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Proton pump inhibitors and dementia:
what association?

(Catarina Caetano®®, Marta Veloso'®, Susana Borda'

ABSTRACT. Several recent studies have suggested an association between proton pump inhibitors and the development of
cognitive changes. Objective: To assess the existence of this association. Methods: A comprehensive literature search was
conducted including guidelines, meta-analyses, systematic reviews, observational and experimental studies published between
February 2011 and February 2021. Results: The initial research identified 393 articles, 28 of which were included: 8 systematic
reviews, 1 clinical trial, 15 observational studies, 3 case-control studies, and 1 cross-sectional observational study. Conclusions:
Most studies classified with the highest level of evidence found no statistically significant association between the use of proton
pump inhibitors and the development of cognitive impairment or dementia.

Keywords: Proton Pump Inhibitors; Dementia; Cognitive Dysfunction.

Inibidores da bomba de protdes e deméncia: que associacao?

RESUMO. Nos (iltimos anos, tém sido publicados varios estudos que indicam uma associagao entre o uso de inibidores da bomba
de protdes e o desenvolvimento de alteragdes cognitivas. Objetivo: Avaliar a existéncia desta associagdo. Métodos: Foi realizada
uma pesquisa bibliografica abrangente, incluindo diretrizes, meta-analises, revisdes sistematicas, estudos experimentais e
observacionais publicados entre fevereiro de 2011 e de 2021. Resultados: A pesquisa inicial identificou 393 artigos, dos quais
28 foram incluidos: 8 revisdes sistematicas, 1 ensaio clinico, 15 estudos observacionais, 3 estudos de caso-controle e 1 estudo
observacional transversal. Conclusdes: A maioria dos estudos com o maior nivel de evidéncia ndo encontrou uma associagdo
estatisticamente significativa entre 0 uso de inibidores da bomba de protdes e o desenvolvimento de défice cognitivo ou deméncia.

Palavras-chave: Inibidores da Bomba de Protons; Deméncia; Disfungdo Cognitiva.

INTRODUCTION

Proton pump inhibitors (PPIs) have been
central to the management of acid-relat-

ed upper gastrointestinal disorders for the

past three decades™.

PPIs are among the most commonly pre-
scribed drugs worldwide. Up to 1 in 5 older
adults takes PPIs — and frequently - on a
long-term basis®

Various studies worldwide have pointed
to the inappropriate prescription of these
drugs, either in excessive dosage, inappro-
priate prolonged duration, or in the absence
of medical recommendation®®.

Along with the generalization of its use,
there has been a growing concern about its

adverse effects, widely disseminated through
the media. Published scientific evidence on
the safety profile of these drugs supports an
association between long-term use of PPIs
and an increased risk of developing acute and
chronic kidney disease, Clostridium difficile
infection, community-acquired pneumonia,
bone fractures, hypomagnesemia, vitamin
B12 deficiency, among others®”.

These effects are more pronounced among
the elderly, for which the American Geriatrics
Society Beers Criteria, updated in 2019, advise
against the use of PPIs for more than 8 weeks, ex-
cept in situations of erosive esophagitis, Barrett
esophagus, hypersecretory pathology or demon-
strated need for treatment maintenance®.
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In recent years, some studies have suggested an as-
sociation between the use of PPIs and the development
of cognitive impairment3.

Several mechanisms have been proposed to explain
the possible association between PPIs use and the devel-
opment of dementia’*?"’. One of the mechanisms focuses
on the decrease in vitamin B12, which has been associ-
ated with cognitive decline and neurological damage®,
probably due to decreased synthesis of deoxyribonucleic
acid and homocysteine neurotoxicity'®?. There is evi-
dence that PPIs (e.g. lansoprazole and omeprazole) cross
the blood-brain barrier; therefore, several intracerebral
mechanisms have been studied**. A possible factor for
the effect of PPIs on cognition is through direct interac-
tion with brain enzymes. A recent study by Badiola et al.
found that PPIs, such as lansoprazole, increase levels of
amyloid beta peptide (APB) in an amyloid cell model and
in the mouse brain?. AP} peptides are one of the main
pathological signs of Alzheimer’s disease and are also
cytotoxic to endothelial cells™. Another mechanism
described for the increase in AP peptide deposits by
PPIs refers to the possible modulation of their degra-
dation by lysosomes in microglia, since this process is
pH-dependent and induced by lysosome acidification.
This acidification has been described as mediated by the
vacuolar proton pump adenosine triphosphatase and it
is thought that PPIs will have an inhibitory action on
these and may contribute to the inhibition of AP deg-
radation and thus increase its deposit?*?.

