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ABSTRACT
Diminished vascular function has been reported to be common in patients with diabetic peripheral neuropathy
(DPN) and acts as a major contributor to cardiovascular disease as well as lower limb complications. DPN is
a consequence of diabetes-mediated impairment blood flow which leads to microvascular disturbances, which
is best characterized as neuropathic pain. Foot pain due to DPN is one of the factors affecting walking ability.
Infrared light therapy has been shown to be effective in reducing pain and increasing local circulation in a variety
of painful conditions including neuropathy. This study aimed to determine the effects of infrared light therapy
treatment on vascular function (i.e., microcirculation) and pain relief among patients with DPN. Nine patients
(age: 74 £ 8.68 years) participated in this study. Infrared light therapy treatment was applied 3 times per week
for 30 minutes per day, across 5 weeks. The light therapy intervention was performed using the Anodyne Therapy
System (ATS). Before and after infrared light therapy treatment, vascular function [Digital Thermal Monitoring
(DTM) of vascular reactivity] and pain assessment [Brief Pain Inventory-short form (BPI-SF) and short-form
McGill Pain Questionnaire (SF-MPQ)] were evaluated. After the 5-week treatment, the vascular reactivity index
(i.e., microvascular function) increased significantly by 25% from baseline (1.76 £ 0.13 to 2.20 + 0.15, p < .05). In
addition, the BPI-SF and SF-MPQ showed that pain decreased following light therapy. Our preliminary findings
indicated that infrared light therapy promoted positive effects on microvascular function and pain relief in patients

with DPN.
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Introduction

In peripheral neuropathy with a definable cause, type 2 diabetes
mellitus (T2DM) is the most commonly seen worldwide [1].
Indeed, diabetic peripheral neuropathy (DPN), a well-known,
long-term complication of T2DM, can affect almost half of the
diabetic population and is associated with higher morbidity and
mortality [2]. DPN encompasses a variety of clinical or subclinical
presentations. The early stages of DPN are often characterized
by pain and tingling. Painful DPN is a common type of diabetic
neuropathy and the most common cause of neuropathic pain [2].
DPN symptoms exhibit a symmetrical “stocking and gloves”

distribution and are often associated with nocturnal exacerbation.
It can be presented from a mild pins and needles sensation to
stabbing, burning, unremitting, or even unpleasant electric shock
sensation [1,3]. Foot pain due to DPN is one of the factors that
prevents patients from performing their activities of daily living
(ADLs), such as walking ability [3].

DPN, a progressive disease, is a consequence of diabetes-mediated
impairment in blood flow to, and resultant hypoxia of, nerves [4].
Indeed, the pathological changes associated with the disease are
in many cases consistent with ischemia, secondary to vascular
insufficiencies [5]. The literature has clearly established that chronic
ischemia contributes to demyelination or axonal degeneration
[6]. The reduction of nerve conduction velocity in DPN has been
shown to be preceded by impaired vasodilation of the arterioles
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[7]. Microvascular dysfunction is common in DPN and acts as
a major contributor to cardiovascular disease as well as lower
limb complications [8]. Clearly, these findings suggest that signs
of microvascular disease are present prior to the development of
clinically overt DPN. Due to the increasing prevalence of TD2 the
Neuropathy Association estimates that there are now 15-18 million
Americans with DPN [9]. This growing DPN statistic significantly
raises the overall number of people with neuropathy in the U.S.
Indeed, recent projections estimate that by 2050, as many as one
in every three Americans will have T2DM [10]. Therefore, the
reduction of foot pain can likely allow patients with DPN to walk
easier, and hence significantly improve their overall well-being.

Interestingly, infrared light therapy, a non-invasive FDA approved
treatment has been shown to be effective in a variety of painful
conditions including back pain [11], knee pain [12], and shoulder
tendinopathies [13]. In addition, there is evidence that light therapy
improves sensation and might reduce pain in the feet of patients
with DPN [14,15]. However, in those studies pain was assessed
using a screening tool designed to determine overall neuropathic
symptoms [16]. The probable mechanism of action underlying
pain relief associated with infrared light therapy may be due, in
part, to a combination of topical heat and increased circulation as
a result of dilating arteries and veins. Therefore, improving blood
flow in the feet of patients with DPN could help restore sensation
and promote pain relief. Furthermore, restoration of adequate
circulation may reverse neuropathy and thus delay the onset of
ulcerations that often lead to amputation. We are unaware of any
study that has examined the effect of light therapy on peripheral
microcirculation. Thus, the primary aim of this preliminary study
was to determine the effects of infrared light therapy treatment on
vascular function (i.e., microcirculation) and the associated pain
relief among patients with DPN.

