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Background: Chronic pain (CP) may increase the risk of cognitive impairment; however,
the association between CP and dementia is still unclear.

Objectives: Therefore, we conducted this study to clarify the association between CP
and dementia.

Study Design: Retrospective cohort study.
Settings: Nationwide population based.

Methods: This study recruited 27,792 patients (> 50 years) with CP from the Taiwan
National Health Insurance Research Database between January 1, 2000, and December
31, 2015, as the study cohort. The comparison cohort consists of patients without
CP who were matched 1:1 for age, gender, and index date with the study cohort. A
comparison of the risk of dementia between the two cohorts was performed by following
up until 2015.

Results: The prevalence of CP was 13.4% in the population aged > 50 years. Patients
with CP had a higher risk of dementia than those without CP (adjusted hazard ratio
[AHR]: 1.21; 95% confidence interval [Cl]: 1.15-1.26). Compared with the other age
subgroups, the 50-64 years age group with CP had the highest risk of dementia (AHR:
1.28; 95% Cl: 1.14-1.43). The impact of CP on the increased risk of dementia was more
prominent in the younger age subgroup and decreased with aging. The increased risk of
dementia in patients with CP was persistent, even following up for more than 5 years
(AHR: 1.19; 95% Cl: 1.12-1.26).

Limitations: Using “analgesics use at least 3 months” as the surrogate criteria of CP
may underestimate the diagnosis of CP.

Conclusions: CP was associated with a higher risk of dementia, especially in the 50-
64 years age group. Early treatment of CP for the prevention of dementia is suggested.
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hronic pain (CP) is defined as an unpleasant
sensory and emotional experience associated
with actual or potential tissue damage, which

has persisted beyond normal tissue healing time,
assumed to be 3 months (1). It is estimated that CP
affects 31% of the adult population worldwide (2). CP
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is more common in older adults, especially in women
(3,4). Previous studies reported that CP was prevalent
in 29.9%-36.2% of older Australians, 55% of older
Swiss, and 69.8% of older German (5-7). In nursing
home residents, CP is more common and estimated to
comprise up to 82.9% (8). CP is usually underdiagnosed
and undertreated, which leads to a significant mental
burden on individuals and an economic burden on
society (3,9).

The origins of CP are diverse because of its complex
pathophysiology. It could be neuropathic pain (direct
damage to the nervous system), inflammatory pain
(peripheral inflammatory insults), cancer pain (tumor
progression), and dysfunctional pain (unclear origins,
e.g., fibromyalgia) (10). Common causes of CP include
cancer, spinal disorders, osteoarthritis, fibromyalgia,
migraine, postherpetic neuralgia, and diabetic neu-
ropathy (11).

According to previous studies, CP is found to be
associated with an increased risk of depression (12-16).
Recent studies showed that pain may also have a nega-
tive impact on cognition. A cross-section study that en-
rolled 765 older patients in Boston showed that there
was a significant relationship between pain interfer-
ence and impaired general cognitive function (17). The
study was to investigate “pain” (17), which is different
from CP (i.e., a longer pain duration: > 3 months). In
addition, the causal relationship might not be clear in
a cross-section study. Impaired cognitive function and
memory are not equal to dementia. Another cohort
study recruiting 10,065 American older adults reported
that persistent pain was associated with memory de-
cline (4). The study recruited patients > 62 years (4);
however, the onset of dementia may be more earlier
(18). The pain severity in these studies (4,17) was evalu-
ated by the patients’ subjective feelings, which are not
an objective outcome measurement. Furthermore, the
subtypes of dementia, including Alzheimer’s disease
and vascular dementia, are not studied. Therefore, we
conducted this nationwide population-based cohort
study recruiting younger patients to delineate these
issues.

