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Abstract: Introduction: Neuropathic pain is defined as pain induced by a lesion or disease of
the somatosensory nervous system. Pharmacological and non-pharmacological treatments are
frequently employed. In the current clinical investigation, we assessed the effects of sex on the
safety and effectiveness of medications used to treat neuropathic pain. Methods: We conducted a
prospective analysis between 1 February 2021 and 20 April 2024, involving patients with neuropathic
pain referred to the Ambulatory of Pain Medicine of “Renato Dulbecco” University Hospital in
Catanzaro (Calabria, Italy). Patients over 18 years old with signs of neuropathic pain (Douleur
Neuropathique en 4 questionnaire > 4) were included. Exclusion criteria comprised patients with
Alzheimer’s disease; patients with nociplastic or nociceptive pain; and patients with neoplasms.
Patients with fewer than two accesses to ambulatory care were excluded, as were those who did not
sign the informed consent. Clinical data were collected from each enrolled patient and subsequently
analyzed, considering clinical outcomes. Sex and gender differences in efficacy were estimated using
multivariate linear modeling and propensity-score matching. Results: During the study, 531 patients
were screened, and 174 were enrolled (33.5%, mean age 61.5 & 13.1; 64 males and 110 females,
mean age 60.6 &+ 13.4 and 61.96 + 13.0) in accordance with the inclusion and exclusion criteria. Only
minor differences in treatment prescription were observed based on age, body mass index, and
comorbidities. Smoking, sex, educational level, and body mass index did not induce a significant
change in pain perception. Males required slightly higher, though not significantly, doses of drugs for
pain control than females. The treatment was not significantly more effective for females than for
males. Females did not exhibit a significantly lower number of adverse drug reactions compared to
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males. Conclusions: The current study found that there are no appreciable differences between the
sexes when it comes to the treatment of neuropathic pain.

Keywords: neuropathic pain; gender; treatment; efficacy; safety

1. Introduction

Neuropathic pain is a chronic condition caused by several clinical manifestations),
accounting for 15-25% of chronic pain [1,2]. The International Association for the Study of
Pain (IASP) defines neuropathic pain as pain caused by a lesion or disease of the somatosen-
sory nervous system [3]. The pain is described as shooting, electrical-like, lancinating, and
often irradiating according to the neuroanatomical nerve distribution (e.g., dermatomal,
radicular) [3], which is relevant for the differentiation between neuropathic pain and noci-
plastic or nociceptive pain. Nociceptive pain is defined as arising from actual or threatened
damage to non-neural tissue and is due to the activation of nociceptors [3]. Nociplastic pain
is defined as altered nociception despite no clear evidence of actual or threatened tissue
damage causing the activation of peripheral nociceptors or evidence for disease or lesion of
the somatosensory system.

In a recent review of international guidelines and recommendations for the phar-
macological treatment of neuropathic pain [4], we described the different therapeutic
options. First-line drugs are antidepressants, including tricyclic antidepressants (TCA,
e.g., amitriptyline) and serotonin noradrenaline reuptake inhibitors (SNRI: duloxetine and
venlafaxine), but also antiepileptics (x25 calcium channel unit blockers, pregabalin, and
gabapentin). Some other substances, such as lidocaine patches, capsaicin 8% patches, and
subcutaneous injections of botulinum toxin type A, have a weak recommendation and are
only indicated for peripheral neuropathic pain [4]. Opioids are generally not recommended
for the management of chronic non-cancer pain due to the long-term risks of side effects.
However, some authors have suggested that the weak-opioid tramadol may be efficacious
in the treatment of neuropathic pain [5].

ADRs are a serious concern for physicians managing subjects with pain (i.e., drowsi-
ness and vertigo for antidepressants and antiepileptics, and dependence and stypsis for
opioids), and these reduce the patients’ compliance [6—8]. In order to lower the ADRs
onset rate (considering also its relationship with the prescribed dose and prolonged ther-
apy), a non-pharmacological treatment may offer a safer therapeutic opportunity. Nu-
traceuticals are frequently used in individuals with pain, e.g., alpha-lipoic acid [9,10],
acetyl-L-carnitine [11], and palmitoylethanolamide (PEA) [12,13]. Moreover, non-invasive
techniques such as high intensity low-frequency pulsed magnetic fields (diamagnetic
therapy) could represent an add-on treatment [14-16] due to their anti-inflammatory and
anti-oedema effects [17,18].

According to the World Health Organization (WHO), gender refers to the charac-
teristics of women, men, girls, and boys that are socially constructed, including norms,
behaviors, and roles associated with being a woman, man, girl, or boy, as well as re-
lationships with each other. Gender is related to many variables, including ethnicity,
socioeconomic status, disability, age, geographic location, and sexuality. Conversely, sex
refers to the different biological and physiological characteristics of the person, including
karyotype, hormones, and reproductive organs [19].

