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Abstract

This study examines the importance of length dbf@lup on the association between pain and
incident dementia. Further objective was to chara pain trajectories in the 27 years preceding
dementia diagnosis and compare them to those apersgns free of dementia during the same
period.Pain intensity and pain interference (averageot@s pain) were measured on 9 occasions
(1991-2016) using the Short-Form 36 Questionnamergyst 9046 (women=31.4%) dementia-free
adults aged 40-64 years in 1991; 567 dementia easesrecorded between 1991-2019. Cox
regression were used to assess the associatiordrepain measures at different time points and
incident dementia and mixed models to assess géctories preceding dementia diagnosis or end
point for dementia-free participants. Results frléox regression showed moderate/severe
compared to mild/no total pain, pain intensity, g@ath interference not to be associated with
dementia when the mean follow-up was 25.0, 19.69,1t 10.0 years. These associations were
evident for a mean follow-up of 6.2 years: for tqgain (hazard ratio=1.72; 95% confidence
intervals=1.28-2.33), pain intensity (1.41; 1.082), and pain interference (1.80; 1.30-2.49). These
associations were stronger when the mean follofeumcidence of dementia was 3.2 years. 27-
year pain trajectories differed between dementsgsand non-cases with small differences in total
pain and pain interference evident 16 years befersentia diagnosis (difference in total pain
score=1.4, 95% confidence intervals=0.1-2.7) apealhaincreasing closer to diagnosis. In
conclusion, these findings suggest that pain ereetate or prodromal symptom rather than a cause

of dementia.
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1. INTRODUCTION
Permanent structural changes in brains of thode atitonic pain [2,7,11,25] resemble that seen in
neurodegenerative diseases such as dementia [B]difgensions, namely sensory-discriminative,
cognitive-evaluative, and affective motivationak &anown to activate a wide network of brain
regions [13,19]. It is likely that there is an degrin structural brain changes in chronic pain and
dementia. Chronic pain affects cognitive, mood, enshtal status [6,10], and is also a feature of
dementia [8,12]. However, the long-term associalietween pain and dementia remains unclear;
pain could be a cause, correlate, or a prodrona&life of dementia.
Associations of pain or painful chronic conditiamsh cognitive decline [5,20-22,28,29] and
dementia have been documented in several studies 29,33,36,37,39]; however few studies have
examined the temporal nature of this associatiahtlh@ evidence is inconsistent. Most
aforementioned studies were conducted amongst ptgrriations and had less than five year mean
follow-up. Given that dementia is characterizedalypyreclinical period lasting 15-20 years [24]sit i
possible that previous findings were affected lwerse causation whereby the observed association
is primarily due to increase in pain in the preckh period of dementia.
Accordingly, our objective was to examine the terapassociation between pain scores, composed
of pain interference and pain intensity, and ingtdementia using time-to-event analysis with
mean duration between pain assessment and derde&greosis varying from 25 to 3.2 years.
Complementarily, we characterized pain trajectoiifealmost three decades preceding dementia
diagnosis and compared them to those observed apsragns free of dementia during the same

period.



2. METHODS

2.1.Study population
The Whitehall 1l study is an ongoing population édgohort started in 1985 among 10308 British
civil servants (6895 men, 3413 women), aged 35tgears. Data collection involves
guestionnaires on health behaviors, physical anttaherell-being every two to three years, and
clinical examinations including anthropometric megas and health-related parameters every four
to five years until the most recent examinatio2d15-2016. Participants’ written, informed
consent and research ethics approval are reneveatltcontact; the most recent approval was

from the NHS London - Harrow Research Ethics Conaajtreference number 85/0938.

