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ABSTRACT
Background & Aims: Studies of association between use of proton paimpitors (PPI) and dementia
have yielded conflicting results. We investigatiee ¢ffects of PPIs on cognitive decline in a stofly

middle-aged and elderly twins in Denmark.

Methods: In a prospective study, we collected data fromvesys of middle-aged individuals (46-67 years
old; the Middle Aged Danish Twin study) and oldedividuals (the Longitudinal Study of Aging Danish
Twins) who underwent cognitive assessments (a Spooent test battery) over a 10-year period (middje-
study, n=2346) or a 2-year period (longitudinabigtof aging: n=2475). We determined cumulative afse
PPIs 2 years prior study enroliment and duringpfellp, in defined daily doses (DDDs) of PPIs, usiatp
from a nationwide prescription register. Multi-\asle linear regression models were used to examine
associations between cumulative PPl use and a cotaezore of cognitive function at baseline and

decreases in scores during the follow-up periods.

Results: Use of PPIs before study enrollment was assatiat a slightly lower mean cognitive score at
baseline in the middle age study. The adjuste@diffce in mean score of individuals with high
consumption of PPIs>@00 DDD) was lower than that of non-users in thddig-age study (mean crude
score for high PPl use, 43.4+13.1 vs for non-u6e3#10.2; adjusted difference of 0.69 points; 9586-C
4.98 to 3.61). In the longitudinal study of agimgrts, individuals with high consumption of PPI Hadher
adjusted scores than non-users (mean crude sadngfoPPI use, 35.2+10.8 vs for non-use, 36.2+11.1
adjusted difference of 0.95 points; 95% CI, —-1@8.79). In analyses of cognitive decline, among
individuals with high consumption of PPIs in thaditudinal study of aging, the adjusted mean diffiee
between baseline score and follow-up score wasrltvea that of non-users (mean crude score for Bigh
use at baseline, 36.6+10.1 and at follow up, 3233%s for non-use at baseline, 38.1+10.5 andllawaup,
37.6+£11.3; adjusted difference of 1.22 points; 95k0-3.73 to 1.29). In the middle-age study, useétl the
highest consumption of PPIs1(600 DDD) had slightly less cognitive decline timom-users (baseline mean

crude score for high PPI use, 43.4+10.1 and follpamean crude score, 41.3+£9.7 vs baseline score of



49.1+10.2 for non-users and follow-up score of 48.9 for non-users; adjusted difference of 0.9A{mi

95% ClI, —1.63 to 3.50). No stated differences wras between PPl users and non-users were signtifica

Conclusion: In analyzing data from 2 large population-bagediss of twins in Denmark, we found no

association between PPI use and cognitive decline.

KEY WORDS: acid-related diseases; side-effects; treatm@ideeiology



INTRODUCTION

Proton pump inhibitors (PPI) are a class of druggarmonly used in the treatment of gastroesophagéakr
disease and the healing and prevention of gastdmhad ulcers. PPI use has increased markedly @ntec
years-? In Denmark, 7.4% of all adults used PPIs in 20The findings of two studies in Germany of a
potential association between PPl use and incraasedf dementid* gave rise to concerrparticularly as
these drugs are more frequently used among oldesidlials, where the risk of dementia is high. Altigh
preclinical data lend some support to the hypothefsa detrimental effect of PPI on cognition, ¢hgough
influencingp-amyloid levels in the brains of miéehe evidence is equivocallo date, the results of
epidemiological studies have also been inconclusitth more recent studies pointing towards a null
association between PPI use and demé&fi@urrent knowledge on the relationship between enm PPI
use and cognitive function, a predictor of the ogklementia in later lifé° is scant! To investigate the
association of long-term PPI use on changes initegriunction over time, we utilized prospectively
collected data from two large cohort studies cotetlicmn Denmark where cognition was repeatedly agsks
by trained interviewers , and information on PRY uss ascertained through a nationwide prescription
register. As the cohorts were recruited among Dafmiins, we also investigated the association betRP|
use and cognition among twin-pairs discordant wethard to cognitive decline —a powerful designttalg

the effects of non-genetic and non-common envirariregposures?

