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Background: For many people with long COVID (LC), new-onset pain is a
debilitating consequence. This study examined the nature of new-onset pain
and concomitant symptoms in patients with LC to infer mechanisms of pain
from the relationships between pain and health-related factors.
Methods: Pain and other symptoms were evaluated in 153 individuals with LC
using the Self-Administered Leeds Assessment of Neuropathic Symptoms and
Signs, EuroQoL Visual Analog Scale, and Quality of Life in Neurological
Disorders. The relationships between pain and patient factors were analyzed
using Chi Square and independent t-tests.
Results: 20.3% of individuals who reported new-onset pain had neuropathic
pain, which was associated with lower quality of life and higher rates of
cognitive dysfunction compared to those with non-neuropathic pain. Other
symptoms were similar between groups, however heart-related symptoms
were more prevalent in individuals with neuropathic pain and mood swings
were more prevalent for individuals with non-neuropathic pain.
Conclusions: Characterizing the relationships between NP and quality of life in
individuals with LC can aid in developing better clinical management
strategies. Understanding the associations between NP and cognitive
dysfunction provides the imperative foundation for future studies further
examining the pathophysiological mechanisms underlying pain development
in LC.
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1 Introduction

Long COVID (LC) is a post-acute infection syndrome that is estimated to affect over

65 million people worldwide (1). People with LC experience a wide array of symptoms that

can persist for months to years after their acute SARS-CoV-2 infection, with over 200

distinct LC symptoms identified (2). The majority of individuals with LC experience

between five and eight symptoms that detrimentally influence overall quality of life (3),

making LC a complex condition to manage. New-onset musculoskeletal pain is

frequently reported in people with LC, but the nature of this pain has not been well-

characterized in previous work, with few mechanistic explanations for why people with

LC may be experiencing debilitating pain (4).
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Pain is a complex and challenging research topic. When

exploring new-onset chronic pain associated with LC, an

important starting point would be to first differentiate between

pain that may be neuropathic in origin compared to that which

is non-neuropathic. Similar mechanisms to nociplastic pain may

contribute to the development of pain in LC (5), therefore the

initial distinction is crucial as potential interventions may differ

widely. A recent case control study suggested that L-acetyl-

carnitine in combination with physical exercise reduces

musculoskeletal pain and improves quality of life in patients with

LC (6). However, neuropathic pain (NP) in LC has been

hypothesized to be caused by increased proliferation of cytokines

mediated by angiotensin-converting enzyme 2; this subsequently

allows the entrance of the virus into the peripheral nerve cell

itself, triggering a release of tumor necrosis factor alpha2. While

both small and large fiber nerves are impacted, recent findings

indicate that small-caliber, lightly myelinated, or unmyelinated

nerves are particularly prone to harm and the subsequent

development of NP pain (7). However, there is still very little

work that aims to disambiguate new-onset pain subtypes that

present in LC.

In this brief report, we examined the nature of new-onset pain

reported by a convenience sample of 153 people with LC and

explored potential associations between LC symptoms and pain.

Uncovering symptoms that frequently occur alongside new-onset

pain in LC may elucidate additional pathophysiologic

mechanisms about the development of NP in LC, and may help

guide proper clinical management.
2 Methods

2.1 Participants

A convenience sample of 153 adults attending a LC clinic at the

Icahn School of Medicine at Mount Sinai who reported a history of

new-onset pain after acute SARS-CoV-2 infection were included.

People attended the clinic if they were: (1) 18 years of age and

older; and (2) met criteria for a diagnosis of LC, defined as

experiencing new, returning or ongoing health problems 3 months

following initial SARS-CoV-2 infection. Participants were excluded

from this study if complete data was not available. IRB approval

was granted for this study by Mount Sinai STUDY-21-01147.
2.2 Measures

2.2.1 Demographics and clinical characteristics
Patients were initially given a clinical intake survey used to

characterize their unique LC symptoms that they were currently

experiencing or had experienced within the past week.

Demographics including sex and age and a detailed symptoms

checklist was then extracted from a clinical database.

The Self-Administered Leeds Assessment of Neuropathic

Symptoms and Signs (S-LANSS) was used to determine the

severity of new-onset pain reported by LC patients and whether
Frontiers in Rehabilitation Sciences 02
it was neuropathic in nature or not. The validated outcomes cut-

off value of 12 and above was used (8).

