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ABSTRACT

The frequently prescribed drug class of statins
have pleiotropic effects and have been impli-
cated in neuropathic pain syndromes. This
narrative review examines studies of statin-in-
duced neuropathic pain which to date have
been conducted only in animal models. How-
ever, the pathophysiology of diabetic neuropa-
thy in humans may shed some light on the

etiology of neuropathic pain. Statins have
exhibited a paradoxical effect in that statins
appear to reduce neuropathic pain in animals
but have been associated with neuropathic pain
in humans. While there are certain postulated
mechanisms offering elucidation as to how
statins might be associated with neuropathic
pain, there is, as the American Heart Association
stated, to date no definitive association between
statins and neuropathic pain. Statins are
important drugs that reduce cardiovascular risk
factors and should be prescribed to appropriate
patients with these risk factors but some of this
population is also at elevated risk for neuro-
pathic pain from other causes.
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Key Summary Points

This literature review explores the
plausibility of a sometimes-observed
association between neuropathic pain and
statin use.

Statins are complex drugs that work to
lower cholesterol by reversibly inhibiting
enzyme 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase and
they likewise reduce C-reactive protein
levels and may decrease the levels of pro-
inflammatory cytokines.

Neuropathic pain occurs in 1.5% to 6.9%
of the general population and is
particularly prevalent among people with
type 2 diabetes.

In animal studies, statins appear to reduce
neuropathic pain but in humans, lowered
cholesterol has been observed in
association with increased neuropathic
pain.

Impaired mitochondrial transport has
been implicated as playing a role in the
development of neuropathy and is
associated with deficits in vitamin E.

Statins can inhibit the synthesis of
ubiquinone (co-enzyme Q) and it is not
yet elucidated if this may be associated
with neuropathy.

The American Heart Association has stated
that there is ‘‘no convincing evidence for a
causal relationship’’ between statins and
peripheral neuropathy although such
observations persist in medicine

Statins are pleiotropic drugs and are
associated with many effects, of which
only a subset has been elucidated, but
there is no clear link between statins and
neuropathic pain.

INTRODUCTION

Statins are among the most frequently pre-
scribed drugs in the world and they have
established effectiveness for lowering choles-
terol associated with cardiovascular adverse
events. While proven effective in lowering the
risks of cardiovascular events, statins are com-
plex drugs that have been associated with a
wide range of potential side effects.

The pleiotropic effects of statins make them
complex, and while they reversibly inhibit the
enzyme 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase, which contributes to
their lipid-lowering actions, they also lower
C-reactive protein levels and may decrease pro-
inflammatory cytokines [1, 2]. Moreover, neu-
romodulatory effects have been implied [3].
Statins may also improve endothelial dysfunc-
tion, increase the availability of nitric oxide,
have antioxidant effects, reduce inflammation,
and stabilize atherosclerotic plaque [4]. Statins
have antiproliferative and immunomodulatory
actions as well [5]. Statins have also been asso-
ciated with adverse effects, the most prevalent
of which is muscle pain. Rates of statin-associ-
ated muscle pain may be as high as 10%
although some observational studies have
reported much higher rates [6, 7]. An emerging
concern is whether or not certain neuropathic
pain syndromes might be related to statin use
[3].

Neuropathic pain can be caused by a
somatosensory nervous system disease or by a
neural lesion. It may be the result of any of
several mechanisms (Table 1). Neuropathic pain
occurs in 1.5–6.9% of the general population
and has been associated with middle age (age
50–64 years), manual labor, and living in rural
regions as well as with exposure to specific
toxins; neuropathy is also common in patients
with type 2 diabetes [8]. Although it is difficult
to quantify, many patients with neuropathic
pain have not been diagnosed and many with a
diagnosis do not receive adequate analgesia.
Neuropathic pain is associated with both pain
as well as impaired sensation, often at the
periphery, and may occur alone or together
with other pain syndromes [9]. Pharmacological
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therapy for neuropathic pain may include
antidepressants and anticonvulsants (gaba-
pentin and pregabalin) and treatment some-
times includes behavioral and cognitive
interventions as well [10, 11]. Some statin
patients report suffering neurological pain,
raising the concern as to whether or not statin
therapy might play a role in neuropathy. Para-
doxically, in animal studies, statins appear to
reduce neuropathic pain, while in humans, it
has been suggested that statins may be associ-
ated with neuropathic pain [3]. The objective of
this narrative review is to offer insight into
statin therapy and its possible association with
neuropathic pain. This article is based on pre-
viously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors.

