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Abstract

Background/Objectives—Polypharmacy is receiving increased attention as a potential 

problem for older persons, who frequently have multiple chronic conditions. The purpose of this 

study was to summarize evidence regarding the health outcomes associated with polypharmacy, 

defined as number of prescribed medications,among older community-dwelling persons.

Design—Systematic review of MEDLINE (OvidSP 1946 to May Week 3 2014).

Setting—Community

Participants—Observational studies examining health outcomes according to the number of 

prescription medications taken.

Measurements—Association of number of medications with health outcomes. Because of the 

importance of comorbidity as a potential confounder of the relationship between polypharmacy 

and health outcomes, articles were assessed regarding the quality of their adjustment for 

confounding.

Results—Of the total of 50 studies identified, the majority studies that were rated as “good” in 

terms of their adjustment for comorbidity demonstrated relationships between polypharmacy and a 

range of outcomes, including falls/fall outcomes/fall risk factors; adverse drug events, 

hospitalization, mortality, and measures of function and cognition. However, a number of these 

studies failed to demonstrate associations, as did a substantial proportion of those studies rated as 

“fair” or “poor.”
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Conclusions—Data are mixed regarding the relationship between polypharmacy, considered in 

terms of number of medications, and adverse outcomes among community-dwelling older persons. 

Because of the challenge of confounding, randomized controlled trials of medication 

discontinuation may provide more definitive evidence regarding this relationship.
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INTRODUCTION

The majority of older persons have multimorbidity, the co-existence of multiple chronic 

conditions. In a study using 100% Medicare claims data from 2008(with 83.5% of 

beneficiaries age ≥ 65 years), 67% of all beneficiaries had two or more chronic conditions. 

The prevalence increased with age, to 81.5% for beneficiaries 85 years of age or older.1 A 

consequence of multimorbidity is the use of multiple medications. In a 2003 survey of 

Medicare beneficiaries, nearly 90% were taking at least one prescription medication, and, 

among these persons, 46% were taking five or more medications.2 The use of multiple 

medications has been given the namepolypharmacy, although there are other definitions for 

the term, such as use of inappropriate medications, and, even when defined according to 

number of medications,no consensus exists regarding the number of medications at which 

polypharmacy begins. There are concerns about the consequences of polypharmacy among 

persons with multimorbidity. Increasing the number of medications exponentially increases 

the number of combinations of medications, which, in turn, increases the risk of adverse 

drug reactions and drug-drug interactions.3One study that applied clinical practice guidelines 

to the care of an older patient with five common chronic co-existing 

conditions(hypertension, chronic heart failure, stable angina, atrial fibrillation, 

hypercholesterolemia, diabetes mellitus, osteoarthritis, chronic obstructive pulmonary 

disease, and osteoporosis)found that she would be prescribed twelve medications requiring a 

complex administration schedule, with the potential for multiple drug-drug and drug-disease 

interactions.4 Because data regarding the benefits and harms of medications have come 

largely from randomized controlled trials excluding persons with multimorbidity, the 

marginal benefits and harms associated with prescribing additional medications for persons 

who are already taking other medications are not known.5

While reviews of polypharmacy defined as the receipt of multiple medications have 

concluded that number of medications is associated with adverse outcomes among older 

adults,3,6 the full range of outcomes potentially associated with polypharmacy is not well 

understood. Several prior reviews of polypharmacy focused on the epidemiology of and 

interventions to reduce polypharmacy rather than on outcomes.6,7One review examining 

outcomes associated with polypharmacy used the key words “polypharmacy” or “multiple 

medications” as identifiers of studies examining the use of multiple medications.3 Our 

examination of key articles suggested that relevant studies were not uniformly indexed using 

these terms. We therefore sought to undertake a systematic review of the literature to 

examine the health outcomes associated with polypharmacy employing a number of 

strategies to identify studies that examined the use of multiple medications.
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METHODS

Data Sources and Searches

The search was constructed to address the question, “Among community-living persons age 

65 years and older receiving outpatient care, what are the clinical outcomes associated with 

polypharmacy related to medications taken for chronic conditions?” The following 

databases were searched for relevant studies with in the dates shown: MEDLINE (OvidSP 

1946 to May Week 3 2014).The search strategies used synonymous free text words in 

addition to controlled vocabulary terms and to capture the concept of polypharmacy by 

identifying studies examining the prescription of 4 or more medications and/or drug burden 

in persons age 65 and older. The search strategy was not limited by study design or language 

of publication. The full strategy is shown in the appendix.

Study Selection

In the absence of consensus regarding the definition of polypharmacy, articles were included 

if they examined outcomes associated with a greater number of medications as compared to 

a lesser number, regardless of what these numbers were. Because multiple articles enrolled 

population-based studies regardless of site of residence, we included these articles, but 

excluded articles if the population consisted entirely of persons living in assisted living 

facilities or nursing homes. We excluded observational designs other than cohort or case-

control studies (e.g. case series).Articles were excluded if they examined hospitalized 

patients and patients receiving emergency room care, as these represented selected cohorts. 

Articles were also excluded if they did not examine a health-related outcome; an example of 

such an exclusion was medication adherence. A final exclusion criterion was the 

prescription of inappropriate medications or number of medications in a specific medication 

class as the sole measure of polypharmacy, without also examining the number of 

medications prescribed. We did this because of our specific interest in examining the 

evidence regarding the relationship between number of medications and patient outcomes 

regardless of the appropriateness of each medication considered individually. We did not 

exclude studies of patients on possibly inappropriate medications if they had polypharmacy 

defined according to total number of medications.A total of 50 titles and/or abstracts were 

reviewed independently by three of the investigators to confirm uniformity in the process of 

excluding articles. The titles and/or abstracts of the remaining references were initially 

reviewed by one of two investigators, and articles that were not excluded were re-reviewed 

by a third investigator to achieve consensus regarding inclusion. Full text review was 

performed for these articles. The reference lists for the final set of articles identified by this 

search as well as for articles that did not meet inclusion criteria but provided reviews or 

conceptual discussions of polypharmacy were also examined to identify additional articles 

meeting inclusion criterion.

Data Extraction

For each of the included studies, two investigators independently extracted the following 

data elements: 1) study design; 2) study population; 3) measure of polypharmacy; 4) main 

findings. Disagreements were resolved through discussion. Many of the customary measures 

of quality utilized for systematic reviews that are designed to assess the risk of bias in 
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randomized controlled trials, such as adequacy of randomization, blinding, and completion 

of outcome reporting, were not applicable to the observational studies included in the 

current review.8 Instead, we focused on the issue of confounding. Adjustment for chronic 

illnesses was particularly important to consider because of the possibility that the outcomes 

examined were associated with the multiple diseases for which medications were prescribed 

rather than the medications themselves. We therefore evaluated each study for the adequacy 

of adjustment for confounding, rating each study as “good,” “fair,” or “poor.”A rating of 

good was assigned if the study used specific assessments of comorbid conditions (e.g. 

comorbidity index, number of chronic conditions, presence or absence of multiple individual 

conditions).A rating of fair was assigned if the study did not assess a full complement of 

chronic conditions but did include other characteristics associated with health, such as age, 

self-reported health, and/or function. A rating of poor was assigned if the study did not 

include any of these adjustments or if the methods section did not explicitly describe how 

adjustment was done.

Data Synthesis and Analysis

We organized studies according to the outcome examined. Because of the heterogeneity in 

design, population, and definition of polypharmacy, we did not attempt to combine the 

results.

RESULTS

Identification of Articles

The literature search yielded 2,552 articles, including 50 duplicates. A total of 78 articles 

passed the title/abstract screening process. Full-text review resulted in the exclusion of 37 

articles. Review of the reference lists for the remaining 41 articles and articles identified as 

not meeting inclusion criteria but providing a review of polypharmacy resulted in the 

identification of an additional17 articles, for a total of 58 (Figure).

Type of Studies Identified

All of the studies were observational, with the majority of these being cross-sectional or 

longitudinal cohort studies;9-62 the remainder of the observational studies were case-

control.63-66 Many were population-based or enrolled participants from disease or medical 

practice registries and represented persons from multiple countries. The largest number of 

studies (23) examined falls or a fall-related outcome (e.g. dizziness, fear of falling, fracture) 

as the outcome of interest.9-30,63A total of 14 studies examined adverse drug events (ADEs), 

although these studies varied in how they measured ADEs, including self-report, 

identification by investigator, recognition by clinician, and reason for outpatient visit.31-44 

Hospitalization and/or mortality were the outcomes examined in ten studies,10,15,45-51,65 and 

a total of 15 studies examined a variety of outcomes, including general markers of health as 

well as specific symptoms, function, cognition, and, in one study, risk of developing a new 

disease, Parkinson’s.9,15,52-62,64,66
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Study Findings

Of the 23 studies that examined falls or fall-related outcomes, 14were rated as good in terms 

of adjustment for chronic conditions.9-22 Among these studies, 12 found at least one positive 

association between polypharmacy and the outcome of interest.9-15,17,18,20-22Of the 12, one 

study found an association between polypharmacy and falls among women but not among 

men,11and one found an association between polypharmacy and dizziness but not 

falls.14Several studies examining multiple categories of number of medications did not find 

associations between the use of one to two or two to three medications versus no 

medications and the outcome of interest, but did find associations for categories including a 

higher number of medications.9,17,22 In one study, the authors stratified the participants 

according to whether they were taking a medication that was individually found to be 

associated with falls, or a “risk” medication, and reported that polypharmacy was associated 

with falls only among those taking a risk medication.22 The remaining nine studies were 

assessed fair or poor in terms of adjustment for chronic conditions;23-30,63 among these 

studies, seven found at least one positive association between polypharmacy and the 

outcome of interest.23,24,26-29,63

A total of eight of the studies examining ADEs were rated as good in their adjustment for 

chronic conditions.31-38Of these, five found an association between polypharmacy and 

ADEs measured in a number of different ways, including self-report, chart review, and 

outpatient visit.31-34,38Of the five, one found a significant associated only for 14 or more 

medications.35Of the six studies rated as fair or poor in their adjustment, four found an 

association between number of medications and ADEs.39,41-43

Of the ten studies examining hospitalization and/or mortality, four were rated as good in 

their adjustment for comorbidity and associations were found between number of 

medications and all-cause hospitalization and/or mortality in three of the studies10,15,45 and 

flu-related hospitalization and mortality in the fourth.65 Of the six studies rated as fair or 

poor,three found associations between number of medications and mortality or 

hospitalization.46-48 A fourth study included older persons using insulin or sulfonylureas and 

found an association between number of medications and serious hypoglycemia resulting in 

an emergency room visit, hospitalization, or death.50

A total of 15 studies examined a broad range of outcomes, including weight loss, self-

perceived health status, physical performance, function, cognition, symptoms, and disease 

development.9,15,52-62,64,66 Of the eleven studies rated as good regarding adjustment for 

comorbidities, all found an association between number of medications and at least one 

outcome of interest,9,15,52-58,64,66 although one study examining the outcomes of nutritional, 

functional, and cognitive status only found an association for 10 or more medications.54 The 

remaining studies, rated fair or poor, also found associations.59-62

DISCUSSION

This systematic review, designed to address the question of the outcomes associated with 

polypharmacy, demonstrated marked heterogeneity among studies in terms of definition of 

polypharmacy and outcomes studied. Because the number of medications cannot be 
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assigned to patients, these studies are observational, and therefore the issue of confounding 

is particularly important, since individuals who take more medications are likely to have 

poorer health than those who take fewer. The studies in this review also varied widely in 

their approaches to and adequacy of adjustment for chronic conditions. However, the 

majority of studies involved large and often population-based cohorts, suggesting that the 

study cohorts were representative of persons taking multiple medications. The results of the 

studies were mixed, with some studies demonstrating an association of polypharmacy with 

falls, fall risk factors, and fall-related injury; adverse drug events; hospitalization; mortality; 

and a variety of measures of symptoms and physical and cognitive function, while other 

studies failed to find these associations.

