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Methylation of the NR3C1 gene in individual with chronic pain: patient
profile in a cross-sectional study with users of the public health system

Metilacao do gene NR3C1 em individuos com dor crénica: perfil de pacientes em estudo
transversal com usuarios do sistema publico de saude

Alexandre Lima Castelo-Branco', Tamires dos Santos Vieira', Flavia Vitorino Freitas’, Julia Assis Pinheiro', luri Drumond Louro’,

Adriana Maria Alvares-da-Silva’

ABSTRACT

BACKGROUND AND OBJECTIVES: Studies suggest that
shared molecular factors can simultaneously affect different
chronic pain syndromes. Understanding the epigenetic mecha-
nisms of various diseases that are associated with chronic pain
is essential to comprehend its appearance and progression. The
objective of this study is to evaluate the association between
DNA methylation of the NR3CI1 gene with the presence and
intensity of chronic pain, as well as predictive factors also consi-
dering socioeconomic, health and lifestyle factors correlated with
this association, in adult individuals using the Brazilian Unified
Health System (Sistema Unico de Satide - SUS) in a municipality
in Southeast Brazil.

METHODS: This is a cross-sectional study, whose data collec-
tion was carried out through interviews to investigate socioeco-
nomic status, lifestyle and health conditions, in addition to an-
thropometric assessments and blood samples. Data were analyzed
by quantitative DNA methylation assays and statistical analysis.
CONCLUSION: The findings suggest epigenetic involvement
in VR3CI gene methylation in association with chronic pain
and suggest the need to seek new evidence in relation to the me-
chanisms that explain chronic pain, especially from an epigenetic
point of view, as they may provide subsidies for the prevention
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HIGHLIGHTS

o Suggests epigenetic involvement in association with chronic pain.
o Identifies the profile of individuals affected by chronic pain.

o Evidence subsidies for the prevention and control of chronic pain.
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and control of chronic pain targeting individuals with the profile
found in this study.
Keywords: Chronic pain, DNA methylation, Life style, Socioe-

conomic factors.

RESUMO

JUSTIFICATIVA E OBJETIVOS: Estudos sugerem que fatores
moleculares compartilhados podem afetar simultaneamente di-
ferentes sindromes de dor cronica. Compreender os mecanismos
epigenéticos de vdrias doencas que estdo associadas & dor cronica é
essencial para entender sua aparéncia e progressio. O objetivo des-
te estudo foi avaliar a associagio entre metilagio do DNA do gene
NR3C1, receptor de glicocorticoides, com a presenga e intensidade
de dor cronica, bem como os fatores preditivos considerando tam-
bém fatores socioecondmicos, de satide e de estilo de vida correlacio-
nados com tal associagio em pacientes adultos usudrios do Sistema
Unico de Satde (SUS) em um municipio do sudeste brasileiro.
METODOS: Trata-se de um estudo observacional transversal,
cuja coleta de dados foi realizada através de entrevistas para in-
vestigagao do status socioecondmico, condigoes de estilo de vida
e de satde, além de avaliagoes antropométricas e coletas de san-
gue. Os dados foram analisados por meio de ensaios quantitati-
vos de metilagio do DNA e andlise estatistica.

RESULTADOS: Foi observado que 123 participantes (44,1%)
apresentaram metilagio da regido estudada do gene NR3CI.
Anilises estatisticas univariadas e multivariada mostraram que
as varidveis idade e nivel de cortisol estdo significativamente as-
sociadas com a metilagio do gene e a presenca de dor cronica.
CONCLUSAO: Os achados sugerem envolvimento epigenético
na metilagio do gene VR3C! em associacio com dor cronica e
sugerem a necessidade de se buscar novas evidéncias em relacao
aos mecanismos que explicam a dor crdnica, sobretudo do pon-
to de vista epigenético, pois as mesmas poderao trazer subsidios
para prevencio e controle da dor cronica visando pacientes com
o perfil encontrado nesse estudo.

Descritores: Dor cronica, DNA metilacio, Estilo de vida, Fato-
res socioecondmicos.

INTRODUCTION

According to the International Association for the Study of Pain
(IASP), pain is an unpleasant sensory and emotional experience as-
sociated with, or resembling that associated with, actual or potential
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tissue damage'. Regarding its duration, pain can be classified as acu-
te (appearing suddenly, punctually, resulting from trauma or asso-
ciated to diseases, lasting less than six months) or chronic (persisting
over time, lasting more than six months). Chronic pain affects a lar-
ge part of the world’s population, both in developed and developing
countries. Research has examined the relationship of chronic pain
and stress, a relatively important psychobiological process'2.

When an individual is exposed to situations that lead to stress,
a molecular cascade initiated by the hypothalamus happens in
the hypothalamic-pituitary-adrenal (HPA) axis, with secretion of
corticotrophin-releasing hormone (CRH), which, in turn, cau-
ses the release of adrenocorticotropic hormone (ACTH) in the
pituitary gland, resulting in the production of glucocorticoids in
the adrenal cortex. Glucocorticoid receptors switch off this stress
response through negative feedback, which is impaired under
stressful situations®.

Epigenetics is an emerging area of research that studies how envi-
ronmental influences can affect the expression of an individual’s
genes. Epigenetic processes such as histone acetylation and methy-
lation may be involved in the pathogenesis of chronic pain (CP).
Studies suggest that shared molecular factors may simultaneously
affect different CP syndromes. Comprehending the epigenetic
mechanisms of various diseases that are associated with CP is es-
sential to understanding the appearance and progression of the
disease. Efforts have been made in discovering genes that may be
responsible for the onset of pain, however, it is important to consi-
der not only individual pain-related genes, but also to take a more
holistic approach that considers epigenetic mechanisms*’.

