-

Review: Pregabalin (DPN)

Comparison; 01 Pain scores

Outcome. D4 Patients who responded with &l least a 50% reduction in pain scores

Study Pregabalin Placebo RR (randaom) Wieight RR (rancom)

or sub-category ni i 95% Cl k- 5% Cl

Lesser 04 181/240 17/97 —— 46.53 4.30 [2.78, €.67]

Richter 05 112/158 1z/82 — 31.47 4.84 [2.84, 8.25]

Rosenstock 04 30478 10/69 e 2z.00 2.76 [l.46, 5.22]

Total (85% CI) 473 248 L 2 100.00 4.05 [3.01, 5.46)

Total events: 323 (Pregabalin), 39 (Placebo)

Test for heterogeneity: Chi* =1 93, df = 2 (P = 0.38), P = 0%

Test for overall effect: Z=9.18 (P = 0.00001)

01 02 05 2 5 10

Favors placesn  Favors pregabalin

Fig 2. Pregabalin vs. placebo: =50% reduction in pain scores. The weighted (pooled) estimate for the effect of oral
pregabalin on DPN as measured by the number of patients with a 50% reduction in mean pain scores from baseline at
endpoint. “N” represents the number of subjects in each experimental group. “n” represents the number of patients with
a 50% reduction in mean pain scores. The entire diamond (pooled estimate) lies to the right of relative risk (RR) = 1
(which represents “no difference”), suggesting that patients treated with pregabalin are more likely to achieve a 50%
reduction in pain (RR, 4.05; 95% CI: 3.01 to 5.46). DPN, diabetic peripheral neuropathy. Data from Lesser,!> Richter,!?
and Rosenstock.1®
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Review: Pregabalin (DPN)

Comparison. 02 PGIC
Outcome; 02 Patients who rated themselves as improved on study medication
Stutdy Pregabalin Placebao RR (ranciom) Wigight RR (ranciom)
or sub-category ni i 95% Cl % 5% Cl
Lesser 04 181/240 54/97 - 52.73 1.35 [1.12, 1.64]
Richter 05 1127158 37/78 —.— 30.02 1.49 [1.16, 1.93]
Rosenstock 04 45/73 27/69 —a 17.25 1.72 11.28, 2.40]
Total (95% CI) 471 244 L 3 100.00 1.45 [1.26, 1.87]
Total events: 342 (Pregabaiin), 115 (Placebo)
Test for heterogeneity: Chi* =151, df = 2 (P = 0.47), F = 0%
Test for overall effect: Z=15.26 (P = 0.00001)

02 05 2 5

Favors placebo  Favors pregabalin

Fig 3. Pregabalin vs. placebo: patient global impression of change (PGIC). The weighted (pooled) estimate for the effect
of oral pregabalin on DPN as measured by the number of patients who rated their overall status as improved at endpoint
on the PGIC questionnaire. “N” represents the number of subjects in each experimental group. “n” represents the number
of patients who rated themselves as improved. The entire diamond (pooled estimate) lies to the right of relative risk (RR)
= 1 (which represents “no difference”), suggesting that patients treated with pregabalin are more likely to rate their
overall status as improved (RR, 1.45 [95% CI: 1.26 to 1.67]). DPN, diabetic peripheral neuropathy. Data from Lesser,!>

Richter,'7 and Rosenstock.16

duced pain reduction has not been fully elucidated,
the primary effects on neuropathic pain appear to
be mediated by activity on voltage-gated calcium
channels, similar to the mechanism of gabapentin.
Pregabalin has an affinity for the «,86-1 accessory
subunit of these channels; the binding of pregabalin
to this subunit results in net neuronal inhibition, and
decreased neurotransmitter release and postsynaptic
excitability.19-20

Decreased quality of life is a secondary effect of
the neuropathic pain. While the mechanism of
sleep disturbance is not completely understood,2!
the impact on patient quality of life can be signifi-
cant. Pain reduction alone can improve mood and
quality of life.22 Animal models suggest that pre-
gabalin influences sleep patterns by increasing non-
rapid eye movement sleep.2*> Pregabalin has dem-
onstrated beneficial effects on mood and anxiety,
contributing to the improved PGIC score.*