Our expectation was that studies with less adequate adjustment for confounding would be 

more likely to demonstrate an association between polypharmacy and adverse outcomes, 

because polypharmacy is likely to be a marker of the patient’s underlying health status. The 

results of the review showed that, for falls and fall-related outcomes, a greater proportion of 

studies assessed as good in terms of adjustment for confounding demonstrated an 

association with polypharmacy as compared to studies assessed as fair or poor. For the other 

outcomes included in the review, some studies assessed as good as well as those assessed as 

fair or poor demonstrated associations while others did not. It is unclear why studies doing 

less adequate adjustment failed to demonstrate associations, but this finding highlights the 

multifactorial nature of the outcomes examined in the studies included in this review. To the 

extent that these negative studies reflect a lack of association between health status/chronic 

diseases and the outcomes examined, they support the conclusion that findings of 

associations between polypharmacy and the various outcomes reflect a true independent 

relationship.However, it may also be that even good adjustment for comorbidities cannot 

account for differences in health associated with differential receipt of medications. A study 

examining the relationship between the use of individual medications and mortality among 

older persons found that medications for which there is no evidence of mortality benefit, 

including non-steroidal anti-inflammatory agents and benzodiazepines, were nonetheless 

associated with a lower risk of death among a large cohort of older persons. Adjustment for 

comorbidity had little effect on this association, leading the authors to conclude that the 

prescription of these medications was a marker of better health status not captured by 

comorbidity, as physicians would be reluctant to prescribe these medications to their sickest 

patients.67

There is a burgeoning interest in polypharmacy as reflected in the literature. The number of 

studies indexed by this term in Medline increased three-fold in the last decade, from 77 

articles 2002 to 286 in 2012. Moreover, multiple studies have been conducted with the aim 

of reducing polypharmacy, based on the hypothesis that polypharmacy is a risk factor for 

adverse outcomes.68-71 The results of this review provide mixed support for this hypothesis. 

In addition, one of the studies included in our review raises the question of whether the 

number of medications per se is associated with adverse outcomes or whether the number of 

medications is a marker for the use of individual medications with a well-established risk of 

causing adverse events, such as psychotropic agents72-74 and other medications established 

by expert consensus to be inappropriate for some or all older persons.75,76Our review 
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identified a study finding that individuals who were prescribed a greater number of 

medications had a greater likelihood of taking a medication associated with fall risk after 

adjusting for age, gender, comorbidity, and disability, and that polypharmacy was a risk for 

falling only if it included one of these individual medications.22

In addition to the question of whether number of medications is merely a marker for the 

receipt of inappropriate medications, there is also the question of whether it is also a marker 

for under prescribing. In one study, approximately 40% of older veterans who were taking 

five or more medications were simultaneously taking one or more medications considered to 

be inappropriate and not taking a potentially beneficial medication.77This finding raises the 

possibility that, if there is a relationship between number of medications and adverse 

outcome, it may result, at least in part, from underuse of appropriate medications. The 

challenge, however, is a lack of data regarding which medications are appropriate for older 

persons with multiple chronic conditions. These patients are systematically excluded from 

participation in clinical trials, with the result that trials underestimate the harms these 

patients may experience from medications.78 In addition, a recent study demonstrated that, 

because of lower life expectancy, older persons with chronic kidney disease derive much 

less benefit from medications to prevent end-stage renal disease than do younger 

patients.79Taken together, these studies highlight the complexity of the relationship between 

medications and outcomes, suggesting that number of medications alone may not be 

sufficient indicator of the quality of a patient’s medication regimen.

Because of the issues regarding confounding and the complex relationship between 

medication regimens and outcomes, it is likely that a more definitive answer to the question 

of the outcomes associated with polypharmacy will require randomized controlled trials. 

The results of this systematic review provide sufficient preliminary evidence to support such 

trials. In addition, additional studies provide ancillary evidence of benefits of medication 

reduction. Several studies have examined on interventions to reduce inappropriate 

prescribing, including the use of unnecessary and inappropriate medications as well as 

underuse of medications. An early study utilizing a clinical pharmacist demonstrated a 25% 

reduction in the likelihood of an ADE, although this result did not reach statistical 

significance,80 and a more recent study of outpatient geriatric care demonstrated a 

significant 35% reduction in serious ADEs.81Additional studies have focused on medication 

reduction. A randomized controlled trial of a multifactorial falls prevention intervention 

targeting multiple risk factors included older persons taking four or more medications 

including at least one centrally acting antihypertensive, nitrate, diuretic, histamine blocker, 

or nonsteroidal anti-inflammatory drug who reported fatigue, dizziness. These participants 

received the targeted intervention of medication review.82,83 Overall, the intervention 

reduced the risk of falls by 31% and also reduced the likelihood of taking four or more 

medications (86% in the control group versus 63% in the intervention group.)82A second 

study examined the feasibility of reducing medications among 70 older community-dwelling 

adults in a pre- post- study design. This study resulted in discontinuation of 81% of 

medications for which a recommendation was made among 64 participants, of whom 88% 

reported improvement in their general health.84 Taken together, this evidence provides 

support for the efficacy of interventions to improve medication regimens. Whether, 
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however, reduction in polypharmacyper se results in better patient outcomes is still 

unknown, and studies addressing this issue will face the challenge of disentangling the 

effects of eliminating high-risk medications from the effects of reducing the overall burden 

of medications that individually are not generally associated with harm.

This review has a number of limitations. First, because a number of health outcomes were 

common to many of the studies, it would be ideal to have a summary measure of the 

association of polypharmacy with these outcomes. However, the heterogeneity in study 

populations and in definitions of polypharmacy made direct comparisons among the studies 

highly challenging. Second, we found a sizeable proportion of the studies included in the 

review through the reference lists of other articles. This suggests that, while we attempted to 

make our search strategy as broad as possible, by using text words as well as formal 

subheadings, we may have missed other relevant articles.Third, the studies included in the 

review were heterogeneous in terms of the types of medications they examined. While some 

studies specified the exclusion of over-the-counter medications and/or medications 

prescribed for a short course to address an acute condition, other studies included these and 

still others did not provide sufficient data to determine which medications were included/

excluded.

In summary, this systematic review addressing the question of the health outcomes 

associated with polypharmacy provides mixed evidence regarding these associations. While 

some articles that were assessed as good in terms of adjusting for comorbidities that likely 

confound the relationship between medication use and outcomes demonstrated an 

association between polypharmacy and falls, adverse drug events, hospitalization, and other 

outcomes, other such articles did not. More definitive evidence regarding these associations 

will require randomized controlled trials testing the effects of medication discontinuation.
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Appendix: Search strategy

Step # Search Result

1 polypharmacy/ 2344

2 polypharmacy.tw. 2703

3 (drug adj1 burden).mo. 70

4 ((prescription* or medication( or polypharmacy) adj
(number* or amount* or multiple*)).mp 237

5
((four or five or six or seven or eight or nine or ten)
adj1 (prescription* or medication* or
polypharmacy)).mp

440
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Step # Search Result

6 1 or 2 or 3 or 4 or 5 4786

7 limit 6 to humans 4678

8 limit 7 to ‘all aged (65 and over)’ 2552

Appendix

Conflict of Interest:

Fried et al. Page 9

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



E
le

m
en

ts
 o

f 
F

in
an

ci
al

/P
er

so
na

l C
on

fl
ic

ts
T

R
F

JO
V

T
M

K
G

M
T

D
K

M

Y
es

N
o

Y
es

N
o

Y
es

N
o

Y
es

N
o

Y
es

N
o

Y
es

N
o

E
m

pl
oy

m
en

t o
r 

A
ff

ili
at

io
n

X
X

X
X

X
X

G
ra

nt
s/

Fu
nd

s
X

X
X

X
X

X

H
on

or
ar

ia
X

X
X

X
X

X

Sp
ea

ke
r 

Fo
ru

m
X

X
X

X
X

X

C
on

su
lta

nt
X

X
X

X
X

X

St
oc

ks
X

X
X

X
X

X

R
oy

al
tie

s
X

X
X

X
X

X

E
xp

er
t T

es
tim

on
y

X
X

X
X

X
X

B
oa

rd
 M

em
be

r
X

X
X

X
X

X

Pa
te

nt
s

X
X

X
X

X
X

Pe
rs

on
al

 R
el

at
io

ns
hi

p
X

X
X

X
X

X

Fried et al. Page 10

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Author contributions:

Concept and Design: TRF

Acquisition of data: TRF

Analysis and interpretation of data: JO’L, VT, MKG, MT, DKM

Preparation of manuscript: TRF, JO, VT, MKG, MT, DKM

REFERENCES

1. Salive ME. Multimorbidity in older adults. Epidemiol Rev. 2013; 35:75–83.

2. Safran DG, Neuman P, Schoen C, et al. Prescription drug coverage and seniors: Findings From A 
2003 national survey. Health Aff (Millwood). 2005

3. Frazier SC. Health outcomes and polypharmacy in elderly individuals: an integrated literature 
review. J Gerontol Nurs. 2005; 31:4–11. [PubMed: 16190007] 

4. Boyd CM, Darer J, Boult C, et al. Clinical practice guidelines and quality of care for older patients 
with multiple comorbid diseases: implications for pay for performance. JAMA. 2005; 294:716–24. 
[PubMed: 16091574] 

5. Tinetti ME, Bogardus ST Jr. Agostini JV. Potential pitfalls of disease-specific guidelines for patients 
with multiple conditions. N Engl J Med. 2004; 351:2870–4. [PubMed: 15625341] 

6. Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. Am J Geriatr Pharmacother. 
2007; 5:345–51. [PubMed: 18179993] 

7. Fulton MM, Allen ER. Polypharmacy in the elderly: a literature review. J Am Acad Nurse Pract. 
2005; 17:123–32. [PubMed: 15819637] 

8. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews 
and meta-analyses of studies that evaluate health care interventions: Explanation and elaboration. 
PLoS Med. 2009; 6:e1000100. [PubMed: 19621070] 

9. Agostini JV, Han L, Tinetti ME. The relationship between number of medications and weight loss 
or impaired balance in older adults. J Am Geriatr Soc. 2004; 52:1719–23. [PubMed: 15450051] 

10. Beer C, Hyde Z, Almeida OP, et al. Quality use of medicines and health outcomes among a cohort 
of community dwelling older men: an observational study. Br J Clin Pharmacol. 2011; 71:592–9. 
[PubMed: 21395652] 

11. Campbell AJ, Borrie MJ, Spears GF. Risk factors for falls in a community-based prospective study 
of people 70 years and older. J Gerontol A Biol Sci Med Sci. 1989; 44:M112–7.

