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Introduction. A randomized clinical trial (RCT) was performed to evaluate the efficacy of low-level laser therapy (LLLT) for
hypothyroidism induced by chronic autoimmune thyroiditis (CAT). Objective. The objective was to assess the safety and
actions of LLLT 6 years after completion of the RCT. Materials and Methods. Forty-three participants were invited to
participate in this study 6 years after completion of the RCT. Twenty-five were subjected to LLLT (group L), and 18 were
subjected to placebo (group P). Primary outcome measure: frequency of thyroid nodules, which were subjected to fine-
needle aspiration biopsy. Secondary outcome measures: dose of levothyroxine required to treat hypothyroidism, thyroid
peroxidase antibodies (anti-TPO), and anti-thyroglobulin antibodies (anti-Tg). Results. In group L, a nodule was observed
in three patients, who all had a Bethesda II classification. In group P, a nodule was also observed in three patients, with
two classified as Bethesda II and one as Bethesda III. The levothyroxine dose required by group L was significantly lower
than that required by group P (P = 0 002). The anti-TPO and anti-Tg levels did not differ between the groups. Conclusion.
LLLT, by the methods described, has been shown to be safe for the treatment of hypothyroidism resulting from CAT.
This trial is registered with ClinicalTrials.gov Identifier: NCT02240563.

1. Introduction

Low-level laser therapy (LLLT), or photobiomodulation
(PBM), is a simple, noninvasive procedure without ionizing
radiation in which red or infrared light is used. Its action
has already been studied in several tissues, including thyroid
tissues. Electron microscopy studies have shown that the use
of LLLT does not cause damage to the thyroid parenchyma of

mice [1–3]. Furthermore, in rats, LLLT ameliorated the dam-
aging effect of gamma irradiation on the gland [4].

In humans, we initially assessed LLLT in patients with
hypothyroidism caused by chronic autoimmune thyroiditis
(CAT) in a pilot study [5]. We then studied patients under
the same conditions using a randomized clinical trial (RCT)
[6–8]; the results showed a reduction in the levothyroxine
(LT4) doses required to treat hypothyroidism, and 47.8% of
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the patients did not need to take LT4 during the 9 months of
follow-up, suggesting an improvement in gland function.
LLLT has a regenerative effect on various tissue types [9].
Therefore, LLLT could also act in the regeneration of thyroid
follicular cells and explain the improvement of thyroid func-
tion verified in the RCT. In addition, we observed an increase
in echogenicity by real-time computerized grayscale histo-
gram analysis in the patients subjected to LLLT. The thyroid
follicular structure, which represents the main acoustic inter-
face of the gland, is able to provide ideal conditions for reflec-
tion of the intense ultrasound echoes to the equipment probe.
In the case of CAT, the follicle destruction and the presence
of lymphocytic infiltration promote scattering of these waves,
which reduces sound reflection and results in hypoechogeni-
city [10, 11]. Hence, the augmentation of echogenicity
observed in the RCT suggests partial regeneration of follicu-
lar structure and/or a decrease in lymphocytic infiltration.

The reduction of thyroid peroxidase antibodies (anti-
TPO) was also noted in such patients [6], indicating a
decrease in the autoimmune process against the gland.

Although the initial results appear promising, the
safety and long-term actions of LLLT on thyroid tissue
in CAT patients are unknown. CAT is one of the causes
of thyroid nodule formation [12]. In addition, reports have
suggested that CAT may be associated with a significantly
increased frequency of well-differentiated thyroid carci-
noma [13]. Thus, it is particularly important to evaluate
the influence of LLLT on the frequency of the develop-
ment of thyroid nodules.

Since the actions of LLLT on thyroid function and anti-
thyroid antibodies are likely transient, subsequent applica-
tions will be required depending on several individual
factors, such as the intensity of the autoimmune response
and the degree of the parenchymal lesion.

With such considerations, the objective of this research
was to assess the safety and effects of LLLT 6 years after com-
pletion of RCT [6] by investigating thyroid nodules, the LT4
dose required to treat hypothyroidism, the concentrations of
anti-TPO and anti-thyroglobulin antibodies (anti-Tg), and
the color Doppler ultrasound (CDU) images.

2. Materials and Methods

This is the long-term follow-up of 43 patients with CAT-
induced hypothyroidism included in our RCT performed
between March 2006 and March 2009 [6]. Participants were
under treatment with adequate and stable doses of LT4,
had high anti-TPO and/or anti-Tg concentrations, and had
a thyroid parenchyma with reduced echogenicity and a dif-
fusely heterogeneous texture without nodules in all CDU
examinations. These patients were randomized to receive
10 sessions of LLLT (L group) or placebo (P group), twice a
week, for a total of 5 weeks of treatment [6]. The L group
was treated with a continuous-wave diode laser device (infra-
red laser of 830nm) at an output power of 50mW, a fluence
of 707 J/cm2 (40 s at each point of application), and an irradi-
ance of 17.68W/cm2. The P group was subjected to the same
method and equipment using an ordinary red light with an
output power of 0.1mW, a fluence of 1.41 J/cm2, and an irra-
diance of 0.03536W/cm2 [6].