METHODS

For the purposes of this study, we linked data fsomveys of Danish twins with nationwide registatadas
described in the following. The study was approbgdhe Danish Data Protection Agency and Statistics
Denmark’s Scientific Board. According to Danish |approval from an ethics board and informed consen

are not required for register studies.

Study Population and Data Linkage
The individuals in this study were identified am@@i5 twins who participated in one of two popuati

based nationwide cohorts: The Longitudinal Studfgihg Danish Twin (LSADT) and the Middle Age



Danish Twin stud{’ (MADT). Both studies were conducted through théanwide Danish Twin Registry
(DTR), which has covered all twin cohorts in theisy since 187¢° Each survey comprised
multidimensional interviews conducted by trainegkiviewers. All participants provided informed ceng
and the Danish Scientific Ethics Committees appidweth studies.

For each twin participating in LSADT, we used syrigormation from baseline (biannual waves, 1997-
2005) and the 2 year follow-up. For MADT participgrnwve used information collected at baseline 9819
and at follow-up 10 years later. For further dstakeeSupplementary Material.

Data from DTR were linked with information from pdption-based registers at Statistics Denmark. This
included information from the Danish National Prgstion Register (Prescription Registry)which holds
information on all prescriptions for drugs dispeshat Danish community pharmacies since 1995 (see

Supplemental M aterial).*®

Assesment of Exposureto PPI

We used Prescription Register data to ascertainfuBBl among the twins. Each individuals cumukaitige
of PPl was calculated in defined daily dd$¢BDD) as detailed in the Supplemental Materiam8dPls
are available without prescription in Denmark, buér-the-counter sales account for only 2% of ttal t

volume®®

Assesment of cognitive functioning

Coghnitive functioning at baseline and follow-up veasessed by a five-component test battery. The tes
included: a fluency test (number of animals nanmeoinie minute), forward digit span, backward digars,
immediate and delayed recall of a 12-item list.d8bgn this information a composite cognitive scoas
calculated as @-score by standardising each single test to thenrard standard deviation of the values of
the 45-49 year olds into a composite cognitive scahich was then linearly transformed to have amuf
50 and a standard deviation of 10 in the younggstgaoup. This score has been used in a seriggdiés,
and has been shown to be a valid, reliable andageysensitive measure of cognitive functionindgwaigh

internal consistency reIiabiIit%?.‘21



Co-variates
Self-reported and register-based data were usédgsify participants with regard to a number sodilers,
and drug use patterns as listed in the statisticalyses section, and detailed in Supplementary

M ethods andSupplementary Figure 1.

Statistical analysis

Descriptive statistics were expressed as meansd@ta deviations) or medians (interquartile rarige)
continuous variables and numbers and proportionsdtegorical variables.

We performed analyses for the overall cohorts Yikdial-based analyses), and for twin pairs wheté bo
twins in a pair participated (within-pair analysds)each of these approaches we assessed théatissoc
between PPl use and cognitive functioning in ceesgional analyses and in longitudinal analyses.
Individual-based analyses

Comparisons of cognitive scores and PPI use weferpged using multivariate linear regression. Outeo
was cognitive score at baseline in cross-sectianalyses, and change in cognitive score from beesedi
follow-up in the longitudinal analyses; negativéues for each of these outcomes was indicative of
participants on PPI attaining lower cognitive seditean non-users of PPI. All models were adjuste@de,
sex, body mass index (BMI), smoking, alcohol uskeication level, history of depression, neurological
disorders (stroke, epilepsy, Parkinson’s disedbsg)oid disorders, hypertension, diabetes, usewjsiwith
possible acute effects on cognition (strong anageanxiolytic, antipsychotic drugs, or antidegia@ss),
and use of statins, oral steroids, postmenopauasaidne replacement therapy (HRT), low-dose aspirin,
nonsteroidal anti-inflammatory drugs as well asrexs® of HRA. We adjusted for twin pair cluster effects
(correlations) in all models in order to get unbsgonfidence intervals. Cross-sectional analysss aiso
performed as stratified by age at baseline visibfith cohorts (below or above median age).

