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Structured Abstract

Objectives: To create a systematic synthesis of the published evidence about the prevalence of
eight geriatric syndromes and their association with survival and institutionalization, and to
provide a review of models that report survival in elderly populations.

Data Sources: Original epidemiologic studies were sought from several databases to identify
articles published in English from January 1, 1990 to April 25, 2010.

Review Methods: We identified studies of multiple morbidities, mild cognitive impairment,
frailty, disability, sarcopenia, malnutrition, homeostenosis (i.e., impaired homeostasis), and
chronic inflammation in the general elderly population and age, race, and sex subgroups. We
developed standardized forms using different definitions of these syndromes and abstracted
prevalence of the syndromes. Multivariate adjusted risks of mortality and institutionalization for
elderly patients with syndromes were abstracted to calculate remaining life expectancy. Pooled
analyses were conducted with random effects models. Statistical and decisionmaking models
were appraised for content, simplicity, and validation.

Results: Of the 2,377 publications retrieved, 509 publications of 123 studies were eligible for
review. Definitions varied within each syndrome and overlapped across all syndromes.
Prevalence estimates increased with age. African Americans had higher prevalence of multiple
morbidities, frailty, malnutrition, and disability when compared to Caucasians. Evidence on
other minority subgroups was sparse. All syndromes were associated with increased risk of death
and institutionalization. A negative association between prevalence of a syndrome and its effect
on survival was evident across all syndromes. Impaired homeostasis and dementia were
associated with the lowest survival among elderly persons when compared to the general
population. In the young-old, ages 65—74 years, those with homeostenosis, poor health, or
advanced dementia suffered significant decreases in predicted life expectancy. The syndromes
affected the likelihood of death more among the young-old. In those older than age 90 years, the
added value of factoring in conditions and syndromes to evaluate the link to mortality beyond 1
year was minimal. Complexity was not associated with better mortality models in elderly
persons.

Conclusions: Syndromes are not independent; definitions and prevalence estimates overlap
substantially. Some minority subpopulations had higher prevalence of the syndromes. Less
inclusive definitions had lower prevalence but were better predictors of outcomes. Complex
mortality models added less benefit to simpler models that included age, specific diseases, and
impact on overall health and functioning. For younger old persons, syndromes most strongly
linked to mortality were homeostenosis, poor health, and dementia.

