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	 Background:	 Chronic obstructive pulmonary disease (COPD) is a life-threatening and devastating disease associated with 
low-grade systemic inflammation. In adults, the most common disease of the peripheral nervous system is pe-
ripheral neuropathy. While most polyneuropathy has a mixed presentation, some cases are motor dominant 
and others are sensory dominant. We investigated polyneuropathy in patients with COPD and hypothesized 
that low-grade systemic inflammation and other pathologies in patients with COPD cause peripheral axonal 
polyneuropathy.

	 Material/Methods:	 We included 62 patients with COPD without any neurological signs or symptoms, and 30 healthy volunteers 
with no known neurological or pulmonary diseases as controls. There were 38 men in the COPD group and 17 
men in the control group; the mean ages of the 2 groups were 64.88 and 62.7 years, respectively. According to 
the Global Initiative for Chronic Obstructive Lung Disease COPD report, all COPD patients were group D. After 
collecting demographic and clinical characteristics of the participants, we performed an electrophysiological 
examination to investigate polyneuropathy and pulmonary function test results. C-reactive protein, hemoglo-
bin, creatinine, partial carbon dioxide pressure (pCO2) levels were recorded. Electrophysiological examination 
was performed with a Medelec Synergy device using standard neurographic procedures, and the results were 
assessed.

	 Results:	 Significant differences were found for forced expiratory volume in 1 sec (FEV1), %FEV1, forced vital capacity 
(FVC), %FVC, pCO2, and hemoglobin and creatinine levels, but all participants had a creatinine level within the 
normal range. There was no difference in sensory neuropathy between the groups, but a significant difference 
was found in terms of motor neuropathy.

	 Conclusions:	 As noted in previous studies, systemic inflammation, increased oxidative stress, decreased oxygen pressure, 
and multiple comorbidities in patients with COPD may all contribute to the development of neuropathy.
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Background

Chronic obstructive pulmonary disease (COPD) is an impor-
tant health problem and one of the leading causes of death 
in the world. Airway and/or alveolar abnormalities in patients 
with COPD are usually caused by significant exposure to nox-
ious gases and particles [1]. This exposure produces charac-
teristic changes, including chronic inflammation and structural 
changes. The inflammation involves specific inflammatory cell 
types and almost the entire lung. There is growing evidence 
that low-grade systemic inflammation plays a role in COPD 
and comorbid conditions [2].

Peripheral neuropathy is a common neurological condition [3]. 
While most polyneuropathy has a mixed presentation, some 
cases are motor dominant and others are sensory dominant. 
Damage to the nerves has a range of causes, including genetic 
and metabolic factors, autoimmune disorders, infection, drug 
or environmental toxicity, and malignancy [4].

The question of causal links between peripheral neuropathy 
and COPD is complex because neuropathy, like COPD, is age re-
lated. The effects of premature aging have been demonstrated 
in mouse models. Premature aging is also considered to be an 
important factor in the development of COPD. The association 
between peripheral neuropathy and COPD has been explained 
by the deleterious effects of chronic hypoxemia on peripheral 
nerves as well as systemic inflammation. A common risk fac-
tor for COPD and neuropathy is smoking, which includes ex-
posure to a variety of adverse compounds [5].

We hypothesized that systemic inflammation and oxidative/
antioxidative imbalance in patients with COPD cause polyneu-
ropathy, but this polyneuropathy is usually not studied. In this 
study we investigated peripheral neuropathy in COPD cases 
with no clinical evidence of neuropathy.

Material and Methods

This study was conducted at the Department of Respiratory 
Medicine and Neurology at our institute from July 2018 to 
June 2019 and was approved by the local ethics committee 
(18.06.2015/04) in accordance with the Declaration of Helsinki. 
Written informed consent was received from all participants.

Subjects and Study Design

Exclusion criteria included known neurological diseases, contin-
uous corticosteroid use, cervical disc hernia, diabetes mellitus, 
renal disease, heart failure, connective tissue disease, alcohol 
abuse, and malignancy. A detailed neurological and physical 
examination was performed for each participant.

Eighty-four patients with COPD who were hospitalized in the 
pulmonary disease clinic or who visited the outpatient clin-
ic were selected for the study. Among these patients, 10 pa-
tients with diabetes, 6 patients with heart failure, 5 patients 
with renal failure, and 1 patient with cancer were excluded 
from the study. The flow chart in Figure 1 shows the partic-
ipants’ progress through the study. We continued the study 
with 62 patients with COPD. None of the participants had any 
known diagnosed or treated peripheral neurological deficits 
or neuropathies.