We performed supplementary analyses and testatbfm-response trend as outlined in the Supplementar
Methods. Finally, prompted by recent repdttaie assessed the correlation betwegRAduse and cognitive

function in separate post hoc analyses with tlassbf drugs as the main exposure adjusted fontpaite



confounders as described above and with the addfi®PI use (ever use (1+ prescriptions) vs. neser(0
prescriptions)) to the model.

Within-pair analyses

Depending on zygosity, twins share 50% (dizygdbc)00% (monozygotic) of their genetic material. To
adjust for genetic and shared environmental cordfimg; we performed intrapair analyses limited tmea
sex pairs in which at least one of the twins hagireed PPl during follow up. Among these twins we
calculated the proportion (and corresponding 95%gitig the binomial distribution) of pairs in whitiie
co-twin with the higher cumulative dose of PPI liagl lowest cognitive score (cross-sectional analy$eor
corresponding longitudinal analyses, we calculéttedoroportion of pairs with the largest decline in
cognitive score. The null-hypothesis in all ana$ys&s a proportion of pairs of 50%. The within-pair
analyses are further detailed in Bigplemental Material.

Data were analysed using STATA (Version 13.1).

RESULTS

In all, baseline data on 7878 twins (MADT: n=43L&ADT: n=3615) were available for cross-sectional
analyses and 4821 participants for follow-up aregy®ADT: n=2346, LSADT: n=2475) (Fig. 1). Median
age at baseline interview for MADT and LSADT we@®(IQR 51.3-63.3) years and 75.4 (IQR 73.0-80.6)
years, respectively. Cognitive scores did not difietween men and women in LSADT (36.1+11.1) versus
35.94£11.0);P >0.05) Gupplementary Table 2). In the MADT, men had lower cognitive score tlvemmen
(46.0+10.2) versus 47.5+10.9%0.001). The cognitive scores of participants aektiae varied across strata
of age in a predictable mann&upplementary Table 3). A total of 262 (6%) of MADT twins and 299
(8.3%) of LSADT twins had used PPl in the 2-yeaiqakprior to baseline. Compared with non-exposed
twins, participants with prebaseline use of PPrengtightly younger, did not differ in sex distrtimn, had
attained a lower education level, and had sliglotlyer unadjusted mean composite cognitive scores at
baseline in LSADT (34.5 vs 36.B;<0.05), but not in MADT (45.6 vs 46.B>0.05) (Table 1). In general,

participants with prebaseline PPl use had a higheralence of comorbidities, and a more frequeatafis



medications other than PPl suggesting PPI usera haafse general health background status, compared

with twins with no PPI use in the 2-year periodpto baseline.

Cross-sectional analyses of cognitive score

Individual-based analyses

In MADT cohort, the adjusted difference in meanrsaaf individuals with high prebaseline consumptidn
PPIs £400 DDD) was lower than that of non-users (meadercore for high PPI use, 43.4+13.1 vs for
non-use, 46.8+10.2; adjusted difference of 0.6@3pB5% CI, —4.98 to 3.61). In LSADT cohort,
individuals with high prebaseline PPI consumptiad higher adjusted scores than non-users (meaa crud
score for high PPl use, 35.2+10.8 vs for non-u6e28.1.1; adjusted difference of 0.95 points; 9586-C
1.88 to 3.79). Overall, cumulative dose of PPI itlwo years before baseline participation did not
influence attained composite cognitive scorestimegicohort, i.e., LSADT, or MADT (Table 2). An
exception, was a statistically significant diffecerin cognitive score among twins participating BADT
who had been exposed to cumulative doses of 1-99 BPPI and had lower cognitive scores compared
with non-exposed twins (cognitive score differere®4; 95%ClI, -3.51 to -0.56); this difference was
slightly more pronounced among older twins (a@é.4 years: -3.15; 95%Cl, -5.27 to -1.04). Compgosit
cognitive scores for MADT participants in the yoengroup (<56.5 years) with cumulative dose of &Pl
200-399 DDD were also lower compared with the ngpesed reference group (mean difference in
cognitive score: -6.79; 95% ClI,

-10.38 to -3.19), albeit this measure was basezhmil numbers (n=6). Tests for trend were

statistically non-significant (LSADTP = 0.23; MADT:P = 0.16).

