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Abstract

The purpose of this systematic review is to critically review and synthesize current evidence and
the methodological quality of non-pharmacologic infection prevention interventions in long-term
care (LTC) facilities for older adults. Two reviewers searched 3 electronic databases for studies
published over the last decade assessing randomized and non-randomized trials designed to reduce
infections in older adults in which primary outcomes were infection rates and/or reductions of risk
factors related to infections. To establish clarity and standardized reporting of findings, the
PRISMA checklist was used. Data extracted included study design, sample size, type and duration
of interventions, outcome measures reported, and findings. Study quality was independently
assessed by two reviewers using a validated quality assessment tool. Twenty-four articles met
inclusion criteria; the majority was randomized control trials (67%), where the primary purpose
was to reduce pneumonia (66%). Thirteen (54%) studies reported statistically significant results in
favor of interventions on at least one of their outcome measures. The methodological clarity of
available evidence was limited, placing them at potential risk of bias. Gaps and inconsistencies
surrounding interventions in LTC are evident. Future interventional studies need to enhance
methodological rigor using clearly defined outcome measures and standardized reporting of
findings.

Keywords
infections; nursing homes; interventions

INTRODUCTION

Infections in residents of long-term care (LTC) facilities are common, costly, and associated
with significant morbidity and mortality L. Institutionalized adults over the age of 65 years
account for a disproportionate number of infections in LTC settings2. An estimated 1.6 to
3.8 million infections occur each year in LTC facilities across the nation and lead to
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approximately 388,000 deaths3. Additionally, infections in LTC result in frequent
hospitalizations, accounting for 27 to 63 percent of all resident transfers23. Cost estimates
for infections in LTC range from $673 million to $2 billion annually3. Despite such high
mortality and costs associated with infections, a proportion may be preventable3:4.

Elder LTC residents are especially vulnerable to a variety of infections due to immune
dysfunction associated with aging, functional and cognitive limitations and the presence of
multiple co-morbidities that affect the integrity of host resistance®. Common endemic
infections in LTC include urinary tract infections (UTIs) and respiratory tract infections?.
Outbreaks are also frequently reported and the most common are respiratory and enteric
conditions!4. Older adults in these settings also undergo frequent care transitions which
have implications for the spread of pathogens® /. Colonization with multiple drug resistant
organisms (MDROs) such as methicillin-resistant Staphylococcus aureus (MRSA) and
vancomycin-resistant enterococci (VRE) in both endemic and epidemic infections is
increasingly prevalent* which adds to the complexity of prevention and management in this
older population.

While there are published guidelines for infection prevention and control in LTC, effective
prevention and control measures remain largely inadequate®. Most infection prevention
interventions in LTC have predominantly been adapted from those designed for acute care—
a clinical setting much different from LTC. Compared to hospitals, LTC facilities often
provide care for chronic functionally impaired residents for a prolonged period of time with
fewer available resources®8. Therefore, directly applying hospital-based interventions to
LTC is often unrealistic and may be inefficient given the nature of LTC settings. Identifying
evidence-based interventions specific to LTC is needed to tailor care delivery for this
growing older population. A previous systematic review examining evidence on infection
prevention interventions in LTC have been limited to oral hygiene and have cited a lack of
strong evidence®. Outbreak reports are frequently used to describe infections in this setting;
however, these reports are of limited value for assessing the effectiveness of interventions.
We found no systematic reviews which examined the utilization of planned intervention
studies on infection prevention and control in LTC. In addition, the quality of currently
available evidence is unknown. Such data are important for evaluating and developing future
effective infection prevention and control practices. Hence, the purpose of this systematic
review was to critically review and synthesize current evidence and the methodological
quality of infection prevention interventions in LTC.

METHODS

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement0 was used as a guide for this systematic review. PRISMA is a 27-item checklist
that ensures a standard method for transparent and complete reporting of systematic reviews
and meta-analyses; it is increasingly being endorsed by and adhered to for publicationll.

Search Strategy

Two reviewers systematically searched 3 electronic databases: Medline, PubMed, and
Cochrane Controlled Trials Register. The search terms, “infections”, “long-term care”,
“skilled nursing facilities” and “nursing home” were used in various combinations with
“pneumonia”, “sepsis”, “urinary tract infections”, “blood stream infections”, “bacteremia”,
“Clostridium difficile”, “multiple drug resistant organisms”, and “antibiotic resistant”. In
addition to the primary search, reference lists of review articles were also examined for
relevant citations. Other relevant studies were identified through expert consultation.
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Selection Criteria

Type of Studies—All eligible trials had to meet the following inclusion criteria:
intervention studies published in English from January 2001 through June 2011, conducted
in LTC settings (i.e., nursing homes) with elderly (i.e., population = age 65) in which
primary outcomes were infection rates and reductions of risk factors related to infections.
This 10 year time frame was chosen because we were interested in relatively recent
interventions. Excluded were editorials, commentaries, outbreak studies and interventions in
which outcomes focused only on healthcare workers and systemic pharmacological
interventions (e.g., antibiotics) other than vaccines. Interventions that only evaluated the
efficacy or immunogenicity of vaccines were also excluded. Additionally, we excluded
interventions that were conducted solely in LTC hospitals; however we included studies if
the sample of residents included both nursing homes and LTC units within hospitals. We
considered the intervention to be therapeutic if it provided treatment to reduce the infection
being examined. For instance, an intervention evaluating the effectiveness of providing
professional oral care for preventing pneumonia was categorized under therapy. On the other
hand, an intervention that evaluated the effects of a repeated education program to improve
dental hygiene was categorized as educational.