Adverse effects such as dizziness and peripheral
edema are found to be more prevalent in higher
dose regimens. When compared with pregabalin

150 mg/d, treatment with 600 mg/d was associated
with higher rates of somnolence (22.0% vs. 5.1%),
dizziness (37.8% vs. 10.1%), and edema (17.1% vs.
3.8%).'7” When compared with the more conven-
tional therapy of 300 mg/d, treatment with 600
mg/d was associated with moderate increases in
somnolence (26.8% vs. 23.5), dizziness (39% vs.
27.2%), and edema (13.4% vs. 7.4%).1> Some pa-
tients receive a significant clinical effect on lower
dose regimes, attenuating this risk.!?> Prior to the
present meta-analysis, the correlation between pre-
gabalin therapy and edema was not clear. The syn-
thesis of data from the 3 studies selected (Fig 6)
clearly favor placebo for reduction of adverse af-
fects. Whereas the side effects associated with pre-
gabalin are generally mild, physicians should mon-
itor and counsel patients appropriately.

The pharmacokinetics of pregabalin allows a
more rapid titration to the therapeutic dose and less
frequent dosing than other anticonvulsants, includ-
ing gabapentin. Similar to gabapentin, pregabalin
has minimal interaction with other neuromodulat-

Review: Pregabalin (DPH)

Comparison: 04 Adverse Events

Qutcome: 01 Incidence of Somnolence

Study Flacebo Pregabalin RR (random) Weight RR (random)

or sub-category N N 95% CI % 95% CI
Lesser 04 4/97 44/240 —a— 45.58 0.2z [0.08, 0.61]
Richter 05 8/85 2z/161 —— 32.61 0.26 [0.08, 0.84]
Rosenstock 04 2/70 15/76 — 21.82 0.14 [0.03, 0.61]
Total (95% CIj 252 477 - 100.00 0.21 [0.11, 0.42]
Total events: 9 (Placebo), 81 (Pregabalin)

Test for heterogeneity: ChF = 0.39, df = 2 (P = 0.82), F= 0%

Test for overall effect Z = 4.50 (P < 0.00001)

0.01

0.1 1 10 100

Favors placebo  Favors pregabalin

Fig 4. Pregabalin vs. placebo: the weighted (pooled) estimate for the effect of oral pregabalin on the incidence of
somnolence. “N” represents the number of subjects in each experimental group. “n” represents the number of patients
within an experimental group who reported somnolence. The entire diamond (pooled estimate) lies to the left of relative
risk (RR) = 1 (which represents “no difference”), suggesting that pregabalin is associated with increased incidence of
somnolence (RR, 0.21 [95% CI: 0.11 to 0.42]). DPN, diabetic peripheral neuropathy. Data from Lesser,!> Richter,!? and
Rosenstock.1¢
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Review Pregabalin (DPN)

Comparison. 04 Adverse Events

Outcome: 02 incidence of Dizziness

Study Placebo Pregabalin RR (random) Weight RR (random)

or sub-category N N 95% Cl % 95% CI
Lesser 04 5/37 €0/240 —— 35.87 0.21 [0.05, 0.50]
Richter 05 2/8% 39/161 —_— 16.73 0.10 [0.02, 0.39]
Rosenstock 04 8/70 27/76 —— 47.80 0.32 [0.16, 0.66]
Total (95% CI) 252 477 - 100.00 0.22 [0.12, 0.41]
Total events: 15 (Placebo), 126 (Pregabalin

Test for heterogenetty: Chi* = 2.58, df =2 (P = 0.28), F=22.4%

Test for overall effect Z = 4.81 (P < 0.00001)

