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Abstract 

Background:  Diabetes mellitus is commonly complicated by diabetic peripheral neuropathy. Poor adherence to 
medication is common in diabetic peripheral neuropathy mainly due to common side effects and poor tolerance 
to medication. Botulinum toxin A intradermal injection has proved efficacy in cases of diabetic peripheral neuropa-
thy, however there is a need to compare its effect to other lines of treatment. The aim of the study was to compare 
Botulinum toxin type A versus conventional oral treatment as a second-line treatment of painful diabetic peripheral 
neuropathy. The current study was a comparative study on 30 patients with type 2 diabetes mellitus. Diabetic periph-
eral neuropathy was proved by nerve conduction study. All patients were on carbamazepine. Patients were divided 
randomly into three groups. First group was add-on duloxetine, second group was add-on gabapentin and the third 
group was injected intradermal with Botulinum toxin A.

Results:  Our study showed that Botulinum A intradermal injection, gabapentin and duloxetine add-on therapy 
decreased the VAS and PSQI over a 12-week study period and this was statistically significant at p < 0.001*. Botulinum 
A intradermal injection also decreased the mean of PSQ1 from 17.3 ± 1.8 to 10.9 ± 3.1 in 12 weeks constituting the 
highest decline in PSQ1 among the three groups and this was statistically significant at p < 0.001*.

Conclusion:  Botulinum toxin A injection had a comparable if not superior efficacy to duloxetine and gabapentin as a 
second-line treatment of diabetic peripheral neuropathy.
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Background
Diabetes mellitus is commonly complicated by diabetic 
peripheral neuropathy and its prevalence is approxi-
mately 60–70% among 347 million people with diabetes 
mellitus worldwide [1]. Neuropathic pain is a frequent 
companion to diabetic peripheral neuropathy [2].

Various pain medications such as antidepressants, 
anticonvulsants, topical agents and opioids have been 

evaluated in people with diabetic peripheral neuropathy 
[3, 4]; however, because of the common side effects [3, 5] 
and poor adherence to medication there is a need of new 
lines of treatment [5].

Complications of diabetic peripheral neuropathy 
include paraesthesia, sensory loss and subsequent ulcers, 
osteomyelitis, deformities, gangrene and, ultimately, foot 
amputation; therefore, new therapeutic approaches are 
needed to reduce neuropathic symptoms and improve 
the outcome in people with diabetic peripheral neuropa-
thy [5, 6].
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Botulinum neurotoxins (BTX-A) are used in treatment 
of spasticity and glandular hyperactivity but also found to 
suppress both nociceptor sensitization and neuropathic 
pain such as trigeminal neuralgia and carpal tunnel syn-
drome [7, 8].

In a systemic review done by Chengbing Wang and 
colleagues [9] in 2021, they showed that reducing pain 
in diabetic peripheral neuropathy by Botulinum A toxin 
can be safe and effective. This systemic review was done 
comparing only four studies, which emphasis the need 
to study the effect of Botulinum A in diabetic peripheral 
neuropathy. The current study aimed to compare Botu-
linum toxin type A with conventional oral treatment as 
a second-line treatment of painful diabetic peripheral 
neuropathy.

Methods
The current study was a comparative study on 30 patients 
with type 2 diabetes mellitus. All patients suffered from 
diabetic peripheral neuropathy proved by nerve conduc-
tion study. All patients were on carbamazepine as a first-
line treatment for diabetic peripheral neuropathy dose 
was 200  mg twice. Patients were divided randomly into 
three groups. First group was add-on duloxetine 60  mg 
once daily, second was add-on gabapentin 300 mg twice 
daily and the third group was injected intradermal with 
Botulinum toxin A.

Botulinum toxin was injected intradermal with a dose 
of 50 units in each foot intradermal evenly distributed 
equally in 10 injection sites.

Baseline and follow-up assessment were performed 
after adding second-line treatment (gabapentin, dulox-
etine and Botulinum toxin A) through visual analogue 

scale (VAS) and Pittsburgh Sleep Quality Index (PSQI) at 
0, 1 week, 4 weeks, 12 weeks.