Common Syndromes in Older Adults iii Minnesota Evidence-based Practice Center



Contents

EXECULIVE SUMIMATY ...euviiiiieiiieiieeiteeite ettt et ettt eeaeeteesebeesbeeesbeesaesaseesaeesseensaesnsaensseesseensees ES-1
Chapter 1. INtrOQUCIION ......veieiiieeciie ettt e et e e et e e et e e s e e essaeeessbeeesaseeesseeesseeensseennsseenns 1
K@Y QUESLIONS. ...eeueieeiiieiieeiieeeit ettt et e et e it e et eebeeeateebeeeabeeseeenseenseeesseeseesnseesaeanseesnesnseenseennns 1
FOCUS OF the REVIEW ..ttt e e e e e e e e seb e e nveesnseeennaeas 2
Chapter 2. MEtROAS ......vieeieiiieieeeie ettt ettt ettt e e be e e e b e e ssaeeabeessaeenbeensaesnseensaeenns 4
Selection of Eligible SYNAIOmMES ........c.cieiiiiiiiieeiie ettt e e e eeeneeeeaeeen 4
SEATCH STIALEZY ...vveviietieeie ettt ettt ettt s e et e st e ebeessaeesseesaseenseessseensaessseenseensnesnseens 4
B GIDIIILY ..ottt ettt ettt ettt et a bttt naeenne 5
EXCIUSION CIILEIIA ..uviiiiiiieiiieciie ettt e et e e et e e s te e e e ta e e e saveeessbeeessseeesseeesseeensseeesseeenseas 5
Data EXITACTION ....euiiiietieieeiieieete ettt ettt et e ettt e et et esbe e bt e e e sstenbeenbesaeenaeennens 5
Data SYNERESIS. . .veoutiiiiiiiiiiecteet ettt ettt sttt et 6
QUALILY ASSESSIMCNIL ...euvvieiieniieeiieeiieeieestteeteesteeeteesteeesseeseeseseessseasseessseensaessseasseenssesnseesssessseenseas 8
Rating the Body Of EVIAENCE........cooiiiiiiiiiiiiee e e 8
CRAPLET 3. RESUILS ...eiiiiiiiiie ettt ettt et e e et e e et e e st e e s bt e e esbeeesaseeesseessseesnsseesnnseenns 9
Key Question 1. What is the Definition and Prevalence of Common Syndromes/Conditions in
O1AEI AULIES? ..ttt ettt st b et b et et s et e bt et e ea e bt entesaeenbeennens 10
MUILIPIE MOTDIAILIES. ...eeeiieeeiiieeiiee ettt ettt e e e e e e e are e e e e easeeenseeennneas 10
CogNitive IMPAITIMENL. ......ccveeiieiieiieeitieeie ettt ettt e ebeetee e e e seessseesseessseesssesnsaessneanns 11
FLATIEY ©oneeeee ettt st ettt 12
DISADIIILY ..ttt ettt ettt et na et e a et enee e 13
N EE ) (6100157 11 PP 15
IMAAIUETTEION ...ttt ettt et s e st esbt e eab e sbee st eenbeeeaee 16
Homeostenosis (Impaired HOMEOSASIS) .....ccuvieiieriieiieiieeieeeieeee et 18
Chronic Inflammation .........cocceeiiiiiiiiii et 18
Key Question 2. What is the Prevalence of Common Syndromes/Conditions in Older Adults in
Sex, Age, Race, Ethnicity, and Other SUbZroupS? .........cceeviieeiiiieiiieeieeee e 18
MUItIPIE MOTDIAILIES. ...ttt ettt sttt s 18
Cognitive IMPaITMENT........cccuiiiiiiieiiie ettt eeeare e s eesbeeessbeeessseeenseesnseeens 19
FLATIEY oottt sttt 21
DASADIIILY ..t e e e e e e e e e e abeeenaeeeneeas 22
SATCOPEIIIA ...ceevieiie ettt ettt et e et e s bt e et e e seesabeesseeesbeesseesnseesseasnseesnas 24
IMAAIIUETTEION ..ttt ettt ettt et e sttt e bt e e bt e saee et e e naeeenee 24
Homeostenosis (Impaired HOMEOSASIS) .....ccuvieiieriiiiieiiieiieeieeiee et 25
Chronic Inflammation .........cocceeiiiiiiiiii e ettt s 25
Key Question 3. What is the Association Between These Common Syndromes/Conditions and
Mortality, Institutionalization, Hospitalization, and Activities of Daily Living?....................... 25
MUItIPIE MOTDIAIEIES. ...eouieiiieiieeiie ettt ettt ettt e ebe e e e e e sneeenne 25
Cognitive IMPAITMENT........cccviiiiiiieiiie ettt e e e tee e s aeeesbeeessbeeessaeeesseeennseeens 27
FTaATItY oottt ettt ettt ettt et eb e abeebeenaaeenne 28
DIASADIIILY ..eieiiieeiee e e e e e et e e e e e e eaaaeenaeeenneeas 29
SATCOPEIIIA ....evvieniieeiiieiieeie ettt ettt e st e et e estae e bt estteesbeensaesaseessbeesseenseesnseenseesnseeneas 31
IMAAIUETTEION ...ttt ettt et eat e et e s b e et esae e enbeesaeesabeenaeeenee 32
Homeostenosis (Impaired HOMEOSLASIS) .....ccveeiieriieeiieiiieiieeieeiteeie ettt e 33
Chronic Inflammation .........coceeiiiiiiiiiee ettt 33

Common Syndromes in Older Adults iv Minnesota Evidence-based Practice Center



Key Question 4. What Statistical and Decisionmaking Models Report Mortality Based on

These Common Geriatric Syndromes/Conditions? ............ceccuveeeiieeeiieeeniiie e e eeeees 35
StatistiCal MOACLS ..ottt sttt 36
CRAPLET 4. DISCUSSION ..veiiuerieeiiieeiieeesteeesteeesteeessseeassaeesssseesssseesssaessseeesssesesssesesssesessseesssseesnsseesnsses 40
FUture RESEATCH ......coviiiiiiec et 42
References and Included StUAIES ..........ooouiiiiiiiiiiii e 43
ACTONYMS/ADDICVIALIONS .....vvieniieiiiieiie et eite ettt ettt e et esteesteesaaeesbeeseaeeabeessaeenseenseesnseenseeesseensnes 61
Tables
Table 1. Mortality Among Older Persons With Geriatric Syndromes............ccccoeevveeieennienieennens 62
Table 2.  Population Risk of Mortality Attributable to Geriatric Syndromes, Sorted in
Descending Order of Population Attributable RisK...........cccooviieviiniieiieniiiiieieeeeee, 64
Table 3.  Differences in Remaining Life Expectancy Between Older Persons From the General
Population and Older Persons With Geriatric Syndromes.............cccoeevveriieicieenieecneennen. 65
Table 4. Population, Intervention, Comparator, Outcomes, Time, and Settings for Each Research
Question (PICOTS FramewWork) ..........cccueeriieriieiiieiieenieeeie e eieeseveeveeseneeseessneenneens 66

