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A B S T R A C T   

Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory syndrome with systemic involvement 
leading to various cardiovascular, metabolic, and neurological comorbidities. It is well known that conditions 
associated with oxygen deprivation and metabolic disturbance are associated with polyneuropathy, but current 
data regarding the relationship between COPD and peripheral nervous system pathology is limited. This review 
summarizes the available data on the association between COPD and polyneuropathy, including possible path-
ophysiological mechanisms such as the role of hypoxia, proinflammatory state, and smoking in nerve damage; 
the role of cardiovascular and metabolic comorbidities, as well as the diagnostic methods and screening tools for 
identifying polyneuropathy. Furthermore, it outlines the available options for managing and preventing poly-
neuropathy in COPD patients. Overall, current data suggest that optimal screening strategies to diagnose poly-
neuropathy early should be implemented in COPD patients due to their relatively common association and the 
additional burden of polyneuropathy on quality of life.   

1. Introduction 

Chronic obstructive pulmonary disease (COPD) is a condition that 
was traditionally characterized by irreversible or partially reversible 
airway obstruction. However, this definition is outdated, and the disease 
itself is no longer regarded as an isolated disease of the lungs. In fact, the 
systemic involvement in patients with COPD, and the interactions be-
tween COPD and its comorbidities, justify the description of a chronic 
systemic inflammatory syndrome. Patients with COPD often have a va-
riety of comorbidities, including but not limited to cardiovascular, 

metabolic, gastrointestinal, pulmonary, and hematological diseases [1]. 
Many of the comorbidities in COPD have been regarded as the sequelae 
of the aging process and are related to the high prevalence of cardio-
vascular and metabolic disease in the elderly or smoking [2,3]. Recent 
advances demonstrate that the relationship between COPD and the 
nervous system is extensive, and patients are at increased risk of stroke, 
dementia, depression, and other neurological and psychiatric conditions 
even after controlling for the main confounding risk factors such as age 
and smoking [4–6]. It is well-known that systemic conditions associated 
with metabolic disturbance and oxygen deprivation are associated with 
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polyneuropathy. However, data on the interplay between COPD and 
peripheral nervous system diseases are limited [1,7]. 

The terms “polyneuropathy” (PNP), “peripheral neuropathy” and 
“neuropathy” are distinct and should not be used interchangeably. 
Neuropathy is a general term for central and peripheral nervous systems 
disorders. Peripheral neuropathy refers to any peripheral nervous sys-
tem disorder, including radiculopathies and mononeuropathies. In 
contrast, polyneuropathy implies a homogeneous process affecting pe-
ripheral nerves, specifically distal nerves, more severely than proximal 
ones [8]. PNP is one of the most common peripheral nervous system 
diseases in adults. Although it is prevalent, its exact etiology is unknown 
in 20–30% of cases. As a result, most of these patients remain diagnosed 
with chronic idiopathic axonal neuropathy [9]. PNP due to chronic in-
flammatory conditions is also underdiagnosed, leading to significant 
diagnostic and treatment delays [10]. 

There have been substantial advances in respiratory medicine and 
neurology and growing interest in neuropulmonology, which underlines 
the complex interconnection between the nervous and respiratory sys-
tems. It is also essential to optimize the management of patients where 
these pathologies co-exist, especially in the neurocritical care environ-
ment [4,11]. An overlap between diseases of the nervous system and 
lungs is frequent but underdiagnosed and, as a result, undertreated [11, 
12]. This is partially due to the lack of highly specialized neuro-
pulmonology centers and specialists to assess these patients. 

This review aims to summarize available data on the association 
between COPD and PNP and describe their pathophysiological links. 

1.1. Methods 

SC, IO, and AC performed the literature review for this narrative 
review using the terms “COPD” and “peripheral neuropathies” along 
with the MESH terms. The reference list of the articles was carefully 
reviewed as a potential source of information. The search was based on 
Medline, Scopus, and Google Scholar engines. Only studies that regar-
ded the relation between COPD and PNP with available abstract or 
whole text in English were included. Selected publications were ana-
lysed and their synthesis was used to write the review and support the 
hypothesis of the relationship between COPD and PNP. 

2. Results 

2.1. Clinical data supporting the link between COPD and PNP 

The first mention of a possible link between chronic hypoxia and 
peripheral neuropathy was made by Appenzeller et al. [13] in 1968, 
observing symmetrical bilateral neuropathy and muscle wasting. Since 
then, more observational case-control studies and even multi-center 
studies have proved that chronic hypoxia is a cause of peripheral neu-
ropathy (Table 1). 

There were 21 studies with an available abstract or whole text 
published during 1981–2021, the majority being case-control studies 
with a relatively small number of subjects varying between 12 and 89 
COPD patients. All studies involved COPD patients with a mean age of 
55–65 years, with a significantly higher proportion of males. Most 
studies excluded patients with other potential causes for peripheral 
neuropathy such as metabolic conditions, chronic alcoholism, sarcoid-
osis, malignancy, traumatic lesions, neurotoxic drugs, toxins, and active 
smoking at the moment of inclusion. In most reports, there were no 
specific inclusion criteria regarding COPD characteristics involving pa-
tients with an extensive range from mild to severe forms. Only a few 
studies separated the patients into hypoxemic and non-hypoxemic 
[14–16] or included only stable patients [17]. 

The percentage of peripheral neuropathies in COPD patients varied 
between 15 and 93.8%, the majority being axonal sensory poly-
neuropathy. Only a reduced proportion had mixed types or additionally 
carpal tunnel syndrome [18,19]. Axonal polyneuropathy was confirmed 

on electrophysiology by low amplitude compound muscle action po-
tentials (CMAP) and slight reduction of nerve conduction velocity in 
sensory action potentials (SNAP) [20]. Another interesting observation 
was that electrophysiological evidence of neuropathy was much more 
frequent than clinical evidence in COPD patients [21] [17,22,23]. 
However, an early case-control study from 1984 presented contradictory 
data, showing that 94.7% of patients had EMG abnormalities, support-
ing the hypothesis of motor neuron involvement due to greater sus-
ceptibility of the spinal cells to anoxia and relative resistance to 
peripheral nerves instead of PNP [24]. Apart from sensory and motor 
dysfunction, autonomic dysfunction was described in one study. It 
assessed the presence of peripheral autonomic neuropathy in patients 
with COPD by performing an acetylcholine sweat-spot test. They 
revealed that patients with significantly worse FEV1 and arterial blood 
gases had worse autonomic function [25]. 