0.01 0.1 1 10 100
Favors placebo  Favors pregabalin

Fig 5. Pregabalin vs. placebo: the weighted (pooled) estimate for the effect of oral pregabalin on the incidence of
dizziness. “N” represents the number of subjects in each experimental group. “n” represents the number of patients
within an experimental group who reported dizziness. The entire diamond (pooled estimate) lies to the left of
relative risk (RR) = 1 (which represents “no difference”), suggesting that pregabalin is associated with increased
incidence of dizziness (RR, 0.22 [95% CI: 0.12 to 0.41]). DPN, diabetic peripheral neuropathy. Data from Lesser,!®
Richter,!'” and Rosenstock.!¢

ing medications, allowing the addition to the mul- had a Cochrane Quality Score of 6 or higher and
tidrug regimen necessary with many neuropathic Jadad score of 5 to minimize study design weak-
pain patients.!81° Gabapentin and pregabalin have ness. Although the papers in this study had con-
a similar mechanism of action, both believed to act gruent data points to evaluate (pain scores, sleep
upon the same accessory subunit of calcium chan- scores, and PGIC), the data would be strength-
nels, thus with effects on multiple neurotransmit- ened by a uniform dosing regimen. The advan-
ters and receptor sites.?> The subtle mechanistic tage of this meta-analysis over the well-designed,
difference in neuronal conductance between gaba- composite, randomized controlled trials is that
pentin and pregabalin results in a similar clinical the aggregate study populations were able to be
effect but may account for the altered side effect used to power an analysis that determined more
profile.2¢ While tricyclic antidepressants have dem- significant differences.
onstrated efficacy at treating painful DPN, their util- The results of this meta-analysis demonstrate
ity is limited by significant titration time and their that pregabalin has significant effects on the pain
side effect profile, including cardiac effects, dizzi- associated with diabetic peripheral neuropathy as
ness, urinary retention, and drowsiness.27-2° Opioid well as secondary endpoints that affect patient’s
medications have also been used and found to be quality of life. Extrapolations from this include
beneficial in short term treatment, but adverse ef- using pregabalin as part of a multidrug regimen to
fects such as somnolence, constipation, and addic- decrease pain associated with DPN. This study
tion potential limit their efficacy as a primary ther- demonstrates improved quality of life as assessed
apeutic agent.*7 by sleep scores, and PGIC scores as the result of
Limitations of this study are those inherent to pregabalin therapy. While pregabalin clearly has

meta-analyses. The strength of a meta-analysis is a role as treatment for DPN and other neuro-
dependent upon the composite papers being eval- pathic pain syndromes, what needs further delin-
uated. The studies evaluated by this meta-analysis eation is whether the advantages of its side effect

Review Pregabalin (DPN)

Cutiese 48 NAdanes wiEsens

Study Placebo Pregabalin RR (random) Weight RR (random)

or sub-category N N 95% Cl % 5% C!

Lesser 04 /97 20/240 —— 30.04 0.25 [0.06€, 1.04)]

Richter 05 4/8% 17/161 — §5.31 0.45 [0.15, 1.28]

Rosenstock 04 /70 B/7€ —_— 14.66 0.14 [0.02, 1.06]

Total (5% CI) 252 477 ’ 100.00 0.31 [0.14, 0.69)

Total events: 7 (Placebo), 45 (Pregabalin}

Test for heterogeneity: ChP = 1.19, df = 2 (P = 0.55), F = 0%

Test for overall effect Z = 2.89 (P = 0.004)

0.01 0.1 1 10 100
Favors placsbc  Favors pregabalin

Fig 6. Pregabalin vs. placebo: the weighted (pooled) estimate for the effect of oral pregabalin on the incidence of edema.
“N” represents the number of subjects in each experimental group. “n” represents the number of patients within an
experimental group who experienced edema. The entire diamond (pooled estimate) lies to the left of relative risk
(RR) = 1 (which represents “no difference”), suggesting that pregabalin is associated with increased incidence of edema
(RR, 0.31 [95% CI: 0.14 to 0.69]). DPN, diabetic peripheral neuropathy. Data from Lesser,!> Richter,'” and Rosenstock.!®
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profile, titration, and impact upon quality of life
make it a first line agent.
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