Table 5. Definitions of Homeostatic Dysregulation in Older Persons, Modified From Kuchel...67
Table 6. Reported Components of Frailty Syndrome By the Interventions on Frailty Working

GTOUD ettt et ettt e et e et e ettt e e bt eesab e e e st eeeeabeeebbeesbbeesbaeesbeeas 68
Table 7. Summary of Basic and Instrumental ADL Disability Definitions..........c.ccccceveerienneenee. 69
Table 8.  Prevalence of Multiple Morbidities in Older Persons...........c.ccooeevvenieneniicneenensicneenne. 70
Table 9. Components of Systems Classifying Cognitive Impairment in Older Persons .............. 71
Table 10. Definitions and Prevalence of Frailty .........c.cccocoviiiiiiiiiniiniieeeceee 72
Table 11. Number of Studies and Prevalence Estimates By Each Criterion of the Definition of

FLailtY ottt 73
Table 12. Prevalence of Basic ADL Disability (Evidence From Good-Quality Studies)............... 74
Table 13. Increase in Individual Basic ADL Disability Over 5 Years ........cccceeeevercieneenensieneenne. 75
Table 14. Prevalence of Instrumental ADL Disability (Moderate to High Level of Evidence).....76
Table 15. Increase in Individual Instrumental ADL Disability Over 5 Years (Good-Quality

11016 |7 TP 77
Table 16. Prevalence of Multiple Morbidities in Older SUbZroups..........ccceevveeriieiieniiienienieeiens 78
Table 17. Prevalence of Basic ADL Disability in Women and Men.........ccccoeeevveeecieeeniieenieeeneen. 79
Table 18. Differences in Instrumental ADL Disability Prevalence By Sex (Good-Quality

INAIVIAUAL STUAIES) ...veeeiiieeiiieeeeee et e et e e e e aaee e 80
Table 19. Prevalence of Basic ADL Disability By Ethnic Group (Good-Quality Individual

STUAIES) 1nvieeiiie ettt et e st e et e e et e e e taeeeaaeeesseeesssaeeasseeeesseeeasseeesseeennaeeans 81
Table 20. Differences in Prevalence of Moderate Basic ADL Disability By Age and Sex (Good-

QUALILY STUAY) c.vieeiiieeeee et ee e e e be e e eeenaeas 82
Table 21. Differences in Prevalence of Severe Basic ADL Disability By Age and Sex (Good-

QUALILY STUAY) c.vieeiiieeeee et ee e e e be e e eeenaeas 83
Table 22. Association Between Multiple Morbidities and Clinical Outcomes...........c..cccceevenenee. 84
Table 23. Association Between Disability and Risk of Hospitalization (Moderate-Quality

INAiVIAUAL STUAIES) ...veeeeiiiiciiee ettt et e e e ar e eareeearee e 85
Table 24. Association Between Disability and Risk of Death (Good-Quality Individual

STUAIES) 1.ttt et e e et e et e e e etb e e eetaeeetaeeebeeesbaeeesseeeenbeeeeabeeeaaseeenreeans 86

Common Syndromes in Older Adults v Minnesota Evidence-based Practice Center



Figures
Figure 1.

Figure 2.

Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.

Figure 9.

Figure 10
Figure 11

Figure 12
Figure 13

Figure 14
Figure 15
Figure 16
Figure 17
Figure 18

Figure 19

Figure 20

Figure 21
Figure 22

Figure 23
Figure 24
Figure 25

Negative Association Between Prevalence of Frailty and Relative Risk of Mortality and
Institutionalization Among Different Definitions of Frailty: Measurement Effect........ 87
Negative Association Between Prevalence of Cognitive Impairment and Relative Risk
of Mortality and Institutionalization Among Different Definitions of Cognitive
Impairment: SeVerity EffeCt........ccooiiiiiiieiieeieeeeee e 88
Negative Association Between Prevalence of Geriatric Syndrome and Relative Risk of
Mortality: Tendency of Lower Risk for Higher Prevalence Across All Syndromes......89

Survival in Older Persons in the General Population and With Geriatric Syndromes:
Effect of Relative Risk of MOTtality .......coccvvieeiiiiiiiiecie e 90
Conceptual MOdEL.........ooouiiiiiiiiecieeieeee et et e e naeenraeas 91
Results of Ranking EXETCISE ......eeeuieiiiiiiiiiieeiieie e 92
SUAY FIOW ..ttt ettt et e e sbe et e eebaesseeesseensnesnsaens 93
Prevalence of Three or More Chronic Conditions Among Older Persons By Percent of
Poverty Level: United States, 2005 (Good-Quality National Survey) .........ccccecveeeveennee. 94

