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Abstract N\

Background: Proton pump inhibitors (PPIs) are an established kind of drugs used to the treatment of most acid-related diseases. |

Some prospective studies have noticed that PPl use was associated with increased dementia risk. However, the results of those
studies were inconsistent and controversial. This meta-analysis aims to determine the association of PPl use and risk of dementia
among older people.

Methods: Relevant articles were systematically identified by searching the PubMed, EMBASE, and Cochrane Library databases
from inception to February 2018. Cohort studies that reported the risk of dementia or Alzheimer’s disease (AD) among PPl users
compared with non-PPI users were included. The quality of studies was assessed using the Newcastle-Ottawa Scale (NOS). The
publication bias was detected by a funnel plot and Egger test. The meta-analysis will abstract risk estimates including relative risks
(RRs), hazard ratios (HRs), and odds ratios (ORs) with a 95% confidence interval (Cl) for the associations between PPl use and
dementia or Alzheimer’s risk. Study-specific results were pooled using a random-effects model.

Results: Six cohort studies were selected finally. The pooled RRs of dementia and AD were 1.23 (95% ClI: 0.90-1.67) and 1.01
(95% Cl: 0.78-1.32), respectively, compared with those of non-PPI use. The Egger test and funnel plot showed no existence of
publication bias. Overall, there was no statistically significant association between PPI use and risk of dementia or AD (P >.05).

Conclusions: This meta-analysis suggests that there was no statistical association between PPIs use and increased risk of
dementia or AD.

Abbreviations: AB = amyloid-beta, AD = Alzheimer’s disease, Cl = confidence interval, HRs = hazard ratios, ORs = odds ratios,

PPIs = proton pump inhibitors, RRs = relative risks.
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1. Introduction

Proton pump inhibitors (PPIs) which can suppress the secretion of
gastric acid by inhibiting the H+/K+ ATPase present on the
plasma membrane of the gastric parietal cells are widely
prescribed class of medications for treatment of acid-related
disorders such as gastroesophageal reflux and peptic ulcer.!
Almost 30 years ago, it was first introduced as prescription drugs
in the United States.””! Considering its safety and relatively lower
incidence of adverse effects, the use of PPI has significantly
increased over the last decades.”®! However, some observational
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of PPI
[4,5]

studies have shown that there are 40% to 60%
prescriptions may pose a risk to the elderly persons.
According to a primary care database study, nearly 60 percent
of patients who received long-term PPI therapy had no attempt to
stop or reduce their dosage.®! In addition, mounting studies in
recent years have pointed out that there are many potential
adverse events may be linked to PPI use, such as hip fractures,”>*!
community-acquired pneumonia,” hypomagnesemia,™® and
kidney disease.'"!! Some evidence suggested that PPI use might
affect cognition.['>13! A recent study!'*! have found that PPI use
was also associated with an increased risk of incident dementia.

Dementia is a chronic, progressive, multifactorial syndrome
characterized by a decline in cognitive function and capacity for
independent living."*! The number of people with dementia in
2012 was 35.6 million, and it is expected to double by 2030.!'¢!
The World Health Organization estimated that the proportion of
the world’s population over 60 years will increase to 22% by
2050, and 25% to 30% of people aged 85 or older will
experience a certain degree of cognitive decline.’”! Although
numbers of factors have been ascertained as important risk
factors of dementia, such as depression, diabetes, hypertension,
smoking, and physical or cognitive decline."'®! The exploration of
other risk factors is still ongoing, especially for those factors that
are controversial. Gomm et al''* reported that there are
significant associations between PPI use and the incidence of
dementia. However, other studies!'”?! suggested that PPI use
was not related to dementia risk. Additionally, a case-control
study of 23912 objects from a database of general practice
medical records in Germany conducted by Booker et all*!!
showing a statistically significant reduction in the risk of
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dementia with PPI use (P=.0008). In concluding the relationship
between PPI use and risk of dementia is still inconclusive.

There had been published a similar meta-analysis conducted
by Wijarnpreecha et al.??! However it included only 4 articles
(2 cohort studies, 1 cross-sectional study and 1 case—control
study). Although these included studies were high quality,
findings of 2 medical registry-based studies possibly inaccuracy
and incompleteness may affect the overall results. Further,
another similar study conducted by Batchelor et al®3! only
made a systematic review using composite end points, including
dementia, and cognitive impairment. Considering the uncer-
tainty of causality and potential bias from cross-sectional and
case—control studies, the cohort design would be considered the
most robust approach. Therefore, we conducted this systematic
review which includes only cohort studies to determine whether
the use of PPIs increases the risk of dementia and to gain a better
understanding of whether PPI use potentially influences the risk
of dementia or AD.

