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Proton-pump Inhibitors and the Risk of Dementia: A Systematic Review 
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Background/Aims: Proton pump inhibitors (PPIs) are widely used to treat several acid-related gastrointestinal disorders. This study 
aimed to investigate the risk of dementia in patients taking PPIs.
Materials and Methods: A systematic review was conducted to evaluate the correlation between PPIs and dementia. The methodo-
logical quality of the included studies was evaluated using the Risk of Bias Assessment tool for non-randomized studies. Publication 
bias was assessed.
Results: A total of 12 nested, case-control, and cohort studies were identified and analyzed. We obtained hazard ratios (HRs) from 
five studies and performed a meta-analysis. The meta-analysis of four cohort studies and one nested case-control study showed no 
association between PPIs and dementia (HR, 1.165; 95% CI, 0.912~1.488; P=0.222). Sensitivity analysis revealed consistent 
results. No publication bias was detected.
Conclusions: This systematic review and meta-analysis revealed no statistically significant association between the use of PPIs and 
dementia. (Korean J Helicobacter Up Gastrointest Res 2021;21:135-143)
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INTRODUCTION

Proton pump inhibitors (PPIs) are a class of medication 

prescribed for healing and preventing esophagitis and 

peptic ulcer disease.1,2 PPIs are perceived to have a fa-

vorable side effect profile. They are often prescribed not 

only for established acid-related upper gastrointestinal 

disease, but also for nonspecific upper gastrointestinal 

symptoms empirically.3,4 As a result, PPIs are the most 

widely used class of drugs prescribed long-term among all 

clinical medicine.5 Approximately 8~10% of adults have 

been prescribed PPIs in the past 30 days.5 PPI use is par-

ticulary prevalent in the elderly; people over the age of 

60 years are 3.5 times more likely to be using PPIs than 

those under 60 years.6

Numerous studies have raised doubts about the long 

term safety of PPI use.7,8 PPI has been shown to increase 

the synthesis of certain amyloid-ß protein, which is also 

elaborated in patients with Alzheimer’s disease (AD).9 PPIs 

has also been associated with vitamin B12 deficiency 

which may contribute towards the development of demen-

tia.10 Recently two studies from Germany reported a po-

tential association between PPI use and increased risk of 

dementia.11,12 This is particularly concerning because PPIs 

are more frequently used among older individuals where 

the risk of dementia is high. A previous systematic review 

of 11 studies exploring the association of PPI use and de-

mentia could not reach definitive conclusions due to limi-

tations of methodological issues.13 Recently, the results of 

several epidemiologic studies have pointed toward a null 

association between PPI use and dementia. Therefore, we 

performed this systematic review and meta-analysis to 

further clarify the association between PPI use and 

dementia.

MATERIALS AND METHODS

This systematic review with meta-analysis was con-

ducted using a priori protocol (PROSPERO registration 

number: CRD42018102583). It fully adhered to the prin-
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ciples of the Preferred Reporting Items for Systematic re-

views and Meta-Analyses checklist.14

1. Literature searching strategy 

MEDLINE (through PubMed), the Cochrane library, and 

Embase were searched using common keywords asso-

ciated with PPIs and dementia (from inception to May 

2018). Medical Subject Heading or Emtree keywords were 

selected to search electronic databases. Titles and ab-

stracts of all included studies were reviewed to exclude 

irrelevant publications. Full-text reviews were performed 

to determine whether inclusion criteria were satisfied in 

remaining studies. Reference lists from articles selected 

via electronic searches were manually searched to obtain 

further relevant studies. Article selection was performed 

independently by two authors (K.T.Y. and J.S.K.). Differing 

decisions were resolved by consensus.

2. Selection criteria

We included studies that met the following criteria: 

1) studies designed to evaluate the effect of PPI use and 

association with dementia; 2) studies of human subjects; 

3) publications in English; and 4) full-text publications. 

Studies that met all four inclusion criteria were sought 

and selected. Exclusion criteria were as follows: 1) review 

articles; 2) guidelines or consensus documents or expert 

position papers; 3) comments, letters, brief reports, pro-

ceedings, protocol studies; 4) case reports; 5) publications 

with incomplete data; or 6) meta-analysis articles.

3. Data extraction

Two review authors (K.T.Y. and J.S.K.) independently 

extracted data from included studies using a common 

pre-data extraction form. They resolved any discordance 

in assessments via discussion. If any clarification of data 

was necessary, more information was requested from inve-

stigators. The primary outcome of interest was the effect 

of PPIs on the development of dementia. Ratios were ex-

tracted and evaluated from studies using hazard ratio (HR), 

whenever possible. Subgroup analyses were also per-

formed to identify the source of heterogeneity based on 

multiple modifiers identified during the systematic review 

and to confirm the robustness of the main result. These 

modifiers included study location, study type, study qual-

ity, sex, and duration of medication use.