Increase in Drug Visits in Which at Least One Prescription or Nonprescription Drug
Was Recorded on the Patient Record Form, per 100 Older Persons (Good-Quality
INAIONAL SUIVEYS).c..eeuiiiiiiiiiiieitieit ettt sttt 95
. Increase in the Number of Drugs per 100 Older Persons (Good-Quality National
SUIVEYS) ettt ettt ettt et b ettt sat ettt e sbe e bt eatesaeenaeennens 96
. Percentage Increase in Drug Visits and the Number of Drugs per 100 Older Persons
From 1994-1996 to 2004-2005 (Good-Quality National SUrveys) .......c.ccceceevveeveenen. 97

. Prevalence of Fair/Poor Health Status in Older Persons (High Level of Evidence) ...... 98
. Prevalence of Amnestic or Multiple-Deficit Mild Cognitive Impairment in Age
Categories (Low Level of EVIAeNnce) ......ccuvveiieeiiiieiieeeiieeeeceeeeee e 99
. Prevalence of Cognitive Impairment in Older Persons Defined as an MMSE Score of
<24 (Moderate Level of EVIAENCE) ....cccuviiiiiiiiiiieiiiceiie et 100
. Prevalence of Severe Cognitive Impairment in Older Persons Defined as an MMSE
Score of <15 (Low Level Of EVIdence)........ccoevvieeiiieiiiiieiieeeeceeeee e 101
. Prevalence of Cognitive Impairment in Age Categories of Self-Respondents (High
Level Of EVIAENCE) ....cicuiieiiieeiiiecieeceeee ettt ettt e e e e s e enaeeens 102
. Prevalence of Cognitive Impairment Using the 10-Item Short Portable Mental Status
Questionnaire (High Level of EVIdence) ........ccooovvieiiiiiiiiiecieeeeecee e 103
. Prevalence of Senile Dementia in Older Persons According to Definition (High Level
o) Bl DA U 1S3 1 Lo TSRS 104
. Prevalence of Dementia in Age Groups: Results From the East Boston Study and Meta-
Analysis of 13 Epidemiological Studies of Senile Dementia (High Level of
EVIAENCE) ...ttt e et e e e e aneeeraeeans 105
. Odds of Higher Frailty Prevalence Estimates (>20%) in Studies That Included
Components in the Definition of Frailty Compared to Those That Did Not................ 106
. Prevalence of Frailty in Older Persons (High Level of Evidence) ..........c.ccccveeennnnnnee. 107
. Differences in Prevalence of Frailty in the Same Population According to Definition:
Results From the Health and Retirement Study (Good-Quality Study) ............ccc....... 108
. Prevalence of Any ADL Disability (Good-Quality Studies) .........cccceeeveveenienireneennen. 109
. Prevalence of Moderate or Severe ADL Disability (Good-Quality Studies) ............... 110
. Prevalence of Bathing ADL Disability (High Level of Evidence).........c.cccceeveennennnen. 111

Common Syndromes in Older Adults Vi Minnesota Evidence-based Practice Center



Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.

Figure 33.
Figure 34.

Figure 35.
Figure 36.

Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.

Figure 42.

Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.
Figure 50.

Figure 51.

Prevalence of Dressing/Hygiene ADL Disability (High Level of Evidence)............... 112

Prevalence of Eating ADL Disability (High Level of Evidence) ..........ccccceeveivennnnn. 113
Prevalence of Individual ADL Disability (High Level of Evidence) ...........c.ccceeu...... 114
Prevalence of Instrumental ADL Disability (High Level of Evidence) ....................... 115
Prevalence of Individual Instrumental ADL Disability (High Level of Evidence)......116

Prevalence of Telephone and Transportation Instrumental ADL Disability (Low to

Moderate Level of EVIAENCe).......ccouviiiiiiiiiiiiciieceeeeee e e e 117
Prevalence of Sarcopenia in Participants of the Health, Aging, and Body Composition
Study (Good-QuUality STUAY) ..c.eeeiieiiieiieiieeieee et 118

Prevalence of Micronutrient Deficiency in Older Persons (High Level of Evidence).119
Prevalence of Malnutrition Using the Composite Nutritional Score (High Level of
EVIAENCE) ...ttt ettt e e e et e e et e e e rn e e eaneeenaeeens 120
Prevalence of Fair/Poor Health Status in Older Men (Moderate Level of Evidence)..121
Prevalence of Fair/Poor Health Status in Older Women (Moderate Level of