METHODS

In August 2019, the authors searched the
PubMed databases using keywords ‘‘statins
pain’’ (1472 results), ‘‘statins neuropathy’’ (148
results), and ‘‘statins neurological pain’’ (15
results). Among relevant articles, the bibliogra-
phies were also searched for relevant supporting
literature. Guidelines and other authoritative
documents on statins and pain were reviewed.

The topic of neuropathic pain and statins is
relatively new and much of the literature on the
topic exists in the form of commentaries, case
reports, editorials, or guidance. To date, most of
the studies conducted on statins and neuro-
pathic pain have been done in animal models.
In fact, to the best of our knowledge, no clinical
study in humans on this topic has been con-
ducted. Most of the evidence to date is specu-
lation that this link between statins and
neuropathy might be plausible. As such, this
review is to be regarded as an overview of what
is known at this time, what is being considered,
and where further research might be warranted.

RESULTS

Neuropathy, dyslipidemia, and statin therapy
converge in the burgeoning population of
patients with type 2 diabetes mellitus. Much of
the literature devoted to statins and neuropathy
involves the role of statins in the care of dia-
betic patients, and the nature of diabetes may
provide some insight into a possible connection
between the underlying condition of dyslipi-
demia and neuropathy.

Table 1 Types of neuropathy [12–27]

Type Example(s) Comments

Iatrogenic Chemotherapy-induced peripheral

neuropathy

May resolve when chemotherapy ends

Disease-

related

Diabetic polyneuropathy; neuropathy related

to leprosy

Neuropathy may also occur with critical illness

Toxic Neuropathy caused by lead poisoning,

arsenic, ethanol, etc.

Includes alcohol-associated neuropathic syndromes

Inflammatory Vasculitis; chronic inflammatory

demyelinating polyradiculopathy

Some of these conditions are heritable

Inflammatory neuropathy may also occur following surgery

Nutritional Nutritional deficits Nutritional interventions are sometimes recommended for

this and diabetic neuropathy

Specific types Gullain–Barre syndrome; ataxic neuropathy Numerous other neurological disorders may result in

neuropathic pain syndromes

Pain Ther (2020) 9:97–111 99



Diabetic Neuropathy

Neuropathic pain syndromes are particularly
prevalent among diabetic patients with axonal
distal polyneuropathy now known simply as
‘‘diabetic neuropathy.’’ Over 100 million Amer-
icans have diabetes or pre-diabetes, of whom a
large portion is thought to be undiagnosed. The
vast majority of Americans who have been
diagnosed with diabetes (95%) have diabetes
mellitus type 2 [28]. Although the exact num-
bers are not known, many—perhaps the
majority—will develop diabetic neuropathy, a
symmetric condition that starts at the toes and
progresses more proximally and may affect the
hands as well in the ‘‘stocking-glove pattern’’ of
sensory deficit [13]. Until recently, it was
thought that hyperglycemia caused, or at least
contributed substantially to, axonal distal
polyneuropathy, but diabetic neuropathy also
occurs in patients with good glycemic control.
This has shifted attention to another prevalent
comorbidity among diabetics, namely hyper-
lipidemia, which has recently been implicated
as a possible contributor to diabetic neuropathy
[29]. It is possible to correlate lipid levels to the
presence of neuropathic pain in diabetic
patients, with higher serum lipids more com-
mon in diabetic patients with neuropathy [30].
This would imply a clinical susceptibility bias,
where neuropathy was more common among
dyslipidemia patients who are prescribed sta-
tins, rather than statins being the actual causa-
tive agent.