Experimental Procedures

The post-bronchodilator forced expiratory volume in 1 sec/
forced vital capacity (FEV1/FVC) values of all COPD patients 
were <0.7, in keeping with the 2021 Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) COPD guidelines. The par-
ticipants were classified in group D of the GOLD guidelines: 
their GOLD grades were 2 in 10 cases, 3 in 25 cases, and 4 
in 27 cases. All participants with COPD had a history of hos-
pitalization or for 2 COPD exacerbations in the last year, and 
their Modified Medical Research Council score was >1. Thirty 
healthy volunteers with no neurological or pulmonary diseas-
es were included as controls. Age, sex, C-reactive protein (CRP) 
level, hemoglobin level, creatinine level, smoking status, par-
tial carbon dioxide pressure (pCO2) level, pulmonary function 
test results, and electromyography (EMG) results were all re-
corded. The EMG and pulmonary function test were performed 
in the COPD group before discharge after any acute exacer-
bation had resolved.

After neurological examination, electrophysiological examina-
tion was performed with a Medelec Synergy device (Oxford 
Instruments, Surrey, England) using standard neurographic 
procedures, and the results were assessed according to the 
American Diabetes Association Diabetic Neuropathy Guidelines 
[6]. The room temperature was 22-24°C and the temperature 
of the participants’ extremities was 34°C; the participants’ ex-
tremities were heated when necessary. Nerve conduction tests 

Assessed by eligibility
(n=84 COPD patients)

Included (n=62)

6 patients with heart failure

10 patients with diabetes

5 patients with renal failure

1 patient with lung cancer

Figure 1. �Flowchart showing the participants’ progress through 
the study.
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were performed in 2 motor and 2 sensory nerves (median and 
ulnar nerves) in the upper extremities and in 2 motor (tibial 
and common peroneal nerves) and 2 sensory nerves (sural and 
peroneal sensory nerves) in the lower extremities. Nerve con-
duction velocity was measured using the orthodromic meth-
od, and nerve conduction was evaluated at supramaximal in-
tensity to obtain the highest amplitude. Axonal pathology and 
demyelination in nerves were defined as decreased sensory/
motor nerve action potential amplitude and decreased senso-
ry/motor nerve conduction velocity. Polyneuropathy was de-
fined as the presence of 2 or more abnormalities detected in 
the electrophysiological examination.

Statistical Analysis

Descriptive statistics for the continuous variables included 
mean, standard deviation, and range. Categorical variables are 
expressed as numbers and percentages. One-way analysis of 
variance was used to compare the group means of continuous 
variables, and Duncan’s multiple-comparison test was used to 
detect differences between the groups. Pearson’s correlation 
coefficient analysis was performed separately in the groups to 
determine the relationship between these variables. The chi-
square test was used to determine the relationship between 
groups and the categorical variables. A P-value <0.05 was con-
sidered significant. The SPSS statistical package software was 
used for the calculations (SPSS, Inc., Chicago, IL, USA).

Results

Sixty-two COPD patients and 30 healthy participants were in-
cluded in this study. There were 24 women in the COPD group 
and 13 women in the control group; the mean ages of the 2 
groups were 64.88±8.62 and 62.7±9.65 years, respectively 

(P=0.5). Significant differences were found for FEV1,%FEV1, 
FVC,%FVC, pCO2, and hemoglobin and creatinine levels, but all 
participants had a creatinine level with a normal range. The 
%FEV1 and %FVC values were 84.20±6.65 and 86.3±7.83 in the 
control group and 53.94±13.17 and 39.72±11.96 in the COPD 
group, respectively. The pCO2 levels were 44.17±9.74 mm Hg 
and 36.9±2.51 mm Hg in the COPD and control groups, respec-
tively. No differences were observed in CRP levels, glucose lev-
els, or smoking status between groups. The descriptive statis-
tics are given in Table 1.

Only one participant (3.3%) in the control group had sensory 
and motor polyneuropathy, whereas 27 participants (44%) in 
the COPD group had sensory and 36 (58%) participants had mo-
tor polyneuropathy. No significant difference was observed be-
tween groups in the frequency of sensory polyneuropathy, but 
there was a significant difference in motor polyneuropathy be-
tween the groups (chi-square for sensory polyneuropathy 3.78 
and P=0.052, and for motor polyneuropathy 7.44 and P=0.006)

No significant differences were found for latency, amplitude, 
or velocity of nerve activity in the sensory components of the 
median and ulnar nerve between the groups. No significant 
differences were found for latency or amplitude values of the 
sensory component of the sural and superficial peroneal nerves. 
A significant difference was found in nerve velocity in the sen-
sory component of the sural and superficial peroneal nerves.