Almost all studies reported that neuropathy was predominantly 
distal, affecting lower limbs more often than upper limbs. Additionally, 
in most presented studies, peripheral neuropathy correlated with dis-
ease duration and hypoxemia severity; the longer the duration and the 
more severe hypoxia, the more severe peripheral neuropathy was [14, 
16,22,26–28]. Moreover, improvement in respiratory function may lead 
to progressive and significant improvement in CMAP and SNAP ampli-
tude and motor and sensory conduction velocity or even normal elec-
tromyography in some cases, according to one study [20]. However, a 
study established no correlation between PNP and pO2, pCO2, and sex on 
examination [29]. In contrast, another study demonstrated that with the 
pO2 elevation and pH decrease, the sensitive nerve conduction velocity 
of the median nerve was reduced [15]. 

Regarding factors related to PNP in COPD patients, age was identi-
fied in several articles [14,26,27,29,30], whereas other studies reported 
no correlation between PNP and age [20,31]. Smoking status was 
related in one report [29], and no correlation with body mass index, 
pulmonary function test parameters, and age was found in another study 
[32]. Moreover, the authors observed that peak VO2 and FEV1 values 
were significantly lower in patients with PNP than without [32]. Other 
significant determinants of peripheral neuropathy in COPD patients are 
base excess and ankle-brachial index, which affect the nerves’ micro-
milieu and thus impact the development and degree of peripheral neu-
ropathy [33]. 

2.2. Pathophysiology of polyneuropathy in COPD 

Advanced age, malnutrition, COPD medications, in particular, sys-
temic corticosteroids, smoking, and hypercapnia are potential contrib-
uting factors for developing polyneuropathy apart from chronic 
hypoxemia [15,16,18,26](21) (Fig. 1). Besides these, increased levels of 
circulating cytokines, reduced testosterone and Insulin-like growth 
factor 1 (IGF-1) levels have been possible mechanisms for the develop-
ment of peripheral neuropathy and myopathy in COPD patients [37]. 
However, another study established no correlation between proin-
flammatory cytokines, C-reactive protein (CRP), and electrophysiolog-
ical findings, although CRP and tumor necrosis factor α (TNF-α) levels 
were significantly increased and IGF-1 reduced in COPD patients [34]. 
Moreover, in a multi-center cohort study, no direct relationship between 
peripheral neuropathy and inflammation was observed, CRP being 
linked to physical capacity and not directly to PNP [33], thus indicating 
that systemic inflammation plays a secondary role for neuropathy [38]. 

Two double-blinded studies [22](23) revealed that almitrine, a 
peripharal respiratory stimulant, could have precipitated poly-
neuropathy in COPD patients. Nevertheless, this finding was not 
corroborated in other studies, that found no higher prevalence of PNP in 
COPD patients undergoing treatment with almitrine [24,25]. 

2.2.1. Hypoxia and nerve damage 
Since the peripheral nerve function is oxygen-dependent, axonal 

transport is an energy-requiring process, and hypoxemia leads to axonal 
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Table 1 
Existing studies related to COPD and peripheral neuropathy.  

Year Articles Type of study Number of participants Demographic 
characteristics of 
participants 

COPD form % of pts with peripheral 
neuropathy 

Type of neuropathy 

1981 Faden 
et al. [23] 

Case – control 
study 

23 COPD patient and 8 
controls 

Mean age = 56.3 ± 6.7 
years 

Moderate to 
severe 

87% All sensory+ 30% 
additionally motor type 
Axonal neuropathy 

1986 Vila et al. 
[28] 

Prospective 
clinical study 

43 COPD patients 40 males:3 females 
Mean age = 64 years 

No data 74% (in 39% mild and 
severe in 35%) 

Mixed and axonal type 

1989 Allen et al. 
[19] - 
1989 

Prospective 
clinical study 

12 COPD patients No data No data 16.67% 1-carpal tunnel syndrome 

1989 Stoebner 
et al. [31] 

Case-control 
study 

13 COPD patients and 9 
controls 

All COPD pts males 
Mean age = 60.5 ±
4.4years 

Severe COPD 23.07% Axonal degeneration and 
demyelination on biopsy 

1990 Kiessling 
et al. [14] 

Multicentric 
study 

151 COPD patients and 
32 asthmatic patients as 
control group 

No data 52 hypoxemic 28% clinically manifest 
40% in hypoxemic patients 
and 17% in normoxaemic 
ones 

Mainly sensorial, distal 

1990 Pfeiffer 
et al. [30] 

Multicentric 
study 

151 COPD patients Mean age = 65 years Mild-severe 28%: 19.86% -clinically 
manifest and 8.6% 
subclinical 

Majority a mild 

1990 Nowak 
et al. [27] 

Multi-center 
trial 

151 COPD patients 
31 controls 

122 males:29 females 
Mean age = 65 years 

Moderate- 
severe 

24% 20% clinically detectable, 
4% subclinical PNP 

1992 Jarratt 
et al. [21] 

No data 89 COPD patients No data No data 44% abnormal nerve 
conduction studies 

Predominantly axonal 
sensory neuropathy 

1997 Poza et al. 
[29] 

Prospective 
clinical study 

30 COPD patients 28 males:2 females No data Overt clinical signs in 27% 
Neurophysiological 
modifications in 86% 

1/3 had predominantly 
axonal sensory neuropathy 

1998 Jann et al. 
[20] 

Prospective 
clinical study 

30 COPD patients No data No data 63.3% 7 patients had inclusive 
clinical signs of a mixed 
neuropathy, 12 only 
subclinical signs; the 
majority of axonal type 

2001 Kayacan 
et al. [15] 

Prospective 
clinical study 

32 COPD patients 30 males:2 females 
Mean age = 61.5 ± 8.8 

Including 
subjects with 
hypoxia 

93.8% No data 

2001 Ozge et al. 
[16] 

Prospective 
clinical study 

49 COPD patients and 21 
healthy controls 

No data 21 hypoxemic; 
28 
normoxaemic 

44.8% + in 24% carpal 
tunnel syndrome 

Axonal neuropathy more 
frequent in hypoxemic 

2003 Asal et al. 
[26] 

Prospective 
clinical study 

30 COPD patients No data No data 40% clinically Demyelination, dysfunction 
of axonal and mixed types 
(40% sensorial nerves 
6.6% motor) 