2. Materials and methods

We performed this systematic review and meta-analysis accord-
ing to MOOSE (Meta-Analysis of Observational Studies in
Epidemiology) guidelines.**! The review protocol was registered
on PROSPERO (http://www.crd.york.ac.uk/prospero/) with the
identification number CRD42017073686.

2.1. Search strategy

We mainly searched the databases of PubMed, EMBASE, and the
Cochrane Central Register of Controlled Trials (CENTRAL).
The following terms were applied: “proton pump inhibitors”,
“PPI”, “lansoprazole”, “dexlansoprazole”, “kapidex”, “preva-
cid”, “omeprazole”, “esomeprazole”, “nexium”, “prilosec”,
“pantoprazole”, “protonix”, “rabeprazole”, “aciphex”, “dex-
rabeprazole”, “pariet” and “dementia”, “Alzheimer disease”,
“cognitive decline”, “cognitive impairment” and “Prospective
Studies”, “Cohort Studies”, “Longitudinal Studies”, and “Fol-
low-Up Studies” were applied. There present full electronic
search strategy of 1 database (Supplemental Digital Content 1,
http://links.lww.com/MD/C821).

2.2. Study selection
Studies were considered eligible if they met the following criteria:

1) cohort study design;

2) PPI use was 1 exposure-outcome of interest;

3) dementia or AD represented 1 outcome of interest;

4) patients aged 255 years, controls were age- and sex-matched
to the study subjects;

(5) RRs, odds ratios (ORs), HRs, and the corresponding 95%

confidence interval (CI) (or data to calculate them) were

reported.

Studies were excluded if they met the following criteria:

(1) repeated publications;
(2) inability to obtain full text or data; and
(3) reviews, cross-sectional studies, commentaries, and letters.

Two review authors independently screened studies against the
inclusion and exclusion criteria. The third author adjudicated any
discordance in assessments by discussion with this 2 review
authors.

Medicine

2.3. Data extraction

Two reviewers independently and respectively extracted data
from the included studies using a standardized data-collection
form. The information included author’s last name, publication
year, source of study, participants’ characteristics, definition, and
ascertainment of PPI use and dementia, sample size, potential
confounder adjustment, and the dementia risk estimated with
95% CL Studies for inclusion were also identified by screening
references of included articles. Any data discrepancy was resolved
by discussing.

2.4. Risk of bias (quality) assessment

The quality of the included studies was assessed by 2 independent
review authors using the Newcastle-Ottawa Scale (NOS)**! as
recommended by the Cochrane Non-Randomized Studies
Methods Working Group. This instrument was developed to
assess the quality of non-randomized studies, specifically cohort
and case-control studies. The scale awards a maximum of 9 stars
to each study: 4 stars for the adequate selection of cohort
participants, 2 stars for the comparability of cohort participants
on the basis of study design and analysis, and 3 stars for the
adequate ascertainment of outcomes. Studies that received stars
equal to or more than 7 were considered to be high quality.

2.5. Statistical analysis

Data analysis was performed using Review Manager 5.3
software from the Cochrane Collaboration (London, UK). To
explore the association between PPI use and the risk of dementia,
we will abstract risk estimates (RRs, HRs, and ORs) with 95%
CI, and the HRs were directly considered as RRs. Taking a
conservative approach, we used a random-effects model to
calculate the pooled RR and 95% CI for all articles. Relative to
fixed-effects models, random-effects models were more appro-
priate for the present study because test statistics showed evidence
of heterogeneity among these included studies. The significance of
the pooled RR will be determined by the Z test and a P value of
less than .05 will be considered significant. The heterogeneity
among studies will be confirmed by Cochran O test and I
statistic. A value of I* of 0% to 25% represents insignificant
heterogeneity, more than 25% but less than or equal to 50%
represents low heterogeneity, more than 50% but less than or
equal to 75% represents moderate heterogeneity, and more than
75% represents high heterogeneity.!*®! In addition, 1 study!*”!
separately reported the risk of dementia in 3 groups based on
specific levels of cumulative exposure. We combined these 3
groups into a single group and calculated a combined hazard
ratio (HR) using a fixed-effects model for the main analysis.!*”!
Besides, we excluded every single study in turn to test the
influence of a single study on the overall risk estimate. The
sensitivity analysis was conducted for dementia only since there
were few studies on other outcomes. A funnel plot was used to
visually evaluate the publication bias. Egger test (significance
level<0.05) was conducted to quantitatively explore the possible
publication bias using the Stata software package (version 12.0;
StataCorp LP, College Station, TX).

