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Context.— Pain is the most disturbing symptom of diabetic peripheral neuropa-
thy. As many as 45% of patients with diabetes mellitus develop peripheral
neuropathies.

Objective.— To evaluate the effect of gabapentin monotherapy on pain associ-
ated with diabetic peripheral neuropathy.

Design.— Randomized, double-blind, placebo-controlled, 8-week trial con-
ducted between July 1996 and March 1997.

Setting.— Outpatient clinics at 20 sites.
Patients.— The 165 patients enrolled had a 1- to 5-year history of pain attributed

to diabetic neuropathy and a minimum 40-mm pain score on the Short-Form Mc-
Gill Pain Questionnaire visual analogue scale.

Intervention.— Gabapentin (titrated from 900 to 3600 mg/d or maximum toler-
ated dosage) or placebo.

Main Outcome Measures.— The primary efficacy measure was daily pain se-
verity as measured on an 11-point Likert scale (0, no pain; 10, worst possible pain).
Secondary measures included sleep interference scores, the Short-Form McGill
Pain Questionnaire scores, Patient Global Impression of Change and Clinical Glo-
bal Impression of Change, the Short Form–36 Quality of Life Questionnaire scores,
and the Profile of Mood States results.

Results.— Eighty-four patients received gabapentin and 70 (83%) completed the
study; 81 received placebo and 65 (80%) completed the study. By intent-to-treat
analysis, gabapentin-treated patients’ mean daily pain score at the study end point
(baseline, 6.4; end point, 3.9; n = 82) was significantly lower (P,.001) compared
with the placebo-treated patients’ end-point score (baseline, 6.5; end point, 5.1;
n = 80). All secondary outcome measures of pain were significantly better in the
gabapentin group than in the placebo group. Additional statistically significant dif-
ferences favoring gabapentin treatment were observed in measures of quality of life
(Short Form–36 Quality of Life Questionnaire and Profile of Mood States). Adverse
events experienced significantly more frequently in the gabapentin group were diz-
ziness (20 [24%] in the gabapentin group vs 4 [4.9%] in the control group; P,.001)
and somnolence (19 [23%] in the gabapentin group vs 5 [6%] in the control group;
P = .003). Confusion was also more frequent in the gabapentin group (7 [8%] vs
1 [1.2%]; P = .06).

Conclusion.— Gabapentin monotherapy appears to be efficacious for the treat-
ment of pain and sleep interference associated with diabetic peripheral neuropathy
and exhibits positive effects on mood and quality of life.
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DIABETES MELLITUS is the most
common cause of neuropathy in the
Western world.1 In a cohort of 4400 pa-
tients with diabetes studied for 20 to 25
years, 45% developed neuropathy dur-
ing the course of their disease.2 Im-
proved methods to determine the inci-
dence,prevalence,andcourseofdiabetic
peripheral neuropathy have been pre-
cisely described and applied in large lon-
gitudinal studies.3-13 Pain due to diabetic
neuropathy affects the feet and ankles

See also pp 1837 and 1863.

most often and, to a lesser extent, lower
extremities above the knees and upper
extremities.14 The pain may be severe
and often has an unusual “dysesthetic”
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quality. If inadequately treated, it is fre-
quently associated with mood and sleep
disturbances. Attempts to treat diabetic
neuropathies can be divided into those
directed at modification of the underly-
ing disease process and those directed
toward symptom suppression. Improved
glycemic control is the mainstay of efforts
to modify the incidence and course of the
disease, although aldose reductase inhibi-
tors may also play a role.15-18 There is
strong evidence that tricyclic antidepres-
sants (TCAs) effectively reduce pain and
weaker evidence that anticonvulsants,
antiarrhythmics, and topical agents are
useful, although dose-limiting adverse ef-
fects may reduce the effectiveness of
these agents.16,17,19-21

