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Abstract
Background: Chronic pain and Alzheimer’s disease (AD) are prevalent in older age and their etiologies remain to be

understoodand evidence supports potential associations between the two. Both high impact pain and AD have been pre-

viously associated with differences in the epigenome. Interactions with the epigenome may serve as a possible underlying

mechanism linking high impact pain and AD.

Objective: To complete epigenetic canonical pathways analyses related to AD in individuals with and without high-

impact knee pain.

Methods: This manuscript aimed to explore differences in DNA methylation patterns in genes and pathways associated

with AD. Blood samples of cognitively intact, community-dwelling adults with high impact knee painmversus pain-free

controls were compared on their DNA methylation levels of AD-related genes. Pathway enrichment analysis was per-

formed on significantly different DNA Methylation probes by pain group.

Results: There were significant DNA methylation differences between the high impact versus the pain-free control

groups in genes and pathways associated with AD (p < 0.05). We found a total of 17,563 differentially methylated

CpG probes, including 13,411 hypermethylated CpG probes and 4152 hypomethylated CpG probes. Further, pathway

analysis revealed these differences were significantly associated with AD-related pathways associated with AD progres-

sion.

Conclusions: This study sample showed AD-related DNA methylation differences and associated potential canonical

pathways in those with and without high impact knee pain. These results highlight the need to study overlapping epigen-

etic modifications underlying high impact pain and AD pathologies. Further studies, including gene expression, are needed

to further explore the relationship between epigenetics, chronic pain, and AD.
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Introduction
Chronic pain is one of themost common health problems, and
it is estimated that 1 in 5 individuals have a chronic pain con-
dition at any given time in the United States. For many indi-
viduals, the pain they experience greatly impacts their
well-being, and limits their daily functioning and productiv-
ity.1 While the mechanisms underlying high-impact chronic
pain are currently uncertain, risk factors such as age, race,
and biological sex have been reported.2–8 Additionally, high-
impact pain (HIP) is associated with a variety of other condi-
tions, such as depression and anxiety, cancer, as well as
Alzheimer’s disease (AD) and related dementias.9–11 Thus,
there is a need for research to explore the mechanisms that
contribute to pain prevalence and maintenance, as well as
pain’s connections to other comorbid conditions.

Of the associated conditions, chronic pain is prevalent in
AD. There were over 55 million adults globally living with
some form of dementia in 2020, with the number expecting
to increase in 139 million in 2050, implying 10 million new
cases per year.12 The most common form of dementia is
AD, and is characterized with cognitive and behavioral
impairments that can range from mild to severely life-
limiting symptoms.13 While much of the disease remains
a mystery, what is known about AD is common patterns
of change in the brain, including abnormal accumulation
of amyloid-β (Aβ) plaques and tau tangles, as well as the
loss of connections between neurons in the brain and per-
sistent neuroinflammation.14,15 Recently, the reported
prevalence of chronic pain in AD patients was 45.8%,
and may be grossly underestimated due to the inability to
communicate the pain experience compared to cognitively
healthy individuals.16,17 Additionally, evidence suggests
that chronic pain may be a risk factor for AD, with
chronic pain patients reporting significantly higher risk of
AD and all-cause dementia.11 Further, epidemiological evi-
dence suggests that older individuals with persistent pain
showed more rapid declines in cognitive function as they
aged and were more likely to have dementia years later,
although in other studies cognitive decline was dependent
on various factors: (1) pain intensity (i.e., individuals with
only moderate to severe or severe pain had greater cognitive
decline); (2) number of pain sites (i.e., a greater pain sites
were associated with significantly higher dementia risk,
broader and faster cognitive impairment); and (3) pain inter-
ference or impact (i.e., greater pain interference was associated
with a higher probability of developing dementia).18–22

Similarly, chronic inflammatory pain accelerated cognitive
impairment in 5-month-old mice employing an AD/ADRD
mouse model (APP/PS1), but not in wildtype controls. As
APP/PS1 mice rarely develop overt cognitive deficits before
9–12 months of age, the development of memory impairment
in this study suggests that chronic pain accelerates AD/ADRD
pathogenesis and subsequent cognitive decline.23 Given the
large proportion of older adults who experience persistent

pain, research is urgently needed to understand the mechan-
isms underlying the relationship connecting AD and chronic
pain.

While AD and chronic pain are related, the mechanisms
underlying their relationship remains to be understood. It
has been suggested that noradrenergic system dysfunction
and persistent neuroinflammation may be potential links
between chronic pain and AD.11 A potential mechanism
whereby one’s life experience and environment can
impact pathological manifestations of chronic pain and
AD is epigenetic regulation of gene expression that may
be an appropriate future therapeutic target for the treatment
of each condition.24–26 Specifically, our previous study
focused on differential DNA methylation by chronic pain
status where we found an AD-related pathway to be one
of the top 10 canonical pathways differentially enriched.
Given the emerging evidence for both chronic pain and
AD independently, the purpose of this study was to deter-
mine whether there were pain-related differences in DNA
methylation profiles of AD-related genes, as well as enrich-
ment of their functional pathways. We hypothesized that
individuals with high impact knee pain would have a sig-
nificant hyper- and/or hypomethylation across multiple
AD-related genes and associated pathways.

