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dogs.1,2 ILP is considered an axonopathy, charac-
terized by degeneration and loss of the largest and 
longest axons, with the recurrent laryngeal nerve 
and the sciatic nerve showing the most substantial 
clinical consequences.2–4 Dysfunction in peripheral 
nerves leads to a variety of clinical signs includ-
ing respiratory distress, stridor, coughing, gagging, 

OBJECTIVE
The aim of this study was to investigate whether plasma neurofilament light chain (pNfL) concentration was altered 
in Labrador Retrievers with idiopathic laryngeal paralysis (ILP) compared to a control population. A secondary aim 
was to investigate relationships between age, height, weight, and body mass index in the populations studied.

ANIMALS
123 dogs: 62 purebred Labrador Retrievers with ILP (ILP Cases) and 61 age-matched healthy medium- to large-
breed dogs (Controls).

METHODS
Dogs, recruited from August 1, 2016, to March 1, 2022, were categorized as case or control based on a combination of 
physical exam, neurologic exam, and history. Blood plasma was collected, and pNfL concentration was measured. pNfL 
concentrations were compared between ILP Cases and Controls. Covariables including age, height, and weight were col-
lected. Relationships between pNfL and covariables were analyzed within and between groups. In dogs where 2 plasma 
samples were available from differing time points, pNfL concentrations were measured to evaluate alterations over time.

RESULTS
No significant difference in pNfL concentration was found between ILP Cases and Control (P = .36). pNfL concentra-
tions had moderate negative correlations with weight and height in the Control group; other variables did not cor-
relate with pNfL concentrations in ILP Case or Control groups. pNfL concentrations do not correlate with ILP disease 
status or duration in Labrador Retrievers.

CLINICAL RELEVANCE
There is no evidence that pNfL levels are altered due to ILP disease duration or progression when compared with 
healthy controls. When evaluating pNfL concentrations in the dog, weight and height should be considered.
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Canine idiopathic laryngeal paralysis (ILP) is a com-
mon degenerative peripheral polyneuropathy in 
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dysphagia, regurgitation, loss of pelvic limb proprio-
ception, and progressive paraparesis.2,5,6 ILP primar-
ily affects older (> 9 years) large- to giant-breed 
dogs.6 Although ILP is documented in many breeds, 
approximately 70% of cases are seen in Labrador 
Retrievers.2,6,7 ILP shares many pathophysiologic, 
histopathologic, and clinical features with inherited 
peripheral neuropathies seen in humans, including 
Charcot-Marie-Tooth (CMT) disease type 2 and distal 
hereditary motor neuropathy, making it a promising 
spontaneous large animal disease model candidate 
for inherited peripheral neuropathy.

Neurofilament light chain (NfL) concentration 
can be used as a sign of axonal degeneration and 
in humans is a promising potential biomarker for a 
wide host of neurodegenerative diseases.8 NfL is 
1 of 4 subunits, along with neurofilament middle 
chain, neurofilament heavy chain, and α-internexin, 
that comprise heteropolymer neurofilament proteins 
forming the neuronal cytoskeleton.9 All 4 subunits 
act together to aid in the growth of axonal diam-
eter and act as axonal scaffolding.9 NfL has proven 
to be stable, soluble, and abundant in both CSF 
and plasma.9,10 Although NfL in the CSF and blood 
increases during the normal aging process in people, 
higher levels are found in several human neurode-
generative diseases.11

Currently, NfL is used to aid in diagnosis, inform 
prognosis, and monitor treatment response for a 
variety of human neurodegenerative diseases.11–13 
The potential to use NfL to track disease progres-
sion would allow for more robust clinical trials and 
treatment response monitoring.14 In dogs, plasma 
neurofilament light chain (pNfL) can be measured 
effectively and has been shown to increase in dogs 
affected with conditions that affect the CNS.15,16 It is 
currently not known whether pNfL is of clinical utility 
for any peripheral neuropathy in dogs.