2005 Cengiz 
Özge et al. 
[18] 

Cross- 
sectional case- 
control study 

28 COPD patients + 20 
age-and gender matched 
controls 

92.9% males 
Mean age = 59.4 ± 9.4 

Severe stable 
COPD 

67.7% sensory PNP, sensory-motor 
PNP, carpal tunnel 
syndrome 

2007 Agrawal 
et al. [17] 

Case-control 
trial 

30 COPD patients and 30 
controls 

30 males 
Mean age = 55.2 ± 5.92 
years 

Moderate to 
severe 

16.67% Predominantly sensory 
axonal PNP 

2011 Oncel 
et al. [34] 

Case-control 
trial 

40 COPD patients and 33 
healthy controls 

38 males:2 females 
Mean age = 62.8 ± 5.5 
years 

Moderate- 
severe (from 
patients with 
PNP) 

15% 7.5% distal sensorial 
polyneuropathy, 7.5% 
peroneal motor neuropathy 

2012 Ulubay 
et al. [32] 

Case-control 
study 

30 COPD patients and 14 
controls 

29 males: 1 female 
mean age = 64 ± 10 
years 

Mild-very 
severe 

53% Eight mild axonal 
sensorimotor PNP, one 
moderate-severe axonal 
sensorimotor, and six mild 
axonal sensorial (all 
asymptomatic) 

2014 Feki et al. 
[22] 

Case-control 
study 

40 COPD patients and 40 
age-matched health 
controls 

No data No data 17.5% The majority of sensory type 
detected in 
electrophysiology 

2018 Aras et al. 
[35] 

Case-control 
study 

41 COPD patients and 41 
controls 

Mean age = 61.8 years No data 24% EMG abnormalities No data 

2020 Kahnert 
et al. [33] 

Multi-center 
cohort study 

606 COPD patients 362 males:244 females 
61–73 years 

GOLD 1-4 22% (606 patients) of the 
COSYCONET cohort 

No data 

2021 Arisoy 
et al. [36] 

Case-control 
study 

62 patients with COPD 
without any neurological 
signs or symptoms, and 
30 healthy volunteers 
with no known 
neurological or 
pulmonary diseases as 
controls 

COPD group: 38 males; 
Control group: 17 
males; Mean ages =
64.88 and 62.7 years, in 
COPD and control 
respectively 

group D COPD 
patients 

27 participants (44%) in the 
COPD group had sensory, 
and 36 (58%) participants 
had motor polyneuropathy 

There was no difference in 
sensory neuropathy 
between the groups, but a 
significant difference was 
found in terms of motor 
neuropathy.  
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degeneration [39]. Both duration of hypoxemia and severity are related 
to peripheral neuropathy [40]. Oxidative stress may play a predominant 
role in hypoxia-related neuropathy because isolated nocturnal hypoxia 
induces the degradation of adenosine monophosphate and thus the 
production of adenine nucleotides, involved in the generation of free 
oxygen radicals during reoxygenation [41]. Additionally, the reduced 
activity of the oxygen-dependent Na–K-ATPase may cause altered nodal 
excitability and reduced conduction velocities [42]. 

2.2.2. Proinflammatory state and nerve damage 
The mechanisms involved in inflammatory neuropathies include 

activation and increased expression of vascular cell adhesion molecules 
(VCAM-1, ICAM-1) and E-selectins on the endothelial cells, recruitment 
of inflammatory cells (leukocytes, monocytes, lymphocytes), the release 
of pro-inflammatory cytokines (TNF-α, IL-6, IL-1, and IL-18). This is 
accompanied by vascular wall stress, arterial smooth muscle cell pro-
liferation, and lipid oxidation. Prolonged inflammation may also lead to 
reduced local production of endothelium-derived nitric oxide (NO), 
increased production of angiotensin II, free fatty acids (FFAs), and 
advanced glycation end products (AGEs) [43,44]. Even minor changes 
in local inflammatory status can lead to nerve dysfunction. For instance, 
elevated local proinflammatory cytokines can lead to small fiber neu-
ropathy (SFN) - a subtype of sensory neuropathy with normal nerve 
conduction studies [45]. COPD is a classic example of chronic, 
low-grade systemic inflammation that similarly impacts nervous tissue 
[45,46]. 

2.2.3. Smoking and nerve damage 
Cigarette smoking – frequently encountered in COPD patients, in-

duces several potential neurotoxic actions, like exacerbation of tissue 
hypoxia by carbon monoxide, stimulative actions of nicotine, and 
interference of cyanogens with nerve function [23]. Moreover, high 
doses of nicotine acutely affect sensory and neuromuscular transmission 

because nicotine receptors are placed on axons and terminals of many 
sensory and motor nerve fibers [47]. Additionally, increased carbox-
yhemoglobin levels, usually observed in smokers, lead to an essential 
slowing of nerve conduction [48]. The relationship between cigarette 
consumption and sensory nerve impairment is especially remarkable in 
patients with a smoking history exceeding 60 pack-years [23]. The effect 
of smoking can be even more detrimental when combined with other 
factors such as diabetes, age, or a sedentary lifestyle [49,50]. Further-
more, chronic smokers are four times more predisposed to have asso-
ciated alcohol dependence - another known risk factor for developing 
polyneuropathy [51–54]. 

Therefore, cigarette smokers with COPD might have a higher pre-
disposition to develop PNP than non-smokers. 

2.2.4. Age as a factor for peripheral neuropathy 
Age is also a significant risk factor and is independently associated 

with the condition even in patients with diabetes - the most common 
etiology of PNP [55], since neuropathies are very common in people 
over 65 years old (approximately 7%), and their prevalence increases 
with age [56]. Nonetheless, a high prevalence of non-diabetic PNP 
among adults ≥ 70 years of age suggests that there may be an unex-
plained loss of peripheral sensation among older adults (possibly idio-
pathic) that is underrecognized [57]. 

This may also be one of the reasons for the poor quality of life in this 
group of patients, as PNP substantially impacts patients’ life [58]. 

2.2.5. COPD phenotypes and peripheral neuropathy 
Cluster analysis of COPD patients usually identifies several pheno-

types based on the degree of airway obstruction, frequency and type of 
exacerbations, systemic inflammation patterns, comorbidities, gender, 
and other characteristics [59–61]. Since up to 78.6% of patients with 
COPD have comorbidities, with an overall frequency of 2.6 comorbid-
ities per patient (2.5 in males and 3.0 in females) [62], it is challenging 

Fig. 1. Pathogenesis of PNP in COPD  
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to understand and/or define the comorbidome; cardiovascular comor-
bidities co-exist with metabolic. Moreover, identical clustering analyses 
across multiple COPD cohorts show modest reproducibility [63]. There 
is currently limited evidence on whether COPD phenotypes co-exist with 
PNP. The existing data indicate that PNP can be present in cardiovas-
cular and metabolic disease patients, chronic inflammation, and hypoxia 
[64]. 

