
Dose and time-response effect of photobiomodulation therapy 
on glycemic control in type 2 diabetic patients combined or not 
with hypoglycemic medicine: a randomized, crossover, double-
blind, sham-controlled trial

Clara Maria Cobra Branco Scontri1, Flávio de Castro Magalhães2, Ana Paula Moraes 
Damiani3, Michael R. Hamblin4, Antonio Roberto Zamunér5, Cleber Ferraresi1,*

1Department of Physical Therapy, Federal University of Sao Carlos, Sao Carlos, SP – Brazil

2Department of Physical Education, Federal University of the Jequitinhonha and Mucuri Valleys, 
Campus JK - Diamantina, MG – Brazil

3Department of Physical Therapy, Centro Universitario do Sagrado Coração, Bauru, SP – Brazil

4Laser Research Centre, Faculty of Health Science, University of Johannesburg, Doornfontein 
2028 – South Africa

5Laboratory of Clinical Research in Kinesiology, Department of Kinesiology, Universidad Católica 
del Maule, Talca 34809112 – Chile

Abstract

Photobiomodulation therapy (PBMt) combined or not with oral hypoglycemic medication has 

not been investigated in type 2 diabetes (T2DM) patients. All ten T2DM patients were 

assessed randomly at six different occasions (3 with and 3 without regular oral hypoglycemic 

medication). Capillary glycemia was assessed after overnight fast (pre-prandial), 1h postprandially 

(standardized meal, 300 kcal), and 30 min, 3h, 6h, 12h post PBMt (830 nm; 25 arrays of LEDs, 80 

mW/array). Three doses (0 J – sham, 100 J, 240 J per site) were applied bilaterally on quadriceps 

femoris muscles, hamstrings, triceps surae, ventral upper arm and forearm; and randomly 

combined or not with oral hypoglicemic medication, totaling six different therapies applied for 

all ten TDM2 patients (PBMt sham, PBMt 100 J, PBMt 240 J, PBMt sham + medication, PBMt 

100J + medication, PBMt 240J + medication). Cardiac autonomic control was assessed by heart 
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rate variability (HRV) indices. Without medication, there was reduction in glycemia after all PBMt 

doses, with 100 J as the best dose that persisted until 12 hours and presented lower area under 

the curve (AUC). With medication, glycemia decreased similarly among doses. No differences 

between 100 J and sham + medication, but AUC was significantly lower after 100 J, suggesting 

better glycemic control. Low frequency component of HRV increased after sham + medication and 

100 J, suggesting higher sympathetic activation. PBMt showed time- and dose-response effect to 

reduce glycemia in T2DM patients. Effects on HRV were consistent with glycemic control.

Graphical Abstract

Photobiomodulation therapy can reduce the hyperglycemia and affect the autonomic cardiac 

autonomic control in Type 2 Diabetes Mellitus patients with a dose and time-response.
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1 INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is the most common type of DM and accounts for 

approximately 90–95% of cases [1]. T2DM is characterized by insulin resistance, especially 

in the liver, skeletal muscle and adipose tissue, although many other tissues are also 

affected by this condition [2]. Pancreatic beta cell dysfunction is also a hallmark of T2DM, 

where insulin production becomes insufficient to allow the metabolism of glucose in the 

face of increased insulin resistance [2]. The result is chronic hyperglycemia that (if not 

controlled) causes damage to blood vessels. The development of macro and microvascular 

complications can lead to diabetic retinopathy, neuropathy, nephropathy, coronary heart 

disease, and cerebrovascular disease [3]. In 2019 there were 463 million cases of DM 

worldwide, which were predicted to rise to 548 million by 2045 [4]. Thus, new approaches 

to hypoglycemic therapy for T2DM are urgently needed.

In addition to the complications already mentioned, it has been shown that patients with 

DM suffer from cardiac autonomic dysfunction, which is associated with an increased 
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risk of death in patients with DM [5–8]. Although the mechanisms responsible for 

cardiac autonomic dysfunction in DM need to be fully elucidated, poor glycemic control, 

hyperglycemic activation of the polyol pathway, protein kinase C activation, and increased 

levels of oxidative and nitrosative stress are some factors that may contribute to the 

development and progression of autonomic neuropathy [9, 10].

Although injections of insulin might eventually be needed, oral hypoglycemic medications 

are usually the first line of pharmacological treatment in T2DM, along with lifestyle 

changes [11]. There are many different classes of oral hypoglycemic medications, and 

their mechanisms of action differ considerably. For instance, metformin is the most 

frequently prescribed oral medication to reduce hyperglycemia worldwide, and is the first 

line treatment for pre-diabetic individuals as well as T2DM patients [11]. Even though the 

mechanisms of action are not fully understood [12], there is evidence that metformin reduces 

postprandial hepatic glucose production, as well as increasing peripheral insulin sensitivity. 

Sulfonylureas are the second line of hypoglycemic medications prescribed for T2DM 

patients [13]. The mechanism of action involves increasing insulin release by depolarizing 

the pancreatic beta cells through blockage of potassium inflow by ATP-dependent ion 

channels, which in turn allows the diffusion of calcium into the cytosol, and contraction of 

the actomyosin filaments responsible for the secretion of insulin [14, 15].

