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Abstract

Dementia is an irreversible severe impairment of cognitive function associated with age, which ultimately leads to loss of
independence and disability. Recent interest has been placed on potential pathological links between proton pump inhibitors
(PPI) and the neuropathology of dementia. This study evaluates the relationship between long term use of PPIs (more than >
6 months/year and more than > 3 consecutive years) and cognitive function in a sample of 74 subjects, 65 years of age and
older. The control group included an equal number of age-matched subjects. Patients in the study group had significantly
lower Mini Mental State Examination (MMSE) (p = 0.004) and Clock Drawing Test (CDT) (p = 0.02) scores compared to
age matched controls. 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; p = 0.002).

Rezumat

Dementa reprezintd un deficit sever si ireversibil al functiei cognitive ce este asociat cu Inaintarea in varsta si are drept
consecinte dizabilitatea si pierderea independentei in desfasurarea activitatilor zilnice. Exista un interes crescut In ultimii ani
privnd potentiala implicare a inhibitorilor pompei de protoni (IPP) in mecanismele neuropatologice din dementa. Acest studiu
evalueaza corelatia dintre administrarea IPP pe termen lung (peste 6 luni/an timp de peste 3 ani consecutivi) si functia
cognitiva Intr-un grup de 74 de pacienti cu varste de peste 65 de ani. Lotul martor a inclus un numaér de 74 de subiecti cu
varste similare celor din grupul de studiu. Pacientii din grupul de studiu, care urmau tratament de lunga durata cu IPP, au avut
scoruri semnificativ mai mici ale Mini Mental State Evaluation (MMSE) (p = 0,004) si Clock Drawing Test (TDC) (p = 0,02)
comparativ cu grupul martor cu varste similare, care nu au urmat astfel de terapie. Utilizarea pe termen lung a IPP a crescut
semnificativ riscul de dementd (OR = 3,67; 95% CI; p = 0,002).
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Introduction disease (50% - 75%) and vascular dementia, recent
opinions highlighting the mixed pathologic
processes within the brain [4-6]. Structural cellular
changes are present in most cases of dementia and
consist of accumulation of amyloid B (AB) peptides
organized into intercellular plaques and hyper
phosphorylation of fau proteins resulting in
microscopic appearance of intracellular tangles,
which eventually lead to loss of synapses and
ultimately cell death [7-9]. Recent interest has been
placed on the potential involvement of proton pump
inhibitors (PPIs) in dementia neuropathology. PPIs
effectively suppress gastric acid secretion by
inhibition of the H/ K' ATPase present on the
plasma membrane of the gastric parietal cells [10].
These drugs are widely used for the treatment of
most acid-related conditions. Animal studies have
demonstrated that PPIs can cross the blood-brain
barrier [11] and block the vacuolar proton pumps
on the lysosomal membrane of inflammatory cells
including macrophages and potentially microglia,
the mononuclear phagocytic system of the brain,

Dementia is one of the main determinants of
disability in older age [1]. It mainly affects people
of advanced age, and after the age of 65 years, its
prevalence doubles with every five years age increment
[1]. The prevalence of dementia in people aged 60
years and over is 5% - 8% and the number of
people suffering from dementia across the world is
expected to increase three times by 2050 [1, 2].
Neuropathological events start to develop decades
before the clinical onset that could be seen as a
critical point in brain damage accumulation over
time. Gradual memory impairment, deficiencies in
reasoning, logic and decision making, difficulties
with language, behaviour and mood changes along
with other cognitive function alterations are progressive
and at present irreversible eventually leading to
complete loss of independence in activities of daily
living [2, 3].

Dementia syndrome is linked to a variety of
conditions, the most frequent forms being Alzheimer’s
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thus impeding degradation of fibrillary AP [12].
Recent in vivo and in vitro research has shown that
PPIs use increased the levels of AP pathological
species likely, by modulating secretase activity, although
the underlying mechanisms are still unknown [13].
Another possible link between PPIs and dementia
might be cobalamin deficiency. It has been shown
that reduced levels of vitamin B12 and folic acid
are associated with vascular disease and cognitive
impairment [14-17]. Several studies have reported
that vitamin B12 status is negatively affected by the
prolonged use of PPIs [18-20].

Many studies conducted during the last decade have
highlighted the over prescription and overutilization
of PPIs, while people aged over 50 years old are the
main chronic consumers of anti-secretory medication.
This use does not commensurate with prevalence of
gastro-oesophageal reflux disease or with prescribing
guidelines for PPIs [21-24]. Self-medication,
consumption of various drugs that do not require a
medical prescription when purchased and without
medical advice, is a wide spread phenomenon. In
developing countries like Romania, the risk for this
practice is even higher and closely related to the
level of education and pharmaceutical products
advertising, while governmental policies for health
care play a key role in controlling the occurrence of
self-medication [25, 26].

In this study we evaluated the effects of long-term
use of PPIs on the cognitive function in a group of
older subjects. This is one of the very few available
clinical studies conducted on the potential risk of
cognitive decline associated with prolonged use of
PPIs in adults over 65 years old.