There are reports in the literature of an association between CP and
alterations in gene expression and regulation. Thus, pain can epige-
netically alter genes such as SCN9A, ZFHX2, SHT2A, COMT®%,

The NR3C1 gene, also called glucocorticoid receptor gene, or
simply GR, encodes the human glucocorticoid receptor, which is
a ligand-dependent transcription factor and activates transcrip-
tion of glucocorticoid responsive genes through direct binding
to glucocorticoid response elements in its promoter region, or
by modulating the transcriptional activity of other transcription
factors through protein-protein interactions. It is implicated in a
broad spectrum of physiological and biochemical functions that
are essential for life and play a key role in maintaining basal and
stress-related homeostasis. Increased methylation impairs plasti-
city in NR3Cl1 gene expression and, consequently, the range of
future stress adaptation responses, possibly resulting in increased
risk for chronic diseases of onset in adulthood’.

The aim of this study was to evaluate the predictive factors and
the association between DNA methylation of the NR3C1 gene
with the presence and intensity of CP, considering also socioeco-
nomic, health, and lifestyle factors in adult individuals.

METHODS

A cross-sectional observational study, following the recommen-
dations of the STROBE guidelines (Strengthening the Repor-
ting of Observational Studies in Epidemiology)'’, consisting of
386 patients recruited from the Sisterna Unificado de Savide (SUS
- Brazilian Unified Health System) in the municipality of Alegre-

-ES, southeastern Brazil. Of this total, 279 patients were selected
based on the following eligibility criteria for participation in the
study: ages between 20 and 59 years, being the only individual
residing at their home to participate in the research, and having
cognitive conditions to answer the questionnaires.

The individuals were invited by the researchers to participate in
the research through home visits, accompanied by the commu-
nity health agent in urban and rural localities of the municipality
in the period between 2014 and 2016.

Variables and measurement instruments

Independent variables were studied through individual inter-
views. Subsequently, patients were categorized regarding gen-
der, age, per capita income (Getdlio Vargas Foundation, 2014),
schooling, having or not having children, report of comorbidi-
ties, self-reported stress and anxiety, self-reported health, food
and nutritional security, overweight, alcohol consumption, smo-
king habit, self-reported use of continuous drugs (for depression,
sleep, blood pressure, diabetes, heart disease), practice of physical
activity and alcohol consumption. The dependent variable was
pain intensity, and the Brief Pain Inventory (BPI) scores between
1 and 3.9 were considered for mild pain; between 4 and 6.9 for
moderate pain; and between 7 and 10 for severe pain'’.

The anthropometric evaluation was performed between 7:00
and 8:00 a.m., with the participants fasting for at least 8 hours.
Height was measured with a stadiometer (Alturexata’, Belo Hori-
zonte, MG, Brazil) and body weight was measured with an elec-
tronic scale (Tanita’, model BC601, Sio Bernardo do Campo,
SP, Brazil). Body mass index (BMI) was calculated and classified
following the reference for adults (20-59 years old)"2.

Seguranga Alimentar e Nutricional (SAN - Food and Nutrition Se-
curity) was assessed using the Escala Brasileira de Inseguranca Ali-
mentar (EBIA - Brazilian Scale of Food Insecurity)'**>. The EBIA
is composed of 14 questions with a final score resulting from the
sum of affirmative answers. Based on the sum, data are provided
on the degree of food insecurity (mild, moderate, and severe), re-
ferring to the concern about lack of food in the home, and the
fact that a resident has been hungry for a period of one day in the
last three months. Responses were classified as “YES” among those
with food security, that is, seguranca alimentar or SAN (EBIA=0)
and “NO” among those with mild, moderate or severe food inse-
curity, or inseguranga alimentar INSAN (EBIA>0).

Assessment of chronic pain

Symptoms suggesting CP were investigated using the BPI, whose
values obtained were appropriate to the categorized total scores.
The BPI evaluates the presence of pain in any part of the body
and pain intensity. To evaluate pain intensity, the BPI scores bet-
ween 1 and 3.9 were considered for mild pain; between 4 and
6.9 for moderate pain; and between 7 and 10 for severe pain''.

Depression assessment

Symptoms suggesting depression were investigated by means of the
Beck Depression Inventory-11 - BDI-II, a self-report scale capable of
assessing the presence and intensity of depressive symptoms, widely
used in clinical practice and in research with the general popula-
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tion'’. The BDI-II consists of a questionnaire containing 21 items
that assess the person’s feelings over the past two weeks, according to
the Diagnostic and Statistical Manual of Mental Disorders (DSM-
-1V), classified on a 4-point scale, ranging from 0 to 3, with a ma-
ximum possible score of 63 points"”. From each patient’s score, the
outcome variable studied was determined as “depressive symptoms”,
with positive screening defined by a BDI-II = 17" score.

Blood samples, cortisol dosage, and DNA extraction

Samples of 10 mL of peripheral blood were collected through
venipuncture, transported in thermal boxes to the Biotechno-
logy Laboratory at UFES for processing. 3 mL of the sample
was transferred to a tube with EDTA (ethylenediaminetetraa-
cetic acid) anticoagulant for molecular analysis and 2 mL to a
tube containing NaF (sodium fluoride) anticoagulant. The re-
maining sample was transferred to a tube without anticoagulant,
containing a separator gel for the determination of cortisol levels.
Serum cortisol analysis was performed by the chemiluminescen-
ce method (reference values: 6.7 to 22.6 pg/dL), categorizing
cortisol as low: < 6.7 pg/dL higher than normal cortisol: 26.7 pg/
dL (Laboratério Hermes Pardini’, Belo Horizonte, MG, Brazil).
DNA extraction was performed by the Salting-Out method with
saline precipitation’’. DNA quality and concentration was chec-
ked using NanoDrop' (Sio Paulo, SP, Brazil).