Recently some other hypoglycemic drugs have been developed, and are often prescribed 

to T2DM patients, such as dipeptidyl peptidase 4 (DPP-4) inhibitors [16] that prevent the 

degradation of incretin hormone, thus increasing postprandial insulin release. Moreover, 

sodium-glucose cotransporter-2 (SGLT2) inhibitors [17], can inhibit SGLT-2 in the proximal 

tubules of the renal glomeruli, thus reducing glucose reabsorption by 90% and producing 

glycosuria. Other hypoglycemic drugs prescribed to T2DM patients include meglitinides, 

thiazolidinediones, glucagon-like peptide-1 receptor agonists, and α-glucosidase inhibitors 

[18, 19]. Notwithstanding the hypoglycemic effect of these medications, they can lose 

effectiveness over time [20] resulting in the need for higher doses, with more side-effects 

such as hypoglycemia, gastrointestinal disturbance, nausea, and renal impairment [21]. 

These side effects means that there is often low adherence to these pharmacological 

regimens [22]. Altogether, this evidence points to the need to discover other hypoglycemic 

therapies, combined or not with conventional medications.

It is an undisputed fact that physical exercise is highly beneficial for the prevention and 

treatment of T2DM [23]. Unfortunately, the adherence of patients to the recommended 

amount of exercise is often a challenge [24–26]. For this reason, it is very important to 

investigate the effects of other approaches to improve glycemic control in T2DM patients. In 

this regard, photobiomodulation therapy (PBMt) has shown some promising results. PBMt 

involves the application of low levels of red and/or near infrared light to various parts of the 

body. PBMt is commonly used to reduce pain and inflammation, and to stimulate healing, 

but can also increase muscle metabolism. In some situations, PBMt has been described as 

acting like an “exercise mimetic”.

Many studies using animal models have shown improved glucose metabolism in response to 

PBMt [27–35], and one clinical trial [36] has supported the potential clinical use of PBMt 
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for improving glucose metabolism. PBMt is known to have a biphasic dose-response [37, 

38] which is responsible for stimulatory, inhibitory, or even null biological effects. Recently, 

using a randomized, crossover, double-blind, sham-controlled trial our group [36] reported 

a dose-response effect of PBMt on glycemia in T2DM patients, where we showed that 

low and moderate-to-high, but not moderate or high, doses of PBMt reduced glycemia. 

Furthermore, there is evidence that PBMt effects are also time-dependent [39, 40]. However, 

in our previous study [36], we only assessed glycemia for 15 min after PBMt irradiation, 

which might have been too short an interval to reveal the full potential of PBMt to reduce 

glycemia. Furthermore, we did not investigate the combination of PBMt plus conventional 

medication, as in that study there was not a “no-medication” arm. As there is evidence that 

the combination of oral hypoglycemic medications with other hypoglycemic approaches, 

such as physical exercise, oftentimes produces counterintuitive results [41–44], it is of great 

importance to investigate the combined effects of PBMt and these commonly prescribed 

drugs on glycemia in T2DM patients. Thus, clinical studies on the combination of PBMt 

plus oral hypoglycemic medications are lacking and urgently needed [45].

Therefore, the primary aim of the present study was to investigate the dose-response and 

time-response effects of PBMt on glycemic control in T2DM patients, combined or not with 

their usual oral hypoglycemic medications. A secondary aim was to assess the acute effect of 

PBMt on cardiac autonomic control.

2 MATERIALS AND METHODS

2.1 Subjects

A total of 10 patients previously diagnosed with T2DM at least 12 months before enrolment 

were invited to participate in the study. In order to be eligible, patients had to be 40 

to 80 years-old, with a body mass index between 20 and 39.9 kg/m2 and have taken 

oral hypoglycemic medication for at least 6 months. Patients were excluded if they had a 

history of cancer or currently had cancer, acute infections, neurological deficits, coagulation 

disturbances, or were receiving insulin treatment. Finally, patients had to be approved by 

their personal physician to take part in the study. Before participation, after being made 

fully aware of the study’s risk and benefits, patients signed a written informed consent 

form previously approved by the local Institutional Review Board (opinion #1.959.414). The 

study protocol was prospectively registered in the Brazilian Clinical Trials Registry, under 

the number RBR-38wn44 (https://ensaiosclinicos.gov.br/rg/RBR-38wn44). All procedures 

of this study followed current Brazilian laws regarding human studies and were in 

accordance with the ethical principles outlined in the Declaration of Helsinki. Participant 

characteristics are shown in Table 1.

2.2 Study design

This was a randomized, crossover, double-blind, sham-controlled clinical trial. 

Randomization was performed by a researcher blinded to the treatment protocol using 

sequentially numbered, opaque sealed envelopes.
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On six different occasions, interspersed by 7 days to allow washout from the previous 

session, all patients reported to the laboratory in the morning after an overnight fast without 

having taken their medication. Fasting capillary glycemia (pre-prandial) was first assessed, 

followed by ingestion of a standardized breakfast (2 slices of whole grain bread, 200 mL of 

natural fruit juice, 2 slices of cheese, 338 kcal, Carbs: 39 g, Protein: 18.9 g, Fat: 11.8 g). 