The pathogenesis of diabetic neuropathy
may shed light on how and to what extent
hyperlipidemia could be related to neuropathic
pain. Diabetic neuropathy is attributed to
micovascular injury caused by oxidative stress,
which occurs when cells cannot detoxify the
free radicals that are naturally produced as
routine metabolic byproducts. In people with
diabetes, oxidative stress may be driven partly
by hyperglycemia, which induces mitochon-
drial overload and results in the production of
reactive oxygen species (ROS) [31]. ROS in an of
itself can lead to neuronal death [32]. In the
presence of ROS, oxidized low-density lipopro-
teins (oxLDLs) can form, which exert adverse
effects on the microenvironment of the vascular

endothelium [33]. OxLDLs are cytotoxic and
their presence may be an important biomarker
for vascular aging and related pathologies
[33, 34]. Moreover, hyperglycemia may also
cause the body to produce advanced glycation
end-products (AGE). The dorsal root ganglia
have neurons that express the AGE receptors
(RAGE). In a process mediated in part by the
nicotinamide adenine dinucleotide phosphate
(NAD[P]H) oxidase enzyme, AGE exposure cre-
ates oxidative stress that can damage the dorsal
root ganglia [35]. The NAD(P)H oxidase enzyme
is present only in neutrophils and vascular cells.
While NAD(P)H oxidase in the vessels may be
activated solely in the state of hyperglycemia
[32], NAD(P)H oxidase activation appears to be
facilitated by hyperlipidemia, which boosts the
quantity of oxLDLs in the blood (and thus raises
the ratio of oxLDL to LDL) [31]. The oxLDL
particles then attach to the oxLDL receptors
located in neuronal membranes, activating cel-
lular NAD(P)H oxidase and, in that way, further
generate ROS, promoting an environment of
oxidative stress [36, 37]. For that reason, it
appears that the NAD(P)H oxidase enzyme plays
a major role in this cascade and should be
considered as a source, possibly even the main
source, of ROS generation. Of course, the bal-
anced production of superoxides via NAD(P)H
oxidase enzymatic activity plays an important
role in microbial clearance, but overactivity
results in excessive ROS, which can cause vas-
cular damage leading to atherosclerosis and
other conditions [37]. It appears that vascular
NAD(P)H oxidase is regulated by multiple fac-
tors, including thrombin and certain cytokines,
but high circulating glucose levels have also
been implicated in this cascade. The pro-in-
flammatory cytokines, adhesion molecules, and
oxidative stress may cause inflammatory lesions
in the endothelium. When dorsal root ganglion
neurons are exposed to high levels of circulating
glucose, the NAD(P)H enzyme in the vascula-
ture continuously produces superoxide dismu-
tase (SOD), which can throw the system out of
balance. Furthermore, oxLDL levels have been
shown in vitro to increase the NAD(P)H oxidase
concentrations and ramp up NAD(P)H activity
in the dorsal root ganglia [37]. LDLs are the
main carriers of cholesterol to and from the cells
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and are more susceptible to oxidation than
high-density lipoproteins (HDLs). In type 2
diabetes, the cells are exposed to both high
levels of glucose and a high ratio of oxLDL to
LDL particles, which, taken together, increase
ROS production. Furthermore, hyperglycemia
may upregulate lectin-like oxidized LDL recep-
tor-1 (LOX-1), making cells particularly vulner-
able to the adverse effects of oxLDLs [38].

For that reason, it has been advised that
diabetic patients routinely be administered sta-
tin drugs in order to control dyslipidemia as
well as to help reduce their chances of devel-
oping diabetic neuropathy [39]. This contra-
dicts previous thinking attributing diabetic
neuropathy to hyperglycemia alone. This new
paradigm is supported by the Veterans Admin-
istration Cooperative Study, where there was no
difference in the prevalence of diabetic neu-
ropathy among type 2 diabetes patients over
2 years on either standard or intensive glycemic
control [40]. Thus, factors other than hyper-
glycemia appear to contribute to diabetic neu-
ropathy, leading to our current recognition of
hyperlipidemia as an independent risk factor for
diabetic neuropathy [41].

