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 Background & Objective:  Both duloxetine (DLX) and transcutaneous electrical 
nerve stimulation (TENS) are recommended as safe and effective treatments for 
diabetic peripheral neuropathic pain. However, these methods have not been 
compared. This study aimed to compare the efficacy of treatment by DLX and 
TENS in diabetic neuropathy pain relief. 

 Materials & Methods:  This survey was performed on 60 eligible diabetic patients 
randomly divided into two groups of DLX (20, 40, and 60 mg/day for weeks 1, 2, and 
3-12, respectively), and TENS (20 min,80  HZ, 50 Amp, 0.2 ms Square pulses 2-3 
times sensory threshold). The participants were evaluated according to the numerical 
rating scale (NRS) after four and twelve weeks of treatment. Moreover, adverse drug 
reactions were documented during the study period.  

Results:  Baseline demographic data had no significant difference between the two 
groups (P≥0.05). The average NRS scores were significantly lower in the DLX group 
in both measurement times. At the end of weeks four (P=0.01) and 12 (P=0.001), the 
trend of changes was significant from baseline to the third month (P=0.0001). No 
patient in the TENS group reported any side effects, while 18% did in the DLX group. 

Conclusion:  We found that both DLX and TENS were effective and safe for the 
management of painful diabetic neuropathy. The DLX seemed to be better, 
compared to TENS. However, in some conditions, such as drug intolerance or 
contraindication for medications, TENS could be a proper intervention. 
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Introduction
Diabetic peripheral neuropathic pain (DPNP) is a 

common and disabling complication of diabetes 
affecting almost 50% of diabetic patients (1). It 
presents as a chronic symmetrical and severe shooting 
pain leading to high health costs, disability of patients, 
and poor quality of life (2). The pathogenesis of DPNP 
is attributed to the interaction between the nervous and 
immune systems (3, 4). 

Various pharmacological and non-pharmacological 
interventions have been used to control DPNP. 
However, it remains a great challenge for physicians 
(5-7). Therefore, it is crucial to continue investigations 

toward influential treatments with the least adverse 
effects. 

According to the literature, few studies have 
compared the efficacy of transcutaneous electrical 
nerve stimulation (TENS), as a non-pharmacological 
treatment, with pharmacologic agents. In the present 
study, the pain relief properties of TENS and 
duloxetine (DLX) were compared in DPNP.  

TENS has been used widely in various painful 
conditions as a safe, easy to use, and inexpensive 
method with no serious adverse effects (8). Although 
the efficacy of TENS in the control of chronic pain has 
been supported by previous human studies, few trials 
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are available concerning painful diabetic neuropathy 
(9). Furthermore, TENS is known as an influential safe-
management strategy (10). However, there is no 
consensus on the way of optimizing the impacts of this 
method (11). 

The DLX, as another studied drug, is a serotonin-
norepinephrine reuptake inhibitor causing an increase 
in the local concentration of specific neurotransmitters 
in the descending pathways of the brain and spinal 
cord. It has been known to have neuroprotective 
properties (2, 12). 

Despite few investigations on the safety and efficacy 
of these therapeutic methods, comparative studies 
focusing on the Iranian population are rare and this is 
the first survey comparing these treatments for DPNP. 
Consequently, the current research aimed to compare 
the efficacy and safety of TENS and DLX in patients 
with DPNP.  

 

Materials and Methods 

This single-blind clinical trial was conducted in the 
Guilan pain clinic during February 2019-April 2020. 
The study protocol was approved by the Ethics 
Committee of Guilan University with the ethical code 
of IR.GUMS.REC.1398.052 and was registered in the 
Iranian Registry of Clinical Trials 
(IRCT20110413006186N13). 

Firstly, informed consent was obtained by giving a 
complete explanation about the survey to the 
participants. Our subjects were selected from the 
patients who were referred to our pain clinic by 
neurologists. 