2.2.Pain
Pain was assessed using the ‘bodily pain scal#¢ieoShort Form 36 (SF-36) questionnaire on 9
occasions since its introduction to the study 181£9993 (in 1995, 1997-1999, 2001, 2002-2004,
2006, 2007-2009, 2012-2013 and 2015-2016). SF-8&sass quality of life based on eight scales
[35] (vitality, physical functioning, bodily pailgeneral health, physical role functioning, emotlona
role functioning, social role functioning, and martealth) of which the bodily pain scale has been
used for assessment of pain in previous studieg [# bodily pain scale is composed of two
guestions that assess pain intensity and pairféenggrice “over the last four weeks”. Intensity
measurement ranges from none (scored 100), vedy(subred 80), mild (scored 60), moderate
(scored 40), severe (scored 20) to very severeddd®. Similarly, interference measurement
ranges from not at all (scored 100), a little bitqred 75), moderately (scored 50), quite a bit
(scored 25) up to extremely (scored 0). Total paicalculated by averaging the pain intensity and
interference scores. To ease interpretation, thelsoring was reversed such that higher scores on
pain intensity, pain interference and total paslicated higher pain levels. The following three
continuous pain measures were used: “Total pafPdjrf intensity” and “Pain interference”. We

also categorized these measures into two groupsidérate to severe” and “mild or no” pain.



2.3.Incidence of dementia
Dementia was ascertained by linkage to three @eicthealth records: Hospital Episode Statistics
(HES), Mental Health Services Data Set (MHSDS), muodtality register up to the 3March 2019
using a unique National Health Service (NHS) ideatfor each individual. Dementia cases were
identified based on ICD-10 codes F00, FO1, FO2, F0S.1, G30, G31.0, G31.1, and G31.8 (Table
S1); the date of diagnosis was set at the firgirceof disease in these databases. The sensitivity
and specificity of dementia diagnosis in HES dats lbeen reported to be 78.0% and 92.0% [26].

Additional use of MHSDS in our study is likely tmprove sensitivity of dementia diagnosis [38].

2.4.Covariates
Sociodemographic factors included age, birth cofioriive year bands), sex, ethnicity (Caucasian,
other), education (less than primary school, logeaondary school, higher secondary school,
university, and higher university degree), and maastatus (married/cohabiting, others) at the time
of pain evaluation. Questionnaire data, electroei@lth records, or clinical examinations over the
follow-up were used for the following health comalits: 1) a multimorbidity index comprising
coronary heart disease, stroke, chronic obstrugtidemonary disease, cancers (except non-
melanoma skin cancers), type 2 diabetes, ostederthmd rheumatoid arthritis, Parkinson’s disease
and obesity (based on body mass ind&@0kg/m); 2) depression based on electronic heattbrds
and use of anti-depressants; and 3) pain medichtiead on use of analgesic and anti-rheumatic

medications.

2.5.Statistical analysis
Characteristics of the study population as a femctif dementia status at the end of the follow-up
were compared using Pearson’s Chi square and aafygariance (ANOVA) tests. Then two sets

of analysis were performed, as described below.



Time to event analysis: We used Cox regressiosgess the association between pain

measurements (separately for continuous and diohpéal scores) in 1991-1993 and incident
dementia. These analyses were repeated with pasurements drawn from 1997-1999, 2003-
2004, 2008-2009, 2012-2013 and 2015-2016 to asdesther the length of the follow-up had an
impact on observed associations. Participants eemsored at dementia diagnosis, death, 8r 31
March 2019, whichever came first. Age was usedhasime-scale, and analysis was stratified on
birth cohort and initially adjusted for sex, ethtycmarital status, education (Model 1); then also
for multimorbidity index, depression, and pain noadiion use at the time of pain measurement
(Model 2). Analyses were undertaken using pain @ndéinuous (10-point increase) and a

dichotomous measure (“moderate to severe” paifnvitd or no pain”).

Retrospective analysis of 27-year pain trajectofiéss analysis aimed at comparing individual

pain trajectories in dementia cases with non-casesng the study population. We used mixed
linear models with continuous pain variables astigendent variables and a backward timescale,
such that index date (date of dementia diagnosisases and the earliest of3flarch 2019 or

date of death for non-cases) was year 0, and paasunes were modeled from year O to year -27.
Similar analyses were undertaken for dichotomizad measures (“moderate to severe” vs. “mild
or no” pain) using mixed logistic models. Mixed netglhave the advantage to use all available data
over the follow-up, handle differences in lengtifafow-up, and account for the correlation of the
repeated measures on the same individual. Cubites@gression curves based on mixed models
suggested the use of time, tfnaad timé& terms (slope terms) to model nonlinear changgsin
trajectories (see Figure S1 and S2 in the suppleraeailable at http://links.lww.com/PAIN/B185).
Random effects for the intercept and time allowwtividual differences in pain score at intercept
(Year 0) and change in pain over time. Analysesveeljusted for age at year 0, sex, education,
ethnicity, marital status, dementia status, thesefor slope, interaction between these covariates
and the terms for slope, and for birth cohort (MddeThe analyses were then also adjusted for

pain medication use, multimorbidity index, and aegsion at the time of pain measurement (Model