Two reviewers (MU and MP) assessed study eligibility. First, MU independently screened
abstract titles for which MP reviewed and confirmed eligibility. Differences in eligibility
assessments were resolved by discussion between the entire review team.

Outcome Measures

The primary outcome measures were infection rates and reductions of risk factors related to
infections. For instance, studies evaluating pneumonia incidence rates were considered for
inclusion. Additionally, evaluation of outcomes such as cough reflex sensitivity, a known
risk factor for pneumonia, were included; However, studies that solely evaluated non-
specific outcomes of infections such as overall hospitalization rates, mortality and antibiotic
prescription usage were excluded since these outcomes may not necessarily be a result of
infections. Our primary outcomes were infection rates or risk factors related to infections.
Therefore, we also excluded studies even if they reported mortality as a result of an infection
if they did not examine infection rates or risk factors for getting that infection.

Data Extraction

Data were extracted based on objectives, study design, sample size, type and duration of
interventions, outcome measures reported, and findings. Given the wide range of settings
and services provided in LTC, care variations may exist. To further characterize the context
under which the interventions were conducted, we also abstracted data by country, the
number of interventions employed, the number of facilities included in a given study and
whether or not the residents played a direct participatory role during the interventions.

Assessment of Methodological Quality

The same two reviewers independently assessed the quality of studies using a validated tool
developed by Downs and Black2. This quality assessment tool lists 27 criteria and evaluates
both randomized and non-randomized trials. The tool specifically attempts to measure study
quality across four domains: study reporting, internal validity-bias, internal validity-
confounding and external validity. As done in previously published reviews using the
Downs and Black tool, the original version was slightly modified for this review3. The
modified quality assessment scores were grouped into the following 4 ratings: excellent (26
to 29), good (20 to 25), fair (15 to 19) and poor (less than 15).
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Inter-rater reliability was established using a two-step process comparing independently
scored ratings. Quality scores within 2 points of each other were considered to be in
agreement. First, one study initially assessed to have the greatest score difference was
reviewed to make sure the criteria were being interpreted in the same way. Following
discussion and resolving differences, the reviewers independently re-assessed those with
score differences greater than 3. Upon completion of this process, all studies were rated to
be within 2 points from each other.

Study Selection

The electronic database search yielded 1978 articles. After excluding duplicates, 1920
abstract titles were screened for eligibility. Of these, 1889 articles were excluded based on
title screening and abstract review (see Figure 1). The main reason for excluding studies was
based on the study design: the majority of the studies did not have an interventional
component. Upon hand searching reference lists of recent review articles and consulting a
LTC expert, 3 additional studies were included. This resulted in retrieval of 34 full text
articles as potentially eligible. Upon detailed examination, 8 studies were excluded because
their primary outcomes did not include infection rates or reduction of risk factors and 2
studies were excluded because they were feasibility studies leading up to the larger, more
recent study conducted by the same investigator.

Characteristics of Studies

Selected characteristics of the reviewed studies are presented in Table 1. The majority of the
studies were conducted in the United States (n=9; 37.5%); the others were conducted in
Japan (n=7; 29.1%), Europe (n= 4; 16.7%), and Canada (n= 4; 16.7%). Overall, the majority
were randomized control trials (n= 16; 67%)14-29, where the primary interest was to reduce
respiratory infections (n=15; 62.5%) and focused on interventions that provided therapy (n=
17; 70.8%) as opposed to being educational.

Of the 15 studies that examined respiratory conditions, pneumonia was the most commonly
reported infection (n=12; 50%), and the most common intervention was oral hygiene. Of the
16 randomized trials, one study 30 was a feasibility study but was included because no
subsequent analysis by the same investigator was available. Eight studies39-37 were quasi-
experimental in nature but varied in terms of design complexity. For instance, Kullberg and
colleagues3’ examined an oral hygiene education program using a single site pre-posttest
design, while Ishikawa and colleagues3® examined the impact of professional oral cleaning
across multiple sites using three interventions.

Across the 24 studies, 12 studies (50%) had more than one component to the intervention,
and more than half (n= 15; 62.5%) were conducted at multiple LTC facilities.
Approximately three fourths of the studies required direct resident participation during the
interventions (n= 18; 75%), whereas, a quarter of the studies tested interventions on
healthcare workers, yet still evaluated resident infection outcomes (e.g., hand hygiene
studies).

Most studies (h= 21; 87.5%) compared two study groups: an intervention group receiving an
infection prevention or risk factor reduction treatment, and a control group receiving usual
or no care. Examples of exceptions were those in which 3 dental brand cleansers were
compared 17 or two solutions to irrigate urinary drainage bags were compared with water as
the control 15,
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The frequency of interventions varied across all and within similar intervention studies
ranging from weekly to as long as 1 year. Additionally, the duration of the follow-up
measurements varied from 4 days to longer than a year. Furthermore, differences were found
in the content level of similar interventions. For instance, two quasi-experimental
studies31:32 evaluating the impact of alcohol based hand sanitizers on nosocomial infection
rates provided hand sanitizers to healthcare workers in one facility. While Mody and
colleagues3? conducted a multimodal intervention (i.e., baseline questionnaires, 3 week
basic hand hygiene education for both groups, and 12 week education period for
intervention group), Fendler and colleagues3! provided hand sanitizers and instructed staff
on usage at the time of distribution.

Sample sizes varied and ranged from 20 to 1,006 residents; four studies had sample sizes
less than 50. For those studies that did not require direct resident participation during the
interventions, sample size was often not reported; instead, for example, investigators
reported 16 nursing home units as their sample population.