This review aimed to assess whether there is an as-
sociation between the use of PPIs and the development
of cognitive impairment or dementia, according to the
currently available scientific evidence.

METHODS

The authors performed a literature search of meta-anal-
yses, systematic reviews, randomized controlled trials,
cohort studies, case-control studies, and guidelines
published in the following databases: PubMed, Cochrane
Library, Database of Abstracts of Reviews of Effects,
Guidelines Finder, Canadian Medical Association In-
fobase e National Guidelines Clearinghouse.

We used the following MeSH terms: PPI, PPIs,
proton pump inhibitors, omeprazole, pantoprazole, es-
omeprazole, lansoprazole or rabeprazole and cognitive
impairment or dementia.

Articles published between 02/18/2011 and
02/18/2021, in English, Portuguese or Spanish, that
met the following criteria were included in the review:

+ Population: adults without a previous diagnosis

of mild cognitive impairment or dementia;
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« Intervention: use of PPIs;

+ Control: placebo, H2 receptor antagonists, or no
drug; and

+  Outcome: development of mild cognitive impair-
ment or dementia. Repeated articles and those
that did not meet the eligibility criteria and
purpose of the review were excluded.

For article selection, the authors proceeded to
three phases of exclusion: regarding the title, level of
evidence classification of each article, and strength of
the abstract. Afterwards, the full article was read. Each
one was read by two authors, resorting to the third in
situations of disagreement between the first two.

The methods for the diagnosis of dementia were
heterogeneous. In some studies, the diagnosis of de-
mentia was based on cognitive tests (e.g., Mini-Mental
State Examination [MMSE], Clock Drawing Test [CDT]
or Abbreviated Mental Test [7-Minute Screen]), brain
imaging (computed tomography [CT], magnetic reso-
nance imaging [MRI], or single-photon emission com-
puted tomography [SPECT]), and dementia symptoms.
Often the diagnosis was confirmed by a board-certified
psychiatrist or neurologist, based on the criteria of
Diagnostic and Statistical Manual of Mental Disorders
(DMS)-1IV. In other studies, the authors assumed the
diagnosis as documented based on the International
Classification of Diseases (ICD) codes or prescription
records for medication for treating dementia.

The association of dementia and use of PPIs could
have been assessed as categorical variables, such as ad-
justed hazard ratio (HR) and adjusted odds ratio (OR)
or relative risk (RR).

Some studies used adjusted ratios (i.e., those that
adjusted for most factors).

Strength of Recommendation Taxonomy (SORT)
system was used.

RESULTS

From the initial search, 393 articles were obtained. After
the selection process (Figure 1), 28 articles were includ-
ed in the review: 8 systematic reviews (7 of them with
meta-analysis), 1 randomized clinical trial, 15 cohort
studies, 3 case-control studies, and 1 cross-sectional
observational study.

Clinical trials

A single randomized clinical trial was identified,
which compared the use of pantoprazole 40 mg versus
(vs.) placebo in patients with atherosclerotic disease
(Table 1)?". The group of patients using pantoprazole



presented an OR of 1.20 and 95% confidence interval
(CI) 0.81-1.78 for the development of dementia, with-
out statistical significance?’.