METHODS

Data Source

Taiwan’s National Health Insurance (NHI), the
country’s compulsory social health insurance, was
launched in March 1995. It includes more than 99% of
23.74 million residents in Taiwan. The National Health

Research Institute (NHRI), a nonprofit foundation, pub-
lished the National Health Research Database (NHIRD),
which contained all the records of NHI from the start
(19). NHRI used a systemic sampling method and is-
sued a series of NHIRD subsets, called the Longitudinal
Health Insurance Database (LHID), which contained
complete data of all medical services offered to a mil-
lion randomly sampled people from the national popu-
lation. This study used the LHID 2000, which retrieved
individuals from NHIRD enrollment files in 2000. After
NHRI's conformation, there were no significant differ-
ences in age, gender, health care costs, geographic dis-
tribution, and annual turnover rate between the LHID
2000 and NHIRD.

Study Design, Setting, and Patients

We recruited all patients (aged > 50 years) with CP
between January 1, 2000, and December 31, 2015, from
the LHID 2000 as the study cohort (Fig. 1). Those who
were younger than 50 years were excluded because de-
mentia rarely occurred in this age population. CP was
defined as patients who used analgesics for at least 3
months (20-22). The analgesics mentioned in this study
included nonsteroidal anti-inflammatory drugs (exclud-
ing aspirin), acetaminophen, and opioids. We recruited
patients without CP as the comparison cohort by ex-
actly matching them based on the same age, gender,
and index date at a ratio of 1:1 with the study cohort.
The index date was the date that the patient with CP fit
the CP criteria. Patients with known dementia before
the index date were excluded. Dementia was identified
using the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnosis
classifications of 290, 294.1, 294.2, or 331 with at least
one hospitalization or 3 outpatient clinic visits.

Definitions of the Variables

We classified patients into 4 age subgroups, in-
cluding 50-64, 65-74, 75-84, and > 85 years (23). Two
major subtypes of dementia, Alzheimer’s disease and
vascular dementia, were also analyzed. Alzheimer’s
disease and vascular dementia were defined as ICD-
9-CM of 331.0 and 290.4, respectively. We included
comorbidities that were potential confounding factors
for dementia in the analyses: hypertension (ICD-9-CM
codes 401-405), diabetes (ICD-9-CM code 250), hyper-
lipidemia (ICD-9-CM code 272), depression (ICD-9-CM
codes 296.2, 296.3, and 311), coronary artery disease
(ICD-9-CM codes 410-414), malignancy (ICD-9-CM codes
140-208), stroke (ICD-9-CM codes 436-438), congestive
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heart failure (ICD-9-CM code 428), chronic obstructive
pulmonary disease (ICD-9-CM code 496), liver disease
(ICD-9-CM codes 570-576), renal disease (ICD-9-CM
codes 580-593), alcoholism (ICD-9-CM codes 291, 303,
305.0, 357.5, 425.5, 535.3, 571.0-571.3, and V113), and
head injury (ICD-9-CM code 959.01). All the diseases
were defined as having the diagnoses with at least one
hospitalization or 3 outpatient clinic visits.

Main Outcome Measures

We compared the risk of dementia, including 2
major subtypes (Alzheimer’s disease and vascular de-
mentia), between the 2 cohorts by following up until
2015.

Ethical Statements

The mean age was 66.5 years, and most patients with
CP were aged between 50 and 74 years (77.6%; Table
1). In patients with CP, women have a higher percent-
age than men. Patients with CP had a higher prevalence
of all comorbidities than those without CP, including
hypertension, diabetes, hyperlipidemia, depression,
coronary artery disease, malignancy, stroke, congestive
heart failure, chronic obstructive pulmonary disease,
liver diseases, renal diseases, alcoholism, and head
injury. Competing risk survival analysis showed that
patients with CP had a higher risk of dementia than
those without CP (adjusted hazard ratio [AHR]: 1.21;
95% confidence interval [Cl]: 1.15-1.26) after adjusting
for all the comorbidities (Table 2). The risk difference
of Alzheimer’s disease and vascular dementia between

This study protocol was

approved by the Institutional
Review Board of Chi Mei Medical

23 million patients in the NHIRD

January 1. 2000 and December 31, 2015

Center. Informed consent was
waived because we used dei-

dentified secondary data from
the NHIRD. The waiver does not

1,000,000 randomly selected patients in the

LHID 2000

affect the rights and welfare of
the patients.