Thirteen (54%) of 24 studies reported statistically significant results in favor of interventions
on at least one of their outcome measures. Of the 9 studies reporting infection rates,
respiratory infection rates were explicitly mentioned in 5 studies!820.:21.28.31 A|| other
studies measured one or more infection risk-related outcomes: 8 studies measured oral
bacteria (e.g., number of colony forming units, plaque scores, presence of Candida albicans);
one study measured bacteriuria; one study measured vaccination rates; 4 studies evaluated
acquisition and or eradication of multiple drug resistant organisms; 5 remaining studies
measured outcomes such as cough reflex sensitivity and nosocomial infection rates without
further specification.

In general, there was no standardized definition used to examine infection rates. While many
studies defined an outcome measure, they varied in terms of how infections were confirmed
—using clinical judgment, radiographs, other laboratory tests or all three. Three studies
explicitly31:32 or indirectly2* mentioned using nosocomial infection definitions derived from
the McGeer criteria3®, a guideline used for defining infections in LTC. One study 1°
reported to monitor S. aureus infections based on the Centers for Disease Control and
Prevention definitions, whereas another study reported to have developed their own clinical
definitions of pneumonia and incorporated some of the McGeer criteria?l,

Methodological Quality of Studies

The methodological quality of the available evidence varied, and none of the included
studies fulfilled all Downs and Black criteria, with quality scores ranging from 11 to 27 out
of 29 possible points (mean: 18.8). The largest proportion of studies (n=9; 37.5%) were
rated as “‘fair’ quality. Alternatively, 7 studies were rated good and only 3 studies had
excellent quality. Five studies received a score of 15 or less indicating poor quality. A
frequently observed weakness was a lack of power analysis. In 10 of the 16 randomized
studies, the randomization method and allocation concealment measures were not
adequately described.

DISCUSSION

The interventions audited for this review varied considerably in terms of their content,
intensity, and duration. Definitions used for infections had substantial variability, making
between-study comparisons difficult. Particularly problematic was the lack of clarity in
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definitions of outcome measures; some studies used clinical assessments alone whereas
others included laboratory indicators. Despite the wide gaps, some critical insights and
meaningful patterns have emerged from among these recent interventions.

First, the majority of interventions were randomized control trials. This was surprising given
the nature of LTC settings. Since the residents live within the same facility, it is often not
feasible to blind the residents or healthcare workers caring for the residents. In many of the
studies reviewed, proper allocation concealment was absent, leading to lower overall quality
ratings and potential risks of bias. If future interventions are to be implemented under
current LTC structures (i.e., residential setting, socializing between residents) adequate
study methods to blind the researchers, data analysts and statisticians should still be done;
additionally, studies could utilize cluster randomized trial designs which can reduce some of
the risks of bias within studies.

Second, despite the high prevalence reported in LTC, few interventions specifically targeted
UTIs. Of the reviewed studies, only one study 1° carried out an intervention to reduce
bacterial counts in urinary drainage bags and two studies 2431 reported UT!I rates in
aggregate as part of the larger evaluation of nosocomial infection rates. The frequency of
therapeutic interventions focusing on oral hygiene is not surprising given the known
prevalence of pneumonia in LTC. However, more studies need to evaluate interventions
aimed at other types of infections on the rise such as multi-drug resistant organisms.

Finally, only one study 22 explicitly addressed the costs of conducting the intervention. With
the increasing cost of healthcare being a focal policy issue, there is serious need to pair
current effectiveness data with economic evaluations. Cost-effectiveness analysis
complements clinical evidence evaluation and is increasingly used to guide institutional and
public policy decisions 39. Few economic analyses of infection prevention strategies have
been conducted in LTC22. More economic evidence is needed to guide future decisions in
LTC that are tailored for this population.

This review has several limitations. Only English-language articles published in peer-
reviewed journals after 2001 were included. Limiting our search to publications after 2001,
however, is justified given the dramatic changes in infection prevention and control over the
past decade’. By including only published papers, we realize that publication bias may exist.
However, given that many of the studies reported non-significant findings, we do not think
this is likely. Attempts were made to be comprehensive in the search strategy; however,
because our selection criteria had a narrow focus, this may have resulted in exclusion of
some effective interventions. For instance, we realize that many intervention studies in LTC
have focused on healthcare workers and their rates of vaccinations and hand-hygiene
compliance. Additionally, it is important to note that older adults can reside in LTC settings
other than nursing homes. For instance, we excluded other extended care settings such as
psychiatric institutions where the residents are typically much younger than nursing home
residents?®. Furthermore, the exclusion of outbreak reports may have led to missing
interventions developed during these types of events.

Implications for Practice and Future Research

Gaps and inconsistencies surrounding infection prevention interventions in LTC are evident.
In general, the quality of evidence surrounding these interventions is weak. Valid data
regarding infection rates and risk reduction strategies are essential for guiding surveillance
and practice decisions. Perhaps most relevant, such data are vital to inform nursing home
administrators and policymakers that infection prevention strategies are as important in LTC
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as in hospitals for improving patient safety and quality of care. Infections in LTC,
particularly those associated with multi-drug resistant organisms, are of major importance to
the entire healthcare system because of the frequent transition of patients between the LTC
and acute care settings.