Twenty-three patients were subjected to LLLT, and 20 to
placebo LT4 were discontinued 30 days after the end of the
interventions. From that moment, total T3, total T4, free
T4 (fT4), and thyrotropin (TSH) measurements were per-
formed at 30, 60, 90, 180, and 270 days to evaluate the pres-
ence of hypothyroidism and reintroduce appropriate doses of
LT4, according to preestablished criteria [6].

Two of the placebo-treated patients during the RCT were
then subjected to LLLT. Thus, in total, 25 patients were
treated with LLLT and 18 with placebo.

As of January 2014, we began calling patients to
adjust the LT4 supplementation doses. In September
2014, patients in the L and the P groups began to be
reassessed by the time they reached 6 years after com-
pleting the RCT (Figure 1). To compare the results of
the RCT and those of this study, three different moments
were considered: before the interventions performed in
the RCT (M0); at the follow-up to determine the out-
come of each RCT participant, that is, 270 days after sus-
pension of LT4 (M1); and during the present study (M2)
performed 6 years after M1. At M2, clinical evaluations,

Pre-
interventions

Interventions

Patients
using LT4

Time points LLLT or
placebo

LT4
withdrawal

Reintroduction of LT4 for patients who presented
hypothyroidism in a sufficient dose to achieve normalization

of T3, T4, fT4 and TSH concentrations

Long-term
follow-up

Evaluations

T3, T4, fT4, TSH
Anti-TPO, anti-Tg
TRAb, TGF-�훽1, US

5
weeks

30
days

30
days

60
days

90
days

180
days

270
days

6 years
post-M1

US post-
intervention

patients
undergoing

LT4; TGF-�훽1

T3, T4,
fT4, TSH

Anti-TPO,
Anti-Tg

T3, T4,
fT4, TSH

Anti-TPO,
Anti-Tg

T3, T4,
fT4, TSH

Anti-TPO,
Anti-Tg

T3, T4,
fT4, TSH

Anti-TPO,
Anti-Tg

T3, T4,
fT4, TSH

Anti-TPO,
Anti-Tg

US, FNA if necessary,
clinical exam, T3, T4,
fT4, TSH, anti-TPO,

Anti-Tg

M0 M1 M2

Figure 1: Study design.
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biochemical measurements, and CDU were performed for
each patient (Figure 1).

This study was conducted at the Radiology Institute of
the Clinics Hospital, University of Sao Paulo Medical
School (Hospital das Clínicas-Faculdade de Medicina da
Universidade de São Paulo (HC-FMUSP)). HC-FMUSP’s
Research Ethics Committee approved this study and the
patient consent forms. All the patients signed the consent
forms voluntarily.

2.1. Inclusion Criteria. The inclusion criteria are patients who
participated in the RCT (NCT01129492).

2.2. Exclusion Criteria. The exclusion criteria include (a) RCT
patients subjected to radioiodine therapy of the thyroid or
surgical intervention of the gland and/or neck during the
period of follow-up; (b) RCT patients using immunosuppres-
sants, immunostimulants, or drugs that interfere with the
production, transport, and metabolism of thyroid hormones
(e.g., corticosteroids, lithium, and amiodarone); and (c) RCT
patients who were pregnant.

2.3. Study Design. Six years after M1, clinical evaluation, bio-
chemical measurements, and CDU were performed for each
patient (Figure 1).

Prior to the assessment of the patients, appropriate and
stable LT4 replacement doses for each patient were adjusted
by a physician from the Thyroid Outpatient Clinic of the
HC-FMUSP who was blinded to the treatment assignments.
The adjustments to LT4 supplementation doses were deter-
mined according to the same criteria utilized for the RCT
patients: increase of 25μg/day in LT4 when the TSH was
>4.5μU/mL and <10μU/mL; increase of 50μg/day in LT4
when the TSH was ≥10μU/mL; and reduction of 25μg/day
in LT4 when the TSH was <0.4μU/mL.

Then, as patients reached 6 years after their participation
in the RCT, they were subjected to blood collection for bio-
chemical measurements and to CDU.

The CDU parameters were used both to identify the
presence of thyroid nodules and to investigate the auto-
immune inflammatory process. Before the LLLT and pla-
cebo interventions, none of the patients had evidence of
nodules by CDU.

For the assessment of LLLT safety in the induction of thy-
roid cancer, fine-needle aspiration (FNA) biopsy was
planned for all nodules identified by CDU. The test was inter-
preted by a cytopathologist experienced in thyroid pathology
who was blinded to the treatment groups.

Anti-TPO and anti-Tg levels were measured to estimate
the autoimmune response. The dose of LT4 required to
maintain normal (or near normal) serum concentrations of
total T3, total T4, fT4, and TSH was also determined for
patients in both groups.

2.4. Outcome Measures. The primary outcome measure was
LLLT safety estimated by the frequency of benign and malign
nodules detected at M2. The secondary outcome measures
were the LT4 dose required to achieve normal total T3, total
T4, fT4, and TSH concentrations, the serum concentrations
of anti-TPO and anti-Tg, and the CDU parameters at M2.

2.5. Color Doppler Ultrasound Study. CDU was performed by
an investigator who was blinded to the treatment groups. The
exam was performed with the patient in the supine position
and a cushion under their shoulders with their neck
hyperextended.