Quantitative assays of DNA methylation

From the extracted DNA samples, the sodium bisulfite conver-
sion was performed using a kit (EpiTect Bisulfite Kit; Qiagen,
Valencia, CA), following the manufacturer’s recommendations.
Confirmation of PCR product quality and absence of contami-
nation was established on 2% agarose gels using GelRedTM’
(Uniscience, Osasco, SP, Brazil).

The 1F region of NR3C1 contains 410 base pairs and 47 CpGs
sites?®?!. Primers including the region between 988 and 1344
(sequence data submitted to the GenBank database with NCBI
access number AY436590.1) were used?”. The NR3C1 sequence,
region 1F, which encompasses CpGs 40 to 47, was analyzed®.
Pyrosequencing was performed using the PSQ96ID Pyrose-
quencer (Qiagen, Valencia, CA) with the PyroMark Gold Q96
Reagent Kit (Qiagen, Valencia, CA), according to the manufac-
turer’s protocol.

Bias

All interviews and data collection were performed using standar-
dized instruments, collected by the researchers themselves, as well
as the collection of material for cortisol and DNA analysis. The as-
sessment instruments were used according to specific recommen-
dations, and the blood samples were collected, stored, transported,
and analyzed according to the described standardization.

Sample size

The sampling was based on the e-SUS registry of the population
aged 20 to 59 years, living in Alegre, ES, and served by the Rede de
Atengdo Bdsica (Primary Care Network), which was previously pro-
vided by the Agentes Comunitirios de Saside (CHAs - Community
Health Agents) linked to the Programa de Agentes Comunitdrios de
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Saiide (PACS - Community Health Agents Program) and Unidades
Bdsicas de Saiide (UBS — Basic Health Care Units) in the city.

For the sample calculation the formula presented below was used
through the open software OpenEpi, version 3.01, assuming an
absolute precision of 5%, confidence interval of 95%, design ef-
fect equal to 1 and, in the absence of specific studies in the re-
gion, the estimated overweight proportion of 50% was taken as
reference. Finally, 10% losses were added. The sample was strati-
fied proportionally by rural and urban location, as well as by the
UBS and PACS, with the objective of representing the Rede de
Atengdo Bdsica Municipal (Municipal Primary Care Network).

n = deff X Npq

&
1.96?

(N-1) +pg

n = sample size; N = population; d = desired absolute precision;
p = estimated proportion of the event; q = 1 - p; deff = design
effect.

Source: Schaeffer & Mendenhall (1990)

The present study was approved by the Ethics Committee on Re-
search with Human Beings of the Health Sciences Center of the
Federal University of Espirito Santo (CEP/CCS/UFES) on June
6, 2016 under CAAE number 52830216.5.0000.5060, appro-
ved under Opinion number 1.574.160. All participants signed
the Free Informed Consent Term (FICF).

Statistical analysis

A descriptive analysis characterized the sample, starting with the
presentation of the variables as means, standard deviations, fre-
quencies, and proportions. The Kolmogorov-Smirnov normality
test evaluated the normality of the quantitative variables. For the
Poisson regression analysis, the pain intensity variable was ca-
tegorized dichotomously into mild and moderate/intense. The
result of percentage of the mean methylation values of CpGs
40-47 of the NR3C1 gene region recategorized dichotomously
were considered as unmethylated (0%) and methylated (>0%).
The Poisson regression analysis with robust variance was used
to identify the potential predictive factors of CP. First, the uni-
variate analysis was performed and the variables with p-value <
0.20 were selected to compose the multivariate model. Next, the
predictive variables were inserted into the multivariate model,
adopting the Backward modeling strategy, in which the variables
with the highest p value were removed one by one, until the fi-
nal reduced model was reached, in which all remaining variables
presented p < 0.05. The Hosmer & Lemeshow test was used to
verify the adjustment of the final model.

Statistical analyses were performed using the software Stata),
version 14.1 (StataCorp” LP, College Station, Texas, USA) and
SPSS’, version 20.0 (IBM, Munich, Bavaria, Germany).

RESULTS

Considering the selected and studied indicators, the authors
observed that most of the participants presented CP and,
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Table 1. Sample characterization

Factors % (n) p-value IRR (95% Cl)
BPI >4 63.7 (123)
Gender

Female 79.9 (223) 1

Male 20.1(56) <0.296 1.25(0.82-1.90)
Age

20 to 40 years old 42.6 (119) 1

41 to 59 years old 57.4 (160) <0.001* 1.03(1.01-1.05)

Per capita income

Low income 41.2 (115) 1
Not low income 58.8 (164) <0.015* 0.77 (0.63 - 0.95)
Schooling

< 9 years of study 82.1 (229) 1

> 9 years of study 17.9(60) <0.007* 0.64 (0.46 —0.89)
Children

Yes 79.9 (223) 1

No 20.1(56) <0.028* 1.76 (1.06 —2.91)
Report of comorbidities

No 66.7 (186) 1

Yes 33.3(93) <0.005* 1.54(1.14-2.10)
Self-reported stress and anxiety

No 33.7 (94) 1

Yes 66.3 (185) <0.463 1.15(0.79-1.70)
How do you evaluate your health

Satisfactory 54.5 (152) 1

Unsatisfactory 45.5(127) <0.051* 1.37(1.00-1.87)
Food and nutrition security

No 45.2 (126) 1

Yes 54.8 (153) <0.011* 1.50(1.10-2.04)
Overweight

No 35.1(98) 1

Yes 64.9 (181) <0.141* 1.01(0.99 - 1.04)
Weekly alcohol consumption

Less than two doses  82.1 (229) 1

More than two doses 17.9 (50) <0.071* 1.85(0.95 - 3.63)
Currently smoking

No 90.1 (253) 1

Yes 9.9(26) <0.124* 1.40(0.91-2.17)
Continuous drug use

No 45.9 (128) 1

Yes 54.1 (151) <0.001* 1.39 (1.16 - 1.66)
Practice of physical activities

No 62 (173) 1

Yes 38 (106) <0.002* 1.30(1.10-1.53)
Low cortisol levels

No 88.9 (248) 1 2.26e-09

Yes 11.1(31) <0.001* (1.00e-09 —5.12e-09)
Depression

No 84.2 (235) 1

Yes 15.8(44) <0.437 1.15(0.81-1.63)
CpG42 methylation

No 60.2 (230) 1

Yes 39.8 (49) <0.001* 0.00(0.00-0.01)