Within-pair analyses

There were 2693 intact twin pairs (i.e., both twmgair participated) with data on cognitive scate
baseline — of these 2083 were same sex pairs @&tdf&@hem did not differ with regard to PPI drug
exposure, leaving 283 pairs for baseline intra-paalyses (MADT: 146 pairs; LSADT: 137 pairs).
Cumulative PPI use in the 2-year period prior tedhae did not influence cognitive score testingoam

twin pairs participating in LSADT, as measured bg proportion of twin pairs in which the twin expdgto



higher cumulative PPI dose at baseline also wasaimewith the lowest composite cognitive scored (f
137 pairs, 58%; 95%Cl, 49% to 66%= 0.087). However, this result was influenced byéasing the
magnitude of intrapair difference in cognitive sgparticularly so for the top 25% (26 of 34 paiso;
95%Cl, 59% to 89%P = 0.003) Figure 2, panel A). Corresponding analyses for MADT showed no
material influence of cumulative PPI exposure dfedénces in cognitive score testing of the twilrpa
(proportions: overall 54%; 95%Cl, 46% to 62P6+ 0.36; top 25%: 39%; 95%CIl, 23% to 57R): 0.24)
(Figure 2, panel B). Note that all of the above estimates were adiluitr age, and sex by design, and not

for other variables included in the individual-badssalyses.

Longitudinal analyses of declinein cognitive score

Individual-based analyses

Compared with the reference group, minor differengere observed in the difference in cognitive séor
the twins exposed to PPl in the 2-year follow-up8ADT, and none of these were statistically sigaift
(Table 3). Among individuals with high consumptieinPPIs in LSADT, the adjusted mean difference
between baseline score and follow-up score wasrltvea that of non-users (mean crude score for Bigh
use at baseline, 36.6+10.1 and at follow up, 3233%s for non-use at baseline, 38.1+10.5 andllawaup,
37.6+£11.3; adjusted difference of 1.22 points; 95k0-3.73 to 1.29). In MADT, decline in cognitivemes
of individuals exposed to PPI in the 10-year follopvperiod was less pronounced from that of noresgd
individuals in all but one stratum (i.e., cumulatikPI dose of 800 DDD; adjusted delta-differencé9;1
95%Cl, -4.47 to 1.10). In MADT, users with the gt consumption of PPIsX(600 DDD) had slightly
less cognitive decline than non-users (mean crodedor high PPl use at baseline 43.4+10.1 and a
follow-up, 41.3+9.7 vs for non-use at baseline1490.2 and at follow-up, 46.31£9.9; adjusted diffexe of
0.94 points; 95% CI, —1.63 to 3.50). Tests fordrerere statistically non-significant (LSADP.= 0.26;

MADT: P = 0.20).

Within-pair analyses
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Out of a total of 1296 intact twin pairs with data cognitive score at baseline and follow-up, 1p&its
were same sex; of these 743 pairs did not diffén véigard to cumulative PPI exposure in the follaguv-
period. Thus, a total of 328 pairs were includethinfollow-up within-pair analyses (MADT: 224; LEX:
104).

The proportion of twin pairs in which the twin exgeal to higher cumulative PPI dose at baselinevedso
the twin with the largest decline in composite atige score did not differ significantly from 50%uI
hypothesis) (53 of 104 pairs, 51%; 95%Cl, 41% t&6R = 0.92). Corresponding analyses restricted to twin
pairs with differences in cognitive score belongiodghe top 25% did not materially influence thegwrtion
(11 of 26 pairs, 42%; 95%CI, 23% to 63P6; 0.56) Figure 3, panel A). Similar results were found in
MADT (overall: 111 of 224 pairs, 50%; 95%CI, 43%56%,P = 0.94; top 25% with highest difference in
cognitive score: 29 of 56 pairs, 52%; 95%Cl, 38%6%%,P = 0.89) Figure 3, pandl B). Supplementary
analyses including pairs with more marked discotdamith regard to PPI use (i.e100 DDD of PPl in 2-
year follow-up in LSADT, anéd500 DDD of PPI in 10-year MADT period) did not maadly affect results
on cognitive declineSupplementary Figure 2). In analyses restricted to monozygotic twin paine
proportion of pairs where the twin exposed to tighér PPl dose also was the twin with largest dedin
composite cognitive score was not higher than eegeaccording to the null hypothesi&ipplementary

Figure 3). Results of supplementary analyses are presemt&applementary Material.