Gabapentin (1-[aminomethyl]-cyclo-
hexaneacetic acid; Neurontin, Parke-
Davis, Division of Warner-Lambert Co,
Morris Plains, NJ) is an anticonvulsant
approved in the United States in 1994
for use in adult patients with partial epi-
lepsy that has been reported anecdot-
ally and in open-label case series to be
effective in the treatment of pain syn-
dromes, including painful diabetic neu-
ropathy.22,23 Gabapentin is structurally
related to g-aminobutyric acid (GABA),
a neurotransmitter that plays a role in
paintransmissionandmodulation.Gaba-
pentin is not metabolically converted to
GABA or a GABA antagonist and is not
an inhibitor of GABA uptake or degra-
dation.24 Unlike systemically adminis-
teredGABA,gabapentinreadilycrosses
the blood-brain barrier.25,26 Gabapentin
is eliminated entirely by renal excretion
and its clearance is reduced in patients
with renal insufficiency, especially those
with a creatinine clearance of less than
60 mL/min.7 The evidence for each of
gabapentin’s pharmacological actions,
including interaction with the system L-
amino acid transporter, alteration of
synthesis and release of GABA in the
brain, high affinity binding to the a-2-D
subunit of voltage-activated calcium
channels, inhibition of voltage-activated
sodium channels, alteration of mono-
amine neurotransmitter release and
blood serotonin levels, and neuroprotec-
tion in laboratory models of amyotro-
phic lateral sclerosis, has been summa-
rized elsewhere in the literature.27

Gabapentin has been shown to be effec-
tive in various animal models of chronic
neuropathic pain. The analgesic effects of
gabapentin were seen in the chronic con-
striction injury model of neuropathic pain
in rats.28 Gabapentin administered intra-
peritoneally in clinically relevant doses
ranging from 10 to 75 mg/kg led to signifi-
cant dose-related improvement in heat
hyperalgesia and mechanoallodynia.29

Heat hyperalgesia was also significantly
reduced following intrathecal gabapentin

administration, indicating that the anti-
hyperalgesicpropertiesofgabapentinare
at least partially modulated through spi-
nal cord mechanisms.29 In addition, gaba-
pentin was effective in significantly re-
ducing late-phase tactile allodynia in both
the rat formalin30 and carrageenan foot-
pad tests and hyperalgesia in the rat
streptozotocin model (Parke-Davis Phar-
maceutical Research, unpublished data,
1997). These findings, coupled with an es-
tablished favorable safety profile,24 sug-
gest gabapentin as a promising candidate
for use in the treatment of neuropathic
pain. The purpose of this study was to
evaluate the safety and efficacy of gaba-
pentin monotherapy for the treatment of
pain associatedwithdiabeticneuropathy.

METHODS
Study Population

Allparticipatingclinicalsitesreceived
investigational review board approval
of the study protocol, and all patients
providedwritten informedconsentprior
to study participation. At screening, eli-
gible patients had pain attributed to dia-
betic neuropathy for 1 to 5 years, a di-
agnosis of diabetes mellitus (type 1 or
2), and a pain rating score of at least 40
mm on the 100-mm visual analog scale
(VAS) of the Short-Form McGill Pain
Questionnaire (SF-MPQ).31 Patients
with an average pain score of at least 4
on an 11-point Likert scale and at least 4
observations recorded in daily pain dia-
ries over the next week were random-
ized. Only patients with a hemoglobin
A1c level of 0.11 or less (normal range,
0.048-0.067) were randomized. Exclu-
sion criteria included the presence of
other severe pain that could confound
assessment or self-evaluation of the pain
due to diabetic neuropathy, receipt of
any investigational drug within 30 days
prior to screening, and amputations
other than toes. An additional exclusion
criterion was a creatinine clearance of
less than 60 mL/min to avoid the neces-
sary dosage adjustments (reductions)
that would be required for patients with
renal impairment.24 Creatinine clear-
ance was estimated from patients’ se-
rum creatinine levels, using the follow-
ing formulas32: adult male Ccr = (140 −
age) 3 weight in kilograms/(72 3 serum
creatinine in milligrams per deciliter);
and adult female Ccr = [(140 − age) 3
weight in kilograms/(72 3 serum creati-
nine in milligrams per deciliter)] 3 0.85,
whereCcr indicatescreatinineclearance.