Methods

Participants
All participants provided written informed consent and the
study was IRB approved and conducted in accordance with
the Declaration of Helsinki at the University of Florida (UF)
and the University of Alabama at Birmingham (UAB). All
participants provided written informed consent prior to
study session commencement. Detailed inclusion/exclusion
criteria have been previously reported.27 The present study
is a secondary investigation of a parent grant aimed at deter-
mining phenotypic differences in chronic pain populations,
thus, only measures relevant to the current manuscript are
included and presented below. While our group has exam-
ined various associations between DNA methylation with
several lifestyle factors in this cohort, the present investiga-
tion is the first to examine the DNA methylation with a spe-
cific focus in AD-related genes and pathways. Specifically,
we focused on studying a perid of time before any overt
cognitive deficit, and as such individuals with cognitive
impairment were excluded from the present study.

Study measures
Clinical pain: graded chronic pain scale (GCPS). The GCPS is a
robust, validated self-reported questionnaire that measures two
dimensions of chronic pain severity: clinical pain intensity and
pain-related disability.28 Details on how the GCPS pain grades
are calculated have been reported elsewhere.27,29 GCPS pain
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grades were used to derive knee pain impact groups accord-
ingly: chronic pain-free controls=Grade 0; Low impact pain
=Grades 1–2; and High impact pain=Grades 3–4.

Blood collection and processing. Blood samples were collected
from the forearmor hand vein at the onset of the in-person study
session in a10 mlK2EDTAtube thatwasused forDNAmethy-
lation analyses. As these participants were alive at the time of
study, we were unable to compare DNA methylation in the
bloodwithDNAmethylation in thebrain.However, there is evi-
dence that suggests that methylated CpGs in human blood and
brain tissues are highly correlated.30,31

DNA extraction and methylation analysis. Detailed methods
for DNA extraction that was performed in-house has been
previously reported.27 Sodium bisulfite conversion and
the Infinium MethylationEPIC 850 K BeadChip array was
performed by Moffitt Cancer Center, Molecular Genomics
Core located at 3011 Holly Dr, Tampa, FL, USA.

DNA methylation data preprocessing. DNA methylation pre-
processing data has been previously reported.27 After filter-
ing out unusable data, 815,633 CpG probes remained in our
final analysis.

Differentially methylated probes (DMPs) in AD-related genes
associated with pain impact. We calculated the power for all
putative methylation probes with p < 0.05 using R package
pwr. By using a two-sided t-test, and assuming the 5%
alpha level, and using the effect size obtained from our differ-
ential analysis, the power ranges 0.496–0.998. In the quality
control step, X and Y sex chromosomes were excluded. To
identify DMPs related to pain impact, we built a linear
model followed by the empirical Bayes moderated t-statistics
test.32 In these models, the methylation amount of a CpG
probe was the outcome variable, the binary pain status was
the predictor, while adjusting for white blood cell type
(CD8T, CD4T, Natural Killer, B Cell, Monocytes and
Granulocytes), age, sex, race, and study site as covariates.
To explore the potential functional impact of pain-related
DMPs, we annotated the DMPs to genomic features using
the R package GenomicFeatures, including promoters,
exons, introns, and intergenetic regions.33 The R package
GenABEL was used to test for genomic inflation, with the
factor sitting at 0.72 indicationg no inflation issues. To
account for the dependent methylation levels of nearby
regions, we further performed differential methylated region
(DMR) analysis. Methylation difference cutoff between
pain groups was set to a probability level of 0.05. Multiple
comparisons were accounted for using Benjamini-Hochberg
FDR. Given the small sample size and exploratory nature of
the study, only nominal p-values were reported.

Pathway enrichment analysis. Pathway enrichment analyses
are used to help identify biological pathways that are—more

likely than by chance—enriched in a gene list.34 To investi-
gate the annotated pathways in relation to differential DNA
methylation, we performed pathway enrichment analysis via
Elsevier pathway database and Panther pathway database
using EnrichR to identify canonical pathways. Annotated
genes within ±5 kb of the putative DMPs (p<0.005) were
used in the EnrichR pathway enrichment analysis.27

Results

Demographics
The present study included 106 participants between 45 to
78 years old, the mean age was 57 (8.0), and 44 (41.5%)
were male. These participants were categorized into no
pain (n= 31) and high impact pain (n= 75) via their calcu-
lated GCPS pain grade scores. There was no significant dif-
ference in age, sex, and study site between no pain and high
impact pain group (p > 0.05). Non-Hispanic black indivi-
duals were overrepresented in the severe pain groups.
Table 1 contains full demographic information of the
sample stratified by pain group.

AD-related DMPs associated with pain
There were significant DNA methylation differences
between the groups (p < 0.05). We identified total 17,563
CpG probes, including 13,411 hypermethylated CpG
probes (DNA methylation level is higher in the high
impact pain group than the pain free group) and 4152 hypo-
methylated CpG probes (DNA methylation level is lower in
the high impact pain group than the pain free group). The
top DMPs are shown in Table 2 (full DMP list is shown
in Supplemental Table 1). We also identified 488 DMRs
under p < 0.05, seen in Supplemental Table 2. The remain-
ing EPIC array data can be made available upon reasonable
request. The range of % effect size is −0.156–0.177, and
can be seen in Supplemental Table 1.