2.2.6. Cardiovascular comorbidities 
Cardiovascular comorbidities are associated with atherosclerosis and 

are traditional nerve damage factors [4,65]. Endothelial dysfunction 
and damage occur early in cardiovascular and metabolic diseases and 
may be an essential risk factor for PNP development [66]. This is seen in 
patients with heart failure, who frequently (up to 31.1% of cases) pre-
sent with neuropathy [67]. The ankle-brachial index is one of the sig-
nificant determinants of PNP in patients with COPD supporting the idea 
that nerve damage has a vascular origin [33]. Hypertension is another 
contributing factor that may lead to PNP [68]. This association is 
prominent in the case of diabetes [69]. However, an inverse relationship 
between hypertension and PNP was also reported. History of hyper-
tension specifically, and not other hypertension-related variables, was 
negatively associated with age-associated peripheral neuropathy after 
controlling for age and body mass index. However, the study was 
cross-sectional, so the results require validation in other similar studies 
[70]. 

On the contrary, evidence is also emerging that PNP can lead to 
cardiovascular disease. The risk, therefore, may be bidirectional [71]. 

2.2.7. Metabolic comorbidities and nerve damage 
Diabetic neuropathy is a well-recognized condition that causes sen-

sory, autonomic, and motor axon damage, in which axonal degeneration 
is a primary mechanism. In addition, chronic hyperglycemia affects 
Schwann cells and causes demyelination [72,73]. Oxidative stress, en-
ergy depletion, and other factors lead to mitochondrial damage, which is 
another major problem in diabetes [74]. Glucose variation is a 
well-known factor for PNP but not the only one [75]. Hyperlipidemia 
can cause neuropathy similar to diabetic neuropathy regarding symp-
toms progression [76,77]. Plasma lipid levels are associated with many 
peripheral neuropathies, including axonal distal polyneuropathy, vision 
and hearing loss, motor nervous system lesions, and sympathetic ner-
vous system dysfunction. Cholesterol, triacylglycerols, and lipoprotein 
affect the pathogenesis of these neuropathies [78]. In COPD and dia-
betes mellitus, an altered microcirculation and thickening of the endo-
neurial capillary basement membrane are remarked [79]. Moreover, 
patients with COPD and diabetes mellitus demonstrate resistance to 
ischemic nerve conduction failure [80]. 

2.2.8. COPD exacerbation and nerve damage 
Acute exacerbation of COPD is associated with several harmful fac-

tors to the nervous and muscular system, including infection, nutrition, 
hypoxia, hypercapnia, electrolyte derangements, comorbidities, sys-
temic inflammation, glucocorticoids, and invasive ventilation [81,82]. 
Polyneuropathy associated with invasive ventilation is not only a 
consequence of the procedure but is also related to organ dysfunction, 
the severity of the condition, and mortality [83]. Therefore, critical 
illness polyneuropathy/myopathy is an important prognostic factor, 
especially in an intensive care setting [84]. This can also explain the 
increased incidence of pain and anxiety in patients with acute exacer-
bation of COPD [85]. 

3. Diagnostic methods for peripheral neuropathy 

In order to establish a diagnosis of peripheral neuropathy, more 
specifically polyneuropathy, the most common type of neuropathy 
accounted for in COPD patients, a combination of symptoms and signs 
along with electrodiagnostic studies are required. When signs and 

electrodiagnostic studies diverge, there is a lower likelihood of poly-
neuropathy [86]. A brief summary of the diagnostic methods and typical 
findings for establishing PNP diagnosis in COPD patients is presented in 
Table 2. 

3.1. Clinical examination 

The typical clinical presentation varies but usually follows the course 
of chronic axonal polyneuropathies. Therefore, the first symptoms 
appear distally in the lower extremities, sensory symptoms preceding 
the motor ones. Patients report a slowly progressive sensory loss and 
dysesthesias like numbness, burning sensation, and pain, accompanied 
by mild gait impairment. With disease progression, mild weakness might 
appear initially in the lower legs, followed by hand symptoms, leading to 
the classic “glove and stocking” sensory loss distribution, and numbness 
may ascend proximally [8]. 

On neurological examination, a distal loss of pinprick, light touch, 
vibration, temperature, and proprioception sensation are observed. 
Deep tendon reflexes are usually diminished or even absent [8]. 

3.1.1. Muscle wasting/strength as an indicator of peripheral neuropathy in 
COPD 

It is well known that the strength of skeletal and respiratory muscles 
is reduced in COPD compared to the average population and generalized 
muscle weakness suggests systemic muscular involvement [89]. Muscle 
strength also contributes to symptom intensity as a two-fold increase in 
muscle strength is associated with a 25–30% decrease in the intensity of 
both leg effort and dyspnea and a 1.4- to 1.6-fold increase in work ca-
pacity [90]. 

3.1.1.1. Cachexia. Cachexia - severe comorbidity seen in 20–40% of 
patients with COPD depending on disease stage and phenotype [91,92], 
is associated with increased mortality and is often underdiagnosed [93]. 
Two leading causes of cachexia are chronic inactivity and muscle 
deconditioning, which eventually lead to a loss in muscle mass and 
strength [94]. PNP occurrence is correlated with the degree of smoking 
intoxication, the length of COPD, and the depth of hypoxemia. It can be 
one factor that leads to muscle wasting as it is also subclinical and 
under-recognized [22]. 

Table 2 
Diagnostic methods for peripheral neuropathy.  