Medication dosages for diabetes con-
trolweretoremainstableduringthestudy.
Medicationsthatcouldaffectsymptomsof
painful diabetic neuropathy were prohib-
ited with the exception of (1) acetamino-
phen(upto3g/d)oraspirin (upto325mg/d

for prophylaxis for myocardial infarction
or transient ischemic attacks) and (2) se-
rotonin reuptake inhibitors (with no dos-
age change within 30 days prior to the
study or during the study). The following
medications were prohibited within 30
dayspriortorandomizationandduringthe
study: TCAs, mexiletine hydrochloride,
carbamazepine, phenytoin, valproate so-
dium, dextromethorphan, opioids, capsa-
icin,nonsteroidalanti-inflammatorydrugs,
skeletal muscle relaxants, benzodiaz-
epines,otherScheduleIImedications,and
over-the-counter medications with cen-
trally acting properties.

Study Design
This was a randomized, double-blind,

placebo-controlled, parallel-group, mul-
ticenter study composed of 2 phases, a
7-day screening phase and an 8-week
double-blind phase. The 8-week double-
blind phase consisted of a 4-week dose
titration period followed by a 4-week
fixed-dose period.

Screening Phase.—Study eligibility
was determined and informed consent ob-
tained at the patients’ first visit. At this
visit, patients completed the SF-MPQ,
had their medical history taken, and had
physical and neurological examinations.
Blood samples for hemoglobin A1c and se-
rum creatinine (for creatinine clearance
estimate) were taken. Patients meeting
all criteria were given daily pain and sleep
diaries and instructed on how to com-
plete them.

Randomization.—Diaries kept dur-
ing the screening phase were collected
and reviewed. Patients again completed
an SF-MPQ at the end of the screening
phase.Patientswhoremainedeligible for
the study were randomized in a double-
blind fashion (in blocks of 4 according to a
computer-generated random code) to re-
ceive either placebo or gabapentin. They
thenfilledoutaShortForm–36Qualityof
Life (SF-36 QOL)33 Questionnaire and
Profile of Mood States (POMS),34 and re-
ceived their blinded medication and ad-
ditional diaries.

Double-Blind Treatment Phase Ti-
tration Period.—During the first 4
weeks of the study, patients received
gradually titrated dosages of gabapen-
tin (week 1, 900 mg/d; week 2, 1800 mg/d;
week 3, 2400 mg/d; and week 4, 3600 mg/
d) or placebo. Gabapentin (300 mg per
capsule) and placebo were supplied to
investigational sites in identical gray-
gray capsules in blinded fashion. All pa-
tients were provided an equal number of
capsules and instructed to follow a dos-
ing schedule of 3 times per day. Because
this was the first trial to evaluate gaba-
pentin’s efficacy in this patient popula-
tion, all patients’ dosages were titrated
to tolerability up to 3600 mg/d regard-
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lessofanyefficacyachievedat lowerdos-
ages. If intolerable adverse reactions oc-
curred, the dosage was decreased 1 dose
step to 900, 1200, 1800, or 2400 mg/d. Pa-
tientswereremindedbytelephonetwice
weekly to complete their daily diaries
and were queried about adverse effects.
Patients visited the clinic and completed
an SF-MPQ at week 2 and week 4.

Fixed-Dose Period.—During the sec-
ond 4 weeks of the double-blind treat-
ment phase, patients’ treatment re-
mained at their maximum tolerated
dosage and daily diaries were contin-
ued. At study end (week 8) or early ter-
mination, the SF-MPQ, SF-36 QOL Ques-
tionnaire, and POMS were completed.
Patients turned in the daily pain and sleep
interference diaries and completed the
Patient Global Impression of Change
(PGIC). Investigators independently
completed the Clinical Global Impres-
sion of Change (CGIC).