2.2.2 Quality of life measures
The EuroQoL Visual Analog Scale (EQ VAS) and Quality of

Life in Neurological Disorders (NeuroQoL) scales were used to

assess health-related quality of life (9, 10). The EQ VAS scale is a

vertical visual analogue scale that uses values between 100 (best

imaginable health) and 0 (worst imaginable health) to provide

a broad assessment of health (11). The NeuroQoL is a

measurement system that evaluates and monitors the physical,

mental, and social effects experienced by adults and children

living with neurological conditions (12, 13). The NeuroQoL was

used to assess cognitive impairment.
2.3 Data analysis

Chi Square and independent t-tests were conducted to analyze

the relationship between the presence of NP and demographic

factors, health-related quality of life measures (results of EQ VAS

and NeuroQoL) and other LC symptoms from the symptom

checklist. All analyses were performed using SPSS software

(version 29.0.2.0).
3 Results

3.1 Sample characteristics

153 individuals {111 (73%) F, mean (SD) age 46 [(13)] years}

with LC who completed the initial survey were included in the

analysis. Of these, 31 (20%) were categorized as having NP {26

(84%) F, mean (SD) age 48 [(14)] years}, and 122 (80%) as

having non-neuropathic pain (NNP) {85 (70%) F, age 46 [(13)]

years} based on their S-LANSS scores. Mean scores of S-LANSS,

EQ VAS, and NeuroQoL in each group are reported in Table 1.
3.2 Most common LC symptoms

The ten most common symptoms in the NNP group

were fatigue or tiredness, difficulty with concentration/reading/

“brain fog”, dizziness/lightheadedness, memory problems or

forgetfulness, headache, difficulty sleeping, shortness of breath,

confusion/difficulty thinking, general/muscle weakness and mood

swings/irritability/depression. The ten most common symptoms

in the NP group were fatigue or tiredness, headache, difficulty

with concentration/reading/“brain fog”, memory problems/

forgetfulness, difficulty sleeping, confusion/difficulty thinking,

general/muscle weakness, shortness of breath, dizziness/

lightheadedness, heart palpitations/pulse skips/heart block and

muscle pain or cramps. As presented in Table 2, headaches,

confusion/difficulty thinking, and generalized muscle weakness

were found to be significantly more prevalent in the NP group

compared to the NNP group (p = 0.01, 0.04, 0.02).
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TABLE 1 Mean scores of outcome measures in each group.

Neuropathic
pain (n = 31)

Non-neuropathic
pain (n = 122)

Overall Mean
difference

p-value

Self-administered leeds assessment of
neuropathic symptoms and signs

17.5 (16.1–19.0) 1.8 (1.2–2.4) 5.00 (3.8–6.1) 15.7 (14.4–17.1) p < 0.001

EuroQoL visual analog scale 51.6 (44.1–59.1) 59.8 (56.2–63.4) 58.2 (54.9–61.4) −8.2 (−16.2 to −0.2) p = .045

Quality of life in neurological disorders 20.8 (18.2–23.5) 25.1 (23.6–26.6) 24.2 (22.9–25.6) −4.2 (−7.5 to −1.0) p = .011

TABLE 2 Frequency and percentage of symptoms experienced by pain
group.

Symptom Neuropathic
pain (n= 31)

Non-
neuropathic
pain (n= 122)

p-value

Fatigue or tiredness 28 (90.3%) 102 (83.6%) p = 0.35

Difficulty with
concentration or
reading or “brain fog"

26 (83.9%) 87 (71.3%) p = 0.16

Dizziness/
Lightheadedness

21 (67.7%) 72 (59.0%) p = 0.37

Memory problems/
Forgetfulness

23 (74.2%) 72 (59.0%) p = 0.12

Headache 26 (83.9%) 71 (58.2%) p = 0.01

Difficulty sleeping 23 (74.2%) 67 (54.9%) p = 0.05

Shortness of breath 21 (67.7%) 66 (54.1%) p = 0.17

Confusion, difficulty
thinking

22 (80.0%) 61 (50.0%) p = 0.04

Generalized muscle
weakness

22 (80.0%) 57 (46.7%) p = 0.02

Significant differences as determined by an independent t-test indicated in bold.
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3.3 Associations between NP, health-
related quality of life, and LC symptoms

The NeuroQoL T-scores that measure the effects of

neurological disorders on quality of life were observed to be

significantly lower in the NP group compared to the NNP group

(F = 0.21, p = 0.01). In all participants, NP was associated with

the presence of cognitive dysfunction≥mild (χ2 = 5.8, p = 0.02).