After that, in randomized order, all patients received all the 6 different treatments purposed 

in the present study: PBMt sham, PBMt 100 J, PBMt 240 J, PBMt sham + medication, 

PBMt 100 J + medication, PBMt 240 J + medication) sequentially separated by a washout 

period of 7 consecutive days. Thus, on 3 occasions the patients either took their oral 

hypoglycemic medication as prescribed by their physician, or on the other 3 occasions the 

patients refrained from taking their oral hypoglycemic medication for the next 24 hours 

(Figure 1).

One-hour after breakfast (postprandial), heart rate variability (HRV) and capillary glycemia 

were assessed, followed by PBMt (100 J or 240 J per site of irradiation) or sham (0 J) to 

eight anatomical sites described below. Thirty-minutes, 3, 6 and 12 hours after PBMt, the 

capillary glycemia was reassessed. HRV was reassessed 30-min after PBMt. During the time 

window of 12 hours of the study, the patients were instructed to rest, i.e., not to engage in 

any type of exercise.

After the 3-hour glycemia assessment, the same standardized meal described above was 

provided to patients, then they were dismissed from the laboratory and instructed not 

to ingest anything more until the 6-hour glycemic assessment, and to rest. Between the 

6-hour and the 12-hour assessments patients were allowed to consume their usual diet and 

instructed also to rest. Thus, the glycemic assessments at 6-hour and the 12-hour timepoints 

were performed by the patients outside the laboratory and the results were shared with the 

researchers. Figure 1 depicts the study design.

2.3 Pre-participation assessment

Patients reported to the laboratory, completed a medical history questionnaire, and had their 

body weight and height measured, and their body mass index calculated. During that visit, 

they were also familiarized with the study protocol.

2.4 Oral hypoglycemic medications

All 10 patients were receiving metformin treatment, and 5 (50%) were exclusively taking 

metformin. Three patients were taking a combination of metformin and sulfonylureas (2 on 

Glibenclamide and 1 on Gliclazide). One patient was taking a combination of metformin, 

sulfonylurea (Gliclazide), and SGLT2 inhibitor (Sitagliptin), while another one was taking 

metformin, DPP-4 inhibitor (Sitagliptin) and SGLT2 inhibitor (Empagliflozin).

During the investigation of the isolated effects of PBMt, the use of oral hypoglycemic 

medications was suspended for 24 hours before and after the application of sham or 

real photobiomodulation, but with medical consent and supervision. To guarantee the 

patient’s safety, they were monitored for glycemic levels at the following timepoints: before 

standardized breakfast; 1 hour after standardized breakfast (pre PBMt); 30 minutes, 3 hours, 

6 hours and 12 hours after PBMt; in total there were 6 monitoring timepoints over 24 hours. 
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If blood glucose levels reached ≥ 250 mg/dL at the first measurement after the standardized 

breakfast, or after lunch or dinner, blood glucose was monitored every 2 hours and, if the 

blood glucose level was maintained at a high level for two consecutive hours [21], patients 

were instructed to make immediate use of their hypoglycemic medication(s). In the present 

study, no participants had blood glucose levels ≥ 250 mg/dL for two consecutive hours, thus 

there was no need to take additional medication in this situation in any arm of the study. 

Table 2 lists hypoglycemic medication classes, daily dosage, and the number of patients 

receiving treatment.

2.5 Capillary glycemia assessment

Handheld glucometers (Accu-Chek Active, Roche®) were used individually by the patients 

to self-assess capillary glycemia by pricking the fingertip. Immediately after assessment the 

value was registered by a researcher blinded to the treatment. For the 6-hour and 12-hour 

assessments, the glycemia value was transferred by the patient via email or text message to 

the same researcher. All the glucometers of the study were calibrated by the manufacturer 

and calibrated during the study at each new pack of strips following manufacturer’s 

recommendations. There was no problem (bad working or loss of calibration) related to 

any of the glucometers used in the study. All patients enrolled in the study had previous 

experience in self-assess capillary glycemia to control own diabetes.

2.6 Heart rate variability measurement

This procedure was used to evaluate cardiac autonomic control at rest in the supine position 

for 15 minutes, and at rest in the orthostatic posture for 15 minutes. Heart rate (HR) records 

in beats per minute and R-R intervals (iR-R) were collected beat by beat, using a Polar® 

Frequency Meter model RS800CX (Electro Oi, Finland), for 15-min. Data were captured 

from a belt with a coded transmitter, placed around the chest region, at the level of the 

5th intercostal space and later transferred through an interface to a compatible computer. 

During the collection period, the volunteers were instructed to maintain normal breathing. 

We monitored the volunteers to maintain a respiratory rate between 10 and 20 breaths per 

minute.