No significant differences were found for latency, amplitude, 
or velocity values in the motor component of the ulnar, com-
mon peroneal, or tibial nerves between the groups. No signif-
icant differences were found for latency or amplitude values 
in the motor component of the median nerve, but there was 
a significant difference in the velocity of the motor compo-
nent of the median nerve.

COPD group (n=62) Control group (n=30) p-value

Age (year) 64.88±8.62 62.7±9.65 .5

FVC (l) 1.68±0.53 2.62±0.72 .001

%FVC 53.94±13.17 84.20±6.65 .001

FEV1 (l) 0.99±0.44 2.2±0.56 .001

%FEV1 39.72± 11.96 86.30±7.83 .001

pCO2 (mmHg) 44.17±9.74 36.9±2.51 .026

CRP (mg/dl) 12.06±8.42 7.12±3.47 .079

Hemoglobine (g/dl) 14.7±2.58 12.51±2.41 .023

Creatine (mg/dl) 0.81±0.17 0.96±0.3 .046

Glucose (mg/dl) 108.84±20.18 95.4±12.87 .055

Smoking (pack/year) 38.71±10.18 35.75±9.43 .592

Table 1. Characteristics of participants.
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The latency, amplitude, and velocity values of the motor and 
sensory components of aforementioned nerves are given in 
Tables 2 and 3.

Pearson’s correlation analyses detected a significant correla-
tion between FEV1/FVC and amplitude values in the motor 
component of the ulnar nerve (P=0.02, r=0.437). Pearson’s 
correlation analysis revealed a significant correlation between 
CRP levels and the latency, amplitude, and velocity of the 
sensory component of the median nerve (P=0.028, r=-0.389; 
P=0.034, r=0.23; P=0.036, r=0.32, respectively). We also ob-
served significant correlations between hemoglobin levels 
and FEV1/FVC (P=0.018, r=-0.423), between creatine levels 

and FEV1 (P=0.003, r=0.502), between creatinine levels and 
CRP (P=0.034, r=0.377), between creatinine levels and ampli-
tude of the sensory component in the median nerve (P=0.043, 
r=0.3), and between glucose levels and the amplitude of the 
motor component in the tibial nerve (P=0.025, r=-0,039) in 
the COPD group.

Discussion

Systemic inflammation in patients with COPD could play a 
role in multiple comorbid conditions. COPD is characterized 
by many cell types and inflammatory mediators. In addition, 

COPD group Control group p-value

Median
	 Latency
	 Amplitude
	 Velocity

	 2.38±0.31
	 19.83±6.32
	 51.76±4.71

	 2.39±0.99
	 16.89±7.75
	 46.94±19.28

	 .975
	 .266
	 .198

Ulnar
	 Latency
	 Amplitude
	 Velocity

	 2.01±0.41
	 16.17±6.80
	 50.54±9.56

	 1.99±0.84
	 16.54±7.22
	 49.29±20.31

	 .927
	 .894
	 .798

Sural
	 Latency
	 Amplitude
	 Velocity

	 1.97±1.12
	 10.71±6.39
	 34.03±18.95

	 2.47±0.35
	 12.91±4.26
	 51.72±6.46

	 .181
	 .317
	 .006

Peroneal
	 Latency
	 Amplitude
	 Velocity

	 1.83±1.16
	 8.61±5.77
	 32.09±20.31

	 2.31±0.44
	 12.18±3.75
	 53.53±8.17

	 .210
	 .079
	 .003

Table 2. Latency, amplitude, and velocity values of the sensory component of the nerves.

COPD group Control group p-value

Median
	 Latency
	 Amplitude
	 Velocity

	 7.49±0.55
	 6.54±2.49
	 54.39±3.60

	 7.39±0.65
	 6.00±1.47
	 57.35±4.51

	 .66
	 .542
	 .047

Ulnar
	 Latency
	 Amplitude
	 Velocity

	 6.57±1.08
	 6.77±2.33
	 57.16±6.58

	 6.77±0.87
	 6.07±1.63
	 59.07±5.39

	 .624
	 .408
	 .433

Sural
	 Latency
	 Amplitude
	 Velocity

	 10.94±3.17
	 1.80±1.43
	 39.73±11.16

	 11.93±1.04
	 1.73±0.75
	 46.04±4.81

	 .365
	 .894
	 .109

Peroneal
	 Latency
	 Amplitude
	 Velocity

	 14.25±3.07
	 3.73±2.03
	 40.35±8.40

	 15.03±3.27
	 3.41±1.70
	 40.36±6.15

	 .508
	 .665
	 .990

Table 3. Latency, amplitude, and velocity values of the motor component of the nerves.
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oxidative stress and a protease/antiprotease imbalance are 
observed in COPD patients [1].