Table 1. Characteristics of the study participants stratified by

pain groups (pain grade).

No pain

(n= 31)

High Impact pain

(n= 75) p*

Age, mean (SD), y 58.6 (9.2) 56.3 (7.3) 0.218

Sex, no. (%) 0.873

Male 12 (38.7) 32 (42.7)

Female 19 (61.3) 43 (57.3)

Race, no. (%) 0.041
Non-Hispanic black 12 (38.7) 47 (62.7)

Non-Hispanic white 19 (61.3) 28 (37.3)

Study site, no. (%) 1.000

University of Florida 18 (58.1) 42 (56.0)

University of Alabama

at Birmingham

13 (41.9) 33 (44.0)

*p-values were calculated using student t test for continuous variables, and

Chi-square test forbinaryoutcomes.Boldvalues denote statistical significance.
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Functional annotation by genomic features
To examine the potential functional impact of identified
DMPs, we annotated the putative DMPs (p < 0.05) to prede-
termined genomic features (Figure 1). Compared to the null
distribution of CpG probes included in the Illumina EPIC
array, hypermethylated probes were enriched in introns
(37.5% versus 32.9%), intergenic probes (33.7% versus
27.3%), and exons (9.2% versus 8%) but depleted in pro-
moters (19.6% versus 31.8%,). Hypomethylated probes
were most enriched in promoters (58.9% versus 31.8%),
but depleted in exons (3.8% versus 8%), intergenic probes
(19.6% versus 27.3%), and introns (17.7% versus 32.9%).
All contrasts are statistically significant at p < 0.05.

Pathway enrichment analysis
In terms of canonical Elsevier pathway database, Amyloid
beta Clearance in Alzheimer Disease (p= 0.0014) and
Amyloid beta Traffic and Degradation in Extracellular
Matrix in Alzheimer’s Disease (p= 0.0368) were signifi-
cant. In terms of canonical Panther pathway database,
Alzheimer disease-presenilin pathway Homo sapiens
P00004 was significant (p= 0.0024).

Discussion
Chronic pain and AD are significant problems affecting an
ever-aging population that can significantly interfere with
daily functioning.16,35 Historically, chronic pain and AD

have been studied as separate entities. A bidirectional asso-
ciation is present between chronic pain and AD in previ-
ously reported literature, though a clear mechanistic link
remains to be understood. Approximately 48.5% of AD
patients report having chronic pain, and pain intensity is
positively correlated with dementia severity.16 Recent
reports have proposed that chronic widespread pain may
predict cognitive diseases, as chronic pain, peaking in
prevalence ∼20–30 years prior to a diagnosis, was asso-
ciated with a 43% increase in all-cause dementia, and a
47% increase in AD and related dementia risk.11,18–23 It is
imperative that these disease states be studied in tandem
if we are to promote positive health outcomes in an aging
population. Moreover, studying these disease states before
any impairment is incredibly important to understand
early disease symptoms and pathologies to target early
interventions. As we had previously noted significant differ-
ences in an AD-related enrichment pathway by pain status,
this exploratory study sought to observe DNA methylation
profile associations of AD-related genes in individuals with
high-impact chronic pain compared to pain-free controls,
and employed computational analysis to identify differ-
ences in enrichment of common target pathways and
genes with differentially methylated CpG sites. Presently,
the discussion will focus on the functions and potential
downstream effects of the differentially methylated genes.
Further, we will discuss the three enriched pathways identi-
fied that are reflective of AD disease progression that these
genes may likely influence: (1) the Amyloid beta Clearance
in Alzheimer Disease pathway; (2) the Amyloid beta Traffic

Table 2. Top 20 differentially methylated probes (DMPs).

CpG probe Estimate Chr Start End Feature Direction* p Genes†

cg16830944 0.017123465 14 62200995 62200995 exons + 4.79E-06 HIF1A

cg12173150 0.086115361 6 170338591 170338591 intergenic + 7.98E-06

cg13477812 0.040691119 4 186435506 186435506 introns + 8.80E-06 PDLIM3

cg05226506 −0.013953581 2 118845797 118845797 promoters − 1.74E-05 INSIG2

cg14931071 0.017495921 6 12717776 12717776 promoters + 1.93E-05 PHACTR1

cg19733255 0.03238186 9 74918970 74918970 intergenic + 3.14E-05

cg09749703 −0.012095051 2 153192460 153192460 promoters − 4.30E-05 FMNL2

cg21523574 0.035811882 14 23595597 23595597 exons + 5.48E-05 SLC7A8

cg00057476 0.030546165 22 29708246 29708246 exons + 6.10E-05 GAS2L1; RASL10A

cg26991453 0.016475112 2 28117271 28117271 introns + 6.51E-05 RBKS; BRE-AS1; BABAM2

cg11146114 0.022733903 12 4671731 4671731 promoters + 7.13E-05 RAD51AP1; DYRK4

cg08765940 0.035434289 11 133789708 133789708 exons + 7.29E-05 IGSF9B

cg00119127 0.038617455 7 1422999 1422999 intergenic + 7.34E-05

cg07307994 0.07135518 2 3828216 3828216 intergenic + 7.88E-05

cg23781022 −0.030334011 12 96589925 96589925 introns − 8.04E-05 ELK3

cg26485159 0.045642026 5 4511755 4511755 intergenic + 8.90E-05

cg13668657 −0.034681529 2 242042464 242042464 promoters − 9.76E-05 MTERF4; PASK

cg15060115 0.038396571 11 45672248 45672248 promoters + 9.81E-05 CHST1

cg04745703 0.020943617 9 130859347 130859347 introns + 1.02E-04 SLC25A25

cg10886173 0.017123465 14 97104878 97104878 intergenic + 1.06E-04

*+indicates hypermethylation (higher methylation level in the severe-pain group as compared to the no-pain group); and − indicates hypomethylation