For the analysis of HRV, the periods of higher signal stability were selected, which included 

at least 256 consecutive heart beats [46]. The analysis was made from a linear model 

in the frequency domain, through spectral analysis: low frequency (LF), high frequency 

(HF) in normalized units (un), and by the ratio between low and high frequency LF /HF 

[46]. The HRV was also analyzed by a non-linear model from Shannon entropy and 

corrected conditional entropy analysis, providing complexity indices of the analyzed iR-R 

time series [47] such as SDNN (standard deviation of all normal iR-R intervals recorded 

in milliseconds) and RMSSD (square root of the mean square of the differences between 

consecutive iR-R expressed in milliseconds), and from the symbolic analysis [48, 49], which 

makes it possible to quantify the sympathetic and parasympathetic components of autonomic 

HR modulation. HRV data collection was performed before and 30 min after PBMt, and 

analysis was conducted by a single researcher blinded to PBMt.
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2.7 Photobiomodulation therapy

PBMt used low-intensity light emitting diodes (LEDs) contained in a non-commercial array 

of 200 light emitters (prototype) (Figure 2). This prototype contained 100 LEDs that emit 

light in the red range (630 ± 10 nm) and 100 LEDs in the infrared range (830 ± 20 nm) 

arranged in 50 arrays of 4 LEDs each (25 red arrays, 80 mW each; 25 infrared arrays, 80 

mW each) distributed on a flexible surface (34×18 cm; 612 cm2) that could be molded to 

the body surface [50]. Table 3 lists the optical parameters of the light source, as well as the 

PBMt irradiation parameters, which were calibrated and measured using a power and optical 

energy meter (PM100D Thorlabs®) equipped with a S130C sensor (area of 0.70 cm2).

PBMt using LEDs was applied (wrapping) to eight separate sites on the body, bilaterally 

on the quadriceps femoris muscles, hamstrings, triceps surae, and ventral upper arm and 

forearm muscles, similarly to previous studies [50–52]. PBMt was performed according to 

the irradiation time (30, 50 or 120 seconds) on each site in a random order. The sham 

treatment did not emit light (0 J and 0 mW), while the light-emitting device recorded the 

therapy time. It is important to point out that the light in the red range was not used, 

remaining off during the entire therapy by means of a selector switch on the equipment 

itself. During irradiation, both subjects and the therapist wore protective eyeglasses and were 

unaware of real or sham.

PBMt was performed by only a single evaluator throughout the study in a double-blind, 

randomized, crossover and sham manner. That is, each patient (with hypoglycemic 

medication or not) received all 3 doses of PBMt randomly, including the sham dose, and 

without knowing which light dose was delivered. Also, the other study evaluators were 

blinded to the order of PBMt treatments until the end of the study.

2.7 Statistical analysis

Outcome variables were analyzed for normal distribution using the Shapiro-Wilk test. 

Then, the data were analyzed using analysis of variance tests (two-way ANOVA) of 6×6 

repeated measures (6 different treatments: 3 doses of PBMt without medication, 3 doses of 

PBMt combined with medication) and 6 levels or repeated measures (pre-prandial, 1 hour 

postprandial (pre intervention); 30 minutes, 3 hours, 6 hours, and 12 hours after PBMt). 

Also, the deltas of glycemic variation were compared between the PBMt groups without 

medication at each evaluation time of the present study also by two-way ANOVA with 

repeated measures 3×5 (1-hour postprandial minus pre intervention; 30 minutes post PBMt 

minus pre-intervention; 3 hours post PBMt minus pre-intervention; 6 hours post PBMt 

minus pre-intervention; and 12 hours post PBMt minus pre-intervention). The same analysis 

was applied to PBMt groups combined with medication. Area under the curve (AUC) 

was calculated according to the trapezoidal rule, and analysis was performed by one-way 

ANOVA. Finally, an independent t-test was used to compare the best results between PBMt 

alone and PBMt combined with medication. HRV was analyzed using Wilcoxon’s test 

with Bonferroni correction, as the data were not normally distributed. For all analyses, a 

significance level of 5% was adopted. The intention-to-treat analysis was used in this study 

to input values (used the average of the measure) for only 4 missing data points. There were 

no participants who dropped out or who failed to follow-up.
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3 RESULTS AND DISCUSSION

3.1 Pre-prandial and postprandial glycemia

Pre-prandial glycemia was similar among groups (p=0.6111). After consumption of 

the standardized meal, post-prandial glycemia was similarly increased in all groups or 

conditions (p<0.0001), and medication intake did not affect this response (p=0.8349). Figure 

3 shows pre-prandial and post-prandial glycemia responses.

3.2 Glycemic response after PBMt without oral hypoglycemic medication intake

When patients did not take their oral hypoglycemic medication, the increase in glycemia 

1 hour post-prandial was not different among groups (p>0.41). Conversely, 30 min after 

PBMt irradiation, the sham and the 100 J groups showed reduced glycemia compared to 

1 hour postprandial (p<0.01 for both). Between 3 and 6 hours after irradiation, all groups 

showed reduced glycemia compared to postprandial values (p<0.05 for all). However, only 

the 100 J group still showed reduced glycemia 12 hours after irradiation (p=0.0002). Using a 

between group comparison, 100 J showed lower glycemia compared to 240 J between 3 and 

12 hours; and compared to sham between 6 and 12 hours post irradiation (Figure 4A). The 

area under the curve (AUC) showed lower glycemia for the 100 J group during the period 

analyzed after irradiation compared to sham (p=0.0032) and to 240 J (p=0.0152), and no 

difference between sham and 240 J (p=0.6) (Figure 4B).

For the primary outcome (glycemia), the sample size of 10 patients per treatment was 

appropriate, showing significant difference between PBMt 100 J from the other PBMt doses 

(sham and 240 J) at 6-hour timepoint regarding the delta of glycemia (mg/dL), for example. 