12. Clough-Gorr KM, Erpen T, Gillmann G, et al. Multidimensional geriatric assessment: back to the 
future preclinical disability as a risk factor for falls in community-dwelling older adults. J Gerontol 
A Biol Sci Med Sci. 2008; 63:314–20. [PubMed: 18375881] 

13. Fletcher PC, Berg K, Dalby DM, et al. Risk factors for falling among community-based seniors. J 
Patient Saf. 2009; 5:61–6. [PubMed: 19920442] 

14. Gassmann K, Rupprecht R. Dizziness in an older community dwelling population: a multifactorial 
syndrome. J Nutr Health Aging. 2009; 13:278–82. [PubMed: 19262968] 

15. Gnjidic D, Hilmer SN, Blyth FM, et al. Polypharmacy cutoff and outcomes: five or more 
medicines were used to identify community-dwelling older men at risk of different adverse 
outcomes. J Clin Epidemiol. 2012; 65:989–95. [PubMed: 22742913] 

16. Gomez F, Curcio CL, Duque G. Dizziness as a geriatric condition among rural community-
dwelling older adults. J Nutr Health Aging. 2011; 15:490–7. [PubMed: 21623472] 

17. Huang ES, Karter AJ, Danielson KK, et al. The association between the number of prescription 
medications and incident falls in a multi-ethnic population of adult type-2 diabetes patients: the 
diabetes and aging study. J Gen Intern Med. 2009; 25:141–6. [PubMed: 19967465] 

18. Lawlor DA, Patel R, Ebrahim S. Association between falls in elderly women and chronic diseases 
and drug use: cross sectional study. BMJ. 2003; 327:712–7. [PubMed: 14512478] 

Fried et al. Page 11

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



19. Murphy SL, Williams CS, Gill TM. Characteristics associated with fear of falling and activity 
restriction in community-living older persons. J Am Geriatr Soc. 2002; 50:516–20. [PubMed: 
11943049] 

20. Tinetti ME, Williams CS, Gill TM. Dizziness among older adults: a possible geriatric syndrome. 
Ann Intern Med. 2000; 132:337–44. [PubMed: 10691583] 

21. Vellas BJ, Wayne SJ, Garry PJ, et al. A two-year longitudinal study of falls in 482 community-
dwelling elderly adults. J Gerontol A Biol Sci Med Sci. 1998; 53:M264–M74. [PubMed: 
18314565] 

22. Ziere G, Dieleman JP, Hofman A, et al. Polypharmacy and falls in the middle age and elderly 
population. Br J Clin Pharmacol. 2006; 61:218–23. [PubMed: 16433876] 

23. Curcio C-L, Gomez F, Reyes-Ortiz CA. Activity restriction related to fear of falling among older 
people in the Colombian Andes mountains: are functional or psychosocial risk factors more 
important? J Aging Health. 2009; 21:460–79. [PubMed: 19318606] 

24. Jacqmin Gadda H. Risk factors for fractures in the elderly. Epidemiol. 1998; 9:417.

25. Kao AC, Nanda A, Williams CS, et al. Validation of dizziness as a possible geriatric syndrome. J 
Am Geriatr Soc. 2001; 49:72–5. [PubMed: 11207845] 

26. Kojima T, Akishita M, Nakamura T, et al. Polypharmacy as a risk for fall occurrence in geriatric 
outpatients. Geriatrics &Gerontology International. 2012; 12:425–30. [PubMed: 22212467] 

27. Lord SR, Ward JA, Williams P, et al. An epidemiological study of falls in older community-
dwelling women: the Randwick falls and fractures study. Aust J Public Health. 1993; 17:240–5. 
[PubMed: 8286498] 

28. Wu TY, Chie WC, Yang RS, et al. Factors associated with falls among community-dwelling older 
people in Taiwan. Ann Acad Med Singapore. 2012; 42:320–7. [PubMed: 23949261] 

29. Buatois S, Perret-Guillaume C, Gueguen R, et al. A simple clinical scale to stratify risk of recurrent 
falls in community-dwelling adults aged 65 years and older. Phys Ther. 2010; 90:550–60. 
[PubMed: 20203094] 

30. Liu BA, Topper AK, Reeves RA, et al. Falls among older people: relationship to medication use 
and orthostatic hypotension. J Am Geriatr Soc. 1995; 43:1141–5. [PubMed: 7560707] 

31. Calderon-Larranaga A, Poblador-Plou B, Gonzalez-Rubio F, et al. Multimorbidity, polypharmacy, 
referrals, and adverse drug events: are we doing things well? Br J Gen Pract. 2012; 62:e821–6. 
[PubMed: 23211262] 

32. Chrischilles E, Rubenstein L, Van Gilder R, et al. Risk factors for adverse drug events in older 
adults with mobility limitations in the community setting. J Am Geriatr Soc. 2007; 55:29–34. 
[PubMed: 17233682] 

33. Field TS, Gurwitz JH, Harrold LR, et al. Risk factors for adverse drug events among older adults in 
the ambulatory setting. J Am Geriatr Soc. 2004; 52:1349–54. [PubMed: 15271125] 

34. Field TS, Mazor KM, Briesacher B, et al. Adverse drug events resulting from patient errors in 
older adults. J Am Geriatr Soc. 2007; 55:271–6. [PubMed: 17302666] 

35. Gandhi TK, Burstin HR, Cook EF, et al. Drug complications in outpatients. J Gen Intern Med. 
2000; 15:149–54. [PubMed: 10718894] 

36. Green JL, Hawley JN, Rask KJ. Is the number of prescribing physicians an independent risk factor 
for adverse drug events in an elderly outpatient population? Am J Geriatr Pharmacother. 2007; 
5:31–9. [PubMed: 17608245] 

37. Hutchinson TA, Flegel KM, Kramer MS, et al. Frequency, severity and risk factors for adverse 
drug reactions in adult out-patients: a prospective study. J Chronic Dis. 1986; 39:533–42. 
[PubMed: 3722316] 

38. Sarkar U, Lopez A, Maselli JH, et al. Adverse drug events in U.S. adult ambulatory medical care. 
Health Serv Res. 2011; 46:1517–33. [PubMed: 21554271] 

39. Chrischilles EA, Segar ET, Wallace RB. Self-reported adverse drug reactions and related resource 
use. A study of community-dwelling persons 65 years of age and older. Ann Intern Med. 1992; 
117:634–40. [PubMed: 1530194] 

40. Schneider JK, Mion LC, Frengley JD. Adverse drug reactions in an elderly outpatient population. 
Am J Hosp Pharm. 1992; 49:90–6. [PubMed: 1570873] 

Fried et al. Page 12

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



41. Bourgeois FT, Shannon MW, Valim C, et al. Adverse drug events in the outpatient setting: an 11-
year national analysis. Pharmacoepidemiol Drug Saf. 2010; 19:901–10. [PubMed: 20623513] 

42. Gandhi TK, Weingart SN, Borus J, et al. Adverse drug events in ambulatory care. N Engl J Med. 
2003; 348:1556–64. [PubMed: 12700376] 

43. Reason B, Terner M, Moses McKeag A, et al. The impact of polypharmacy on the health of 
Canadian seniors. Fam Pract. 2012; 29:427–32. [PubMed: 22223743] 

44. Veehof LJ, Stewart RE, Meyboom-de Jong B, et al. Adverse drug reactions and polypharmacy in 
the elderly in general practice. Eur J Clin Pharmacol. 1999; 55:533–6. [PubMed: 10501824] 

45. Richardson K, Ananou A, Lafortune L, et al. Variation over time in the association between 
polypharmacy and mortality in the older population. Drugs Aging. 2011; 28:547–60. [PubMed: 
21721599] 

46. Espino DV, Bazaldua OV, Palmer RF, et al. Suboptimal medication use and mortality in an older 
adult community-based cohort: results from the Hispanic EPESE Study. J Gerontol A Biol Sci 
Med Sci. 2006; 61:170–5. [PubMed: 16510861] 

47. Jensen GL, Friedmann JM, Coleman CD, et al. Screening for hospitalization and nutritional risks 
among community-dwelling older persons. Am J Clin Nutr. 2001; 74:201–5. [PubMed: 11470721] 

48. Jyrkka J, Enlund H, Korhonen MJ, et al. Polypharmacy status as an indicator of mortality in an 
elderly population. Drugs Aging. 2009; 26:1039–48. [PubMed: 19929031] 

49. Pozzi C, Lapi F, Mazzaglia G, et al. Is suboptimal prescribing a risk factor for poor health 
outcomes in community-dwelling elders? The ICARe Dicomano study. Pharmacoepidemiol Drug 
Saf. 2010; 19:954–60. [PubMed: 20623521] 

50. Shorr RI, Ray WA, Daugherty JR, et al. INcidence and risk factors for serious hypoglycemia in 
older persons using insulin or sulfonylureas. Arch Intern Med. 1997; 157:1681–6. [PubMed: 
9250229] 

51. Hershman DL, Simonoff PA, Frishman WH, et al. Drug utilization in the old old and how it relates 
to self-perceived health and all-cause mortality: results from the Bronx Aging Study. J Am Geriatr 
Soc. 1995; 43:356–60. [PubMed: 7706623] 

52. Fu AZ, Liu GG, Christensen DB. Inappropriate medication use and health outcomes in the elderly. 
J Am Geriatr Soc. 2004; 52:1934–9. [PubMed: 15507075] 

53. Gnjidic D, Hilmer SN, Blyth FM, et al. High-risk prescribing and incidence of frailty among older 
community-dwelling men. Clin Pharmacol Ther. 2012; 91:521–8. [PubMed: 22297385] 

54. Jyrkka J, Enlund H, Lavikainen P, et al. Association of polypharmacy with nutritional status, 
functional ability and cognitive capacity over a three-year period in an elderly population. 
Pharmacoepidemiol Drug Saf. 2011; 20:514–22. [PubMed: 21308855] 

55. Magaziner J, Cadigan DA, Fedder DO, et al. Medication use and functional decline among 
community-dwelling older women. J Aging Health. 1989; 1:470–84.