(lower methylation level in the severe-pain group as compared to the no-pain group).

†Annotated genes within ±5 kb of the CpG probe.
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and Degradation in Extracellular Matrix in Alzheimer’s
Disease pathway; and (3) the Alzheimer disease-presenilin
pathway in Homo sapiens.

In the current study, we found that there were significant
differences in DNA methylation in individuals with high
impact pain compared to pain-free controls on CpG sites
found within genes themselves associated with or in inter-
genic regions in close proximity to genes associated with:
(1) cell structure, development and proliferation (PDZ and
LIM domain 3 (PDLIM3), phosphatase and actin regulator
1 (PHACTR1), growth arrest specific 2 like 1 (GAS2L1),
dual specificity tyrosine phosphorylation regulated kinase
1 (DYRK4) and formin 2 (FMN2)); (2) DNA transcription
and repair (hypoxia inducible factor 1 subunit alpha
(HIF1A), BRISC and BRCA1 A complex member 2
(BABAM2), RAD51 associated protein 1 (RAD51AP1),
ETS transcription factor (ELK3) and mitochondrial tran-
scription terminination factor 4 (MTERF4); (3) macronutri-
ent metabolism (solute carrier family 7 member 8
(SLC7A8), RAS like family 10 member A (RASL10A),
carbohydrate sulfonotransferase 1 (CHST1), solute carrier
family 25 member 25 (SLC25A25), insulin induced gene 2
(INSIG2), and PAS domain containing serine/threonine
kinase (PASK)); and (4) neurotransmission (immunoglobulin
superfamily member 9B (IGSF9B)). Specifically, of the

genes related to cell structure, PDLIM3, PHACTR1,
GAS2L1, and DRYK4 were hypermethylated in the HIP
group compared to the pain-free controls. Because we do
not presently have gene expression data, we can only
hypothesize that this hypermethylation may lead to decreased
gene expression of their protein constituents in the HIP
group. These aforementioned genes are involved in cytoskel-
etal assembly, tubule formation, cell survival, proliferation
and differentiation, in which disruption of these processes
have been implicated in AD. In AD, the histopathological
hallmarks are not only Aβ plaques, but also neurofibrillary
tangles (NFTs) composed primarily of tau.36 Basic and clin-
ical science experiments have led to many hypothesizing that
abhorrent cell structure in the brain may prompt an environ-
ment that allows for the upregulation of AD-related genes
and formation of NFTs in AD.36,37 Dysregulation of genes
related to cytoskeleton and microtubule formation may lead
to this type of environment in individuals with HIP. In add-
ition to this, NFTs contain tau, a microtubule-associated
protein that works with the FMN2 protein, coded for by
the FMN2 gene that was contrastingly hypomethylated in
the HIP group. In the neurons of the brain, microtubule-actin
cross-talk is primarily controlled by tau, which simultan-
eously acts as a stabilizer and promotor of growth along
actin bundles. FMN2 works alongside tau, guiding along

Figure 1. Genomic feature distributions of all putative DMPs (raw p < 0.05). p-values were calculated using Chi-square test.
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actin and promoting the capture of microtubules and aiding
in the formation of NFTs.37–40 Thus, the epigenetic modifica-
tions seen in our HIP sample may in theory contribute to an
environment suitable for structural abnormalities that
promote the development of NFTs and increased AD devel-
opment risk.

Accumulation of DNA damage throughout the body, and
especially in the brain, is a well-known aging factor.41 As
such, a substantial amount of evidence points to DNA
damage as a critical player in the pathogenesis AD. In clin-
ical studies, DNA damage has been shown to have accumu-
lated in the brains of AD patients, and currently,
abnormalities in DNA damage repair can be used as a diag-
nostic biomarker for AD. In the context of Mendelian gen-
etics, noted disruptions in DNA damage repair that have
resulted from point mutations in the BRAC1 gene, among
other DNA damage repair genes have been linked to AD
pathogenesis.41 We also hypothesize that epigenetic modi-
fications to DNA repair genes may possibly facilitate AD
pathology. In our sample, HIF1A, BABAM, RAD51AP,
and ELK3 were hypermethylated in the HIP group com-
pared to the pain-free group, which has the possibility to
lead to decreased DNA repair and dysfunction in gene tran-
scription in the HIP group. In contrast,MTERF4 was hypo-
methylated, the gene used to transcribe and translate the
Mitochondrial Transcription Termination Factor 4
(mTERF) protein and influencing mitochondrial func-
tion.42,43 Interestingly, basic science experiments have
shown that mTERF is also upregulated in animal models
of AD. mTERF over expression has also been demonstrated
to promote amyloidogenic processing by suppressing a dis-
integrin and metalloproteinase 10 (ADAM10), resulting in a
significant increase in amyloid precursor protein (APP).42

Without gene expression being quantified, we can only
hypothesize that individuals with high impact pain may
be exhibiting changes in expression of ADAM10 and
APP, possibly due to the hypomethylation of MTERF4
compared to pain-free individuals. Future studies are
urgently needed to confirm this hypothesis.