Efficacy and Safety Measurements
The primary efficacy parameter was a

painseverityrating,recordedbypatients
in daily diaries using an 11-point Likert
scale (0, no pain; 10, worst possible pain).
Secondary efficacy parameters were the
SF-MPQ scores, the weekly mean sleep
interference score from the daily sleep
diary, the PGIC, and the CGIC. Patients
recorded pain and sleep information in
the diaries on awakening for the preced-
ing 24-hour period. The SF-MPQ con-
sisted of 3 sections. In the first section, 15
items that described pain during the past
week were rated from 0 (no pain) to 3
(severe pain). The second section was the
100-mm VAS, which rated the patient’s
pain during the previous week from no
pain to worst possible pain. The third sec-
tionwasthePresentPainIntensity(PPI)
Scale, which rated pain on a 6-point scale
from 0 (no pain) to 5 (excruciating pain).
Sleep interference was rated on an 11-
point scale that described how pain had
interfered with the patient’s sleep during
the past 24 hours (0, “did not interfere”;
10, “unable to sleep due to pain”). The
PGIC was a 7-point scale on which pa-
tients rated any change in their overall
status that they had experienced since
beginning study medication from much
improved to much worse. The CGIC was
also a 7-point scale on which the clinician
ratedthechangeobservedinthepatient’s
overall status since the beginning of the
study. Quality of life was assessed by the
POMSandtheSF-36QOLQuestionnaire.
The POMS consisted of 65 measures of
moodduringthepreviousweek,resulting
in 6 mood scores: tension/anxiety, depres-
sion/dejection, anger/hostility, vigor/ac-
tivity, fatigue/inertia, confusion/bewil-
derment,andtotalmooddisturbance.The
SF-36 QOL Questionnaire measured each

of the following 8 health concepts: physi-
cal functioning, role limitations due to
physical problems, social functioning,
bodily pain, general mental health, role
limitations due to emotional problems, vi-
tality, and general health problems.

The safety of gabapentin was assessed
using adverse event data (occurrence, in-
tensity,andrelationshiptostudydrug)and
theresultsofphysicalandneurologicalex-
aminations, including peripheral sensory
examinations. All patients randomized to
treatment were evaluated for safety.

Statistical Analysis
Power Calculation.—Published re-

sults of clinical trials in painful diabetic
neuropathy indicate wide variation in pla-
cebo response, ranging from approxi-
mately10%to40%.19,35-38 Responseinthese
trials was based on measures such as “glo-
bal pain relief of moderate or better” and
“at leastmoderate improvement”; thetrial
with the longest duration of placebo ad-
ministration (6 weeks) had the smallest
placebo response (10%). Therefore, in this
trial of 8 weeks’ duration, we considered
30%aconservativeestimateofplacebore-
sponse, that is,at leastmoderate improve-
ment on the CGIC. A gabapentin re-
sponse of 55% to 60% on the same scale
would be considered a clinically impor-
tant finding. A sample size of 75 patients
per group would provide more than 90%
power to detect a difference of 30% and
more than 80% power to detect a differ-
ence of 25% between placebo and gaba-
pentin, given the assumptions stated
herein.

Analyses.—All testing was 2-sided at
the .05 a level and was done using SAS
statistical software (SAS Institute Inc,
Cary, NC) procedures. All analyses were
conductedusingtheintent-to-treatpopu-
lation, defined as all randomized patients
whoreceivedat least1doseofstudymedi-
cation. Patients with no data recorded for
a particular parameter were automati-
cally excluded from the analyses of that
parameter. For each analysis of covari-
ance(ANCOVA),adjusted(leastsquares)
means were obtained from the model and
95% confidence intervals for the differ-
ence between placebo and gabapentin
were constructed.

The end-point mean pain score and
sleep interference score were calculated
as the mean score for the last 7 diary en-
tries while the patient was taking the
study drug. The end-point mean pain
scorewasanalyzedfortheintent-to-treat
population (except for patients with no
pain diary data during either screening
or treatment) using ANCOVA. The
model included main effects for treat-
ment and center, using the screening
mean pain score as the covariate. Consis-
tency across sites was assessed by a sec-

ond ANCOVA model that included a
treatment-by-center interaction term.
The end-point mean sleep interference
scorewasanalyzedfortheintent-to-treat
population (except for patients with no
sleep diary data during either screening
or treatment), using the screening mean
sleep score as the covariate. The last ob-
servations for total pain score, VAS, and
PPI of the SF-MPQ were analyzed, using
ANCOVA with the respective scores at
randomization as the covariates. The
CGIC and PGIC were analyzed using a
modified ridit transformation with the
Cochran-Mantel-Haenszel procedure, ad-
justing for center. Each domain of the SF-
36 QOL Questionnaire wasanalyzed sepa-
ratelyusingANCOVA, withtheresponse
at randomization used as covariate.
Supplemental analyses were performed
at each week; the Hochberg procedure39

was used to adjust for multiple measure-
ments over time of the mean pain, mean
sleep interference, and SF-MPQ scores.
Each item of the POMS and the overall
score of mood disturbance was analyzed
separately using ANCOVA, with scores
at randomization as the covariate.