2.6. Equipment. A high-resolution IU22™ device (Philips
Medical Systems®, Bothell, WA, USA) attached to a broad-
band linear probe (5–12MHz) was employed for the B-
mode and color flow Doppler thyroid parameters analyses.

2.7. Gray Scale (B-Mode) Sonography. The size, volume,
shape, echogenicity, and echotexture of the gland were exam-
ined as well as the presence or absence of thyroid nodules.
The echogenicity was subjectively analyzed by comparing
the intensity of the echoes from the thyroid with those from
the sternocleidomastoid and prethyroid muscles. The thyroid
parenchyma echo intensity was divided into three categories:
normal, increased, or reduced echogenicity. The echotex-
ture was categorized as either diffusely homogeneous or
heterogeneous. The volume (cubic centimeters) of each lobe
and isthmus was calculated by the formula: length (centime-
ters)×width (centimeters)×depth (centimeters)× 0.528. We
adopted reference values of 6–16 cm3 [14].

When nodules were identified, their characteristics, such
as dimensions, echogenicity, shape, border regularity, solid/
mixed, presence of halo, presence of calcifications and micro-
calcifications, vascularization, and resistivity indices of the
intranodular arteries, were examined.

The CDU images were obtained using color and pulsed
Doppler imaging.

2.8. Color Doppler. The transducer was lightly supported on
the skin, without pressing of the skin to avoid an underesti-
mation of the vascularization due to the compression of the
blood vessels.

The device was configured as follows: color Doppler gain
of approximately 80%; wall filter (WF) low and pulse-
repetition frequency (PRF) of approximately 750Hz; and
velocity scale of 5.0 cm/s. The isthmus vascularization was
not assessed. The color gain was adjusted up to the highest
possible level that was not associated with image saturation
artifact. All of the two-dimensional images were recorded at
the time of the greatest visible flow, corresponding to the
peak systolic velocity (PSV) of blood flow.

The thyroid vascularization pattern (TVP) was classified
into four categories, as previously planned [6]: pattern
0—the vascularization was decreased and was limited to the
main peripheral arteries, which had reduced signals; pattern
I—the vascularization was limited to the main peripheral
thyroid arteries, which exhibited the usual signals, whereas
only signals of vascularization focal points with either a scat-
tered distribution or a localized presence were found in the
interiors of the nodules; pattern II—the vascularity clearly
increased and had a scattered distribution; and pattern
III—the vascularization was markedly increased and had a
diffuse and homogeneous distribution, including the so-
called “thyroid inferno” pattern.
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We assigned vascularization patterns from 0 to III to the
right and left lobes of each patient’s thyroid, that is, a total of
86 lobes.

2.9. Pulsed Doppler. The parameters used for the pulsed
Doppler were the same as those used for the color Doppler.
For PSV and resistive index (RI) measurements, both the
right and left inferior thyroid arteries (ITAs) were identified,
and the sampling volume was adjusted to 1mm at the center
of these vessels. The Doppler angle was always corrected to
values smaller than 60°. Both the right and the left ITAs were
examined in the oblique axial plane. The values of the peak
systolic velocity of the inferior thyroid arteries (ITA-PSV)
and the resistive index of the inferior thyroid arteries (ITA-
RI) were obtained from pulsed Doppler analysis. The mean
values of the right and left ITA-PSV and ITA-RI were used
as representative variables for the statistical analysis.

2.10. Thyroid Nodule Cytopathology. Ultrasound-guided
FNA biopsies were performed in all identified thyroid nod-
ules. The IU22™ device (ATL/Philips®; Bothell, Washington,
USA) with a 7–12MHz linear probe was used to guide the
procedures. The aspiration procedure was performed by
means of the “mixed sampling technique” in which the oper-
ator used his or her wrist to move the needle up and down for
a few seconds [15]. A 23-gauge needle attached to 10mL
plastic syringe coupled to a device to induce negative pres-
sure was used to carry out the procedure. Three smears were
obtained from each nodule and were sent for cytopathologi-
cal diagnosis. All cytological smears were evaluated by one
expert cytopathologist according to the Bethesda System for
Reporting Thyroid Cytology [16].

2.11. Biochemical Measurements.Venous blood samples were
obtained in the morning, after an overnight fast and before
ingesting any medication on the same day that the CDU
was performed.

The serum concentrations of total T3, total T4, fT4, TSH,
anti-TPO, and anti-Tg were measured through the chemilu-
minescence method, using total T3, total T4, fT4, TSH, anti-
TPO, and anti-Tg ADVIA Centaur® XP Immunoassay
System kits (Siemens Healthcare Diagnostics Inc., Tarry-
town, NY, USA). All biochemical exams were performed by
the High Diagnostic Quality Laboratory (Laboratório Alta
Excelência Diagnóstica-DASA Group, São Paulo, SP, Brazil).