In addition to genes related to cellular function and DNA
repair, we also noted differential DNA methylation in genes
related to macronutrient metabolism, primarily carbohy-
drate metabolism, in HIP versus pain-free individuals:
SLC7A8, RBKS, RASL10A, CSHT1, SCL25A25, INSIG2,
and PASK. Though the brain only contributes a small per-
centage of an individual’s overall mass, it is one of the
most energy demanding sources of the organism.
Ultimately, all macronutrients are converted to glucose to
be used by cells throughout the body and in the brain. It
is essential for neuronal activity and is used to undergo cel-
lular respiration by glucose transporters expressed in the
brain and peripheral endothelium, astrocytes and
neurons.44 RBKS, RASL10A, CSHT1, and SCL25A25
were all hypermethylated in individuals with high impact
pain and are all genes encoding for proteins and enzymes

critical for carbohydrate metabolism. Evidence suggests
that subsequent down-regulation of expression of these
genes would lead to aberrant carbohydrate metabolism.
Interestingly, patients at risk for or with AD show decreased
glucose metabolism in the brain, and one study in a fly
model of AD demonstrated that enhancing glucose metab-
olism showed neuroprotective effects.44 In addition, there
is evidence to suggest changes in glucose metabolism in
various regions of the brain in individuals with chronic
pain.45 INSIG2 and PASK were hypomethylated in our
sample of high impact pain individuals. INSIG2 and
PASK are both influenced in their expression by the pres-
ence or absence of insulin, corroborating the theoretical
shift in carbohydrate metabolism associated with differen-
tial methylation of the above genes, as insulin concentra-
tions fluctuate with the amount of carbohydrate present in
the bloodstream.46 Ultimately, it is well-demonstrated that
errors in carbohydrate metabolism can lead to increases in
reactive oxygen species (ROS) and oxidative stress. We
have previously shown significant associations between
ROS/oxidative stress and chronic pain, and previous litera-
ture has linked ROS/oxidative stress with AD.4,47,48 Thus, it
is hypothesized that these phenomena may be a possible
underlying link between the two disease states.

Finally, in our sample, IGSF9B was hypermethylated in
the HIP group compared to controls. This gene codes for an
immunoglobulin family protein that is a brain-specific
adhesion molecule that is found in GABAergic interneur-
ons. The resulting IGSF9B participates in inhibitory synap-
tic organization by participating in synaptic adhesion.49

Decreased expression of the protein may be associated
with GABA-related dysfunction in neurons.50 This poten-
tial dysfunction would be consistent with the literature
that human chronic pain patients have lower concentrations
of GABA in the brain, and animal models of chronic pain
showing GABAergic dysfunction.51–54 Additionally, there
are noted GABAergic inhibitory interneuron defects in
AD.55 More research is needed to determine whether the
epigenetic differences described in our sample may be
important mechanisms by which the two disease conditions
potentially interact.

Finally, the canonical pathways enriched in our sample
were associated with the presenilin pathway in AD, Aβ
clearance in AD and Aβ traffic and degradation in extracel-
lular matrix in AD. Aβ is currently one of the most well-
known molecules associated with AD progression and
mortality through the accumulation and deposition of this
molecule in the brain. Aβ is both neurotoxic and prone to
self-aggregation. The ‘Aβ clearance in AD’ and the ‘Aβ
traffic and degradation in AD’ pathways, are a series of
enzymatic and non-enzymatic reactions focused on redu-
cing the amount of Aβ deposited in the brain. The
‘Presenilin’ pathway was also associated with differential
DNA methylation of genes in high impact pain patients
in our sample. The presenilins (presenilin-1 and

6 Journal of Alzheimer’s Disease Reports



presenilin-2) are transmembrane proteins responsible for
the regulation of cleavage of other proteins in their
domain. Ultimately, dysregulation of this pathway by
these proteins increases the production of Aβ.56

Dysfunction of these pathways are crucial to the pathogen-
esis of AD. It should be emphasized that in our sample,
individuals with HIP that were deemed “cognitively
normal” at the time of study, already show differences in
DNAmethylation of genes associated with these pathways.
These DNA methylation differences associated with HIP
may predispose individuals with chronic pain to AD or it
may accelerate existing ongoing processes.