BPI = Brief Pain Inventory; IRR = incidence ratio; Cl = confidence interval.

of these, most reported pain of moderate/severe intensity.
Among patients with pain, most participants were women,
over 40 years old, average per capita income, lower schoo-
ling, with children, without reports of one or more comor-
bidities, with self-reported stress and anxiety, assessed their
health as satisfactory, presented food and nutritional security,
were overweight, consumed less than two doses of alcoholic
beverages a week, did not smoke, used continuous drugs, did
not practice physical activity, and presented normal levels of
cortisol, as seen in table 1.

It was observed that 123 participants (44.1%) had methylation
of the NR3C1 gene studied region, as seen in table 2 and figure
1, which presents methylation data in the sample of individuals
with CD, in addition to the methylation data of each CpG area
of the gene.

Table 2. Prevalence of the NR3C1 gene methylation in the sample of
individuals with chronic pain (total and by CpG)

Methylation Data Result % (n)

Total methylation

No 55.9% (156)
Yes 44.1% (123)
Methylation by CpG site
CpG40 20.3% (25)
CpG41 2.5% (3)
CpG42 39.8% (49)
CpG43 2.5% (3)
CpG44 6.5% (8)
CpG45 5.7% (7)
CpG46 18.6% (23)
CpG47 4.1% (5)
50

= 40 — A
=
g
el 30
o
i)
S 20 A
g A
©
= 10 A

- 4 4 " a

A
0 | 4 | 4 | | |
38 40 42 44 46 48
CpG Island
A Com dor A Sem dor

Figure 1. Association between methylation versus pain by CpGc
island.

The analysis through univariate Poisson regression resulted in the
selection of the variables that presented a value of p < 0.200, used
to compose the following multivariate model, by the Backward
method, as seen in tables 3 and 4.
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Table 3. Variables associated with moderate/severe pain intensity by
the univariate Poisson regression analysis with robust variance

Independent IRR Cl p-value
variables

Gender 1.25 0.82 1.90 <0.296
Age 1.03 1.01 1.05 <0.001*
Per capita income 0.77 0.63 0.95 <0.015*
Schooling 0.64 0.46 0.89 <0.007*
Having children 1.76 1.06 2.91 <0.028*
Report of 1.54 1.14 2.10 < 0.005*
comorbidities

Self-reported stress 1.15 0.79 1.70 <0.463
and anxiety

How do you rate 1.37 1.00 1.87 <0.051*
your health

Food and nutrition 1.50 1.10 2.04 <0.011*
security

Overweight 1.01 0.99 1.04 <0.141*
Weekly alcohol 1.85 0.95 3.63 <0.071*
consumption

Currently smoking 1.40 0.91 217 <0.124*
Continuous drug use 1.39 1.16 1.66 <0.001*
Practice of physical 1.30 1.10 1.53 <0.002*
activities

High cortisol levels 2.26e-09 1.00e-09 5.12e-09 <0.001*
Depression 1.15 0.81 1.63 <0.437
CpG42 0.00 0.00 0.01 <0.001*

IRR = incidence ratio; Cl = confidence interval.

Table 4. Variables associated with moderate/severe pain intensity by
multivariate Poisson regression analysis with robust variance (final re-
duced model).

Independent IRR IC p-value
variables

Age 1.03 1.01 1.05 <0.001
High cortisol levels 4.64e-10 1.95e-10 1.10e-09 <0.001
CpG42 methylation 0.02 0.01 0.02 <0.001

IRR = incidence ratio; Cl = confidence interval.
DISCUSSION

The present study observed that approximately 70% of the in-
cluded participants have CP, and approximately 64% of these
had moderate/intense CP. Genetic factors play an important
role in the etiology of CP conditions, presumably by modu-
lating underlying processes such as nociceptive sensitivity,
psychological well-being, inflammation, and autonomic res-
ponse, and may represent an important risk marker for pain
and identify potential targets for therapeutic intervention®.

An epidemiological study conducted by the Sociedade Brasi-
leira para o Estudo da Dor (SBED - Brazilian Society for the
Study of Pain) in 2015 showed that the incidence of CP in
Brazil ranges from 28 to 42% in the different areas of the
country. Epidemiological data on CP in the world point to
evidence that it has a detrimental effect on physical health,
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activities of daily living, mental health, economic conditions,
and well-being®.

Pain is a stressful situation; therefore, it is configured as a po-
tential mechanism that can alter stress regulation. In this con-
text, part of the attention of researchers is directed to the HPA
axis. Although it is not directly involved in pain management,
it is known that the CRH-producing neurons innervate areas
located in the arcuate nucleus of the hypothalamus and in areas
that control pain in the spinal cord and in the hindbrain (brid-
ge, cerebellum, and medulla). Activation of the stress response
system causes secretion of CRH-induced peptides as well as
other opioid peptides, which increases analgesia®.

Epigenetic molecular mechanisms including DNA methyla-
tion are implicated in modulating the HPA axis. The NR3C1
gene methylation can increase due to stressful situations?*
and thus may be involved in chronic stress-induced pain. Fur-
ther investigation of the epigenetic involvement of the HPA
axis genes in pain may provide a basis to explore the epige-
netic mechanisms that may contribute to the similar symp-
tomatology in several diseases that have pain as one of the
symptoms?®.