The inclusion criteria entailed being affected by 
diabetes type I and II, age of over 18 years, and being 
diagnosed with DPNP. The diagnosis was confirmed 
by an experienced neurologist based on the American 
Diabetes Association criteria (13). The DPNP was 
diagnosed according to the Michigan Neuropathy 
Screening Instrument scale (14) as pain severity ≥4 
based on the Numerical Rating Scale (NRS)  (0=no pain 
to 10=the most severe pain) and resistance to the 
conventional treatments for at least six months. 

The exclusion criteria included: 1) contraindications 
or history of adverse reactions to DLX, 2) hepatic, 
heart, or renal failure, 3) hemoglobin A1c>8 mg%, 4) 
analgesics consumption, 5) having received 
serotonergic medications within 14 days prior to the 
study, 6) uncontrolled hypertension, 7) being pregnant, 
8) smoking, 9) psychological disorders, 10) epilepsy or 
any other neuropathies, 11) pace marker or implantable 

cardioverter-defibrillator, 12) irritation or 
inflammation at TENS site, and 13) history of 
receiving TENS. 

All patients were advised to not change their diabetes 
control medications and other vital drugs, such as 
antihypertensive and lipid-lowering agents during the 
study period unless it was necessary. Three months 
before the study, all patients stopped receiving any 
types of analgesic drugs and underwent treatment with 
gabapentin 300-600 mg/daily. In case ADRs occurred 
or proper pain relief was achieved the patient was 
excluded from the survey. 

Eligible diabetic patients enrolled in the survey and 
were randomly divided into two groups of DLX (20, 
40, and 60 mg/day for weeks 1, 2, and 3-12, 
respectively) and TENS (20 min,  80  HZ, 50 Amp, 0.2 
ms Square pulses 2-3 times sensory threshold). They 
were evaluated according to the NRS one and three 
months after starting the treatment. During the course 
of the study, the participants were asked to report any 
adverse effects related to their treatment methods and 
the reports were documented precisely. The patients 
could not be blinded due to the obvious difference in 
the type of treatments leading to a single-blind study. 

 

Results  

A total of 246 diabetic patients were interviewed in 
terms of eligibility and 107 were screened. Because of 
different reasons 35 individuals were excluded. 
Finally, 72 patients were selected based on the 
inclusion and exclusion criteria and were randomly 
assigned to two equal groups of DLX and TENS. In the 
DLX group, 12 patients discontinued treatment due to 
intolerability and were replaced with new cases. All 
patients in the TENS group completed the study. The 
demographic and primary clinical data of the two 
groups showed no significant difference (P≥0.05) 
(Table 1). The mean severity of DPNP at three different 
time sections based on the NRS scores has been shown 
in Table 2.  

Repeated measure analysis displayed a significant 
trend of changes within three months (P˂0.001). 
(Figure 1). The mean NRS scores were significantly 
lower in the DLX group than the TENS group at the 
end of the first (P=0.01) and third months (P=0.001).  
In the DLX group, 18 (60%) patients reported at least 
one ADR, including dry mouth, vertigo, and 
constipation. In the TENS group, none of the studied 
cases reported serious side effects and only a few 
people complained of buzzing, tingling, or prickling 
sensation or transient allergy to the adhesive pads.  
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Table 1. Patients’ demographic and clinical characteristics. 

P-value Total 
(Percent/Number) 

TENS 
group(Percent/Number) 