Observational studies

Longitudinal studies

The literature search yielded six prospective and nine
retrospective cohort studies (Table 2)415162742 Two of
the prospective studies'*?® found an increased risk
of developing dementia associated with PPI use, both
conducted in Germany. Haenisch et al.» evaluated

Initial research:
393 results

101 results

. Abstract review |

62 results
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the effect of using any PPI compared with no use of
these drugs in a population aged 75 years and over,
with a HR of 1.38 for all-cause dementia and 1.44 for
Alzheimer’s disease.

For seven years, Gomm et al."” followed a cohort of
individuals under regular use of PPIs with at least one
prescription per quarter and also concluded the exis-
tence of this slight increase in risk (HR 1.44) compared
with non-use.

The remaining prospective studies did not demon-
strate the existence of this association, either in com-
parison with placebo or with H2-antagonists?®3%4,

292 rejected articles:
Different subject /
repeated articles

=

39 rejected articles:
Different subject / non-
compliance criteria /
opinion articles

34 rejected articles:
Non-compliance criteria /
opinion articles / narrative

review
28 included
articles
Figure 1. Article selection process.

Table 1. Clinical trials.

Author,year  Type of study  Sample size Intervention Outcome Results Conclusion LE

Moavvedi d“gﬂg;gegﬁiz Pantoprazole 40 mg vs. Secondary: Dementia 0R=1.2; No

vy . 17,598 placebo in patients with  diagnosis in the follow- ~ 95%Cl (0.81-1.78) -
3, Al LIl atherosclerotic disease up period (3 years) (p=0.36) association
controlled trial P y p=5.
Abbreviations: LE: level of evidence; OR: odds ratio; Cl: confidence interval; p: p-value.
Caetano etal.  Proton pump inhibitors and dementia? 3



Dement Neuropsychol 2023;17:e20220048

“aNuURuoY

6102 ‘B 10 8102 ‘ . 8102 ‘B 19 2102 ‘e 18 1102 1102 ‘e 19 910z s’'B¥®  GlLOZ B9 ‘
Bueny ‘sz’|2 19 POM 8L0¢ 11813 HEd Buemy peayyoo ‘ez’[8 10 Aelp u181sp|oy wwoy yosiusey 18\ dotiny
Hoyoo 1oyo9 SR A Hoyoo 1oyoo 1oyoo Hoyoo Hoyoo Hoyoa fpms

aAoadsoliay aA10adsold anoadsold aA10adsold aA10adsold anoadsolay aAoadsold aA1109ds0ld Jo adA|
€650l 8/8°L 000000} 62502 798°¢l v87'e 98v°0l 629'€L 9/0'c a|dwes

$19)20|q ZH (esop
asn s|dd asn s|dd asn s|dd *SA S|dd 9sop asn sidd aAIlB|NWNY) asn s|dd asn s|dd asn s|dd uonuanIa|
anijeInwng asn s|dd
‘adi
yum sjuaied
ul enuawiap
10 sisoubelp aseasip
aseasip
aouewlopsd sbnip enuswap aouewiopsd Jo uomubod s Jawiayz|y
sisoubelp sisoubelp s Jawiayz|y 1o sisoubelp
JUBLLSSASSR -nue Jo uonduosaid JUBLLSSASSE [BULIOU WO} 10 BlJUSWAP awoanQ
BluawWaq eRuawaq BUAWIAP 9SNBI eluawaq
anuboaoinay 10 sisoubeip epuawaq anuboaoinay eRuawaq asned-|[e Jo
-|[e Jo sisoubeiq
(enuawaq sisoubeiq
saipog
fmaT) ag
10 sisoubelq
‘0_0Q° |- "aouealyubis
(0s€-€9'1-) 1ot (0°0=0)
10%56 [eansnels (86°0-69'0)

(60°1-92°0) ‘swiod 60 S 10%56

10%56 o va0=d S UG hmm.%um_._ (9o0'z-10°1)
‘ S.mlm_._ ‘Siesn-uou i (8%'1-82°1) 19%56 sieakpl 0 L e ..m_EmEmn_ 10%56