Both males and females differ in their response to pain [20]. Indeed, females generally
report higher pain sensitivity and intensity than males and may respond differently to
certain pain medications, often requiring adjustments in dosages or types of analgesics.
Hormonal fluctuations in females can also influence pain perception and treatment efficacy.
Additionally, females are more likely to experience anxiety and depression related to chronic
pain, affecting their overall pain management [21]. Furthermore, females’ somatosensory
homunculus seems to slightly differ from males, and it needs to be fully defined by
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new studies. Differences in descending pain modulatory systems (with males having
a stronger response according to sex and age) and cortex activity (pain unpleasantness
related to augmented perigenual anterior cingulate cortex activity in females and decreased
ventromedial prefrontal cortex activity in males) have also been described [22-24].

Despite the absence of outstanding differences in clinical practice between females and
males in response to pain medications, few specific clinical studies have been conducted
on sex and gender differences in neuropathic pain. In this real-life clinical study, we
investigated the sex and gender-associated clinical differences in efficacy and safety of
drugs used to manage subjects affected by neuropathic pain.

2. Materials and Methods
2.1. Study Design

We carried out a prospective study between 1 February 2021 and 20 April 2024 on
subjects with neuropathic pain accessing the Ambulatory of Pain Medicine of “Renato Dul-
becco” University Hospital in Catanzaro (Calabria, Italy). The Ethics Committee authorized
the study that was conducted in agreement with the Good Clinical Practice guidelines and
the Declaration of Helsinki. Our patients signed a written informed consent module before
the study started.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria: subjects aged over 18 years affected by neuropathic pain and with a
‘Douleur Neuropathique en 4 (DN4) questionnaire” > 4 were enrolled. Exclusion criteria:
clinical signs of nociceptive pain or nociplastic pain; Alzheimer’s disease; or active neo-
plasm. Moreover, patients with fewer than two clinical accesses to the ambulatory and
those who did not sign the informed consent were excluded.

2.3. Experimental Protocol

Patients accessing the ambulatory pain medicine for chronic pain were evaluated
for neuropathic pain through clinical tests and the DN4 questionnaire. DN4 is a very
easy questionnaire consisting of 7 items related to symptoms and 3 related to clinical
examination; a total score of 4 out of 10 or more suggests neuropathic pain [25,26].

Patients were enrolled and signed the informed consent. In the context of their clinical
access to ambulatory care, comorbidities, demographic data, chronic therapy, drug use and
posology, previous ADRs, and pain severity were collected. Pain severity was evaluated
through the 11-point numerical rating scale (NRS), where recruited subjects evaluated
their pain intensity in a range between 0 and 10 (with 0 representing no pain and 10 an
invalidating pain, the highest value on the scale).

Each patient was evaluated during the enrollment (T0) and at the follow-ups at 3 (T1),
6 (T2), and 9 (T3) months. The development of ADRs was evaluated using the Naranjo
probability scale, in agreement with our previous studies [27-30]. Collected data were
stored in an Access database with security code protection.

2.4. End Points

The primary endpoint was the statistically significant sex and gender-related differ-
ences (p < 0.05) in change-score (Delta NRS) before and after treatment of neuropathic pain.
The secondary endpoint was the statistically significant sex-related differences (p < 0.05) in
the development of adverse drug reactions, considering comorbidity and polytherapy.

2.5. Statistical Analyses

Gaussian continuous variables were described by mean and standard deviation. Me-
dian and interquartile range were used in cases of skewness. Counts and percentages
were used for categorical variables. The normality distribution of continuous variables
was verified by the Shapiro-Wilk test. A T-test was used to compare normally distributed
continuous variables between males and females, while the Mann—-Whitney test was used
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in cases of skewness. In cases of low-sized cells (<5), a Chi-squared test or Exact-Fisher test
were used. A linear regression model was developed to estimate the influence of gender on
the change from baseline in the NRS-score and adjust for all possible confounders. Model
building was performed by entering all variables showing a p-value lower than 0.250 when
analyzed individually and retaining them in the model when the likelihood ratio test for
model differences was significant. A second model was developed by propensity score
matching with the aim of improving adjustment for all characteristics related to gender. For
this purpose, the propensity score was estimated by a binomial logistic model in which sex
(male/female) was the independent variable, and the covariate selection was performed as
previously described for the ordered logistic model. p values < 0.05 were considered statisti-
cally significant. Statistical analysis was performed using SPSS 22.0 (International Business
Machines Corporation, Armonk, NY, USA) and STATA.16 (www.stata.com) accessed on
21 February 2022 and 13 May 2023.