DISCUSSION

This study is the first to examine the associalietween long-term PPI use and cognitive decliree in
population-based setting. Cognitive scores of nioae 7,800 middle-aged and older Danish twins at
baseline did not indicate an association with rnesiPPI use. Follow-up data on more than 4000aseth
twins did not indicate that use of this class afgdrwas correlated to cognitive decline. Thesearigglwere
supported by results of within pairs analyses afsvdiscordant for cognitive scores (baseline)agnitive
decline (follow-up). The magnitude of estimates bt indicate any important association with ctigei
function as measured through the composite scocenane of our adjusted estimates reported atitatly

significant effect in the longitudinal analysesalidition, there did not seem to be a clear dosgerese

11



effect in any analyses. Overall, the results of gtudy do not indicate that long-term PPI useetates with
risk for cognitive decline.

The findings of two studies in Germany that sugegkst possible link between PPl use and increaskdar
dementia’* have not been replicated in other studies. Anathety from Germany, based on primary care
data reported a null association between PPI useisinof dementid? as did a more recent nationwide
study from Finland, where PPI use of community-diwwgIinewly diagnosed patients with Alzheimer’s
dementia was compared to that of general populatotrols’ A follow-up study from the USA found that
subjects taking PPIs on a regular or intermittesidwere slightly less likely to be diagnosed wititd
cognitive impairment, or dementia, compared with-ngers of PPI8The relationship of long-term PPI use
with cognition has received less attention. A reéctidy, based on 13864 participants in the Nurdealth
Study, reported a null association between longreP| use and cognitive function assessed at &sing
point in time'! The present study results are in line with thesmfthis US study and expand current
knowledge on the relationship of PPI use and cagnéfter evaluating for the first time the lack of
association between long-term use of PPPs andtoggdecline.

H,RA use has also been reported to impact on cognitithile an early report raised the possibilityaof
protective effect of BRA use on risk of Alzheimer’s demenfiisubsequent studies did not confirr'it?
Lochhead et al recently reported poorer cognitisrecfion associated with increasing duration of legu
H,RA." Smaller cohort studies predating the publicatiomfthe Nurse’s Health Stutlyeported increased
incident cognitive impairment and cognitive declarmaong users of JRA, compared with non-users of
these drug8’?®In the present large study, we performed analged$,RA use post hoc, prompted by the
findings of a recent study.Further, HRA use steeply declined in Denmark the past 18syearit has been
largely replaced by use of PPIs. During the sanmi®geH,RA drugs have increasingly been purchased over
the counter (OTC)? and information on these transactions is not akélin the prescription registry. Yet,
as expenses towards prescribe® M are partially reimbursed in Denmark, we beligvat chronic HRA

use is likely captured by the prescription regiskigpwever, these potential shortcomings shoulddra n

mind, when assessing our finding of a lack of aisgion between ERA use and cognitive decline.

12



This study has a number of strengths. We usedszqpéon registry to ascertain drug exposure, Whic
eliminated recall bias. Importantly, for the yeaovered by the present study, the registry holftsnmation
on virtually all (98%) of PPI sold in DenmatkCognitive assessment at several points in timeblerg a
valid measurement of cognitive decline over timaswwerformed by trained interviewers and based on a
battery of recognized tests frequently utilizeepidemiological studies. By recruiting participaims
population-based setting we reduced selection $diaeed by clinic-based studies. We were able jiosad
for multiple confounders, including life-style, aaducation —information frequently not includedégister-
based studies on PPI use and dementia risk. Aisipartts were twins, we could perform within-pair
comparisons that provided control of genes and comimirauterine and childhood environment factors,
factors that may influence cognitive decline.