2). The beta associated with the dementia terndgtkethe difference in pain at year 0 between
dementia cases and non-cases. The interactiorbietseeen dementia and slope terms denoted
whether change in pain over the previous 27 yeffieyed by dementia status. The differences in
pain between cases and non-cases for each of thea?s of the follow-up were estimated using the
MARGINS commands in STATA. All analyses were penfied using STATA 15.1(64-bit). All

resulting P-values were two-tailed and a P val@e05 was considered significant.

3. RESULTS

3.1.Study population characteristics
Of the 10308 participants at study inception (19888), 9284 had participated in at least one of
the waves between 1991-1993 and 2015-2016 amonmn\#B8 participants had missing data on
pain or covariates, leaving a study population@f® (2840 women and 6206 men) participants
(flowchart in Figure S3 in the supplement, avageal http://links.lww.com/PAIN/B185).
Compared to excluded study participants, thoseide were more likely to be younger (included
vs. excluded participants mean age 44.8 vs. 4@ikyr 1985P<0.001), men (68.6% vs. 54.6%;
P<0.001), Caucasian (90.7% vs. 77.9%460.001), married/cohabiting (75.0% vs. 67.1740.001),
and to have university education (27.1% vs. 17.26.001) (Table S2 in the supplement,

available at http://links.lww.com/PAIN/B185).

Amongst the 9046 study participants, 567 develagsadentia at the mean age of 77.0 (Standard
Deviation (SD) = 5.9) years over the mean 25 ye#fsllow-up, 56.1% of these cases were
diagnosed in the last five years of follow-up. Tblshows that dementia cases were more likely to
be older (mean age = 55.8 vs. 50.3 yea«§).001), women (39.5% vs. 30.9%x0.001) and less
likely to be Caucasians (86.4% vs. 91.0%60.001) and to have university education (21.0% vs
27.5%,P<0.001), and presented more often with chronicadise (23.8% vs. 15.9%<0.001), and
depression (4.8% vs. 3.1%+0.03). Dementia cases also had higher mean parassat first wave

of pain measurement (19.4 vs. 15.7 for total pa#).001) which became larger at the last wave of



pain measurement (Table 1). On average 6.9 paisunesawere recorded in non-cases and 5.8 in
dementia cases. There was no evidence of sexatiffes in associations of pain with dementia

(Pinteractior0.07) leading us to combine both sexes in theyarsl

3.2. Association between pain and incident dementia
Table 2 shows results from Cox regression for §seaations of continuous and dichotomized pain
score measures recorded at 1991-1993, 1997-1909;Z14, 2007-2009, 2012-2013 and 2015-
2016 with incident dementia, using a mean followefi@5.0, 19.6, 14.5, 10.0, 6.2 and 3.2 years
respectively. In analysis not adjusted for heatthditions (Model 1), the continuous pain
interference was associated with increased haatimlaf dementia, irrespective of the length of the
follow-up (time between pain assessment and dadiemientia diagnosis or end of follow-up for
non-cases). In the fully adjusted analyses (Mojleth2 association remained only when the mean
follow-up was 10 years (hazard ratio (HR) per 1€réase=1.06; 95%CI: 1.01, 1.11; P=0.03) or
less. The association between the dichotomizedrpassures and dementia strengthened as the
follow-up became shorter, when mean follow-up wasy@ars total pain (HR=2.17; 95%CI: 1.40,
3.38;P=0.001), pain intensity (HR=1.59; 95%CI: 1.01, 2.B80.05), and interference (HR=2.57,

95%CI: 1.61, 4.09P<0.001) were all associated with dementia in falijusted analyses.