4. Methodological quality

Methodological quality of included publications was as-

sessed using the Risk of Bias Assessment tool for 

non-randomized studies (RoBANS).15 The RoBANS tool 

contains six domains. It is a validated tool that is reliable 

and feasible for assessing the methodological quality of 

non-randomized studies. Two authors (K.T.Y. and J.S.K.) 

independently assessed the methodological quality of the 

included studies. Any disagreement between the authors 

was resolved by discussion. Review Manager version 5.3.3 

(Revman for Windows 7; the Nordic Cochrane Centre, 

Copenhagen, Denmark) was used to generate the sum-

mary of RoBANS results.

5. Statistical analysis 

Comprehensive Meta-Analysis software (version 2; Biostat 

Inc., Englewood, NJ, USA) was used for this meta-analysis. 

We calculated HRs with 95% CIs using 2×2 tables from 

the original articles to evaluate the effect of PPIs on the 

development of dementia whenever possible. Heterogeneity 

was determined using the I 2 test developed by Higgins to 

measure the percentage of total variation across studies.16 

I 2 was calculated as follows: I 2 (%)=100×(Q df)/Q, where 

Q was Cochrane’s heterogeneity statistic and df was the 

degree of freedom. Negative values for I 2 were set to 

zero. An I 2 value over 50% indicated substantial hetero-

geneity (range, 0~100%). Pooled-effect sizes with 95% CIs 

were calculated using a random-effects model and the 

method of DerSimonian and Laird17 due to methodological 

heterogeneity. These results were confirmed by the I 2 

test. Significance was set at P≤0.05. Publication bias was 

evaluated using Begg’s funnel plot, Egger’s test of the in-

tercept, and Begg and Mazumdar’s rank correlation 

test.18-20 We performed cumulative meta-analysis (defined 

as the performance of an updated meta-analysis every 
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Records identified through
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Fig. 1. Flow diagram showing the identification of relevant studies.

time a new trial appears) for evaluating the results as a 

continuum.21 These techniques make it possible to study 

trends in good and bad effects and to pinpoint the first 

time a difference in outcome between treatment and con-

trol groups becomes statistically significant at a chosen 

level. Also, to evaluate the influence of each study on the 

overall effect size, sensitivity analysis was conducted using 

the one-study remove approach.

RESULTS

1. Identification of relevant studies 

Fig. 1 presents a flow diagram showing how relevant 

studies were identified. A total of 6,097 articles were 

identified by searching the three core databases with ad-

ditional manual searching. Removal of four duplicates re-

sulted in 6,093 articles. During the initial screening 

through review of titles and abstracts, 6,066 other studies 

were excluded. Full texts of the remaining 27 studies 

were then thoroughly reviewed. Among these studies, 15 

articles were excluded from the final analysis. The rea-

sons for study exclusion during the final review were as 

follows: narrative review article (n=6), guideline (n=1), 

comment, letter, brief report, proceeding, or protocol 

study (n=6), and meta-analysis (n=2). The remaining 12 

studies were included in the final systematic review.

2. Characteristics of included studies

Of the 12 nested, case-control, or cohort studies, a to-

tal of 394,582 patients were identified. Seven studies con-

ducted analysis based on cohort from a database.11,12,22-26 

Haenisch et al.11 analyzed 3,327 persons and identified 

431 patients with incident dementia, including 260 pa-

tients with AD. Patients receiving PPI medication had sig-

nificantly higher risk of any dementia (HR, 1.38; 95% CI, 

1.04~1.83) and AD (HR, 1.44; 95% CI, 1.01~2.06) com-

pared to those who did not receive PPI. Gomm et al.12 

demonstrated that patients receiving regular PPI medi-

cation had significantly increased risk of incident de-

mentia compared to patients not receiving PPI medication 

(HR, 1.44; 95% CI, 1.36~1.52). Clouston et al.26 examined 

whether PPI use was associated with severe cognitive im-

pairment and whether posttraumatic stress disorder ex-

plained this association in a cohort of World Trade Center 

responders. After adjusting for posttraumatic stress dis-

order, PPI use was significantly associated with severe 

cognitive impairment (OR, 1.67; 95% CI, 1.054~2.643). 

