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Abstract

The 100-year anniversary of insulin is explored by focusing on diabetic neu-
ropathy. Neuropathy is so common to diabetes, it is well described even in
the earliest accounts of diabetes. This article reviews the most common neu-
ropathy syndromes, and the consensus of effective treatment for neuropathic
pain. Pharmacological advances in neuropathy are still largely focused on
pain control, not neuropathy intervention. The article reviews the established
and lesser tested therapies used for pain control. It also reviews the pathophy-
siology of the disease state, including the many factors and steps that culmi-
nate to produce neuropathy and its different iterations. In the future, new
ways to treat diabetic neuropathy may be geared toward treating specific pa-
thophysiological step-points on the way to nerve damage. In the future, pre-
vention and a deeper look at the impact of socioeconomic status as a predic-
tor of diabetes will hopefully encompass a bigger part of pre-diabetic care.
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As we reflect on 100 years of insulin, diabetes and diabetic neuropathy, history
describes the impact of the disease as early as writing is available. Ancient papy-
rus texts as far back as 1550 BC record symptoms of diabetes. Regarding diabetic
neuropathy, in the 5th century AD there is a Sanskrit recording of “burning in
the palms and soles,” with other descriptors of profound thirst and “sweet urine”
that paints a picture of what certainly must have been diabetes and accompany-

ing neuropathic symptoms [1]. Autonomic dysfunction manifesting as impo-
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tence associated with extreme thirst among other symptoms was described in a
Japanese man Michinaga around 1000 AD. In this case, procreation concerns
were as important as any other inconvenience since his family lineage main-
tained the Imperial House [2]. Yet a clear link between diabetes as a neuropathic
syndrome was not well documented until the 1800s [3] [4]. Currently, the gen-
eral rule is that peripheral diabetic neuropathy will affect 50% of patients with
diabetes. Not to understate its annoyance, it is considered a major cause of disa-
bility among diabetics and is associated with a poor quality of life [5].

Once insulin was discovered, a more systematized approach was taken to tie
diabetes to its pathological offshoots, hence the well-known entity of diabetic neu-
ropathy. By 1960, all assortments of diabetic neuropathy were outlined and clear-
ly characterized. The most common neurological complication is a pure sensory
syndrome, considered a small fiber neuropathy, which manifests most frequently
as the feet feeling cool and painful, especially at night. Sometimes this occurs
with detectable loss of pain (pin prick) and temperature fibers, and other times
this is seldom found. The findings affect longer nerves first, which is why the
symptoms frequently start in the feet. Non-myelinated nerve fibers are the first
to suffer injury and therefore pain and temperature is first impacted as well as
the exam finding of lost reflexes. Autonomic nerves are also susceptible to diabetic
neuropathy. Symptoms here have included paroxysmal diarrhea, fecal inconti-
nence, erection or libido loss and impotence, bladder paralysis, loss of sweating,
postural hypotension, postural tachycardia, pupil changes and gastric retention.
Separate from neuropathy, a diabetic amyotrophy is also well described. This ma-
nifests as an asymmetrical weakness of an arm or a leg. This is purely a motor loss
syndrome. Mixed sensory and motor diabetic syndromes are, too, reported, al-
though these are largely experienced as a sensory syndrome, even while motor
endplates show some effect [6]. In typical cases of polyneuropathy, EMG/NC stu-
dies can help determine the presence and severity of a large fiber polyneuropathy.
However, this information is not likely to alter patient management [7].

Even while intensive blood glucose control is the cornerstone of treatment,
what has partly confused the treatment of diabetic neuropathy over the years has
been the oft reported disconnect between glycemic control and neuropathic ma-
nifestations [8]. Not only is a connection to glycemic control and neuropathy
inconsistently forecasted, neuropathic manifestations and progression are not
reliably predictable, although consistently poor control of diabetes will almost
assuredly hasten the worsening of neuropathy. Ultimately, data review suggests
that enhanced glucose control prevents the development of neuropathy in type 1
diabetes. In type 2 diabetes, enhanced glucose control reduces the rate of neuro-
pathy and reduces nerve conduction and vibration threshold irregularities, al-
though the correlation is often considered modest. This lack of correlation may
reflect the differing pathophysiology between the two diseases, which in turn
point to different pathophysiological components within, even while the meta-
bolic syndrome culminates similarly [9]. To complicate matters, there have been

reports of acute painful “insulin neuritis” caused by rapidly achieved glycemic
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control [10]. What’s more, frequent shifts in blood sugar, inside normal levels
and outside it, may pose its own independent risk for neuropathy separate from
more consistent glucose levels, even if these consistent levels run high [11].
Thus, it can be said that a direct cause and effect relationship between glucose
control and neuropathy is lacking, particularly in type 2 diabetes. What we do
know is that excess and varied glucose levels in the bloodstream manifests pa-
thologically in multifactorial ways. Glycation end products begin a cascade of
injury. When examined under the microscope, epineural and endoneural mi-
croangiopathy with endothelial cell hyperplasia and basement membrane thick-
ening is frequently found. These changes along with arteriovenous shunting and
hemorrhagic changes likely cause reduced blood flow to the nerves [12].