EVIARIICE) 1.ttt ettt ettt et e e et e s s e enbeessbeenbeensseensaennneenns 122
Prevalence of Mild Cognitive Impairment in Different Race and Age Categories Using
the 3MSE Questionnaire for Cognitive Functioning (High Level of Evidence) .......... 123
Prevalence of Vascular and Mixed Dementia in Older Men: Results From the
EURODEM Prevalence Research Group (High Level of Evidence) ..........c.ccueen..... 124
Prevalence of Dementia in Older Men in Age and Severity Categories (Moderate Level
OF EVIACNCE) ...ttt ettt et sttt e et eesbe e s e esbeesaesasaennneenne 125

Prevalence of Cognitive Impairment in Older Women in Age Categories Using
Definitions Derived From the 3MSE Questionnaire (Moderate Level of Evidence)...126
Prevalence of Cognitive Impairment in Older Women Defined as an MMSE Score of
<24 (High Level of EVIAENCE) ...coouviiiiiiiiiiiiiieceeeeeeeee e 127
Prevalence of Cognitive Impairment in Older Women in the Cardiovascular Health
Study Using the 3MSE Questionnaire and in the Second Longitudinal Study of Aging
Using the Telephone Interview of Cognitive Status Instrument (Good-Quality

10T |7 TSRS 128
Prevalence of Vascular or Mixed Dementia in Older Women From the EURODEM
Prevalence Research Group (High Level of Evidence)........cccevvviieiniiiiiiieiiiieies 129
Prevalence of Dementia in Older Women in Age and Severity Categories (High Level
o) Bl DA U 157 1 Lo TSRS 130
Differences in Prevalence of Frailty in Older Persons Ages 65 to 70 Years According to
Definition (Moderate Level of EVIAence)........c.covviieeiiiiiiiiieeiieceieeeee e 131
Differences in Prevalence of Frailty in Older Persons Ages 70 to 80 Years According to
Definition (Moderate Level of EVIAence)........c.covvvieeiiiiiiiieiieciee e 132
Differences in Prevalence of Frailty in Persons Older Than Age 80 Years According to
Definition (Moderate Level of EVIAence)........cc.covvvieiiieiiiiieniieciee e 133
Prevalence of Frailty in Older African Americans According to Definition (Moderate
Level Of EVIAENCE) ....ciciuiiieiiieciieecee ettt ettt snae e snaeeens 134
Prevalence of Frailty in Older Hispanics According to Definition (Low Level of

| U (S5 1 Lo ISR 135
Prevalence of Frailty in Older Caucasians According to Definition (Low Level of

| U (S5 1 Lo ISR 136
Prevalence of Frailty in Older Men (Moderate Level of Evidence)............cccecueenee.e. 137

Common Syndromes in Older Adults vii Minnesota Evidence-based Practice Center



Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.

Figure 64.

Figure 65.
Figure 66.

Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.

Figure 74.
Figure 75.

Figure 76.

Figure 77.

Prevalence of Frailty in Older Men By Definition and Age Group, Sorted By Increasing

Age (High Level of EVIAENCE) .....cccuviiiiiiiiiiiccie ettt 138
Prevalence of Frailty in Older Men Using Phenotype Definition in Race and Age
Subgroups, Sorted By Increasing Age (High Level of Evidence).........ccccoeevvveenveenneen. 139
Prevalence of Frailty in Older Women According to Definition (High Level of

| T (S5 1 1o7c) IR 140
Prevalence of Frailty in Older Women By Definition and Age Group, Sorted By
Increasing Age (High Level of EVIdence) .........oocvveeiiiiciiiiciieeeeeeeee e 141
Prevalence of Frailty in Older Women Using Phenotype Definition in Race and Age
Subgroups, Sorted By Increasing Age (Moderate Level of Evidence)...........c............ 142
Prevalence of Any Basic ADL Disability in Women and Men (Moderate Level of
EVIAENCE) ...ttt ettt e e e et e e et e e e rn e e eaneeenaeeens 143
Prevalence of Any Basic ADL Disability in Women Increases With Older Age (Good-
QUALTLY STUAY) ..ttt 144
Prevalence of Any ADL Disability in the Cardiovascular Health Study Increases With
Older Age (Good-Quality StUAY).....ccuerviiriiririiieierereeetee e 145
Differences in Prevalence of Any Basic ADL Disability By Age and Sex (Good-
QUALTLY STUAY) ..ttt 146
Prevalence of Moderate ADL Disability By Age (Good-Quality Study)..................... 147
Prevalence of Severe ADL Disability By Age (Good-Quality Study) .......cccceceevuenenn 148
Time Trend and Differences in Prevalence of One or More Instrumental ADL
Disabilities By Sex (Good-Quality Study) ........coceeviriiiniininiiieeeceecneeiee 149
Differences in Prevalence of Meal Preparation and Shopping Disability By Sex (Good-
QUALILY STUAY) .ttt ettt et e ettt e 150