The achieved effect size of 0.59 and power of 0.95 for ANOVA (repeated measures, between 

factors) calculated at GPower 3.1.9, used a standard deviation of 35.72, number of groups 

equal 3 (PBMt 100 J, PBMt 240 J, PBMt sham), total sample size equal 30 (3 treatments 

with 10 patients at each treatment), 5 measurements (1 hour post prandial, 30 min post 

PBMt, 3 hours post PBMt, 6 hours after PBMt, 12 hours after PBMt) and alfa of 5%.

3.3 Glycemic response after PBMt with oral hypoglycemic medication intake

When combined with oral hypoglycemic medication, all groups showed a reduction in 

glycemia between 30 min and 12 hours after irradiation compared to 1 hour postprandial 

(p<0.05 for all). No significant differences between conditions were observed (Figure 5A). 

Analysis of AUC did not reveal a significant main effect (p=0.2614; Figure 5B).

3.4 Comparison between PBMt treatments (combined or not with hypoglycemic 
medication)

When compared between irradiation treatments, there was a positive effect of the oral 

hypoglycemic medication in the sham group observed by a reduction in AUC (p<0.01; 

Figure 6A). Conversely, medication use did not affect the AUC response when combined 

with PBMt 100 J (p=0.574; Figure 6B) or 240 J (p=0.12; Figure 6C).

The best result without medication use was observed for the 100 J PBMt (Figures 4A and 

4B). Regarding the combination of oral hypoglycemic medication plus PBMt, there was 
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no significant difference between groups (Figures 5A and 5B). However, due to the lower 

average and standard deviation of the AUC of the sham plus medication group (Figure 6A), 

we chose this group for comparison with PBMt 100 J without medication. Therefore, we 

compared these 2 groups and results are shown in Figure 7. Although we did not observe 

any significant difference during the time window analyzed between sham + medication and 

100 J PBMt (p=0.49 for interaction; Figure 7A), the AUC was significantly lower in the 100 

J PBMt group (p<0.05) (Figure 7B). Furthermore, the rate of glucose decay calculated from 

1 hour postprandial to 3 hours post PBMt showed that the glucose level reduced faster in the 

100 J PBMt group (p=0.0064; Figure 7C). Thus, suggesting 100 J PBMt may have induced 

better glycemic control in T2DM patients.

3.5 Effect of PBMt (combined or not) with oral hypoglycemic medication on heart rate 
variability (HRV)

HRV was analyzed by measuring: a) heart rate (number of beats per minute - bpm); 

b) the standard deviation of all normal R-R intervals (iR-R) recorded in milliseconds 

squared (SDNN); c) the square root of the mean square of the differences between 

consecutive R-R intervals expressed in milliseconds squared (RMSSD), which quantifies 

abrupt variations in HRV; d) the high frequency (HF) component in normalized units (un), 

corresponding to respiratory modulation, and an indicator of vagus nerve action on the 

heart; e) the low frequency (LF) component in normalized units (un), resulting from the 

joint action of the vagal and sympathetic components on the heart, with a predominance 

of the sympathetic; f) LF/HF ratio, which reflects the absolute and relative changes 

between the sympathetic and parasympathetic components of the autonomic nervous system, 

characterizing the sympathovagal balance affecting the heart. Table 4 presents the results of 

these measurements. Significant effects (p<0.05) were observed for LF component after 100 

J PBMt (without medication) and after sham + medication, suggesting higher sympathetic 

activation in these groups 30 min after irradiation.

4 DISCUSSION

The present study aimed to assess the dose-response and time-response of PBMt combined 

or not with oral hypoglycemic medication on capillary glycemia and cardiac autonomic 

control in T2DM patients. The main results are as follow: a) when oral hypoglycemic 

medication was withdrawn, the 100 J PBMt led to the greatest reduction in capillary 

glycemia compared to sham or 240 J PBMt, especially at 6 and 12 hours post irradiation; b) 

PBMt, when combined with oral hypoglycemic medication, did not elicit further decrease in 

capillary glycemia, except for the SHAM group, as expected; c) 100 J PBMt induced better 

glycemic control than medication intake alone; and d) Cardiac sympathetic modulation 

increased in the conditions that elicited the best glycemic response, i.e. sham + medication 

and 100 J PBMt.

To the best of our knowledge this is the first study to provide convincing evidence using 

a randomized, double-blind, crossover and sham-controlled clinical trial, of the beneficial 

effects and the dose-response and time-response effects of PBMt, combined or not with the 

use of oral hypoglycemic medication, on the glycemic control in T2DM patients. Previous 
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studies from our group [33, 34, 53] and from others [30–32, 35, 54, 55] have suggested 

PBMt could improve glycemic control in insulin resistant T2DM in animal models, however 

clinical studies on humans are only beginning to emerge.