56. Pugh MJV, Palmer RF, Parchman ML, et al. Association of suboptimal prescribing and change in 
lower extremity physical function over time. Gerontology. 2007; 53:445–53. [PubMed: 18309233] 

57. Rosso AL, Eaton CB, Wallace R, et al. Geriatric syndromes and incident disability in older 
women: results from the women’s health initiative observational study. J Am Geriatr Soc. 2013; 
61:371–9. [PubMed: 23452034] 

58. Starr JM, McGurn B, Whiteman M, et al. Life long changes in cognitive ability are associated with 
prescribed medications in old age. Int J Geriatr Psychiatry. 2004; 19:327–32. [PubMed: 15065225] 

59. Monastero R, Palmer K, Qiu C, et al. Heterogeneity in risk factors for cognitive impairment, no 
dementia: population-based longitudinal study from the Kungsholmen Project. Am J Geriatr 
Psychiatry. 2007; 15:60–9. [PubMed: 17194816] 

60. Cohen I, Rogers P, Burke V, et al. Predictors of medication use, compliance and symptoms of 
hypotension in a community-based sample of elderly men and women. J Clin Pharm Ther. 1998; 
23:423–32. [PubMed: 10048503] 

61. Kadam UT. Potential health impacts of multiple drug prescribing for older people: a case-control 
study. Br J Gen Pract. 2011; 61:128–30. [PubMed: 21276339] 

62. Pilotto A, Franceschi M, Vitale D, et al. Drug use by the elderly in general practice: effects on 
upper gastrointestinal symptoms. Eur J Clin Pharmacol. 2006; 62:65–73. [PubMed: 16385403] 

Fried et al. Page 13

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



63. Lai S-W, Liao K-F, Liao C-C, et al. Polypharmacy correlates with increased risk for hip fracture in 
the elderly: a population-based study. Medicine (Baltimore). 2010; 89:295–9. [PubMed: 
20827106] 

64. Lai S-W, Su L-T, Lin C-H, et al. Polypharmacy increases the risk of Parkinson’s disease in older 
people in Taiwan: a population-based study. Psychogeriatrics. 2011; 11:150–6. [PubMed: 
21951955] 

65. Hak E, Verheij TJ, van Essen GA, et al. Prognostic factors for influenza-associated hospitalization 
and death during an epidemic. Epidemiol Infect. 2001; 126:261–8. [PubMed: 11357897] 

66. Lai SW, Lin CH, Liao KF, et al. Association between polypharmacy and dementia in older people: 
a population-based case-control study in Taiwan. Geriatrics & Gerontology International. 2012; 
12:491–8. [PubMed: 22233227] 

67. Glynn RJ, Knight EL, Levin R, et al. Paradoxical relations of drug treatment with mortality in 
older persons. Epidemiology. 2001; 12:682–9. [PubMed: 11679797] 

68. Kroenke K, Pinholt EM. Reducing polypharmacy in the elderly. A controlled trial of physician 
feedback. J Am Geriatr Soc. 1990; 38:31. [PubMed: 2404053] 

69. Planton J, Edlund BJ. Strategies for reducing polypharmacy in older adults. J Gerontol Nurs. 2010; 
36:8–12. [PubMed: 20047247] 

70. Muir AJ, Sanders LL, Wilkinson WE, et al. Reducing medication regimen complexity: a controlled 
trial. J Gen Intern Med. 2001; 16:77–82. [PubMed: 11251757] 

71. Bolton PG, Tipper SW, Tasker JL. Medication review by GPs reduces polypharmacy in the 
elderly: A quality use of medicines program. Austr J Primary Health. 2004; 10:78–82.

72. Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in older people: a systematic review and 
meta-analysis: I. Psychotropic drugs. J Am Geriatr Soc. 1999; 47:30–9. [PubMed: 9920227] 

73. Hartikainen S, Lönnroos E, Louhivuori K. Medication as a risk factor for falls: Critical systematic 
review. J Gerontol A Biol Sci Med Sci. 2007; 62:1172–81. [PubMed: 17921433] 

74. Cumming RG, Le Couteur DG. Benzodiazepines and risk of hip fractures in older people. CNS 
Drugs. 2003; 17:825. [PubMed: 12921493] 

75. Fick D, Cooper JW, Wade WE, et al. Updating the Beers criteria for potentially inappropriate 
medication use in older adults: Results of a US consensus panel of experts. Arch Intern Med. 
2003; 163:2716–24. [PubMed: 14662625] 

76. Gallagher P, Ryan C, Byrne S, et al. STOPP (Screening Tool of Older Person’s Prescriptions) and 
START (Screening Tool to Alert Doctors to Right Treatment). Consensus validation. Int J Clin 
Pharmacol Ther. 2008; 46:72–83. [PubMed: 18218287] 

77. Steinman MA, Seth Landefeld C, Rosenthal GE, et al. Polypharmacy and prescribing quality in 
older people. J Am Geriatr Soc. 2006; 54:1516–23. [PubMed: 17038068] 

78. Gurwitz JH. Polypharmacy: A new paradigm for quality drug therapy in the elderly? Arch Intern 
Med. 2004; 164:1957–9. [PubMed: 15477428] 

79. O’Hare AM, Hotchkiss JR, Kurella Tamura M, et al. Interpreting treatment effects from clinical 
trials in the context of real-world risk information: End-stage renal disease prevention in older 
adults. JAMA Intern Med. 2014; 174:391–7. [PubMed: 24424348] 

80. Hanlon JT, Weinberger M, Samsa GP, et al. A randomized, controlled trial of a clinical pharmacist 
intervention to improve inappropriate prescribing in elderly outpatients with polypharmacy. Am J 
Med. 1996; 100:428–37. [PubMed: 8610730] 

81. Schmader KE, Hanlon JT, Pieper CF, et al. Effects of geriatric evaluation and management on 
adverse drug reactions and suboptimal prescribing in the frail elderly. The Am J Med. 2004; 
116:394–401.

82. Tinetti ME, Baker DI, McAvay G, et al. A multifactorial intervention to reduce the risk of falling 
among elderly people living in the community. N Engl J Med. 1994; 331:821–7. [PubMed: 
8078528] 

83. Tinetti ME, McAvay G, Claus E. Does Multiple risk factor reduction explain the reduction in fall 
rate in the Yale FICSIT trial? Am J Epidemiol. 1996; 144:389–99. [PubMed: 8712196] 

84. Garfinkel D, Mangin D. Feasibility study of a systematic approach for discontinuation of multiple 
medications in older adults: addressing polypharmacy. Arch Intern Med. 2010; 170:1648–54. 
[PubMed: 20937924] 

Fried et al. Page 14

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure. 
Summary of literature search and selection

Fried et al. Page 15

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Fried et al. Page 16

T
ab

le

O
ut

co
m

es
 a

ss
oc

ia
te

d 
w

ith
 p

ol
yp

ha
rm

ac
y*

O
ut

co
m

e:
F

A
L

L
S/

F
R

A
C

T
U

R
E

S/
D

IZ
Z

IN
E

SS

A
ut

ho
r/

Y
ea

r
St

ud
y 

D
es

ig
n,

F
ol

lo
w

-u
p,

 &
 N

P
op

ul
at

io
n

M
ea

su
re

 o
f

P
ol

yp
ha

rm
ac

y
M

ai
n 

F
in

di
ng

s

A
go

st
in

i,
20

04

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l (

w
ei

gh
t

lo
ss

);
 lo

ng
itu

di
na

l 1
 y

ea
r 

(i
m

pa
ir

ed
 

ba
la

nc
e)

 N
=

 8
85

Pr
ob

ab
ili

ty
-s

am
pl

e
si

ng
le

 U
.S

. c
ity

, a
ge

 7
2+

ye
ar

s

1-
2,

 3
-4

, 5
+

 v
s.

 0
m

ed
s

Im
pa

ir
ed

 b
al

an
ce

: N
S 

fo
r 

1-
2 

m
ed

s,
 O

R
 (

95
%

co
nf

id
en

ce
 in

te
rv

al
) 

1.
72

 (
1.

09
, 2

.7
1)

 f
or

 3
-4

m
ed

s,
 1

.8
0 

(1
.0

2,
 3

.1
9)

 f
or

 5
+

 m
ed

s.

B
ee

r,
20

11
C

oh
or

t: 
cr

os
s-

se
ct

io
na

l
N

=
 4

,2
60

Po
pu

la
tio

n-
ba

se
d 

si
ng

le
ci

ty
 W

es
te

rn
 A

us
tr

al
ia

;
m

al
es

 a
ge

s 
65

-8
3

ye
ar

s

C
on

tin
uo

us
Fa

lls
: O

R
 1

.0
6 

(1
.0

2,
 1

.0
9)

C
am

pb
el

l,
19

89
C

oh
or

t: 
lo

ng
itu

di
na

l 1
 y

ea
r

N
=

 7
61

Po
pu

la
tio

n-
ba

se
d 

ru
ra

l
N

ew
 Z

ea
la

nd
co

m
m

un
ity

, a
ge

 7
0+

ye
ar

s

1-
3,

 4
+

 v
s.

 0
m

ed
s

Fa
lls

: S
ig

ni
fi

ca
nt

 f
or

 w
om

en
 o

nl
y.

 R
R

2.
6 

(1
.2

,
5.

5)
 f

or
 1

-3
 m

ed
s;

 R
R

 4
.5

 (
1.

9,
 1

0.
6)

 f
or

 4
+

m
ed

s

C
lo

ug
h-

 G
or

r,
 2

00
8

C
oh

or
t: 

lo
ng

itu
di

na
l 1

 y
ea

r
N

=
 1

,6
44

Po
pu

la
tio

n-
ba

se
d 

th
re

e
E

ur
op

ea
n 

ci
tie

s,
 a

ge
65

+
 y

ea
rs

4+
 v

s.
 0

-3
 m

ed
s

Fa
lls

 o
r 

ev
er

 f
al

le
n:

 O
R

: 1
.3

 (
1.