Research on epigenetics also investigates possible biomarkers
for CP and focuses on studying the epigenome, histone acety-
lation, and other genes not related to stress*=!
focus on the evaluation of methylation in genes of the HPA
axis in relation to pain, specifically the NR3C1 gene. The au-
thors®* showed that chronic stress alters HPA axis regulation
and increases pain perception in rats due to the increase of

. Few studies

NR3C1 methylation in the axis 1 promoter region in noci-
ceptive neurons innervating the pelvic viscera. In addition,
NR3C1 mRNA and GR protein were decreased. Therefore,
the authors support the interpretation that epigenetic regula-
tory mechanisms play a central role in chronic stress-induced
visceral hyperalgesia, affecting nociceptive neurons in a re-
gion-specific manner.

Similarly, the study® review exposes the association between
environmental exposure, chronic stress, and epigenetic chan-
ges. The authors mention that chronic stress can lead to chan-
ges in DNA methylation, including of the NR3C1 gene, whi-
ch plays an essential role in the epigenetic modulation of CP,
contributing to its chronicity and intensity.

In addition, patients with fibromyalgia showed alterations in
NR3C1 methylation and lower mRNA expression of GR and
MR (mineralocorticoid receptor), and lower cortisol levels as-
sociated with impaired function in the HPA axis*.

Contrary to expectations, an inverse relationship was found
between NR3C1 methylation and moderate/intense CP. This
result may be explained by the fact that prolonged stress cau-
sed by CP may have led to a state of low stress responsiveness,
as an indicator of chronic stress, possibly related to a blunted
response of the HPA axis®.

DNA methylation in the promoter region of NR3C1 may
indicate reduced gene transcription and GR expression in the
central nervous system and is strongly associated with the im-
balance of HPA axis modulation and consequently may indi-
cate alterations in responsiveness to stress?'*. Previous stu-



Methylation of the NR3C1 gene in individual with chronic pain: patient

BrJP. Sdo Paulo, 2022 oct-dec;5(4):382-9

profile in a cross-sectional study with users of the public health system

dies have focused on NR3C1 methylation in association with
chronic stress, such as in prenatal adversity?™, childhood
adversity?"*>3, post-traumatic stress disorder’®*, suicide,
depression*"*? and other situations of prolonged stress*'.

This data is indeed confirmed by the multivariate regression
result, in which high cortisol also presented an inverse asso-
ciation with moderate/intense pain, considering the signifi-
cance of an inverse relationship (the higher the cortisol level,

41,42

the lower the pain intensity), therefore, the lower the cortisol
levels, the higher the pain intensity.

According to the Sociedade Brasileira de Endocrinologia ¢ Me-
tabologia (SBEM - Brazilian Society of Endocrinology and
Metabology), cortisol is a corticosteroid produced by the
adrenal glands, and the reduction of its production due to
adrenal insufficiency may trigger symptoms such as hypo-
tension, chronic fatigue, muscle weakness, muscle and joint
pain, dizziness, headache, nausea, vomiting, diarrhea, loss of
appetite, weight loss, darkening of the skin and lips®.

In theliterature, studies show controversial data in highlighting
which cortisol level is predominant in individuals with CP.
Most studies suggest or show a tendency toward hypocorti-
solism, but others show no difference, and still others suggest
hypercortisolism. Segments of patients who had a worsening
of CP in a period longer than one year show low cortisol
levels with the evolution of pain, and studies in women with
fibromyalgia show an association of cortisol levels and pain
and depression symptoms, which points to a relationship bet-
ween the daily variation of cortisol release with the intensity
of the painful sensation®®,

Low cortisol levels upon awakening and cortisol decline
throughout the day have been considered predictors of fa-
tigue, burnout, and life exhaustion. Professionals who work
long shifts are especially susceptible to chronic stress and fa-
tigue, whose long-term consequences include the desynchro-
nization of the HPA axis and consequent physical and mental
illness, decreased work capacity, increased occupational acci-
dents, and absenteeism*.

Pain intensity may vary according to triggering factors, with
prevalent rates in patients with accumulated tasks and de-
mands that generate impacting daily stress, showing multiple
associated factors such as anxiety, depression and emotional
suffering, history of abuse (physical, psychological and sexual)
and abandonment, conditions related to post-traumatic stress
with low immunity, inflammation and infection recurrence,
nerve compression, chronic musculoskeletal tension and his-
tory of occupational bad posture.

In the present study, among the patients that reported mo-
derate/severe CP, the majority are older than 40 years. It is
estimated that the higher the age, especially in the seniors
(2/3), the more cases of those who suffer frequent or per-
manent pain in the later years of their existence, and that
the proportion of pain increases by up to 26% with age. The
population of longevous people has increased, and the aging
population is often a social problem directly related to public
health programs. Aging is part of the life cycle, and is there-
fore inevitable. It is a biological process in which alterations

determine structural and functional changes in the human
body, leading to a decrease in some physiological functions,
also slowing down reflexes, making some seniors disabled due
to the frequency of chronic diseases, which need to be trea-
ted with drugs of continuous use, and many of them can be
expensive 4,

Despite progress in treatments, pain is still insufficiently trea-
ted, especially in older age. Diseases prone to cause pain in-
crease with age, such as rheumatism, arthrosis, and cancer,
among others. Older patients also face communication and
memory problems and are unable to express their pain clearly.
In addition, many find it normal to feel pain in old age and
do not seek help?.

Therefore, the comprehension of epigenetic mechanisms in se-
veral diseases associated with CP becomes essential to unders-
tand it, also taking into account a holistic approach to pain®’.
It is worth noting that, in this study, although the self-repor-
ted stress variable did not compose the final reduced model,
it was present in 66.3% of the participants. Thus, the associa-
tions between pain, behavioral and physical aspects, and qua-
lity of life in the aging population need evidence to prevent
and treat pain in this age group, verifying the relationship
between the levels of chronic pain and stress levels® more
efficiently.