2.6. Ethical approval

This systematic review does not require ethical approval or
patient consent because it was a secondary analysis of human
subject data published in the public domain.
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Figure 1. Flow chart showing literature search for include cohort studies.
3. Results risk factors for dementia, such as age, sex, polypharmacy,

3.1. Literature search and study characteristics

The search strategy yielded 1583 unique relevant articles (19
articles from the Cochrane Library; 249 articles from PubMed;
and 1315 articles from EMBASE). After the removal of 184
duplicate articles, there were 1399 articles screened by 2
independent reviewers. Of the 1319, articles were excluded after
the first screening based on abstracts or titles mainly because they
clearly did not fulfill the inclusion criteria, leaving 80 articles for a
full-length article review. After a second screening based on the
full texts, the majority were excluded for being the following:
reviews and comments (n=25); letters (n=12); a non-PPI therapy
or no non-PPI control group (n=20); unable to obtain full text
(n=2); unable to obtain full data (n=2); not a cohort study (n=
7); and a duplicate abstract of published studies (n=6). Finally, 6
articles met the inclusion criteria and were included in our meta-
analysis.141%:20-28-301 A flow chart showing the study selection is
presented in (Fig. 1).

The characteristics of the 6 cohort studies are presented in
Table 1. The length of follow-up ranged from 0.67 to 9 years. The
sizes of the cohort study ranged from 148 to 73679. The
definition of PPI use varies from study to study mostly based on
medicine records or self-reports of patients. Outcome assessments
were from a variety of sources, including medical records, self-
reports, and hospital databases. One of included study!*”! failed
to give the definition and ascertainment of PPI use. Another
adjusted for age, diabetes mellitus, and arterial
hypertension, whereas others controlled a group of conventional

diabetes, and depression.

3.2. Risk of bias (quality) assessment

In this meta-analysis, the assessment of risk of quality showed
that all studies had high quality.[**1%2%28-3% Details are shown
in (Supplemental Digital Content 2, http:/links.lww.com/MD/
C821).

3.3. Primary Outcome

Six studies!'*!20-28-301 were available to assess the association

between PPI use and the risk of dementia. (Fig. 2) illustrates the
results via the random-effects model of the pooled RRs for
dementia. Among the 6 studies, 4 studies showed a significantly
positive association between PPI use and risk of dementia.
However, the RRs of the association ranged from 0.78 to 2.85
across studies. The outcome demonstrated that PPI use had a
mildly increased risk of dementia compared with that of non-PPI
use, with the pooled RR of 1.23 (95% CI: 1.05-1.42), though it
was not statistically significant (P=.19). Substantial heterogene-
ity was observed (P<.00001, P=95%).

Only 3 studies'®2%?*! reported the association between PPI
use and risk of AD. (Fig. 3) indicates the results from random-
effects model combining the RRs for AD. Although there were
only 3 articles that mentioned the association between PPI use
and risk of AD, the results were relatively consistent to the risk of
dementia. Overall, compared with non-PPI use, the risk of AD
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Goldstein 2017 02485 00852 19.0%  0.78(0.66, 0.9 S
Gomm 2016 05068 00284 200%  1.66[157,1.75] -+
Gray 2017 00202 00904 189%  098[0.82,1.17) —
Haenisch 2015 03221 0.1443 172%  138[1.04,183] prem—r—
Herghelegiu 2016 10473 05499 58%  285[0.97,8.7) ‘
Tai 2017 01989 00766 192%  1.22[1.05,142] —
Total (95% CI) 1000%  1.23[0.90,1.67] *

H e 2 - . 12 = - |2 = 0, 1 T I 1 1
Heterogeneily: Tau? = 0.12; Chi? = 101.12, df = 5 (P < 0.00001); I = 95% ! . : =

Test for overall effect: Z = 1.31 (P = 0.19)

Favours [experimental] Favours [control]

Figure 2. Forest plot of the included studies of the associations between PPls use and risk of dementia. PPI=proton pump inhibitor.

caused by using PPIs was not statistically significant (P=.93).
Therefore, the statistical heterogeneity was high (P=.02, I*=
76%).

