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ABSTRACT

Objective: The association between polypharmacy and dementia is controversial. This systematic
review and meta-analysis aims to summarize existing literature concerning the association between
polypharmacy and dementia.

Methods: A systematic literature review was performed by searching the EMBASE, PubMed,
Scopus and International Pharmaceutical Abstract databases using terms related to polypharmacy
and dementia. A meta-analysis was performed using random effect models.

Results: Seven studies were included in this meta-analysis. The included studies were of medium
to high quality with a potential for publication bias. A strong association between polypharmacy
and dementia was found (pooled adjusted risk ratio (aRR)=1.30 (95% ClI: 1.16-1.46), I* =68%).
Excessive polypharmacy was also strongly associated with dementia (pooled aRR=1.52 (95% Cl:
1.39-1.67), I> = 24%).

Conclusion: Pooled risk estimates from this meta-analysis showed that polypharmacy was associ-
ated with dementia. Although the causality of the relationship cannot be concluded from this ana-
lysis, the finding encourages the use of multidimensional assessment tools for dementia that
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includes the number of medications as a component.

Introduction

Dementia is a clinical syndrome that manifests as a decline
in cognitive, emotional and conative functions that are
severe enough to impair social and occupational function-
ing (Chert- kow, Feldman, Jacova, & Massoud, 2013).
Although dementia can be caused by multiple disorders
that affect brain functions (Emre, 2009), the most general
types of dementia are Alzheimer's disease and vascular
dementia (Rizzi, Rosset, & Roriz-Cruz, 2014). Because of
population aging worldwide, dementia has become a sig-
nificant global disease burden. According to the World
Health Organization, the number of people living with
dementia in 2017 was estimated to be 47 million world-
wide (Virot, 2017). With this number, we can imply that
millions of family caregivers of people with dementia are
also affected. Taking care of a family member with demen-
tia leads to physical and psychological stress, social isola-
tion and financial difficulty (Brodaty & Donkin, 2009). In
addition, dementia has an extremely significant negative
impact on economic status. The global total estimated
costs of dementia in 2010 was US $604 billion (Wimo,
Jonsson, Bond, Prince, & Winblad, 2013). With this remark-
able global impact, it is important to identify protective
factors and risks of dementia to reduce its incidence.
Several risk factors of dementia have been identified.
Genetics, parental age at birth, female sex, being over-
weight and obesity, comorbidities such as cardiovascular
diseases and diabetes and high blood pressure are associ-
ated with a higher risk of dementia (Chen, Lin, & Chen,

2009; McCullagh, Craig, Mcllroy, & Passmore, 2001; van der
Flier & Scheltens, 2005). Concurrent use of multiple medica-
tions is one of the possible risk factors for dementia. In
general, the use of five or more drugs at the same time is
defined as polypharmacy, although other threshold num-
bers have been used arbitrarily (Leelakanok, Holcombe,
Lund, Gu, & Schweizer, 2017). The other concept is exces-
sive polypharmacy, which is defined as the concurrent use
of 10 or more medications (Leelakanok et al., 2017). Several
studies supported that polypharmacy has an association
with dementia. For example, a case study reported revers-
ible dementia because of polypharmacy (Gupta, Singh,
Singh, & Lehl, 2013). In addition, studies found more func-
tional decline (Lau, Mercaldo, Shega, Rademaker, &
Weintraub, 2011; Sarkar et al, 2017) and cognitive impair-
ment (del Ser et al, 2005; Fratiglioni, 2011; Monastero,
Palmer, Qiu, Winblad, & Fratiglioni, 2007; Silay, Yalcin,
Akinci, Gursoy, & Sener Dede, 2017) in patients with poly-
pharmacy. Several studies have also demonstrated that
patients with dementia used a higher number of medica-
tions (Andersen, Viitanen, Halvorsen, Straume, & Engstad,
2011; Green et al., 2017; Lau et al.,, 2010; Mate et al., 2015;
McCracken, McCormack, McGregor, Wong, & Garrison,
2017) and polypharmacy was more frequent in dementia
patients (Kose, Maruyama, Okazoe, & Hayashi, 2016;
Ostrom, Hammarlund, Christensen, Plein, & Kethley, 1985;
Rattagan et al.,, 2016). However, some other studies found
no association between number of medications and
dementia (Gnjidic et al., 2012; Schubert et al., 2006). Some
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Pubmed: 440 articles EMBASE: 1193 articles