3.3.Pain trajectories over 27 years of follow-up

Pain trajectories over the 27-year follow-up diéfétbetween dementia cases and non-cases (Figure
1 for fully adjusted model, and Figure S4 for Modighs shown by significant interaction between
dementia status and slope terms for total pAHfcio=0.004) and pain interference
(Pinteractior<0.001). In fully adjusted analyses (Model 2, Takileorresponding results for Model 1

in Table S3), dementia cases had higher total g@ones than non-cases starting 16 years before

diagnosis (difference=1.4, 95%CI: 0.1, 27Z£0.04, corresponding to 7% of a SD of total pain



score). Difference in pain score increased steaditgach 5.5 (95%CI: 2.5, 8.8<0.001) at
dementia diagnosis (year 0), corresponding to 28%oof the total pain score. These differences
were driven primarily by the pain interference cament, where differences between cases and
non-cases began at year -16 and increased to 86a¢85%CI: 4.8, 11.22<0.001) at dementia
diagnosis (year 0). Differences in pain intensigrevconfined to the seven years before dementia
diagnosis (Table 3). Analyses of 27-year trajeewof the probability of “moderate to severe” pain
in fully adjusted analyses are shown in FigureeSfimates shown in Table S4 in the supplement
(available at http://links.lww.com/PAIN/B185). Thiference in estimated probability at 2.5%
(95%CI: 0.1%, 4.8%P=0.04) for total pain, 2.7% (95%CI: 0.0%, 5.5P&0.05) for pain intensity,
and 1.9% (95%CI: 0.1%, 3.7%=0.03) for pain interference began at year -15n@-12 years
respectively. At dementia diagnosis these increappdoximately 5 times for total pain and pain

interference (Table S4).

4. DISCUSSION
This longitudinal study with repeated pain measemected over 27 years suggests steady
progression in self-reported pain prior to demedisgnosis. Time to event analysis, where data on
pain measures over the course of the study werktosessess the impact of the length of follow-up
on the association between pain and incident deamesfiowed the association to be evident only
when the mean follow-up was ten years or lower. U$eof backward pain trajectories describes
how small differences in pain scores between deimeates and non-cases become increasingly
pronounced in the decade before diagnosis of deandrgtken together these results highlight the
time dependent association between pain and deamgnten the long preclinical phase of

dementia there is no strong evidence from our tesiiit pain is a causal risk factor for dementia.

Several previous studies have examined the asgoclztween pain and cognitive outcomes, some
[5,18,20-22,28-30] but not all studies [20,32] hauggested pain to be associated with impairment

of cognitive domains such as attention, working mgmpsychomotor speed and executive
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function. Whitlock et al reported faster 12-yeamnoey decline and increase in dementia
probability score among individuals with 2-year racate to severe persistent pain [37]. A
systematic review and meta-analysis of longitudgtatlies with a follow-up ranging 2.75 to 11.8
years found no association between persistentgradnncident cognitive decline/dementia, but,
stratification of studies based on follow-up perredealed an association when follow-up was
shorter than 4.5 years [1]. Cognitive decline Has been shown to affect pain perception [16],
suggesting the need for closer attention to temp@mework in analysis of pain as a risk factor

for dementia.

Pain [9] and chronic painful conditions such asdrhyalgia [27], osteoarthritis [36], head ache [33]
have been found to be associated with risk of déimefew studies examine both the associations
of pain intensity and pain interference, one suabyswith a four year mean follow-up found pain
interference rather than intensity to be associaidddementia [9]. Other studies show pain
interference, irrespective of the site [39] or matof painful disease [15] to be associated with
dementia risk. Our results also show pain interfeeerather than pain intensity to be the driver of
observed associations between pain and demenfect&e and cognitive domains of pain [13] are
likely to determine subjective experience of paiteiference [4]. These pain domains are affected
early in dementia related neurodegeneration [28edying the emergence of pain interference in
the pre-clinical phase of dementia. In agreeméetassociation between pain interference and
incident dementia was observed earlier than theceéstson between pain intensity and dementia in
the present study. Nonetheless, the associatiatsriede interpreted with caution as limitations in
daily activities, irrespective of pain, emergehe tlecade preceding diagnosis [31]. Some authors
suggest pain interference and limitations in dadyvities as distinct domains [17], thus incregse
pain interference and limitations in daily actiggimight be two different features observed in the

dementia preclinical period.