0,
 1

.8
)

F
le

tc
he

r,
20

09
C

oh
or

t: 
cr

os
s-

se
ct

io
na

l
N

=
 4

53

Pa
rt

ic
ip

an
ts

 in
 f

iv
e

C
an

ad
ia

n 
fa

ll 
pr

ev
en

tio
n

st
ud

ie
s,

 m
ea

n 
ag

e 
80

.7
ye

ar
s

C
on

tin
uo

us
1 

fa
ll:

 O
R

 1
.1

9 
(1

.0
9,

 1
.3

)
2+

fa
lls

: O
R

 1
.2

1 
(1

.0
2,

 1
.4

3)

G
as

sm
an

,
20

09

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l a

nd
lo

ng
itu

di
na

l 2
 y

ea
rs

N
=

 6
20

Po
pu

la
tio

n-
ba

se
d 

th
re

e
G

er
m

an
 c

iti
es

 a
ge

 6
5+

ye
ar

s
4+

 v
s 

0-
3 

m
ed

s
D

iz
zi

ne
ss

 a
t b

as
el

in
e:

 O
R

 2
.3

6 
(1

.6
2,

 3
.4

4)
; a

t
fo

llo
w

-u
p:

 O
R

 1
.6

0 
(1

.1
1,

 2
.3

2)
Fa

lls
: N

S

G
nj

id
ic

,
20

12
C

oh
or

t: 
lo

ng
itu

di
na

l 2
 y

ea
rs

IS
M

,2
42

Po
pu

la
tio

n-
ba

se
d 

si
ng

le
A

us
tr

al
ia

n 
ci

ty
, a

ge
 7

0+
ye

ar
s

C
on

tin
uo

us
Fa

lls
: O

R
 1

.0
7 

(1
.0

3,
 1

.1
2)

G
om

ez
,

20
11

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

N
=

 1
,6

92

Po
pu

la
tio

n-
ba

se
d 

fo
ur

 s
ub

ur
ba

n/
ru

ra
l 

C
ol

um
bi

an
 c

om
m

un
iti

es
, a

ge
 6

0+
ye

ar
s

4+
 v

s 
0-

3 
m

ed
s

D
iz

zi
ne

ss
: N

S

H
ua

ng
,

20
09

C
oh

or
t: 

lo
ng

itu
di

na
l 5

 y
ea

rs
N

=
 4

6,
94

6

H
M

O
 d

is
ea

se
 r

eg
is

tr
y 

of
pa

tie
nt

s 
w

ith
 D

M
 s

in
gl

e
U

.S
. c

ity
, a

ge
 1

8+
 y

ea
rs

2-
3,

 4
-5

, 6
-7

, >
7

vs
. 0

-1
 m

ed
s

Fa
lls

: N
S 

fo
r 

2-
3 

m
ed

s.
 O

R
 1

.2
2 

(1
.0

4,
 1

.4
3)

 f
or

4-
5 

m
ed

s;
 O

R
 1

.3
3 

(1
.1

2,
 1

.5
8)

 f
or

 6
-7

 m
ed

s;
O

R
 1

.5
9 

(1
.3

4,
 1

.8
9)

 f
or

 >
7 

m
ed

s.

L
aw

lo
r,

20
03

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

N
=

 4
,0

50

G
en

er
al

 p
ra

ct
ic

e 
lis

ts
th

re
e 

U
.K

. t
ow

ns
,

w
om

en
, a

ge
 6

0-
79

 y
rs

C
on

tin
uo

us
Fa

lls
: N

S.

M
ur

ph
y,

20
02

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

N
=

 4
33

Pr
ob

ab
ili

ty
-s

am
pl

e
si

ng
le

 U
.S

. c
ity

, a
ge

 7
2+

ye
ar

s
5+

 v
s.

 0
-4

 m
ed

s
Fe

ar
 o

f 
fa

lli
ng

/a
ct

iv
ity

 r
es

tr
ic

tio
n:

 N
S

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Fried et al. Page 17

O
ut

co
m

e:
F

A
L

L
S/

F
R

A
C

T
U

R
E

S/
D

IZ
Z

IN
E

SS

A
ut

ho
r/

Y
ea

r
St

ud
y 

D
es

ig
n,

F
ol

lo
w

-u
p,

 &
 N

P
op

ul
at

io
n

M
ea

su
re

 o
f

P
ol

yp
ha

rm
ac

y
M

ai
n 

F
in

di
ng

s

T
in

et
ti

,
20

00
C

oh
or

t: 
cr

os
s-

se
ct

io
na

l
N

=
 1

,0
87

Pr
ob

ab
ili

ty
-s

am
pl

e
si

ng
le

 U
.S

. c
ity

, a
ge

 7
2+

ye
ar

s
5+

 v
s.

 0
-4

 m
ed

s
D

iz
zi

ne
ss

: R
R

 1
.3

 (
1.

01
, 1

.6
3)

V
el

la
s,

19
98

C
oh

or
t: 

lo
ng

itu
di

na
l 2

 y
ea

rs
N

=
 4

82

V
ol

un
te

er
s 

fr
om

 tw
o

pr
io

r 
U

.S
. s

tu
di

es
, a

ge
60

+
 y

ea
rs

C
on

tin
uo

us
Fa

lls
: R

R
 1

.0
54

 (
1.

00
1,

 1
.1

09
)

In
ju

ri
ou

s 
fa

lls
: R

R
 1

.1
35

 (
1.

02
2,

 1
.2

60
)

Z
ie

re
,

20
05

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

N
=

 6
,9

28
Po

pu
la

tio
n-

ba
se

d 
D

ut
ch

ci
ty

, a
ge

 5
5+

 y
ea

rs
3,

 4
+

 v
s.

 0
 m

ed
s

Fa
lls

: N
S 

fo
r 

3 
m

ed
s;

 O
R

 1
.6

 (
1.

1,
 2

.1
) 

fo
r 

4+
m

ed
s.

 N
o 

in
cr

ea
se

d 
ri

sk
 if

 n
ot

 o
n 

in
di

vi
du

al
 m

ed
as

so
ci

at
ed

 w
ith

 f
al

ls
 in

 a
dj

us
te

d 
m

od
el

.

C
ur

ci
o,

20
06

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

N
=

 1
,6

68
V

ol
un

te
er

s 
C

ol
um

bi
an

to
w

ns
, a

ge
 6

0+
 y

ea
rs

4+
 v

s.
 0

-3
 m

ed
s

Fe
ar

 o
f 

fa
lli

ng
: O

R
 1

.5
6 

(1
.1

4,
 2

.1
4)

Ja
cq

m
in

- 
G

ad
da

, 1
99

8
C

oh
or

t: 
lo

ng
itu

di
na

l 5
 y

ea
rs

N
=

 3
,2

16

Po
pu

la
tio

n-
ba

se
d

ra
nd

om
 s

am
pl

e 
tw

o
co

m
m

un
iti

es
 in

 F
ra

nc
e,

ag
e 

65
+

 y
ea

rs

>
3 

no
np

sy
ch

ot
ro

pi
c

dr
ug

s 
vs

. ≤
3

H
ip

 f
ra

ct
ur

es
: N

S 
N

on
-h

ip
 f

ra
ct

ur
es

: O
R

 1
.3

6 
(1

.0
4,

 
1.

78
)

K
oj

im
a,

20
12

C
oh

or
t: 

lo
ng

itu
di

na
l 2

 y
ea

rs
N

=
17

2

C
on

se
cu

tiv
e 

pa
tie

nt
s

se
en

 in
 s

in
gl

e 
ou

tp
at

ie
nt

Ja
pa

ne
se

 g
er

ia
tr

ic
cl

in
ic

, a
ge

 6
5+

 y
ea

rs

5+
 v

er
su

s 
0-

4
m

ed
s

Fa
lls

: O
R

 4
.5

0 
(1

.6
6,

 1
2.

2)

K
ao

, 2
00

1
C

oh
or

t: 
cr

os
s-

se
ct

io
na

l
N

=
 2

62

Pa
tie

nt
s 

in
 s

in
gl

e 
U

.S
.

ge
ri

at
ri

c 
as

se
ss

m
en

t
ce

nt
er

, a
ge

 6
0+

 y
ea

rs
3+

 v
s.

 0
-2

 m
ed

s
D

iz
zi

ne
ss

: N
S

L
or

d,
19

94
C

oh
or

t: 
lo

ng
itu

di
na

l 1
 y

ea
r

N
=

 7
04

Po
pu

la
tio

n-
ba

se
d 

si
ng

le
A

us
tr

al
ia

n 
ci

ty
, w

om
en

ag
e 

65
+

 y
ea

rs
4+

 v
s,

 0
-3

 m
ed

s
Fa

lls
: R

R
 1

.2
8 

(1
.0

3,
 1

.5
8)

W
u,

 2
01

3
C

oh
or

t: 
cr

os
s-

se
ct

io
na

l
N

=
 6

71

R
an

do
m

 s
am

pl
e 

of
pe

rs
on

s 
pa

rt
ic

ip
at

in
g 

in
fr

ee
 h

ea
lth

 e
xa

m
in

at
io

n
si

ng
le

 T
ai

w
an

es
e 

ci
ty

,
ag

e 
55

+
 y

ea
rs

4+
 v

s.
 0

-3
 m

ed
s

Fa
lls

: O
R

 2
.1

7 
(1

.1
8,

 3
.9

7)

B
ua

to
is

,
20

10
C

oh
or

t: 
lo

ng
itu

di
na

l 2
5

m
on

th
s;

 N
=

 1
,6

18

Pe
rs

on
s 

pr
es

en
tin

g 
fo

r
se

ni
or

 m
ed

ic
al

 c
he

ck
up

si
ng

e 
Fr

en
ch

 c
ity

, a
ge

65
+

 y
ea

rs

4+
 m

ed
s 

vs
. 0

-3
m

ed
s

Fa
lls

: O
R

 1
.6

6 
(1

.0
6,

 2
.6

0)

L
ai

, 2
01

0
R

et
ro

sp
ec

tiv
e 

ca
se

-c
on

tr
ol

N
=

 9
,3

12

Po
pu

la
tio

n-
ba

se
d

sa
m

pl
e 

of
 T

ai
w

an
es

e
re

si
de

nt
s,

 a
ge

 6
5+

ye
ar

s,
 a

ge
 6

5+
 y

ea
rs

2-
4,

 5
-7

, 8
-9

, 1
0+

vs
. 0

-1
 m

ed
s

H
ip

 f
ra

ct
ur

e:
 O

R
 1

.6
5 

(1
.4

7,
 1

.8
3)

 f
or

 2
-4

 m
ed

s,
O

R
 3

.2
1 

(2
.7

7,
 3

.7
3)

 f
or

 5
-7

 m
ed

s,
 O

R
 5

.5
4

(3
.7

7,
 8

.1
3)

 f
or

 8
-9

 m
ed

s,
 O

R
 8

.4
2 

(4
.7

3,
 1

5.
0)

fo
r 

10
+

 m
ed

s

L
iu

, 1
99

5
C

oh
or

t: 
lo

ng
itu

di
na

l 1
 y

ea
r

N
=

 1
00

V
ol

un
te

er
s 

si
ng

le
C

an
ad

ia
n 

ci
ty

, m
ea

n
ag

e 
83

 y
ea

rs
C

on
tin

uo
us

Fa
lls

: N
S

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Fried et al. Page 18

O
ut

co
m

e:
 A

D
V

E
R

SE
 D

R
U

G
 R

E
A

C
T

IO
N

S 
or

 E
V

E
N

T
S

A
ut

ho
r/

Y
ea

r
St

ud
y 

D
es

ig
n,

F
ol

lo
w

-u
p,

 &
 N

P
op

ul
at

io
n

M
ea

su
re

 o
f

P
ol

yp
ha

rm
ac

y
M

ai
n 

F
in

di
ng

s

C
al

de
ro

n-
L

ar
ra

na
ga

,
20

12

R
et

ro
sp

ec
tiv

e 
co

ho
rt

:
lo

ng
itu

di
na

l 1
 y

ea
r

Pa
tie

nt
s 

of
 7

 u
rb

an
 p

ri
m

ar
y

ca
re

 c
en

te
rs

 s
in

gl
e 

Sp
an

is
h

ci
ty

 a
ge

 1
4+

6+
 v

er
su

s 
0-

5
m

ed
s

A
D

E
 c

od
ed

 in
 e

le
ct

ro
ni

c 
m

ed
ic

al
 r

ec
or

d:
 O

R
1.