Scopus: 958 articles IPA: 56 articles

¥

1452 non redundant articles

1315 studies excluded by keyword search and

abstract review

126 studies excluded by full text review

- 8+ 21 unrelated studies

- 53 review articles, letters, guidelines or protocols
- 4 case series or case reports

- 10 studies without the exposure of interest

- 8 studies without the outcome of interest

- 22 studies were not designed to find the
association

—

2 studies included by reference review

- 146 + 46 unrelated studies

- 637 + 196 review articles, letters, guidelines or
protocols

- 43 + 3 non-human studies

- 39+ 16 case series or case reports

- 52 studies without the exposure of interest

- 91 studies without the outcome of interest

- 46 studies were not designed to find the association

| 13 studies abstracted by investigators |

Excluded 5 studies
- | study with overlap population

- 3 studies with no clear definition of dementia

| 8 studies for meta-analysis |

- 1 studies with no clear definition of
polypharmacy

Figure 1. PRISMA diagram for the systemic review of the association between polypharmacy and dementia.

studies even showed that patients with dementia use a
lesser number of medications (Gnjidic et al., 2012) and
were at lower risk for inappropriate drug use (Cool et al.,
2014). This controversy is not surprising because the effects
of medications on dementia are diverse. For example, alco-
hol (Hulse, Lautenschlager, Tait, & Almeida, 2005), anticholi-
nergics (Starr & Whalley, 1994), benzodiazepines (Gomm et
al, 2016), estrogen (Shumaker et al., 2004) and proton
pump inhibitors (Gomm et al., 2016; Haenisch et al., 2015)
are reported to be associated with higher risk of dementia
while metformin (Ork- aby, Cho, Cormack, Gagnon, &
Driver, 2017), HMG-CoA reductase inhibitors and nonsteroi-
dal anti-inflammatory drugs (Chen et al., 2009) can lower
the risk of dementia.

With conflicting evidence on the potential of polyphar-
macy to be a risk factor of dementia, this systematic review
and meta-analysis attempts to summarize the existing litera-
ture investigating the association between polypharmacy and
dementia. Our primary objective is to define the summary
statistics concerning the association between polypharmacy
and dementia. The secondary objective is to investigate the
association between excessive polypharmacy and dementia.

Methods
Data source and search strategy

Search terms were defined and a systematic literature
search was performed by the first author using MEDLINE/
PubMed, EMBASE, Scopus and International Pharmaceutical
Abstract (IPA) from inception to 1st October 2017 using
the terms polypharmacy (e.g. multiple drug used) AND
dementia (e.g. Alzheimer’s disease) without applying time,
language or study design restrictions. The MEDLINE data-
base was searched through PubMed by using Medical
Subject Headings (MESH) and Text Words (TW). EMBASE
was searched using Emtree terms and synonyms. Full
search strategies are provided in the Electronic

Supplementary Material 1. Potential related studies were
also searched from references of review articles and rele-
vant excluded studies.

Inclusion and exclusion criteria

The Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) checklist was used for this system-
atic review and meta-analysis. Studies were included in this
metaanalysis if they were (i) human studies conducted in
older population (>65 years of age), (ii) studies that
defined polypharmacy as multiple medication use, and (jii)
studies that indicated dementia as an outcome. Studies
were excluded if they were (i) review articles, (i) case
reports or case series, (iii) studies with data that could not
be used to calculate risk ratios, (iv) studies that did not pro-
vide the definition of polypharmacy. Rationale for the exclu-
sion criteria is provided in the Electronic Supplementary
Material 2. The PRISMA diagram of the systematic literature
search and review process is shown in Figure 1.