RESULTS
Of the 165 patients randomized, 84

were randomized to gabapentin and 81
to placebo. Patient demographics and
baseline characteristics were similar be-
tween groups (Table 1). Approximately
75% of patients in each group had type 2
diabetes. The majority of patients had
neuropathic pain involving the foot/toe
and calf, and the mean pain score at base-
line was similar between treatment
groups. The pain descriptors of the SF-
MPQ were similar between the placebo
and gabapentin groups and between pa-

Table 1.—Patient Demographics and Baseline
Characteristics

Characteristics

Treatment

Gabapentin
(n = 84)

Placebo
(n = 81)

Sex, No. (%)
Male 49 (58.3) 50 (61.7)

Female 35 (41.7) 31 (38.3)

Race/ethnicity, No. (%)
White 67 (79.8) 67 (82.7)

Black 5 (6.0) 6 (7.4)

Other 12 (14.3) 8 (9.9)

Age, mean (SD), y 53.0 (10.5) 53.0 (10.2)

Height, mean (SD), cm 173 (13.2) 174 (10.2)

Weight, mean (SD), kg 95.1 (22.6) 94.5 (19.2)

Duration of diabetes,
mean (SD), y 12.0 (9.6) 11.2 (8.7)

Distribution of neuropathic
pain, No. (%)

Foot/toe 81 (96.4) 78 (96.3)

Calf 51 (60.7) 43 (53.1)

Finger/hand 32 (38.1) 36 (44.4)

Thigh 20 (23.8) 12 (14.8)

Forearm 7 (8.3) 6 (7.4)
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tients with type 1 and type 2 diabetes at
baseline. Fifty-six gabapentin-treated
patients (67%) achieved the 3600 mg/d
dosage. Of the 84 patients randomized
to gabapentin, 70 (83%) completed the
study, 7 (8%) withdrew because of ad-
verse events, 1 (1%) withdrew because
of lack of efficacy, and 6 (7%) withdrew
for other reasons. Of the 81 patients ran-
domized to placebo, 65 (80%) completed
the study, 5 (6%) withdrew because of

adverse events, 5 (6%) withdrew be-
cause of lack of efficacy, and 6 (7%)
withdrew for other reasons. A sum-
mary profile of the trial is presented in
Figure 1.

Efficacy
Differences between gabapentin and

placebo were significant at end point for
the mean pain score, mean sleep inter-
ference score, and total pain, VAS, and

PPI scores of the SF-MPQ (Table 2).
Wheneachweek’sresultswereanalyzed
separately, there was a significant dif-
ference (P,.05) between the gabapen-
tin and placebo groups in mean pain
scores from week 2 through week 8. Sig-
nificantdifferences (P,.05)betweenpa-
tients randomized to the 2 groups were
alsoobserved inmeansleep interference
scores at week 1 through week 8 (Figure
2). On the SF-MPQ, patients taking
gabapentinhadsignificantly lowermean
total pain (P,.01), mean VAS (P,.01),
and mean PPI (P,.05) scores at weeks 2,
4, and 8 when compared with patients
takingplacebo(Figure3).Ofthepatients
who assessed PPI at the termination
visit, 12 (15%) of 80 patients taking pla-
cebo and 21 (26%) of 82 patients taking
gabapentin gave a rating of no pain. As
measured by both PGIC and CGIC scales,
patients treated with gabapentin had sig-
nificantly (P = .001) greater improve-
ment in pain than patients randomized
to placebo (Figure 4). Approximately 60%
of patients receiving gabapentin had at
least a moderate improvement on the
PGIC scale, whereas only 33% of pa-
tients receiving placebo had that degree
of improvement. Additionally, 2 gaba-
pentin-treated patients reported a score
of worse on the PGIC scale, whereas 13
patients receiving placebo reported this
score. Three gabapentin-treated pa-
tients scored worse on the CGIC scale
compared with 10 patients receiving pla-
cebo. Gabapentin had a significant ef-
fect on 4 items of the POMS (anger/
hostility, P = .02; vigor/activity, P = .01;

Table 2.—Summary of Analysis of Baseline and Last Observation or End Point for Efficacy Variables*