Despite this paradigm shift, many points
demand further elucidation. For example, how
does extracellular oxLDL lead to intracellular
oxidative stress? Do the LOX-1 receptors, as
suggested, rely on intracellular oxidative stress
and inflammation to induce apoptosis in
endothelial cells? [42]; and since LOX-1 recep-
tors are found in peripheral neurons, are they
implicated in peripheral neuropathy? [37].
Other receptors for oxLDL are the Toll-like
receptors-4 (TLR-4), which are present in the
dorsal root ganglia, but it has been theorized
that they may exert a counteractive influence
[43].

Neuropathy Not Associated with Diabetes

While an indirect association between neu-
ropathy and poor glycemic control has been
observed in diabetics [44], hyperlipidemia is
also associated with neuropathy in patients who
do not have diabetes. Hyperlipidemia, defined
as elevated plasma levels of various fats and

lipids (cholesterol, triglycerides, and lipopro-
teins such as LDLs), is known to contribute to
atherosclerosis and cardiovascular disease and
impairs the proper function of the pancreas,
kidney, liver, and brain [42, 45, 46]. A possible
association between hyperlipidemia and the
pathogenesis of certain forms of neuropathy has
been discussed [29, 36]. It has been observed
among diabetics that hyperlipidemia correlates
with a risk for neuropathy even in the pre-dia-
betic stage [47]. People with hyperlipidemia
(but not diabetes) have an abundance of oxLDLs
and oxysterols that encourage the proliferation
of inflammatory cytokines and adhesion mole-
cules which can damage the endothelium.
Hyperlipidemia in and of itself may cause
localized inflammatory responses in the
peripheral nervous system and inflammatory
lesions on peripheral neurons [48]. The nuclear
factor kappa B pathway (a pro-inflammatory
signaling pathway) is of particular interest in
this connection. As oxLDLs activate the
NAD(P)H oxidase enzymes, causing the pro-
duction of ROS, this cascade may set up the
nuclear factor kappa B pathway as a secondary
intracellular messenger [49–51]. The nuclear
factor kappa B pathway regulates the expression
of various genes and, in that way, may trigger
the release of various pro-inflammatory cyto-
kines. Thus, when an abundance of oxLDL is
present, nuclear factor kappa B in the
endothelial cells of the peripheral nervous sys-
tem is upregulated and may launch an inflam-
matory response cascade, culminating in
neuropathic pain syndromes [49–51]. In addi-
tion, hyperlipidemia may also exacerbate the
vulnerability of stenotic plaques in the vascular
lumen, disrupt the ongoing process of micro-
tubulation in neural cells, and cause peripheral
nerve ischemia [52].

The Paradox of Statins and Neuropathic
Pain

Statin therapy is often advocated for diabetic
patients but when such treatment lowers serum
cholesterol levels, nerve lesions may increase,
and there are cases where neuropathic pain
syndromes are reported [53]. In a study of 100
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diabetic patients, their lipid equivalent lesion
(LEL) load could be correlated positively with
the mean cross-sectional area of the nerve and
the maximum length of the lesion (p\0.001).
The LEL was likewise negatively correlated to
total serum cholesterol levels (p\0.001), the
high-density lipoprotein (HDL) levels
(p = 0.006), and LDL levels (p = 0.003). This
supports the observations by clinicians and
anecdotal evidence that lowering the choles-
terol levels of diabetic patients may actually
increase their risk for painful neuropathic syn-
dromes [53]. In this connection, it should be
noted that there are differences between neu-
ropathy associated with type 1 and type 2 dia-
betes. In type 1 diabetes, neural lesions are
primarily associated with poor glycemic control
and loss of nerve conduction, while the lesions
associated with type 2 diabetes appear to be
caused by changes in lipid metabolism [54]. It is
not clear if and to what extent these findings
might be generalized to people with hyperlipi-
demia but not diabetes and their risk for neu-
ropathic pain.