Lochhead et al.24 did not observe a convincing association 

between PPI use and cognitive function after controlling 

for histamine-2 receptor antagonists (H2RA) in middle-aged 

and older women (P=0.34). Gray et al.23 showed that PPI 

exposure was not associated with the risk of dementia 

(P=0.66) or AD (P=0.77). After analyzing data from two 

large population-based studies of twins in Denmark, Wod 

et al.22 found no association between PPI and cognitive 

decline. Goldstein et al.25 found that PPIs were not asso-

ciated with greater risk of dementia or AD. According to 

their data, not only continuous PPI use, but also inter-

mittent PPI use were associated with lower risk of decline 
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Study name
Statistics for each study Hazard ratio and 95% CI

Hazard ratio Lower limit Upper limit Z-value P-value
Haenisch et al.11 (2015) 1.380 1.040 1.831 2.234 0.025

0.1 0.2 0.5 1 2 5 10

Gomm et al.12 (2016) 1.440 1.362 1.522 12.851 0.000
Goldstein et al.25 (2017) 0.780 0.657 0.926 -2.840 0.005
Tai et al.29 (2017) 1.220 1.049 1.419 2.582 0.010
Gray et al.23 (2018) 1.130 0.819 1.559 0.745 0.456

1.165 0.912 1.488 1.221 0.222

Heterogeneity: X2=47.294,df=4 (P<0.001); I2=91.542%
Test for overall effect: Z=1.221 (P=0.222) Favours no association Favours association

Fig. 2. Association between proton pump inhibitor use and cognitive function. The size of each square is proportional to the study’s weight. The 
diamond is the summary estimate from pooled studies (random-effect model).

Study name

Cumulative statistics Cumulative hazard ratio (95% CI)

Point
Lower 
limit

Upper 
limit Z-value P-value

Weight
(random)

Relative
weight

Relative 
weight

Haenisch et al.11 (2015) 1.380 1.040 1.831 2.234 0.025

0.1 0.2 0.5 1 2 5 10

11.42 17.82
Gomm et al.12 (2016) 1.438 1.361 1.518 13.041 0.000 14.79 40.91
Goldstein et al.25 (2017) 1.156 0.755 1.769 0.667 0.505 13.43 61.88
Tai et al.29 (2017) 1.172 0.886 1.550 1.110 0.267 13.75 83.34
Gray et al.23 (2018) 1.165 0.912 1.488 1.221 0.222 10.67 100.00

1.165 0.912 1.488 1.221 0.222

Favours no association Favours association

Fig. 3. Cumulative meta-analysis of enrolled studies. 

in cognitive function and conversion to mild cognitive 

impairment or AD. Booker et al.27 revealed that PPI was 

associated with decreased risk of developing dementia 

(OR, 0.96; 95% CI, 0.94~0.99). Herghelegiu et al.28 showed 

that prolonged utilization of PPIs resulted in a significant 

increase of dementia risk after controlling for diabetes and 

hypertension in midlife (OR, 3.67; 95% CI, 2.23~19.15). 

Tai et al.29 reported that cumulative PPI use was sig-

nificantly associated with dementia (adjusted HR, 1.22; 

95% CI, 1.05~1.42). However, Taipale et al.30 demon-

strated that PPI use was not associated with the risk of 

AD (adjusted OR, 1.03; 95% CI, 1.00~1.05). They also 

found that neither longer duration of use nor higher dose 

use was associated with AD. Park et al.31 performed pre-

scription sequence symmetry analysis to estimate the se-

quence ratio between PPI use and dementia compared 

with an active comparator, the use of H2RA. They con-

cluded that the risk of PPIs being associated with de-

mentia might be overestimated. Clinical characteristics of 

these included studies are shown in Table 1.

3. PPIs use and association with dementia

Among the 12 studies included in our systematic re-

view, we were able to perform a meta-analysis using five 

studies that presented HR as a result.11,12,23,25,29 The 

meta-analysis of four cohort studies and one nested 

case-control study exhibited no association between PPI 

and dementia (HR, 1.165; 95% CI, 0.912~1.488; P=0.222, 

I 2=91.54%) in a random-effect model analysis (Fig. 2).

4. Sensitivity analyses

Sensitivity analyses were performed to show the ro-

bustness of the results of the main analysis. Cumulative 

meta-analysis of these enrolled studies in the order of 

year published showed a significant association in earlier 

studies but constant non-significant association afterwards 

(Fig. 3). One-study-removed meta-analysis in the order of 

year published showed one outlier (study by Goldstein et 

al.,25 Fig. 4).
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Fig. 5. Risk of Bias Assessment tool for non-randomized
studies (RoBANS) for the assessment of methodological
quality of all enrolled studies. 