The aim of this study was to investigate 
whether pNfL concentration was altered in Labrador 
Retrievers affected by ILP compared to an aged con-
trol population. A secondary aim was to investigate 
the relationships between pNfL, age, height, weight, 
and body mass index (BMI) in the populations stud-
ied. Our hypothesis was that Labrador Retrievers 
affected with ILP would have significantly higher 
pNfL concentration when compared with an age-
matched control population comprised of medium- 
to large-breed dogs. Our secondary hypothesis was 
that in the populations studied, comprised of aged 
dogs, there would be no correlation between age, 
height, weight, or BMI and pNfL concentration.

Methods
Dogs were recruited from the UW Veterinary 

Care Hospital at the University of Wisconsin-
Madison from August 1, 2016, to March 1, 2022. All 
data collection was conducted with the approval 
of the Animal Care and Use Committee, School 
of Veterinary Medicine, University of Wisconsin-
Madison (V005453). All dogs had written informed 
consent obtained from their owner.

All dogs included in the ILP Case group were pure-
bred Labrador Retrievers, greater or equal to 8.5 years 
of age, diagnosed with ILP by a board-certified 
veterinary surgeon (SJS), board-certified veterinary 
neurologist (HR, SC), or senior veterinary surgery 
resident (JHP). Diagnosis was made with a combina-
tion of physical exam, clinical signs, neurologic exam, 
and historical information. All dogs underwent a full 
neurologic examination at the time of recruitment, 
supervised by either a board-certified veterinary sur-
geon (SJS) or a board-certified veterinary neurolo-
gist (HR). For inclusion, dogs had to have a history of 
progressive upper respiratory stridor, which was both 
exacerbated by exercise and present on examination, 
as well as pelvic limb weakness.

Dogs in the Control group were from a variety of 
breeds. Medium- to large-breed dogs that were age 
matched to the ILP Case population were included. 
Because ILP is common in Labrador Retrievers, and 
to avoid preclinical dogs being included as controls, 
Labrador Retrievers were only included as controls if, 
at 13.5 years of age, they had no evidence of ILP on 
examination. To be included as a control, dogs had 
to 1) be systemically healthy; 2) have no evidence 
of neuropathy on examination; 3) have no history of 
respiratory stridor, stertor, cough, or hacking; 4) have 
no history of regurgitation; and 5) have no history of a 
bark change. With regards to neurologic assessment, 
any dog with changes in mentation, altered cranial 
nerve reflexes/reactions, ataxia, paraparesis or tetra-
paresis, loss of spinal reflexes in any limb, absent per-
ineal reflex, changes in the cutaneous trunci reflex, 
or pain on spinal palpation were excluded from the 
Control group. Dogs were also excluded from the 
Control group if they developed clinical signs of neu-
ropathy within 6 months of data collection.

For both ILP Case and Control groups, dogs were 
excluded if they had a history of steroid administra-
tion, uncontrolled endocrine disease, chemotherapy 
administration, or any other conditions known to be 
associated with neuropathy.

Demographic data, including age, sex, neu-
ter status, breed, and weight, were collected at the 
time of recruitment. For 97 dogs (n = 40 ILP Cases; 
57 Controls), withers height was also collected; for 
the remaining dogs, mean substitution was used 
if the dog was a purebred Labrador Retriever, and 
breed average height was used for all other breeds 
enrolled.17 Using body weight and either estimated 
or true withers height, BMI was calculated as (weight 
[kg])/(withers height [m])2.18 All dogs in both cohorts 
had 8 mL of blood drawn from a peripheral vein. 
Blood was collected into EDTA tubes and centrifuged 
at 1,372 X g for 15 minutes at 20 °C. Plasma was then 
aliquoted and stored at −80 °C. All samples were pro-
cessed within 1 hour of collection. After blood sam-
ple collection, dogs over 12 years of age underwent 
annual screening for the development of neuropathy.

Nine ILP Cases had 2 plasma samples collected and 
evaluated at different time points. A new neurologic 
examination was completed at each plasma collection 
date. For animals with more than 1 plasma sample 
obtained at different time points, the most recent 
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plasma sample was used when comparing between 
groups and for association with other variables.