. $18sn |dd Plo Sou el | Usamiaq $Qas1 G60°k o . o

:Sldd Jo 8sn 8¢’ | =Hse :sfnip . . . 01 QN woit (100°0>d) ¥ 1=4H

sieaf /9-9y (2€'1-02°0) 8sn |dd 10 $QasL 59 oo :

AVENTTIET]] BIJUSWAP-NUE JO 8s() . uoissalbold (2s'1-9¢°1) av
. . S[enplalpuj o : 10%56 spoliad Joj *Jo sasop Yop . sHnsay

(21'1-€6°0) o (L2 1-91'1) 19%56 e . 19%G6 @101

(62 1-€L°¢) B et 66'0=4H sjuiod 90°0- aAie|nung o el
10%G6 D%G6 ‘S0 ‘L’ 1=4se 01000 WOl (0=d) (G00'0=0) ¥ 1=4H 10%56
‘66"0=HH RN :sisoubeIp eruawag £ (£6'0-990) e
. -0 $30UaJaYIP LEL=HO :
*Sldd Jo asn R . 10%56 ‘agv
ip 81098 UB3\ av e

pabuojosd ‘sJasn-uou (29'0=d) Gl

..m> slasn L= :UORILDOD

€11=40 [BULIOU WO

Idd AapI3 -aov

oheloosse UOI1BI0SSE 0 S1I pasea.lou uoheloosse UOI1BI0SSE 0 UOI1BI0SSE 0 uonRoNpal %8l s s uoISn|ouo:
oN nel N 3sU p I oN nel N nel N 1nonpai sty pasealou| pasealou] ISNjouoy

"SOIPN]S [RUONBAIASAQ “Z 8lqeL

saipns
[eUONBAIBSAQ

Caetano et al.

Proton pump inhibitors and dementia?

4



Dement Neuropsychol 2023;17:€20220048

"BIJUSLIAP JBWIBYZ|Y-UOU ;YU ‘YSI SAIR[S] :HY ‘Ol}el SPPO palsnipe ‘YQe ‘olel pJezey pajsnipe :yHe ‘011l 81el 80UapIoul :HY| ‘SIoNq!
U0J0.d :|dd ‘0el 8ouanbas pajsnipe :yse ‘sasop Ajiep pazipiepuels [e1o] :SAASL Huswuredw) sanuboy Pl 1IN ‘enfeA-d :d {BAISIUI 30USPIUOD 1|7 ‘BRUSWAP S,JaWIBYZ|Y :QY ‘ORI PIBZeY yH ‘BIUSWSP 3SNBD-|[B (DY ‘30USPIA3 JO [3A8] ;T :SUONBIASIGQY