Other clinical trials report conflicting results.
In a randomized, double-blind study of diabetic
patients with stage C 1b diabetic polyneuropa-
thy, rosuvastatin treatment significantly
improved polyneuropathy symptoms, which
investigators proposed might be the effects of
reduced lipid peroxidation and lowered oxida-
tive stress [55]. In a study of 42 patients (dia-
betics excluded) with a definitive diagnosis of
hyperlipidemia being treated with simvastatin
20 mg/day, patients were followed over
36 months with neurophysiological examina-
tions at 24 and 36 months after starting statin
therapy [56]. No patient in this study reported
any neuropathic symptoms. However, neuro-
physiological examination of lower-limb
peripheral nerves showed a significantly pro-
longed F-wave mean latency on peroneal and
tibial nerves (p\0.0001, paired t test) [56]. This
suggested that long-term statin therapy may
cause clinically silent alterations to peripheral
nerves. It is not known if these would progress
to cause neuropathic pain symptoms.

In contrast, animal studies generally report
that statins reduce neuropathic pain. In a study
of vincristine-induced neuropathic pain in rats,

animals were treated with simvastatin 7.5, 15, or
30 mg/kg/day) for 14 days after receiving vin-
cristine [57]. The lower doses of simvastatin (7.5
and 15 mg/kg/day) reversed the neuropathic
pain and attenuated the vincristine-induced
increase in myeloperoxidase activity but did not
reduce cholesterol in the rats. This suggests that
statins may reduce neuropathic pain indepen-
dent of cholesterol levels. In normal rats, higher
doses of simvastatin (30 mg/kg/day) caused
neuropathic pain. It has been proposed in this
context that the absence of cholesterol is associ-
ated with neuropathic pain [57]. Further, there is
an implication that the anti-inflammatory
effects of the statindrugmay reverseneuropathic
pain even if there isnochange in cholesterol [57].
In a murine chronic constrictive injury model,
rosuvastatin reduced neuropathic pain and
inflammation [58]. In another murine study
using paclitaxel administration and partial sci-
atic nerve ligation to create a pain model, rosu-
vastatin reduced neuropathic pain [59]. Using a
partial sciatic nerve ligation model in rats, rosu-
vastatin and simvastatin were administered 8–-
14 days after injury, thenwashedout for 2–7 days
(based on dose) and both the hydrophilic rosu-
vastatinor the lipophilic simvastatinwere shown
to reduce neuropathic pain [60]. In a rat study of
spinal cord ischemia–reperfusion injury, 10 mg/
kg per day of simvastatin improved neurological
outcomesbyattenuating the injury and restoring
normal motor neurons [61]. Another murine
study of spinal cord neuronal death found that
simvastatin reduced neuronal death and cyto-
toxicity against ischemia reperfusion injury [62].
Further, it was found that atorvastatin-treated
rats with chronic constriction injury had less
neuropathicpain, likely because the statindown-
regulated oxidative damage at the peripheral,
spinal, and supra-spinal levels [63]. In a murine
study of sciatic nerve injury, simvastatin
appeared to induce structural changes to the
myelin sheath of the nerves, but it did not alter
the regeneration processes of the nerve [64]. A
short summaryof variousmurine studies relating
to statins and neuropathic pain appears in
Table 2.

These paradoxical findings—that statins
cause neuropathic pain in humans but reduce it
in animals—warrant greater scrutiny. A possible
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Table 2 Summary of studies of mice and/or rats as a model for neuropathic pain and effects of statin drugs [59, 63, 65–69]

Study Neuropathy
induction

Drugs Tests Results Conclusions

Ciric

2018

High-fat diet

to induce

type 2

diabetes and

metabolic

syndrome

Metformin and

simvastatin

Ultrastructural

characteristics

of sciatic nerve

fibers

Structural defects in

myelin sheath found

and increased with

metformin used but

decreased with

simvastatin

Simvastatin appeared to

have beneficial effects on

myelin structure of the

sciatic nerve in this

model

Corso

2018

Sciatic nerve

crush

Simvastatin 20

and 80 mg/kg

or morphine

1 h before

2.5% formalin

injection

Mechanical

pain;

Cold allodynia;

Nerve function

Simvastatin (2 and

80 mg/kg) reduce

inflammatory pain

caused by formalin but

did not reduce edema in

the paw;