The link between CP and affective components, such as de-
pression and anxiety, has been established in the literature
over the years, with studies reporting the presence of pain in
depression, anxiety, and coexistence of both in CP. Among
psychiatric disorders, major depression has been more exten-
sively studied and its occurrence has been better established
in patients with CP. Prevalence studies of psychiatric comor-
bidities associated with CP refer firstly to mood disorders,
among which depressive disorders reach percentages between
30% and 87% of cases. Among the anxiety disorders, which
reach 50% of the cases, the most frequent are panic disorder,
generalized anxiety disorder, and post-traumatic stress disor-
der. As a symptom, anxiety is present in 56% of the cases**.
CP affects the patients’ physical, psychological, and social as-
pects, in addition to generating damages in different areas of
their lives, resulting in worries, feelings of incapacity, uncer-
tainties, and fears. When the person begins to present high le-
vels of pain and this becomes chronic, little by little the indi-
vidual tends to isolate themselves and live in search of medical
treatments for the necessary care. From this new life scenario,
there is a great tendency for the individual to minimize his or
her social relations, to stay away from work, from the family
environment, and from activities that generate pleasure, and
this can interfere in the mental health and possibly become a
predictor of the appearance of possible mental disorders, such
as depression, stress, and anxiety”’.

The increased life expectancy of Brazilians must be conside-
red, since the older they are, the more cases of diseases are
prone to cause CD, as well as a possible relationship between
hypocortisolism and the evolution of pain. All these findings
can subsidize public health policies and policies focused on
the care of people with CP.
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CONCLUSION

Moderate/severe CP was associated with methylation of the
CpG42 site of the NR3C1 gene, with increased age and low
cortisol levels.

Thus, the findings suggest epigenetic involvement in the NR3Cl1
gene methylation in association with CP and suggest the need to
search for new evidence regarding the mechanisms that explain
CP, especially from the epigenetic point of view, because they
may bring subsidies for CP prevention and control, targeting
patients with the profile found in the present study, which can
be considered predictive for the occurrence of CP.

AUTHORS’ CONTRIBUTIONS

Alexandre Lima Castelo-Branco

Data Collection, Conceptualization, Project Management, Re-
search, Methodology, Writing - Preparation of the original, Vi-
sualization

Tamires dos Santos Vieira

Writing - Review and Editing

Fldvia Vitorino Freitas

Statistical analysis, Writing - Review and Editing

Julia Assis Pinheiro

Research

Iuri Drumond Louro

Writing - Review and Editing , Supervision

Adriana Maria Alvares-da-Silva

Funding acquisition, Project Management, Writing - Review
and Editing, Supervision

REFERENCES

1. Srinavasa NR, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, Keefe FJ, Mogil
JS, Ringkamp M, Sluka KA, Song XJ, Stevens B, Sullivan MD, Tutelman PR, Ushida
T, Vader K. Definigio revisada de dor pela Associagao Internacional para o Estudo da
Dor: conceitos, desafios e compromissos. ] Dor. 2020;74:11-8.

2. Cipriano A, Almeida DB, Vall J. Perfil do paciente com dor crénica atendido em um
ambulatério de dor de uma grande cidade do sul do Brasil. Rev Dor. 2011;12(4):297-300.

3. Knaap LJ, Riese H, Hudziak JJ, Verbiest MMPJ, Verhulst FC, Oldehinkel AJ, Oort
FVA. Glucocorticoid recepctor gene (NR3C1) methylation following stressful events
between birth and adolescence. The TRAILS study. Transl Psychiatry 3014;4(4):1-7.

4., Livshits G, Malkin I, Freidin MB, Xia Y, Gao F, Wang J, Spector TD, MacGregor A,
Bell JT, Williams FMK Genome-wide methylation analysis of a large population sam-
ple shows neurological pathaways involvement in chronic widespread musculoskeletal
pain. Pain. 2017;158(6):1053-62.

5. Carrillo C, Toro M, Bolivar M, Seijas ME, Rotondo J. La epigenética en el tratamien-
to del dolor. Rev Soc Esp Dolor, 2018;25(3):166-9.

6. Schmidt AP, Schimdt SRG. Behavior of ion channels controlled by electric potential
difference and of Toll-type receptors in neuropathic pain pathophysiology. Rev Dor
2016;17(1):43-45.

7. HabiB AM, Matasuyama A, Okorokov AL, Santana-Varela S, Bras JT, Aloisi AM,
Emery EC, Bogdanov YD, Follenfant M, Gossage SJ, Gras M, Humphrey J, Ko-
lesnikov A, Cann KL, Li S, Minett MS, Pereira V, Ponsolles C, Sikandar S, Torres
JM, Yamaoka K, Zhao J, Komine Y, Yamamori T, Maniatis N, Panov KI, Houlden
H, Ramirez JD, Bennett DLH, Marsili S, Bachiocco V, Wood JN, Cox JJ. A no-
vel human pain insensitivity disorder caused by a point mutation in ZFHX2. Brain
2018;141(2):365-76.

8. Matsuda JB, Barbosa FR, Morel LJE Franca SC, Zingaretti SM, Silva LM, Pereira
AMS, Marins M, Fachin AL. Polimorfismos dos genes do receptor de serotonina (5-
HT2A) e da catechol-O-metiltransferase (COMT): Fatores desencadeantes da fibro-
mialgia? Rev Bras Reumatol. 2010;50(2):141-9.