Prevalence of Housekeeping Disability By Sex and Age (Good-Quality Study)......... 151
Differences in Prevalence of Any ADL Disability By Race and Ethnicity in the Census

Public Use Microdata Sample (Good-Quality Study) ......ccceeevevieiniiieiniieiiieeiee s 152
Differences in Prevalence of Any Basic ADL Disability By Sex and Race (Good-
QUALTLY STUAY) c.veeeiiiieie e et 153
Differences in Prevalence of Eating Disability By Race and Sex (Good-Quality

10T |7 TSR 154
Prevalence of Shopping Disability By Race and Sex (Good-Quality Study)............... 155

Prevalence of Meal Preparation Disability By Race and Sex (Good-Quality Study)...156
Factors Associated With Malnutrition Defined as High Nutritional Score, Low Body

Mass Index, or Unintentional Weight Loss (Good-Quality Individual Studies).......... 157
Prevalence of Malnutrition Defined as Low Body Mass Index, Low Serum Albumin
Level, or Unintentional Weight Loss (Good-Quality Individual Studies).................... 158
Association Between Mortality and Poor Self-Perceived Health (High Level of

| T (S5 1 Lo ISR 159

Association Between Cognitive Impairment and Mortality (High Level of Evidence)160
Association Between Cognitive Impairment and Mortality in Older Persons According

to Measurement and Severity (Moderate Level of Evidence) .........cccccecveveivieniencnnens 161
Association Between Frailty and Mortality in Older Persons: Effect of the Definition
(Moderate Level of EVIAENCE) ....cuvviiiuiiiiiiieciiecceeeceeee e e 162
Dose Response Association Between Accumulation Deficits and Mortality or
Treatment Utilization Among Medicare Beneficiaries (Good-Quality Study)............. 163

Common Syndromes in Older Adults viii Minnesota Evidence-based Practice Center



Figure 78.

Figure 79.

Figure 80.
Figure 81.

Figure 82.
Figure 8§3.
Figure 84.

Figure 85.

Figure 86.

Figure 87.

Figure 88.

Figure 89.

Figure 90.

Dose Response Association Between Mortality and Frailty Definitions in Older Persons
(Good-Quality Individual Study).......ccceeeiiieeiiieeiieceeeee e 164
Dose Response Association Between Phenotypic Frailty Components and Mortality

According to Time of Followup: Results From the Cardiovascular Health Study (Good-

Quality Individual STUAY) ...cveeiiieiiieiieiece e e 165
Different Definitions of Basic ADL Disability and Risk of Death in the General Older
AdUIt POPUIATION ..ottt ettt et e st eestaeenbeessneensaens 166
Different Definitions of Instrumental ADL Disability and Risk of Death in the General
Older Adult POPUIAtioN ........c.eoiiieiieciieiieeie ettt s eee 167
Risk of Death per 1-Point Increase in Disability SCOT€.........ccceerviiiiriieiiiieeiie e, 168
Association Between Disability and Mortality in Older Persons in Race and Sex
Subgroups (Good-Quality Individual Studies) .........cccceeevieiiiiiiiiiieieeeeee, 169

Years of Expected Active Life Remaining in Older Persons With and Without
Disability: Results From the Baltimore Epidemiologic Catchment Area (Good-Quality

INAIVIAUAL STUAY) .eeenviiiiieiece ettt e eeeaeeenne 170
Association Between Different Definitions of Malnutrition and Mortality (Good-
Quality Individual STUAIES) .....ccvieiiiiiiieiieeiieiee ettt 171

Association Between Mortality and Biomarkers of Malnutrition and Inflammation in
Older Participants of the Pathologies Oculaires Liées a 1’Age Cohort (Good-Quality
Individual STUAY) c..oooveeiiei e 172
Association Between the Prognostic Inflammatory and Nutritional Index and Mortality
in Older Participants of the Pathologies Oculaires Liées a 1’ Age Cohort (Good-Quality
Individual STUAY) ..c.veeveriii e 173
Association Between Nutritional and Metabolic Abnormalities and Frailty in Older
Women: Results From the Women’s Health and Aging Studies I and II (Good-Quality
INdividual STUAIES) ....eeeiieiieiie e e 174
Association Between Increased Interleukin-6 and Mortality in Older Persons (High
Level Of EVIARINCE) .. .coiuiiiiiiiiieiie ettt et et 175
Association Between Elevated Levels of C-Reactive Protein and Mortality in Older
Persons (High Level of EVIAeNCe) .......ccccuiviiiiiiiiiiiiiiiieeeeeeee e 176