Data abstraction

Articles retrieved from searching were stored in a citation
manager (EndNote X7, Thomson Reuters, New York, USA).
Redundant articles, titles and abstracts of the rest of the
articles which were reviewed by the first author by search-
ing for specific words for exclusion (e.g. to exclude non-
human studies, words such as mice and in vitro were
searched) were removed. The remaining abstracts were
reviewed. For nonEnglish articles, English abstracts and
result sections in full texts were used to determine if fur-
ther translation would be necessary. For the abstraction
process, the abstraction form was designed by the first
author and reviewed by the second author. Information on
study design, location, patient demographics, polyphar-
macy definition, and potential confounders in every study
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Table 1. Continued.

Author

Confounder adjusted

Dementia (outcomes)

Polypharmacy (exposure)

Demographics

Location and year of study

Study design

atrial fibrillation, diabetes

mellitus, COPD

- No definition

- Sex: 49.6% male

- Data from medical records and

- Number of drugs: no data

medical history
- As defined by ICD-10

- Comorbidities e.g. diabetes mellitus,

Retrospective Department of Internal Medicine, Hospital based - Defined as concurrent use of >6
- n: 600

Wawruch

heart failure, arterial hypertension,
cerebrovascular disease

- Data from medical records
- Living alone

drugs
- Data from medical records

Povazska Bystrica,

cohort

et al, 2008

- Age: 76.6 + 6.5 years (mean + SD)

- Sex: 41.5% male

Slovakia (2003-2005)

- Number of drugs: 6.0 + 2.3 (mean + SD)

- Community based

- n: 2,665

- Age
- Sex

3

- Defined as CDR

- Defined as using of >9 drugs

Cross-sectional National Alzheimer’s Coordinating

Weintraub

Center Uniform Data Set,

et al,, 2008

- Comorbidities e.g. neuropsychiatric

- Age: 77.1 £7.0 years (mean + SD)

- Sex: 41.0% male

United States (2005-2007)

symptoms, hypertension,
hypercholesterolemia, incontinence,

- Number of drugs: 4.5+2.6

cardiovascular disease, thyroid diseases,

diabetes
- Socio-demographic characteristics e.g.

race, educational level, marital status,

living arrangement

SS-IQCODE: Shorten Spanish version of the Informant Questionnaire on Cognitive Decline in the Elderly

CDR: Clinical Dementia Rating

CPS score: Cognitive Performance Scale score
GDS score: Global Deterioration Scale score
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were independently extracted by the first and second
authors. Disagreement was resolved by consensus. In case
of insufficient information provided in the publications, the
first author contacted the corresponding authors to retrieve
the essential information.

Assessment of study quality

Study quality was independently evaluated by the first and
second authors using the Newcastle-Ottawa Quality
Assessment scale (GA Wells et al.). Disagreement was also
resolved by consultation and consensus. The scale was
used because it is valid, reliable and easy to use (Stang,
2010). For cross-sectional studies, a modified version of the
Newcastle-Ottawa scale was used (Herzog et al., 2013). The
comparability item in the assessment scale was evaluated
using the control for age and neuropsychiatric
comorbidities.

Statistical methods

Random effects models with inverse variance (IV) weighting
were used in Review Manager (RevMan 5.3, The Nordic
Cochrane Center, Copenhagen, Denmark). The heterogen-
eity of the underlying population was assessed using the
Q-statistic and /> statistic (Woolf, 1955). For interpretation,
I values less than 30% were considered to be of negligible
heterogeneity while * values greater than 60% were con-
sidered to be heterogeneous (Higgins & Thompson, 2002).
Publication bias was assessed by visually evaluating a fun-
nel plot.