Statistical Analyses

When comparing the demo-
graphic data between the 2 co-
horts, we used an independent t
test for continuous variables and
Pearson y? tests for categorical

N Exclusion: patients <50 yecars

Patients = 50 years

n = 206,700

/\.

variables. We used competing
risk survival analysis to compare
the risk of dementia between

Patients 250 years with CP
n=27.792

Patients 250 years without CP
n=27.792

the two cohorts. Kaplan-Meier
analysis and the log-rank test for
the risk of dementia were also
done. SAS 9.4 statistical software
(SAS Institute Inc., Cary, NC) was

S

Follow-up until 2015

Y

used for all statistical analyses.
The significance level was set at

Compare the risk of dementia between two cohorts

0.05 (2-tailed).

Y

REesuLts

A total of 27,792 patients

Stratified analyses by subtypes of dementia, age, gender,
comorbidities, and follow-up periods

with CP were recruited into this
study (Fig. 1). In the age popula-
tion of > 50 years, the prevalence
of CPwas 13.4% (27,792/206,700).

Fig. 1. Study flowchart for comparing the risk of dementia between patients with and
without CB. NHIRD, National Health Research Database; LHID, Longitudinal

Health Insurance Database; CF, chronic pain.
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Table 1. Comparison of demographic characteristics between
patients with and without CP.

With CP Without CP
Characteristics (n=27,792) | (n =27,792) | P-value
n (%) n (%)

ﬁ%g’em (mean 66.5+9.3 66.5+9.3 >0.999
Age subgroup (years)

50-64 11,877 (42.7) | 11,877 (42.7)

65-74 9,702 (34.9) 9,702 (34.9) >0.999

75-84 5,613 (20.2) 5,613 (20.2)

>85 600 (2.2) 600 (2.2)
Gender

Male 12,087 (43.5) 12,087 (43.5) >0.999

Female 15,705 (56.5) | 15,705 (56.5)
Comorbidity

Hypertension 13,589 (48.9) 8,256 (29.7) <0.001

Diabetes 5,875 (21.1) 3,551 (12.8) | <0.001
Hyperlipidemia 3,698 (13.3) 2,150 (7.7) <0.001
Depression 666 (2.4) 262 (0.9) <0.001
dCiZZZ:I:rY artery 4422(159) | 2,583(93) | <0.001
Malignancy 1,725 (6.2) 804 (2.9) <0.001
Stroke 3,244 (11.7) 1,222 (4.4) <0.001
gﬁif:mve heart 2,858 (10.3) | 1,656(6.0) | <0.001
Chronic
obstructive 4,233 (15.2) 2,167 (7.8) <0.001
pulmonary disease
Liver disease 2,951 (10.6) 1,704 (6.1) <0.001
Renal disease 2,154 (3.9) 1,165 (4.2) <0.001
Alcoholism 442 (1.6) 192 (0.7) <0.001
Head injury 54(0.2) 28 (0.1) 0.004

Data are presented as number (percentage) or mean + SD. CP, chronic
pain; SD, standard deviation.

the 2 cohorts was not significant. The increased risk of
dementia was significant between 50 and 84 years of
age subgroups but not significant in the age subgroup
of > 85 years. The AHRs of 50-64, 65-74, and 75-84 years
were 1.28 (95% Cl: 1.14-1.43), 1.20 (95% Cl: 1.12-1.28),
and 1.17 (95% Cl: 1.08-1.26), respectively. Stratified
analyses showed that the increased risk was significant
in the subgroups of both gender and comorbidities of
hypertension, diabetes, hyperlipidemia, coronary artery
disease, congestive heart failure, chronic obstructive
pulmonary disease, and liver disease. Patients with CP
had an increased risk of dementia than those without
CP during the entire follow-up period, even more than
5 years (AHR: 1.19; 95% Cl: 1.12-1.26). Compared with

longer follow-up period, the increased risk of dementia
was more prominent in the shorter follow-up period.
The Kaplan-Meier method with log-rank tests showed
that patients with CP had a higher cumulative incidence
rate of dementia, including subtypes with Alzheimer’s
disease and vascular dementia, than those without CP
during the follow-up period (Fig. 2).