Parameters

Gabapentin Placebo Gabapentin vs Placebo

No.
Baseline

Mean
End Point

Mean No.
Baseline

Mean
End Point

Mean
Difference at

End Point
P

Value 95% CI

Mean pain score 82 6.4 3.9 80 6.5 5.1 −1.2 ,.001 −1.9 to −0.6

Mean sleep
interference
score

82 5.2 2.3 80 5.1 3.8 −1.47 ,.001 −2.2 to −0.8

Total SF-MPQ 82 20.5 10.9 79 21.0 16.8 −5.9 ,.001 −8.8 to −3.1

SF-MPQ VAS 82 67.7 36.9 79 71.2 53.8 −16.9 ,.001 −25.3 to −8.4

SF-MPQ PPI 81 2.4 1.2 79 2.4 1.8 −0.6 ,.001 −0.9 to −0.3

Short Form–36 QOL
Questionnaire†

Bodily pain 77 40.6 55.2 76 37.5 47.4 7.8 .01 1.8 to 13.8

Mental health 78 72.0 75.7 76 66.5 70.4 5.4 .03 0.5 to 10.3

Vitality 78 41.5 53.5 76 40.8 43.7 9.7 .001 3.9 to 15.5

POMS
Anger/hostility 76 7.6 5.5 73 10.1 7.7 −2.2 .02 −4.1 to −0.3

Vigor/activity† 77 15.8 16.5 73 14.6 14.6 1.96 .01 0.5 to 3.5

Fatigue/inertia 77 12.8 9.3 73 12.4 11.3 −1.96 .01 −3.4 to −0.5

Total mood 76 33.0 22.8 73 40.0 31.9 −9.14 .03 −17.3 to −1.0

*End point measures apply to patients’ mean pain and mean sleep interference scores and were derived from
patients’ last 7 days of diary entries while taking study drug. CI indicates confidence interval; SF-MPQ, Short-Form
McGill Pain Questionnaire; VAS, visual analog scale; PPI, Present Pain Intensity Scale; QOL, Quality of Life; and
POMS, Profile of Mood States.

†Increase in score denotes improvement.

Screened (N = 232)

Randomized (N = 165)

Not Randomized (n = 67)
Hemoglobin A1c >0.11 (n = 26)
Creatinine Clearance <60 mL/min (n = 13)
Insufficient Pain Rating Scores (n = 14)
Withdrew Consent (n = 11)
Taking Prohibited Pain Medications (n = 3)

Gabapentin (n = 84)
Followed up for Safety (n = 84)
Followed up for Efficacy∗ (n = 82)

Withdrawn (n = 14)
Adverse Event (n = 7)
Lack of Compliance (n = 3)
Lack of Efficacy (n = 1)
Other (n = 3)

Completed Trial (n = 70)
83%

Placebo (n = 81)
Followed up for Safety (n = 81)
Followed up for Efficacy∗ (n = 80)

Withdrawn (n = 16)
Adverse Event (n = 5)
Lack of Compliance (n = 3)
Lack of Efficacy (n = 5)
Other (n = 3)

Completed Trial (n = 65)
80%

Figure 1.—Profile of the randomized controlled trial. Asterisks indicate provided at least 1 efficacy assess-
ment.
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Figure 2.—A, Weekly mean pain score as mea-
sured on an 11-point Likert scale from 0 (no pain)
to 10 (worst possible pain). B, Weekly mean sleep
interference scores as rated on an 11-point Likert
scale that described how pain had interfered with
the patient’s sleep during the past 24 hours, from 0
(did not interfere) to 10 (unable to sleep due to pain).
Asterisks indicate P,.05; daggers, P,.01.
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fatigue/inertia, P = .01; and total mood
disturbance, P = .03) compared with pla-
cebo. Gabapentin also had a positive ef-
fect on quality of life, as seen by signifi-
cant differences from placebo on the
bodily pain (P = .01), mental health (P =
.03), and vitality (P = .001) scores of the
SF-36 QOL Questionnaire. All other
items of the QOL Questionnaire trended
in the direction of a positive effect of gaba-
pentin; however, none were signifi-
cantly different than placebo.