Results
Study characteristics

The systematic literature search retrieved 1452 non-redun-
dant manuscripts. Two studies were found by reviewing
reference lists (del Ser et al, 2005; Weintraub, Mercaldo,
Harris, & Lau, 2008). According to the inclusion and exclu-
sion criteria, 8 studies were selected, including 1 prospect-
ive cohort study (Tjia et al, 2010), 1 retrospective cohort
study (Wawruch et al., 2008), 2 case-control studies (Lai et
al., 2012; Park, Park, Song, Sohn, & Kwon, 2017), 3 cross-
sectional studies (Clague, Mercer, McLean, Reynish, &
Guthrie, 2017; Vetrano et al., 2013; Weintraub et al., 2008)
and one study without the information for the study
design (Voukelatou, Vrettos et al, 2016) (Figure 1). Some
studies defined dementia according to the International
Classification of Diseases, 9th revision (ICD-9) (Lai et al.,
2012) or ICD-10 (Park et al.,, 2017; Wawruch et al., 2008).
Dementia was also defined using the clinical scores e.g.
Cognitive Performance Scale (Tjia et al, 2010; Vetrano et
al., 2013) or the Clinical Dementia rating (Weintraub et al.,
2008). A description of included studies is provided in
Table 1, and the Newcastle-Ottawa assessment of study
quality is summarized in Table 2. According to the
Newcastle-Ottawa Quality Assessment, most of the studies
were classified as high quality (Clague et al., 2017; Lai et
al,, 2012; Park et al.,, 2017; Vetrano et al., 2013; Weintraub
et al, 2008), a few studies had lower quality (Tjia et al.,
2010; Wawruch et al,, 2008) and one study could not be
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Table 2. Risk of bias assessment by Newcastle-Ottawa Assessment scale.

Case control studies

Selection (1 star for each)

Comparability Exposure (1 star for each)

of cases and

Adequate Representativeness  Selection Definition controls (up  Ascertainment Ascertainment Non- Total
Author, year case definition of the cases of controls of controls to 2 stars) of exposure method responserate  */9
Lai et al., 2012 * * * * * * * * 8
Park et al., 2017 * * * * * * * * 8
Cohort studies
Selection (1 star for each) Exposure (1 star for each)
Author, year Representativeness Selection of Ascertainment Outcome not Comparability of ~Assessment Follow-up  Adequacy of Total
of the exposed non-exposed of exposure present at the cohorts (up to  of outcome duration follow up ~ */9
cohort cohort beginnin 2 stars)
Wawruch * * * ’ - ’ - * - - 4
et al., 2008
Tjia et al.,, 2010 * * * - - * - * 5
Cross-sectional studies
Selection (1 star for each) Exposure (1 star for each)
Author, year Representativeness Sample size Ascertainment - Comparability of Assessment of Non- Statistical  Total
of the sample of exposure cohorts (up to  outcome (up  respondents test *10
(up to 2 stars) 2 stars) to 2 stars)
Weintraub * * ok - ok ok * * 10
et al., 2008
Vetrano * * kk _ %k kk - * 9
et al, 2013 . . . .
Clague *x - *x - 8
et al., 2017
-*, and, ** mean 0,1 and 2 points for the assessment scale, respectively.
0__SE(Iog[RR]) :
\\
L
o
PN
lb : \\
0.1 fohon
I I \
l, 0 \\
1
E i
| 1}
P
0.2T . »
1 ! \
] I \
] ! \
r 9 5
! 1 1
0 3-_ f} : ‘\
2 ! 1 \
] 1 \
] 1 \
i 1 \
) 1 \
i I \
ir : \\
1
-4 A
0.4 ! : 3
1
l' 1 \\
1
'l : \\ O
,l : \\ RR
0.5 : : + : : : : :
0.1 0.2 0.5 1 2 5 10

Figure 2. Funnel plot of adjusted association between polypharmacy and dementia. OR, odds ratio; SE, standard error.

assessed for study quality (Voukelatou, Vrettos et al., 2016)
(Table 2).