Diagnostic method Characteristics 

History 1. Slowly progressive sensory loss + dysesthesias 
2. “glove and stocking” sensory loss + mild weakness [8] 

Neurological 
examination  

• Distal loss of pinprick, light touch, temperature, 
vibration, and proprioception  

• Diminished or absent deep tendon reflexes [8] 
Electrodiagnostic 

studies 
o EMG 
o NCS 

Denervation + spontaneous muscle activity, abnormal 
compound muscle action potential (CMAP) (increased 
duration, amplitude, and polyphasia) 
Reduced Sensory Nerve Action Potentials (SNAPs) 
Relative nerve conduction velocity preservation [8](87) 

Laboratory tests serum glucose, hemoglobin A1c (Hb1Ac), vitamin B12, 
serum folate, serum and urine protein electrophoresis, 
thyroid function, erythrocyte sedimentation rate, HIV 
serology, heavy metals in urine/blood, porphyrins in 
urine/blood, rheumatoid factor, Sjögren syndrome 
antibodies, anti-Hu antibodies, Lyme testing, vitamin B1 
level, methylmalonic acid homocysteine levels and 
screening for hepatitis B and C [8] 

Nerve biopsy axonal degeneration and demyelination, thickening of the 
basement membrane, narrowing of the lumen, pericytic 
mural debris, nerve capillary endothelial-cell hyperplasia, 
hypertrophy, nerve perineurium thickening [79](28) [31] 

Imaging High-resolution nerve sonography and magnetic resonance 
imaging (not available for clinical use) [87]. 

Autonomic testing composite autonomic scoring scale (CASS) [88]  
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3.1.1.2. Handgrip test. Handgrip strength is a simple, accessible, and 
inexpensive test to measure hand muscle strength. It can also indicate 
overall muscle strength and correlates with the strength of other muscles 
such as upper limb muscles, lower limb muscles, and respiratory muscles 
in COPD. 

In subjects with COPD exacerbation, the handgrip strength is lower 
than that of stable COPD patients, and this difference was not explained 
by age, comorbidities, the severity of obstruction, or smoking. Handgrip 
strength also correlates with the 6-min walking distance (6MWD) test 
and can be used when the 6MWD cannot be performed [95]. Handgrip 
muscle strength decreases as the forced vital capacity (FVC) and forced 
expiratory volume (FEV₁) decrease in patients with COPD. This associ-
ation can be partially explained by decreased respiratory muscle 
strength [96]. Therefore, lung function and muscle strength are critical 
indicators of exercise performance in COPD patients [97]. The handgrip 
test can also predict the following year’s exacerbation [98]. However, 
new biomarkers are needed to assess muscle strength [99]. 

3.1.1.3. 6-minute walking distance test. The 6MWD test is an objective 
and inexpensive method to assess submaximal exercise capacity. 6MWD 
test is used clinically to measure the impact of multiple comorbidities, 
including cardiovascular disease, lung disease, arthritis, diabetes, 
cognitive dysfunction, and depression, on exercise capacity and endur-
ance in adults [100]. 6MWD test correlates with dyspnea in St. George’s 
Respiratory Questionnaire (SGRQ) activity domain and the total score 
[101]. The 6MWD test also significantly correlates with handgrip force 
in individuals with stable COPD [97]. 

3.2. Electrodiagnostic studies 

Electrodiagnostic testing is performed with electromyography 
(EMG) and/or nerve conduction studies (NCS). In the majority of pa-
tients, axonal polyneuropathy is identified [16,20,21,23,26,32]. Axonal 
neuropathies are defined by a diminished amplitude of evoked com-
pound action potentials with relative nerve conduction velocity pres-
ervation [8]. Usually, sensory nerves initially display 
electrophysiological abnormalities through reduced sensory nerve ac-
tion potentials (SNAPs), followed by compound muscle action potentials 
(CMAPs), probably due to their lack of compensatory reinnervation. In 
contrast, CMAP amplitudes can appear normal until more than 75% of 
the axons are affected due to collateral sprouting in motor nerves [102]. 
To distinguish a primarily axonal impairment in cases where demye-
linating features overlap or there is secondary demyelination due to 
prominent axonal loss, Tankisi et al. [103] elaborated a series of criteria 
for electrophysiological polyneuropathy classification. According to 
them, there have to be at least two nerves (sensory and/or motor) 
meeting the criteria for axonal loss, specifically a reduction in SNAP or 
CMAP amplitude with at least 2.5 standard deviations and a minor 
reduction in conduction velocity/distal motor latency by up to 2.5 
standard deviations along with consistent EMG findings [103]. 

3.3. Laboratory tests 

To exclude other possible causes for axonal neuropathy, the 
following laboratory tests should be performed: serum glucose and 
glycated hemoglobin (Hb1Ac), serum vitamin B12 and folate, serum and 
urine protein electrophoresis, thyroid function, and erythrocyte sedi-
mentation rate. In case of suggestive history, additional testing should 
be performed for HIV serology, heavy metals in urine/blood, porphyrins 
in urine/blood, rheumatoid factor, testing for Sjögren syndrome, anti- 
Hu antibodies, Lyme testing, vitamin B1 level, methylmalonic acid ho-
mocysteine levels and screening for hepatitis B and C [8]. 

3.4. Nerve biopsy 

Nerve biopsy is usually not indicated as a diagnostic tool for pe-
ripheral neuropathies in COPD patients. It is generally reserved for 
differential diagnosis when vasculitis or amyloidosis is suspected and 
there is no supportive evidence from other paraclinical tests [8,104, 
105]. In a French study, axonal degeneration and demyelination were 
observed in all cases, and the morphometric analysis revealed fiber 
density reduction [28]. Regarding the pathological modifications in the 
endoneurial structure of nerve microvessels detected on histology: 
thickening of the basement membrane, narrowing of the lumen, and 
pericytic mural debris were observed in COPD patients [31]. Besides 
nerve capillary endothelial-cell hyperplasia and hypertrophy, which 
lead to luminal occlusion, nerve perineurium thickens, thus impeding 
the transport of oxygen and nutrients [79]. Furthermore, hypercapnia 
positively correlated with nerve fiber and endothelial lesions [31]. 

3.5. Imaging studies 

High-resolution nerve sonography and magnetic resonance imaging 
(MRI) could be used as diagnostic tools in peripheral neuropathies, as 
they are non-invasive and well tolerated. However, these are still 
scarcely used, mainly for immune-mediated neuropathies [87]. Nerve 
sonography also has the advantage of being relatively affordable, 
providing access to small fibers and peripheral nerves since they usually 
display a superficial course and rapidly assess the course of a long nerve 
[106]. 

3.6. Autonomic testing 

To determine a potential autonomic dysfunction, which is usually 
specific for small fiber sensory neuropathy but has also been described in 
hypoxia-induced neuropathy, the composite autonomic scoring scale 
(CASS) can be used. It includes the measurement of orthostatic blood 
pressure, the quantitative sudomotor axon reflex test, heart rate vari-
ability with deep breathing and in response to tilt, and changes in blood 
pressure with the Valsalva maneuver [88]. The sudomotor function can 
be assessed by intraepidermal sweat glands testing [107]. 