To our knowledge, this is the first study to invgate the role of time in the association between

pain and dementia. An important feature of thidysisiis the construction of retrospective

10



backward trajectories of pain spanning 27 yearsrealementia diagnosis allowing progressive
change in pain to be tracked. Most previous stuasesl a mean follow-up of less than five years
with pain assessed only at baseline, ignoringithe varying nature of pain. Our study, by
combining findings from both backward trajectoraesl Cox regression models repeated at varying
time points with mean follow-up ranging from thtee25 years permits a more comprehensive

analysis of the timeline of the association betwe@n and dementia in its preclinical phase.

There are several possible explanations for therebd progression of pain before dementia
diagnosis. One, pain could be a causal risk fdorodementia. Chronic pain induced chronic stress
[14] via cortisol dysfunction [14] and neurogliaflammation [14,20] can disrupt neuronal
environment, accelerating neurodegenerative presestowever, differences in pain scores
observed sixteen years before dementia diagnosesdie dementia cases and non-cases in the
backward trajectory models were negligible (aroi@t) when compared with the minimal

clinically important difference of 4.9 suggested fioeeumatoid arthritis [34]. Cox regression
adjusted only for socio-demographic factors shoardssociation between pain interference and
incidence of dementia but further adjustment faltheconditions attenuated associations except
when the time between pain measures and demeagaahis was ten years or less. These findings
suggest that pain is not an independent, causalatsor for dementia. Two, pain could be a
preclinical symptom of dementia. Brain structur@sived in motivational-affective and cognitive-
evaluative pain processing are affected early meaidia related neurodegeneration [12,23],
underpinning the longer-term association betweém ipéerference and dementia. Three, pain and

dementia may have common causes as both shargpgsimogical mechanisms within the brain

3].

Limitations of the present study include lack ofadan the characteristics, type, and location of
pain. The specific chronic conditions that conttdalito the association between pain and dementia
could not be examined in sufficient detail. Our thmorbidity index included a range of conditions

to reflect overall disease burden, it is possibég some of these play a more important role than

11



others. Finally, as dementia diagnosis was basedemtronic health records we did not have
complete information on type or severity of dementihis method might miss milder dementia but
it has the advantage of providing data on deméatiall participants recruited to the study rather

than those who consent to face-to-face assessrhdatr@ntia status over the follow-up.

5. CONCLUSION

Dementia is a major challenge for social and hezdtle due to aging of populations, highlighting

the need to better understand the course of demassociated symptoms, and risk factors for
effective preventive strategies. We found paimtwease rapidly in the preclinical period of
dementia such that association of pain with deradrgcame stronger when assessed closer in time
to dementia diagnosis. These findings suggesipthatis a prodromal symptom of dementia or

both share common causal mechanisms rather thempamtant contributor to risk of dementia.
Between pain intensity and pain interference, &t latter that had a stronger association with

dementia highlighting the need for better manageroepain in older adults.
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Table 1. Characteristics of participants as a funadbn of dementia status at the end of follow-

up? (March 31, 2019).

No dementia Dementia P value
N=8479 N=567
n % n %
Women 2616 30.9 224 39.5 <0.001
Caucasian 7713 91.0 490 86.4 <0.001
University level education 2329 27.5 119 21.0 <0.00
Characteristics at the first wave of pain measurement
n % n %
Married/cohabiting 6480 76.4 412 72.7 0.04
Depression 263 3.1 27 4.8 0.03
Pain medication use 559 6.6 48 8.5 0.08
At least one chronic disedse 1345 15.9 135 23.8 <0.001
Moderate to severe pain
Total pain (Score > 32.5) 1125 13.3 104 18.3 0.001
Pain intensity (Score > 40) 1272 15.0 120 221. <0.001
Pain interference (Score > 25) 686 8.1 74 113. <0.001
Mean SD Mean| SD
Age, y 50.3 6.3 55.8 5.1 <0.001
Pain variables
Total pain 15.7 19.3 19.4 22,2 <0.001
Pain intensity 21.9 23.4 25.9 258.5 <0.001
Pain interference 9.4 18.8 129 223 <0.001
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Characteristics at last wave of pain measurement
n % n %
Married/cohabiting 6017 71.0 363 64.0 <0.001
Depression 957 11.3 104 18.3 <0.001
Pain medication use 1453 17.1 116 20.5 0.04
At least one chronic disedse 4416 52.1 335 59.1 0.001
Moderate to severe pain
Total pain (Score > 32.5) 2119 25.0 228 40.2<0.001
Pain intensity (Score > 40) 2160 25.5 209 936. <0.001
Pain interference (Score > 25) 1472 17.4 1832.1 <0.001
Mean SD Mean| SD
Age, y 68.9 8.6 70.9 8.1 <0.001
Pain variables
Total pain 24.2 22.7 31.2 267 <0.001
Pain intensity 31.2 24.5 35.6 27.3 <0.001
Pain interference 17.3 24.1 267 29.1 <0.001