The reference values, analytical sensitivities, intra-assay
coefficients of variations, and inter-assay coefficients of vari-
ations for the aforementioned assays were the following,
respectively: (A) total T3= 70–220ng/mL, 20 ng/dL, 2.22%,

and 1.15%; (B) total T4=5.1–13.5μg/dL, 0.3μg/dL, 2.04%,
and 2.98%; (C) fT4= 0.7–1.8 ng/dL, 0.1 ng/dL, 2.7%, and
2.94%; (D) TSH=0.4–4.3μIU/mL (15–61 years of age) or
0.4–5.8μIU/mL (over 61 years of age), 0.008μIU/mL,
2.02%, and 1.55%; (E) anti-TPO< 60 IU/mL, 1.0 IU/mL,
4.1%, and 3.1%; and (F) anti-Tg< 60 IU/mL, 1.0 IU/mL,
4.3%, and 3.0%. When the serum concentrations of anti-
TPO and anti-Tg were below or above the detection limit,
the corresponding minimum and maximum values were
adopted as being representatives for the statistical analysis.

2.12. Statistical Analysis. Statistical analysis was conducted
using SPSS® software (version 17.0-SPSS Inc., IBM® Head-
quarters Company, Chicago, IL, USA).

The baseline clinical data and the outcomes are presented
as the mean± standard deviation (SD). For the variables with
a parametric distribution, the t-test was used for independent
samples (not paired), and/or the t-test for paired samples was
used. For nonparametric variables, the Mann–Whitney U
test was used for independent samples (unpaired), and/or
the Wilcoxon test was used for paired samples. The chi-
squared and binomial tests were used for comparisons of
proportions. Two-sided P values < 0.05 were considered
statistically significant (∗).

3. Results

Between September 2014 and March 2016, the 43 RCT par-
ticipants were evaluated in this study, and there was no loss
of participants (Table 1). One of the patients who underwent
LLLT refused to have his/her blood collected on the day his/
her US was performed. Thus, his/her biochemical data were
not included in the statistical analysis.

3.1. Primary Outcome Measure. The safety of LLLT was
assessed by the frequency of thyroid nodules and their nature
(benign or malignant). Of the 25 patients subjected to LLLT,
three presented a nodule in the US. Of these three, each had a
thyroid nodule. The three nodules were classified as category
II of the Bethesda system. In the group of 18 placebo-treated
patients, three showed nodules, each with a thyroid nodule
(Table 2). Of the three nodules observed, two were classified
as category II and one as category III of the Bethesda system.

3.2. Secondary Outcome Measures. The long-term effects of
LLLT on thyroid function, antithyroid antibodies, and
CDU parameters were assessed by comparing independent
samples (group L versus group P at a given time) and/or
paired samples (before and after intragroup). The two
patients who were part of group P in the RCT and were then

Table 1: Baseline characteristics of the patients included in this study (M2).

Features L group (n = 25) P group (n = 18) P value

Mean age± SD (years) 50.60± 10.07 49.10± 11.56 0.804

Female/male 25/1 18/0

Mean disease duration± SD (years) 11.33± 3.35 11.58± 3.48 0.601

Body mass (weight)± SD (kg) 76.53± 16.24 74.74± 16.06 0.886

Body mass index (BMI) 30.87± 6.22 29.34± 4.96 0.570
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subjected to LLLT (i.e., they moved to group L) were
excluded from the paired analysis.

The LT4 dose required to achieve normal total T3, total
T4, fT4, and TSH concentrations, the anti-TPO and anti-Tg
levels, and the US parameters were assessed at M2.

3.2.1. Dose of LT4. The mean LT4 dose (μg/day and μg/kg/
day) required to obtain normal (or near normal) mean con-
centrations of total T3, total T4, fT4, and TSH in the present
study (M2) was significantly lower in group L than in group P
(Table 3). There was no statistically significant difference in
the concentrations of total T3, total T4, fT4, and TSH, the
body mass (weight), and the BMI between both groups at
M2 (Tables 1 and 3).

The paired analysis showed that there was no statistically
significant difference between the mean dose of LT4 (μg/
day) used by the L group at M0 (93.48± 44.09μg/day) and
M2 (91.28± 42.99μg/day; P = 0 696; Figure 2), whereas in
groupP, thedoseused atM0(88.89± 42.20μg/day)was signif-
icantly lower than that used at M2 (141.72± 52.62μg/day;
∗P < 0 001; Figure 2). In group L, the dose of LT4 at M2
(91.28±42.99μg/day) was significantly higher than that at M1
(38.59±46.75μg/day; ∗P < 0 001; Figure 2), whereas in group
P, the dose of LT4 was also higher at M2 (141.72±52.62μg/
day) than at M1 (107.64±50.94μg/day, ∗P = 0 001; Figure 2).

The mean dose of LT4 (μg/kg/day) showed similar results
in the paired analysis: group L at M0 (1.32± 0.60μg/kg/day)
versus group L at M2 (1.23± 0.59μg/kg/day, P = 0 375);
group P at M0 (1.18± 0.45μg/kg/day) versus group P at M2
(1.86± 0.53μg/kg/day, ∗P < 0 001). In group L, the dose of
LT4 at M2 (1.23± 0.59μg/kg/day) was significantly higher
than that at M1 (0.53± 0.64μg/kg/day; ∗P < 0 001), while in
group P, the dose of LT4 was also significantly higher at
M2 (1.86± 0.53μg/kg/day) than at M1 (1.41± 0.50μg/kg/
day; ∗P < 0 001).