Safety
Atotal of7 gabapentin-treatedpatients

(8%) withdrew from the study because of
a total of 13 adverse events: dizziness and
somnolence (2 patients each), abdominal
pain, asthenia, body odor, headache, di-
arrhea, abnormal thinking, nausea, con-
fusion, and hypesthesia (1 patient each).
A total of 5 patients (6%) who received
placebo withdrew because of a total of 8
adverse events: dyspepsia, constipa-

tion, flatulence (2 patients each), infec-
tion, and somnolence (1 patient each). The
most frequently reported adverse events
areshowninTable3.Mostadverseevents
in patients treated with gabapentin were
of mild or moderate intensity. There were
no significant changes in hemoglobin A1c

levels from baseline to the end of treat-
ment in either group, indicating that gly-
cemic control was maintained during the
study. Neurological examination data re-
vealed no group differences in the rate
of disease progression. Specifically, the
proportion of patients with a change from
normal or decreased at baseline to ab-
sent at study termination was similar be-
tween groups (,14% in each case) for the
3 sensory modalities tested (tempera-
ture, light touch, and pin prick). Addi-
tionally, evaluation of reflex changes and
changes in gait showed no difference be-
tween groups.

COMMENT
We have determined the efficacy and

safety of gabapentin in reducing pain at-
tributed to peripheral neuropathy in a
population of patients with diabetes
mellitus by conducting a large, double-
blind, placebo-controlled, randomized,
parallel-group trial. Gabapentin mono-
therapy proved effective in decreasing
pain associated with diabetic peripheral
neuropathy. Several aspects of the study
design and conduct are important to con-
sider in interpreting the results. We

chose to perform a large, simple clinical
trial in which patient diagnosis was made
clinically and was not dependent on elec-
trophysiological data. This type of trial is
appropriate, especially when the treat-
ment is designed to affect symptoms
ratherthanalterthediseaseprocess.The
Michigan Neuropathy Screening Instru-
ment, a questionnaire and clinical screen-
ing examination, predicted the result of
electrophysiological tests in 28 of 29 pa-
tients with diabetes,40 demonstrating
that a history and physical examination
alone are adequate for the diagnosis of
neuropathy in this population. A similar
strategy was used in 2 large clinical trials
of mexiletine for the symptomatic relief
of diabetic peripheral neuropathy.41,42

Becausethestudyendpointofpainwas
subjective, we explored the possibility
that the occurrence of adverse events re-
sulted in unblinding of the study, biasing
the result of our efficacy analysis (Table
2). Dizziness and somnolence, the 2 most
frequent adverse events, were also those
with the largest difference in incidence
between the gabapentin and placebo
groups. To assess the effect that patients
with these events had on the primary ef-
ficacyvariableweexcludedtheirdataand
reanalyzed the efficacy data. After ex-
cluding data from patients who reported
dizziness, the mean pain score between
groups differed by –1.19 (P = .002), favor-
ing the gabapentin group (gabapentin
[n = 62] mean, 4.02; placebo [n = 75] mean,
5.21). After excluding data from patients
who reported somnolence, the mean pain
score between groups differed by –0.81
(P = .03), also favoring the gabapentin
group (gabapentin [n = 63] mean, 4.19;
placebo [n = 75] mean, 5.21). Thus, inclu-
sion of patients who experienced these
central nervous system adverse effects
in the original analysis did not account for
the overall efficacy seen in the trial.

Recent systematic reviews discuss
treatment regimens that intended to
modify the incidence of neuropathy in a
cohort of patients with diabetes, alter
the course of an established neuropathy,
or reduce symptoms alone.15-18 These re-
views support the effectiveness of long-
term glycemic control in a reduction of
the incidence of neuropathy in patients
with diabetes, the potential use of aldose
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Figure 3.—A, Total score from the Short-Form Mc-
Gill Pain Questionnaire. Patients assessed pain
based on 15 sensory and affective descriptors on a
scale of 0 (none) to 3 (severe). Total pain score was
the sum of intensity ratings for all 15 descriptors. B,
Visual analog scale score from the Short-Form Mc-
Gill Pain Questionnaire. Patients placed a slash on
a 100-mm line from 0 (no pain) to 100 (worst pos-
sible pain). C, Present Pain Intensity of the Short-
Form McGill Pain Questionnaire. Present pain in-
tensity was indicated using a scale of 0 (no pain), 1
(mild pain), 2 (discomfort), 3 (distressing), 4 (hor-
rible), and 5 (excruciating). Asterisks indicate
P,.05; daggers, P,.01.
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Figure 4.—A, The Patient Global Impression of
Change (PGIC) was a 7-point scale on which
patients rated any change in their overall status that
they had experienced since beginning study medi-
cation. B, The Clinical Global Impression of Change
(CGIC) was a 7-point scale on which the clinician
rated the change observed in the patient’s overall
status since the beginning of the study. P = .001
using the Cochran-Mantel-Haenszel test.