Methods

Study participants

Nine patients (men, n = 5, women, n = 4) with a physician’s
diagnosis of DPN were recruited from the East Texas area via a
local newspaper advertisement to participate in this study. The
number of participants was limited to the number who could be
safely accommodated in the space available at the university.
The inclusion criteria for the study were (a) ability to maintain an
upright posture for at least one minute voluntarily, (b) ability to
walk at least 20 yards independently, (c) willingness to participate
in the study, and (d) a diagnosis of bilateral PN. Individuals were
excluded from participation if there was (a) neurological disorder
unrelated to DPN, (b) pain conditions that may confound PN
pain assessment, (¢) PN confined only to upper extremities, (d)
asymmetric symptoms of PN, (e) history of drug/alcohol abuse,
(f) amputation other than toes, and (g) skin conditions altering
sensation. Following explanation of all the details of the study,
each participant signed an informed consent approved by the
Institutional Review Board. Following consent, physician’s
approval and a completed health history from the physician’s
office were required before the intervention began.

Experimental design

This study utilized a controlled experimental design to determine
the effectiveness of a 5-week infrared light therapy treatment.
The Health and Physical Activity Questionnaire [17] was used to
determine the level of physical activity behavior, and the medical
history of each patient before the study started. Each participant
was examined during two separate visits (i.e., before and after the
S5-week treatment) for the measurement of both vascular function
and pain assessment.

Vascular function

The studies were conducted after an overnight fast of at least 10
hours (water was permitted) and abstinence from tobacco, alcohol,
caffeine, vasoactive medications, exercise, high-fat foods, and
vitamin C ingestion. The measurements were obtained after the
patients were seated for 20 minutes of rest. The fingertip Digital
Thermal Monitoring (DTM), a non-invasive test, of vascular
reactivity (i.e., microvascular function) was used [18]. All DTM
measurements were performed in a quiet, dimly lit room with a
controlled ambient temperature between 23 and 25°C. Segmental
pressure cuffs were positioned around the forearms. Disposable
finger probes were attached to the index fingers of both hands. DTM
of both hands was obtained during 5-minute stabilization, 5-minute
cuff inflation, and 5-minute deflation using an automated, operator
independent protocol (VENDYS, Endothelix Inc., Houston, TX,
USA). The right upper arm cuff (i.e., occluded arm) was rapidly
inflated to 50 mmHg above systolic pressure for 5 minutes and
then rapidly deflated to invoke reactive hyperemia distally.
Thermal changes during a 5-minute arm-cuff-induced reactive
hyperemia test were monitored continuously in the fingertip of
both the occluded (i.e., right) and the non-occluded (i.e., left) arms
using VENDYS software. Finally, the area under the temperature
curve was used to determine the vascular reactivity index (VRI)
that assessed the difference in response in microvascular function
before and after light therapy treatment.

Pain assessment

Because pain has multifaceted, subjective and complex features, it
can be difficult to measure and caution must be used in selecting
valid and reliable instruments [19]. Hence, we selected two
appropriate screening instruments, the Brief Pain Inventory-short
form (BPI-SF) and the short-form McGill Pain Questionnaire (SF-
MPQ). Both, the BPI-SF and the SF-MPQ, are well-known for
their sensitivity and reliability [20,21]. For instance, the BPI-SF
has been shown to have strong psychometrics and criterion validity
in studies by Kim et al., (Cronbach’s reliability; 0.9 for severity
and 0.94 for interference) [21] and Zelman et al., (Cronbach’s
reliability; 0.94 for both scales) [20] among patients with DPN.
In addition, the BPI-SF is an important tool that determines pain
severity and impact on ADLs [22]. The numerical rating scale has
three items that measure severity while seven items assess the
degree that pain interferes with ADLs. The patients were asked
to rate their worst, least, average, and current pain intensity, to
list current treatments and their perceived effectiveness, and to
rate the degree that pain interfered with general activity, mood,
walking ability, normal work, relations with other persons, sleep,
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and enjoyment of life on a 10-point scale. Possible ranges of scores
for pain in the previous 24 hours were from “no pain” (=0) to “pain
as bad as can be imagined” (=10). The probable scores for pain
interfering with certain ADLs ranged from “no interference” (=0)
to “completely interfere” (=10).