The NF-Light Advantage Kit by Single Molecule 
Array (Simoa) was used to measure pNfL on an HD-1 
analyzer, according to the manufacturer’s instruc-
tions (Quanterix), as previously described.19 In short, 
plasma samples were thawed at 21 °C, vortexed, 
and then centrifuged for 5 minutes at 10,000 X g 
with sample diluent. Plasma diluted 1:4 with sam-
ple diluent was then bound to paramagnetic beads 
primed with a human NfL capture antibody. Previous 
studies15,16 have demonstrated that human NfL anti-
bodies can be successfully used to detect canine NfL. 
NfL detection antibodies conjugated with a fluores-
cent tag were added to NfL-bound beads and incu-
bated. The resultant hydrolysis reaction produces a 
fluorescent signal proportional to the NfL concentra-
tion present in the sample. All measurements were 
duplicated. Intra- and interassay coefficients of vari-
ation were less than 15%.

All statistical analysis was performed with stan-
dard software (GraphPad Prism, version 10.1.1 for 
MacOS20 or R19). Normality was tested using the 
D’Agostino and Pearson test for all variables, includ-
ing pNfL, age, weight, height, and BMI. Data are 
reported as mean ± SD or median (range), as appro-
priate. Differences between ILP Case and Control 
groups were first evaluated. A Mann-Whitney U test 
was used to evaluate the differences in pNfL, age, 
weight, height, and BMI between ILP Case and Control 
groups. Because age is known to impact pNfL con-
centrations over a dog’s lifespan,16 an ANOVA was 
undertaken to investigate the relationship between 
pNfL concentration, age, BMI, and disease status. 
The Control group was also evaluated for differences 
in pNfL concentrations between Control Labrador 
Retrievers and all other Control medium- to large-
breed dogs using a Mann-Whitney U test.

Analysis of pNfL concentration with covari-
ates (age, weight, height, and BMI) was undertaken 
within each group. The relationship between pNfL 
concentration and age in both ILP Case and Control 
groups was investigated using linear regression anal-
ysis. Spearman rank (SR) correlation test was used to 
evaluate correlations between pNfL concentrations 
and age, weight, height, and BMI within ILP Case and 
Control groups; correlations were considered strong 
at |SR| ≥ 0.70, moderate at 0.30 ≤ |SR| < 0.7 and weak 
at |SR| < 0.3. A bivariate regression model was under-
taken to infer the relationship between pNfL concen-
tration with height and weight in the control group. 
For all noncorrelation analyses, values were consid-
ered significant if P < .05.

Results
One hundred and twenty-three dogs were 

included in the study, 62 in the ILP Case Group and 
61 in the Control group. Of the 123 dogs, 2 were 
intact females (2%), 52 were ovariectomized females 
(42%), 13 were intact males (11%), and 56 were cas-
trated males (46%). All dogs in the ILP Case group 
(n = 62) were purebred Labrador Retrievers. In the 

control group, breeds represented included Labrador 
Retrievers (n = 39), mixed breed (7), Brittany (3), and 
Pitbull (2) and 1 each of Giant Schnauzer, Siberian 
Huskey, Bloodhound, English Setter, German Shepherd 
Dog, Golden Retriever, Boxer, Australian Shepherd, 
Standard Poodle, and English Springer Spaniel.

pNfL, age, weight, height, and BMI for ILP Case 
and Control groups were compared. There was no 
significant difference between pNfL concentrations 
(Figure 1) or age between groups (P = .36), although 
weight (P < .001), height (P = .01), and BMI (P < .01) 
were higher in the ILP Case group when compared 
to the Control group (Table 1). There was no differ-
ence between pNfL concentrations when the Control 
group Labrador Retrievers and all other medium- to 
large-breed dogs in the Control group were com-
pared (P = .24; Supplementary Figure S1).

To further model differences in pNfL concen-
tration between ILP Case and Control groups, an 
ANOVA was undertaken to evaluate the relationship 
between pNfL concentration, age, BMI, and disease 
status (Figure 2). The estimated parameters for age 
(F = 0.129, P ≤ .720), for BMI (F = 0.027, P ≤ .870), 
and disease status (F = 2.717, P ≤ .102) did not show 
significance at an α-level of 0.05.