3. Results
3.1. Demographic and Clinical Characteristics

We screened 531 patients (males: 199, age 59.7 &+ 11.6; females: 332, mean age
60.3 £ 11.9). In consideration of our recruitment criteria, 174 patients (33.5%, mean age
61.5 £ 13.1; 64 males and 110 females, mean age 60.6 &= 13.4 and 61.96 + 13.0) affected by
neuropathic pain were included (Figure 1 and Table 1).

Total patients
523
Males Females
199 324
Excluded 349:

224 1solated nociceptive pam, 33 nociplastic pain, 12 without diagnosis,
80 neuropathic with one access

Males Females
135 214
Enrolled
174
Males Females
64 110

Figure 1. Flow chart showing enrolled patients.

Our analysis did not show a significant difference between males and females consid-
ering education level, age, and smoking history (p > 0.05). Of the 174 recruited subjects,
169 patients (97.1%, mean age 61.8 & 13.0) had at least one morbidity (males 61, mean age
61.4 £ 13; females 108, mean age 62.1 & 13.1); osteoarthritis and diabetes were the most
frequent (Figure 2). Rheumatologic, psychiatric, and orthopedic diseases were significantly
more frequent in females (Figure 2).
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Table 1. Demographic characteristics at enrollment (n,%) (males: 64; females: 110).

Males n: 64 % Females n: 110 %
Age
18-64 38 59.4 63 573
>65 26 40.6 47 42.7
Degree
Yes 12 18.8 24 21.8
No 52 81.2 86 78.2
Body mass index
<25 16 25.0 34 30.9
25-30 33 51.6 37 33.6
>30 15 23.4 39 35.5
Smokers
Yes (or former smokers) 37 57.8 36 32.7
No 27 422 74 67.3
Diagnosis

Lumbar radicular pain 25 39.1 52 47.3
Lumbar radicular pain + cervical radiculopathy 26 40.6 50 45.5
Cervical radiculopathy 6 9.4 6 55

Facial pain 3 47 0 0

Phantom limb pain 2 3.1 0 0

Back pain 1 1.6 0 0

Lumbear radicular pain + diabetic neuropathy 0 0 1 19

Diabetic neuropathy 1 1.6 0 0

Lumbar radicular pain + cervical radiculopathy + facial pain 0 0 1 0.9
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Figure 2. Comorbidity in enrolled patients (n. 174). Data are expressed as absolute values. * p < 0.05
between males and females.

The stratification by age showed that 101 patients (38 males and 63 females) were
enrolled in the subgroup aged 18-64 years, while 73 (26 males and 47 females) were enrolled
in the subgroup aged > 65 years. No significant difference between these groups for BMI,
age, DN-4, NRS, smoking, or level of education was observed (Table 2).
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Table 2. Characteristics of enrolled patients (males 64, females 110) stratified for age. BMI: Body mass
index; DN4: Douleur Neuropathique en 4 Questions. NRS: numerical rating scale. ** p < 0.05.

Overall p 18-64 >65 18-64 >65
(Differences Males Within Females Within
between Age Sexp Sexp
Classes) Number Percentage Number Percentage Number Percentage Number Percentage
Enrolled 38 59.4 26 40.6 63 57.3 47 427
Age 0.000 ** 521+£98 73.0+6.0 0.000** 534494 73.4+6.9 0.000 **
BMI 0.478 27.4+39 269 £47 0.614 276 £55 28.8+5.0 0.267
Degree 0.734 6 15.8 6 23.1 0.463 14 222 10 21.3 0.905
Smokers 0.845 20 52.6 17 65.4 0.310 23 36.5 13 27.7 0.328
Median IQR Median IQR Median IQR Median IQR
NRS 0.436 8 3 8 2 0.303 8 1 9 2 0.651
DN4 0.503 5 1 5 1 0.628 5 2 5.5 1 0.356
Comorbidities
Number  Percentage Number  percentage Number  Percentage Number  percentage
Comorbidities (overall) 0.054 35 92.1 26 100.0 0.142 61 96.8 47 100.00 0.218
Cardiovascular diseases 0.000 ** 16 42.1 17 65.4 0.067 31 49.2 39 83.0 0.000 **
Diabetes 0.021 ** 21 553 19 73.1 0.148 35 55.6 34 72.3 0.072
Osteoarthritis 0.005 ** 16 421 17 65.4 0.067 42 66.7 40 85.1 0.028 **
Urologic diseases 0.003 ** 8 21.1 16 61.5 0.001 ** 3 48 5 10.6 0.283
Gastrointestinal diseases 0.438 8 21.1 9 34.6 0.228 25 39.7 19 404 0.937
Neurological diseases 0.989 5 13.2 6 23.1 0.302 20 317 12 25.5 0.478
Rhel;mat"k’gical 0.035 ** 3 79 1 38 0.640 26 413 10 213 0.027 **
iseases
Psychiatric diseases 0.210 5 13.2 0 0.0 0.074 13 20.6 8 17.0 0.633
Renal diseases 0.045 ** 4 10.5 4 15.4 0.705 2 3.2 7 14.9 0.036 **
Respiratory diseases 0.133 2 53 4 154 0.213 7 111 8 17.0 0.372
Hematological diseases 0.350 1 2.6 4 15.4 0.149 6 9.5 4 8.5 1.000

Diabetes was the most common comorbidity in the group aged 18-64 years (males
55.3%, females 55.6%, p > 0.05) and in elderly males (73.1%), while osteoarthritis and cardio-
vascular diseases were the most common comorbidities in elderly females (83.0 and 85.1%)
(Table 2).