,w.ﬂm wm 1102 ho.ﬂm Mm 0202 0202 0202 ‘a'B 39 0202 0202 6102 6102 Jea) Jouiny
wm_&E_ ‘or'[E 19 B[ediel h_%_oom “wIBIOBIN  lBIONM  BIpUOG-Sal0l Y810 AaSH009)  ‘[e 19 uay) CRIBNBM  o'le 10 Med
|0J3U02 [euonoas Hoyoo Hoyoo Hoyoo Hoyo9 Hoyo9 Hoyo? Apms
1003 8589 1003 8589 ase) -SS019) anoadsosey  aAnoadsosay anI1oadsolay anI1oadsolay anlloadsoney  aAnoadsoliey Jo adAL
6¢0° Ly (7:1) 926'e5e NA_M,NN uolliiq 8°2 €126 cel'sel 8/0'GLE 1629 969'ce €6.%0¢ a|dwes
(esop 9sn Sldd  (S48%90(q gH (esop
asn s|dd 9AIlB|NWNY) asn s|dd ST ) ST e asn sidd asn sidd 9AI1B|NWNY) asn sidd asn s|dd uonuanIau|
asn S|dd 88N S|dd
BlUBWAQ T sbnip
AEINOSEA sisoubeiq Jawiayz|y-uou eauaLap
10 aseasi|g %mmm_. sisoubelp sisoubeip sisoubelp B. JR sisoubeip sisoubelp -Nue Jo sisoubeip S
s Jawiayz|y a BRUaWa(Q Bluawaq eluawaq o eluawaq eRuawaq uonduosaid Bluawaq 10
S Jawiayz|y S Jawiayz|y
10 10 sisoubelp
Jo sisoubelq
juawdojanag enuawaq
@2 1-vL0
10%56
‘G6'0=40®
r_m_m_n_hww M@c (100°0>pusxn-d)
— ( o ) 39uedlIUBIS
e I-v0'L 19°1-16°0 [BONSIEIS L1IM
10%56 10%56 BUBLIAD 10
‘81'1=Ho®e ‘0=d ‘02' L=4o®e ‘0>d ‘
8l .F e (90°'1-26°0) Aao.o ouo . w (€2'2-0v'0)  (€0'1-150) om me_oo ( :.o m .v ) Sl pue 8sop (100'0>0) (90°1-96°0)
‘M 0 16'0—-06°0 ) 0 ‘Idd 8sop /90690 SR 100°0 Y siEs
. . 10%56 10%56 10%56 ne| o 10%S56 HNsaY
(26'0-080) 10" L=HO® %G610 0| =Ho® 21 0=HHE ubly Joy v 10%S6 A GG =40 0" L=l
19%S6 ‘€6'0=40 "(200°0=d) ‘29'0=4H LOJIEI08SY
'88'0=H0® (Lg'1-50'1) (b8 1=20"1)
av 10%56 19%G6
021 =H0® 20 b
gyu
(12'1-¢6'0)
10%56
‘90" L=Hoe :av
UoIjeI0SSE uononpal U0IBI0SSE UoIjeII0SSE ysu U0I}RI20SSE
UOBID0SSE ON )SI pases.tou| uononpal %siy YSH pasea.ou| uoIsnjouo?)
ON %Sy ON ON pasealou| ON

‘uolenuuUo) 'z ajqeL

saIpn]s
[BUONBAIBSQ

5

Proton pump inhibitors and dementia?

Caetano et al.



Bl Dement Neuropsychol 2023;17:€20220048

In Denmark, Wod et al.?° studied two cohorts of
twins in different age groups (middle-aged and elder-
ly), comparing PPI users and non-users, and had no
statistically significant difference in cognitive decline
between groups in both cohorts. When studying the
effect of PPIs over the time of use?® or adjusted for
cumulative dose®**3, there was also no increase in the
risk of developing dementia.

Regarding retrospective studies, four of them
found an association between the use of these drugs
and cognitive decline. In Spain, Torres-Bondia et al.’®
found a slight increase in the risk of non-Alzheimer
dementia compared with PPI non-users (adjusted odds
ratio [aOR] 1.20), with no dose-dependent effect, which
was not observed for Alzheimer’s disease. In the United
States of America (USA), Welu et al.?? showed a 51%
increase in the risk of developing dementia in a cohort
of more than 23,000 war veterans with PPI consumption
for more than 30 days compared to an equal number of
veterans who had never been prescribed PPIs, although
without correlation to the duration of the treatment or
cumulative dose. A South Korean population cohort with
about 1 million people was used for a study®! that found
an increased risk of developing dementia in PPI users
(adjusted sequence ratio [aSR] of 1.21) after 3 years of
use, which was more pronounced with omeprazole (aSR
1.24). In this study, different latency times of 1, 2, and
3 years were applied and the results showed that the
relative risk decreased with the rise of latency time: ad-
justed incidence rate ratio (aIRR) of 1.13, 1.02, and 0.89,
respectively; without application of latency time, the
alRR was 1.27. A study in Taiwan on people over 65 years
of age, showed an increase in this risk (aHR 1.42; 95%CI
1.07-1.84), in a dose-dependent manner®. In contrast,
two retrospective studies by Cooksey et al.**(in Scotland)
and Goldstein et al.®® (in the USA) showed a decrease of
about 30% in the risk of dementia in PPI users (HR 0.67
and 0.78, respectively), either with regular or intermit-
tent consumption of these drugs. Park et al.* evaluated
the risk of dementia in PPI users compared to anti-H2
users, this time not verifying the harmful effect associ-
ated with the former, contradicting their own findings
published in 2018. The remaining retrospective studies
considered in this research did not show an increased
risk, either in continuous or intermittent use®” or in
comparison with anti-H2%.