Recently, we showed that PBMt (LED array composed of 50 diodes, 850 nm, 75 mW/

diode) applied over the rectus and oblique abdomen, quadriceps femoris, triceps surae, 

and hamstring muscle areas in T2DM patients positively affected fasting glycemia in a dose-

dependent manner, with reductions observed 15 min after irradiation at 75 and 450 J per site, 

but not after 150 J, 300 J, or 600 J [36]. The present data are in line with these previous 

results, as we also observed a positive effect after 100 J, but not after 240 J, which is 

compatible with the 75 J and the 300 J results from that previous study. However, we should 

point out that the patients in the previous study took their prescribed medication as usual, 

which included insulin in 3 out of 13 patients (~23%), and the study protocol did not include 

an arm without medication, as we had in the present study. We believe these methodological 

differences preclude more detailed comparisons between the studies. Moreover, the time 

window investigated in the previous study (15 min post PBMt) might have been too short 

to capture all the positive effects of PBMt on glycemic control. Nonetheless, despite some 

limitations, our previous study [36] together with the present results clearly suggest that 

PBMt exerts a positive effect on glycemic control in T2DM patients.

As stated above, we observed a positive effect of PBMt with 100 J, but not 240 J. It is known 

that PBMt shows a biphasic dose-response effect [37, 38, 56], which depending on the 

dosage applied, we can observe stimulatory, inhibitory, or no biological effects. Although 

we tested only 2 doses, the present results are in agreement with the biphasic PBMt 

dose-response, and agreed well with previous results from our group [36]. Interestingly, 

in that previous study we observed a possible triphasic dose-response, where low (75 J) and 

moderate-to-high (450 J) doses exerted positive effects on glycemia, and moderate (150–300 

J) and high (600 J) doses did not. We had already observed a triphasic PBMt effect for 

muscle glycogen synthesis in rats [53]. Altogether, based on these results, we suggest that 

for positive effects on glycemic control in T2DM patients predominantly with type II and III 

skin phototypes, PBMt dose delivery per site of irradiation over multiple sites on the body 

should be between 75–100 J or around 450 J, but not between 150–300 J or around 600 J.

Our study highlights the importance of using a longer time window for the assessment of 

PBMt effects on glycemia. For example, if we had stopped analysis at the 3-hour post PBMt 

time point, we would have missed the positive effects of the 100 J PBMt compared to the 

sham (Figure 4A). Although we observed positive effects on glycemia after 100 J PBMt 

when hypoglycemic medication was withdrawn, and when medication was combined with 

sham irradiation, a combination of these two therapies (100 J + medication) did not produce 

any improvement in glycemic control. Although this result might seem counterintuitive, one 

previous study did report that the combination of PBMt and medication did not improve 

on each therapy used alone [27]. More specifically, Asghari et al [27] reported improved 

glucose tolerance after PBMt in a rat model of T2DM, but when combined with metformin 

(the most commonly prescribed oral hypoglycemic medication worldwide [11]) there was no 

improvement over PBMt alone.
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Our results on T2DM patients corroborate these previous animal data. Interestingly, and 

in line with the present data, metformin did not potentiate the positive effects of an acute 

bout of resistance [57] or aerobic [58] exercise on insulin resistance in pre-diabetic humans. 

There have been some reports that metformin could actually be detrimental for glucose 

metabolism when combined with exercise [44]. For instance, Sharoff et al [43] assessed 

the combination of metformin with an acute bout of aerobic exercise in insulin resistant 

(non-diabetic) individuals and observed that metformin significantly attenuated the exercise-

induced increase in whole-body insulin sensitivity. It has also been reported that metformin 

can interfere wirth chronic exercise adaptations [59, 60]. However, this impairment seems 

to affect naïve metformin users, because in chronic (>6 months) users this response does 

not seem to occur [57, 58]. All T2DM patients in the present study were chronic metformin 

users, and our results suggest that, even though no potentiation was observed when 100 

J was combined with medication intake, there was no inhibition or attenuation with this 

combination. These findings suggest that PBMt improves glycemic control in chronic 

metformin users, but as in the case for exercise, this improvement is not observed when 

metformin is added to the regimen.

It is important to highlight that patients were not exclusively taking metformin, as we did not 

interfere with prescription of oral hypoglycemic medication. In fact, only half of the patients 

were receiving metformin monotherapy, while 3 (30%) received dual therapy (metformin 

+ sulfonylureas), and the other 2 (20%) received triple therapy (metformin + sulfonylurea 

+ SGLT2 inhibitor; or metformin + SGLT2 inhibitor + DPP-4 inhibitor). Furthermore, the 

mechanisms of action of these hypoglycemic medications vary greatly [61, 62], and the 

drug dosages also differed among our patients (see Table 2). However, our results showed 

that regardless of oral hypoglycemic medication type and dose, and whether mono, dual, 

or triple therapy, the glycemic response was consistent in our T2DM patients. We believe 

that not interfering with medication prescription increased the overall validity of our study, 

by simulating the real world in clinical practice. Nevertheless, we suggest that more studies 

to assess the interaction of different types and doses of oral hypoglycemic medication with 

PBMt are certainly warranted.