Furthermore, we found a statistically significant variation between males and females
for the presence of rheumatological diseases (females’ groups, p < 0.01), psychiatric diseases
(elderly females group, p < 0.01), and urological diseases (elderly males” group, p < 0.01)
(Table 2). Each patient used at least one drug for neuropathic pain treatment.

3.2. Treatments
3.2.1. Treatments and Sex

In both sexes, the most prescribed drug was pregabalin (46.9% males and
34.5% females) (Table 3). We did not record any significant differences in the prescription of
the other drugs (Table 3); nutraceuticals, diamagnetic therapy, and oxygen-ozone therapy
were commonly prescribed in both sexes as add-on therapies (Table 3).

Using the Mann-Whitney test, we reported a statistically significant difference
(p < 0.05) in the dosage of oxycodone in males compared to females (Table 4). The dosages
of buprenorphine, fentanyl, tapentadol, duloxetine, and amitriptyline were higher in males
than females, without a statistically significant difference (p > 0.05).

Concerning the use of acetyl-L-carnitine, 30 patients used a dosage of 500 mg intra-
muscular, then switched to a 500 mg oral formulation; 5 received the oral formulation,
5 received the intramuscular formulation, and 1 used 1000 mg oral. Sex stratification did
not show statistically significant differences between males and females (p > 0.05).
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Table 3. Drug used in enrolled patients (n = 174) stratified for sex (number of patients and percentage)

**p <0.05.
Drugs Males n: 64 % Females n: 110 % p
Opioids

Oxycodone/naloxone 8 12.5 8 7.3 0.250
Oxycodone 5 7.8 4 3.6 0.292
Buprenorphine 3 47 10 9.1 0.378
Codeine 10 15.6 24 21.8 0.320
Tramadol 13 20.3 15 13.6 0.248
Fentanyl 2 3.1 2 1.8 0.626
Tapentadol 2 3.1 3 2.7 1.000

Antidepressants
Amitriptyline 5 7.8 9 8.2 0.931
Duloxetine 10 15.6 18 16.4 0.898

Antiepileptics
Pregabalin 30 46.9 38 345 0.108
Myorelaxants

Eperisone 12 18.8 19 173 0.806
Cannabidiol and 3-caryophyllene 8 12.5 9 8.2 0.355
Cyclobenzaprine 5 7.8 9 8.2 0.931
Tizanidine 2 3.1 4 3.6 1.000

Other treatments
L-acetyl-carnitine 18 28.1 23 20.9 0.279
Nutraceuticals 35 54.7 64 58.2 0.654
Diamagnetic therapy 28 43.8 42 38.2 0.470
Oxygen-ozone therapy 46 719 73 66.4 0.451
Capsaicin cream 3% 47 0 0 0.048
Lidocaine 1 1.6 1 0.9 1.000
Gabapentin 1 1.6 0 0 0.368
Antipsychotics 1 1.6 2 1.8 1.000
Facet joint injections 1 0.9 1 1.6 1.000

The bold is useful to highlight each drug class.

Table 4. Drug treatment and dosage used in enrolled patients (males: 64, females: 110). Gaussian con-
tinuous variables were described by the mean and the standard deviation. Median and interquartile
range were used in case of skewness. * p < 0.05.

Drug Treatment Dosage in Males Dosage in Females 4
Oxycodone/naloxone (mg) 17.50 (23.8) 13.75 (32.5) 1.000
Buprenorphine (ug/h) 35.0 (-) 5.0 (15.0) 0.750
Codeine (mg) 30.0 (30.0) 30.0 (22.5) 0.446
Fentanyl (ng/h) 62.50 + 17.67 37.50 £ 17.68 0.293
Tramadol (mg) 75.0 (43.8) 75.0 (25.0) 0.711
Oxycodone (mg) 30.0 (70.0) * 5.0 (11.3) 0.033
Tapentadol (mg) 225.00 + 106.06 108.33 + 80.36 0.250
Duloxetine (mg) 30.0 (30.0) 30.0 (7.5) 0.327
Amitriptyline (mg) 12.0 (27.0) 10.0 (5.0) 0.176
Pregabalin (mg) 126.66 4 94.89 121.71 & 66.06 0.801

Tizanidine (mg) 4.0(—) 2.0(1.5) 0.114
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3.2.2. Drug Treatment and BMI

The relationship between treatments and BMI stratified by sex did not highlight
significant differences (Table 5). Duloxetine, which, in females, was used more frequently
in obese patients (BMI > 30; Table 5), did not reach statistical significance (p = 0.056).