The SF-MPQ [23] provides a more comprehensive pain evaluation
(i.e., pain rating, present pain intensity, and pain over previous
week). The SF-MFQ contains (a) 15 items in pain rating index
or PRI (11 are sensory/pain descriptor items and 4 are affective
descriptor items), (b) 1 item measuring present pain intensity or
PPI, and (c) 1 item rating pain over previous week using a visual
analog scale (VAS). Briefly, each item in the PRI is rated on a
3-point scale from “mild” (=1) to “severe” (=3). Participants
were instructed to not mark any descriptor if there was no pain
or affective response, and these were rated during analysis as
absent (=0). The VAS consists of one 10 cm horizontal line that
is anchored with verbal descriptors of “no pain” (=0) and “worst
possible pain” (=10). VAS for pain ratings have been shown to
be more sensitive for chronic pain measurement and for detecting
changes [19,24] and recommended for studies measuring pain
outcomes as a result of interventions [25]. Finally, scores for the
SF-MFQ can range from 0 to 45 on the PRI, from 0 to 5 on the
PPI, and from 0 to 10 cm on the VAS; with a [lower/higher] score
indicating [more/less] pain experienced.

The patients completed both; the BPI-SF and the SF-MPQ;
instruments alone or with assistance from the researchers and
trained research assistants. Assistance was needed when vision
was impaired and/or patients were unable to clearly decipher the
pain tool items. Tools were checked for all items being addressed
following participant completion.

Light therapy treatment

Figure 1: Application of the Anodyne Therapy System (ATS).

The infrared light therapy treatment was applied to the feet and
legs of study participants (Figure 1), offered 3 times per week for
30 minutes per day, over 5 weeks. The light therapy intervention
was performed using the Anodyne Therapy System (ATS) Model
480 (Anodyne Therapeutics LLC, Tampa, Florida). The ATS is a
medical device consisting of a base power unit and therapy pads

containing 60 near-infrared (890 nm) gallium aluminum arsinide
diodes used to increase circulation by dilating arteries and veins.
Each ATS unit has eight flexible therapy pads (4 per limb). The
flexible therapy pads were placed in contact with each patient’s
skin during the treatment period as shown in Figure 1. Specifically,
one therapy pad was placed on the dorsal and one on the plantar
aspect of the foot as well as one on the lateral and one on the
medial aspect of both lower extremities, immediately above the
ankle in each patient.

Statistical analysis

All values are means =+ standard deviation (SD). The Wilcoxon
Matched-Pairs Signed-Ranks test was used to determine significant
differences between the two data collection points. This non-
parametric test is used instead of paired t-tests when there is non-
normal distribution of the data for determining differences between
two sets of scores from the same participants. All statistical analyses
were performed using SPSS version 20.0 (SPSS, Chicago, IL,
USA). The level of significance for all analyses was set at p <.05.

Results

Participant characteristics

A total of 9 patients (age: 74 + 8.68 years) with bilateral DPN
participated in all aspects of this study. The patients’ characteristics
are presented in Table 1. Forty-four percent of the patients were
women, and 56% men. The patients ranged in age from 56 — 82
years. Eighty-nine percent of the participants were over the age
of 65. The physical activity behavior indicated that these patients
were low-to-moderately active. The length of time that patients
held the diagnosis of DPN ranged from 3 to 20 years, with 70%
of the participants experiencing DPN for over 10 years. Forty four
percent of the patients had a BMI greater than 30kgem-2. Finally,
all the patients completed the 5-week infrared light therapy
treatment (i.e., 15 sessions in total). No adverse reactions to the
treatment were reported.

Variable (n=9)
Age, (y) 74 +8.68
Height (m) 175+0.12
Body weight (kg) 96 +24.71
BMI (kg'm?) 314697
Resting SBP (mmHg) 139+ 11
Resting DBP (mmHg) 81+7
Resting HR (bpm) 71+13

Table 1: Participant Characteristics.

Values are means + SD. y, years; m, meters; kg, kilograms; BMI, body
mass index; SBP, systolic blood pressure; mmHg, millimeters of mercury;
DBP, diastolic blood pressure; HR, heart rate; bpm, beats per minute.