A funnel plot of the adjusted association between poly-
pharmacy and dementia was used to assess publication
bias (Figure 2). Adjusted risk ratios were used to create the
funnel plot because they tend to be closer to the null than
their unadjusted counterparts and demonstrate less publi-
cation bias. The funnel plot showed the potential of publi-
cation bias since the standard error of log risk ratios was
distributed heavily at the top, indicating that smaller stud-
ies might have not been published. Because of the small
number of included publications, further tests for funnel
plot asymmetry were not performed.

Descriptive review of included studies

Polypharmacy was prevalent in the elderly as it was
observed in more than 50% of the patients (Vetrano et al.,
2013; Wawruch et al., 2008). Most studies indicated a pro-
portional increase in the risk of dementia with an increase
in the number of medications (Lai et al., 2012; Park et al.,
2017; Vetrano et al,, 2013; Wawruch et al., 2008), and other
studies reported that demented people received more than
the average number of medications (Clague et al., 2017;
Tjia et al., 2010). An increase in the number of medications
has been associated with several other factors including
older age (Tjia et al,, 2010); comorbidities (acute illness, car-
diovascular disease (such as hypertension, heart failure),
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
Clague 2016 0.20701417 0.0227371 35.3% 1.23[1.18,1.29] o
Lai 2012 0.29266961 0.04373097 31.0% 1.34 [1.23, 1.46] =
Park 2017 0.13976194 0.0772259 22.8% 1.15[0.99, 1.34] i
Vetrano 2013 0.17395331 0.25065259 4.9% 1.19[0.73, 1.94] N E
Voukelatou 2016 1.47499182 0.45434973 1.6% 4.37 [1.79, 10.65] I
Wawruch 2008 0.75141609 0.26568189 4.4% 2.12[1.26, 3.57]
Total (95% Cl) 100.0% 1.30 [1.16, 1.46] ¢
. Bl y 2 = - = - 12 = RRY, t + t + t t
i e Sl Sl o S S 01 02 05 1 2 5 10
. . : Risk factor Protective factor
Figure 3. Forest plot of the association between polypharmacy and dementia. df, degree of freedom; IV, inverse variance; SE, standard error.
Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Clague 2016 0.3852624 0.03452649 56.7% 1.47 [1.37, 1.57] O
Lai 2012 0.44468582 0.06204969 33.3% 1.56 [1.38, 1.76] w
Park 2017 0.33647224 0.18586921 5.8% 1.40[0.97, 2.02] =
Vetrano 2013 1.04380405 0.37522417 1.5% 2.84 [1.36, 5.93]
Weintraub 2008 0.74193734 0.27886554 2.7% 2.10[1.22, 3.63]
Total (95% CI) 100.0% 1.52 [1.39, 1.67] ¢
o 2= g 1o i = .12 = 940 t t } t t }
b oo TaE_os 13 4
: : ' Risk factor Protective factor

Figure 4. Forest plot of the association between excessive polypharmacy and dementia. df, degree of freedom; IV, inverse variance; SE, standard error.

cerebrovascular disease, chronic liver disease, chronic kid-
ney disease, chronic obstructive pulmonary disease, depres-
sion, diabetes, gastrointestinal symptoms (such as peptic
ulcer disease), hemiplegia, mental disorders and pain) (Lai
et al, 2012; Park et al., 2017; Tjia et al., 2010; Vetrano et al,,
2013; Wawruch et al.,, 2008); inappropriate use of medica-
tions (anticholinergics, H2-receptor antagonists (Park et al.,
2017); recent hospitalization (Vetrano et al., 2013; Wawruch
et al, 2008) and living alone (Wawruch et al., 2008). A
lower prevalence of polypharmacy was observed with the
presence of a geriatrician on the premises (Vetrano et al.,
2013). From these included studies, we can conclude that
polypharmacy was associated with dementia and other fac-
tors including age, comorbidities, specific symptoms, func-
tional status and medical staff. Most studies suggested the
need to tailor the number of medications to reduce poly-
pharmacy (Voukelatou, Vrettos et al., 2016; Park et al,
2017; Tjia et al.,, 2010; Wawruch et al., 2008).