Table 5. Drug used in males and females, considering the body mass index (BMI).

Treatment Sex BMI
<25 25-30 >30
Number % Number % Number % Within Sex p Overall p
Opioids
Males 1 6.3 6 18.2 1 6.7 0412
Oxycodone/naloxone 0.269
Females 1 29 3 8.1 4 10.3 0.532
Males 0 0.0 5 15.2 0 0.0 0.067
Oxycodone 0.569
Females 1 29 0 0.0 3 7.7 0.265
. Males 1 6.3 2 6.1 0 0.0 1.000
Buprenorphine 0.446
Females 3 8.8 5 13.5 2 5.1 0.454
Males 2 12.5 4 12.1 4 26.7 0.397
Codeine 0.348
Females 10 294 6 16.2 8 20.5 0.393
Males 3 18.8 5 15.2 5 33.3 0.391
Tramadol 0.381
Females 2 59 8 21.6 5 12.8 0.180
Males 0 0.0 2 6.1 0 0.0 1.000
Fentanyl 0.562
Females 0 0.0 0 0.0 2 5.1 0.328
Males 0 0.0 2 6.1 0 0.0 1.000
Tapentadol 0.227
Females 0 0.0 2 54 1 2.6 0.646
Antidepressants
Males 1 6.3 4 12.1 0 0.0 0.587
Anmitriptyline 0.687
Females 3 8.8 3 8.1 3 7.7 1.000
Males 2 12.5 5 15.2 3 20.0 0.816
Duloxetine 0.060
Females 4 11.8 3 8.1 11 28.2 0.056
Antiepileptics
Males 5 31.3 17 51.5 8 53.3 0.349
Pregabalin 0.076
Females 8 23.5 15 40.5 15 38.5 0.262
Myorelaxants
. Males 3 18.8 6 18.2 3 20.0 1.000
Eperisone 0.924
Females 5 14.7 7 18.9 7 179 0.887
Males 2 12.5 3 9.1 3 20.0 0.547
CBD and (3-caryophyllene 0.589
Females 2 5.9 6 16.2 1 2.6 0.103
. Males 1 6.3 3 9.1 1 6.7 1.000
Cyclobenzaprine 0.384
Females 1 29 5 13.5 3 7.7 0.289
Males 0 0.0 2 6.1 0 0.0 1.000
Tizanidine 0.285
Females 0 0.0 2 5.4 2 51 0.545
Other treatments
- Males 4 25.0 10 303 4 267 1.000
L-acetyl-carnitine 0.782
Females 8 23.5 8 21.6 7 17.9 0.836
Males 11 68.8 17 51.5 7 46.7 0.407
Nutraceuticals 0.251
Females 18 52.9 18 48.6 28 71.8 0.094
. . Males 7 43.8 15 455 6 40.0 0.940
Diamagnetic therapy 0.137
Females 17 50.0 15 40.5 10 25.6 0.095
Males 11 68.8 25 75.8 10 66.7 0.769
Oxygen-ozone therapy 0.109
Females 19 55.9 29 78.4 25 64.1 0.125

The bold is useful to highlight each drug class.
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3.2.3. Treatments and Age

Among males aged under 65 years, the use of opioids and diamagnetic therapy was
prevalent, with no discernible difference when compared to females (Table 6). Only young
patients of both sexes received fentanyl. The rates of use of amitriptyline and duloxetine were
greater in females, but they did not achieve statistical significance in older females’ cases.

Table 6. Drug used in enrolled patients (males = 64, females = 110) stratified by age. Subgroup 18-64
(m =38, f = 63); subgroup > 65 years (m = 26, f = 47).