The most common types of polyneuropathies are axonal neu-
ropathies, characterized by insult or degeneration. Action po-
tentials are unable to propagate when the axon is degenerated, 
and this can be measured using electrophysiological tests [4].

Oxidative stress increases in neurodegenerative diseases such 
as Alzheimer disease [7,8], and Sifuentes-Franco et al [9] sug-
gested that oxidative stress plays a role in the pathogenesis 
of polyneuropathy in patients with diabetes. Herder et al [10] 
reported that painful distal sensorimotor polyneuropathy is 
linked to systemic subclinical and vascular inflammation in 
the older population.

Oxidative stress, systemic inflammation, and a protease/an-
tiprotease imbalance are observed in both COPD and poly-
neuropathy. A few studies have investigated the association 
between COPD and neuropathy. We investigated polyneuropa-
thy in individuals with severe COPD and compared the results 
with same-age controls. A significant association was found 
between COPD and polyneuropathy.

One hypothesized underlying mechanism of polyneuropathy in 
COPD is chronic hypoxia of the peripheral nervous system [11,12]. 
Since chronic hypoxia affects patients with more severe COPD, 
this means that polyneuropathy will mostly affect patients with 
more severe COPD. One study identified an association between 
chronic hypoxemia and polyneuropathy in patients with COPD, 
identifying polyneuropathy in 30 of 151 participants with clin-
ical signs of mild sensory motor and distal neuropathy [13].

Agrawal et al [14] detected neuropathy in 5 of 30 COPD pa-
tients. These 5 patients had significantly higher cigarette con-
sumption, longer disease duration, and more advanced airflow 
obstruction compared with COPD patients without peripher-
al neuropathy.

Ozge et al [15] investigated the association between COPD 
and polyneuropathy and detected polyneuropathy in 44.8% 
of COPD cases. The incidence of neuropathy and the rate of 
axonal neuropathy were significantly higher in the hypox-
emic group than in the normoxemic group. Our participants 
were all hypoxemic and belonged to group D according to the 
2021 GOLD guidelines. Sensory polyneuropathy was detect-
ed in 43.5% of our cases, and motor polyneuropathy in 58%.

In contrast to our study, Visser et al [2] found no association 
between neuropathy and COPD. They prospectively studied 345 

patients with cryptogenic axonal polyneuropathy and 465 con-
trols, investigating COPD prevalence in both groups. No asso-
ciation was found between neuropathy and COPD. While they 
investigated the presence of COPD in polyneuropathy patients 
in their studies, we investigated the presence of polyneurop-
athy in COPD patients.

Kahnert et al [5] reported findings on polyneuropathy in pa-
tients with COPD in their study evaluating data from the fourth 
visit of the COSYCONET cohort. They used repeated tuning fork 
and monofilament testing, unlike our study, to investigate the 
presence of polyneuropathy in patients with COPD. They iden-
tified base excess and ankle-brachial index as major deter-
minants of peripheral neuropathy in patients with COPD. All 
other associations, particularly those with lung function and 
physical capacity, were indirect.

One limitation of this study was the small number of partici-
pants. Additionally, all COPD patients had at least 1 hospital-
ization or 2 exacerbations within the last year, and all often 
used short-term systemic corticosteroids. Both the COPD and 
control participants were relatively old and had comorbid con-
ditions, and they used multiple drugs. COPD patients are usu-
ally immobile because of their disease status. This study did 
not determine which of the factors mentioned contributed to 
or caused neuropathy.

Conclusions

In conclusion, a strong association was observed between neu-
ropathy and COPD. As mentioned in previous studies, the pa-
tients with COPD had low-grade systemic inflammation, in-
creased oxidative stress, decreased partial oxygen pressure, 
and multiple comorbid conditions. All these factors may have 
contributed to the development of neuropathy. Further stud-
ies are needed to determine which of the mentioned factors 
contributed this association.

Institution Where the Study Was Performed

Department of Respiratory Medicine and Department of 
Neurology, Medical School of Van Yuzuncu Yil University, 
Dursun Odabas Medical Center, Van, Turkey.
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confirm that the image is original with no duplication and has 
not been previously published in whole or in part.
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