3.2.2. Autoantibodies. At M2, the anti-TPO concentrations
were not significantly different between group L (474.10
± 475.35 IU/mL) and group P (702.67± 575.01 IU/mL; P =
0 166). The anti-Tg concentrations did not differ signifi-
cantly between group L (176.80± 156.58 IU/mL) and group
P (319.41± 298.90 IU/mL, P = 0 078). Paired analysis of both
the anti-TPO and anti-Tg concentrations and positivity was
not performed because the analysis kits used to measure the
autoantibodies at M0 and M1 were different from those
employed at M2.

3.2.3. CDU Parameters. As at M0 and M1, all patients in both
groups continued to exhibit thyroid parenchyma with

reduced echogenicity and a diffusely heterogeneous texture
at M2. The volume values did not differ significantly between
the two groups at M2 (Table 3). However, at this moment,
the proportion of patients with a normal volume was signif-
icantly higher in group L than in group P (Table 4).

The frequency of a normal TVP of the thyroid lobes in
groups L and P did not differ significantly at M2 (Table 5).
The right and left ITA-PSV and ITA-RI mean also did not
differ significantly between the two groups at M2 (Table 3).

4. Discussion

Many studies have provided an impressive amount of infor-
mation on the mechanisms of action of LLLT. Recently, the
term LLLT has been replaced by the more appropriate term
photobiomodulation (PBM) therapy.

LLLT (infrared) actions result from the interaction of
light with endogenous photoacceptors during irradiation.
The effects of infrared light come from the interaction
with at least two main photoacceptors, including cyto-
chrome c oxidase (unit IV in the mitochondrial respiratory
chain) and intracellular water [9, 17]. One of the main
hypotheses is that the photons dissociate inhibitory nitric
oxide from the cytochrome c oxidase, which promotes
increases in electron transport, mitochondrial membrane
potential, and adenosine triphosphate (ATP) concentration
[18]. Next, many signaling pathways are activated through
Ca2+ release from intracellular stores, which increases the
concentrations of cyclic adenosine monophosphate (cAMP),
reactive oxygen species (ROS), nitric oxide (NO), and inosi-
tol phosphates, leading to the activation of transcription fac-
tors [9, 17, 18]. These factors can induce increased expression
of genes related to the synthesis or release of many molecules,
such as growth factors, interleukins, cytokines, anti-apoptotic
proteins, and antioxidant enzymes. Such molecules are
responsible for cell proliferation/differentiation, regenera-
tion of several types of tissues, and modulation of immu-
nological responses [9, 17, 18]. Our hypothesis is that
such actions also occur during irradiation of thyroid
parenchyma, thus promoting cell regeneration and modu-
lation of autoimmune response.

The RCT showed evidence that LLLT promoted the
following: (a) an improvement in thyroid function, as indi-
cated by the reduction in the dose of LT4 used to treat
hypothyroidism; (b) a reduction in serum anti-TPO con-
centrations; and (c) improvement in the echogenicity, vol-
ume, and thyroid vascularization pattern in CDU [6, 7].
Such results suggest that LLLT may be an interesting alterna-
tive for the treatment of CAT-induced hypothyroidism.
However, the long-term effects and safety of this approach
are unknown.

The infrared laser (830 nm) used in the RCT did not have
ionizing radiation; therefore, it was not expected that there
would be an increase in the frequency of nodules, including
malignant ones, in the group that underwent LLLT.

As planned, the patients selected for the RCT did not
present thyroid nodules. In the present study (6 years later),
6 thyroid nodules were observed in 43 patients, which corre-
sponds to an incidence greater than double that observed in

Table 2: Comparison between the frequency of nodules in groups L
and P 6 years after the conclusion of the RCT (M2).

Main outcome
Group L
n = 25

Group P
n = 18 Total n (%) P value

Frequency of
nodules

3 (12%) 3 (16.7%) 43 (100%) 0.663

Binomial test.
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the general population [12]. This finding enforces the exis-
tence of an association between thyroid nodular disease and
CAT [19].

In the current study, the proportion of nodules was sim-
ilar between the L and the P groups. No malignant nodules
were observed, and the only nodule of indeterminate nature
(Bethesda III) was from a patient in group P. These results
show that LLLT had no effect on the formation of benign
and malignant thyroid nodules.

Although the use of LLLT (infrared) on thyroids with
nodules has not yet been studied, ultrasound-guided intersti-
tial photocoagulation with a high-power laser (infrared) has
been evaluated by several authors for the treatment of benign
thyroid nodules beginning in the 2000s [20–22]. Such studies
provide indirect information on the safety of infrared LLLT
for benign thyroid nodules. When a high-power laser beam
interacts with the tissue, a higher concentration of energy
occurs at the point of contact between the fiber and the tissue
(photothermic effect). As the laser light moves away from
this point, there is intense energy decay due to multiple scat-
tering and absorption, which will reach the periphery of the
treated area at very low levels compatible with those of the
LLLT. This phenomenon is known as the α- or residual effect
of the laser [23]. Although there is energy decay, the wave-
length does not change. It may be noted that the same wave-
length can promote both tissue destruction (photothermic
effect) and regeneration (LLLT), depending on the power
applied. Long-term studies have demonstrated that the use
of high-power lasers is safe for the treatment of benign thy-
roid nodules [24–26]. Thus, we believe that when a high-
power laser is used to promote photocoagulation (photother-
mic effect) within a thyroid nodule, LLLT actions occur at the
periphery or surrounding the nodule due to energy decay.
Since wavelengths that do not have ionizing radiation were
employed in both cases, we suppose that the use of infrared
LLLT in patients with benign nodules might be equally safe.