9. Siamatras TD, Stratakis CA. NR3C1 (nuclear receptor subfamily 3, group C, mem-
ber 1/glucocorticoid receptor). Atlas of Genetics and Citogenetics in Oncology e
Haematology. National Institute of Child Health and Development Human (NI-
CHFD). 2017.

388

10.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Branco AL, Vieira TS, Freitas FV, Pinheiro JA, Louro ID and Silva AM

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP.
STROBE initiative. The strengthening the reporting of observational studies in epide-
miology (STROBE) statement: guidelines for reporting observational studies. J Clin
Epidemiol. 2008;61(4):344-9.

Clecland CS. The Brief Pain Inventory User Guide. University of Texas, 2009. Dis-
ponivel em: https://www.mdanderson.org/documents/Departments-and-Divisions/
Symptom-Research/BPI_UserGuide.pdf

WHO - World Health Organization. Obesity: Preventing and Managing the Global
Epidemic. WHO. 2000.

Pérez-Escamilla R, Segall-Corréa AM. Food insecurity measurement and indicators.
Rev Nutr. 2008; 21(Suppl):15s-26s.

Segall-Corréa AM, Marin-Leon L. A Seguranga Alimentar no Brasil: Proposicao e
Usos da Escala Brasileira de Medida da Inseguranga Alimentar (EBIA) de 2003 a
2009. Seguranca Alimentar e Nutricional. 2009;16(2):1-19.

IBGE - Instituto Brasileiro de Geografia e Estatistica. Ministério do Planejamento. Or-
camento e Gestdo. Pesquisa de Or¢camentos Familiares — POF 2008/2009. Antropome-
tria ¢ Estado Nutricional de Criangas, Adolescentes e Adultos no Brasil. 2009. 130p.
Gomes-Oliveira MH, Gorenstein C, Lotufo Neto F, Andrade LH, Wang YP. Vali-
dation of the Brazilian Portuguese version of the Beck Depression Inventory-II in a
community sample. Braz ] Psychiatry. 2012;34(4):389-94.

Jackson-Koku G. Beck Depression Inventory. Ocec Med. 2016;66(2):174-5.

Conti CL, Bor¢oi AR, Almanca CCJ, Barbosa WM, Archanjo AB, Pinheiro JA, Frei-
tas FV, Oliveira DR, Cardoso LD, Paula H, Alvares-da-Silva AM. Factors associated
with depressive symptons among rural residents from remote areas. Community Ment
Health J. 2020; 56(7):1292-7.

Salazar LA, Hirata MH, Cavalli SA, Machado MO, Hirata RD. Optimized procedure
for DNA isolation from fresh and cryopreserved clotted human blood useful in clini-
cal molecular testing. Clin Chem. 1998;44(8 Pt 1):1748-50.

Oberlander TE, Weinberg J, Papsdorf M, Grunau R, Misri S, Devlin AM. Prenatal ex-
posure to maternal depression, neonatal methylation of human glucocorticoid receptor
gene (NR3C1) and infant cortisol stress responses. Epigenetics. 2008;3(2):97-106.
Bustamante AC, Aiello AE, Galea S, Ratanatharathorn A, Noronha C, Wildman DE,
Uddin M. Glucocorticoid receptor DNA methylation, childhood maltreatment and
major depression. ] Affect Disord. 2016;206:181-8.

Palma-Gudiel H, Cérdova-Palomera A, Leza JC, Fafands L. Glucocorticoid receptor
gene (NR3C1) methylation processes as mediators of early adversity in stress-related
disorders causality: a critical review. Neurosci Biobehav Rev. 2015;55:520-35.
McGowan PO, Sasaki A, D’Alessio AC, Dymov S, Labonté B, Szyf M, Turecki G,
Meaney MJ. Epigenetic regulation of the glucocorticoid receptor in human brain as-
sociates with childhood abuse. Nat Neurosci. 2009;12(1):342-8.

Smith SB, Maixner DW, Greenspan JD, Dubner R, Fillingim RB, Ohrbach R, Knott
C, Slade GD, Bair E, Gibson DG, Zaikin DV, Weir BS, Maixner W, Diatchenko L.
Potential genetic risk factors for chronic TMD: Genetic associations from the OPPE-
RA case control study. J Pain 2011;12(1):92-101.

SBED - Sociedade Brasileira para o Estudo da Dor (SBED). Campanha Nacional pelo Trata-
mento ¢ Controle da Dor Aguda e Cronica. Sao Paulo: SBED, 2018. Disponivel em: hetps:/
sbed.org.br/wp-content/uploads/2019/01/CAMPANHA-NACIONAL-PELO-TRATA-
MENTO-E-CONTROLE-DA-DOR-AGUDA-E-CR%C3%94NICA-3-MB.pdf
Nascimento IS, Miziara CSMG. Disfuncio do eixo hipotdlamo-pituitdria-adrenal na
dor cronica generalizada: uma andlise da literatura com enfoque pericial. Satde, Etica
& Justica. 2015;20(1):29-36.

Daskalaskis NP, Yehuda R. Site-specific methylation changes in the glucocorticoid re-
ceptor exon 1F promoter in relation to life adversity: systematic review of contributing
factors. Front Neurosci. 2014;8:369.

Tran L, Chaloner A, Sawalha AH, Greenwood Van-Meerveld B. Importance of epige-
netic mechanisms in visceral pain induced by chronic water avoidance stress. Psycho-
neuroendocrinology. 2013;38(6):898-906.

Massart R, Dymov S, Millecamps M, Suderman M, Gregoire S, Koenigs K, Alva-
rado S, Tajerian M, Stone LS, Szyf M. Overlapping signatures of chronic pain in
the DNA methylation landscape of prefrontal cortex and peripheral T cells. Sci Rep.
2016;28;6:19615.

Denk E McMahon SB. Chronic pain: emerging evidence for the involvement of epi-
genetics. Neuron. 2012;73(3):435-44.