A number of potential limitations need to be comsadl. While participation at baseline was genetati
(>70%), the participation rate in the follow-up of A& was lower (62%). This finding may be associated
with MADT follow-up being performed at research tes (i.e., involving transport), while all othéudy
evaluations were performed at participants’ horddsile we cannot rule out some degree of selection i
study participation (particularly in MADT follow-)pwe believe its impact on our findings to be ninkhe
follow-up wave of LSADT was performed 2 years aftaseline, a time-frame that minimized concerns
regarding attrition of the cohort, e.g., due tooealth, but, conversely, may have been too short
sufficiently capture long-term declining cognititrajectories among elderly twins. Our prescriptio
register data were left-censored, correspondirigg@reation of the prescription register we ud€95%).
The impact of this on assessment of pre-baselinautaiive PPI use is probably negligible, as usthisf
class of drugs prior to 1995 was limited in Denmidrk spite of these efforts, we cannot preclude the
influence of insufficiently measured or unmeaswexfounders on our results.

Conclusion

We conclude that there was no association betwieemic PPI use and cognitive score or cognitivdidec

in this large population-based study of middle-aged older twins Danish twins.
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LEGENDS

Figure 1. Flow-chart of selection of twins for sgyghrticipation.

Figure 2. Baseline within-pair analysis. Proportadipairs where the twin exposed to higher cumwutati
proton pump inhibitor dose at baseline also hadtavegnitive score. Proportion estimates abovered
line) compatible with proton pump inhibitor use @sated with larger decline in cognitive function.

Proportions calculated for all twin pairs and stied by the magnitude of intrapair difference wgaitive

score; note that the strata are not mutually ek@uB-values above each estimate.

Figure 3. Longitudinal within-pair analysis. Profion of pairs where the twin exposed to higher clatie

proton pump inhibitor dose during follow-up dechin@ore in cognitive score compared with co-twin.

Proportion estimates above 0.5 (red line) compatbth proton pump inhibitor use associated witigda

decline in cognitive function.
Proportions calculated for all twin pairs and sfied by the magnitude of intrapair difference wgoitive

score; note that the strata are not mutually ek@uB-values above each estimate.
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Table 1. Baseline characteristics of study partietp by prebaseline proton pump inhibitor use.

LSADT-cohort

MADT-cohort

No PPl use PPI use No PPl use PPI use
n=3316 n=299 n=4001 n=262

Age, median (IQR) y 75.5 (72.5-80.3) 74.6 (71.95§9. 58.0 (52.4-63.2) 56.5 (51.2-62.3)
Men — no.(%) 1400 (42.2) 117 (39.1) 2039 (50.9) 6 (=1.9)
Cognitive score, mean+SD 36.1+11.1 34.5+£10.6 4808 45.6+10.0
Education levél— no.(%)

Low 1213 (36.7) 121 (40.6) 2096 (52.4) 148556

Medium 1962 (59.4) 169 (56.7) 1421 (35.5) 38.8)

High 128 (3.9) 8 (2.7) 484 (12.1) 28 (10.7)
Smokef — no.(%)

Current 1010 (30.6) 82 (27.5) 1592(39.8) 1329

Former 1197 (36.2) 121 (40.6) 1028(25.7) &8

Never 1097 (33.2) 95 (31.9) 1379(34.48) 7397
Alcohol’, drinks per week — no.(%)

0 1428 (43.7) 147 (50.3) 736 (18.5) 61 (23.4)

1-20 1623 (49.7) 127 (43.5) 2829 (70.9) 1608p

>21 214 (6.6) 18 (6.2) 423 (10.6) 31 (11.9)
Medical disorders- no. (%)

Depression 61 (1.1) 15 (5.0) 52 (1.3) 8 (3.1)

Neurologicél 179 (8.0) 29 (9.7) 88 (2.2) 12 (4.6)

Thyroid 179 (2.4) 16 (5.4) 104 (2.6) 3(1.1)

Hypertension 1526 (44.2) 187 (62.5) 839 (21) 3 (3b6.5)

Diabetes 220 (7.4) 25 (8.4) 116 (2.9) 9 (3.4)
Medication usk— no.(%)

Histamine-2 receptor antagonfsts 258 (0.1) 100 (0.3) 249 (0.1) 93 (0.4)