Abbreviations: SD, Standard Deviation.

“Among participants with data at least once overfalew-up period.

PChronic diseases: coronary heart disease, strbkenic obstructive pulmonary disease, cancers,

type 2 diabetes, osteoarthritis, rheumatoid arshftarkinson’s disease and obesity.

19



Table 2. Association between pain (continuous (10mt increase) and dichotomous measures) and incidedementia: analysis using Cox regression.

Total pain Pain intensity Pain interference
N cases/|Model 1* Model 2° N cases/Model 1° Model 2° N cases/ N Model 1° Model 2°
N total HR [95% CI HR 195% CI N total HR P5% CI HR 95% CI Total HR [95% CI HR | 95% CI
Pain in 1991-1993 (Mean follow-up = 25.0y, SD = 4.7
Pain score [508/82811.05(1.01, 1.10 | 1.04| 0.99, 1.09| [508/82811.04 (1.00, 1.08 | 1.030.99, 1.07 508/8281 | 1.05| 1.00, 1.09 | 1.03 0.99, 1.08
Moderate to severe pain
No 427/72401 ref. 1 ref. 410/70571 ref. 1 ref. 454/7665 | 1 ref. 1 ref.
Yes 81/1041 | 1.200.94, 1.52 | 1.12| 0.87,1.44) [98/1224|1.25| 0.99,1.57| 1.10.95, 1.51 54/616 1.29]| 0.97,1.72| 1.27 0.90, 1.63
Pain in 1997-1999 (Mean follow-up = 19.6y, SD = 3.8
Pain score [425/70261.07/1.03, 1.12 | 1.05[1.00, 1.10 425/70261.06' [1.02, 1.10 | 1.040.99, 1.08 425/7026 [1.07| 1.02, 1.11| 1.04 0.99, 1.09
Moderate to severe pain
No 334/58791 ref. 1 ref. 327/58141 ref. 1 ref. 357/6300 | 1 ref. 1 ref.
Yes 01/1147 1.23‘0.97, 1.57 |1.10| 0.85,1.42 [98/1212|1.291.02,1.63 | 1.170.91, 1.50 68/726 1.44'| 1.11,1.88| 1.27 0.96, 1.69
Pain in 2002-2004 (Mean follow-up = 14.5y, SD = 2.9
Pain score [397/67521.04 0.99, 1.09 | 1.02| 0.97,1.07] [397/67521.02 [0.98, 1.07 | 1.0(D.96, 1.05 397/6752 | 1.05] 1.01, 1.10| 1.03 0.98, 1.08
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Moderate to severe pain

No 291/54341 ref. 1 ref. 291/53171 ref. 1 ref. 324/5939 |1 ref. 1 ref.

Yes 106/13181.3%1.05, 1.67 | 1.19| 0.93, 1.54| [106/14351.20 |0.95, 1.51 | 1.0€0.83, 1.37 73/813 1.36|1.05,1.77| 1.21 0.90, 1.62
Pain in 2007-2009 (Mean follow-up = 10.0y, SD = 2.0
Pain score [329/65881.06°|1.01, 1.12 | 1.03| 0.97,1.09] [329/658§1.02 |0.97,1.07 | 0.990.93, 1.04 329/6588 |1.08 | 1.03, 1.13| 1.06 1.01, 1.11
Moderate to severe pain

No 233/52231 ref. 1 ref. 240/51571 ref. 1 ref. 258/5742 | 1 ref. 1 ref.