3.7. Screening tools for peripheral neuropathy 

Peripheral neuropathy screening should include, in all cases, a 
careful history along with a simple neurologic examination. Specific 
screening tests for peripheral neuropathy in COPD patients are lacking; 
most screening tests are directed at diabetic and chemotherapy-induced 
neuropathy. 

The most commonly used tests for diabetic peripheral neuropathy, 
which also manifests very often as an axonal sensorimotor poly-
neuropathy, are the Michigan Neuropathy Screening Instrument (MNSI) 
[108], the Utah Early Neuropathy Scale (UENS) [109], and the United 
Kingdom Screening Test [110]. For chemotherapy-induced peripheral 
neuropathy, several specific questionnaires are used, such as a 
patient-reported one – FACT-GOG/Ntx-11, a clinician-rated one – Total 
Neuropathy Score (TNSr), or clinical screening tools – National Cancer 
Institute - Common Terminology Criteria for Adverse Events (NCI-CT-
CAE) (also clinician-rated), Patient-reported outcomes - Common Ter-
minology Criteria for Adverse Events (PRO-CTCAE), and Patient 
Neurotoxicity Questionnaire (PNQ) [111]. Additionally, Sudoscan is a 
simple test to perform, able to detect the presence of polyneuropathy in 
patients with diabetes mellitus [112]. Some of these screening tools 
could also be tested on COPD patients for PNP, but more precise and 
dedicated tools are needed. 
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3.8. Health-related quality of life in patients with peripheral neuropathy – 
a measure of disability 

Health-related quality of life (HRQoL) is usually defined as a multi- 
dimensional concept, namely the subjective individual feeling of the 
effects of a disease and its treatment on the physical, mental, and social 
aspects of life [113]. HRQoL is usually evaluated using generic in-
struments applied for most pathologies. For example, a few generic in-
struments are used in diabetic neuropathy, such as Short Form surveys - 
SF-36 [114], SF-12 [115], and EuroQol five-dimensional (EQ-5D) [116]. 
SF-36 includes the domains of physical functioning (10 items), role 
functioning-physical (4 items), role functioning-emotional (3 items), 
social functioning (2 items), body pain (2 items), mental health (5 
items), vitality (4 items), general health perception (5 items), plus the 
change in health [117]. However, in most diseases, such generic mea-
sures lack sensitivity to disease-specific aspects of HRQoL [118]. 

According to a study that developed a comprehensive measure of 
HRQoL for peripheral neuropathy, tested on diabetic neuropathy, 
including a generic core and a neuropathy-targeted supplement, the 
inclusion of peripheral neuropathy-targeted items to the generic ones 
leads to improved construct responsiveness and validity [119]. 
Comparing this scale to SF-36 HRQoL revealed that neuropathy has an 
additional influence on the HRQoL. Thus such a targeted score could be 
more helpful for these patients. Other diabetic neuropathy-specific 
measures like Peripheral Neuropathy Quality of Life instrument 
(PN-QOL-97), Norfolk QOL-DN, and NeuroQoL have been developed, 
out of which Norfolk QOL-DN and PN-QOL-97 were evaluated as the 
strongest ones [120]. However, Norfolk QOL-DN appears more limited 
and does not contain psychological and emotional domains [120]. On 
the other hand, another study showed that the SF-36 is a helpful generic 
instrument to reliably appreciate the HRQoL in patients with chronic 
inflammatory demyelinating polyneuropathy [121]. 

In COPD patients, a targeted measurement for evaluating the HRQoL 
has not been established yet, applying only generic instruments. 
Nevertheless, it was observed that life-quality scores were significantly 
reduced, especially in patients with COPD and PNP, than in COPD alone 
and even more than in healthy control subjects [32]. Specifically, pa-
tients with COPD obtained lower scores for physical functioning, vital-
ity, and social functioning [32]. 

4. Treatment options for PNP in COPD 

4.1. Prophylaxis of peripheral neuropathy in COPD 

4.1.1. Neuroprotection 
An extensive list of already established drugs are tested for their 

potential neuroprotective role, and others are developed specifically for 
this purpose. However, none has demonstrated high efficacy. Among 
these are hormones, such as progesterone [122], neuronal growth fac-
tors [123]; corticosteroids [124]; B vitamins [125], Gabapentin [126], 
and others [127]. 

However, it was remarked that by axonal transection or exposure to 
toxic drugs, periaxonal Schwann cells upregulate their erythropoietin 
expression, the usual injury signal that activates the hypoxia-inducible 
factor-1 – the erythropoietin key regulator in Schwann cells is nitric 
oxide [128]. Moreover, administration of exogenous erythropoietin 
seems to have neuroprotective properties, according to a study per-
formed on patients with chemotherapy-induced neuropathy [129]. 
Among other agents with a potential neuroprotective role tested in 
chemotherapy-induced neuropathies are: lithium, which ameliorated 
the mixed sensorimotor neuropathy induced by vincristine, probably by 
inhibiting the glycogen synthase kinase-3 (GSK3β) [130]; melatonin – 
reduced the oxaliplatin-induced pain behavior and neuropathic deficits 
in rats as well as improved the mitochondrial electron transport chain 
function and the ATP levels and prevented oxaliplatin-induced neuronal 
apoptosis by accelerating the autophagy pathway in peripheral nerves 

and dorsal root ganglion [131]; donepezil, improved the mechanical 
allodynia and sciatic nerve axonal degeneration [132] or hypothermia 
for paclitaxel-induced neuropathy [133]. 

Regarding diabetic peripheral neuropathy, several agents have the 
potential to exert neuroprotection. For example, resveratrol demon-
strates a considerable range of biological activities, including antioxi-
dant, anti-inflammatory, and chemoprotective [134]. Folic acid - 
another potential neuroprotective agent- increases the expression of 
nerve growth factor, leading to increased CMAP amplitudes and reduced 
peripheral nerve fibrosis [135]. At the same time, orexin-A demon-
strated anti-hyperalgesic and neuroprotective effects in rats with dia-
betic peripheral neuropathy [136]. Much attention is also given to 
neuronal growth factors because endogenous growth factors boost 
neuronal health and survival [123]. Among promising neuronal growth 
factors are neurotrophins, insulin-like growth factors, cytokine-like 
growth factors, and vascular endothelial growth factors [123]. 