Concurrent drug use and risk of dementia

There were 7 studies that reported the association between
polypharmacy and dementia. However, one study (Tjia et
al., 2010) was not included in the meta-analysis because
the reported risk ratio was based on a discrete definition of
polypharmacy. The other studies defined polypharmacy as
the concurrent use of 5-9 medications (Clague et al., 2017;
Lai et al., 2012; Park et al., 2017; Vetrano et al., 2013), of
more than 5 medications (P. Voukelatou, 2016) or of more
than 6 medications (Wawruch et al, 2008). Tjia et al
reported that an increase in one daily medication resulted
in 24% increase in the risk of dementia (adjusted risk ratio
(@aRR)=1.24 (95% Cl: 1.06-1.46)). This meta-analysis found
that polypharmacy increased the risk of dementia by 30%
(@RR=1.30 (95% CI: 1.16-1.46), p < 0.0001) (Figure 3). The
result was heterogenous (°=68%, p=0.008) which may

have been a result of the variation in the definition of poly-
pharmacy in each study.

Excessive polypharmacy was also associated with an
increase in the risk of dementia. When studies that defined
excessive polypharmacy as the concurrent use of more
than 9 or 10 medications (Clague et al., 2017; Lai et al,,
2012; Park et al., 2017; Vetrano et al., 2013; Weintraub et
al., 2008) were meta-analyzed, excessive polypharmacy was
positively associated with dementia (aRR=1.52 (95% Cl:
1.39-1.67), p <0.0001) (Figure 4). The heterogeneity in this
analysis was negligible (> =24%, p=0.26). When the study
that defined excessive polypharmacy as the concurrent use
of more than 9 medications was excluded (Weintraub et
al., 2008), the association between excessive polypharmacy
and dementia did not change (aRR=1.51 (95% CI: 1.39-
1.64), p<0.0001). However, the heterogeneity decreased
(P =20%, p=0.29), demonstrating the importance of the
definition of excessive polypharmacy on the heterogeneity
of the studies.

Discussion

Polypharmacy, the concurrent use of multiple medications
by an individual, has been found to be associated with sev-
eral negative health outcomes. In this analysis, dementia
was another negative health status that was associated
with polypharmacy. Additionally, excessive polypharmacy
which is the concurrent use of 10 or more medications by
a patient, was also associated with dementia. The increase
in the categorical threshold from 5 or more, to 10 or more,
led to an increase in the risk of dementia from 30% to
52%, showing a dose- dependent relationship between the
threshold value of polypharmacy and dementia. This find-
ing agreed with our previous study which found that the
mortality risk increased in a dose-dependent pattern when
the threshold values for the number of medications
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defining polypharmacy increased (Leelakanok et al., 2017).
However, an attempt to classify included studies into cate-
gories using the number of medications exceeding a speci-
fied threshold as in our previous study was not made
because of the small number of included studies.