Correlations between pNfL concentration and 
covariates for the ILP Case group and the Control 

Figure 1—Plasma NfL concentrations were compared 
between ILP Cases and Controls and illustrated using a 
scatter plot; lines represent group medians. There was 
no significant difference in pNfL concentration between 
ILP Cases and Controls; n = 123 dogs (62 ILP Cases; 61 
Controls). ILP = Idiopathic laryngeal paralysis. pNfL = 
Plasma neurofilament light chain.
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group were evaluated. For the ILP Case group, there 
were weak nonsignificant correlations between pNfL 
and age (SR = −0.05, P = .68), weight (SR = −0.13, P = 
.32), height (SR = 0.05, P = .68), and BMI (SR = −0.12, 
P = .36). For the Control group, there were weak non-
significant correlations between pNfL and age (SR = 
0.19, P = 0.14) and BMI (affected: SR = −0.046, P = 
.23; control: SR = −0.14, P = .73), although moderate 
significant negative correlations were noted between 
pNfL and weight (SR = −0.30, P = .02) and height  
(SR = −0.38, P = .003). When a bivariate regres-
sion model was undertaken to infer the relationship 

between pNfL concentration with height and weight 
in the control group, height (P = .03), showed a sig-
nificant relationship, but weight (P = .79) was not 
found to influence pNfL values (Supplementary 
Table S1). When a linear regression of age versus 
pNfL concentrations was undertaken for ILP Cases 
and Controls, a positive linear relationship was seen 
in the Control group and a negative linear relation-
ship was seen in the ILP Case group (Figure 3).

Nine ILP Case dogs had serial plasma sample col-
lections. The time between sample collections ranged 
from 63 to 601 days. pNfL concentrations did not 

Table 1—pNfL concentration, age, weight, estimated height, and estimated BMI in ILP Cases and Controls with 
significance values.

ILP Cases Control P value

pNfL (pg/mL) 65.6 (18.4–240.0) 63.5 (14.7–153.3) .36
Age (y) 12.28 ± 1.36 11.79 ± 1.72 .09
Weight (kg) 34.77 ± 6.48 29.97 ± 7.16 .0002
Height (m) 0.58 (0.52–0.72) 0.57 (0.44–0.68) .01
BMI (kg/m2) 95.65 (60.19–142.21) 92.26 (60.97–149.69) .004

n = 123 dogs (62 ILP Cases; 61 Controls).
BMI = Body mass index. ILP = Idiopathic laryngeal paralysis. pNfL = Plasma neurofilament light chain. 
Significant results are shown in italics.

Figure 2—A scatter plot showing the relationship between pNfL concentration, age, estimated BMI, and disease 
status in all dogs. Within the plot, red dots represent ILP Cases and blue dots represent Controls. There were no 
significant relationships between pNfL concentration, age, and estimated BMI in either ILP Cases or Controls; n = 123 
dogs (62 ILP Cases; 61 Controls). BMI was calculated as body weight/[withers height2].21 BMI = Body mass index. 
ILP = Idiopathic laryngeal paralysis. pNfL = Plasma neurofilament light chain.
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consistently increase or decrease regardless of the time 
between measurements (Supplementary Table S2).

Discussion
The aim of this study was to investigate pNfL 

concentrations in ILP-affected Labrador Retrievers. 
We found that pNfL concentrations were not differ-
ent between ILP-affected Labrador Retrievers and 
an age-matched control population of medium- to 
large-breed dogs, and thus pNfL concentration is not 
a biomarker reflective of disease status in Labrador 
Retrievers affected with ILP. We therefore reject our 
first hypothesis that pNfL concentrations would be 
elevated in ILP-affected Labrador Retrievers. We 
partially reject our second hypothesis, as height and 
weight did correlate with pNfL concentration in the 
Control population but not the ILP Case population.