3.4. Subgroup analyses

To make our results more meaningful, we performed subgroup
analyses according to sample size and follow-up time of included
studies. We found the estimated RR of studies with shorter
follow-up time (<35 years) was 1.62 (95% CI: 1.40-1.86), which
was inverse to the overall combined RR. We considered this may
because these 3 studies show positive results, and 2 of them come
from the same region. When studies with longer follow-up time
(25 years) were pooled, we found there was no statistically
significant association between PPIs use and risk of dementia 0.98
(95% CI: 0.75-1.27). In addition, neither small sample studies
(sample size <10000) with the pooled RR of 1.26 (95% CI: 0.86—
1.84) nor large sample studies (sample size = 10000) with the
pooled RR of 1.17 (95% CI: 0.75-1.82) changed the overall
combined RR. Details are illustrated in Table 2.

3.5. Sensitivity analyses

Exclusion of 2 studies!'*?*! with too large or small sample size

did not change the overall risk estimate (RR: 1.05[95% CI: 0.83—

1.33]; P=.67), and the heterogeneity was still high (I*=85%).
The further exclusion of any single study at a time did not
materially alter the overall combined RR except Goldstein
et al,””! with a range from 1.10 (95% CI: 0.85-1.41; P=.44) to
1.29 (95% CI: 0.92-1.83; P=.14). Details are illustrated in
Table 3.

3.6. Publication bias

The roughly symmetrical funnel plot shown in Figure 4 indicates
no existence of publication bias in this meta-analysis. Egger test
(P>.05) further confirmed this result.

4. Discussion

Our meta-analysis included 6 cohort studies that explored the
association of PPI use with the risk of dementia. To our
knowledge, this study is the first meta-analysis to include only
cohort studies assessing the associations of the use of PPI and the
incidence of dementia. There is substantial heterogeneity among
included studies, which was not surprising given the differences
in characteristics of participants, ascertainment of dementia
and PPIs exposure, and adjustment for confounding factors.
Considering the Herghelegiu et al'?®! and the Gomm et al!'
study may have little or a great impact on the outcome, we

Risk Ratio Risk Ratio
_Study or Subgroup _log|Risk Ratio]  SE Weight [V. Random. 95% Cl IV, Random. 95% Cl
Goldstein 2017 .1985 0.0881 38.1% 0.8210.69,0.97) —
Gray 2017 0.0101 0.09%61 37.0% 0.990.82, 1.20]
Haenisch 2015 03646 0.181 24.9% 1.44[1.01,2.09]

Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.04, Chi® = 8.24, df = 2 (P = 0.02); I = 76%
Test for overall effect: Z=0.09 (P = 0.93)

101078, 1.32)

1 Il 1 |
I 1

05 07 1 15 2
Favours [experimental] Favours [control]

Figure 3. Forest plot of the included studies of the associations between PPIs use and risk of Alzheimer’s disease. PPl=proton pump inhibitor.
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Subgroup analyses for PPIs use and risk of dementia.

Medicine

Sensitivity analyses of studies.

The risk of dementia

The risk of dementia

Subgroups  No. of cohorts RR (95%) Heterogeneity P Included studies RR (95%) Heterogeneity P
Sample size Al 1.23 (0.90-1.67) 95% 19
<10000 3 1.26 (0.86-1.84) 72% .23 Exclusion studies of Gomm and Herghelegiu 1.05 (0.83-1.33) 85% .67
=10000 3 1.17 (0.75-1.82) 97% 48 Exclusion study of Herghelegiu 1.16 (0.85-1.60) 96% .34
follow-up, y Exclusion study of Goldstein 1.34 (1.03-1.75) 91% .03
<5 3 1.62 (1.40-1.86) 22% <.001 Exclusion study of Gomm 1.10 (0.86-1.41) 83% 44
>5 3 0.98 (0.75-1.27) 87% 87 Bxclusion study of Gray 1.29 (0.92-1.83) 95% 14
Exclusion study of Haenisch 1.20 (0.84-1.71) 96% 31
Exclusion study of Tai 1.24 (0.84-1.85) 96% .28
exclude both of them in sensitivity analysis. And the finding did
not alter the overall combined RR. However, our sensitivity
analysis showed that the exclusion of Goldstein et al'*”’ had a  databases, such as the Korean Healthcare Databasel*'! and g:ﬁ

significant influence on the final result, the heterogeneity did not
change substantially. Compared to other included studies,
the Goldstein et al*®! had a more rigorous ascertainment of
dementia, which relied on diagnoses of cognitive status by a team
of experienced clinicians in academic medical centers. This could
lead to a lower correlation between PPI use and the risk of
dementia. In fact, the study showed negative results with
evidently smaller RR than other studies. Since the study had a
low risk of bias according to the risk of bias assessment, the
results possibly due to the large sample size too (more than
10000).