Simvastatin showed

neuroprotective effects

Oral simvastatin reduced

pain and inflammation;

both lower and higher

doses effective

Jabeen

2011

Obese rats,

some fed

high-fat diet,

others a

normal diet

Simvastatin Conduction

velocity of

sciatic nerve

Obese rats had decreased

nerve conduction

velocity vs. controls;

Conduction velocity was

improved in all rats by

simvastatin

Simvastatin improved

sciatic nerve conduction

in obese and lean

animals and this

improvement could be

enhanced with co-

administration of alpha-

tocopherol

Ii 2005 Type 2

diabetes

Rosuvastatin Sciatic nerve

conduction

velocity;

Tail-flick test;

Sciatic nerve

collection

Rosuvastatin reduced

pain, inhibited

downregulation of

neuronal nitric oxide

synthase

Rosuvastatin had beneficial

effect on diabetic

neuropathy independent

of its cholesterol-

reducing effects

Li 2018 L5 spinal

nerve

transection

Rosuvastatin;

morphine

Spinal cord

collection

Five days of rosuvastatin

restored nociception by

morphine significantly

and inhibited IL-1b

Rosuvastatin is effective in

treating neuropathic

pain
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explanation is that these diametrically opposed
results are produced by the complex pleiotropic
effects of statin drugs [70, 71]. Statins have
multiple effects; for example, they increase the
expression of endothelial nitric oxide synthase
(eNOS) while at the same time inhibiting
inducible nitric oxide synthase (iNOS) expres-
sion [68, 72, 73]. Statins reduce microglial and
astrocyte activation [74], and the production of
pro-inflammatory cytokines, such as interleukin
(IL)-1b and IL-6 and tumor necrosis factor alpha
(TNFa) [73]. Statins exert antioxidative effects,
which may also reduce neuropathic pain [3].
Any or all of these pleiotropic effects may come
into play with respect to statins and neuro-
pathic pain. It should also be noted that most of
these studies used a neuropathy model which
may differ from the more gradual progression of
neuropathy in humans.

The Role of a-Tocopherol

Vitamin E or a-tocopherol is a fat-soluble factor
observed in humans and many animals that

supports healthy neurological function [75]. It
is transported by LDLs to the tissues, which
means that lower LDL levels (for instance,
because of statin therapy) can lead to less a-to-
copherol delivered to the tissues [76]. Thus,
statin-induced lower LDL levels can reduce a-
tocopherol levels which, in turn, may play a
role in statin-associated neuropathic pain
syndromes.

The a-tocopherol factor must be regarded as
an essential supplier to the neural system.
Neural tissues preferentially conserve their
stores of a-tocopherol [75]. Vitamin E deficiency
most severely affects neurons with long axons
and first manifests as damage to the distal ends
of the longest fibers. Neurons with long axons
have a very large surface area, and a shortage of
a-tocopherol mainly affects the distal ends of
these neurons leading to the ‘‘dying-back
axonopathy’’ observed in neuropathy [75].
Other fibers (neurotubules, neurofilaments,
mitochondria) might also be affected. Any dis-
ruption to the nerve fibers, including this
dying-back axonopathy, may cause neural dys-
function [75]. Patients with

Table 2 continued

Study Neuropathy
induction

Drugs Tests Results Conclusions

Miranda

2018

Murine

Paclitaxel

Partial sciatic

nerve

ligation

Rosuvastatin Cold plate

Hot plate

Von Frey assays

Changes in

spinal cord

levels of IL-1b

Paclitaxel and partial

sciatic nerve ligation

induced peripheral

neuropathy in

7–14 days

Rosuvastatin induced a

dose-dependent

antinociception with all

three tests and increased

IL-1b and glutathione

were reduced by

rosuvastatin

Rosuvastatin was effective

in reducing neuropathic

pain in this model

Pathak

2014

Chronic

constriction

injury

Atorvastatin Pain behaviors;