16,31-33

Case control

The results of our search included three case-control
studies. Imfeld et al. studied the development of Alz-
heimer’s dementia (AD) and vascular dementia (VD)
associated with prolonged PPI use in individuals over
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65 years of age, and found no increased risk for either
of these conditions compared with non-users (aOR
0.85 and 0.90, respectively), which remained the same
when the analysis was done for each of the different
PPIs or for their combined use®. Taipale et al. studied
the development of Alzheimer’s dementia associated
with PPI use with 3-year lag window applied between
exposure and outcome (aOR 1.03; 95%CI 1.00-1.05)
compared with no use, with higher doses use (1.5 de-
fined daily doses per day; aOR 1.03; 95%CI 0.92-1.14)
and with longer duration of use (23 years of use; aOR
0.99; 95%CI 0.94-1.04), revealing no increased risk*.
Another case-control study, carried out in Germany,
which main outcome was the development of dementia
dependent on predefined risk factors, concluded that
there may be a modest protective effect of PPIs on the
development of dementia (HR 0.93; 95%CI 0.90-0.97),
along with statins and antihypertensives (Table 2)*.

Cross-sectional study

The only observational cross-sectional study obtained
encompassed more than 7 billion surveys conducted in
North American patients and did not demonstrate the
existence of any association between PPI use and the
development of dementia (Table 2)*2.

Systematic reviews and meta-analyses

The search resulted in eight systematic reviews, seven of
them comprising meta-analysis (Table 3)'213174448_A gys-
tematic review published in 2017 included 11 studies
with different methodologies and great heterogeneity,
suggesting an increased risk of dementia with PPIs, but
meta-analysis was not performed'®. One of the identified
meta-analyses encompassed six cohort studies and found
aslightly increased risk of dementia as a result of PPl use,
with a HR of 1.29, and 95%CI 1.12-1.49*.

There is some overlap of studies included in me-
ta-analyses, notably all cohorts included in Zhang’s
et al.* meta-analysis are covered by Khan et al.** me-
ta-analysis.

None of the six remaining meta-analyses in review
excluded in this research presented evidence to support
the association between PPIs and dementia'>'"*>*%, Among
the most recent ones, the review by Khan et al.*, which
included 11 observational studies with 642,949 individuals,
found a HR for dementia from all-causes of 1.11 and 95%CI
0.88-1.37, and for Alzheimer’s disease a 95%CI 0.72-1.55.

DISCUSSION

Overall, this evidence-based review identified nine stud-
ies classified as level of evidence I (five meta-analyses,



three observational studies, and one randomized clinical
trial) and eight studies classified as level of evidence II
(one systematic review, four longitudinal observational,
one cross-sectional, and two case-control studies) that
found no statistically significant evidence of a relation-
ship between PPI use and the development of dementia.
Three level of evidence I studies (one meta-analysis and
two longitudinal observational studies) found an asso-
ciation between PPI use and dementia. In the study by
Haenisch et al.™, information about the pattern of drug
use was not consistently available. In the meta-analysis
by Zhang et al.**, only cohort studies were included and
there was substantial heterogeneity between studies;
different indicators (OR and HR) were included as
measures of similar effect, which constitutes a bias.
In these studies, the most expressive measure of effect
was a HR of 1.44, 95%CI 1.36-1.52 (p-value[p]<0.001)
which was obtained in a prospective cohort study in a
population aged 75 years and over™. Five studies with
level of evidence Il found an increased risk (one system-
atic review without meta-analysis and four longitudinal

Table 3. Systematic reviews.