Duloxetine 
group(Percent/Number) Status Variable1 

P= 0.438 
31(51.7%) 17(56.7%) 14(46.7%) Male 

Gender 
29(48.3%) 13(43.3%) 16(53.3%) Female 

P=0.555 

11(18.3%) 4(13.3%) 7(23.3%)  <50 

Age 25(41.7%) 14(46.7%) 11(36.7%) 50-60 

24(40%) 12(40%) 12(40%) 60-70 

P=0.571 57.71±7.43 58.26±6.93 57.16±7.98 Mean ±SD 

P=0.077 

13.3 8 3.3 1 23.7 7  <19 

BMI(Kg/m𝟐𝟐) 
60 36 70 21 50 15 19-25 

20 12 16.7 5 23.3 7 25-30 

6.7 4 10 3 3.3 1 >30 

P=0.125 23.28±4.27 24.13±4.65 22.43±3.74 Mean± SD 

P=0.573 
70 42 66.7 20 73.3 22 III 

ASA Class 
30 18 33.3 10 26.7 8 IV 

P=0.64 
8.3 5 6.7 2 10 3 I 

Diabetes type 
91.7 55 93.3 28 90 27 II 

P=0.46 

14(23.3%) 5(16.7%) 9(30%) < 𝟏𝟏𝟏𝟏 
Duration of 

Disease(Year) 32(53.3%) 17(56.7%) 15(50%) 10-20 

13(21.7%) 8(26.7%) 6(20%) >20 

P=0.241 

13(21.7%) 9(30%) 4(13.3%) <12 
months 

Duration of 
DPNP (Months) 27(45%) 11(36.7%) 16(53.3%) 12-24 

months 

20(33.3%) 10(33.3%) 10(33.3%) >24 
months 

P=0.065 17.16±7.3 18.9±7.57 15.43±6.69 Duration of Disease (Year) 
Mean ±SD 

P=0.376 22.46±9.52 21.36±9.51 23.56±9.56 Duration of DPNP (Months) 
Mean ±SD 

 

Table 2. Comparison of patients’ DPNP intensity by NRS, at three measurement point times of the study 

Measurement times Pre-Treatment 1st Month 3rd-month 
P-value 
within 
groups 

P-value 
between 
groups 

Duloxetine 5.23±0.85 3.43±0.93 2.76±0.67 F=230.1 
P=0.0001  

F=11.18 
P=0.0001 TENS 5.2±0.76 4.03±0.8 3.43±0.77 F=128.7 

P=0.0001 

P-value F=0.159 
P=0.874 

F=2.56 
P=0.01 

F=3.54 
P=0.001  
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Figure 1. NRS score at different time sections in two groups  

 
Discussion  

Despite providing detailed information about the 
pathophysiology of DPNP and considerable researches 
in this field, pain control is not completely successful 
yet. The first and main approach to prevent and reverse 
is proper and tight glucose level control (15). In this 
study, the effectiveness of the two treatment options 
was investigated. 

In line with the findings of previous studies, we 
found both interventions to be effective and safe. 
Although DLX was significantly better, few patients 
were excluded during the survey due to intolerable 
ADRs. However, all patients in the TENS group 
finished the follow-up without any adverse reaction. 
Contrary to the DLX group, the significant pain relief 
in the TENS group was transient and after almost two 
hours, patients suffered from refractory pain but not 
with the same severity. Considering the potential DLX 
adverse effects, patients resistant to the conventional 
drugs or those affected by severe side effects could 
benefit from this non-pharmacological adjuvant 
treatment. The latter result could be the practical aspect 
of this study.  

Experimental studies have demonstrated that TENS 
inhibits the raised irritability of nociceptive neurons, 
which occurs following inflammation or nerve injury. 
In addition, TENS activates endogenous opioid 
receptors leading to the activation of central inhibitory 
pathways (8, 9). 

DLX has been known as the first line of 
pharmacological therapy (4). Javeed et al. in a 
randomized controlled trial compared the efficacy of 
DLX 60 mg daily with Amitriptyline 75 mg daily on 

the reduction of diabetic neuropathy pain . Moreover, 
any side effect was documented during the study 
period. In their study, a total of 200 patients aged 20-
65 years and symptomatic for at least six months were 
divided into two equal groups. In a six weeks follow-
up, patients in the DLX group significantly showed 
better results (16). 

Zakerkish et al. in a study similar to our work, 
compared nortriptyline and TENS as a pharmacologic 
and a non-pharmacologic option, respectively. They 
found that both methods were safe and effective. 
However, patients in the nortriptyline group showed a 
better therapeutic response, compared to the 
individuals in the TENS group. The patients in the 
intervention group experienced a significant drop in the 
VAS score. Similar to the present study, only 15% of 
the cases reported subtle side effects, such as transient 
cramps. They also revealed that although patients with 
severe pain benefited from nortriptyline with more 
stable effects, TENS was markedly more accepted with 
significantly fewer side effects (5). 