Previous studies15,16 have established that pNfL 
concentration can be measured effectively in healthy 
dogs and that pNfL concentration is affected by age, 
height, and weight in healthy Labrador Retrievers, 
and for this reason, these covariates were investi-
gated in the present study in detail. Dogs with canine 
cognitive dysfunction and degenerative myelopathy, 
conditions that affect the CNS, have increased levels 
of pNfL compared to healthy controls.15 In humans, 
pNfL has also been shown to increase in conditions 

affecting the CNS, such as Parkinson disease, mul-
tiple sclerosis, and amyotrophic lateral sclerosis, 
among others.12,13,21,22

Studies23 investigating pNfL values in periph-
eral neuropathies are more limited, and associations 
between pNfL values and disease status are variable 
between disease types. For example, over 90 sub-
types of CMT exist. pNfL concentrations have only 
been investigated in a limited number of these CMT 
subtypes with varying results. pNfL concentration is 
increased in some CMT subtypes (CMT1A, CMT1B, 
CMT2A, CMT4B2, CMT4C, and CMT1X), and these 
increases are related to disease severity; in other 
CMT subtypes (CMT2E) pNfL concentration is not inc
reased.14,24,25 Overall, increases in pNfL values seen 
in patients with CMT are often small enough to call 
into question the clinical utility of the biomarker.25 
It is also unclear what pathologic features of vary-
ing peripheral neuropathies lend themselves to pNfL 
increases. The results of this study suggest that ILP, 
like CMT2E, is a peripheral neuropathy that does not 
result in consistent or meaningful alterations in pNfL.

In this study, the ILP Case population was lim-
ited to Labrador Retrievers. It is unclear whether ILP 
is a single disease condition or, like many inherited 
peripheral neuropathies in humans, a common clini-
cal presentation resulting from a variety of etiologies. 
For this reason, limiting the ILP Case population to a 

Figure 3—Regression plots illustrate the relationship between pNfL concentration and age in ILP Cases, Controls, 
and all dogs enrolled in the study. A—pNfL concentration was not significantly associated with age in ILP Cases, 
although a negative trend was noted. B—pNfL concentration was also not significantly associated with age in 
Controls although a positive trend was noted; n = 123 dogs (62 ILP Cases; 61 Controls). ILP = Idiopathic laryngeal 
paralysis. pNfL = Plasma neurofilament light chain.
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single breed was undertaken to minimize phenotypic 
and pathologic variation within the ILP Case group.16

For the Control group, Labrador Retrievers along 
with medium- to large-sized dogs were used. As the 
prevalence of ILP is substantial within the Labrador 
Retriever breed and the age of clinical onset can be 
late in life, only utilizing Labrador Retrievers for the 
control population would not have 1) resulted in a 
robust sample size, 2) enabled a control population 
that does not have preclinical ILP-affected dogs, and 
thus 3) enable an age-matched control design. For 
these reasons, additional medium- to large-breed 
dogs were recruited. Previous work15 established 
that significant differences in pNfL concentration 
between dogs with degenerative myelopathy and 
a control population could be found using a vari-
ety of dog breeds without issue. Similarly, we found 
no significant differences in pNfL concentrations 
between Labrador Retrievers and other medium- to 
large mixed-breed dogs in the Control group, sup-
porting the use of additional age-matched dogs 
that were reasonably size matched (Table 1). In 
humans, the evaluation of pNfL across ethnic pop-
ulations has not identified ancestry to be influen-
tial.26,27 Selection of control dogs approximately the 
same size as Labrador Retrievers was undertaken 
as prior work16 has shown height to be associated 
with pNfL concentrations. However, additional 
studies investigating pNfL concentrations across 
different breeds would be needed to further inves-
tigate whether various breed phenotypes relate to  
pNfL concentrations.