The fact that we observed a better result after 100 J (without medication) compared with 

sham plus medication (Figures 7A, 7B and 7C) was interesting. Of note, other studies 

have also reported better results after PBMt compared to anti-inflammatory drugs in 

skeletal muscle trauma [63], and in Achilles tendinopathy [64]. Moreover, Nunes et al [65] 

reported that PBMt improved pain symptoms in endodontic treatment compared to ibuprofen 

administration. Thus, there is evidence in the literature that PBMt can actually exert more 

positive effects than commonly used medications for inflammation and pain. In this regard, 

the present results suggest that PBMt might be at least as effective for glycemic control as 

common oral medications. Nevertheless, we should mention that the present study assessed 

glycemia after an acute PBMt session for 12 hours only, under controlled conditions. Thus, 

our results do not not provide enough evidence to suggest that oral hypoglycemic medication 

should be replaced by PBMt to treat T2DM patients. Nevertheless, we believe the present 

data are very encouraging and should inspire more studies to fully understand the effects of 

PBMt on glucose metabolism, as well as the mechanisms involved.
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To understand the possible mechanisms involved in the improvement in glycemia control in 

response to PBMt, we assessed the cardiac autonomic control through the HRV indexes. 

Interestingly, we observed that after the regimens that induced the greatest reduction 

in glycemia (sham + medication and PBMt100 J) a significant increase was observed 

in the LF component of spectral analysis [8]. These findings may reflect an increase 

in the sympathetic autonomic modulation in response to hypoglycemia induced by 100 

J PBMt and medication use. It is well established that sympathetic nervous system 

plays an important role in increasing glucose production and also in decreasing glucose 

utilization, thus being considered an important hypoglycemic counterregulatory system [66]. 

In addition, greater sympathetic activation was previously observed when blood glucose 

clearance was accelerated by sulfonylureas combined with an acute bout of exercise [66]. 

Therefore, those findings corroborate the effectiveness of PBMt in reducing capillary blood 

glucose, and faster rate of glucose decay (figure 7C).

Although in the present study we did not investigate the intracellular mechanisms that 

might have played a role in the positive effects we observed, we believe that this topic 

deserves more investigation in the future. Animal [33, 34], as well as cell culture [30–32] 

studies have provided evidence that PBMt can improve insulin signaling by activating the 

Akt-AS160-GLUT4 pathway, and thus increasing glucose uptake and glycogen synthesis 

[53]. In a recent review, we summarized some possible mechanisms of PBMt-induced 

improvement in glucose metabolism [45]. Therefore, we believe it is reasonable to suggest 

that similar mechanisms would occur in the present study. Moreover, we cannot overlook 

the possible effect of PBMt on reducing hepatic glucose production, because it has been 

demonstrated that PBMt increases reactive oxygen species production, leading to activation 

of AMP-activated protein kinase (AMPK) [30], which could result in reduced expression 

of gluconeogenic enzymes [67]. Interestingly, metformin reduces hyperglycemia by similar 

mechanisms [67], which could help explain the lack of any additive effects of PBMt and 

metformin in the present study, because these therapies could act on the same pathway 

and possibly lead to a ceiling effect. However, as discussed previously, our T2DM patients 

were not exclusively on metformin, making direct inferences on the possible mechanisms 

responsible for the observed results difficult. There is no doubt that future studies should 

focus on the mechanisms responsible for the effects of PBMt on blood glycemia in human 

subjects, and how they interact with oral hypoglycemic medication intake.

Even though we did not observe an additive effect of PBMt and oral hypoglycemic 

medication, other combinations of hypoglycemic therapies have shown promising results. 

For instance, some studies have investigated the combination of exercise and PBMt in 

obese, non-diabetic subjects [68–70] and the results suggested improved glucose metabolism 

compared to exercise alone. More recently, we [71] reported that PBMt applied before a 

short-duration acute session of aerobic exercise in T2DM patients reduced glucose levels, 

which was not observed in sham-treated patients. Thus, there is limited evidence suggesting 

that a combination of PBMt and exercise is better than exercise alone in improving glucose 

metabolism. Because physical exercise [23] and oral hypoglycemic medication [11] are the 

current cornerstones of T2DM prevention and treatment, therefore the present study together 

with recent literature [36] all suggest that PBMt can improve glycemic control in T2DM 

patients. A study of the triple combination of medication plus exercise plus PBMt should be 
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undertaken to assess the potential clinically relevant, and additive (or inhibitory) effects on 

diabetes control and treatment.

5 CONCLUSION

In the present study we demonstrated for the first time in T2DM patients that PBMt 

applied alone with a dose of 100 Joules per site on the muscles of the lower and 

upper limbs was able to induce a significant reduction in capillary glycemia from 30 

minutes to 12 hours post irradiation. Considering the combined use of PBMt and oral 

hypoglycemic medication, we observed that there were no inhibitory or additive effects of 

these therapies. When we compared the best regimens (100 J without medication and sham 

+ medication), we observed there was better glycemic control after 100 J. This observation 

has clinical relevance, since PBMt is a non-invasive, painless, low-cost, non-pharmaceutical 

treatment, with no side-effects, and could lead to improved glycemic control compared 

to hypoglycemic drugs in T2DM patients. We also showed that the HRV was modulated 

by PBMt and could potentially be used as a tool to identify patients who are responsive 

to PBMt for glycemic control. However, the mechanisms of action of PBMt on glycemic 

control and HRV should be further investigated. Finally, we suggest carrying out multicenter 

trials using the same methodology as the present study to verify the effects of PBMt in 

different populations.
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Figure 1. 
Study design. PBMt – photobiomodulation therapy; HRV – heart rate variability.