Consistent with our results, Joharchi et al. in Iran 
reported that 74% of diabetic patients receiving DLX 
with the average dose of 60 mg daily showed at least 
one adverse drug reaction, while 26.7% of the 
participants were excluded from the survey. These 
authors believed that other therapeutic options, such as 
pregabalin could be a better choice for this purpose 
(17). In contrast, Majdinasab et al. observed that 
90.38% of their cases receiving 60 mg DLX daily, 
well-tolerated the treatment and markedly improved 
(12).  
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Devi et al. in India reported that DLX was safe and 
tolerable in their cases with a flexible range of dosage 
(20-80 mg/day) (18). In the study performed by Yasuda 
et al. in Japan, the average effective and tolerable dose 
of DLX was 40 mg/day (19). Raskin et al. in a clinical 
trial evaluated the high dosage regimes of DLX (120 
mg/daily) in people from Brazil, Canada, Argentina, 
and Australia. A total of 449 patients participated and 
21.8% of them discontinued the study due to ADRs. 
The reported ADRs entailed nausea, dizziness, 
vomiting, fatigue, and somnolence (20). 

The average daily therapeutic and safe dosage of 
DLX was found as 53.9, 55.2, and 60-120 mg in 
German, American, and English individuals, 
respectively (21-23). In line with the present 
investigation, Nabi et al. (24) and Yadav et al. (25) 
demonstrated the positive effects of TENS on DPNP 
(5). On the other hand, Oyibo et al. did not observe any 
significant improvements in these patients after six 
weeks of continuous treatment (26).  

The controversy in the findings could be partly 
explained by different methodologies, the 
characteristics of the studied population, and pain 
evaluation instruments. Obviously, the measurement of 
pain severity based on a self-report scale depends on 
the perception of individuals and definition of pain 
severity, which might vary person by person. 
Differences in average BMI, social mental health 
condition, nutrition status, serum albumin levels, and 
genetic polymorphism should be considered as well 
(27). 

Moreover, studies have highlighted the importance 
of the role of race and region on drug reactions and 
therapeutic response (28). Fox et al. demonstrated the 
role of serotonin transporter gene polymorphism in 
adverse reactions to DLX (29). Previous studies have 
well described the impacts of ethnics and region on 
hepatic metabolism. It is reported that almost 24% of 
Iranians have a lower rate of hepatic metabolism due to 
the specific cytochrome 2 D6 (CYP2D6) and are more 
likely to be affected by drug side effects (30). For 
example, the safe and effective dosage of some 
medications, such as warfarin and tricyclic anti-
depressants are lower in the Iranian population, 
compared to Europeans and Americans (31).  

We recommend further well-planned studies with 
larger sample size, longer follow-up, and more 
outcomes. In addition, the influence of other factors, 
including health status, mental condition, nutrition, and 
serum albumin level on the efficacy and safety margins 
of the treatments should be evaluated.  

Although this study revealed valuable information in 
terms of pain relief in DPNP, we encountered some 
limitations. Firstly, it was the first study on direct 
comparison of DLX, as the first-line drug in DPNP 
management, with TENS, as an effective non-
pharmacological option in the Iranian population. 
Furthermore, this investigation was a single-center 

study with small sample size and a limited follow-up 
of three months. Moreover, the assessment of patients 
was only based on the NRS and all detailed diabetes 
parameters were not evaluated.  

 

Conclusion 
Both TENS and DLX could effectively reduce 

DPNP. Although DLX showed superior results, it was 
associated with more adverse effects. TENS was well 
tolerated with short-term and transient pain relief 
impacts. Decision-making to choose the proper 
treatment depends on the conditions and pain severity 
of patients. Moreover, the combination of TENS with 
medications may diminish drug dosage creating more 
compliance. 
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