Yes 06/1365 | 1.26/ 0.98,1.61| 1.0/ 0.82,1.41 [89/1431|1.09| 0.85,1.40, 0.90.68, 1.19 71/846 1.42| 1.08, 1.87| 1.21 0.90, 1.63
Pain in 2012-2013 (Mean follow-up = 6.2y, SD = 1.1)
Pain score [233/61291.10'[1.04, 1.16 | 1.08[1.02, 1.16 233/61291.05 |0.99, 1.11 | 1.0¥€.97, 1.09 233/6129 [1.17 | 1.06,1.17 [1.1F| 1.05, 1.18
Moderate to severe pain

No 140/47511 ref. 1 ref. 149/47201 ref. 1 ref. 162/5224 | 1 ref. 1 ref.

Yes 93/1378 [1.78(1.36,2.35 [1.7Z [1.28, 2.33 84/1409 [1.51° [1.14, 1.99 | 1.411.04, 1.92 71/905 1.8 | 1.40, 2.52 [1.80| 1.30, 2.49
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Table 2 Continued.

Total pain Pain intensity Pain interference
N cases/|Model 1° Model 2° N cases/Model 1* Model 2° N cases/ N Model 1° Model 2°
N total HR [95% CI HR 195% CI N total HR 95% CI HR  95% ClI Total HR [95% CI HR | 95% CI
Pain in 2015-2016 (Mean follow-up = 3.2y, SD = 0.6)
Pain score [100/53551.14'[1.05, 1.24 | 1.12[1.02, 1.24 100/53551.07 |0.99,1.17 | 1.09.96, 1.15 100/5355 | 1.1%5| 1.07, 1.24| 1.15 1.06, 1.25
Moderate to severe pain
No 55/4082 | 1 ref. 1 ref. 61/4041 | 1 ref. 1 ref. 63/4521 |1 ref. 1 ref.
Yes  [45/1273 | 2.231.48,3.36 | 2.171.40, 3.38 39/1314 | 1.72]1.13,2.61 | 1.591.01, 2.50 37/834 2.62|1.71,4.01| 2.57 1.61, 4.09

Abbreviations: HR, hazard ratio; Cl confidence magds.

#Model 1: adjusted for age (as time scale), sefh lsibhort, education, ethnicity, and marital status

P Model 2: Model 1 + pain medication use, multimoityidndex, and depression assessed at the timainfrpeasurement.

°P<0.05, P<0.01,° P<0.001
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Table 3. Differences in pain score between dementtases and non-cases in the 27 years preceding

dementia diagnosis in fully adjusted analysis.