To promote clarity in reporting of infection prevention interventions, future researchers and
clinicians conducting such interventions should follow standardized protocols. One way of
ensuring adequate reporting is to use existing publication guidelines endorsed by major
biomedical journals such as the consolidated standards of reporting trials (CONSORT http://
www.consort-statement.org/) for randomized control trials and the transparent reporting of
evaluations with nonrandomized designs (TREND http://www.cdc.gov/trendstatement).
Both guidelines, CONSORT, originally published in 2001 and most recently updated in
2010 and TREND, published in 2004 were developed to improve clarity and consistency of
reporting research. In a review by Larson and Cortazall! the extent to which these
guidelines have been adopted for use in peer-reviewed publications varied. In their analysis,
they found 565 PubMed citations using CONSORT, while only 5 studies were retrieved
using TREND. Considering the frequency in which non-randomized studies are used in
infection prevention and control studies, the relatively low uptake of TREND for reporting
non-randomized interventions is concerning. Additionally, other researchers have cited the
need to use a more standard nomenclature to describe non-randomized interventions by
uniformly referring to pre-post intervention studies as quasi-experimental to avoid
confusion. In our analysis, of the 24 studies published after 2001, only one randomized
trial?’ reported using the CONSORT statement or other similar publication guidelines.

On the basis of our review, we recommend the adoption of existing publication guidelines to
assist in establishing clarity and consistency across future interventional studies. Adoption
of these guidelines should be embraced by journal authors and editors as a part of standard
practice for reporting research. We refer readers to the Resource Center on Enhancing the
QUAIity and Transparency Of health Research (EQUATOR http://www.equator-
network.org/resource-centre/library-of-health-research-reporting/) Network for a complete
list of currently available reporting guidelines as it expands on CONSORT, TREND,
PRISMA and other reporting guidelines for various types of research designs.

CONCLUSION

Infection prevention in LTC facilities is an increasingly important area of research and yet
significant gaps exist in the quality of interventions currently reported. Future researchers
and practitioners in LTC need to establish a comprehensive understanding of accurate and
consistent measures for enhancing methodological clarity using clearly defined outcome
measures and standardized reporting of findings. With increased attention surrounding
potentially avoidable infections, more high quality interventions will need to be tested to
solve the complicated problems of infection prevention and control in LTC.
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Articles identified in PubMed, Medline-OVID and Cochrane
Controlled Trials Register n= 1978

y

Y

Articles excluded based
on removal of duplicates
n= 58

Abstracts screened for eligibility n= 1920

\ 4

Articles excluded per title
screening and abstract
review based on inclusion
criteria n= 1889

A

y

Articles included per hand
searching reference lists,
expert consultation n= 3

Full text articles retrieved for detailed evaluation n= 34

y

Articles excluded: based
on inclusion criteria n= 8,
feasibility studies by the

same author n=2

Articles eligible for final inclusion in this review n= 24

Figure 1.
Flow Diagram

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.



Page 11

ul salods anbed
10 |9A3] U1 UOIONpal
‘SUBINW §129090}d3.4}S
pue gp/pueDd
10 N4D ur uonanpay

$8102s anbe|d ‘sueinw

$1120020108.1S PUR BOIPUED

[e10 4o (N42) shun
Buiwioy-Auojod 4o Junod

‘suononuisul
s, Jaimoejnuelw
01 Buip1029€ pasn
SI8SUBB|D [eIUBp
[e10J3WWO9 §

Jaddn
919]dwod yum
78 abe ueaw
‘sjuapisal /g

sAep gg porsad
Apmis [e30} ‘ 1.0Y

Buronpal
Ul SI8UB3[D aINusp
€ JO SSBUBANIYD
SSasse 0|

dnouf Jazniues
puey Ul Udas sayel
UOI393Jul [RILI0J0SOU
u1 uononpay

Areurin/Aioreaidsal :sares
UOI193JUI [RILIOJ0SON

l1aziues
puey ou palsgal
pue |0Jju0d
se panlas Aj1oe}
10 Japurewsl
‘Aupioey
JO S100]} p,€ pue
puc 01 papiroud
19znues pueH

auaIbAy pueH ‘feuoireonp3

HN Al01s-¢ v

poriad
Apnis yuow
7€ [ejuswiiadxa
-1send

SaYel U018yl
Je1woo0sou
uo asn Jazjues
puey joyoofe
0 10edW Ssasse 0]

eluownaud 0}
pale|al swisiueb1o0Io1W
paonpal
S1s1UaIBAY [euap Aq
3B 20 [BUOISS3J0Id

s319ads sn22090]Aydels
‘suvaIgpe D

aJed [ensn
PaAIadal |0J3U0d
‘s1s1ualbAy ejusp
Aq Appjoam ased
[eJ0 [euOISS3j0id

SHN Z woy
78 abe ueaw
‘'sjuspIsal 7T

syluow ¢ ‘ LoY

eluownaud
0} paye|al
swisiuebio00101W
1eJo uo aJed
[eJo |euoissajold
10 SSAUBAIBYS
aJen[ens 0

Jefauin
yum parebrin sbeq Joy
BLINLIS)OEBY Ul UORONPal
PaMoys [eAlalul
Inoy-gy ayy Ajuo 1e
paurelqo sainynd auLn

elnLsloeg

lajem
Yum pajisul
sbeq dnoib
1043u09 ‘1efauin
pajnsip jo
Jw 0 Jo apixosad
uaboupAy
40 WS ynm sfeq
abeurelp Areuun
0 uoneisul