Discussion

This large nationwide population-based cohort
study showed that 13.4% of the patients aged > 50
years had CP. Among patients, CP was more common in
women than in men. Also, those with CP had a higher
risk of dementia during the entire follow-up period,
even after 5 years, compared with patients without CP.
The increased risk was more prominent in the shorter
follow-up period than in the longer follow-up period.
In the analysis of age subgroups, the increased risk of
dementia was more prominent in the 50-64 years, fol-
lowed by the 65-74 and 75-84 years. The difference in
dementia risk in the > 85 years age subgroup was not
significant.

The possible mechanisms for the association
between CP and dementia are disruptions of atten-
tion and memory traces (24-26), decision-making task
impairment, processing speed and psychomotor speed
(27,28), affective stress that might provoke endogenous
cortisol associated with hippocampal degeneration and
memory dysfunction (4,29-32), and underlying comor-
bidities (33-36). CP may contribute to chronic attention
and memory interruption, decision-making ability im-
pairment, and subsequent widespread pain and move-
ment avoidance and social contact withdrawal (24,27).
The undertreatment of CP results in the consequence
of disability and more pain, and therefore more disabil-
ity and increased risk for impaired cognitive function
(24,27). CP may increase the production of endogenous
cortisol via the hypothalamic-pituitary-adrenal axis,
which contributes to neuronal loss in the hippocam-
pus and prefrontal cortex (32). The association among
underlying comorbidities, CP, and dementia is complex
and probably multidirectional. For example, diabetes
may contribute to diabetic neuropathy, a common
cause of CP (11). Our study showed that CP increased
the risk of dementia. However, diabetes itself may also
increase the risk of dementia via vascular disease and
alterations in glucose, insulin, and amyloid metabolism
(11). The complex relationship needs further studies for
clarification.

Altered brain function, brain chemistry, and
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Table 2. Comparison of the risk for dementia between patients with and without CP using competing risk survival analysis.