markers for

oxidative

stress in sciatic

nerve

Oxidative stress on sciatic

nerve was inhibited

Atorvastatin attenuated

neuropathic pain
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abetalipoproteinemia, a rare autosomal genetic
disorder involving disrupted lipoprotein meta-
bolism, have undetectable serum levels of a-to-
copherol and difficulty absorbing vitamin E
except in massive supplementary doses. Two
characteristic symptoms of abetalipoproteine-
mia are ataxic neuropathy and retinal pigmen-
tation, which eventually lead to loss of
ambulation, disability, and blindness [75]. A
deficiency in a-tocopherol can also occur with
any disorder associated with fat malabsorption.
The uptake of a-tocopherol is not completely
understood, but there may be a convergence
with a pathway associated with LDL [77, 78].

Preclinical studies in rats have found that
diet-induced vitamin E deficiency leads to
increased lipid peroxidation compared with
control animals. In these tests, vitamin E was
shown to act as an antioxidant in neurons [79].
This has led to the hypothesis that it is the
peroxidation of the mitochondrial membranes
themselves that contributes to neuropathy.
Mitochondria contain a large amount of
polyunsaturated fatty acyl chains. Oxidative
phosphorylation might generate an increased
amount of oxygen-derived free radicals, making
vitamin-E-deficient mitochondria particularly
vulnerable. The mitochondria depend on
energy for rapid anterograde and retrograde
transport, so damage to the axonal mitochon-
drial would disrupt cellular transport. Instead of
being transported, the organelles might then
accumulate around the terminal axons and,
isolated from the rest of the cell body, would
degenerate in the ‘‘dying-back’’ phenomenon
[80].

Moreover, a-tocopherol has also been impli-
cated as playing indirect and incompletely elu-
cidated roles in the inhibition of protein kinase
C; inhibition of 5-lipoxygenase and phospholi-
pase A2; as well as the activation of protein
phosphatase 2A and diacylglycerol kinase [75].
Additionally, a-tocopherol regulates certain
genes, including genes encoding proteins asso-
ciated with apoptosis, cell-cycle regulation, and
lipoprotein reception [81]. Knockout mice defi-
cient in a-tocopherol transfer protein (a-TTP)
experienced a profound cerebral and a systemic
deficiency of vitamin E; these animals had
ataxia and abnormal muscle electrophysiology

[82–84]. In such knockout mice, certain genes
associated with mitochondrial transport were
downregulated [85]. These studies suggest that
a-tocopherol is involved in various membrane
functions that could affect turnaround in long
axons and might cause neural abnormalities.
There is current scientific interest in mito-
chondrial transport and its possible influence
on many neurodegenerative disorders [86].

The Role of Ubiquinone (Coenzyme Q10)

Ubiquinone CoQ 10, sometimes called coen-
zyme Q10, plays an important role in the
mitochondrial respiratory chain [70]. Ubiqui-
none is unique in humans as the only known
lipid-soluble antioxidant, which reduces oxida-
tive stress by scavenging free radicals [87]. Ubi-
quinone is vital to mitochondrial bioenergetics
and confers benefits in terms of endothelial
function [88]. Ubiquinone deficiencies have
been observed in certain types of mitochondrial
myopathies and ubiquinone and other qui-
nones have been studied in Parkinson’s disease
and other neurological conditions. The possible
interactions among ubiquinone, statins, and
neuropathic pain syndromes are not elucidated
[88]. Statins can inhibit the synthesis of ubi-
quinone [89].

There are equivocal findings in the literature
about the value of supplementation with
coenzyme Q10 in patients taking statins
[90, 91]. In a murine study of neuropathy, it was
found that treating animals with ubiquinone
could prevent apoptosis, halt degeneration of
dorsal root ganglion neurons, and improve
motor function [92]. However, in a double-
blind randomized clinical trial of diabetic
patients with neuropathy (n = 70), coenzyme
Q10 at doses of 200 mg/day for 12 weeks did not
reduce neuropathic symptoms compared to
placebo [93].

Can Statins Cause Peripheral Neuropathy
in Humans?