Our outcomes are remarkably similar with Wijarnpreecha
et al,”* which showed an increased risk of dementia among PPI
users but it did not reach statistical significance. Recently, a
German prospective cohort study including 73679 participants
over 75 and free of dementia at baseline showed that PPI users
had an increased risk of developing dementia.™ Subsequently,
Haenisch et al'*’! discovered that PPI use was associated with a
significantly increased risk of developing dementia among
primary care patients aged 75 years and over as well. However,
these results were questioned. Some studies from healthcare

National Alzheimer’s Coordinating Center (NACC) database,
do not support the claim that PPI use is associated with a greater
risk of dementia. Their findings are in line with those of a Finnish
nationwide nested case—control study conducted by Taipale
et al,®?! which assessed the impact of the lag window between
exposure and outcome, finding no clinically meaningful relation
between PPI use and the risk of AD. Furthermore, a case—control
study with following up 10 years by Booker et al*!! found that
using PPIs can even reduce the risk of dementia.(HR 0.94; 95%
CI: 0.90-0.97).

Although the association between PPI use and risk of dementia
is contradictory, there are some possible mechanisms that PPI use
may contribute to dementia. First, PPIs may affect amyloid-beta
(AB) metabolism, one of the pathological markers of Alzheimer’s
disease (AD).1®3 There is evidence that PPIs could cross the
blood-brain barrier, enhance AR levels in the brain and decrease
AB degradation."***! Strooper et al®**! reported that the
precipitation of AP peptide in the central nervous system could
conceivably increase the possibility of dementia. Second, another
possible mechanism of PPl-induced dementia could relate to
vitamin B-12 deficiency. Long-term use of PPI will decrease the
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Figure 4. Funnel plot for all of this meta-analysis.
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secretion of gastric acid, resulting in a reduction in the release of
the protein used to bind to vitamin B12, causing damage to
vitamin B12 absorption.*®) Furthermore, decreased gastric acid
increases the PH in the small bowel, which allows bacterial
overgrowth and competition for uptake of vitamin B12, further
reducing vitamin B12 availability.®”! In a population-based
sample, Lam et al'®! pointed out that vitamin B12 deficiency
negatively affects cognitive function.

Though these mechanisms demonstrated that PPI use may
contribute to dementia, but “correlation does not prove
causation”. In other words, the increased risk of dementia found
in PPI users may be independent of PPI themselves. Additionally,
PPIs were used widely in older people who inherently are at
increased risk of dementia. In our meta-analysis, included studies
controlled a group of conventional risk factors for dementia, but
these controlled factors are varying from study to study. There
are numerous confounding factors that can contribute to the
increased risk of dementia including many conditions that may
increase the risk, such as diabetes and depression. Maybe those
people who took PPIs also smoked, drank, and had pre-existing
dementia-related conditions or taking medications that may be at
risk for dementia. Furthermore, evidence suggested that a
prevalence of polypharmacy in the elderly is increased with
age.’®31 A meta-analysis conducted by Nattawut et alt*!
indicated that polypharmacy was associated with dementia. In
fact, Gomm et al™ found that people who took 5 or more
medications other than PPIs also had an increased likelihood of
developing dementia by approximately 15%." Besides, there
may have the possibility that the increased risk of dementia in
patients taking PPIs was also somehow related to their other
medical diagnosis. Perhaps those patients who took multiple
medications experienced more health care encounters which
could have increased the likelihood of diagnosing dementia. In
summary, whether PPI use actually causes an increase in the risk
of dementia is, therefore, an important question requiring further
evaluation.

There is some strength in our article. First, we reviewed current
published literature on PPI use and risk of dementia by a
comprehensive and systematic approach. Second, all the included
original studies used a cohort design without other epidemiologi-
cal observational studies. Third, most of them are of high quality
with a large sample size, a long follow-up period and reliable
exposure and outcome assessment.

However, the limitations of this meta-analysis must be
considered as well. First, we only included cohort studies and
the number of cohort studies on the association between PPI use
and risk of dementia is relatively limited, so the inherent biases
and selection bias cannot be avoided. Second, observational
studies cannot prove causality. Finally, there is substantial
heterogeneity among our studies, and we considered the reason to
be because of variations in the methods of assessment of PPI use
and dementia, cohort type, study population, follow-up time and
adjustment variables across the included studies. In summary,
further scientific study is required to define the actual relationship
between PPI use and risk of dementia.

5. Conclusions

In conclusion, this meta-analysis showed that the use of PPIs was
not significantly associated with risk of dementia or AD. Though
there are some limitations in this meta-analysis, the results may be
clinically significant and useful in discussing potential risks of PPI
therapy with patients.
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