Sa11|108) 818D
pajIs G woly

6'69 abe ueaw
‘sjuapIsal 0z

sAep ¢ Jano
S|eAJalul INoY
-7z 1e pajdwies
sbeq ‘uone|nsul
awn auo ' 10y

elINLIg)oRY
2onpal 0} sbeq
abeurelp ul Jebauln
Pa|IISIP SNSI9A
apixoJad usbolpAy
%€ JO uohe|isul
awn T JO S10aya
aulwIalep 0

S3INusp Uo
suratge D buiesipess
10} JusWIea.)
3[20S [BUOIIUBAUOD
UBY) BAI108)48 810W
S1 JUSLUILAI} SABMOIOIN

s8193ds sn29020]Ayders
‘suealqgre *J

uonnjos
[eUONUSAUOD
Ul payeos
SaINjuap [01U0D
‘panemoldIW
sainjuap dnoib
UONUBAIRIU|
‘0T pue
‘G ‘T sAep uo deos
lelgoJoiwnue
LM paqqnuos
saInjuap [Je ‘sAep
T Joj [ebungnue
Jeo1do) panIaoal
sdnoib ylog

suonnuisul g
woJy sainuap
Jaddn yum
T8 abe uesw
‘sjuapisal &

dn mojjoy
syuow ¢ ‘sAep
¥T uoleinp
uonuaAIBIUI
‘104

Buryeos
JeUONUBAUOD
yum patedwod
S8JNJUSP J934UISIP 0}
ABiaus anemoloIw
10 SSBUBAIAYD
aulwJIslep 0

p2100S Alend s N ;IUROLILBIS A|fedisieIS

S1|nsey

Qmw‘:.m.mm N BWOo2INO

UONUSARIU |

uonueA U | JoadA |

goldures

ubseq Apnis

anefgo

Uchida et al.

NIH-PA Author Manuscript

NIH-PA Author Manuscript

salpnmis papnjoul Jo Alpend pue sansusoeieyd Apms 10918S

NIH-PA Author Manuscript

;e B Aysiuion

SUOI03JU| [EILI0J0SON

available in PMC 2014 April 01.

JAm Geriatr Soc. Author manuscript



Page 12

Uchida et al.

uoie|osl
1081U0D INOYHM

sainsesw
uonnesaid uone|osi

dnouf uoiye|osi 19€1U0D dnouf asn ano|h Aipoey 10BIU0D JUBIBYI
0} pasedwod uoire|osi aunnoi o dnoib a|buis e e YIIM SHun uo
19€3U0D INOYNM UOITR|OS] 19€JU0D 65-GS abuel swsiuebio juelsisal
asn anolf yum vSHIN swsiuefio ay} Jaya 03 abe uelpaw [elgoJolwiue
/AYA J0 uonisinboe juelsisal Bnup adinw paubisse siayiom ‘syuapisal Jun pouad Apnis 10 uonisinboe swisiuefiQ ueIsIsay 00C
91 (=) U1 82UBJBJ4Ip ON Jo 8jel uonisinbay aIedyleaH uosiJedwo) 83Inosay pa|Is £82 yuow 9 ‘104 aledwod 0 Brnig adniniN e »xuL
Jeak auo Joy (3
ulwelAJo NI ¢
Apueaiyiubis Japip jou Ajuo Bulureuod) Sa11[198) SuonBuI
pIp INg ‘salel UoI1aUI ogaoe|d Jo (NI aled W.ay Aioresdsal
Aiorendsal Jamo| 002)3 Ulwena -Buo| gg wouy poriad uo syuswsajddns
Ul payynsal 3 UIWeNA suondayuI JO uonensIuIWpe ‘g abe ueaw uonuaAIBIU J UIWEBHA JO 10818 002
9z -) yum uonejuswsajddng Aioreaidsal Jo aouapiou| Alrea Adesayl ‘syuapisal /19 ek T ‘10Y 3} uIWIRIBP 01 Aiorendsay 1z e B luepfoy
ogaoe|d 0} pasedwod
dnoif uonuaaiaul
ayl ul 19V 40
MSI 8AIIR[2] JOMO] %68
‘ogaded ui Jaybiy ASY ogaoe|d juawajddns (1dv)
pue ezuanjyui 03 anp 10 SY99M ZT Buial] paisisse 10 SY9aMm ssau||l Aloresidsal
14V paw.iuod-ge| pue Joy Bw 002 2003 ‘SHN Wouy 2T ‘suoseas anoe Buionpai
BZU3N|JUI PaWIIJUOD sarel -1LAD Buasuib £g abe uesw BZUSN|JUI u1 0gageld yum 002
ford (+) -gje| JO 8ouspIOU| ssau||1 Alojelidsal anoy Ajrep 801m1 ‘[eI0 Adesay ‘SJuapIsal 86T 2'10¥ Buasuib asredwod o Aiojesidsay oz e ® feuey|3o N
RERETINS
punom Jo
PazIuo|09 paulewal /pue saJeu 0} sAep Sal[19.) 8Jed UoIeZIU0|0d
dnoib ogaoe|d T Jo} A|rep 821my wugl-buoj z sneune *S Buionpai
10 9468 aj1iym dno.b upolIdni yum paressy palaisiuiwpe woly ‘z'9/ abe ur ogaged ‘s
UOIIUBAIBIUL JO 94E6 Ul SJUBPISal Ul SUOIdBUL ogsoeld ueaw ‘snaune JUBWIUIO [eSeuRIIUl
UOIIBZIU0|0d PajedIpeld Snaine °S ul uoiaNpal 1o Adesayy 'S JO SIB1IBD dn moj|o} 10 Aoeaiye swisiuefiQ JuelsIsay €002
522 (+) Apueoiiubis utoolidnin ‘UOIIRZIUO|0D $1784NE °S urvosidnipy Adesayl ualsisiad /2T syuow 9 ‘10Y auIWILIBp 01 Bniq sjdnininl e’ e ® ApoN
qnJ puey
10 UOIONPOUI
sgnu Buimojjoy pouad
puey paseq |0YodJe Jo sqnJ puey paseq UOIBAI3SqO SaYeJ UOIIIajUI
uoIINPOAUI Ja)e Sarel Joyo9Je 8anposIul Juow uo gni puey
UoI1934Ul [e1LL0J0S0U 0} ubredwed TT [euawiadxs paseq |oyodJe 0o €002
ST (=) U1 82UBJaJ4Ip ON Sajel UONI8JUI [RILI0JOSON Jeuoneanp3 auaIbAy pueH ‘jeuofeanp3 SHUN HN 2 -1sen® 1oedw] BUIWEX8 O]  SUOIIIBJU| [BILUIOIOSON zc'1e ® ApoN
aJed [ensn
pan1adal dnoih
10J3U09 ‘Y9am
© 92U0 SISIUBIBAY
[e)uap Aq SHN
dnoif uonuanialul UL Buiues|d JeJo pue TT woulj sieak eluownaud
Jamo| sem eluownaud sainseaw aualbAy 28 obe ueaw sleak g $90Npal a1ed |elo 140074
502 +) J0 8ouapIoU| sa]el elUOWNaUd |elo paolojuy Adesayy ‘siuspisal /Ty dnmojjo) ‘108 J3Y18YM SSasse 0] Aiorendsay g1’ B eweAsuo A
10J3u09 0} pasedwod 1043U09 suoiNsul g sainuap
dnoif uonuaaiauI Se PaAIas Jarem woJ} sainuap uo swsiuefioosoiw
pP109S Alfend UBs N 5IUedIUBKS A|[edlsITeIS s)nsay gs° INses I\ SWoINO UOIIUBABIU | uonuaABIU| JoadA | glldures ubsaq Apnis aAe (00 adA ] uonoeyu| 891n0S