Materials and Methods

Prior to initiation, the study received approval from
the Ethics Committee of the “Ana Aslan” National
Institute of Gerontology and Geriatrics.

For this study, we recruited community dwelling
patients over 65 years old, referred by general
practitioners to the Geriatrics Outpatient Clinic of
the “Ana Aslan” National Institute of Gerontology
and Geriatrics, Bucharest, over a period of 8
months between 2014 and 2015. Out of a total
number of 432 evaluated subjects, 89 were long-
term users of PPIs defined as more than 6 months
of continuous or nearly continuous administration
of any PPI per year for the previous 3 years or
more. After being checked against exclusion
criteria, a total number of 74 participants were
eligible for inclusion in the study group. Exclusion
criteria were: prior diagnosis of dementia, hypo-
thyroidism, chronic excessive alcohol consumption,
Parkinson’s disease, multiple sclerosis, clinical
depression and terminal illness. As age is the most
important risk factor for dementia [27], subjects in
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the control group were age matched with the
participants in the study group. The control group
comprised an equal number of patients (74) without
usage of PPIs during the previous 3 years and
checked against the same exclusion criteria. The
presence of diabetes mellitus (DM) and arterial
hypertension (HT) in midlife were also recorded
because these risk factors are the most consistently
evidenced to be associated with dementia syndrome
[27]. All exclusion criteria and the presence of DM and
arterial HT in midlife (age 45 to 64) were identified
from patients’ medical records or from anamnesis.
Patients who refused to sign the informed consent
were also excluded.

Long-term use of PPIs was evaluated by directly
interviewing the patients and was based on their
reports. To identify the profile of PPIs utilisation
we used a short questionnaire that included
questions about the type of medication used by the
patient, the manner in which the patient obtained
the medication, the reason for using PPIs and also a
question regarding the existence of a gastro-
enterological examination prior to treatment
initiation. The cognitive function was assessed with
the modified short version of Mini Mental State
Examination (MMSE) instrument and the Clock
Drawing Test (CDT). The MMSE appraises time
and space orientation, immediate and short-term
recall, attention and calculation, the ability to follow
verbal and written commands, language and visual
construction [28]. The maximum score is 30 points, a
score over 26 is considered normal and a score < 25
indicates dementia [28, 29]. The CDT is a brief test
that accounts for comprehension, planning, abstraction,
visual memory and image reconstruction, motor
programming, execution and concentration [30].
We have used the 10 points scoring system
described by Sunderland et al. [31]. A score of at
least 6 points is considered normal [31].

Descriptive statistics was used to present frequency
distribution, means with standard deviation (SD)
and median values with interquartile range (IQR)
for MMSE and CDT scores. As the controls were
age matched to the long-term PPI users, the data
were analysed as paired data. Firstly, group
differences in continuous variables were analysed
with the Wilcoxon signed ranks test with 95%
confidence interval (CI), as these variables were not
normally distributed. The odds of developing
dementia syndrome if exposed to prolonged use of
PPIs were then evaluated in conditional logistic
regression models according to the effects of DM
and arterial HT in midlife. A multiple imputation
technique was employed if > 5% of the outcome
data were missing. All p-values are two-tailed and a
p < 0.05 was considered statistically significant. The
statistical analysis was performed using DATAPLOT.
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Results and Discussion

The mean age in the study group was 76.3 years and
74.2 years in the control group, while women were
predominant in both groups. The number of people
with high levels of education (high-school, college
or university) was somewhat higher in the control
group. The presence of DM and arterial HT in
midlife was comparable in both groups (Table I).
The most frequently used PPl was omeprazole
(58.1%) and the least frequently used was

lansoprazole (12.16%) (Table II). In most cases a
prescription renewal was not present and most
patients directly asked for a familiar PPI at the local
pharmacy (Table II). Among reported reasons for
PPIs consumption were “Frequent heartburns or
stomach aches” and “It was prescribed by the
doctor and I continued taking the medication” while
in the majority of cases a gastroenterological check-
up by a specialist prior to treatment initiation was
absent (Table II).

Table 1

Socio demographic characteristics in study and control groups

Control group (n=74) | Study group (n=74)
n (%) / Mean (SD) n (%) / Mean (SD)
Age 74.2 (10.3) 76.3 (8.7)
Women 49 (66.21) 57 (77.02)
Level of education: high-school or more 48 (64.86) 39 (52.70)
Diabetes Mellitus 11 (14.86) 15 (20.27)
Hypertension in midlife 12 (16.21) 9 (12.16)
Table 11
Profile of PPIs consumption in the study group
Type of PPI: n/%
omeprazole 43/58.10
pantoprazole 12/16.21
esomeprazole 10/13.51
lansoprazole 9/12.16
Acquired by: prescription 7/9.45
direct purchase 67/90.55
Reasons for chronic consumption: frequent gastric acid related symptoms 37/50
continued treatment without medical re-evaluation 18/24.32
gastric protection for other medication 15/20.27
other reasons 4/5.41
Gastroenterological specialist check-up: absent 56/75.67

The MMSE scores were significantly lower in the
study group compared to control (p = 0.004) (Table III,
Figure 1). Scores on CDT were also significantly
lower in patients with chronic use of PPIs
compared to controls (p = 0.02) (Table III).