With CP Without CP
Variable Mortality | Dementia | Mortality | Dementia Crlsu‘}e HR é.HR * f) B
(1, %) (1, %) (n, %) (1, %) (95% CI) (95% CI) value
Overall analysis 9,521 (34.3) | 4,616 (16.6) | 7,090 (25.5) | 3,740 (13.5) | 1.27 (1.21-1.32) | 1.21 (1.15-1.26) | <0.001
Subtypes of dementia
Alzheimer’s disease 11,820 (42.5) 231 (0.8) 8846 (31.8) 201 (0.7) 1.15(0.95-1.39) | 1.16 (0.96-1.41) 0.128
Vascular dementia 11,622 (41.8) 527 (1.9) 8708 (31.3) 427 (1.5) 1.24 (1.09-1.41) | 1.09 (0.96-1.24) 0.208
Stratified analysis
Age (years)
50-64 2,823 (23.8) 896 (7.5) 1,352 (11.4) 592 (5.0) 1.54 (1.39-1.71) | 1.28 (1.14-1.43) | <0.001
65-74 3,412 (35.2) | 1,970 (20.3) | 2,706 (27.9) | 1,589 (16.4) | 1.28 (1.20-1.37) | 1.20(1.12-1.28) | <0.001
75-84 2,873 (51.2) | 1,598 (28.5) | 2,649 (47.2) | 1,412(5.1) | 1.17(1.09-1.26) | 1.17 (1.08-1.26) | < 0.001
> 85 413 (68.8) | 152(25.3) | 383(63.8) | 147 (24.5) | 1.06 (0.85-1.33) | 1.05(0.83-1.34) | 0.688
Gender
Male 5,004 (41.4) | 1,930 (16.0) | 3,862 (32.0) | 1,545(12.8) | 1.28 (1.19-1.37) | 1.22(1.14-1.31) | <0.001
Female 4,517 (28.8) | 2,686 (17.1) | 3,228 (20.6) | 2,195 (14.0) | 1.26 (1.19-1.33) | 1.19 (1.13-1.27) | < 0.001
Comorbidity
Hypertension 4,945 (36.4) | 2,618 (19.3) | 2,681 (32.5) | 1,463 (17.7) | 1.09 (1.03-1.17) | 1.16 (1.08-1.23) | < 0.001
Diabetes 2,582 (44.0) | 1,075 (18.3) | 1,426 (40.2) | 604 (17.0) | 1.08 (0.98-1.19) | 1.14(1.03-1.26) 0.011
Hyperlipidemia 1,042 (28.2) 673 (18.2) | 553 (25.7) 339 (15.8) | 1.16(1.01-1.32) | 1.22(1.07-1.40) 0.003
Depression 195(29.3) | 166(24.9) | 73 (27.9) 64(27.8) | 1.01(0.76-1.35) | 1.23(0.91-1.67) | 0.184
Coronary artery disease 1,777 (40.2) 935 (21.1) | 1,008 (39.0) | 507 (19.6) | 1.10(0.98-1.22) | 1.19 (1.06-1.33) 0.002
Malignancy 1,113 (64.5) 197 (11.4) | 382(47.5) 100 (33.7) | 0.92(0.72-1.17) | 1.02(0.80-1.31) 0.848
Stroke 1,422 (43.8) | 765(23.6) | 598 (48.9) | 320(26:2) | 0.87 (0.77-1.00) | 1.07 (0.93-1.22) | 0.353
Congestive heart failure 1,592 (55.7) 574 (20.1) | 928 (56.0) 305 (18.4) | 1.10(0.96-1.27) | 1.17 (1.02-1.35) 0.029
g&ﬁ‘;:a‘;%f;zzze 1,929 (45.6) | 791(18.7) | 958 (44.2) | 370 (17.1) | 1.11(0.98-125) | 1.15(1.01-1.30) | 0.033
Liver disease 1,196 (40.5) 462 (15.7) | 618(36.3) 205(12.0) | 1.34(1.13-1.57) | 1.39(1.17-1.64) | <0.001
Renal disease 1,110 (51.5) | 333(15.5) | 558 (47.9) | 174 (14.9) | 1.04 (0.86-1.25) | 1.12(0.93-1.35) | 0.218
Alcoholism 247 (55.1) 52 (11.8) 101 (52.6) 32(16.7) 0.68 (0.44-1.06) | 0.79 (0.48-1.28) 0.331
Head injury 20 (37.0) 10 (18.5) 5(17.9) 9(32.1) 0.55(0.22-1.34) | 0.66 (0.11-4.02) 0.656
Follow-up period (year)
<1 1,240 (4.5) | 394(1.4) | 579(2.1) 218 (0.8) | 1.81(1.54-2.14) | 1.57 (1.32-1.87) | < 0.001
<2 2,109 (7.6) 747 (2.7) 1,162 (4.2) 453 (1.6) 1.66 (1.48-1.86) | 1.46(1.29-1.65) | <0.001
<3 2,925 (10.5) | 1,140(4.1) | 1,784 (6.4) 719 (2.6) 1.60 (1.46-1.76) | 1.42(1.29-1.56) | <0.001
<4 3,747 (13.5) | 1,493 (5.4) | 2,402 (8.6) | 1,016 (3.7) | 1.49 (1.37-1.61) | 1.33 (1.23-1.45) | <0.001
<5 4,532 (16.3) | 1,861 (6.7) | 2,975(39.6) | 1,303 (4.7) | 1.45(1.35-1.55) | 1.32(1.22-1.42) | <0.001
>5 4,989 (23.3) | 2,755 (12.9) | 4,115(17.5) | 2,437 (10.4) | 1.27(1.20-1.34) | 1.19(1.12-1.26) | <0.001

*Adjusted for all comorbidities, including hypertension, diabetes, hyperlipidemia, depression, coronary artery disease, malignancy, stroke, conges-
tive heart failure, chronic obstructive pulmonary disease, liver diseases, renal diseases, alcoholism, and head injury. "AHR.
HR, hazard ratio; AHR, adjusted hazard ratio; CI, confidence interval; CP, chronic pain.