The Labrador Retrievers included in the Control 
group were enrolled in a prior study2,6 for which 
plasma had been collected earlier in life; for these 
dogs, if the individual Labrador Retriever did not 
have evidence of neuropathy at 13.5 years of age, 
the previously collected samples were included in 
the Control group. An age cutoff of 13.5 years was 
considered a conservative value to eliminate preclin-
ical ILP-affected Labradors from being assigned to 
the Control group, which is a substantial risk when 
working on late-onset disease.2,6

It is established that pNfL concentration 
increases with age in humans and dogs.15,16,24 
However, in our study, we failed to find a significant 
association between age and pNfL concentration. In 
this study, a positive but nonsignificant relationship 
between age and pNfL concentration was present in 
the Control group, indicating that to some degree 
pNfL concentration did increase in this population. 
The lack of association between age and pNfL con-
centration is likely due to the relatively small age 
range included as part of this study’s design (9 to 
16 years old), particularly given the large concen-
tration of dogs between 10 and 12 years of age. It 
is interesting that linear regression showed that the 
pNfL concentration had a negative slope for the ILP 
Cases; this finding was unexpected and requires fur-
ther investigation.

In addition to investigating whether pNfL concen-
tration could differentiate ILP Cases from Controls, 
we collected repeat samples in ILP Case dogs to 

determine whether pNfL concentrations altered 
within individuals over time. We did not detect any 
significant difference in serial samples in any individ-
ual despite a wide range of sampling windows. This 
finding agrees with a longitudinal study25 investigat-
ing pNfL trends over 6 years in patients with CMT, 
wherein most CMT subtypes evaluated showed no 
changes in pNfL concentrations over time. Further 
studies conducted using a larger sample size, more 
sampling points and performed over a longer period 
would be necessary to determine the utility of pNfL 
concentration trends in dogs with ILP.

As in previous studies,16 Control group pNfL con-
centration was negatively correlated with height and 
weight, while BMI did not correlate with pNfL con-
centrations. Because height and weight are related 
phenotypic attributes, a regression was undertaken 
and indicated that in the present study’s Control 
group, height, not weight, was influential on pNfL. 
The relationship between height, weight, and pNfL 
across age groups has not been thoroughly inves-
tigated in dogs or people. A correlation between 
increased pNfL and decreased weight was seen 
in a prior study16 of healthy Labrador Retrievers, 
where this finding was consistent across age groups, 
although the relationship between pNfL concen-
tration and weight was not seen in another study15 
that used multiple breeds. Overall, further work to 
establish normal variations of pNfL concentration 
in healthy dogs across multiple breeds and a range 
of heights and weights would be of benefit given 
the broad range of height phenotypes within the  
canine species.

BMI and blood volume appear to influence pNfL 
concentration in human populations, although cor-
relation studies28–30 have shown conflicting results 
depending on the patient population being inves-
tigated. Neither the current study nor a previous 
study16 investigating a relationship between pNfL 
and BMI in dogs detected any relationship between 
pNfL concentration and BMI. Further investigations 
into more heterogeneous populations of dogs would 
be needed to understand whether BMI or blood vol-
ume impacts pNfL concentrations in dogs.

There were limitations to this study. A laryngeal 
examination was not a requirement for phenotyping 
in this study; none of the Control dogs had a laryn-
geal examination, and 60% of ILP Case dogs were not 
examined in this way. Laryngeal examination under 
light anesthesia is often used to diagnose ILP.31–33 
However, false positive and false negative diagnoses 
can occur. We considered laryngeal examinations 
within an overall clinical picture for each individual 
dog. Not all ILP-affected dogs had a glottic open-
ing surgery. The risk of undertaking a laryngeal 
examination in ILP cases not otherwise undergoing 
general anesthesia was considered an unnecessary 
risk given these dogs’ overall clinical picture. The 
use of laryngeal examinations to confirm laryngeal 
function in the Control population of aged dogs was 
also not undertaken given the stringency by which 
the Control group was selected. However, the lack 
of a direct airway examination to support the clinical 
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phenotyping of dogs in this study may have led to 
inaccurate case/control classification in some dogs.

In conclusion, pNfL concentration does not 
appear to be a robust, sensitive measure for detec-
tion or disease progression of ILP in Labrador 
Retrievers. However, pNfL can be reliably mea-
sured in dogs with a simple blood draw and has the 
potential as a useful biomarker for other conditions. 
Further studies investigating the utility of pNfL as a 
biomarker in other companion animal neurogenera-
tive diseases are warranted.
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