Other studies are directed at elaborating more productive ways of 
drug delivery, such as electrospun composite nanofibers incorporating 
alpha-lipoic acid and atorvastatin, which are sequentially released 
[127]. In such a way, alpha-lipoic acid – a well-known drug for its 
antioxidant properties [137], was liberated faster to exercise a neuro-
protective effect in the early phase of neuronal injury, and afterward, it 
was followed by the release of atorvastatin – which also seems to exert a 
neuroprotective action [138]. 

4.1.2. Antioxidants 
Antioxidants are a traditional heterogeneous group of medications 

that may be useful for prophylaxis of nerve damage. Generally, antiox-
idants have two primary goals. They reduce the harmful effects of free 
radicals by decreasing their formation or scavenging and inactivating 
them. Alternatively, they increase the activity of antioxidant enzymes or 
other proteins involved in antioxidant pathways [139]. 

One of the major antioxidant groups is flavonoids, which have been 
claimed to affect the peripheral nervous system positively. Flavonoids 
have a selective affinity for GABAA receptors which helps treat diabetic 
and chemotherapy-induced PNP [140,141]. 

Dietary antioxidants are vitamins A, C, and E that act as natural 
detoxifiers of free radicals or interact with recycling processes. Vitamin 
E is one of the most studied vitamins with antioxidative properties and 
has been reported to alleviate symptoms of diabetes and diabetes- 
induced complications by reduction of oxidative stress, a positive ef-
fect on neural system development and differentiation [142,143]. 

Some vitamin-like substances such as coenzyme Q10 may also 
positively affect COPD and PNP. Coenzyme Q10 was found to be 
effective in restoring and improving nerve conduction, particularly in 
diabetic PNP [144–146]. Its combination with other medications, such 
as alpha-lipoic acid, demonstrated a potentiated effect [147]. 

Alpha-lipoic acid is a well-known medication used in diabetic PNP 
that delays or reverses nerve damage through its multiple antioxidant 
properties, primarily by increasing reduced glutathione [148]. A 
meta-analysis of randomized controlled trials demonstrated that when 
given intravenously at a 600 mg/day dosage for three weeks, 
alpha-lipoic acid leads to a significant and clinically relevant reduction 
in neuropathic pain [149]. 

Other medication groups include aldose reductase inhibitors, protein 
kinase C inhibitors, and anti-advanced glycation endproducts agents 
[139]. Among the aldose reductase inhibitors, the most studied is 
epalrestat, while others such as tolrestat, zenarestat, and ponalrestat 
were withdrawn due to inefficacy or safety concerns [150]. Rubox-
istaurin, a protein kinase C inhibitor with antioxidant effects, improved 
nerve conduction velocity and endoneurial blood flow in diabetic rats 
but failed to demonstrate efficacy in clinical practice. However, it 
appeared to benefit the subgroup of patients with less severe symp-
tomatic PNP [151]. 
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4.2. COPD medication and PNP 

Current therapy for COPD includes a list of medications that may 
have positive and negative effects on the peripheral nervous system, 
such as short-acting beta-agonists (SABA), long-acting beta-agonists 
(LABA), short-acting muscarinic antagonists (SAMA), long-acting 
muscarinic antagonists (LAMA), inhaled corticosteroids (ICS), oral ste-
roids and oxygen supplementation. 

4.2.1. Beta-agonists 
The expression of beta-2-adrenoceptors within the nociceptive ner-

vous system suggests a potential role in pain and nociception. Notably, 
beta-2-agonists participate in the antiallodynic action of antidepressant 
drugs and might implicate the endogenous opioid system [152,153]. 
Beta-2-agonists may have a protective effect on the treatment of chronic 
neuropathic pain. In a rat model, it was demonstrated that chronic but 
not acute stimulation of beta-2- adrenoceptors with agonists such as 
clenbuterol, formoterol, metaproterenol, and procaterol suppressed 
neuropathic allodynia [154]. Similar results were found with activation 
of β2-adrenoreceptor with formoterol in paclitaxel-induced neuropathic 
pain due to induction of mitochondrial biogenesis [155]. 

4.2.2. Muscarinic antagonists 
Muscarinic antagonists have several positive effects on the nervous 

system. In vitro, they promote sensory neurite outgrowth. In vivo, using 
rodents models of diabetes, chemotherapy-induced peripheral neurop-
athy, and HIV protein-induced neuropathy have been shown to prevent 
and reverse peripheral neuropathy. Topical delivery of muscarinic an-
tagonists may be a practical therapeutic approach to treating diabetic 
and other peripheral neuropathies [156]. 

Pharmacological blockade of muscarinic 1 receptor using pir-
enzepine activates AMPK and helps to overcome diabetes-induced 
mitochondrial dysfunction in vitro and in vivo. This effect prevents PNP 
and results in depletion of sensory nerve terminals, thermal hypoalgesia, 
and nerve conduction slowing in diverse rodent models of diabetes 
[157]. These findings were reinforced by a randomized 
placebo-controlled, double-blinded study where 40 patients with type 2 
diabetes mellitus received topical 3% oxybutynin and were assessed at 
baseline and after 20 weeks of treatment. Intraepidermal nerve fiber 
density improved significantly after 20 weeks for the treatment group. 
Neuropathy scores and quality of life also improved considerably in the 
treatment group. No improvements were seen in the placebo group 
[158]. 

4.2.3. Systemic and inhaled corticosteroids(ICS) 
A systematic review and meta-analysis of 32 articles demonstrated 

that long-term corticosteroid exposure is associated with hypertension 
(prevalence >30%); bone fracture (21%–30%); cataract (1%–3%); 
nausea, vomiting, and other gastrointestinal conditions (1%–5%); and 
metabolic issues (e.g., weight gain, hyperglycemia, and type 2 diabetes; 
cases had 4-fold the risk of controls) [159]. Extrapolating from their 
effect on glucose and vasculature, systemic and inhaled corticosteroids 
are likely to be risk factors for PNP development in patients with COPD 
and asthma and their overlap. 

4.2.4. Oxygen support and treatment 
Hypoxia is a well-known risk factor for nerve damage and dysfunc-

tion. Chronic hypoxemia in COPD patients is associated with an accen-
tuation in EMG changes in both low and high-frequency bands for 
adductor pollicis and diaphragm. Inhalation of oxygen-enriched gas 
mixture for 15 min significantly increased skeletal muscle’s maximal 
performances in chronic hypoxemic patients [163]. Although this does 
not directly prove a positive effect on the peripheral nervous system, it is 
safe to assume that oxygen supplementation benefits the nervous 
system. 