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2014 April 01.

JAm Geriatr Soc. Author manuscript



Page 13

Uchida et al.

Ajrep
921M) 8sull yinow
auIpIXayJofyd

pasn pue
sAep G 1o} Aep e
SawI} € JUBWUI0 SHN eale
|eseu urdosdnw pue [endsoy
paniadal wouJj ‘dnolb
sdnoib yioq ‘sAep uonuanIaul
ogaoe|d G Joj ogaoe|d ul
pue dnoif uonuaniaul J0 uonnjos T, abe ueaw  dnmojjoj Aep 0 WSHIN Bunedipels
uaamiaq sAep 0g Jaie auIpIXayJolyd ‘sjuapisal ‘sAep g uolreinp 10} auIpIXayJojyd
aJel uonedIpels WYSHIN Buisn Buiysem annisod uonuaAIaIUL yum Buiysem Apoq swisiueBiQ JuelIsISay 1002
[o74 (=) 11eJBA0 U1 30UBIBLIP ON uonedlpel3 YSHN Apog sjoyMm AdesayL VSHIN ¥TT ‘104 9]0yM Ssasse 0| Brug sjdninn gz [e B 1P\
syuow
dnoJb ogade|d snsian 6T 10} Ajrep pouiad uonoauI
dnoib uonejuswsajddns paJaisiuiwpe SanI|1oe) 3oue||18AINS 10 saposida
|eJaulw 0gaoe|d snsion 2led W.a) Yuow 8T uo uonejuawa|ddns
pue UIWENAI}NW 8y} uoprejuswalddns -Buo| Tz woly ‘syjuow 6T 10} IENI]
U3aM1aq Sared Uoidajul [esauIw Gg abe ueaw  uonedlpaw Apnis pU® UIWEMIA JO 2002
12 -) U1 30UaJaIp ON Sajel UONJaJUI [RILUOJOSON  pue UIWEHARINA Adesay ‘sjuapIsal €9/ pan1sdal ‘1 0y 109149 91EN[EAS 0] SUOIJ3JU| [eILIOI0SON yZeen
u1yoaled
©3] INoyIM
dnoib pa|bueb dno.b uo18UI BZUBN[JUI
10J3u03 03 pasedwod 10J3U09 ‘Syjuow HN syuow Jo uonuanaid
u1yoa1es yim pajbied € 10} Aj1ep sawin albuise woiy ¢ uoneinp Apnis uo u1yoales
1ey3 dnoif ui Jamoj sem € 10B11X3 UIYda)ed €8 abe ueaw ‘|ejuswitiadxa ©a) Builbueb Jo 900¢
1T (+) BZUANJJUI JO 32UBPIAU| S31eJ UOII3juIl BZUSN|U] ©al yum pajbires AdesayL ‘sjuapIsal ¥ZT -1sen® $103)J9 a1en[ens o Aiojelidsay ye' e P epewe A
SHN ®aJe pue
$100]} 8Jed
dnoif juanedul pue
uosttedwod ou lenuapisal $199|n pajoajul
‘pag punom wouy ‘SoIUIfo Alreatuoayd u
swIeall QAN (el18108q J0 SadA your T padeld puUNOM WO} dn mojjo4 B1I319Rq JO Junowe
916uls Jaye syuapisal 1310 JO SsuoleuIquiod dwe] DAN Buisn panIoal ‘g T/ ou “jsod-aid aonpal 01 (OAN) D
Ul US8s elIs)deq pue ‘snaine 'S ‘YSYIN) JUBWIEA.} PU0JBS abe ueaw JejuawiIadxa b 18]01NRNIN JO swsiuebiQ uelIsIsay S00¢
G'GT (+) JO Junowe ul uorNpay punom up Junod eLivloeyg 08T 91buIS AdesayL ‘syusplsal gz -1send Ajige ayenfens o1 Brug sdninn e’ ®reylL
aIed
[ensn panladal
dnoJb j013u02
39aM © 82U0
sis1uaIbAy Jeyusp
Aq pajuswbne
dnoib aIed ‘yjuow
10J3u03 03 pasedwod T Joy jeaw AJana
dnoib uonuanIaIUl BY) Jaye sanuiw
ut JayBy sanIAnIsuas G Jo} Ajrep HN 9jButs Aunnisuss
Xa|481 ybnoa s1anibared Aq ' WOI Z'/8 xa]431 ybnoa
‘dnoub uonualaul Burues|d paniadal 01 g8 abuel sAep og uoneInp pasredwi uo ased
ur panoidwi sAep g 1€ dnoub aseo abe ueaw uonuaAIaIUI [elo aAIsualul JO 00¢
02 (+) Auanisuss xapyal ybnod ANAnisuss xa|3a1 ybnod |eJo aAIsualu| AdesayL ‘syuspisal 09 ‘104 5108)49 a10]dxa 0L Aioyesidsey ¢z [ 1B opuere\
pP109S Alfend UBs N 5IUedIUBKS A|[edlsITeIS s)nsay gs° INses I\ SWoINO UOIIUBABIU | uonuaABIU| JoadA | glldures ubsaq Apnis aAe (00 adA ] uonoeyu| 891n0S