Inclusion criteria were type 2 diabetic patients on car-
bamazepine as a single line of treatment for neuropathic 
pain.

Exclusion criteria were any severe medical condition 
that might interfere with the results.

Informed consents written and oral were obtained from 
the patients to use their anonymous data for research 
purposes. Regarding statistical analysis of the data, 
data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0. (Armonk, NY: IBM 
Corp). The Kolmogorov–Smirnov test was used to verify 
the normality of distribution of variables, comparisons 
between groups for categorical variables were assessed 
using Chi-square test (Monte Carlo). ANOVA was used 
for comparing the four studied groups and followed by 
post hoc test (Tukey) for pairwise comparison. Kruskal–
Wallis test was used to compare different groups for 
abnormally distributed quantitative variables. ANOVA 
with repeated measures, compare different periods using 
post hoc test (adjusted Bonferroni). Significance of the 
obtained results was judged at the 5% level.

Results
This study was conducted on 30 diabetic patients with 
diabetic peripheral neuropathy on carbamazepine and 
they were divided in to three equal groups with add-on 
duloxetine gabapentin and intradermal Botox injection.

Table  1 shows the demographic and clinical charac-
teristics of the studied groups. All three groups were 
matched regarding age and sex and duration of diabe-
tes. Mean age was 59.5 years for duloxetine 58 years for 
gabapentin and 63  years in Botulinum toxin A group. 

Table 1  Comparison between the three studied groups according to age, sex, diabetic medication and duration of diabetes

SD: standard deviation; χ2: Chi-square test; F: F for ANOVA test; MC: Monte Carlo; H: H for Kruskal–Wallis test

p: p value for comparing between the three studied groups

Duloxetine (n = 10) Gabapentin (n = 10) Botox (n = 10) Test of sig p

Sex

 Male 5 (50%) 4 (40%) 4 (40%) χ2 = 0.381 MCp = 1.000

 Female 5 (50%) 6 (60%) 6 (60%)

Age (years)

 Mean ± SD 59.9 ± 7 59.1 ± 9.4 60.9 ± 9.8 F = 0.105 0.900

 Median (Min.–Max.) 59.5 (50–70.0) 58 (45–72) 62 (47–76)

Medication

 Oral 6 (60%) 9 (90%) 8 (80%) χ2 = 2.400 MCp = 0.430

 Insulin 4 (40%) 1 (10%) 2 (20%)

Duration (years)

 Mean ± SD 9.2 ± 6.4 6.4 ± 4.4 9.6 ± 6.2 H = 1.712 0.425

 Median (Min.–Max.) 7 (3–24) 5 (2–16) 9 (2–20)
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With no statistically significant difference among the 
three groups at p = 0.900.

Oral hypoglycemic drugs were the main line of treat-
ment of diabetes in the studied groups. 60% of patients 
on oral hypoglycemic drugs in the duloxetine group 
90% for gabapentin group and 80% in Botulinum toxin 
A group with no statistically significant difference 
among the three groups at p = 0.430.

Regarding the duration of diabetes, mean duration 
of diabetes was 9.2 ± 6.4  years for duloxetine group 
6.4 ± 4.4 years for gabapentin group and 9.6 ± 6.2 years 
in Botulinum toxin A group. With no statistically sig-
nificant difference among the three groups at p = 0.425.

Table  2 shows the VAS at 0, 1, 4, 12  weeks compar-
ing duloxetine, gabapentin and Botulinum toxin A 
injection.

Baseline mean VAS was 8 ± 1.1 in the duloxetine group 
7.5 ± 1.1 in the gabapentin and 8.1 ± 0.7 in the Botulinum 
toxin A group. There was no statistically significant dif-
ference among the three groups at p = 0.348.

VAS decreased in the three groups, yet it was not a sta-
tistically significant difference between the three groups 
at p = 0.316.