Table 3.—Most Frequently ReportedAdverse Events*

Preferred
Terms

Gabapentin
(n = 84)

Placebo
(n = 81)

P
Value†

Dizziness 20 (23.8) 4 (4.9) ,.001

Somnolence 19 (22.6) 5 (6.2) .004

Headache 9 (10.7) 3 (3.7) .13

Diarrhea 9 (10.7) 7 (8.6) .79

Confusion 7 (8.3) 1 (1.2) .06

Nausea 7 (8.3) 4 (4.9) .54

*Data are number (percentage).
†Data were calculated using the Fisher exact test.
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reductase inhibitors toslowtheprogres-
sion of neuropathy, and the effective-
ness of TCAs to reduce pain. A system-
atic review of the results of controlled
clinical trials for the reduction of pain in
peripheral neuropathy due to any cause
revealed “clear evidence” for the effec-
tiveness of TCAs; “consistent support”
for intravenous and topical lidocaine,
carbamazepine, and topical aspirin; and
“contradictory” trial data for the effec-
tiveness of mexiletine, phenytoin, topi-
cal capsaicin, oral nonsteroidal anti-in-
flammatory medications, and opiates.
Intravenous morphine was considered
“probably effective.” Codeine, proprano-
lol, lorazepam, and phentolamine were
considered “ineffective.”20

The magnitude of effect on pain ob-
servedwithgabapentintreatment issimi-
lar to that reported in trials of TCAs,37

and the onset of action is more rapid. By
the first week (900 mg/d), an improve-
ment was observed in the mean sleep in-

terference scores (Figure 2) and by the
second week (1800 mg/d), improve-
ments were seen for all pain rating scales
(Figure 2 and Figure 3). Gabapentin’s
positive effect on quality of life mea-
sures (Table 2) suggests that this effect
is clinically significant.

Dose-limiting adverse effects remain
a problem for patients with neuropathic
pain. The effectiveness of TCA therapy
is often limited by intolerable adverse
effects (sedation, urinary retention, or-
thostatic hypotension, cardiac arrhyth-
mias) or a delayed onset of action.21

In this study, gabapentin appeared to
be well tolerated, with 56 (67%) of the 84
patients achieving the forced maximum
dosage of 3600 mg/d. The frequency of
dizziness and somnolence may be attrib-
uted in part to the high dosage chosen for
study. Since efficacy was achieved before
completion of the titration phase of the
study (Figure 2 and Figure 3), dose titra-
tion while observing the therapeutic re-

sponse might reduce the incidence of diz-
ziness and somnolence we observed.

Gabapentin monotherapy produced
rapid onset of clinically meaningful pain
relief with relatively minor and poten-
tially avoidable adverse effects in this
trial.Gabapentinisapromisingnewagent
for use in patients with neuropathic pain
when therapeutic options are limited and
offers advantages over currently avail-
able treatments as a first-line agent.
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Gabapentin Diabetic Neuropathy Study Group:
David Bell, MD; Vera Bril, MD; Enrique J. Carra-
zana, MD; Richard Guthrie, MD; Bruce Henson,
MD; Jonathan Jaspan, MD (deceased); Michael P.
Merchut, MD; Michael Pfeifer, MD; Neelan Pillay,
MD; Daniel Porte, Jr, MD; Julio Rosenstock, MD;
Melvin Stjernholm, MD; Donald Studney, MD; Al-
bert Tahmoush, MD; Aaron I. Vinik, MD; and Peter
Weissman, MD. Additionally, we acknowledge Lee
Hayes for her extensive contributions and leader-
ship in the design and early development of this
study, and we thank Judith Bammert Adams,
PharmD, and Mark Aills, MPH, for their editorial
and technical contributions to the manuscript.
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