Pain
Years Total pain Pain intensity
interference

before

P
index date | Diff | 95% ClI Diff |95% CI | Pvalue | | Diff | 95% CI | P value

value
-27 -0.2| -3.2,2.9 0.90 0.8 | -2.8,4.4, 0.66 -1.1| 43,21 0.51
-26 01| -24,25 0.97 0.9 | -2.0,3.8/ 0.53 -0.7 | -3.3,1.8 0.57
-25 03] -1.7,2.3 0.79 1.0 | -1.3,3.4] 0.39 -041 -25,16 0.69
-24 05| -1.2,2.2 0.60| 1.1 | -0.9,3.1] 0.27 -01]-19,16 0.87
-23 0.6 | -0.9,2.2 0.42| |1.2 | -0.6,3:0f 0.19 01 ] -14,16 0.90
-22 0.8 | -0.7,2.2 0.29] |13 | -04,3.0f 0.15 03 | -1.1,1.7 0.66
-21 09| -05,23 0.21] |13 | -0.3,3.0] 0.12 05 |-0919 0.46
-20 10| -04,24 0.15} | 1.3 | -0.3,3.0] 0.11 0.7 | -0.7,21 0.31
-19 11| -0.3,25 0.11| |14 | -0.2,3.0f 0.10 0.9 | -0.5,23 0.21
-18 1.2 | -0.1, 26 0.08| | 1.4 | -0.2,3.0f 0.09 11 | -0.3,24 0.13
-17 1.3 | -0.0,2.7 0.06| 1.4 | -0.1, 3.0 0.08 1.2 | -0.1, 2.6 0.07
-16 14| 0.1, 2.7 0.04| |14 | -0.1,2.9] 0.07 14 | 0.1, 27 0.04
-15 15| 0.2,2.8 0.02| 1.4 | -0.1,2.9] 0.06 16 | 0.3,29 0.02
-14 16 | 03,29 0.02| |1.4 | -0.0,2.9] 0.06 18 | 05,31 0.008
-13 1.7 | 0.4,3.0 0.01| |15 | -0.0,3.0] 0.06 2.0 | 0.6,3.3 0.004
-12 18| 05,32 0.00y | 1.5 | -0.0,3.0f 0.06 22 | 08,35 0.002
-11 20| 0.6,3.3 0.005 |1.5 | -0.1,3.1] 0.06 24 110,38 0.001
-10 21| 0.7,35 0.008 {1.5 | -0.1,3.1] 0.06 2.7 | 13,41 | <0.001
-9 23] 09,38 0.002 | 1.6 | -0.1,3.2) 0.06 3.0 | 15,45 | <0.001
-8 251 10,40 0.001 |1.6 | 0.0,3.3| 0.06 3.3 | 1.8,49 | <0.001
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-7/ 28| 13,43 <0.001 | 1.7 | 0.0,3.4| 0.05 3.7 | 22,53 | <0.001
-6 3.0| 15,45 <0.001 | 1.8 | 0.1,3.5| 0.04 4.2 | 2.6,5.7 | <0.001
-5 3.3 | 18,49 <0.001 |19 | 0.1,3.6| 0.03 4.7 | 3.0,6.3 | <0.001
-4 3.7 ] 2.0,53 <0.001 | 2.0 | 0.2,3.8| 0.03 52 | 35,69 | <0.001
-3 40 | 23,58 <0.001 [2.1 | 0.2,4.1| 0.04 58 | 39,76 | <0.001
-2 45 | 24,65 <0.001 | 2.3 | 0.0,4.6 | 0.05 6.5 | 43,86 | <0.001
-1 49 | 25,74 <0.001 | 2.5 | -0.3,5.3] 0.08 7.2 | 46,9.8 | <0.001
0 55| 25,84 <0.001 | 2.7 | -0.7,6.1) 0.12 8.0 | 4.8,11.2 <0.001
Difference

in P=0.004 P=0.84 P<0.001
trajectories

Abbreviations: Diff, difference; Cl confidence imtals.

Estimates were extracted from linear-mixed moddjgsded for age at Year 0, sex, education, ethpicit
marital status,

dementia status, slope terms (time, time2, andjiraad interaction of these covariates with slayens,
birth cohort, pain medication use, multimorbiditglex, and depression assessed at the time of pain

measurement.
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Figure 1. Twenty-seven year trajectories of pain, sing continuous measures, before dementia diagnosis

Legend |—— Non-case +——-—- Case

Estimated from linear mixed models adjusted for @g€éear 0, sex, education, ethnicity, maritaligatlementia status, slope terms (time, time2tiameB),
interaction of these covariates with slope ternr$h lzohort, pain medication use, multi-morbidibgdex, and depression assessed at the time of pain

measurement. Estimates came from Margins commaSaATA.

Higher scores correspond to higher pain.
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Predicted Mean Total Pain Score (0 — 100)

Difference in trajectories, P=0.004

A. Total pain

Predicted Mean Pain Intensity Score (0 — 100)

B. Pain intensity

Difference in trajectories, P=0.84

Predicted Mean Pain Interference Score (0 — 100)

C. Pain interference

Difference in trajectories, P<0.001

O 1 [« O+
21 244 21 18 5 12 -9 6 -3 0 .2|7 .2|4 .2|1 .1|8 .1I5 .1[2 2 21 244 21 18 15 12 9 6 -3 0
Years preceding diagnosis (Case) or Index date Years preceding diagnosis (Case) or Index date Years preceding diagnosis (Case) or Index date
(Non-case) (Non-case) (Non-case)
Number of observations in the analysis from year -27 to year 0
=27 -24 -18 -12 -6 =27 =24 -18 -12 =27 -24 -18 -12 -6
Years to to to to to to to to to to to to to
-24 -18 -12 -6 0 =24 -18 -12 -24 -18 -12 -6 0
NC:;Z7 168 715 904 882 604 168 715 904 882 168 715 904 882 604
Non-case 3947 17594 13599 12713 7669 3947 17594 13599 12713 3947 17594 13599 12713 7669

N =8479