We acknowledge that this study presented its own
unique limitations. First, its cross-sectional nature does
not indicate causality. Second, there are other epigenetic
modifications (histone acetylation and microRNA expres-
sion) that work together with DNA methylation to regulate
gene expression that we did not assess. Additionally, bisul-
fite conversion generates a greater amount of DNA frag-
mentation and lower yields than enzyme conversion;
however, quality control steps were employed in order to
minimize the DNA damage. It should be noted that the
850k EPIC array was developed for cancer research and
only includes a small proportion of the 28 million CpG can-
didates found in the human genome. As such, there were
additional CpGs not included in the analyses. Third, we
did not measure gene expression, thus, it is not clear
whether these epigenetic differences impacted function.
Finally, peripheral blood is heterogenous, and we did not
account for the different cell types in the analyses,
however, in our previous study cell type proportion did
not impact our findings. We also acknowledge that periph-
eral amyloid-beta clearance as measured by peripheral
blood samples may be key to understanding these mechan-
isms and may provide a useful biomarker and validation of
epigenetic changes. Future research should aim to be longi-
tudinal, compare specific tissue types, include SNPs and
other genetic variants, and measure both epigenetic modifi-
cations, differences in gene expression and Aβ in the per-
iphery to truly capture the essence of the relationship
between AD and chronic pain.

Both chronic pain and AD are significant, debilitating
disease affecting aging populations. As chronic pain and
AD are more prevalent in older adults and the number of
adults over the age of 65 is expected to increase, the
burden of these diseases for both older individuals and
society at large are also expected to increase in the near
future.57 Here, we showed that individuals with chronic
HIP had differentially methylated genes associated with
various AD-related pathways. Our findings provide prelim-
inary evidence to support the chronic pain-AD link corrob-
orating other literature, but more research is needed to
confirm the directionality of this relationship.11,18–23

Because of the epigenome’s readiness to respond to
changes in its environment, targeting interventions that

enhance the epigenome’s ability to effectively regulate
shared genes and pathways may help to prevent and/or
treat subsequent AD and chronic pain.

Acknowledgments
We would like to thank study participants for their time.

ORCID iD
Larissa J Strath https://orcid.org/0000-0002-9616-0177

Statements and declarations

Author contributions
Larissa Strath (Conceptualization; Formal analysis; Methodology;
Validation; Visualization; Writing – original draft; Writing –
review & editing); Lingsong Meng (Data curation; Formal ana-
lysis; Writing – review & editing); Yutao Zhang (Formal analysis;
Writing - reviewing & editing); Asha Rani (Methodology; Writing
– review & editing); Zhiguang Huo (Supervision; Writing –
review & editing); Thomas C Foster (Supervision; Writing –
review & editing); Roger B Fillingim (Supervision; Writing –
review & editing); Yenisel Cruz-Almeida (Conceptualization;
Data curation; Funding acquisition; Investigation; Methodology;
Resources; Supervision; Validation; Writing – review & editing).

Funding
The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This
work was supported by NIH/NIA Grants R01AG059809,
R01AG067757 (YCA); and R37AG033906 (RBF). A portion of
this work was performed in the McKnight Brain Institute at the
National High Magnetic Field Laboratory’s Advanced Magnetic
Resonance Imaging and Spectroscopy (AMRIS) Facility, which
is supported by National Science Foundation Cooperative
Agreement No. DMR-1157490 and DMR-1644779 and the State
of Florida, and the UAB National Center for Advancing
Translational Sciences of the National Institutes of Health under
award UL1TR003096.

Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Data availability
Data can be made available upon reasonable request.

Supplemental material
Supplemental material for this article is available online.

References
1. Dahlhamer J, Lucas J, Zelaya C, et al. Prevalence of chronic

pain and high-impact chronic pain among adults – United
States, 2016. MMWR Morb Mortal Wkly Rep 2018; 67:
1001–1006.

Strath et al. 7

https://orcid.org/0000-0002-9616-0177
https://orcid.org/0000-0002-9616-0177


2. Tinnirello A, Mazzoleni S and Santi C. Chronic pain in the
elderly: mechanisms and distinctive features. Biomolecules
2021; 11: 1256.

3. Leadley RM, Armstrong N, Reid KJ, et al. Healthy aging in
relation to chronic pain and quality of life in Europe. Pain
Practice 2014; 14: 547–558.

4. Strath LJ and Sorge RE. Racial differences in pain, nutrition,
and oxidative stress. Pain Ther 2022; 11: 37–56.

5. Grol-Prokopczyk H. Sociodemographic disparities in chronic
pain, based on 12-year longitudinal data. Pain 2017; 158:
313–322.

6. Spector AL, Quinn KG, Wang I, et al. More problems, more
pain: the role of chronic life stressors and racial/ethnic
identity on chronic pain among middle-aged and older
adults in the United States. Chronic Stress 2023; 7: 24705470
231208281.

7. Bartley EJ and Fillingim RB. Sex differences in pain: a brief
review of clinical and experimental findings. Br J Anaesth
2013; 111: 52–58.

8. Sorge RE and Strath LJ. Sex differences in pain responses.
Curr Opin Physiol 2018; 6: 75–81.

9. de Heer EW, Gerrits MMJG, Beekman ATF, et al. The asso-
ciation of depression and anxiety with pain: a study from
NESDA. PLoS One 2014; 9: e106907.

10. Bennett MI, Kaasa S, Barke A, et al. The IASP classification
of chronic pain for ICD-11: chronic cancer-related pain. Pain
2019; 160: 38–44.