The American Heart Association published a
statement in 2019 that there is ‘‘no convincing
evidence for a causal relationship’’ between
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statins and peripheral neuropathy [94]. This
stands in contrast to an older statement issued
17 years earlier by the Academy of Neurology,
which reported that statins may increase the
risk of peripheral neuropathy, stating patients
on statins were 14 times more likely to develop
neuropathy than those not taking statins [95].
This guidance was based on a Danish case con-
trol study (n = 166 cases matched to 25 con-
trols) published in 2002, which reported a
significantly and sharply increased risk (odds
ratio 26.4, 95% confidence interval, 7.8–45.4)
for idiopathic polyneuropathy in patients on
statin therapy[ 2 years [96]. Since this was the
only study to have ever established a link
between statins and neuropathy, and because it
reported such a markedly high odds ratio for
statin-induced neuropathy, the same team of
investigators revisited the study in 2017 with
370 validated cases matched to 7400 controls
and this time found no association between
‘‘ever use,’’ current use, or long-term use of sta-
tins and idiopathic polyneuropathy [97]. The
investigators believed it was the small popula-
tion of the first study that led to the association,
and results from the second study were deemed
to be the more reliable [97]. In another
case–control study, 39 patients who had taken
statins for at least 6 months were matched to 39
healthy controls and both groups had similar
rates of peripheral neuropathy [98]. A
case–control study (n = 333) recently concluded
that statins do not increase the risk of chronic
polyneuropathy and, to the contrary, patients
exposed to statins were less likely to have
polyneuropathy than those who had no prior
exposure [99].

The literature reports individual cases of
neuropathy in patients taking statins [100].
Moreover, a large retrospective study relying on
1999–2004 National Health and Nutrition
Examination Survey data reported that the
prevalence of statin use was 15% in the general
population at that time, and peripheral neu-
ropathy was significantly more prevalent in the
statin patients than those not taking statins
(23.5 vs. 13.5%, respectively, p\0.01) [101].
However, statins were associated with neuro-
pathic pain rather than being described as cau-
sal agents.

While statins have been linked to neuro-
pathic pain through several postulated mecha-
nisms (reduction of cholesterol which can
deteriorate cell membrane integrity, inhibition
of ubiquinone needed for mitochondrial respi-
ration, inhibition of protein prenylation,
induction of pro-apoptotic pathways, and pos-
sible triggering of certain immune-mediated
processes) [98], the proverbial ‘‘smoking gun’’
providing a strong, definitive association
between statins and peripheral neuropathy
remains to be discovered. Since the small study
in 2002, no other study of statins and neu-
ropathy known to the authors has established
any sort of credible association between statins
and neuropathy. No causal links have been
found.

DISCUSSION

The pleiotropic effects of statin drugs are
important considerations in their possible
association with various side effects, including
but not limited to neuropathic pain. Just as the
effects of statins are incompletely elucidated,
neuropathic pain syndromes are likewise
diverse, complex, and incompletely under-
stood. It is the frequent clinical juxtaposition of
dyslipidemia, neuropathy, and statin use that
has led to the speculation that statins might
somehow cause neuropathic pain. The fre-
quency of peripheral neuropathy in diabetic
patients fuels the reasonable speculation that
hyperlipidemia contributes to neuropathic
pain—but the role of statins is unclear. The
paradoxical findings between animal studies
(statins reduce neuropathic pain) and human
anecdotal evidence (statins exacerbate neuro-
pathic pain) deserve greater scrutiny. Animal
studies that show statins lowering neuropathic
pain intensity likely have more to do with anti-
inflammatory effects of statins than the drugs’
cholesterol-lowering effects. In humans, there is
some anecdotal evidence that statins have been
associated with neuropathic pain, but hard
evidence remains elusive. The American Heart
Association advises that the link is not there,
and this must suffice for the time being. The
debate will no doubt continue, because people
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who are likely to be prescribed statins are the
very populations at elevated risk for
neuropathy.

CONCLUSIONS

Statins are and certainly will remain very
important and frequently prescribed drugs
because their efficacy in treating hypercholes-
terolemia is well established. By and large, sta-
tins are well tolerated. Further study is needed
to explore the possible connections between
neuropathy and statins, but alarm is not
warranted.
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