Hyperbaric oxygen therapy demonstrated enhanced healing of 

ischaemic, non-healing diabetic leg ulcers [160] associated with PNP 
and atherosclerosis, and therefore hyperbaric oxygen may positively 
affect the nervous system. Hyperbaric oxygen demonstrated anti-
nociceptive and analgesic effects in animal models of inflammatory, 
neuropathic, and chronic pain. In human studies, hyperbaric oxygen 
therapy showed beneficial effects on clinical outcomes such as pain 
scores, pain-related symptoms, and quality of life [161,162, 163]. 

5. Discussion 

According to literature, PNP is frequently present in COPD patients 
with a prevalence ranging between 15 and 93.8%, the majority being 
axonal sensory polyneuropathy [16,20,21,23,26,32], but an association 
with the severity of COPD has not been established (Table 1). Moreover, 
the current data do not indicate a relationship between COPD stages, 
GOLD classification, or degree of obstruction and PNP. 

Although the common occurrence of comorbidities that predispose 
COPD patients to develop PNP, such as diabetes mellitus, cardiovascular 
ones, and the negative influence of some COPD medication options, a 
clear relationship between PNP and hypoxia was established, specif-
ically the longer the duration and the more severe hypoxia, the more 
severe peripheral neuropathy was [14,16,22,26–28]. Moreover, peak 
VO2 and FEV1 values were significantly lower in patients with PNP than 
without [32]. 

Other significant determinants of peripheral neuropathy in COPD 
patients are age [14,26,27,29,30], smoking history [23], base excess, 
and ankle-brachial index, which affect the nerves’ micromilieu and thus 
impact the development and degree of peripheral neuropathy [33]. As 
elevated base excess seems to reflect the compensation of intermittent 
chronic nocturnal hypoxemia in stable COPD patients, it may be a 
marker of prolonged homeostasis modifications leading to comorbidities 
such as peripheral neuropathy [164]. Therefore, base excess could be 
superior to spirometric lung function that does not correlate with PNP if 
examined as the only COPD feature [165]. 

Additionally, patients with significantly worse FEV1 and arterial 
blood gases had worse autonomic function [25]. Considering the 
increased risk of death in patients with autonomic dysfunction, it should 
be assessed in all hypoxemic COPD patients [25]. Apart from this, other 
aspects of disability in PNP related to COPD are related to the impair-
ment of sensory and motor functions, responsible to gait impairment as 
well as an increased level of pain. This leads eventually to impairment of 
activities of daily living and finally to a reduced HRQoL(32). Therefore, 
it is crucial to screen all COPD patients for the presence of PNP clinically 
and with electrodiagnostic studies. As yet, no specific screening tools for 
COPD-related PNP have been elaborated. Screening questionnaires for 
diabetic neuropathy or other etiologies could also be tried in COPD 
patients due to mutual pathophysiological mechanisms of these types of 
PNP, but more specialized tools are required. 

Regarding treatment, necessary to mention is that specialized treat-
ment options for COPD patients with PNP are still lacking. Although, 
improvement in respiratory function may lead to the reversal of 
hypoxia-induced peripheral nerve lesions, according to electrophysio-
logical studies [20]. Therefore, correction of chronic hypoxemia in 
COPD patients could also ameliorate PNP in these patients. Additionally, 
COPD patients could benefit from beta-agonists, muscarinic agents, 
antioxidants, and neuroprotectors, traditionally prescribed for various 
peripheral nerve pathologies. However, systemic corticosteroids are 
considered risk factors for PNP evolution. Therefore, they should be 
used judiciously in COPD patients with PNP. 

The discrepancies in the observed publications related to PNP in 
COPD could be related to the reduced number of subjects, lack of a 
control group in some studies, patient inclusion and exclusion criteria, 
such as demographic characteristics, COPD definition, and phenotypes, 
as well as the clinical and electrophysiological criteria used for estab-
lishing the diagnosis of PNP. 
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6. Conclusions 

Current data indicate that multiple common risk factors in patients 
with COPD can contribute to the development of PNP. Therefore, the 
association between COPD and PNP may be secondary, caused by con-
founding factors such as smoking, age, and comorbidities. However 
likely, COPD is also a significant risk factor, especially in patients with 
hypoxia. Optimal screening strategies should be implemented since PNP 
can impact cardiovascular and metabolic comorbidities and serves as a 
risk factor for decreased quality of life. The treatment options of PNP are 
limited, but there is extensive evidence from studies of PNP in patients 
with diabetes, which can be implemented in clinical practice as COPD 
shares multiple pathophysiological mechanisms similar to diabetes. 
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Abbreviations 

AGEs Advanced glycation end products 
AP-1 Activator protein 1 
BMI Body mass index 
CASCO CAchexia SCOre 
CASS Composite autonomic scoring scale 
CMAP Compound muscle action potential 
COPD Chronic Obstructive Pulmonary Disease 
CRP C reactive protein 
EMG Electromyography 
EQ-5D EuroQol five-dimensional 
FFAs Free fatty acids 
FEV1 Forced expiratory volume in 1 s 
FVC Forced vital capacity 
GSK3β Glycogen synthase kinase-3 
HRQoL Health-related quality of life 
ICAM-1 Intercellular cell adhesion molecule 1 
ICS Inhaled corticosteroids 
IGF-1 Insulin-like growth factor 1 
IL-6, IL-1, IL-18 Interleukin 6, 1, 18 
LABA Long-acting beta-agonists 
LAMA Long-acting muscarinic antagonists 
MNSI Michigan Neuropathy Screening Instrument 
MRI Magnetic resonance imaging 
6-MWD 6-min walking distance 
NCI-CTCAE National Cancer Institute, Common Terminology Criteria 

for Adverse Events 
NCS Nerve conduction studies 
NO Nitric oxide 
NSAIDs Non-steroidal anti-inflammatory drugs 
PNP Polyneuropathy 
PNQ Patient Neurotoxicity Questionnaire 
PN-QOL-97 Peripheral Neuropathy Quality of Life instrument 
PRO-CTCAE Patient-reported outcomes, Common Terminology 

Criteria for Adverse Events 
TNF-α Tumor necrosis factor α 
TNSr Total Neuropathy Score 
SABA Short-acting beta-agonists 
SAMA Short-acting muscarinic antagonists 
SF-36 Short Form survey 36 

SFN Small fiber neuropathy 
SGRQ St. George’s Respiratory Questionnaire 
SNAPs Sensory nerve action potentials 
UENS Utah Early Neuropathy Scale 
VCAM-1 Vascular cell adhesion molecule 1 
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