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2014 April 01.

JAm Geriatr Soc. Author manuscript



Page 14

Uchida et al.

dnoJb j01u02

‘sauljapinf suoseas saulapinf paseq
]0JJU0I SNSIBA dVHN BZUBN|JUI 90UBPIAS [euOlleU
dnoif uonuaialul 10 SUOISSaS ¢ Buunp Bunuswsajdwi
U1 Udas sarel [euoneanpa palonpuod UoUaAIBIUI
UOITRUIDIRA JUBPISl pue sabueyd |ejuaiIadxa Aseurjdiosip-nnw (0]1074
11 =) 10 Juswanoidwi oN S3JeJ UOJJRUIOIR A Jeuonnyisu| [euoneanp3 SHN 9T -1sen® 10 510849158} 0 Aiojelidsay o' ® NNH
aIed
[ensn panladal
dnoJb j01u02
Jo3u09 pue dnoib ‘sawoy Buisinu aouajenald WSHIN
UOIUBAJIBIUI U3aMIaq 9T 03 weiboud uo weiboud Buiuren
pouad Apnis yiuow Burures; pue 8 abe ueaw pue uoneanpa
2T J1ano aousjenald uoIBINPA |0JIU0I ‘SHN Z€ wouy 10J3U09 UoRYBUL swisiueB1Q welsisay 0T0C
Sve (=) VSHIA U0 19818 ON aousenald WYSHIN uonaayul yidap-uj Jeuoreanp3 ‘Sjuapisal €6/ Syuow gT ‘10Y  Ue jo3oedwi 1s8) 01 Brnig adniniN 17’ e B uimpreg
Ajrep
|eaw yaea Yyum Buiysniq fenuew
sanbiuydal Buimojjems Jo sanbiuyday
Ul uonoNIIsul Jo Buimoljems
aimsod Buipaay saibap ‘aimsod
06 UBY} 8AI98Y8 Buipaay aaibap 06
alow Apuesyiubis 01 paubisse dnoif
jou sem Burysnig Buimoljjems 9g abe
lenuew ing sdnoJb ¢ |fe £10JJU02 ou ueaw ‘(dnosb
u1 paanpal Buimojems ‘Alrep sarouanbaiy UonUaAIAI
Burinp ybnoo jo pETETTN ) Buimolems 10198} Msi
Aouanbai4 ‘uonusnlsiul Je asull yinow u1 oz ‘dnoib eluownaud Buronpal
aled [10 SyoW g auIpIXayJolyd UonUAAIRI Ul SSBUBAIII3YD
10 pus 1e saloas anbejd snid Buiysnuq auaIbAy uoneinp pue aouaJaype
u1 uononpal Juealubis Buimoljems leJo [enuew [eJo ut Apnis syuow es ‘Aujigisesy
pey dnoub auaibAy Burinp ybnoo jo Aouanbaly 01 paubisse dnolb 0€)Siuapisal € [ejuswiiadxa J1oy sj0a0301d 6002
8T (=/+) [elo ul syuapisal J0 %06 ‘sa102s anbeyd |el0 auaIbAy el Adesayl HN 2§ -1sen® UONUBAIBIUI 1S8] 01 Aiorendsay os'[e B O|prelBend
0gade|d panIadal
dnoib dnoif uosiedwod
a)sed ogaoe|d ul usas ‘uswibas
SeM asealoul Ue a]Iym auaIbAy [eio Ajrep oqgaoe|d zpipue)
dnoif uonuaiaul aunnol Jo yed ui g8 ‘dnoib |edo uo (z4us
Ul pasealdap se A|rep aoimy UOIUBAIBIUI -4Wy/) UOMeUIqUIOd
SIUN0J ZPIpUED URIPaW pasn suolyesedaid ul apuonyy
Nq SIUN0 EDIPLED a1sedy100} 28 abe ueaw syuow snouuels-apLIon}y
|eJO UeaW Jo8)ye pue asul yinow ‘sjuapisal g uoneinp aujwe [ed1do} e Jo 600C
T (=) 10U pIp Z4US-HJWY SUN02 2pIpUEBD 1BIO Z4us-Juy Adesayl HN v6T Apnis 10y 3sn 8y} aulWwexs 0] Aiorendsay oz € B lewune
Aouanbauy
pue Ausuayi
painisul ‘Airepow Buikren
SeMm aJed |euoissajold seuowopnasd UM Xaam SHN BlI8)oeq
APjaam uaym sanijioey ‘goipuE) ‘199090]Aydels B 99U0 1s1UaIBAY € wolj ‘g'z8 uoneinp |eabueseydolo
€ ||e SS0IOR pasealoap ‘1900001da.11s Jejuap e Aq ased -6'6. abues Apnis syuow 10 douajenaid
elg1eq [esbueleydoio ‘el1910eq 810} 4o} (N4D) |eJo Jeuoissajold abe ueaw G |ewBWLIadxs leutpnubuol 8002
SET (+) JO S|anaT suun Buiwioy Auojod papinoid Adesay ‘s)uapisal zoz -15en® alenjens o Aioyesidsey g [e B eme)Ius|
pP109S Alfend UBs N 5IUedIUBKS A|[edlsITeIS s)nsay gs° INses I\ SWoINO UOIIUBABIU | uonuaABIU| JoadA | glldures ubsaq Apnis aAe (00 adA ] uonoeyu| 891n0S