The dose of LT4 required to treat hypothyroidism may
indirectly indicate the functional capacity of the thyroid fol-
licular cells. In the RCT, the L group had a reduction in the
LT4 dose, but there was an increase in the P group [6].

In the present study, the dose of LT4 used for the L group
was lower than that used for the P group. In the paired anal-
ysis, the dose of LT4 used for the L group was similar to that
used before LLLT and higher than that used at M1 of the
RCT (Figure 2). At M1, the required dose of LT4 was signif-
icantly lower in the L group than in the P group (Figure 2);
this difference was possibly associated with the tissue regen-
eration action promoted by LLLT already demonstrated in
other tissues [9]. However, as we predicted, this supposed
effect on follicular cells is limited in time, since the required
dose of LT4 at M2 returned to the values used before LLLT.
This result suggests that new LLLT applications would be
needed over time. However, for this purpose, demonstrating
safety is indispensable.

In group P, when comparing the preplacebo moments,
270 days postplacebo follow-up and the present study, a pro-
gressive increase in the required dose of LT4 was observed,
suggesting gradual deterioration of follicular cell function as
a result of the lesion promoted by an autoimmune process
(Figure 2). In this case, it is postulated that the absence of
the LLLT regenerative stimulus of the follicular cells gave rise
to a gradual injury promoted by the autoimmune process,
which led to an increase in LT4 needs. This is possibly the
reason why in the present study, the dose of LT4 used by
the P group remained higher than that used by the L group.

High anti-TPO and anti-Tg levels indicate the presence
of autoimmunity against the thyroid [27]. At the end of
the RCT, the anti-TPO concentrations were lower in the
L group than in the P group [6]; however, in the present
study, such concentrations showed no significant differ-
ence. These results indicate that the reduction in post-
LLLT anti-TPO has a limited effect over time but could
be extended for a longer period through additional inter-
ventions. In the present study, the anti-Tg levels did not
differ between the L and the P groups, while in the
RCT, there was only a tendency for anti-Tg levels to
decrease in the L group [6], indicating that LLLT, as it
was employed, had no significant influence on anti-Tg
levels.

At M2, although the mean thyroid volume did not differ
between the two groups, the proportion of patients with a
normal volume was higher in the L group than in the P
group. A similar result was also observed for the CDU per-
formed 30 days RCT postintervention. It is possible that the
effects of LLLT on the inflammatory process and tissue
regeneration may have contributed to this outcome.

The US performed 30 days RCT postintervention showed
that the proportion of patients with a normal TVP was higher
in the L group than in the P group [7], but in the present
study, this proportion did not differ significantly. This find-
ing indicates that the effects of LLLT on the improvement
of TVP are also transient. In the pulsed Doppler US, both
the mean ITA-PSV and the mean ITA-RI did not differ
between the two groups. The results obtained in the RCT
for these parameters were similar.

Some limitations of this study may be mentioned. The
vascularization was evaluated by means of a subjective
method, with classification of the vascularization into four
different patterns. Although the evaluation of TVP was
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Figure 2: Replacement doses of LT4 (μg/day) required by the
patients of the L and P groups at M0, M1, and M2.
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performed by a single experienced examiner, there may be
intraobserver variations in interpretation in the case of
borderline patterns. However, two separate analyses by
two independent investigators could also be employed to
improve this evaluation. The use of different anti-TPO
and anti-Tg measurement kits during the RCT and the
present study made comparative analysis impossible at
those moments. The safety analysis was based on a small
sample of patients. Therefore, further research is needed
to reinforce these results.

In summary, the results showed that LLLT (infrared
laser) is safe when used for the treatment of patients with
CAT without nodules in the parenchyma, as there was no
increase in the frequency of nodular lesions. There was also
no worsening of autoimmunity, as the concentrations of anti-
thyroid antibodies were similar in both groups. Further, thy-
roid function, as estimated indirectly by the dose of LT4
required to treat hypothyroidism, was better in the patients
treated with LLLT. As we anticipated, the effects of LLLT
are transient, and thus, new therapy sessions will be neces-
sary over time to maintain the obtained RCT results. The
RCT results showed that the effects of LLLT persisted for at
least 11 months.

The importance of safety results should be emphasized
not only for LLLT maintenance sessions but also mainly to
enable the future assessment of the efficacy of LLLT in
patients in the early stages of the disease, such as those with
subclinical hypothyroidism. In our opinion, this will be the
ideal time for the use of LLLT because the thyroid paren-
chyma is more preserved at this stage and better results can
be achieved. In addition, safety demonstration is critical for
professionals using LLLT in regions close to the thyroid for
the treatment of other problems, such as muscle pain, inflam-
matory processes, and intraoral treatments.