Appendixes

Appendix A. Literature Search

Appendix B. Excluded Studies

Appendix C. Technical Expert Panel Members and Affiliations
Appendix D. Abstraction Forms

Appendix E. Evidence Tables

Common Syndromes in Older Adults ix Minnesota Evidence-based Practice Center



Executive Summary

Geriatric syndromes can lead to age-related decline in well-being among elderly adults." The
signs and symptoms encompassed by geriatric syndromes span multiple physiological systems
related to functional dependency.®* A number of syndromes identified by longitudinal studies
are associated with reduced function, quality of life and survival, and an increased risk of
institutionalization.”® However, variations in syndrome definitions make systematic discussion
of their effects difficult.

Routine clinical practice includes assessment of age-related chronic diseases based on accepted
diagnostic criteria. In contrast, comprehensive geriatric assessment goes beyond examination for
chronic diseases and focuses on functional independence in daily activities and optimal
interventions to improve functional status and quality of life.” Indeed, comprehensive geriatric
assessment emphasizes functional status as a major quality of life factor for older adults.'

Quality of life improvements for older adults require addressing geriatric syndromes in addition
to managing chronic disease.'’ A geriatric syndrome’s definition, along with its combination
with any chronic disease, affects the syndrome’s association with patient-centered outcomes,
including quality of life, institutionalization, and survival.'*'* Certain factors are long known to
affect patient-centered outcomes. For example, the persistently strong association between self-
assessed health status and patient-centered outcomes remains a marvel." Similarly, dependency,
defined as deficiencies in activities of daily living (ADLs), also associates strongly with patient-
centered outcomes.'® Systematic reviews have yet to examine other syndromes such as cognitive
impairment, frailty, poor nutrition status, or chronic inflammation for prevalence or association
with institutionalization and survival.

This review examines what is known about common geriatric syndromes and their effect on the
clinical course of older patients. Our analysis examines the extent to which varying definitions of
each syndrome can affect determination of its prevalence and its association with patient-
centered outcomes. In general, we anticipate a reciprocal relationship; the more inclusive the
definition, the higher the prevalence. However, inclusivity should make the variable less
predictive of adverse outcomes. More encompassing definitions or those with lower thresholds
will inevitably raise prevalence estimates and be less precise in their predictive power than more
stringent definitions with higher cut scores. For example, Manton applied ADL- and instrumental
activities of daily living (IADL)-related measures for disability to describe a pattern of decline in
prevalence over two decades.'” Systematic criteria to define multisystem complex geriatric
syndromes are needed.'

Meanwhile, multiple operational definitions of the syndromes presented a challenge to
summarizing the research on their prevalence and predictive power. Frailty, especially, persists
as an elusive concept, despite efforts at consensus conferences on the topic.'®?' Frailty may be
viewed as a specific phenotype or as an index of deficit accumulations.”*> However, despite
problems of definition and measurement, frailty demonstrates a potent association with
outcomes. Different indices derived from frailty measures have shown associations with adverse
events.” Likewise, increasing frailty is typically associated with adverse events.” Frailty and
related components (such as ADL dependency, delirium, malnutrition risk, and comorbidity) are
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linked to increased mortality risk.”® More deficit accumulation is associated with worse
outcomes. ' Frailty predicts mortality even after consideration of the effects of clinical and
subclinical disease.”” Frailty’s predictive capacity also seems to hold up among various
populations in different countries.”®

Syndromes are also not independent; definitions and prevalence estimates overlap considerably.
For example, sarcopenia is associated with frailty, but some view the former as a dimension of
the latter.””>! Frailty is associated with comorbidity and disability, although efforts to distinguish
the latter emphasize frailty’s multisystem dysfunction and instability.*>** Various geriatric
conditions (such as cognitive impairment, falls, and ADL dependency) are associated with
disability.>* Polypharmacy may indicate multiple morbidities, but overzealous prescription may
also be a factor.”” Research suggests that inflammatory cytokines play a substantial role in age-
related disease.’® Thus, separating the syndromes presents another challenge.

This report was commissioned by the U.S. Preventive Services Task Force (USPSTF) as
background material to help them understand the impact of geriatric syndromes on well-being.
The USPSTF opted not to consider disease as a risk factor for the purposes of this review. Our
review does not address the suitability of preventing the examined syndromes or altering their
courses.

The Technical Expert Panel selected geriatric syndromes (but not diseases) for this review
according to how much each syndrome would affect the enthusiasm of clinicians for
recommending prevention strategies. We addressed the eight syndromes that were most highly
rated.