Dementia prevalence among long-term PPIs users
was 24.32% whereas in controls was 10.81%. To
investigate the potential relationship between
prevalent dementia syndrome and long term use of
PPIs, we used conditional logistic regression
models where the effects of DM and arterial HT in
midlife, independent risk factors for dementia, were
controlled for. Prolonged utilization of gastric acid
reducing agents increased the odds of developing
dementia syndrome almost 4 folds after adjusting
for DM and arterial HT in midlife (OR = 3.67;
p = 0.002; 95% CI) (Table IV). Converting OR to
adjusted relative risk (RR) by formula shown below

we had a 185% increase of dementia risk with long
term PPIs utilization (RR = 2.85).
OR

RR =
(1-P)+(P,xOR)

where: OR = odds ratio from logistic regression and
Py = prevalence of the outcome in the unexposed
group.

Table II1
MMSE and CDT scores in study and control groups

Control group Study group p - value
(n=74) (n=174)
Median (IQR) Median (IQR)
MMSE 29 (2) 27 (1.25) p =0.004
CDT 8 (1) 7 (0.92) p=0.02

264



FARMACIA, 2016, Vol. 64, 2

Table IV
The relationship between the long term use of PPIs, DM, HT in midlife and dementia syndrome
Model Variable OR 95% CI p - value
Dementia syndrome Long term PPIs 3.67 2.23-19.15 p =0.002
Diabetes 6.35 4.57 - 52.46 p=0.001
HT midlife 3.18 1.73 -23.62 p=0.005
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Figure 1.

MMSE scores in study and control groups
Median values depicted with boxplots; top and bottom of box
represent the first and third quartiles, and the band represents the
median; the end of the whiskers represent the minimum and
maximum of all of the data; the points are outliers defined as
values that do not fall in the inner fences and asterisks represent
extreme outliers defined as values more than three times the
height of the boxes.

Our results depicted a high rate of chronic utilization
of PPIs of one in five people aged 65 years or more.
Data on prevalence of chronic use of PPIs varies
greatly across studies as there is no consensus
definition of “long term wuse” and available
information for older populations is scarce [32].
One study reported a 0.82% rate of more than 6
months per year for 5 years and more usage of
gastric acid reducing agents in general population
where 65% of long term PPIs users were people
aged 65 and over [33]. Continuous or intermittent
usage of PPIs over a period of 6 years was
identified in 21.43% of an elderly population
sample [35]. In a recent study highlighting the
association between the use of PPIs and the
functional decline in older people, 31.12% received
a PPI prescription at the time of discharge from
various medical units [36]. It has been consistently
showed that PPIs are over prescribed across the
world, in 25% - 70% of cases with no appropriate
indication while 0.5% to 5% use anti-secretory
medication on a long-term basis [23]. In our study
the vast majority of long term PPIs users (90.55%)
did not have a current prescription and were either
self-administering the drugs to alleviate symptoms or
were continuing consumption based on a previous
medical recommendation while in more than half of the
cases, an adequate gastroenterological assessment
was missing. Availability of PPIs as over the counter
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PPIs as self-medication, while certain failures in
medical practices across different levels of health
care systems contribute to overuse of PPIs.

In our population sample, long-term administration
of PPIs increased dementia risk for about 4 times in
people aged 65 and over. This effect remained
significant after controlling for diabetes mellitus and
arterial hypertension in midlife. Similar findings
were reported by a recent large cohort study on the
association between the risk of dementia and the
use of any PPI, conducted in primary care settings on
subjects 75 years of age and over [35]. Patients receiving
PPI medication had a significantly increased risk of
dementia after controlling for age, gender, education,
Apolipoprotein E4 (ApoE4) allele status, poly-
pharmacy, and comorbidities like depression, diabetes
mellitus, ischemic heart disease, and stroke [35].
Another study has reported potential inappropriate
prescriptions in aged people with dementia, since
PPIs were prescribed at maximum therapeutic
doses for more than 8 weeks [37].

In the present study, the drug of choice as reported
by patients was omeprazole (58.1%) while other
PPIs had a comparable preference distribution. Due
to the small sample size, it was not possible to
conduct a subgroup analysis on the association
between different PPIs and the risk of dementia,
thus we report the effects of PPIs as a drug class.
To our knowledge, data on the effects of long term
use of specific PPIs on cognitive function is
missing; therefore future extended trials are needed
to elucidate such effects. Other potential limitations of
our study are: the subjective nature of data, results
being based on patients’ reports and recollection of
usage of PPIs, while other latent dementia risk
factors were not controlled for.

Conclusions

Routine geriatric care practices should include
active screening for long-term use of PPIs and re-
evaluation of medication after appropriate investigations
and diagnosis. Prolonged administration of PPIs
should be avoided as it appears to be associated
with a significant increased risk of dementia.
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