34
4 

(1
.1

06
, 1

.6
34

)

C
hr

is
ch

ill
es

,
20

07
N

=
79

, 0
89

 C
oh

or
t: 

lo
ng

itu
di

na
l 1

 y
ea

r 
N

=
 6

89
Po

pu
la

tio
n-

ba
se

d 
Io

w
a

M
ed

ic
ar

e 
be

ne
fi

ci
ar

ie
s 

w
ith

m
ob

ili
ty

 li
m

ita
tio

n,
 a

ge
 6

5+

4-
6,

 7
-9

, 1
0-

13
,

14
-3

4 
vs

. 0
-3

m
ed

s

Se
lf

-r
ep

or
te

d 
A

D
E

, u
nw

an
te

d 
re

ac
tio

n:
in

cr
ea

si
ng

 O
R

 u
nd

er
 u

na
dj

us
te

d 
an

d 
2 

ad
ju

st
ed

m
od

el
s.

 O
nl

y 
14

-3
4 

m
ed

s 
w

/ s
ig

 O
R

.

F
ie

ld
, 2

00
4

C
oh

or
t: 

lo
ng

itu
di

na
l 1

ye
ar

 N
=

 3
0,

39
7

ye
ar

s 
Pa

tie
nt

s 
of

 la
rg

e 
m

ul
tis

pe
ci

al
ty

gr
ou

p 
pr

ac
tic

e 
si

ng
le

 U
.S

. c
ity

,
ag

e 
65

+
 y

ea
rs

2-
4,

5-
7,

 8
+

 v
s.

0-
1 

m
ed

s,

Pr
ev

en
ta

bl
e 

dr
ug

-r
el

at
ed

 in
ju

ry
: N

S 
fo

r 
2-

4
m

ed
s;

 O
R

 2
.4

 f
or

 5
-7

 m
ed

s;
 O

R
 3

.1
 f

or
 8

+
m

ed
s.

F
ie

ld
, 2

00
7

C
oh

or
t: 

lo
ng

itu
di

na
l 1

ye
ar

 N
=

 3
0,

00
0

Pa
tie

nt
s 

of
 la

rg
e 

m
ul

tis
pe

ci
al

ty
gr

ou
p 

pr
ac

tic
e 

si
ng

le
 U

.S
. c

ity
,

ag
e 

65
+

 y
ea

rs

3-
4,

 5
-6

, 7
+

 v
s.

0-
2 

m
ed

s
D

ru
g 

re
la

te
d 

in
ju

ry
: N

S 
fo

r 
3-

4 
m

ed
s;

 O
R

 3
.1

 f
or

5-
6 

m
ed

s;
 O

R
 3

.3
 f

or
 7

+
 m

ed
s.

G
an

dh
i,

20
00

R
et

ro
sp

ec
t c

oh
or

t:
lo

ng
itu

di
na

l 1
 y

ea
r

N
=

 2
,2

48

Pa
tie

nt
s 

of
 1

1 
am

bu
la

to
ry

pr
ac

tic
es

 s
in

gl
e 

U
.S

. c
ity

, a
ge

s
20

-7
5 

ye
ar

s
C

on
tin

uo
us

Se
lf

-r
ep

or
te

d 
A

D
R

 a
nd

 A
D

R
 in

 m
ed

ic
al

 r
ec

or
d:

N
S

G
re

en
, 2

00
7

R
et

ro
sp

ec
t c

oh
or

t:
cr

os
s-

se
ct

io
na

l. 
N

=
 4

05

M
ed

ic
ar

e 
m

an
ag

ed
 c

ar
e

en
ro

lle
e 

si
ng

le
 U

.S
. c

ity
, a

ge
65

+
 y

ea
rs

C
on

tin
uo

us
Se

lf
-r

ep
or

te
d 

A
D

E
: N

S 
(e

ith
er

 a
s 

5+
 m

ed
s 

or
co

nt
in

uo
us

)

H
ut

ch
in

so
n,

19
86

C
oh

or
t: 

lo
ng

itu
di

na
l 1

 y
ea

r 
N

=
 1

,0
26

Pa
tie

nt
s 

of
 in

te
rn

al
 m

ed
ic

in
e

pr
ac

tic
e 

si
ng

le
 C

an
ad

ia
n 

ci
ty

,
m

ea
n 

ag
e 

55
 (

±
16

)

# 
dr

ug
 c

ou
rs

es
1,

 2
, 3

-5
, 6

-1
0,

11
 +

R
is

k 
of

 A
D

E
 to

 n
ew

ly
-s

ta
rt

ed
 m

ed
: N

S

Sa
rk

ar
, 2

01
1

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

†

N
at

io
na

lly
 r

ep
re

se
nt

at
iv

e 
U

.S
.

pr
ob

ab
ili

ty
 s

am
pl

e,
 a

ge
 2

5+
ye

ar
s

1-
3,

 4
-5

, 6
-8

 v
s.

0 
m

ed
s

O
ut

pt
 v

is
it 

fo
r 

A
D

E
: O

R
 2

.8
 (

1.
66

, 4
.7

4)
 f

or
 1

-3
m

ed
s;

 O
R

 3
.6

1 
(1

.9
2,

 6
.7

8)
 f

or
 4

-5
 m

ed
s;

 O
R

3.
83

 (
2.

2,
 6

.6
5)

 f
or

 6
-8

 m
ed

s

C
hr

is
ch

ill
es

,
19

92
C

oh
or

t: 
cr

os
s-

se
ct

io
na

l
N

=
 3

,1
70

Pr
ob

ab
ili

ty
 s

am
pl

e 
2 

ru
ra

l U
.S

.
co

un
tie

s,
 a

ge
 6

5+
 y

ea
rs

C
on

tin
uo

us
Se

lf
-r

ep
or

te
d 

A
D

R
: O

R
 1

.2
5 

(1
.1

8,
 1

.3
3)

Sc
hn

ei
de

r,
19

92
C

oh
or

t: 
lo

ng
itu

di
na

l 1
 y

ea
r 

N
=

 4
63

O
ut

pa
tie

nt
s 

of
 g

er
ia

tr
ic

 a
nd

ge
ne

ra
l m

ed
ic

in
e 

cl
in

ic
s 

in
si

ng
le

 U
.S

. c
ity

, a
ge

 7
0+

 y
ea

rs
C

on
tin

uo
us

A
D

R
s 

or
 s

ym
pt

om
s 

lin
ke

d 
to

 m
ed

ic
at

io
n 

by
cl

in
ic

ia
n/

in
ve

st
ig

at
or

: N
S

B
ou

rg
eo

is
,

20
10

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

†
N

at
io

na
lly

 r
ep

re
se

nt
at

iv
e 

U
.S

.
pr

ob
ab

ili
ty

 s
am

pl
e,

 a
ll 

ag
es

3-
4,

 5
+

 v
s.

 0
-2

m
ed

s
O

ut
pt

/E
R

 v
is

it 
fo

r 
A

D
E

: O
R

 1
.4

5 
(1

.2
5,

 1
.5

8)
 f

or
3-

4 
m

ed
s;

 O
R

 1
.8

8 
(1

.5
8,

 2
.2

5)
 f

or
 5

+
 m

ed
s

G
an

dh
i,

20
03

C
oh

or
t: 

lo
ng

itu
di

na
l 3

 m
on

th
s 

N
=

 6
61

Pa
tie

nt
s 

of
 f

ou
r 

am
bu

la
to

ry
pr

ac
tic

es
 U

.S
., 

ag
e 

18
+

 y
ea

rs
C

on
tin

uo
us

A
D

E
/p

t s
ym

pt
om

s 
lin

ke
d 

by
 in

ve
st

ig
at

or
 to

 m
ed

:
fo

r 
ea

ch
 a

dd
iti

on
al

 m
ed

, m
ea

n 
# 

of
 A

D
E

s 
pe

r 
pt

in
cr

ea
se

d 
by

 1
0%

 (
6,

 1
5%

)

R
ea

so
n,

20
12

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

N
=

31
32

N
at

io
na

lly
 r

ep
re

se
nt

at
iv

e
C

an
ad

ia
n 

pr
ob

ab
ili

ty
 s

am
pl

e
ag

e 
65

+
 y

ea
rs

5+
 v

s.
 1

-2
, 3

-4
m

ed
s

Se
lf

-r
ep

or
te

d 
A

D
E

 r
eq

ui
ri

ng
 M

D
 o

r 
E

R
 v

is
it:

 5
%

fo
r 

1-
2 

m
ed

, 6
%

 f
or

 3
-4

 m
ed

s,
 1

2%
 f

or
 5

+
 m

ed
s

(p
=

.0
00

1)

V
ee

ho
f,

19
99

R
et

ro
sp

ec
tiv

e 
co

ho
rt

:
cr

os
s-

se
ct

io
na

l. 
N

=
2,

18
5

Pa
tie

nt
s 

of
 th

re
e 

ge
ne

ra
l

pr
ac

tic
es

 s
in

gl
e 

D
ut

ch
 c

ity
,

ag
e 

65
+

 y
ea

rs

2-
3,

 4
-5

, 5
+

 v
s.