Low-dose aspirin 742 (24.9) 92 (30.8) 225 (5.6) 36 (13.7)

Non-aspirin NSAID's 1964 (51.7) 221 (73.9) 2247 (56.2) 201 (76.7)
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Statink 89 (3.4) 10 (3.3) 91 (2.3) 12 (4.6)

Hormonal replacement therdpy 337 (0.3) 54 (18.1) 652 (16.3) 69 (26.3)
Oral Steroids 455 (15) 62 (20.7) 419 (10.5) 55 (21)
Strong analgesics 250 (5.1) 51 (17.1) 151 (3.8) 26 (9.9)
Antipsychotic druds 113 (2.4) 20 (6.7) 53 (1.3) 8 (3.1)
Benzodiazepinés 336 (6.3) 58 (19.4) 207 (5.2) 46 (17.6)
Hypnotics & sedativés 566 (10.3) 68 (22.7) 204 (5.1) 25 (9.5)
Antidepressants 194 (4.3) 40 (13.4) 165 (4.1) 25 (9.5)

Abbreviations: IQR, interquartile range; LSADT, lgitudinal Study of Aging Danish Twins; MADT, Middieged Danish Twin study NA, not applicable; NSAID,
nonsteroidal anti-inflammatory drug; PPI: protomquinhibitor; SD, standard deviation.

4Information on educational level was missing insi#jects participating in LSADT and none in MADT.
®Information on smoking habits was missing in 13jscis participating in LSADT and 2 in MADT.
“Information on alcohol use was missing in 58 sulsjearticipating in LSADT and 14 in MADT.
YPhysician diagnosed.

°Epilepsy, stroke, or Parkinson’s disease.

'Defined as at least one filled prescription for tineg in question in the 2-year period precedinsgbiae.
9Defined as at least one filled prescription at img preceding baseline (data available from 1996awds).
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Table 2. Difference in mean composite cognitivere@t baseline of individuals exposed to proton pimhibitors compared with non-exposed
individuals in two cohorts of Danish twins. Negativalues indicate that exposed individuals attaloegr cognitive scores than non-exposed

individuals.

LSADT-cohort
Cumulative dose of PRIDDD n

Total

< 75.4years

> 75.4 years

Cognitive score difference n

Cognitive score difference n

Cognitive score

(95% CIyf (95% CI)° difference (95% CIj
0 3316 Referenfe 1639 Referende 1677 Referende
1-99 185  -2.04 (-3.51;-0.56) 100 -1.25 (-3.27;9.78 85 -3.15 (-5.27;-1.04)
100-199 34  -0.26 (-3.44;2.91) 23 -0.62 (-4.58;3.35) 11 Q-A068:6.08)
200-399 36 -1.61(-4.3;1.07) 19 2.2 (-5.73;1.32) 71 -0.79 (-4.87;3.29)
>400 44  0.95 (-1.88;3.79) 26 1.16 (-3.01;5.33) 18 -Q(-B589;3.59)
MADT-cohort Total < 56.5* years > 56.5* years

Cumulative dose of PRPIDDD n

Cognitive score difference n
(95% CI¥

Cognitive score difference n
(95% CI¥

Cognitive score
difference (95% CFf)

0 (reference) 4001
1-99 173
100-199 39
200-399 22
=400 28

Reference 2023
0.84 (-0.53:2.22) 76
-2.15 (-4.78:0.49) 15
-3.03 (-6.20.13) 6

-0.69 (-4.98:3.61) 11

Referende 1978
0.43 (-1.77:2.63) 97
-3.44 (-7.31:0.43) 24
6.79 (-10.38:-3.19) 16
-0.85 (-7.79:6.09) 17

Referende

1.12 (-0.62:2.87)

-1.19 (-4.73;2.35)

-1.38 (-5.26:2.5)
50(4.94:5.05)

Abbreviations: DDD, defined daily dose; LSADT, Laonglinal Study of Aging Danish Twins; MADT, Middlaged Danish Twin study; PPI, proton pump inhibitor.