5. Conclusion

The results suggest that LLLT is safe for the treatment of
patients with CAT-induced hypothyroidism under the con-
ditions specified herein, and therefore, subsequent applica-
tions may be considered for the purpose of maintaining or

improving the obtained results. Future research will be
important to corroborate these results.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

Acknowledgments

This research project was supported by a fellowship from the
“Fundação de Amparo à Pesquisa do Estado de São Paulo”
(FAPESP). We thank Alta Excelência Diagnóstica, DASA
Group for all of the biochemical measurements in this study.
The authors thank Berenice Bilharinho Mendonça, Elisabeth
Mateus Yoshimura, Adriana Gonçalves Juliano, and Meyer
Knobel for their assistance and support for this study. This
research is related to the following abstracts presented at
the American Society for Laser Medicine and Surgery Annual
Conferences: (1) DB Höfling, MC Chavantes, CA Buchpi-
guel, GG Cerri, PC Carneiro, S Marui, MC Chammas
“Long-Term Follow-Up of Patients with Hypothyroidism
Induced by Autoimmune Thyroiditis Submitted to Low-
Level Laser Therapy,” Late-Breaking Abstracts. Lasers in Sur-
gery and Medicine, vol. 49, pp. 405–416, 2017, doi: 10.1002/
lsm.22660. (2) DB Höfling, MC Chavantes, GG Cerri, AG
Juliano, M Knobel, EM Yoshimura, MC Chammas, “Low
Level Laser Therapy Can Improve the Thyroid Vasculariza-
tion in Patients with Chronic Autoimmune Thyroiditis,”
American Society for Laser Medicine and Surgery late-
breaking abstracts for the 32nd ASLMS annual conference
abstracts. Lasers in Surgery and Medicine, vol. 44, pp. 350–
359, 2012, doi: 10.1002/lsm.22028.

References

[1] L. H. Azevedo, A. C. Correaaranha, S. F. Stolf, C. D. P.
Eduardo, and M. M. Ferreira Vieira, “Evaluation of low inten-
sity laser effects on the thyroid gland of male mice,” Photome-
dicine and Laser Surgery, vol. 23, no. 6, pp. 567–570, 2005.

[2] L. Vidal, M. Ortiz, and I. Perez de Vargas, “Ultrastructural
changes in thyroid perifollicular capillaries during normal

Table 4: Comparison between the proportions of patients with normal and abnormal thyroid volume between groups L and P at M2.

Volume Group L n (%) Group P n (%) Total n (%) P value

Normal volume 18 (72) 7 (61) 25 (58.1) 0.030∗

Abnormal volume (increased or reduced) 7 (28) 11 (39) 18 (41.9)

Total 25 (58.10) 18 (41.9) 43 (100)

Chi-squared test.

Table 5: Comparison of the proportions of patients with normal and abnormal TVP between the L and the P groups at M2.

Vascularization Group L n (%) Group P n (%) Total n (%) P value

Normal vascularization 6 (12) 2 (6) 8 (58.1) 0.408

Abnormal vascularization (patterns I, III, and IV) 44 (88) 34 (94) 78 (41.9)

Total 50 (58.1) 36 (41.9) 86 (100)

Chi-squared test.

8 International Journal of Endocrinology

https://doi.org/10.1002/lsm.22660
https://doi.org/10.1002/lsm.22660
https://doi.org/10.1002/lsm.22028


postnatal development and after infrared laser radiation,”
Lasers in Medical Science, vol. 17, no. 3, pp. 187–197, 2002.

[3] C. Parrado, F. Carrillo de Albornoz, L. Vidal, and I. Perez
de Vargas, “A quantitative investigation of microvascular
changes in the thyroid gland after infrared (IR) laser
radiation,” Histology and Histopathology, vol. 14, no. 4,
pp. 1067–1071, 1999.

[4] N. Morcos, M. Omran, H. Ghanem, M. Elahdal, N. Kamel, and
E. Attia, “Phototherapeutic effect of low-level laser on thyroid
gland of gamma-irradiated rats,” Photochemistry and Photobi-
ology, vol. 91, no. 4, pp. 942–951, 2015.

[5] D. B. Höfling, M. C. Chavantes, A. G. Juliano et al., “Low-level
laser therapy in chronic autoimmune thyroiditis: a pilot
study,” Lasers in Surgery and Medicine, vol. 42, no. 6,
pp. 589–596, 2010.

[6] D. B. Höfling, M. C. Chavantes, A. G. Juliano et al., “Low-level
laser in the treatment of patients with hypothyroidism induced
by chronic autoimmune thyroiditis: a randomized, placebo-
controlled clinical trial,” Lasers in Medical Science, vol. 28,
no. 3, pp. 743–753, 2013.

[7] D. B. Höfling, M. C. Chavantes, A. G. Juliano et al., “Assess-
ment of the effects of low-level laser therapy on the thyroid
vascularization of patients with autoimmune hypothyroidism
by color Doppler ultrasound,” ISRN Endocrinology, vol. 2012,
Article ID 126720, 9 pages, 2012.