EQ VAS scores were observed to be significantly lower in the NP

group compared to the NNP group (F = 0.77, p = 0.04).
4 Discussion

To our knowledge, this is the first study to distinguish between

different types of new-onset pain and examine associations

between neuropathic pain and cognitive dysfunction in a

population with LC. The present study found 31 (20.3%) out of

153 individuals with LC reported NP, which falls within

previously reported pooled prevalence range (14).
4.1 Presence of symptoms between
neuropathic and Non-neuropathic
pain groups

Nine out of the ten most common symptoms were the

same among the NNP and NP groups (Figure 1), with only
Frontiers in Rehabilitation Sciences 03
the tenth most common symptom differing between groups. In

the NNP group, mood swings/irritability/depression was the

tenth most common symptom, whereas heart palpitations/pulse

skips/heart block or muscle pains/cramps were more prevalent in

the NP group. These overlapping symptoms are consistent with

previous literature that has reported “brain fog” and headache

as the two most common neurological symptoms of LC, with

85% of participants also experiencing fatigue (15). Headache

has also been shown to be a predictor of NP in 90 people with

LC, with 4.9 greater odds of having headache after adjusting

for age and gender (16). Our present study aligns with this

finding that prevalence of headache in LC is higher in those

with NP, therefore larger prospective studies should investigate

the potential of these symptoms resulting from similar

pathophysiology. An understanding of this mechanism may

indicate which patients with LC will go on to develop NP.
4.2 Pain, cognitive dysfunction, and
health-related quality of life

Associations between different types of pain and cognitive

dysfunction have been investigated prior to the emergence of LC.

It has been established that chronic pain can result in a specific

decline in ability to sustain attention (17). The prevalence of

cognitive dysfunction has been observed to be substantially

higher in patients with NP than those with mixed pain and the

general population (18). This work also showed an association

between presence of LC-related NP and decreased cognitive

function. This aligns with the already established relationship of

NP and decline in attention/cognitive function, but adds nuance

by specifying that specifically new-onset NP in those individuals

with LC is associated with a generalized decrease in cognitive

function that may point towards a similar severity in symptoms

(19). It is known that cases with higher disease duration or

severity of disease are associated with both LC symptoms and

specifically NP in LC (19). This study provides further

characterization of how debilitating NP can be for those with LC,

and illustrates the importance for healthcare providers to

continually assess patients pain and cognitive wellbeing,

particularly in those who are critically/chronically ill.

This work is amongst the first to show a negative association

between quality of life and NP in people with LC. NP has

previously been shown to result in quality of life impairment

(20). Additionally, LC patients have exhibited diminished

cognition-based and fatigue-based quality of life, surpassing

demographic expectations (15). Both of these findings align with

the findings of this study.
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FIGURE 1

Frequency of symptoms by pain group.

Tabacof et al. 10.3389/fresc.2024.1448816
Pain, specifically NP, can be a very distressing sensory

experience, resulting in physical, mental and emotional deficits,

thereby affecting a patient’s ability to carry out activities of daily

living. Although it has been proven that pain can cause deficits

in attention and memory, it is also possible that pain and

cognition have similar neural networks that have yet to be explored.
4.3 Mechanisms of pain in long COVID

Past studies have shown depression is a predictor of

neuropathic pain in LC, as these symptoms may arise from a

common underlying inflammatory process induced by the

cytokine storm (19). Additionally, the pain pathway involves the

same locations of the brain such as the prefrontal cortex, anterior

cingulate and thalamus, all of which play some role in attention

and memory (19).

One possible mechanism underlying NP in LC is small fiber

polyneuropathy (SFN), which involves preferential damage to

thinly myelinated A-delta fibers, un-myelinated C sensory fibers,

and autonomic and trophic fibers (21). Symptoms of SFN

include chronic pain, sensory impairment, numbness/tingling,

and autonomic dysfunction. SFPN has been documented in

multiple LC cohorts (21). For example, Oaklander et al. reported

SFN in ∼63% of LC participants based on immunohistochemical

assessment of lower leg punch biopsies (22).