Liang L, Lutz BM, Bekker A, Tao YX. Epigenetic regulation of chronic pain. Epigeno-
mics 2015;7(2):235-45.

Hong S, Zheng G, Wiley JW. Epigenetic regulation of genes that modulate chro-
nic stress-induced visceral pain in the peripheral nervous system. Gastroenterology.
2015;148(1):148-57.

Aroke EN, Joseph PV, Roy A, Overstreet DS, Tollefsbol TO, Vance DE, Goodin
BR. Could epigenetics help explain racial disparities in chronic pain? ] Pain Res.
2019;12(1):701-10.

Macedo JA, Hesse J, Turner JD, Meyer J, Hellhammer DH, Muller CP. Glucocor-
ticoid sensitivity in fibromyalgia patients: Decreased expression of corticosteroid
receptors and glucocorticoid-induced leucine zipper. Psychoneuroendocrinology.
2008;33(6):799-809.

Freitas FV, Barbosa WM, Silva LAA, Garozi MJO, Pinheiro JA, Borgoi AR, Conti CL,
Arpini JK, de Paula H, de Oliveira MM, Archanjo AB, de Freitas EAS, de Oliveira
DR, Borloti EB, Louro ID, Alvares-da-Silva AM. Psychosocial stress and central adi-
posity: a Brazilian study with a representative sample of the public health system users.
PLoS One. 2018;13(7):e0197699.



36.

37.

38.

39.

40.

41.

Methylation of the NR3C1 gene in individual with chronic pain: patient

BrdP. Sao Paulo, 2022 oct-dec;5(4):382-9

profile in a cross-sectional study with users of the public health system

Perroud N, Rutembesa E, Paoloni-Giacobino A, Mutabaruka J, Mutesa L, Stenz L,
Malafosse A, Karege F. The Tutsi genocide and transgenerational transmission of
maternal stress: epigenetics and biology of the HPA axis. World J Biol Psychiatry.
2014;15(4):334-45.

Braithwaite EC, Kundakovic M, Ramchandani PG, Murphy SE, Champagne FA.
Maternal prenatal depressive symptoms predict infant NR3C1 1F and BDNF IV
DNA methylation. Epigenetics. 2015;10(5):408-17.

Weaver ICG, Cervoni N, Champagne FA, D’Alessio AC, Sharma S, Seckl JR, Dymov
S, Szyf M, Meaney M]. Epigenetic programming by maternal behavior. Nat Neurosci.
2004;7(1):847-54.

Perroud N, Paoloni-Giacobino A, Prada P, Olié E, Salzmann A, Nicastro R, Guillau-
me S, Mouthon D, Stouder C, Dieben K, Huguelet P, Courtet P, Malafosse A. Increa-
sed methylation of glucocorticoid receptor gene (NR3C1) in adults with a history of
childhood maltreatment: a link with the severity and type of trauma. Transl Psychiatry.
2011;1(12):e59.

Labonté B, Yerko V, Gross J, Mechawar N, Meaney M]J, Szyf M, Turecki G. Dif-
ferential glucocorticoid receptor exon 1(B), 1(C), and 1(H) expression and me-
thylation in suicide completers with a history of childhood abuse. Biol Psychiatry
2012;72(1):41-8.

Bor¢oi AR, Mendes SO, Moreno IAA, Santos JG, Freitas FV, Pinheiro JA, Olivei-
ra MM, Barbosa WM, Arpini JK, Archanjo AB, Hollais AW, Couto CVMS, David
CVC, Quaioto BR, Sorroche BP, Louro ID, Arantes LMRB, Alvares-da-Silva AM.
Food and nutritional insecurity is associated with depressive symptons mediated by
NR3C1 gene promoter 1F methylation. Stress. 2021;24(6):814-21.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Pinheiro RC, Uchida RR, Mathias LAST, Perez MV, Cordeiro Q. Prevaléncia de
sintomas depressivos e ansiosos em pacientes com dor cronica. ] Bras Psiquiatr.
2014;63(3):213-9.

SBEM - Sociedade Brasileira de Endocrinologia ¢ Metabologia. Nota de Esclarecimento
sobre “Fadiga Adrenal”. SBEM Nacional, 2017. Disponivel em: https:// https://www.
endocrino.org.br/media/uploads/fadiga_adrenal_-_sbem_2016_-_final.pdf.

Ribeiro SS, Motta EAP. Associacao entre a sindrome de Burnout e o horménio corti-
sol. Rev Ciénc Saude. 2014;16(2):87-93.

Assis DC, Resende DV, Marziale MHP. Associacio entre turnos de trabalho, niveis de
cortisol salivar, estresse e fadiga em enfermeiros: revisio integrativa. Esc Anna Nery
2018;22(1):1-7.

Igantti C. Resultados parciais da aplicagdo de toque terapéutico em portadores de
dores cronicas. Braz ] Heart. 2018;1(1):193-200.

Ferretti F, Castanha AC, Padoan ER, Lutinski J, Silva MR. Quality of life in the
elderly with and without chronic pain. BrJP. 2018;1(2):111-5.

Willemann JR, Marques FR, Portugal MEG, Souza SJP, Weigert SP, Piemon-
te MR. Anilise da qualidade de vida em idosos com dor cronica. Gestao e Saude
2016;14(2):20-7.

Silva Sobrinho AC, Almeida ML, Rodrigues GS, Bueno Junior CR. Associagio de dor
cronica com forga, niveis de estresse, sono e qualidade de vida em mulheres acima de
50 anos. Fisioter Pesqui. 2019;26(2):170-7.

Messias CR, Cunha FA, Cremasco GS, Baptist MN. Dor crénica, depresso, sat-
de geral e suporte social em pacientes fibromidlgicos e oncoldgicos. Psicol Satde
2020;12(4):41-51.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

389