[8] D. B. Höfling, M. C. Chavantes, M. M. P. Acencio et al.,
“Effects of low-level laser therapy on the serum TGF-β1 con-
centrations in individuals with autoimmune thyroiditis,”
Photomedicine and Laser Surgery, vol. 32, no. 8, pp. 444–449,
2014.

[9] X. Gao and D. Xing, “Molecular mechanisms of cell prolif-
eration induced by low power laser irradiation,” Journal of
Biomedical Science, vol. 16, no. 1, p. 4, 2009.

[10] A. Yoshida, T. Adachi, T. Noguchi et al., “Echographic find-
ings and histological feature of the thyroid: a reverse
relationship between the level of echo-amplitude and lym-
phocytic infiltration,” Endocrinologia Japonica, vol. 32,
no. 5, pp. 681–690, 1985.

[11] H. -W. Müller, S. Schröder, C. Schneider, and G. Seifert,
“Sonographic tissue characterisation in thyroid gland diagno-
sis. A correlation between sonography and histology,”
Klinische Wochenschrift, vol. 63, no. 15, pp. 706–710, 1985.

[12] H. Gharib, E. Papini, R. Valcavi et al., “American Associa-
tion of Clinical Endocrinologists and Associazione Medici
Endocrinologi medical guidelines for clinical practice for
the diagnosis and management of thyroid nodules,” Endo-
crine Practice, vol. 12, no. 1, pp. 63–102, 2006.

[13] I. Okayasu, “The relationship of lymphocytic thyroiditis to the
development of thyroid carcinoma,” Endocrine Pathology,
vol. 8, no. 3, pp. 225–230, 1997.

[14] J. Tramalloni and H. Monpeyssen, “Thyroïde normale et
variants,” in Écographie de la Thyroïde, J. Tramalloni and
H. Monpeyssen, Eds., pp. 1–30, Elsevier/Masson, Issy-les-
Moulieaux, France, 2006.

[15] Y. Gao, N. Qu, L. Zhang, J. Y. Chen, and Q. H. Ji, “Preoperative
ultrasonography and serum thyroid-stimulating hormone on
predicting central lymph node metastasis in thyroid nodules
as or suspicious for papillary thyroid microcarcinoma,”
Tumour Biology, vol. 37, no. 6, pp. 7453–7459, 2016.

[16] E. S. Cibas and S. Z. Ali, “The Bethesda system for reporting
thyroid cytopathology,” Thyroid, vol. 19, no. 11, pp. 1159–
1165, 2009.

[17] S. R. Tsai and M. R. Hamblin, “Biological effects and medical
applications of infrared radiation,” Journal of Photochemistry
and Photobiology B: Biology, vol. 170, pp. 197–207, 2017.

[18] L. F. de Freitas and M. R. Hamblin, “Proposed mechanisms of
photobiomodulation or low-level light therapy,” IEEE Journal
of Selected Topics in Quantum Electronics, vol. 22, no. 3,
pp. 348–364, 2016.

[19] I. Zosin and M. Balas, “Clinical, ultrasonographical and histo-
pathological aspects in Hashimoto's thyroiditis associated with
malignant and benign thyroid nodules,” Endokrynologia Pol-
ska, vol. 64, no. 4, pp. 255–262, 2013.

[20] H. Dossing, F. N. Bennedbaek, S. Karstrup, and L. Hegedus,
“Benign solitary solid cold thyroid nodules: US-guided inter-
stitial laser photocoagulation— initial experience,” Radiology,
vol. 225, no. 1, pp. 53–57, 2002.

[21] C. M. Pacella, G. Bizzarri, S. Spiezia et al., “Thyroid tissue: US-
guided percutaneous laser thermal ablation,” Radiology,
vol. 232, no. 1, pp. 272–280, 2004.

[22] C. M. Pacella, G. Bizzarri, R. Guglielmi et al., “Thyroid tissue:
US-guided percutaneous interstitial laser ablation-a feasibility
study,” Radiology, vol. 217, no. 3, pp. 673–677, 2000.

[23] T. Ohshiro and R. G. Calderhead, “Development of low
reactive-level laser therapy and Its present status,” Journal of
Clinical Laser Medicine & Surgery, vol. 9, no. 4, pp. 267–275,
1991.

[24] R. Valcavi, F. Riganti, A. Bertani, D. Formisano, and C. M.
Pacella, “Percutaneous laser ablation of cold benign thyroid
nodules: a 3-year follow-up study in 122 patients,” Thyroid,
vol. 20, no. 11, pp. 1253–1261, 2010.

[25] H. Dossing, F. N. Bennedbaek, and L. Hegedus, “Long-term
outcome following interstitial laser photocoagulation of
benign cold thyroid nodules,” European Journal of Endocrinol-
ogy, vol. 165, no. 1, pp. 123–128, 2011.

[26] S. Piana, F. Riganti, E. Froio, M. Andrioli, C. M. Pacella, and
R. Valcavi, “Pathological findings of thyroid nodules after
percutaneous laser ablation: a series of 22 cases with cyto-
histological correlation,” Endocrine Pathology, vol. 23, no. 2,
pp. 94–100, 2012.

[27] A. P. Weetman, “Autoimmune thyroid disease,” Autoimmu-
nity, vol. 37, no. 4, pp. 337–340, 2004.

9International Journal of Endocrinology



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