Vascular function

The average values for the vascular function assessments are
presented in Figure 2. The average baseline VRI was 1.76 + 0.13.
Following the 5-week infrared light therapy treatment, the VRI
(i.e., microvascular function) increased significantly by 25% from
baseline (1.76 £ 0.13 t0 2.20 + 0.15, p <.05).
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Figure 2: Changes in Vascular Reactivity Index (VRI). Values are means
+ S.D. * Significant at p <.05.

Items Pre (n=9) | Post (n=9)

Throughout our lives, most of us have had pain from
time to time (such as minor headaches, sprains, and
toothaches). Have you had pain other than these 113£035) 1.50+0.53
everyday kinds of pain today?
Please rate your pain by marking the box beside the
number that best describes your pain at its worst in 4.22+244 | 3.00+2.50
the last 24 hours
Please rate your pain by marking the box beside the
number that best describes your pain at its least in the | 2.33 +1.87 | 1.67 £2.12
last 24 hours
Please rate your pain by marklpg the box beside the 4114280 | 1.89+1.62%
number that describes your pain on the average
Please rate your pain by marking the box beside the «
number that tells how much pain you have right now 2.78+228 | 1.67£2.40
In the last 24 hours, how much relief have pain

treatments or medications provided? Please mark the
box below the percentage that most shows how much 3.25£3.01) 3.71+£3.20
relief you have received

Mark the box beside the number that describe how,

during the past 24 hours, pain has interfered with

your

A. General Activity 2.67+£3.46 | 1.56+2.46
B. Mood 200+2.12 | 1.44+1.81
C. Walking Ability 4.33+£4.06 | 3.00 +2.60*
D. Normal Work (including both work outside the 3334324 | 1.89+220
home and housework)

E. Relations with other people 2.11+£2.93 | 1.33+2.06
F. Sleep 1.67+1.80 | 1.11+1.45
G. Enjoyment of life 2.56+2.83 | 2.00+2.06

Table 2: Brief Pain Inventory-short form (BPI-SF). Values are means +
SD. * Significant at p < .05.

Pain assessment

The average values for the BPI-SF are presented in Table 2.
Following the 5-week infrared light therapy treatment, the BPI-SF
scores decreased significantly in three items; (a) average pain (4.11
+2.80 to 1.89 £ 1.62; p =.026), (b) current pain or pain felt right
now (2.78 +2.28 to 1.67 = 2.40; p =.026), and (c) the degree that
pain interfered with walking ability (4.33 £4.06 to 3.00 = 2.60; p =

.042). There were not significant differences among the other items
assessed by the BPI-SF.

In the SF-MPQ, two items that assessed level of pain decreased
significantly after the 5-week infrared light therapy treatment.
These items were “stabbing” (0.78 + 0.83 to 0.33 £ 0.50; p =.044)
and “hot burning” pain (0.89 + 1.05 t0 0.33 = 0.71; p =.025). Most
of the other pain characteristics ranged from absence to moderate
with only one reporting severe for cramping pain, one for hot
burning pain, one for tiring-exhausting pain, and one reported
fearful pain.

Discussion

This preliminary study was aimed to assess the effects of infrared
light therapy treatment on vascular function (i.e., microcirculation)
and pain relief among patients with DPN. Our findings revealed that
infrared light therapy promoted positives effects on microvascular
function and pain relief.

Vascular function

The DTM is a non-invasive technique to study vascular reactivity
(i.e., microvascular function) in humans. The repeatability
of DTM is excellent and can be used as a reproducible and
operator-independent test for non-invasive measurement of
vascular function [18,26,27]. Indeed, DTM of vascular reactivity
appears to be an appropriate test to evaluate vascular reactivity
in clinical and research settings [18,26]. Briefly, a standard arm-
cuff promotes a temporary occlusion of blood flow in the arm.
During the cuff occlusion, the lack of blood flow (i.e., ischemia)
elicits a microvascular dilative response. Upon releasing the cuff,
blood flow rushes into the forearm and hand, not only restoring
baseline flow but also resulting in an overshoot (i.e., reactive
hyperemia). The reactive hyperemia promotes shear stress in the
larger arteries to dilate and accommodate the increased blood
flow. In general, the study of blood flow responses following
occlusion indicates that younger, fitter, and healthier individuals
exhibit greater flow responses, suggesting better vascular function.
Reductions in the hyperemic response, a hallmark feature of
impaired vascular function, are observed during DTM. The VRI
provides a non-invasive “window” to the cardiovascular system
allowing the detection, measurement, and monitoring of vital
patient information such as overall cardiovascular health. The VRI
is reported in absolute units using a vascular reactivity scale: a) <1
(“poor”), b) 1 - 2 (“intermediate”), and ¢) > 2 (“good”) (VENDY'S,
Endothelix Inc., Houston, TX, USA).