11. Cao S, Fisher DW, Yu T, et al. The link between chronic pain
and Alzheimer’s disease. Journal of Neuroinflammation
2019; 16: 204.

12. Alzheimer’s Disease International. Dementia Statistics,
https://www.alzint.org/about/dementia-facts-figures/dementia-
statistics/ (2020, accessed 15 March 2022).

13. National Institue on Aging. What is Dementia? Symptoms,
Types and Diagnosis, https://www.nia.nih.gov/health/what-
is-dementia (2021, accessed 15 March 2022).

14. National Institue on Aging. What is Alzheimer’s Disease?,
https://www.nia.nih.gov/health/what-alzheimers-disease (2021,
accessed 15 March 2022).

15. Heneka MT, Carson MJ, El Khoury J, et al.
Neuroinflammation in Alzheimer’s disease. Lancet Neurol
2015; 14: 388–405.

16. Larsson C, Hansson EE, Sundquist K, et al. Chronic pain in
older adults: prevalence, incidence, and risk factors. Scand J
Rheumatol 2017; 46: 317–325.

17. Breivik H, Collett B, Ventafridda V, et al. Survey of chronic
pain in Europe: prevalence, impact on daily life, and treat-
ment. Eur J Pain 2006; 10: 287–333.

18. Bell T, Franz CE and Kremen WS. Persistence of pain and
cognitive impairment in older adults. J Am Geriatr Soc
2022; 70: 449–458.

19. Ezzati A, Wang C, Katz MJ, et al. The temporal relation-
ship between pain intensity and pain interference
and incident dementia. Curr Alzheimer Res 2019; 16:
109–115.

20. Rong W, Zhang C, Zheng F, et al. Persistent moderate to
severe pain and long-term cognitive decline. Eur J Pain
2021; 25: 2065–2074.

21. Milani SA, Bell Tyler R, Crowe M, et al. Increasing pain
interference is associated with cognitive decline over four
years among older Puerto Rican adults. J Gerontol A Biol
Sci Med Sci 2023; 78: 1005–1012.

22. Ikram M, Innes K and Sambamoorthi U. Association of
osteoarthritis and pain with Alzheimer’s diseases
and related dementias among older adults in the
United States. Osteoarthritis Cartilage 2019; 27:
1470–1480.

23. Gong WY, Wang R, Liu Y, et al. Chronic monoarthritis pain
accelerates the processes of cognitive impairment and
increases the NMDAR subunits NR2B in CA3 of hippocam-
pus from 5-month-old transgenic APP/PS1 mice. Front
Aging Neurosci 2017; 9: 123.

24. Liu X, Jiao B and Shen L. The epigenetics of Alzheimer’s
disease: factors and therapeutic implications. Front Genet
2018; 9: 579.

25. Descalzi G, Ikegami D, Ushijima T, et al. Epigenetic
mechanisms of chronic pain. Trends Neurosci 2015; 38:
237–246.

26. Strath LJ, Meng L, Rani A, et al. Accelerated epigenetic
aging mediates the association between vitamin D levels
and knee pain in community-dwelling individuals. J Nutr
Health Aging 2022; 26: 318–323.

27. Montesino-Goicolea S, Sinha P, Huo Z, et al. Enrichment of
genomic pathways based on differential DNA methylation
profiles associated with chronic musculoskeletal pain in
older adults: an exploratory study. Mol Pain 2020; 16:
1744806920966902.

28. Elliott AM, Smith BH, Smith CW, et al. Changes in chronic
pain severity over time: the chronic pain grade as a valid
measure. Pain 2000; 88: 303–308.

29. Von Korff M, Ormel J, Keefe FJ, et al. Grading the severity
of chronic pain. Pain 1992; 50: 133–149.

30. Braun PR, Han S, Hing B, et al. Genome-wide DNA
methylation comparison between live human brain and
peripheral tissues within individuals. Transl Psychiatry
2019; 9: 47.

31. Nishitani S, Isozaki M, Yao A, et al. Cross-tissue correlations
of genome-wide DNA methylation in Japanese live human
brain and blood, saliva, and buccal epithelial tissues. Transl
Psychiatry 2023; 13: 72.

32. Ritchie ME, Phipson B, Wu D, et al. Limma powers differen-
tial expression analyses for RNA-sequencing and microarray
studies. Nucleic Acids Res 2015; 43: e47.

33. Lawrence M, Huber W, Pages H, et al. Software for comput-
ing and annotating genomic ranges. PLoS Comput Biol 2013;
9: e1003118.

34. Reimand J, Isserlin R, Voisin V, et al. Pathway enrichment
analysis and visualization of omics data using g:profiler,
GSEA, cytoscape and EnrichmentMap. Nat Protoc 2019;
14: 482–517.

8 Journal of Alzheimer’s Disease Reports

https://www.alzint.org/about/dementia-facts-figures/dementia-statistics/
https://www.alzint.org/about/dementia-facts-figures/dementia-statistics/
https://www.alzint.org/about/dementia-facts-figures/dementia-statistics/
https://www.nia.nih.gov/health/what-is-dementia
https://www.nia.nih.gov/health/what-is-dementia
https://www.nia.nih.gov/health/what-is-dementia
https://www.nia.nih.gov/health/what-alzheimers-disease
https://www.nia.nih.gov/health/what-alzheimers-disease


35. 2021 Alzheimer’s disease facts and figures. Alzheimers
Dement 2021; 17: 327–406.