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2014 April 01.

JAm Geriatr Soc. Author manuscript



Page 15

Uchida et al.

'|001 3j0e|g pue sumoq pardepe ay Buisn SIBMBIASI OMI B} USaMIaq 8109s Alifenb afelane sy} sem 81095 Aljend uesiy

0

‘s}ynsal Juealyiubis-uou pue Juedlyiubis y1oq punoy Apnis J1 (—/+) ‘sainseswl awWodIN0 Uo 3auedlIubIS ou punoy Apnis i (-) ‘sainseaw awoano uo (Go'0>d) synsai punoy Apnis i (+) paodas aauedlyIubls _mo_wm_@mu

"SUOI}0B)UI 0} PaYR|a] S10108) YSHI 10 Seyel uooayul Buiiodal pake|dsip sainseslu aWO2INO 199|383

q

*Apnis ayy ul pajedionted oym s10algns Jo Jaquinu ayl AjLIBSSadau Jou ‘pajjolus Jaquinu ay si pake|dsip azis m_QEmwm

3Jed |esodnwi

dnoub [esoonw ou ou YlIMm aled
ut Jaybiy Apueoiyiubis |eJo Jeuoissajold
BoIPUED UNM SJUBPISaY :[0u0d
‘aled |esoonw ‘{(Buiuesjo
YIIM Sjuaplisal oy sa10ads |esoanu) suaboyyed
sypuow ZT Inoybnoayy BpIPUED UM SJuapIsal aJed [esoonw 1'9/ abe uesw [€J0 JO UOI1eZIUOJ0d
Apuesiiubis pasealosp 10 Jaguinu ‘sueinui Yum ares ‘sjuapisal uoneinp Apnis Uuo aJed [esoanw (011074
6T (+) SIUN0D §/192090108.1S $N220901d5/1S 10 13NN [eJO [BUOISSB)01d Adesay L HN 05 yuow 2T ‘10Y 4O S103)49 $Sasse 0. Aiojeidsay 6z 16 P ewekIusIN
aouaploul
ogaoe|d eluownaud
dno.b uonuanaul panladal dnoih /'8 abe UO 8UI99eA
Ul U3as uononpal 10J3U09 ‘BUIDIeA ueaw ‘sHN [ea2020wnaud
8ouaploul eluownaud |e29020wWnaud €2 ‘sfendsoy JuajeA
[e32090WNaUd SENERLET] 6 Wouy sypuow 9z -£2 JO SSBUBAIIaYD (0)1074
59z (+) [eluownaud 30UBPIdUI BIUOWNAUY sjuapisay 3UIDJBA SuspIsal 900T  dn mojjo) ‘10Y aulwJalep 0 Aiojesidsay gz e Beweinen
Ajrep 221wy |86
auIpIXayJojyo asn
0] PAPUAWILLIOIAI
:$aysn.qgyioo}
21U0J393]9 UBAID 69 aualbAy
$8102S 91aM SjuBpISal —99 abuel abe dn |eluap anoidwi
anbed ur uononpal ‘jpe1s Buisinu loy ‘uoien|ens ul MO]|0} SH9aM € 01 JJels Buisinu Joy
PaMoys syuapisal 1s1uaIBAY [eIUBP papnjoul HN ‘uBisap 1s0d-a1d wresboud uoneanps
‘Buluresy pue uoneoanpa Aq pa| uoneanps 81buIs wo.y |eluswiIadxa payeadal Jo (0]1074
G'GT +) 150d syPaM € 1V $9100s anbeyd jel0 auaIbAy ewuaQg |euoreonpy sjuaplsal £y -1sen® 109JJ9 dJenjeAs o Aiorendsay s’ e B bg|ny
ased
[ensn panladal
pP109S Alfend Ues N 5IUedIUBKS A|[edlIsITeIS s)nsay gs° INses I\ SWo0INO UOIIUBABIU | uonuaABIU| JoadA | glldures ubsag Apnis aAe (00 adA ] uonoeyu| 891n0s

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2014 April 01.

JAm Geriatr Soc. Author manuscript