0-
1 

m
ed

s
A

D
R

 a
s 

re
co

gn
iz

ed
 b

y 
cl

in
ic

ia
n:

 N
S

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Fried et al. Page 19

O
ut

co
m

e:
 H

O
SP

IT
A

L
IZ

A
T

IO
N

 O
R

 M
O

R
T

A
L

IT
Y

A
ut

ho
r/

 Y
ea

r
St

ud
y 

D
es

ig
n,

 F
ol

lo
w

-u
p,

 &
 N

P
op

ul
at

io
n

M
ea

su
re

 o
f 

P
ol

yp
ha

rm
ac

y
M

ai
n 

F
in

di
ng

s

B
ee

r,
 2

01
1

C
oh

or
t: 

lo
ng

itu
di

na
l 4

.5
 y

ea
rs

 N
=

 4
,2

60
Po

pu
la

tio
n-

ba
se

d 
si

ng
le

 c
ity

 W
es

te
rn

 A
us

tr
al

ia
; 

m
al

es
 a

ge
s 

65
-8

3 
ye

ar
s

C
on

tin
uo

us
H

os
pi

ta
l a

dm
is

si
on

: H
R

 1
.0

4 
(1

.0
3,

 1
.0

6)
 

C
ar

di
ov

as
cu

la
r 

ev
en

ts
: H

R
 1

.0
9 

(1
.0

6,
 1

.1
2)

 
M

or
ta

lit
y:

 H
R

 1
.0

4 
(1

.0
0,

 1
.0

7)

G
nj

id
ic

, 2
01

2
C

oh
or

t: 
lo

ng
itu

di
na

l 2
 y

ea
rs

 N
=

1,
24

2
Po

pu
la

tio
n-

ba
se

d 
si

ng
le

 A
us

tr
al

ia
n 

ci
ty

, a
ge

 
70

+
 y

ea
rs

C
on

tin
uo

us
M

or
ta

lit
y:

 O
R

 1
.0

9 
(1

.0
4,

 1
.1

5)

H
ak

, 2
00

1
C

as
e-

co
nt

ro
l N

=
 3

15
Po

pu
la

tio
n-

ba
se

d 
th

ro
ug

ho
ut

 N
et

he
rl

an
ds

 w
ith

 
ch

ro
ni

c 
di

se
as

e
C

on
tin

uo
us

Fl
u 

ho
sp

ita
liz

at
io

n 
or

 m
or

ta
lit

y:
 O

R
 1

.3
 (

1.
1,

 
1.

5)

R
ic

ha
rd

so
n 

20
11

C
oh

or
t: 

lo
ng

itu
di

na
l 1

8 
ye

ar
s 

N
=

 1
2,

42
3

Po
pu

la
tio

n-
ba

se
d 

th
re

e 
ur

ba
n 

an
d 

tw
o 

ru
ra

l 
co

m
m

un
iti

es
 G

re
at

 B
ri

ta
in

, a
ge

 6
5+

 y
ea

rs
5+

 m
ed

s
2-

ye
ar

 m
or

ta
lit

y:
 H

R
 1

.4
2 

(1
.2

8,
 1

.5
8)

 f
or

 m
en

; 
H

R
 1

.3
 (

1.
19

, 1
.4

1)
 f

or
 w

om
en

.

E
sp

in
o,

 2
00

6
C

oh
or

t: 
lo

ng
itu

di
na

l 8
 y

ea
rs

 N
=

 1
,8

23
Pr

ob
ab

ili
ty

 s
am

pl
e 

4 
So

ut
hw

es
t U

.S
. c

iti
es

, 
M

ex
ic

an
 A

m
er

ic
an

s 
ag

e 
65

99
 y

ea
rs

>
4 

vs
. 1

 m
ed

M
or

ta
lit

y:
 H

R
 1

.2
7 

(1
.0

4,
 1

.5
6)

Je
ns

en
, 2

00
1

C
oh

or
t: 

lo
ng

itu
di

na
l 1

 y
ea

r,
 N

=
 3

86
M

em
be

rs
 o

f 
si

ng
le

 m
an

ag
ed

 M
ed

ic
ar

e 
pl

an
, a

ge
 

65
+

 y
ea

rs
3+

 v
s.

 0
-2

 m
ed

s
H

os
pi

ta
liz

at
io

n:
 O

R
 3

.7
9 

(1
.3

3,
 1

0.
90

)

Jy
rk

ka
, 2

00
9

C
oh

or
t: 

lo
ng

itu
di

na
l, 

m
ea

su
re

d 
at

 2
 ti

m
e 

po
in

ts
, 9

 y
ea

rs
. N

=
 6

01
/3

39
Po

pu
la

tio
n-

ba
se

d 
si

ng
le

 F
in

ni
sh

 c
ity

, a
ge

 7
5+

 
ye

ar
s

6-
9,

 1
0+

 v
s.

 0
-5

 m
ed

s
M

or
ta

lit
y:

 N
o 

as
so

ci
at

io
n 

in
 1

st
 p

ha
se

 I
n 

2nd
 

ph
as

e,
 N

S 
fo

r 
6-

9 
m

ed
s;

 O
R

 2
.2

3 
(1

.2
1,

 4
.1

2)
 f

or
 

10
+

 m
ed

s.

P
oz

zi
, 2

01
0

C
oh

or
t: 

lo
ng

itu
di

na
l 4

 y
ea

rs
 N

=
56

8
Po

pu
la

tio
n-

ba
se

d 
si

ng
le

 s
m

al
l t

ow
n 

It
al

y,
 a

ge
 

65
+

 y
ea

rs
5+

 m
ed

s
M

or
ta

lit
y:

 N
S

Sh
or

r,
 1

99
7

R
et

ro
sp

ec
tiv

e 
co

ho
rt

: L
on

gi
tu

di
na

l 5
 y

ea
rs

 
N

=
 1

9,
93

2

Po
pu

la
tio

n-
ba

se
d 

T
en

ne
ss

ee
 M

ed
ic

ai
d 

en
ro

lle
es

, a
ge

 6
5+

 y
ea

rs
 u

si
ng

 in
su

lin
 o

r 
su

lf
on

yl
ur

ea
s

5+
 v

s.
 0

-4
 m

ed
s

Se
ri

ou
s 

hy
po

gl
yc

em
ia

 r
es

ul
tin

g 
in

 E
R

 v
is

it,
 

ho
sp

ita
liz

at
io

n,
 o

r 
de

at
h:

 R
R

 1
.3

 (
1.

1,
 1

.5
)

H
er

sh
m

an
 1

99
5

C
oh

or
t: 

lo
ng

itu
di

na
l 2

-1
0 

ye
ar

s 
N

=
 4

88
V

ol
un

te
er

s 
si

ng
le

 N
ew

 Y
or

k 
ci

ty
, a

ge
s 

75
-8

5 
ye

ar
s

C
on

tin
uo

us
M

or
ta

lit
y:

 N
S

O
ut

co
m

e:
 M

IS
C

E
L

L
A

N
E

O
U

S

A
ut

ho
r/

Y
ea

r
St

ud
y 

D
es

ig
n 

&
 N

P
op

ul
at

io
n

M
ea

su
re

 o
f

P
ol

yp
ha

rm
ac

y
O

ut
co

m
e:

 M
ai

n 
F

in
di

ng
s

A
go

st
in

i,
20

04

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

(w
ei

gh
t l

os
s)

;
lo

ng
itu

di
na

l 1
 y

ea
r

(i
m

pa
ir

ed
 b

al
an

ce
)

N
=

 8
85

Pr
ob

ab
ili

ty
-s

am
pl

e 
si

ng
le

U
.S

. c
ity

, a
ge

 7
2+

 y
ea

rs
1-

2,
 3

-4
, 5

+
 v

s.
0 

m
ed

s

W
ei

gh
t l

os
s:

 N
S 

fo
r 

1-
2 

m
ed

s,
 O

R
 1

.9
6 

(1
.0

8,
3.

54
) 

fo
r 

3-
4 

m
ed

s,
 O

R
 2

.7
8 

(1
.3

8,
 5

.6
0)

 f
or

 5
+

m
ed

s

F
u,

 2
00

4
C

oh
or

t: 
lo

ng
itu

di
na

l 4
 y

ea
rs

 N
=

 2
2,

60
1

N
at

io
na

lly
 r

ep
re

se
nt

at
iv

e
pr

ob
ab

ili
ty

 s
am

pl
e 

of
 U

.S
.

re
si

de
nt

s,
 a

ge
 6

5+
 y

ea
rs

C
on

tin
uo

us
Se

lf
-p

er
ce

iv
ed

 h
ea

lth
 s

ta
tu

s:
 O

rd
er

ed
 p

ro
bi

t
m

od
el

: t
ot

al
 #

 m
ed

s 
p=

 .0
1

G
nj

id
ic

,
20

12
C

oh
or

t: 
lo

ng
itu

di
na

l 2
 y

ea
rs

 I
SM

,2
42

Po
pu

la
tio

n-
ba

se
d 

si
ng

le
A

us
tr

al
ia

n 
ci

ty
, a

ge
 7

0+
ye

ar
s

5+
 v

s.
 0

-5
m

ed
s.

Fr
ai

lty
: O

R
 4

.9
7 

(3
.0

4,
 8

.1
4)

G
nj

id
ic

,
20

12
C

oh
or

t: 
lo

ng
itu

di
na

l 2
 y

ea
rs

 I
SM

,2
42

Po
pu

la
tio

n-
ba

se
d 

si
ng

le
A

us
tr

al
ia

n 
ci

ty
, a

ge
 7

0+
C

on
tin

uo
us

Fr
ai

lty
: O

R
 1

.1
3 

(1
.0

6,
 1

.2
1)

; A
D

L
 d

is
ab

ili
ty

: O
R

1.
08

 (
1.

00
, 1

.1
5)

; C
og

ni
tiv

e 
im

pa
ir

m
en

t: 
N

S

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Fried et al. Page 20

O
ut

co
m

e:
 M

IS
C

E
L

L
A

N
E

O
U

S

A
ut

ho
r/

Y
ea

r
St

ud
y 

D
es

ig
n 

&
 N

P
op

ul
at

io
n

M
ea

su
re

 o
f

P
ol

yp
ha

rm
ac

y
O

ut
co

m
e:

 M
ai

n 
F

in
di

ng
s

ye
ar

s

Jy
rk

ka
,

20
11

C
oh

or
t: 

lo
ng

itu
di

na
l 3

 y
ea

rs
 N

=
 2

94
Po

pu
la

tio
n-

ba
se

d 
si

ng
le

Fi
nn

is
h 

ci
ty

, a
ge

 7
5+

 y
ea

rs
6-

9,
 1

0+
 v

s.
 0

-5
m

ed
s

D
ec

lin
e 

in
 M

N
A

-S
F:

 N
S 

fo
r 

6-
9 

m
ed

s,
 p

 -
.6

2 
(-

.2
7,

 -
.9

8)
 f

or
 1

0+
 m

ed
s;

 D
ec

lin
e 

in
 I

A
D

L
: p

 -
.2

9
(-

.1
0,

 -
.4

7)
 f

or
 6

-9
 m

ed
s,

 p
 -

.5
3 

(-
.2

6,
 -

.8
1)

 f
or

10
+

 m
ed

s;
 D

ec
lin

e 
in

 M
M

SE
: N

S 
fo

r 
6-

9 
m

ed
s,

P 
-1

.3
6 

(-
.6

3,
 -

2.
10

) 
fo

r 
10

+
 m

ed
s.