36. Bali J, Halima SB, Felmy B, et al. Cellular basis of Alzheimer’s
disease. Ann Indian Acad Neurol 2010; 13: S89–S93.

37. Bamburg JR and Bloom GS. Cytoskeletal pathologies of
Alzheimer disease. Cell Motil Cytoskeleton 2009; 66: 635–649.

38. Seetharaman S and Etienne-Manneville S. Cytoskeletal cross-
talk in cell migration. Trends Cell Biol 2020; 30: 720–735.

39. Biswas S and Kalil K. The microtubule-associated protein tau
mediates the organization of microtubules and their dynamic
exploration of actin-rich lamellipodia and filopodia of cor-
tical growth cones. J Neurosci 2018; 38: 291–307.

40. Elie A, Prezel E, Guérin C, et al. Tau co-organizes dynamic
microtubule and actin networks. Sci Rep 2015; 5: 9964.

41. Lin X, Kapoor A, Gu Y, et al. Contributions of DNA damage
to Alzheimer’s disease. Int J Mol Sci 2020; 21: 1666.

42. Wang X-l, Liu Q, Chen G-J, et al. Overexpression of
MTERF4 promotes the amyloidogenic processing of APP
by inhibiting ADAM10. Biochem Biophys Res Commun
2017; 482: 928–934.

43. Oka S, Leon J, Sakumi K, et al. Human mitochondrial tran-
scriptional factor A breaks the mitochondria-mediated
vicious cycle in Alzheimer’s disease. Sci Rep 2016; 6: 37889.

44. Duran-Aniotz C and Hetz C. Glucose metabolism: a sweet
relief of Alzheimer’s disease.Curr Biol 2016; 26: R806–R809.

45. Peterson JA, Johnson A, Nordarse CL, et al. Brain predicted
age difference mediates pain impact on physical performance
in community dwelling middle to older aged adults. Geriatr
Nurs 2023; 50: 181–187.

46. Shiraishi S, Kobayashi H, Nihashi T, et al. Cerebral glucose
metabolism change in patients with complex regional pain
syndrome: a PET study. Radiat Med 2006; 24: 335–344.

47. Strath LJ, Jones CD, Philip George A, et al. The effect of low-
carbohydrate and low-fat diets on pain in individuals with
knee osteoarthritis. Pain Med 2020; 21: 150–160.

48. Chen Z and Zhong C. Oxidative stress in Alzheimer’s
disease. Neurosci Bull 2014; 30: 271–281.

49. Woo J, Kwon SK, Nam J, et al. The adhesion protein
IgSF9b is coupled to neuroligin 2 via S-SCAM to
promote inhibitory synapse development. J Cell Biol
2013; 201: 929–944.

50. Oyarzabal A, Xiol C, Castells AA, et al. Comprehensive
analysis of GABA(A)-A1R developmental alterations
in Rett syndrome: setting the focus for therapeutic targets
in the time frame of the disease. Int J Mol Sci 2020;
21: 518.

51. Peyron R, Laurent B and García-Larrea L. Functional
imaging of brain responses to pain. A review and
meta-analysis (2000). Neurophysiol Clin 2000; 30: 263–288.

52. Mouraux A, Diukova A, Lee MC, et al. A multisensory
investigation of the functional significance of the “pain
matrix”. NeuroImage 2011; 54: 2237–2249.

53. Smallwood RF, Laird AR, Ramage AE, et al. Structural brain
anomalies and chronic pain: a quantitative meta-analysis of
gray matter volume. J Pain 2013; 14: 663–675.

54. Cruz-Almeida Y, Forbes M, Cohen RC, et al. Brain gamma-
aminobutyric acid, but not glutamine and glutamate levels
are lower in older adults with chronic musculoskeletal
pain: considerations by sex and brain location. Pain Rep
2021; 6: e952.

55. Xu Y, Zhao M, Han Y, et al. GABAergic inhibitory inter-
neuron deficits in Alzheimer’s disease: implications for treat-
ment. Front Neurosci 2020; 14: 660.

56. Farfara D, Trudler D, Segev-Amzaleg N, et al. γ-Secretase
component presenilin is important for microglia β-amyloid
clearance. Ann Neurol 2011; 69: 170–180.

57. Dillon CF, Rasch EK, Gu Q, et al. Prevalence of knee osteo-
arthritis in the United States: arthritis data from the third
national health and nutrition examination survey 1991–94.
J Rheumatol 2006; 33: 2271–2279.

Strath et al. 9


	 Introduction
	 Methods
	 Participants
	 Study measures
	 Clinical pain: graded chronic pain scale (GCPS)
	 Blood collection and processing
	 DNA extraction and methylation analysis
	 DNA methylation data preprocessing
	 Differentially methylated probes (DMPs) in AD-related genes associated with pain impact
	 Pathway enrichment analysis


	 Results
	 Demographics
	 AD-related DMPs associated with pain
	 Functional annotation by genomic features
	 Pathway enrichment analysis

	 Discussion
	 Acknowledgments
	 Statements and declarations
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