Research on SFN in patients with diabetes suggests that

vasculature and microcirculation issues may contribute to

development. Patients with diabetes or pre-diabetes suffer from a

high prevalence of SPN, development of which has been linked to

impaired vascular endothelial function, impaired microcirculation,

platelet hyperactivation, and hypercoagulation (23–27). For

example. Pfutzner et al. documented an association between small

nerve fiber injury and skin microvascular dysfunction in patients
Frontiers in Rehabilitation Sciences 04
with diabetes mellitus (28). LC is also connected to vascular

endothelial dysfunction, platelet hyperactivation, and circulating

fibrin/amyloid microclots (29, 30). Thus, the relationship between

endothelial and coagulation issues, SFPN, and NP in long COVID

requires further investigation. Overall, it is possible that

inflammatory and clotting processes in LC blood may limit blood

perfusion to the vasa nervorum - the small vessels that deliver

blood and oxygen to peripheral nerves, leading to retraction, death,

or dysfunctional activity of the energetically demanding peripheral

A and C autonomic and pain-transmitting nerve fibers.

SARS-COV-2 has also been shown capable of infecting both the

peripheral and central nervous systems, with the long-term

persistence of viral RNA or antigen in tissue in nerves reported in

some LC cases (31). Thus, SARS-CoV-2 persistence in LC patients

with NP pain also requires further investigation, especially since

the SARS-CoV-2 spike protein has been shown to seed many

clotting and inflammatory processes capable of contributing to

neuropathy (32). NP is also common in patients with tickborne/

vector borne illness (33). Thus, screening of LC patients for the

DNA or RNA of these potential co-infectious organisms such as

Borrelia, Bartonella, or Babesia could be warranted.

It is noteworthy that 80% of the present cohort reported new-

onset NNP musculoskeletal pain. Although the nature of LC-

related musculoskeletal involvement is not well-established, there

are many possible factors at play. The main theory describes an

elevated inflammatory process caused by SARS-CoV-2 infection

on the musculoskeletal and peripheral nerve tissue, where a

release of numerous cytokines by the immune system can

promote injury and longer-term dysfunction of one or more

joints or peripheral nerves. Another theory describes a direct

mechanism via SARS-CoV-2 binding to the ACE2 receptor on

the skeletal muscle cell surface (34). Persistence of SARS-COV-2

in muscle tissue, ligament or other musculoskeletal tissues could

potentially contribute to symptoms in some LC patients. For
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example, one study found SARS-CoV-2 N protein in LC skeletal

muscle tissue, although protein was also found in tissue from

controls (33).
4.4 Limitations and future implications

It is important to interpret the present findings cautiously due to

the constraints of our study design. Most notably, due to the

constraints of a limited dataset, generalizing insights is challenging.

Nevertheless, the current findings from this study provide novel

evidence that the pathophysiology of cognitive dysfunction and NP

in LC may be similar. The data also provides a necessary

characterization of how detrimental NP due to LC can be on

quality of life. Future studies should focus on further establishing

associations between NP and demographics and other clinical

characteristics including hospital admission and vaccination status,

as well as additional instruments to comprehensively evaluate and

quantify fatigue, cognitive impairment, and pain. The findings of

this research can be used to inform larger studies that

appropriately guide treatment and provide insight for management

strategies. Most importantly, elucidating the molecular

pathophysiology of NP in LC can provide a direct link between NP

and other common symptoms in LC.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by The

Human Research Protection Program at the Icahn School of

Medicine at Mount Sinai (ISMMS). The studies were conducted

in accordance with the local legislation and institutional

requirements. Waiver of informed consent was granted by The

Human Research Protection Program at the Icahn School of

Medicine at Mount Sinai (ISMMS).
Frontiers in Rehabilitation Sciences 05
Author contributions

LT: Writing – original draft, Writing – review & editing,

Conceptualization, Data curation, Formal Analysis, Funding

acquisition, Investigation, Methodology, Project administration,

Resources, Software, Supervision, Validation, Visualization. MC:

Conceptualization, Data curation, Formal Analysis, Funding

acquisition, Investigation, Methodology, Project administration,

Resources, Software, Supervision, Validation, Visualization, Writing –

original draft, Writing – review & editing. AC: Writing – original

draft, Writing – review & editing. RH: Writing – original draft,

Writing – review & editing. JW: Writing – review & editing, Data

curation, Formal Analysis, Methodology, Supervision, Validation,

Visualization. AP: Writing – original draft, Writing – review &

editing. DP: Conceptualization, Formal Analysis, Project

administration, Supervision, Validation, Writing – original draft,

Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. We are

grateful to the Steven & Alexandra Cohen Foundation, the Nash

Family Foundation and the Polybio Research Foundation for

their generous support of this work.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Iwasaki A, Putrino D. Why we need a deeper understanding of the
pathophysiology of long COVID. Lancet Infect Dis. (2023) 23(4):393–5. doi: 10.
1016/S1473-3099(23)00053-1

2. Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re’em Y, et al. Characterizing
long COVID in an international cohort: 7 months of symptoms and their impact.
EclinicalMedicine. (2021) 38:101019. doi: 10.1016/j.eclinm.2021.101019

3. Maccarone MC, Coraci D, Regazzo G, Masiero S. Symptoms patterns and
health-related quality of life in a real-life cohort of long COVID patients:
understanding the complexity to optimize the rehabilitation treatment. Am J Phys
Med Rehabil. (2024). doi: 10.1097/PHM.0000000000002578
4. Khoja O, Silva Passadouro B, Mulvey M, Delis I, Astill S, Tan AL, et al. Clinical
characteristics and mechanisms of musculoskeletal pain in long COVID. J Pain Res.
(2022) 15:1729–48. doi: 10.2147/JPR.S365026

5. Bergmans RS, Clauw DJ, Flint C, Harris H, Lederman S, Schrepf A. Chronic
overlapping pain conditions increase the risk of long COVID features, regardless of acute
COVID status. PAIN. (2024) 165(5):1112–20. doi: 10.1097/j.pain.0000000000003110

6. Scaturro D, Vitagliani F, Di Bella VE, Falco V, Tomasello S, Lauricella L, et al. The
role of acetyl-carnitine and rehabilitation in the management of patients with post-
COVID syndrome: case-control study. Appl Sci. (2022) 12(8):4084. doi: 10.3390/
app12084084
frontiersin.org

https://doi.org/10.1016/S1473-3099(23)00053-1
https://doi.org/10.1016/S1473-3099(23)00053-1
https://doi.org/10.1016/j.eclinm.2021.101019
https://doi.org/10.1097/PHM.0000000000002578
https://doi.org/10.2147/JPR.S365026
https://doi.org/10.1097/j.pain.0000000000003110
https://doi.org/10.3390/app12084084
https://doi.org/10.3390/app12084084
https://doi.org/10.3389/fresc.2024.1448816
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/


Tabacof et al. 10.3389/fresc.2024.1448816
7. Grieco T, Gomes V, Rossi A, Cantisani C, Greco ME, Rossi G, et al. The
pathological culprit of neuropathic skin pain in long COVID-19 patients: a case
series. J Clin Med. (2022) 11(15):4474. doi: 10.3390/jcm11154474

8. Bennett MI, Smith BH, Torrance N, Potter J. The S-LANSS score for identifying
pain of predominantly neuropathic origin: validation for use in clinical and postal
research. J Pain. (2005) 6(3):149–58. doi: 10.1016/j.jpain.2004.11.007

9. Tabacof L, Tosto-Mancuso J, Wood J, Cortes M, Kontorovich A, McCarthy D,
et al. Post-acute COVID-19 syndrome negatively impacts physical function,
cognitive function, health-related quality of life, and participation. Am J Phys Med
Rehabil. (2022) 101(1):48–52. doi: 10.1097/PHM.0000000000001910

10. Demko ZO, Yu T, Mullapudi SK, Varela Heslin MG, Dorsey CA, Payton CB,
et al. Two-year longitudinal study reveals that long COVID symptoms peak and
quality of life nadirs at 6–12 months postinfection. Open Forum Infect Dis. (2024)
11(3):ofae027. doi: 10.1093/ofid/ofae027

11. Feng Y, Parkin D, Devlin NJ. Assessing the performance of the EQ-VAS in the NHS
PROMs programme.Qual Life Res. (2014) 23(3):977–89. doi: 10.1007/s11136-013-0537-z

12. Neuro-QoL. Available online at: https://www.healthmeasures.net/explore-
measurement-systems/neuro-qol (retrieved July 24, 2023).

13. Score Cut Points. Available online at: https://www.healthmeasures.net/score-
and-interpret/interpret-scores/neuro-qol/neuro-qol-score-cut-points (retrieved
February 22, 2024).