L
ai

, 2
01

2
C

as
e-

co
nt

ro
l

N
=

35
,6

75

Po
pu

la
tio

n-
ba

se
d 

sa
m

pl
e 

of
T

ai
w

an
es

e 
re

si
de

nt
s,

 a
ge

65
+

 y
ea

rs

2-
4,

 5
-9

, 1
0+

 v
s.

0-
1 

m
ed

s

D
em

en
tia

: O
R

 1
.2

8 
(1

.1
8,

 1
.3

8)
 f

or
 2

-4
 m

ed
s,

O
R

 1
.3

4 
(1

.2
3,

 1
.4

6)
 f

or
 5

-9
 m

ed
s,

 O
R

 1
.5

6
(1

.3
8,

 1
.7

6)
 f

or
 1

0+
 m

ed
s

L
ai

, 2
01

1
C

as
e-

co
nt

ro
l

N
=

 1
4,

13
5

Po
pu

la
tio

n-
ba

se
d 

sa
m

pl
e 

of
T

ai
w

an
es

e 
re

si
de

nt
s,

 a
ge

65
+

 y
ea

rs

2-
4,

 5
-7

, 8
-9

,
10

+
 v

s.
 0

-1
m

ed
s

Pa
rk

in
so

n'
s 

di
se

as
e:

 O
R

 1
.5

3 
(1

.3
4,

 1
.7

5)
 f

or
 2

-
4 

m
ed

s,
 O

R
: 2

.0
8 

(1
.7

9,
 2

.4
2)

 f
or

 5
-7

 m
ed

s,
 O

R
2.

64
 (

2.
19

, 3
.1

8)
 f

or
 8

-9
 m

ed
s,

 O
R

 2
.9

5 
(2

.7
3,

3.
59

) 
fo

r 
10

+
 m

ed
s:

M
ag

az
in

er
,

19
89

C
oh

or
t: 

lo
ng

itu
di

na
l 1

 y
ea

r
N

=
 6

09

Po
pu

la
tio

n-
ba

se
d 

ra
nd

om
sa

m
pl

e 
si

ng
le

 U
.S

. c
ity

,
fe

m
al

es
 a

ge
 6

5+
 y

ea
rs

C
on

tin
uo

us
D

ec
lin

e 
in

 M
M

SE
: N

S;
 I

nc
re

as
e 

in
 C

E
S-

D
: p

 =
.1

3 
(p

<
01

);
 D

ec
lin

e 
in

 I
A

D
L

: p
 =

 .1
2 

(p
<

00
1)

;
D

ec
lin

e 
in

 P
A

D
L

: N
S.

P
ug

h,
 2

00
7

C
oh

or
t: 

lo
ng

itu
di

na
l 7

 y
ea

rs
 N

=
 3

,0
50

Pr
ob

ab
ili

ty
 s

am
pl

e 
4

So
ut

hw
es

t U
.S

. c
iti

es
,

M
ex

ic
an

 A
m

er
ic

an
s 

ag
e 

65
-

99
 y

ea
rs

5+
 v

s.
 0

-5
 m

ed
s

L
ow

er
 e

xt
re

m
ity

 f
un

ct
io

na
l l

im
ita

tio
n:

 r
eg

re
ss

io
n

es
tim

at
e 

-.
01

4 
(p

=
.0

04
).

R
os

so
,

20
13

C
oh

or
t: 

lo
ng

itu
di

na
l 3

 y
ea

rs
 N

=
 2

9,
54

4

Po
pu

la
tio

n-
ba

se
d 

fr
om

ar
ea

s 
su

rr
ou

nd
in

g 
fo

rt
y

cl
in

ic
al

 c
en

te
rs

 in
 2

4 
U

S
st

at
es

 a
nd

 th
e 

D
is

tr
ic

t o
f

C
ol

um
bi

a

5+
 v

s.
 0

-5
 m

ed
s

In
ci

de
nt

 A
D

L
 d

is
ab

ili
ty

: R
R

 1
.9

5 
(1

.5
4,

 2
.4

6)

St
ar

r,
 2

00
4

R
et

ro
sp

ec
tiv

e 
co

ho
rt

:
lo

ng
itu

di
na

l 6
9 

yr
s 

(a
ge

 1
1

an
d 

80
)

N
=

 4
78

Su
rv

iv
or

s 
of

 e
ar

lie
r

po
pu

la
tio

n-
ba

se
d 

co
ho

rt
si

ng
le

 u
rb

an
 r

eg
io

n
Sc

ot
la

nd
, a

ge
 8

0 
ye

ar
s

C
on

tin
uo

us
C

ha
ng

e 
in

 I
Q

 f
ro

m
 a

ge
 1

1 
to

 a
ge

 8
0:

 lo
w

er
 I

Q
sc

or
es

 w
/ g

re
at

 n
um

be
r 

of
 m

ed
s 

(F
=

12
.2

,
D

=
 0

01
V

M
on

as
te

ro
,

20
06

R
et

ro
sp

ec
tiv

e 
co

ho
rt

:
lo

ng
itu

di
na

l 3
-4

 y
rs

N
=

 7
18

Po
pu

la
tio

n-
ba

se
d 

di
st

ri
ct

 o
f

St
oc

kh
ol

m
, a

ge
 7

5+
 y

ea
rs

1-
4,

 5
+

 v
s.

 0
m

ed
s

C
IN

D
: N

S 
fo

r 
1-

4 
m

ed
s;

 O
R

 2
.6

 (
1.

1,
 6

.1
) 

fo
r 

5+
m

ed
s.

C
oh

en
,

19
98

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

N
=

 1
,6

11

Po
pu

la
tio

n-
ba

se
d 

ra
nd

om
sa

m
pl

e 
el

ec
to

ra
l r

ol
e 

of
A

us
tr

al
ia

, a
ge

 6
0+

 y
ea

rs
C

on
tin

uo
us

Se
lf

-r
ep

or
te

d 
sy

m
pt

om
s 

of
 p

os
tp

ra
nd

ia
l &

po
st

ur
al

 h
yp

ot
en

si
on

: O
R

 1
.1

7 
(1

.0
5,

 1
.3

1)

K
ad

am
,

20
11

C
oh

or
t: 

lo
ng

itu
di

na
l 5

 y
ea

rs
 N

=
 4

,5
06

Pa
tie

nt
s 

of
 s

ix
 g

en
er

al
pr

ac
tic

es
 E

ng
la

nd
, a

ge
 5

0+
ye

ar
s

5-
7,

 8
-1

1,
 1

2+
vs

. 1
-4

 m
ed

s

W
or

se
ni

ng
 p

hy
si

ca
l a

nd
 m

en
ta

l h
ea

lth
 a

s
m

ea
su

re
d 

by
 S

F-
12

:: 
O

R
 1

.5
5 

(1
.2

, 2
.1

) 
fo

r 
5-

7
m

ed
s;

 O
R

 2
.2

5 
(1

.7
, 3

.1
) 

fo
r 

8-
11

 m
ed

s;
 O

R
2.

91
 (

2.
0,

 4
.2

) 
fo

r 
12

+
 m

ed
s.

P
ilo

tt
o,

20
05

C
oh

or
t: 

cr
os

s-
se

ct
io

na
l

N
=

 5
,5

15

G
en

er
al

 p
ra

ct
ic

e 
pa

tie
nt

s
th

ro
ug

ho
ut

 I
ta

ly
, a

ge
 6

5+
ye

ar
s

0,
 1

-3
, 4

-6
, 7

+
m

ed
s

U
pp

er
 G

I 
sy

m
pt

om
s:

 P
re

va
le

nc
e 

in
cr

ea
se

d 
as

 #
of

 m
ed

s 
in

cr
ea

se
d 

in
 b

iv
ar

ia
te

 a
na

ly
si

s 
(0

, 1
-3

,
4-

6,
 o

r 
7+

 m
ed

s)
 (

p<
.0

00
1)

N
S 

=
 n

on
-s

ig
ni

fi
ca

nt

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Fried et al. Page 21
O

R
 =

 O
dd

s 
ra

tio

H
R

 =
 H

az
ar

d 
ra

tio

R
R

=
 R

is
k 

ra
tio

A
D

E
 =

 a
dv

er
se

 d
ru

g 
ev

en
t

A
D

R
 =

 a
dv

er
se

 d
ru

g 
re

ac
tio

n

M
N

A
-S

F 
=

 M
in

i N
ut

ri
tio

na
l A

ss
es

sm
en

t S
ho

rt
-F

or
m

IA
D

L
 =

 I
ns

tr
um

en
ta

l A
ct

iv
iti

es
 o

f 
D

ai
ly

 L
iv

in
g

M
M

SE
 =

 M
in

i-
M

en
ta

l S
ta

te
 E

xa
m

in
at

io
n

PA
D

L
 =

 P
hy

si
ca

l A
ct

iv
iti

es
 o

f 
D

ai
ly

 L
iv

in
g

A
D

L
 =

 A
ct

iv
ity

 o
f 

D
ai

ly
 L

iv
in

g

C
IN

D
 =

 c
og

ni
tiv

e 
im

pa
ir

m
en

t n
ot

 d
em

en
tia

IQ
 =

 in
te

lli
ge

nc
e 

qu
ot

ie
nt

G
I 

=
 g

as
tr

oi
nt

es
tin

al

* T
he

 s
ha

di
ng

 o
f 

th
e 

bo
x 

in
di

ca
te

s 
th

e 
qu

al
ity

 o
f 

ad
ju

st
m

en
t f

or
 c

hr
on

ic
 il

ln
es

s.
 N

o 
sh

ad
in

g 
=

 g
oo

d;
 li

gh
t g

ra
y 

=
 f

ai
r;

 d
ar

k 
gr

ay
 =

 p
oo

r.
 S

ee
 te

xt
 f

or
 d

et
ai

ls
.

†U
ni

t o
f 

an
al

ys
is

 w
as

 a
m

bu
la

to
ry

 v
is

it

J Am Geriatr Soc. Author manuscript; available in PMC 2015 December 01.