The assessment of study quality by the Newcastle-
Ottawa Quality Assessment Scale indicated that most of
the included studies were of moderate to high quality,
which implied minimal selection bias and comparable cases
and controls. Nonetheless, other biases may have affected
the association between polypharmacy and the risk of
dementia. For example, several studies failed to adjust for
age (Voukelatou, Vrettos et al, 2016; Park et al, 2017;
Wawruch et al., 2008) and neurological co-morbidities
(Clague et al., 2017; Voukelatou, Vrettos et al., 2016) which
are the most important factors that cause dementia (Emre,
2009). Numerous comorbidities that are known to be asso-
ciated with dementia e.g. congestive heart failure, cerebro-
vascular disease, anemia, cardiac arrhythmia, chronic skin
ulcers, osteoporosis, thyroid disease, retinal disorders, pros-
tatic hypertrophy, insomnia and anxiety and neurosis
(Poblador-Plou et al., 2014), were also not adjusted for in
most studies. Using the Charlson Comorbidity Index and
Elixhauser Comorbidity Measure which are associated with
mortality and short term clinical outcomes, respectively;
(Molto & Dougados, 2014) as summarizing indices for
comorbidities may be helpful in reducing the number of
adjusting variables in the model. Interestingly, none of the
included studies adjusted for types of medications. As men-
tioned earlier in the introduction, some medications dem-
onstrate a positive association with dementia, while others
show a negative association with dementia. Adjusting for
the types of medications would help reduce the effect of
this confounder. Further, the association between polyphar-
macy and dementia could have been affected by unmeas-
ured confounders such as education (Sharp & Gatz, 2011),
recent hospitalization, nutritional status (Arnljots, Thorn,
Elm, Moore, & Sundvall, 2017; Emre, 2009), exposure to
metal ions (Emre, 2009), genetics (Jorm et al., 2007), estro-
gen effect (Rocca, Mielke, Vemuri, & Miller, 2013) and obes-
ity (van der Flier & Scheltens, 2005) to name a few.
Moreover, most of the cohort studies (Wawruch et al,
2008) and cross-sectional studies (Clague et al., 2017;
Vetrano et al.,, 2013) failed to report the follow-up duration
and nonrespondents rate, respectively. Therefore, selection
bias due to loss to follow-up is possible in those
selected studies.

The quality of this meta-analysis was affected by the
inclusion of two low quality studies. The small number of
selected studies prevented subset analysis using only the
high-quality studies. Most of the included studies discussed
limitations in studying the association between polyphar-
macy and dementia. These included difficulties in detecting
early onset dementia and recording dementia in general
practice (Clague et al., 2017); diverse definitions of poly-
pharmacy (number of medications or medication appropri-
ateness) (Wawruch et al, 2008); confounding effect of
medical inappropriateness when polypharmacy was consid-
ered as the number of medications (Lai et al., 2012) since
there is an association between polypharmacy and poten-
tially inappropriate medications (Alh- moud, Khalifa, & Bahi,
2015); and diverse definitions of medications (e.g. should

topical medications be counted?) (Vetrano et al., 2013).
These reports agree with our finding that included studies
defined polypharmacy differently. Our results demonstrated
that the variety of threshold for the definition of excessive
polypharmacy may have influenced the homogeneity of
the studies.

Another limitation of our meta-analysis is that many
other studies could have contributed to this meta-analysis
but were excluded because either the reported exposure
or outcome, were not of interest. For instance, some stud-
ies defined polypharmacy as antipsychotic polypharmacy
(Wu, Lai, & Chang, 2013) or as inappropriate drug use
(Alhmoud et al., 2015). Others defined the outcome as cog-
nitive impairment (del Ser et al., 2005; Fratiglioni, 2011;
Gnjidic et al,, 2012; Trombim et al., 2016), or reported con-
fusion and dementia as a composite outcome (Kalisch
Ellett, Pratt, Ramsay, Barratt, & Rough- ead, 2014). Results
from previously published reports agree with the result
from this systematic review and meta-analysis. For instance,
antipsychotic polypharmacy was significantly more com-
mon in patients with dementia (OR=3.49 (95% Cl:
1.29-9.39), p <0.05) (Wu et al., 2015). In addition, patients
taking two or more anticholinergic medications were at a
significantly higher risk of hospitalization for confusion or
dementia (Kalisch Ellett et al., 2014). However, the associ-
ation between number of medications and cognitive
impairment was inconclusive. On one hand, no association
between increasing number of medications and cognitive
impairment (OR 1.02 (95% Cl: 0.96-1.09), p < 0.05) (Gnjidic
et al, 2012), or between polypharmacy and clinical demen-
tia rating (p=0.68) (Trombim et al., 2016) was found. On
the other hand, number of prescribed drugs was signifi-
cantly associated with cognitive deterioration measured as
Short Portable Mental Status Questionnaire (SPMQ)
(OR=1.34 (95% ClI: 1.05-1.72), p<0.05) (del Ser et al,
2005) and amnestic mild cognitive impairment (OR 3.1
(95% ClI: 1.2-8.0), p<0.05) (Fratiglioni, 2011). With the
diverse definitions of cognitive impairment in these studies,
it is difficult to conclude the association between polyphar-
macy and cognitive impairment. Since cognitive impair-
ment is only one of the components in the diagnosis of
dementia (Brown, 2015), it is also possible that polyphar-
macy was associated with cognitive impairment but not
with dementia.