The average baseline (i.e., before light therapy) VRI was 1.76 +
0.13 (Figure 2). These vascular assessments placed the participants
in the “intermediate” category of vascular reactivity (1-2) at the
beginning of the intervention. Similar baseline VRI values have
been reported previously, by our laboratory, among patients with PN
[28]. Together, these findings suggest that microvascular function
in individuals with PN is compromised. Such a compromised
vascular function could contribute to the progression of the disease.
In fact, the literature provides significant evidence that conditions
of acute and chronic ischemia contribute to changes in peripheral
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nerve function and structure [6]. Previous studies have reported
a strong correlation between severity of nerve damage and stage
of vascular insufficiency [6,8]. There are also reports of reduced
vasodilation in response to heat and iontophoresis of acetylcholine
in the presence of DPN [29,30].

Importantly, our findings report that following a 5-week infrared
light therapy treatment, the VRI increased significantly (25%
increase from baseline, 1.76 = 0.13 t0 2.20 + 0.15. p <.05) (Figure
2). To our knowledge, this is the first study that has shown infrared
light therapy was able to improve peripheral microcirculation
among patients with DPN. We speculated that the increased
microvascular reactivity (i.e., increased blood flow), observed
in our study, was mediated by a combination of metabolic and
endothelial factors (e.g., nitric oxide, a potent vasodilator).

Pain relief

Previous studies have reported temporary increases in foot
sensitivity following the application of infrared light therapy in
patients with diabetic or nondiabetic PN [14,15]. For instance, the
cohort by Harkless et al., reported improved foot sensation as well
as a reduction in neuropathic pain after light therapy treatments in
2239 community-dwelling patients with PN, 62% with DPN [15].
However, it is important to mention that the cohort by Harkless et
al. [15] evaluated neuropathic pain using only the VAS; which is
only one of the different items included in the SF-MPQ screening
tool [23] used in our study. In addition, the study by Leonard et
al. [14] also reported that light therapy improved foot sensation
and reduced pain in patients with DPN. These investigators found
that the patients’ responses to the Michigan Neuropathy Screening
Instrument (MNSI) showed that neuropathic symptoms decreased
after light therapy [ 14]. The MNSI questionnaire is a more sensitive
screening tool for DPN. The MINSI provides a graded patient
response of neuropathic symptoms, and is designed to screen for
the presence of DPN [16].

Our study found that infrared light therapy treatment promoted
pain relief among patients with DPN using the BPI-SF and SF-
MPQ. Indeed, pain scores decreased in three areas of the BPI-SF
including average pain in the previous 24 hours, current pain, and
the degree to which pain interfered with walking in the previous
24 hours (Table 2). These findings are quite relevant considering
how pain affects the walking ability and balance in patients with
DPN. Clearly, the improvement in walking ability may offer an
opportunity for fall-related risk reduction in this population and
maintenance of a good quality of life.

These findings are particularly interesting since the existing
evidence clearly indicates microvascular and neural complications
of diabetes are major contributors to lower limb pathology in DPN
[8]. So, it is our hope that these data would stimulate clinicians to
consider assessing vascular function in patients with DPN, in an
effort to better understand the impact of DPN on microvascular
function. We do remain cautious in our interpretations because the
lack of a mechanistic approach and the small sample size which
prevents more sophisticated speculation regarding the underlying

positive effects of infrared light therapy on microvascular function
and pain relief.

Conclusion

The present findings demonstrated that in patients with DPN, a
S-week infrared light therapy treatment is capable of increasing
microvascular function and providing pain relief. Considering that
chronic neuropathic pain and gait problems are factors affecting
walking ability in DPN and might have a negative impact on
quality of life, treatments like infrared light therapy, might be an
effective alternative therapeutic option suitable for this clinical
population.
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