Scontri et al. Page 17

J Biophotonics. Author manuscript; available in PMC 2024 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Light-emitting device composed of 200 low-intensity LEDs (light-emitting diodes), 

containing 25 arrays of 4 LEDs in the red range and 25 arrays of 4 LEDs in the near-

infrared range. Only near-infrared light was used in this study. Example of irradiation on the 

quadriceps femoris muscles.
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Figure 3. 
Capillary glycemia after an overnight fast (pre-prandial) and after a standardized meal 

(post-prandial), without oral hypoglycemic medication intake (no medication) or after 

oral hypoglycemic medication intake (medication) in type 2 diabetic patients (n=10). 

****p<0.0001 vs pre-prandial. Values are average and standard error of the mean.
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Figure 4A –. 
Change in glycemia response (delta) after the standardized meal (1 hour postprandial), and 

30 min, 3, 6, and 12 hours after 0 J (sham), 100 J or 240 J of photobiomodulation therapy 

(PBMt), in type 2 diabetes patients without oral hypoglycemic medication (n=10). Values 

are average and standard error of the mean. 4B – Area under the curve (n=10). Values are 

arbitrary units. Within group comparison vs 1 hour postprandial: #p<0.05 for sham, *p<0.05 

for 100 J, $ p<0.05 for 240 J. Between groups comparisons: ‡ p<0.05 vs sham, ∯ p<0.05 vs 

240 J.
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Figure 5A –. 
Delta glycemia response after a standardized meal (1 hour postprandial), and 30 min, 3, 6, 

and 12 hours after 0 J (sham), 100 J or 240 J of PBMt, in type 2 diabetes patients associated 

with oral hypoglycemic medication intake (n=10). Values are average and standard error of 

the mean. 5B – area under the curve (n=10). Values are arbitrary units. Between groups 

comparisons vs 1 hour postprandial: #p<0.05 for sham, *p<0.05 for 100 J, $ p<0.05 for 240 

J.
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Figure 6 –. 
Glycemia area under the curve without or with oral hypoglycemic medication intake 

combined with PBMt: sham (0 J) (6A); PBMt 100 J (6B); or PBMt 240 J (6C); (n=10). 

**p<0.01. Values are arbitrary units.
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Figure 7 –. 
Delta glycemia response after a standard meal (1 hour postprandial), and 30 min, 3, 6, and 

12 hours after PBMt sham (0 J) combined with oral hypoglycemic medication intake, and 

after PBMt 100 J without oral hypoglycemic medication intake in type 2 diabetes patients 

(n=10) (7A) - values are average and standard error of the mean. Area under the curve (7B) - 

values are arbitrary units. Rate of glucose decay (7C) - values are average and standard error 

of the mean. *p<0.05, **p<0.01.
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Table 1

Baseline patient characteristics

Sex (F/M) 7/3

Skin phototypes (Fitzpatrick scale)

 Type II (n) 6

 Type III (n) 3

 Type IV (n) 1

Age (years) 63.10 ± 8.34

Body mass (kg) 78.84 ± 16.30

Height (m) 1.57 ± 0.11

Body mass index (kg/m2) 31.81 ± 5.09

Time since diagnosis (years) 6.1 ± 3.6

Data shown as mean ± SD.
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Table 2.

Oral hypoglycemic medication used by patients

Class Daily dosage (mg)
Mean ± SD (min-max)

Patients under treatment
# (%)

Biguanides

 Metformin 1,605 ± 743 (500–2,550) 10 (100)

Sulfonylureas

 Glibenclamide 33 ± 18 (15–50) 2 (20)

 Gliclazide 60 ± 0 (NA) 2 (20)

DPP-4 inhibitors

 Sitagliptin 100 ± 0 (NA) 1 (10)

SGLT2 inhibitors

 Empagliflozin 25 ± 0 (NA) 2 (20)
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Table 3 -

Optical parameters of the light-emitting device and photobiomodulation therapy using LEDs (light-emitting 

diodes)

Number of LEDs 200 (100 infrared and 100 red)

Wavelength 830 ± 20 nm (infrared) and 630 ± 10 nm (red)

Frequency Continuous

Optical power (each array of 4 LEDs) 80 mW (infrared) and 80 mW (red)

Total device power 2 W (only infrared turned on)

Area of each LED 0.2 cm2

Device emission area 612 cm2

Irradiance (each array of 4 LEDs) 114.28 mW/cm2 (infrared) and 0 mW/cm2 (red)

Irradiation time per each site (sec) 30, 50, 120

Total energy per site (30 s) 0 J [infrared 0 J (25 × 0 J); red 0 J (25 × 0 J)]

Total energy per site (50 s) 100 J [infrared 100 J (25 × 4 J); red 0 J (25 × 0 J)]

Total energy per site (120 s) 240 J [infrared 240 J (25 × 9.6 J); red 0 J (25 × 0 J)]

Number of sites 8 (four muscle groups on each side)

Total energy per session (30 s) 0 J

Total energy per session (50 s) 800 J

Total energy per session (120 s) 1,920 J

Fluence – 30 s 0 J/cm2 (infrared) and 0 J/cm2 (red)

Fluence – 50 s 5.71 J/cm2 (infrared) and 0 J/cm2 (red)

Fluence – 120 s 13.71 J/cm2 (infrared) and 0 J/cm2 (red)

Method of application Device in contact with the skin, at 90° and with light pressure
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