Table  3 and Figure  1 show that duloxetine, gabapen-
tin and Botulinum toxin significantly decreased the VAS 
along week 0 to 12.

Duloxetine add-on therapy decreased the VAS from a 
mean of 8 ± 1.1 to 5.8 ± 0.9 after 12 weeks and this was 
statistically significant at p < 0.001*

While gabapentin add-on therapy decreased the VAS 
mean from 7.5 ± 1.1 to a mean of 5.5 ± 1.1 after 12 weeks, 
this was statistically significant at p < 0.001*

Botulinum A intradermal injection also decreased the 
mean of VAS from 8.1 ± 0.7 to 6.2 ± 1 in 12  weeks and 
this was statistically significant at p < 0.001*

When comparing VAS 0 to VAS 1, 4, 12 among each 
patient group Botulinum toxin A was the only drug that 
caused statistically significant difference all along the 
study duration p1 = 0.019*, < 0.001*, 0.004*, respectively.

When comparing PSQ1 among different add-on 
therapy, Table  4 shows that baseline mean PSQ1 was 
17.4 ± 2.21 in the duloxetine group 16.2 ± 2.7 in the 
gabapentin and 17.3 ± 1.8 in the Botulinum toxin A 
group with no statistically significant difference among 
the groups at p = 0.437.

PSQ1 at week 4 was lowest in the Botulinum A intra-
dermal group mean = 9.9 ± 3.6 and this was statistically 
significant at p = 0.001*

This decline was confirmed even further when compar-
ing duloxetine and gabapentin p1 = 0.891 which was sta-
tistically insignificant.
p value when comparing duloxetine and Botox was 

p2 = 0.002* which was statistically significant, p value 
when comparing between gabapentin and Botox was 
p3 = 0.005* which was statistically significant.

Table  5 and Figure  2 show that duloxetine add-on 
therapy decreased the PSQ1 from a mean of 17.4 ± 2.2 to 
13.8 ± 2.4 after 12 weeks and this was statistically signifi-
cant at p < 0.001*.

While gabapentin add-on therapy decreased the PSQ1 
mean from 16.2 ± 2.7 to 13.3 ± 3 after 12 weeks, this was 
statistically significant at p < 0.001*.

Botulinum A intradermal injection also decreased the 
mean of PSQ1 from 17.3 ± 1.8 to 10.9 ± 3.1 in 12 weeks 

Table 2  Comparison between the three studied groups according to VAS

SD: standard deviation

F: F for ANOVA test

p: p value for comparing between the three studied groups

VAS Duloxetine (n = 10) Gabapentin (n = 10) Botox (n = 10) F p

VAS 0

 Mean ± SD 8 ± 1.1 7.5 ± 1.1 8.1 ± 0.7 1.098 0.348

 Median (Min.–Max.) 8 (6–9) 7.5 (6–9) 8 (7–9)

VAS 1 week

 Mean ± SD 7.5 ± 1.4 6.6 ± 1.6 7.3 ± 0.8 1.231 0.308

 Median (Min.–Max.) 7.5 (6–9) 6.5 (4–9) 7.5 (6–8)

VAS 4 weeks

 Mean ± SD 6.3 ± 1.2 5.7 ± 1.3 5.5 ± 0.8 1.431 0.257

 Median (Min.–Max.) 6.5 (4–8) 6 (4–8) 5.5 (4–7)

VAS 12 weeks

 Mean ± SD 5.8 ± 0.9 5.5 ± 1.1 6.2 ± 1 1.202 0.316

 Median (Min.–Max.) 5.5 (5–7) 5 (4–8) 6 (5–8)
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constituting the highest decline in PSQ1 among the three 
groups and this was statistically significant at p < 0.001*.

When comparing PSQ1 0 to of PSQ1 1, 4, 12  weeks 
among each patient group, Botulinum toxin A was the 
only drug that caused statistically significant differ-
ence all along the study duration, p1 = 0.016**, < 0.001*, 
< 0.001**, respectively.