Study name
Statistics with study removed Hazard ratio (95% CI)

Point Lower limit Upper limit Z-value P-value with study removed
Haenisch et al.11 (2015) 1.122 0.841 1.497 0.780 0.435

0.1 0.2 0.5 1 2 5 10

Gomm et al.12 (2016) 1.092 0.832 1.434 0.636 0.525
Goldstein et al.25 (2017) 1.332 1.185 1.496 4.825 0.000
Tai et al.29 (2017) 1.150 0.814 1.623 0.793 0.427
Gray et al.23 (2018) 1.172 0.886 1.550 1.110 0.267

1.165 0.912 1.488 1.221 0.222

Favours no association Favours association

Fig. 4. One-study-removed analysis of enrolled studies.

5. Methodological quality

The methodological quality of included studies showed 

similar efficacy. Some studies were reported with a high 

risk of confounding factors. There were two studies that 

collected information on PPI exposure by patients’ report 

(study by Goldstein et al.25 and Herghelegiu et al.28) Deta-

iled methodological quality of enrolled studies is summar-

ized in Fig. 5.

6. Analysis of publication bias

A funnel plot for these included studies in the analysis 

of association between PPI use and dementia is illustrated 

in Fig. 6, showing a symmetrical shape. Egger’s regression 

test revealed that the intercept was -3.20 (95% CI, -10.73 

to 4.31; P=0.13 [1-tailed] and P=0.27 [2-tailed]). Trim and 

fill analysis showed that no study was missed or trimmed. 

Rank correlation test showed that Kendall’s tau was -0.10 

with a continuity correction (P=0.40 [1-tailed] and P=0.80 

[2-tailed]). Overall, there was no evidence of publication 

bias in this meta-analysis. 

DISCUSSION

This meta-analysis of observational studies revealed 

that PPI use was not associated with an increased risk of 

dementia. Extensive randomized controlled trials have 

shown that PPIs are safe with adverse events rates very 

similar to placebo in the short term.32 However, long-term 

use has been associated with various adverse events such 

as pneumonia, fracture, Clostridium difficile risk, ischemic 

heart disease, chronic renal failure, and even all-cause 

mortality.33-38

Recently, a study of 73,679 participants registered in a 

German statutory health insurance found that regular PPI 

users had increased risk of developing dementia, with a 

HR of 1.44 (95% CI, 1.36~0.152).12 Dementia is a clinical 
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Fig. 6. Funnel plot of enrolled studies 
regarding proton pump inhibitor use 
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condition characterized by progressive cognitive decline 

that affects one’s ability to live independently. It predom-

inantly affects older adults. In 2016, an estimated 5.4 mil-

lion Americans have AD. Of these, 5.2 million were those 

aged 65 years and older.39

Biologic mechanisms through which PPIs may increase 

the risk of dementia remain unknown. Some potential 

mechanisms have been proposed in theory, including the 

hypothesis that PPI might cause or facilitate the develop-

ment of beta-amyloid plaques.9 Accumulation of these 

materials is a major component of AD.40 Recent ob-

servational studies have reported conflicting results re-

garding PPI use and development of dementia. Two co-

hort studies from Germany have reported that the risk of 

dementia is associated with PPI use.11,12 However, more 

recent studies have found no association between PPI use 

and the development of dementia. A recent systematic re-

view explored the association between PPI use and de-

mentia without reaching a definite conclusion due to 

methodological issues and conflicting results.13 That sys-

tematic review included 11 studies, including three case 

reports and one case series.13 Another meta-analysis re-

ported that PPI users were associated with high risk of 

dementia.41 However, this study included few studies, and 

statistical heterogeneity was high (I 2=99%).

We excluded case reports from our review and added 

eight recently published cohort studies. In the present 

study, we performed a meta-analysis including a total of 

106,451 patients from five studies and found no significant 

relationship between PPI and dementia (HR, 1.165; 95% CI, 

0.912~1.488; P=0.222). In cumulative analysis, the initial 

two studies were the only studies that showed high magni-

tude of association between PPI and dementia (Fig. 3).11,12 

The remaining studies did not find an increased risk of de-

mentia or AD with PPI use.

Our study has several limitations. All studies included in 

our meta-analysis were primarily observational studies 

rather than randomized controlled trials. However, random-

ized controlled trials regarding adverse events of PPI use 

are difficult to perform. We believe that studies included 

in our study are currently the best evidence available on 

this topic. We were able to perform a meta-analysis includ-

ing five studies that reported the HR of PPI use and 

dementia. This may have resulted in the high heterogeneity 

and also implies logical loopholes in obtaining publication 

bias.

In conclusion, this study indicated that long-term PPI use 

was not associated with the development of dementia. 

Considering the small number of studies included in our 

analysis, our results should be interpreted with caution. 

Larger studies with longer follow-up duration are needed 

to further confirm the relationship between PPI use and 

dementia.
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