14. Williams LD, Zis P. COVID-19-related neuropathic pain: a systematic review
and meta-analysis. J Clin Med. (2023) 12(4):1672. doi: 10.3390/jcm12041672

15. Graham EL, Clark JR, Orban ZS, Lim PH, Szymanski AL, Taylor C, et al. Persistent
neurologic symptoms and cognitive dysfunction in non-hospitalized COVID-19 “long
haulers”. Ann Clin Transl Neurol. (2021) 8(5):1073–85. doi: 10.1002/acn3.51350

16. Zis P, Ioannou C, Artemiadis A, Christodoulou K, Kalampokini S,
Hadjigeorgiou GM. Prevalence and determinants of chronic pain post-COVID;
cross-sectional study. J Clin Med Res. (2022) 11(19):5569. doi: 10.3390/jcm11195569

17. Moriarty O, Finn DP. Cognition and pain. Palliat Support Care. (2014) 8
(2):130–6. doi: 10.1097/SPC.0000000000000054

18. Povedano M, Gascón J, Gálvez R, Ruiz M, Rejas J. Cognitive function
impairment in patients with neuropathic pain under standard conditions of care.
J Pain Symptom Manage. (2007) 33(1):78–89. doi: 10.1016/j.jpainsymman.2006.07.012

19. Magdy R, Eid RA, Fathy W, Abdel-Aziz MM, Ibrahim RE, Yehia A, et al.
Characteristics and risk factors of persistent neuropathic pain in recovered COVID-
19 patients. Pain Med. (2022) 23(4):774–81. doi: 10.1093/pm/pnab341

20. Colloca L, Ludman T, Bouhassira D, Baron R, Dickenson AH, Yarnitsky D, et al.
Neuropathic pain. Nat Rev Dis Primers. (2017) 3:17002. doi: 10.1038/nrdp.2017.2

21. Oaklander AL, Nolano M. Scientific advances in and clinical approaches to
small-fiber polyneuropathy: a review. JAMA Neurol. (2019) 76(10):1240–51. doi: 10.
1001/jamaneurol.2019.2917
Frontiers in Rehabilitation Sciences 06
22. Oaklander AL, Mills AJ, Kelley M, Toran LS, Smith B, Dalakas MC, et al.
Peripheral neuropathy evaluations of patients with prolonged long COVID. Neurol
Neuroimmunol Neuroinflamm. (2022) 9(3):e1146. doi: 10.1212/NXI.0000000000001146

23. Kirthi V, Perumbalath A, Brown E, Nevitt S, Petropoulos IN, Burgess J, et al.
Prevalence of peripheral neuropathy in pre-diabetes: a systematic review. BMJ Open
Diabetes Res. (2021) 9(1):e002040. doi: 10.1136/bmjdrc-2020-002040

24. Ando A, Miyamoto M, Saito N, Kotani K, Kamiya H, Ishibashi S, et al. Small
fibre neuropathy is associated with impaired vascular endothelial function in
patients with type 2 diabetes. Front Endocrinol. (2021) 12:653277. doi: 10.3389/
fendo.2021.653277

25. Kilo S, Berghoff M, Hilz M, Freeman R. Neural and endothelial control of the
microcirculation in diabetic peripheral neuropathy. Neurology. (2000) 54
(6):1246–52. doi: 10.1212/WNL.54.6.1246

26. Flynn MD, Tooke JE. Diabetic neuropathy and the microcirculation. Diabet
Med. (1995) 12(4):298–301. doi: 10.1111/j.1464-5491.1995.tb00480.x

27. Huang Y, Yue L, Qiu J, Gao M, Liu S, Wang J. Endothelial dysfunction and
platelet hyperactivation in diabetic complications induced by glycemic variability.
Horm Metab Res. 2022;54(7):419–28. doi: 10.1055/a-1880-0978

28. Pfützner A, Forst T, Engelbach M, Margin T, Goitom K, Löbig M, et al. The
influence of isolated small nerve fibre dysfunction on microvascular control in
patients with diabetes mellitus. Diabet Med. (2021) 18(6):489–94. doi: 10.1046/j.
1464-5491.2001.00524.x

29. Kuchler T, Günthner R, Ribeiro A, Hausinger R, Streese L, Wöhnl A, et al.
Persistent endothelial dysfunction in post-COVID-19 syndrome and its associations
with symptom severity and chronic inflammation. Angiogenesis. (2023) 26
(4):547–63. doi: 10.1007/s10456-023-09885-6