As the cascade continues, hyperglycemia-induced oxidative stress and resul-
tant mitochondrial free radicals are found. These free radicals cycle back into the
system to cause further damage. Hyperglycemia and lactate have also been de-
scribed as directly triggering neuronal apoptosis. Malfunctioning glial cells and
neuroinflammation are independent pathophysiological variables for neuronal
cell damage. With blood flow reduction, there is alteration of affected redox sta-
tus and an imbalance of calcium. All of the above factors have been implicated in
nerve damage. Not only do nerve cells die more easily in a hyperglycemia set-
ting, but repair pathways are also defective [13]. In experimental models, re-
duced neurotrophic factors are found as are insulin-like growth factors. As ad-
vances in pathophysiological understanding and biotechnology allow scientists a
more precise and multi-leveled view and approach to diabetic neuropathy, those
of us who spend most of our time in the clinic will attest to a sketchy correlation
between nerve pain and finger-stick glucose logs. The degree of glycemic flux
may be more important than overall blood sugar control [14].

Even while we understand better the complex networks involved in neuropa-
thology, we as yet do not know how to intervene and halt these specifically da-
maging pathways. To date, medications that treat diabetic neuropathy are geared
only toward symptomatic relief. For pain, level A data (as recommended by the
American Academy of Neurology) exists for the symptomatic use of pregabalin
alone. Level B data supports the use of duloxetine, gabapentin, venlafaxine and
amitriptyline. Anticonvulsants, opioids, NMDA receptor antagonists, capsaicin,
and antidepressants have been utilized, although benefits are varied with respect
to pain control [15]. Other therapies may be tailored for the particular expres-
sion of the neuropathy. For example, metoclopramide is used for gastroparesis
and phosphodiesterase type 5 inhibitors are used to treat erectile dysfunction
[16]. Non-pharmacological treatments such as alpha-lipoic acid, acupuncture,
reflexology, and Thai massage have been explored via a search database with
some evidence of efficacy [17]. Additionally, there is some data to show that
spinal cord stimulation and repetitive transcranial magnetic stimulation may have
some utility as an adjuvant to conventional medical treatment. This will require
further research [18]. No current therapies are proven to assist in preserving or

healing nerve function.
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The question to ask as we now turn our heads toward the future is, what’s in
store for the next 100 years? Will therapies be available to improve or repair
neuropathy specifically? Or is the answer to curing diabetic neuropathy found
only in curing diabetes itself? The hope is that new neuropathy treatments will
more precisely target what is being uncovered by way of neuropathophysiology.
Since we now know there are differing and numerous mechanisms of actions at
play, this would suggest that a multi-modality approach to pain control is
needed. Still, it is likely that the central nervous system’s important final path-
ways of pain processing will continue to be a mainstay approach to pain relief.
Recent advances in the fields of neuroimaging and bioinformatics hold some
promise to help target pain more precisely and thereby reduce therapeutic sys-
temic side effects [13]. Nevertheless, medical treatments and technologies that
tighten insulin control and thereby prevent glycosylated hemoglobin from da-
maging nerves will always be preferred to treatments that focus on pathology
that is seemingly locked in place.

Herein lies the important and hopeful horizon of preventive medicine. Medi-
cine is now more fully embracing ways to incorporate prevention into clinical
care because data suggests that this indeed matters. An estimated 37% of pre-
diabetic individuals may develop diabetes within four years, however, with in-
terventions such as diet, exercise and BMI control, that percentage could de-
crease to 20% [19]. Where there is no diabetes, there is no diabetic neuropathy.
Aggressive health prevention promises to bring with it a parade of neurological
and general salubrity. Alzheimer’s disease, many cancers, hypertension and high
cholesterol (to name a few) are known diseased states whose numbers stand to
significantly diminish if aggressive preventive measures are in place. With an eye
toward the future, and with lessons learned from the past, prevention of disease
must find its way into the medical field.

And finally, it would be remiss to not take notice of how socioeconomic status
within North America plays a role in insulin resistance, diabetes, and resulting
diabetic neuropathy. In socioeconomically disadvantaged groups, there is limited
access to healthy food, health care, and, in some cases, safe places for physical
activity. These are factors that may not be well seen in the health care setting, yet
they tip the scales towards more diabetes cases and less favorable diabetic out-
comes and more insulin resistance [20]. In the next 100 years, strategies to im-
prove care access and nutritional access will pave the way to disease prevention,

even while discoveries in genetics and biologics open up new frontiers.
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