Sex Age
18-64 >65
Number Percentage Number Percentage Within Sex p Overall p
Opioids
Males 6 15.8 2 7.7 0.456
Oxycodone/naloxone 0.879
Females 3 4.8 5 10.6 0.283
Males 2 5.3 3 11.5 0.389
Oxycodone 0.494
Females 2 3.2 2 43 1.000
. Males 3 7.9 0 0.0 0.265
Buprenorphine 0.561
Females 6 9.5 4 85 1.000
Males 7 18.4 3 11.5 0.510
Codeine 0.918
Females 13 20.6 11 234 0.728
Males 9 23.7 4 154 0.534
Tramadol 0.251
Females 10 15.9 5 10.6 0.429
Males 2 53 0 0.0 0.510
Fentanyl 0.140
Females 2 32 0 0.0 0.506
Males 1 2.6 1 3.8 1.000
Tapentadol 0.651
Females 1 1.6 2 4.3 0.575
Antidepressants
Males 2 5.3 3 11.5 0.389
Amitriptyline 0.943
Females 6 9.5 3 6.4 0.730
Males 6 15.8 4 154 1.000
Duloxetine 0.755
Females 11 17.5 7 149 0.719
Antiepileptics
Males 19 50.0 11 423 0.545
Pregabalin 0.882
Females 20 31.7 18 38.3 0.475
Muscle relaxants
. Males 7 184 5 19.2 0.935
Eperisone 0.690
Females 10 159 9 19.1 0.653
Males 5 13.2 3 11.5 1.000
Cannabidiol and (3-caryophyllene 0.653
Females 4 6.3 5 10.6 0.493
. Males 3 79 2 7.7 1.000
Cyclobenzaprine 0.400
Females 7 11.1 2 43 0.296
Males 2 5.3 0 0.0 0.510
Tizanidine 0.403
Females 3 4.8 1 2.1 0.634
Other treatments
Males 12 31.6 6 23.1 0.457
L-acetyl-carnitine 0.772
Females 11 17.5 12 25.5 0.303
Males 20 52.6 15 57.7 0.690
Nutraceuticals 0.444
Females 35 55.6 29 61.7 0.518
. . Males 20 52.6 8 30.8 0.083
Diamagnetic therapy 0.093
Females 26 41.3 16 34.0 0.440
Males 27 711 19 73.1 0.860
Oxygen-ozone therapy 0.760
Females 43 68.3 30 63.8 0.627

Bold is useful to highlight each drug class.
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3.2.4. Treatments and Safety

During the study, 32 patients (18.4%), 19 females (17.3%), and 13 males (20.3%) devel-
oped ADRs (Table 7).

Table 7. Types of adverse drug reactions (ADRs) recorded in treated patients (males 13, females
19) for the management of neuropathic pain. * Same patient with more ADRs during polytherapy.
Females’ groups *a, *b, *c, *d, *e, *f, represent six patients (a—f) that developed more than one ADR.

Males (n: 13) Females (n: 19) P
Number % Type Number % Type

Oxycodone 1 7.7 Stypsis (1) 1 53 Drowsiness (1) *a 1.000
oxycodone/naloxone 2 15.4 stypsis (1) *; confusion (1) 1 5.3 stypsis (1) *f 1.000
buprenorphine 1 7.7 blood hypertension (1) 2 10.5 stypsis (1); skin rash (1) *a 1.000
Codeine 1 7.7 Stypsis (1) 1 5.3 stypsis (1) *b 1.000
Tramadol 0 0.0 2 10.5 blood hypertension (1), (1) *c 0.535
Tapentadol 0 0.0 0 0.0 N.C.
Fentanyl 1 7.7 Stypsis (1) 0 0.0 0.364
amitriptyline 2 15.4 confusion (1); drowsiness (1) 1 53 Confusion 0.299
Duloxetine 1 7.7 Confusion (1) 3 15.8 confusion (1); drowsiness (2) 1.000
Pregabalin 2 154 confusion (1) *; drowsiness (1) 6 31.6 Drowsiness (3), (1) *d, (1) *e, (1) *f 0.712
cyclobenzaprine 4 30.8 drowsiness (3), (1) * 4 21.1 Drowsiness (1), (1) *b; (1) *d; skin rash (1) *e 1.000
Nutrients 0 00 3 158 blood ;‘y{; };ﬁfff;‘gif’?l ;llzf)cifbowel 0555
oxygen-ozone therapy 0 0.0 2 10.5 pain in the site of administration (2) 0.535

N.C.: It's “not calculable” since no side effects were observed with tapentadol.

3.3. Pain Evaluation

Data recorded during admission (T0) and at the end of the study (T3) documented a
significant improvement in pain (p < 0.01) without differences between males and females
(Table 8).

Table 8. Pain evaluation in males and females. NRS: numerical rating scale.

Admission End of the Study P
NRS
Males 8.0(2.8) 5.0 (4.0) <0.01
Females 8.0 (2.0) 5.0 (4.0) <0.01
p>0.05 p>0.05

The linear regression model highlights how in women, the delta NRS is higher than
men by 0.37 (95% CI: —0.34, 1.09), thus indicating greater treatment efficacy without reach-
ing statistical significance. The model suggests potential positive predictors such as the DN4
value, with a statistically significant efficacy increase of 0.28 points (95% CI: 0.04, 0.52) per
one-point increase in DN4, treatment with buprenorphine (coeff: 1.53; 95% CI: 0.32, 2.75),
and tramadol (coeff: 0.94; 95% CI: 0.10, 1.79). In contrast, ozone treatment emerges
as a negative predictor of delta NRS (coeff: —1.14; 95% CI: —1.88, —0.40). Treatment
with codeine (coeff: 0.69; 95% CI: —0.07, 1.45), presence of cardiovascular (coeff: 0.50;
95% CI: —0.20, 1.20), and psychiatric (coeff: 0.82; 95% CI: —0.10, 1.73) pathologies do not
significantly correlate with delta NRS. The difference in treatment efficacy between men
and women was confirmed by propensity-score matching analysis with a coefficient of
0.41 (95% CI: —0.73, 1.12). No significant influence of gender-related factors such as smok-
ing and educational level was found (Table 9).
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Table 9. Linear modeling of NRS-change score. Estimated by the multiple linear regression model.
R-squared: 0.17. Linearity, homoscedasticity, and normality of residuals were verified.