®Median age at baseline for entire cohort as cut-alfie.
®Calculated according to prescription register dat& year period preceding baseline.
‘Adjusted for age, sex, education level, body madex, smoking, alcohol use, physician diagnosemyisf depression, neurological disorders (straglepsy,
Parkinson’s disease), thyroid disorders, hypertemsliabetes and, based on prescription registar(@amonth period prior to baseline); use of sgtoral steroids,
hormone replacement therapy, low-dose aspirin, teosislal anti-inflammatory drug and medications timay impair cognition (strong analgesics, anxiolyt
antipsychotic drugs, or antidepressants) and es@ofihistamine-2 receptor antagonists. The infarevas adjusted for twin pair cluster effects.

YMean+SD cognitive scores for the reference groups:
LSADT: <75.4 years: 39.2+10.6]75.4 years: 32.8+10.6; MADT: <56.5 years: 48.621856.5 years: 44.9+9.8.
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Table3. Decline in composite cognitive score dufmipw-up for individuals exposed to proton punmhibitors compared to non-exposed individuals.
Negative values indicate that exposed individuals$ larger decline in cognitive score than non-egdasdividuals.

L SADT-cohort Adifference in cognitive scot€95% CI)
Cumulative dose of PPI N Unadjusted Adjustéd

during follow-up, DDD

0 2210 Referenée Reference

1-99 147 -0.93(-2.4;0.53) -0.36(-1.83;1.1)
100-199 29 1.26(-2.18;4.69) 1.10(-2.54;4.74)
200-399 42 1.05(-1.24;3.33) 1.38(-1.04;3.8)
>400 47 -1.84(-4.33;0.66) -1.22(-3.73;1.29)
MADT-cohort Adifference in cognitive score (95% ClI)
Cumulative dose of PPI N Unadjusted Adjustéd

during follow-up, DDD

0 1727 Referente Reference

1-99 322 -0.63(-1.66;0.39) 0.16(-1.05;1.37)
100-199 75 -0.52(-2.32;1.28) 0.48(-1.79;2.75)
200-399 65 -0.27(-2.22;1.68) 0.87(-1.4;3.13)
400-799 55 -0.62(-2.91;1.66) 1.13(-1.59;3.84)
800-1,599 51 -2.67(-5.08;-0.26) -1.69(-4.47;1.1)
>1,600 51 0.66(-1.54;2.87) 0.94(-1.63;3.5)

Abbreviations: DDD, defined daily dose; LSADT, Laonglinal Study of Aging Danish Twins; MADT, Middlaged Danish Twin study; PPI, proton pump inhibitor.
®The decline observed in subjects not exposed talRftg follow-up has been subtractedlifference in cognitive score); follow-up took pta@ years after intake
for LSADT and after 10 years for MADT.

PCalculated based on prescription register data.

‘Adjusted for age, sex, education level, body madex, smoking, alcohol use, physician diagnosetyi®f depression, neurological disorders (str@elepsy,
Parkinson’s disease), thyroid disorders, hypertemsiiabetes and based on prescription registar daé of medication with possible chronic effstatins, oral
steroids, hormone replacement therapy, low-doseimsponsteroidal anti-inflammatory drugs) (<>500D during follow-up) and medications that may impai
cognitive function (6-month period prior to intaksjrong analgesics, anxiolytic, antipsychotic drugy antidepressants) and ever use of histammeeeptor
antagonists. The inference was adjusted for tainguster effects.

“Difference in unadjusted cognitive score betweeseliiae and follow-up after 2 years in twins not@sgd to proton pump inhibitors, LSADT: -0.52 (95% <©.85;-
0.19).

®Difference in unadjusted cognitive score betweeseliae and follow-up after 10 years in twins ngp@sed to proton pump inhibitors, MADT: -2.80 (95% G.19;-
2.41).
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Missing cognitive scores
n=51

First visit - MADT

First visit - LSADT

Only participated in 1995
n=806

Missing cognitive scores
n=310

Non participants in follow-up
n=1,887

n=4314 n=4,731
Baseline MADT Baseline LSADT

n=4,263 n=3,615
MADT follow-up LSADT follow-up

n=2,346 n=2,475

10 years after baseline

2 years after baseline

Non participants in follow-up
n=997

Missing cognitive scores

n=143
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