This systematic review and meta-analysis was performed
in the elderly population with comorbidities mimicking the
patients with polypharmacy in clinical situations.
Polypharmacy is most common in the elderly, with nursing
homes residents taking the highest number of drugs, and
this has been a growing concern over the last few decades
(Maher, Hanlon, & Hajjar, 2014). Therefore, the result from
this meta-analysis was generalizable and raised the concern
about the negative impact of polypharmacy on a patient’s
cognitive, emotional and conative functions. However, this
interpretation must be contemplated with caution. The
conclusion that polypharmacy causes dementia cannot be
drawn because of the effect of known confounders that
were not adjusted for in each included study.
Polypharmacy increases the risk of inappropriate drug use
(Alhmoud et al., 2015; Bradley et al., 2014; Hudhra et al,
2016; Parsons, 2017), adverse drug events (Alha- wassi,
Krass, Bajorek, & Pont, 2014; Fulton & Allen, 2005; Maher et



al., 2014), drug-drug interactions (Alomar, 2014; Sharifi,
Hasanloei, & Mahmoudi, 2014) and reduced medication
adherence (Murray & Kroenke, 2001) which can affect the
central nervous system (Borchelt, 1995; Malek & Grosset,
2015; Morrone, Schroeter, Petitembert, Faggiani, & De Carli,
2009; Onda et al., 2015; Sharifi et al., 2014; Weiner, Hanlon,
& Stu- denski, 1998). One of the included studies stated
that polypharmacy may increase the risk of dementia-
related, potentially inappropriate medications. This may
occur even when the potentially inappropriate medications
were not identified (Parket al, 2017). However, polyphar-
macy can also be a result of patients with severe mental
status requiring multiple medications for their treatment
(Riccio, Solinas, Astara, & Mantovani, 2007; Sadowsky &
Galvin, 2012).

Dementia is currently diagnosed based on clinical con-
text without any biological markers (Galvin & Sadowsky,
2012). This meta-analysis supports the use of multidimen-
sional diagnostic tools for dementia that included the num-
ber of medications as a component (Riccio et al., 2007),
since polypharmacy is a strong predictor for dementia. To
properly address the association between polypharmacy
and dementia, a large, well-designed observational study
that controls for all known confounders, especially comor-
bidities and type of medications, is required. Comorbidity
indices can be used to summarize the effect of comorbid-
ities. Although there is no universal index for summarizing
the effect of drugs, the use of drug burden index may be
helpful in measuring the cumulative effect of sedatives and
anticholinergics (Kouladjian, Gnjidic, Chen, Mangoni, &
Hilmer, 2014). The effect of other known confounding med-
ications such as estrogen, proton pump inhibitors, metfor-
min, HMG-CoA reductase inhibitors and nonsteroidal anti-
inflammatory drugs must also be justified. Proving the
effect of deprescribing, which is a planned and supervised
process of dose reduction or stopping of medication to
limit harm to patients and to restrict polypharmacy to its
truly appropriate need, is another approach to study the
association between polypharmacy and dementia.
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