Delta NRS Coefficient [95% Conf. Interval] p
Sex 0.37 —0.34 1.09 0.301
DN4 0.28 0.04 0.52 0.023
Cardiovascular comorbidities 0.50 —0.20 1.20 0.163
Psychiatric comorbidities 0.82 —0.10 1.73 0.081
Buprenorphine 1.53 0.32 2.75 0.014
Codeine 0.69 —0.07 1.45 0.075
Tramadol 0.94 0.10 1.79 0.029
Oxygen-ozone therapy -1.14 —1.88 —0.40 0.003
NRS first access —-0.37 —0.62 —0.12 0.004

4. Discussion

In this clinical study performed in a real-life setting, we evaluated the role of sex in
the management of neuropathic pain and documented that females are commonly affected
by neuropathic pain without any correlation with economic status or education level. A
previous study in diabetic patients with chronic pain documented that females have lower
levels of education compared to males of the same age and same health status, supporting
a lower quality of life than males [31]. In contrast, in our study we did not record any
sex-related variation in economic status and quality of life.

In our study, we documented that, among comorbidities, diabetes and urological
diseases were more common in elderly males with chronic neuropathic pain, while car-
diovascular, rheumatological diseases, osteoarthritis, and psychiatric diseases were more
common in elderly females. Previous data showed that females have a higher incidence of
autoimmune susceptibility, neurodegenerative disease, back pain, and migraine in clinical
settings [32,33].

Recent studies [34] documented that neuropathic pain is associated with psychiatric
comorbidities affecting quality of life. Our patients with psychiatric comorbidities were
mainly affected by an anxious-depressive disorder. The interplay between anxiety, de-
pression, and pain is complex, since pain may determine the onset of symptoms related
to these psychiatric conditions. Conversely, anxiety and depression may determine pain
symptoms or worsen an existing clinical condition. Several correlations have been observed,
including the involvement of similar brain areas (e.g., insular cortex, thalamus, amygdala),
the presence of neuroinflammation (with studies highlighting the role of cytokines in the
comorbidity between pain and mood disorders), the presence of similar chronification
patterns at imaging and of common clinical patterns (sleep disturbance, the impossibility
of an objective measurement of symptoms), and lastly, the possible experience of social
exclusion, stigma, and invalidating interactions. Furthermore, the management of the two
conditions is generally more difficult in cases of co-occurrence [35,36]. In this paper, we
observe psychiatric conditions as one of the most frequent comorbidities. Curiously, in our
multivariate linear model, we observed a positive correlation between psychiatric diagnosis
and the increase of delta NRS (associated with a better clinical outcome), although without
reaching statistical significance. This result may be justified by the need of the feeling by
these subjects of a complete take of charge by the physicians. Nevertheless, the relapse rate
is generally very high.

Finally, in agreement with a recent clinical study [37], we did not report any association
between kidney diseases and neuropathic pain.

The prescription/deprescribing of drugs for pain management in these patients requires
a deep knowledge of each formulation’s characteristics (e.g., accumulation, metabolism,
possibility of dialysis, and drug-drug and drug-disease interactions). Considering the reduced
number of pharmacokinetic studies in subjects with ESRD, the therapeutic range and the
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risk of starting/continuing a pharmacologic treatment should be evaluated scrupulously in
the therapeutic algorithm, associating patients’ follow-up and therapeutic drug monitoring
(TDM), if necessary [38].

Boorman and Keay [39], in an experimental model, showed that the morphine response
was greater in males than females and that males develop tolerance sooner. These findings
reflect the results of some human clinical studies in which females required higher doses [40]
and males de-escalate faster than females [41].

However, these data are contrary to our results, considering that males had sig-
nificantly higher medium doses of oxycodone, and, despite other opioids not reaching
statistical significance, dosages between males and females were similar or higher for males
(except tramadol, which was higher in females).

In agreement with previous studies [4,14,42], our results show that a multi-modal
treatment is an effective strategy in reducing pain in males and females.

Despite not being properly neuropathic pain medications, muscle relaxants are very
useful in improving pain perception in patients with neuropathic cervicobrachial or low
back pain [43,44].