Discussion
In the current study, we compared 30 patients with dia-
betic peripheral neuropathy on carbamazepine, regarding 
add-on therapy. Duloxetine, gabapentin and intradermal 
Botulinum toxin A injection were compared in three 
groups (10 patients each) VAS and PSQ1 were compared 

at a 0, 1, 4, 12 weeks after initiation of add-on therapy. All 
three lines of treatment successfully decreased PSQI and 
VAS and this was statistically significant.

Botulinum toxin A caused the highest and fastest 
reduction in the VAS and PSQ1 compared to gabapentin 
and duloxetine.

In literature there is limited data about the effect of 
Botulinum a toxin injection in comparison with other 
lines of treatment.

Regarding the dose of Botulinum toxin A in the cur-
rent study, we used 50 units intradermal injection this 
was in concordance with a study by Yuan and colleagues 
[10], but higher doses were used in other studies. In a 
study by Ghasemi and colleagues 100 units of BTX-A in 
one foot was used [11], while in another study by Salehi 
and colleagues 100 units of BTX-A was injected in each 
foot [12], while the study by Taheri injected 150 units of 
BTX-A intradermal in each foot [13].

In a study by Moon and colleagues [14], in 2016 they 
performed an ultrasound-guided Botulinum toxin type A 
(BoNT-A) injection in 2 cases with intractable post-her-
petic neuralgia (PHN), painful diabetic neuropathy. Yet 
this study was not comparative with the effect of drugs 
due to patient’s intolerance to side effect, also they only 
injected 2 patients, yet he reported significant improve-
ment of pain for 5  months which was in concordance 
with our study.

In our study, we compared different add-on treatment 
options. Most of the studies were in comparison to pla-
cebo, for example in a randomized controlled trial by 
Eitner and colleagues [15] they showed that compared 

Table 3  Comparison between the different studied periods according to VAS

SD: standard deviation

F: F test (ANOVA) with repeated measures, Sig. bet. periods was done using post hoc test (adjusted Bonferroni)

p: p value for comparing between the different studied periods

p1: p value for comparing between VAS 0 and each other period in each group
* Statistically significant at p ≤ 0.05

VAS VAS 0 VAS 1 week VAS 4 weeks VAS 12 weeks F p

Duloxetine (n = 10)

 Mean ± SD 8 ± 1.1 7.5 ± 1.4 6.3 ± 1.2 5.8 ± 0.9 17.553* < 0.001*

 Median (Min.–Max.) 8 (6–9) 7.5 (6–9) 6.5 (4–8) 5.5 (5–7)

 p1 1.000 < 0.001* 0.001*

Gabapentin (n = 10)

 Mean ± SD 7.5 ± 1.1 6.6 ± 1.6 5.7 ± 1.3 5.5 ± 1.1 9.108* < 0.001*

 Median (Min.–Max.) 7.5 (6–9) 6.5 (4–9) 6 (4–8) 5 (4–8)

 p1 0.112 0.004* 0.009*

Botox (n = 10)

 Mean ± SD 8.1 ± 0.7 7.3 ± 0.8 5.5 ± 0.8 6.2 ± 1 30.221* < 0.001*

 Median (Min.–Max.) 8 (7–9) 7.5 (6–8) 5.5 (4–7) 6 (5–8)

 p1 0.019* < 0.001* 0.004*
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to placebo, subcutaneous injections of Botulinum toxin 
A resulted in considerable alleviation of neuropathic 
pain after 24 weeks. Although this was in concordance 
with our study, this was subcutaneous not intradermal 
injection.