neocortical gray matter loss by CP may also explain
the increased risk of dementia (37-39). CP alters the
functional connectivity of cortical regions, the default
mode network (DMN), which is known to be active at

rest (37). The DMN is balanced by positive and nega-
tive correlations between activity in component brain
regions (37). A study using functional magnetic reso-
nance imaging showed that CP contributed to reduced
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Fig. 2. Kaplan-Meier curve and log-rank test for comparing
the risk for (a) all dementia, (b) Alzheimer’s disease, and
(¢) vascular dementia between patients with and without
chronic pain.

deactivation in several key DMN regions (37). The result
suggests that CP had a widespread impact on overall
brain function and that disruptions of the DMN may

be the underlying mechanism for the cognitive and
behavioral impairments accompanying CP (37). An in
vivo proton magnetic resonance spectroscopy study
revealed that CP alters human brain chemistry (38).
N-acetyl aspartate and glucose in the dorsolateral pre-
frontal cortex were reduced, and the interrelationship
between chemicals within and across brain regions
was abnormal (38). A study using magnetic resonance
imaging showed that patients with CP had 5%-11%
less neocortical gray matter volume than the controls
without CP (39). The longer pain duration, the more
decreased gray matter volume (39).

Our study showed that the impact of CP on the risk
of dementia was more prominent in the younger age
subgroups and shorter follow-up period. The possible
explanation for the age difference is that the older
age subgroup has more comorbidities responsible for
increased risk of dementia than the younger popula-
tion. Therefore, the impact of CP on cognition may
not be significant as the individual becomes older.
The possible reason for the difference in follow-up
periods is that the impact of CP on cognition may be
more severe in the early years. As the follow-up period
extends and the patient ages, the risk of dementia may
be affected by more and more risk factors, including
older age, increased comorbidity, and decreased physi-
cal activity (40). The competing risk survival analyses
showed that the increased risk of dementia subtypes
(i.e., Alzheimer's disease and vascular dementia) were
not significant and different from the results by the
Kaplan-Meier curve and log-rank test. The few case
numbers of dementia subtypes may be the reason, and
therefore, recruiting more patients may be helpful to
clarify this issue in the future.

This study has several strengths. First, this was a
nationwide population-based cohort study with a large
sample size. Second, we investigated not only the risk
of dementia but also the subtypes of dementia, includ-
ing Alzheimer’s disease and vascular dementia. There
are some limitations as follows. First, we used “analge-
sics use at least 3 months” as the surrogate criteria of
CP because there is no specific diagnostic code for CP
in the NHIRD. Therefore, the diagnosis of CP may be
underestimated. Patients with untreated pain who are
not on any analgesics may carry a much higher risk for
cognitive problems. The criteria for diagnosing patients
with CP could have been more precise and stringent
(rather than based on an analgesic prescription for 3
months or more) such as the presence of spinal disor-
ders, cancer-related pain, and diabetic neuropathy, etc.

E854
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Second, the severity of CP and degree of dementia are
not available in the NHIRD; therefore, we could not
evaluate their association in this study. Third, the dura-
tion of pain, different analgesic use and dose (nono-
pioid vs. opioid analgesics), time to develop dementia
after diagnosis of CP, patients using predominantly
opioids, and for a prolonged duration of time were
not evaluated because the main aim of this study is to
investigate the association between CP and dementia.
Fourth, despite matching age and gender and adjust-
ing all the common comorbidities in this study, some
confounding factors, including physical activities and
social engagement, were not available. Further studies
about these limitations are warranted.

CONCLUSIONS

This nationwide population-based cohort study
showed that the risk of dementia increased in the pa-
tients with CP even following up for more than 5 years.
The possible mechanisms are disruptions of attention
and memory traces, decision-making task impairment,
processing speed and psychomotor speed, affective
stress that might provoke endogenous cortisol associ-
ated with hippocampal degeneration and memory
dysfunction, underlying medical diseases, and altered
brain function, brain chemistry, and neocortical gray
matter loss. The impact of CP on dementia is more
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