In the group of other therapies, we recorded a higher rate of treatment with dia-
magnetic therapy, oxygen-ozone therapy, and acetyl-L-carnitine in males. In contrast, for
females, nutraceuticals were commonly prescribed. None of these results were statistically
significant. Considering the higher rate of comorbidity in females, we would expect a
more frequent use of oxygen-ozone, and diamagnetic therapy, considering their safer safety
profile in comparison to drugs. In fact, these treatments, added to the common drugs,
resulted in a decrease in dosage consumption [4,14,18,45]. In our study, multimodal therapy
was commonly used in males compared to females. Nevertheless, the higher percentage
of nutraceuticals used in females may indicate the necessity of using natural products
with fewer side effects [46] to synergistically empower the effect of drugs or to reduce
their usage.

4.1. Drug Prescription

Concerning drug prescription according to BMI, only duloxetine was consumed more
frequently in females with obesity. The correlation between depression and obesity is
commonly reported [47,48]; this could also be related to the chronic use of SSRI [49], even
if in our study we did not record this use. Pregabalin was prescribed in patients with
increased BMI in both sexes because, as described, obesity is related to increased levels of
pain due to mechanical and cytokine mechanisms [50,51].

4.2. Age

Age sub-analysis did not highlight any statistically significant difference. However,
males received opioids before 65 years, whereas females received them in advanced age.
Weak opioids (generally used for brief time intervals) were prescribed above all in younger
patients in both sexes (except for codeine in females, which was nearly balanced), as a
chronic treatment would be more difficult to tolerate due to impairment in their everyday
life [52].

Amitriptyline was used more in advanced age for males and young age for females,
whereas acetyl-L-carnitine showed an opposite trend.

Interestingly, nutraceuticals were preferred in advanced age, probably for their safety
and reduced number of interactions [46]. Conversely, diamagnetic therapy was prescribed
in the younger group, maybe holding in account the difficulty of bringing advanced age
patients into the hospital to receive the treatment. The retrospective study by Freburger
and Holmes [53], on 38,312 people >65 years, evidenced an inverse correlation between
physical therapy and age. Other factors such as income and living in a metropolitan
area were positively associated with the rate of physical therapy. Furthermore, the most
important contraindications of diamagnetic therapy (e.g., severe cardiopathies, cancer,
pacemaker, or the presence of metallic parts) [54] are more likely in advanced age.
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Drug dosage was generally similar between sexes or higher in males, except for
oxycodone, which was higher in males. In general, females were estimated to necessitate a
higher opioid dose than males [40], even though they have been reported to need a lower
dose for postoperative pain [55]. We found no data that makes a comparison in this sense
concerning duloxetine, amitriptyline, and pregabalin.

In our study we did not record the development of severe adverse drug reactions,
except for 2 cases of hypertensive peak (buprenorphine in the first case; tramadol plus
PEA, alpha-lipoic acid, and acetyl-L-carnitine nutraceutical in the second case) and a case
of hypersensitivity (cyclobenzaprine). The adverse events were described in drug labels,
showing mild CNS effects such as drowsiness, confusion, and headache (especially for
pregabalin, which was also the most administered drug) [56-58]. Acetyl-L-carnitine and
diamagnetic therapy showed no significant ADRs, with optimal safety, in agreement with
our experience and available evidence [14,59]. Tapentadol had no side effects, probably
due to the low number of treated patients, but also considering its optimal safety profile on
gastrointestinal effects in comparison to oxycodone [43]. No significant difference related
to sex was observed. It is interesting to note that although females are generally expected
to experience side effects [60], in our group they had fewer side effects compared to males
(17.3% vs. 20.3%).

Previously, Khan et al. [61] revealed that smoking impaired clinical symptoms in
patients with neuropathic pain. In our study, we did not record any association between
smoking and neuropathic pain. This effect is probably related to the low prevalence of
smoking in the enrolled patients.

5. Conclusions

No significant differences in NRS change score were found according to sex and other
gender factors such as instruction level and smoking, despite a slightly greater clinical
benefit being found in females with neuropathic pain. No significant differences in safety
outcomes were found, despite females exhibiting a minor number of adverse events in
comparison to males. Little differences concerning drug prescription and drug dosage
were found.

6. Limitations

There were several limitations in this study. Firstly, our court is relatively small
to obtain definitive conclusions, and the total of females is high if compared to males.
However, the real-life setting shows a higher number of females accessing our unit. Data
were collected in a clinical room of pain medicine where a clinical pharmacologist was the
main responsible for the diagnostic and therapeutic processes. In consideration of this fact,
the evaluation by a specialist probably decreased the development of side effects and DD],
holding also in account polytherapy, comorbidity, smoke, and educational level.

In conclusion, our prospective study in adult patients diagnosed with neuropathic
pain showed that sex and gender factors do not play a role in the effect of the treatment in
patients with neuropathic pain.
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