30. Pretorius E, Vlok M, Venter C, Bezuidenhout JA, Laubscher GJ, Steenkamp J,
et al. Persistent clotting protein pathology in long COVID/post-acute sequelae of
COVID-19 (PASC) is accompanied by increased levels of antiplasmin. Cardiovasc
Diabetol. (2021) 20(1):172. doi: 10.1186/s12933-021-01359-7

31. Proal AD, VanElzakker MB, Aleman S, Bach K, Boribong BP, Buggert M, et al.
SARS-CoV-2 reservoir in post-acute sequelae of COVID-19 (PASC). Nat Immunol.
(2023) 24(10):1616–27. doi: 10.1038/s41590-023-01601-2

32. Grobbelaar LM, Venter C, Vlok M, Ngoepe M, Laubscher GJ, Lourens PJ, et al.
SARS-CoV-2 spike protein S1 induces fibrin(ogen) resistant to fibrinolysis:
implications for microclot formation in COVID-19. Biosci Rep. (2021) 41(8):
BSR20210611. doi: 10.1042/BSR20210611

33. Lum M, Syritsyna O, Spitzer ED, Marcos LA. Neurologic manifestations of tick-
borne diseases transmitted by deer ticks (Ixodes scapularis) in the USA. Curr Trop
Med Rep. (2023) 10(4):213–21. doi: 10.1007/s40475-023-00302-y

34. Ferrandi PJ, Alway SE, Mohamed JS. The interaction between SARS-CoV-2 and
ACE2 may have consequences for skeletal muscle viral susceptibility and myopathies.
J App Physiol. (2020) 129(4):864–7. doi: 10.1152/japplphysiol.00321.2020
frontiersin.org

https://doi.org/10.3390/jcm11154474
https://doi.org/10.1016/j.jpain.2004.11.007
https://doi.org/10.1097/PHM.0000000000001910
https://doi.org/10.1093/ofid/ofae027
https://doi.org/10.1007/s11136-013-0537-z
https://www.healthmeasures.net/explore-measurement-systems/neuro-qol
https://www.healthmeasures.net/explore-measurement-systems/neuro-qol
https://www.healthmeasures.net/score-and-interpret/interpret-scores/neuro-qol/neuro-qol-score-cut-points
https://www.healthmeasures.net/score-and-interpret/interpret-scores/neuro-qol/neuro-qol-score-cut-points
https://doi.org/10.3390/jcm12041672
https://doi.org/10.1002/acn3.51350
https://doi.org/10.3390/jcm11195569
https://doi.org/10.1097/SPC.0000000000000054
https://doi.org/10.1016/j.jpainsymman.2006.07.012
https://doi.org/10.1093/pm/pnab341
https://doi.org/10.1038/nrdp.2017.2
https://doi.org/10.1001/jamaneurol.2019.2917
https://doi.org/10.1001/jamaneurol.2019.2917
https://doi.org/10.1212/NXI.0000000000001146
https://doi.org/10.1136/bmjdrc-2020-002040
https://doi.org/10.3389/fendo.2021.653277
https://doi.org/10.3389/fendo.2021.653277
https://doi.org/10.1212/WNL.54.6.1246
https://doi.org/10.1111/j.1464-5491.1995.tb00480.x
https://doi.org/10.1055/a-1880-0978
https://doi.org/10.1046/j.1464-5491.2001.00524.x
https://doi.org/10.1046/j.1464-5491.2001.00524.x
https://doi.org/10.1007/s10456-023-09885-6
https://doi.org/10.1186/s12933-021-01359-7
https://doi.org/10.1038/s41590-023-01601-2
https://doi.org/10.1042/BSR20210611
https://doi.org/10.1007/s40475-023-00302-y
https://doi.org/10.1152/japplphysiol.00321.2020
https://doi.org/10.3389/fresc.2024.1448816
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

	Distinguishing pain profiles among individuals with long COVID
	Introduction
	Methods
	Participants
	Measures
	Demographics and clinical characteristics
	Quality of life measures

	Data analysis

	Results
	Sample characteristics
	Most common LC symptoms
	Associations between NP, health-related quality of life, and LC symptoms

	Discussion
	Presence of symptoms between neuropathic and Non-neuropathic pain groups
	Pain, cognitive dysfunction, and health-related quality of life
	Mechanisms of pain in long COVID
	Limitations and future implications

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