Hossam Egila and colleagues [16] injected 22 diabetic 
patients intradermally with Botulinum toxin A and 
compared to 20 patients on placebo. His study showed 
significant improvement of VAS 1, 4 and 12 weeks post-
injection in patients injected with Botox in comparison 

Table 4  Comparison between the three studied groups according to PSQI

SD: standard deviation

F: F for ANOVA test, pairwise comparison bet. Each two groups was done using post hoc test (Tukey)

p: p value for comparing between the three studied groups

p1: p value for comparing between duloxetine and gabapentin

p2: p value for comparing between duloxetine and Botox

p3: p value for comparing between gabapentin and Botox
* Statistically significant at p ≤ 0.05

BISP Duloxetine (n = 10) Gabapentin (n = 10) Botox (n = 10) F p

PSQI 0

 Mean ± SD 17.4 ± 2.2 16.2 ± 2.7 17.3 ± 1.8 0.854 0.437

 Median (Min.–Max.) 18 (14–20) 17.5 (12–19) 17.5 (15–20)

PSQI 1 week

 Mean ± SD 16.7 ± 2.4 15.7 ± 2.6 15.9 ± 2.4 0.464 0.634

 Median (Min.–Max.) 17 (14–20) 16.5 (11–19) 16 (12–20)

PSQI 4 weeks

 Mean ± SD 15 ± 1.6 14.4 ± 3.2 9.9 ± 3.6 9.070* 0.001*

 Median (Min.–Max.) 14.5 (13–18) 13.5 (9–20) 10 (6–16)

Sig. bet. grps p1 = 0.891, p2 = 0.002*, p3 = 0.005*

PSQI 12 weeks

 Mean ± SD 13.8 ± 2.4 13.3 ± 3 10.9 ± 3.1 2.915 0.071

 Median (Min.–Max.) 13 (9–17) 13.5 (9–19) 11 (7–15)

Table 5  Comparison between the different studied periods according to PSQI

SD: standard deviation

F: F test (ANOVA) with repeated measures, Sig. bet. periods was done using post hoc test (adjusted Bonferroni)

p: p value for comparing between the different studied periods

p1: p value for comparing between PSQI 0 and each other period in each group
* Statistically significant at p ≤ 0.05

PSQI PSQI 0 PSQI 1 week PSQI 4 weeks PSQI 12 weeks F p

Duloxetine (n = 10)

 Mean ± SD 17.4 ± 2.2 16.7 ± 2.4 15 ± 1.6 13.8 ± 2.4 32.863* < 0.001*

 Median (Min.–Max.) 18 (14–20) 17 (14–20) 14.5 (13–18) 13 (9–17)

 p1 0.149 0.002* < 0.001*

Gabapentin (n = 10)

 Mean ± SD 16.2 ± 2.7 15.7 ± 2.6 14.4 ± 3.2 13.3 ± 3 9.234* 0.002*

 Median (Min.–Max.) 17.5 (12–19) 16.5 (11–19) 13.5 (9–20) 13.5 (9–19)

 p1 0.313 0.176 0.018*

Botox (n = 10)

 Mean ± SD 17.3 ± 1.8 15.9 ± 2.4 9.9 ± 3.6 10.9 ± 3.1 57.210* < 0.001*

 Median (Min.–Max.) 17.5 (15–20) 16 (12–20) 10 (6–16) 11 (7–15)

 p1 0.016* < 0.001* < 0.001*
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to patients injected with placebo p = (0.047, 0.001 
and 0.000), respectively. Yet there was no significant 
improvement in PSQI in patient injected with Botuli-
num toxin A.

Helmy and colleagues [17] in 2021 in Egypt also 
showed improvement of Overall Disability Sum Scale 
(ODSS) in 8 patients after intradermal injection of 8 units 
of Botulinum toxins type A in each foot in 6 × 4 distribu-
tion. Yet no significant change in the PSQ1 scale which 
was contrary to our results which showed that Botulinum 
type A intradermal decreased PSQ1 and this was statisti-
cally significant.

Also in a prospective, randomized, double-blind, con-
trolled trial by Taheri and colleagues [18] in Iran on 141 
patients, he compared Botulinum intradermal injection 
to placebo and reported significant improvement of VAS.

Conclusion
Botulinum toxin A injection had a comparable if not 
superior efficacy to duloxetine and gabapentin as a sec-
ond-line treatment of diabetic peripheral neuropathy.
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