Systematic reviews

Author, Year Type of study Sample

Studies included

Dement Neuropsychol 2023;17:¢20220048 W

observational studies), where the highest risk measure
was an OR of 1.55%. The study by Batchelor et al."® had
several limitations, namely data heterogeneity, vari-
ability in study designs, and clinical diversity, with an
important risk of bias.

The study by Park et al.* highlighted the importance
of applying a window time after the start of PPIs, during
which cases of dementia may arise in patients without a
previous diagnosis, although without an etiological re-
lationship with the drug, thus reducing the protopathic
bias. The decrease in IRR with increasing time window
weakens the evidence for the association between PPI
use and dementia. In three studies with level of evidence
1363741 there was a decrease in the risk of developing
dementia, with the lowest HR recorded 0.67, 95%CI
0.65-0.67 (p<0.01) and resulting from a retrospective
cohort study, where it was not possible to assess the
duration of use or dosage of PPI*%.

Regarding the strengths of this review, the expres-
sive sample size of the included studies stands out, com-
prising data from different countries and continents.

Results Conclusion

One experimental study and
10 observational studies

Batchelor Systematic

) 101,616 (4 cohort, 1 case-control, No meta-analysis Increased risk Il
etal.’s, 2017 reviews .
1 cross-sectional, 1 case
series, and 3 case reports)
Hussain Systematic review 12 observational studies (8 _ 0 -
etal.”,2020  and meta-analysis S cohort and 4 case-control) i S, Ul D
RR=1.23; 95%Cl 0.90-1.67
. . A Follow-up < 5 years: RR=1.62,
12
;'0‘1’;"" ’ :r‘::tfn"::‘;;:";‘l’: 106,599 6 cohort studies 95%C1 1.40-1.86 No association
y Follow-up > 5years: RR=0.98,
95%Cl 0.75-1.27
Sonaetal  Systematic review 10 observational studies (5 ACD: HR=1.04, 95%ClI
20 13 o az d meta-analvsis 642,305  cohort, 4 case control, and 1 0.92-1.15 No association
y cross-sectional) AD: HR 0.96, 95%Cl 0.83-1.09
Zhang Systematic review . 0 .
p . 166,146 6 cohort studies HR=1.29, 95%Cl 1.12-1.49 Increased risk
etal.* 2020  and meta-analysis
Desai et al.s,  Systematic review One experimental study and ACD: HR=1.16, 95%Cl .
2020 and meta-analysis Ui 5 prospective observational 0.86-1.47 HDEE
Rl el SIS [ 642,949 cLLc?rl:sZrz::;) T:ni:ﬁldlziﬁ BT - 05 QE=TE No association
2020 and meta-analysis ’ ’ ) AD: HR=1.06; OR=0.96
cross-sectional)
Zhang Systematic VW g7 954 40 observational studies ~~ OR=0.87; 95%C1 0.62-1.22  No association I
etal.®, 2020  and meta-analysis

Abbreviations: RR: relative risk; Cl: confidence interval; ACD: all-cause dementia; AD: Alzheimer’s dementia; HR: hazard ratio; OR: odds ratio.
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The selected outcome included cognitive impairment
and dementia of all etiologies, not limited to Alzhei-
mer’s disease. Only level of evidence I and II studies
were included, with most of the more robust ones were
classified as level I.

As the main limitation, we highlight the great hetero-
geneity among the results, which are somewhat contra-
dicting. Only one experimental study was identified, with
apredominance of observational studies. Other limitations
are thelack of methodological consistency of the interven-
tion (dose, duration, pattern of intake, confirmation of
treatment adherence) and the outcome (clinical diagnosis,
neuropsychological tests, prescription of antidementia
drugs), and the fact that it was not considered a window
time in most studies. Additional research is needed because
there is biological evidence that PPIs could affect the brain
and increase the risk of dementia and AD.

In conclusion, although the available evidence is
discordant, most level of evidence I studies have not
found a statistically significant association between PPI
use and the development of dementia or cognitive im-
pairment. Therefore, we believe further studies on this
topic are needed, particularly randomized clinical trials.
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