We included original epidemiologic studies that examined prevalence of the eligible syndromes
in adults older than age 65 years. We defined young-old as ages 6580 years, elderly as ages 80—
90 years, and very old as ages 90 years and older. We defined age categories the same as they
were defined in the original studies.

We retrieved 2,377 publications and excluded 1,865 that were not eligible for review. We
included 509 publications of 123 studies. The majority of the studies were well designed
prospective cohorts or national surveys conducted in the United States, including the National
Health and Nutrition Examination Survey (NHANES), the National Health Interview Survey,
and the National Survey of Self-Care and Aging (76 studies, 62 percent).

Key Question 1. What is the Definition and Prevalence of
Common Syndromes/Conditions in Older Adults?

Definitions of a given syndrome vary, and the concepts underlying various syndromes overlap.
For example, frailty measures often include disability and comorbidity.

Multiple Morbidities

The studies used a variety of definitions for multiple morbidities, including number of chronic
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diseases or conditions, high comorbidity score, polypharmacy, or self-perceived poor health.
Prevalence estimates varied depending on definitions, with more than 20 percent of older adults
suffering from multiple chronic conditions. One-third to one-half of older adults take more than
five drugs. One-third of older adults reported fair or poor health.

Cognitive Impairment

Definitions of cognitive impairment varied. The most common definition required subjective
complaint of memory impairment with objective memory impairment, normal general cognitive
function, and intact cognitive ADLs/IADLs.>”*® Depending on diagnostic method, prevalence
(defined as a score of <24 on the Mini-Mental State Examination [MMSE]) varied from 10.6 to
33.1 percent.'**** Studies of the Established Populations for Epidemiologic Studies of the
Elderly demonstrated that 7.1 percent of the tested elderly had cognitive impairment detected
with the 10-item Short Portable Mental Status Questionnaire.*®*® Prevalence of self-reported
cognitive impairment varied from 2.8 to 13.2 percent.

Prevalence estimates varied substantially in the same study, from 42 percent having self-reported
memory complaint to less than 1 percent with mild or moderate cognitive impairment or
questionable dementia.’® The variation in prevalence estimates (concordance from 0 to 24
percent) indicates that each definition identified a unique group, and total prevalence of mild
cogniti;(/)e impairment without dementia may exceed 50 percent of community-dwelling older
adults.

Prevalence of dementia did not exceed 8 percent in persons older than age 65 years, but this
estimate can be misleading because of substantial variation in prevalence across age subgroups.

Frailty

Wide variances in frailty definitions affects prevalence estimates. Using the framework from the
Interventions on Frailty Working Group, we categorized frailty definitions into two groups:
phenotype and accumulation of deficits. When the studies accepted the biologic syndrome model
of frailty with five major criteria, including weight loss, fatigue and exhaustion, weakness, low
physical activity and slowness, and mobility impairment, we categorized the estimates into
phenotype definitions.”> When the studies accepted the burden model of frailty, including
symptoms, diseases, conditions, and disability, we categorized the estimates into the
accumulation of deficits definition.”? Accumulation deficit indices included up to 75
components.' % Separation of these two definition types and estimation of disability in frail
persons were somewhat artificial. Prevalence was higher when using accumulation of deficits
(24 percent) than phenotype definitions, such as low physical activity or fatigue (14 percent).
The overlap in prevalence estimates using different definitions was small. The Health and
Retirement Study examined prevalence of frailty using different definitions, including phenotype
and accumulation deficit, and found that 30 percent of elderly people were frail according to at
least one definition, but only 3 percent according to all three definitions.
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Disability

The most common definitions of disability included having difficulty with or needing assistance
with basic activities of daily living (BADLSs) or with IADLs. Disability was defined as having
“any” (limitations with one or more activities), “moderate” (limitations with one to two
activities), or “severe” (three or more activity limitations) disability or having a limitation with
an individual activity. Definitions were based on self-reported inability and need for assistance to
perform particular tasks. IADL disabilities were more common than BADL disabilities.
Reporting of IADL disability ranged in prevalence from 12 to 46.7 percent™ ™’ compared to 5°°
to 25.6 percent for BADL disability.*'*7¢4

In general, disability prevalence decreased as severity increased. For example, the prevalence of
severe BADL and severe IADL disability was lower than the prevalence for moderate disability,
which was lower than having any disability. The order of individual IADLs from most to least
common was having limitations with driving, housekeeping, personal finances, shopping, meal
preparation, using the telephone, and medication management. For individual BADL disabilities,
the hierarchy of most to least common disability was walking, bathing, dressing, transferring,
toileting, and eating.®’

Sarcopenia

Sarcopenia was defined as a loss of skeletal muscle mass owing to any disease or condition.®®
Operational definitions were based on lean body mass relative to skeletal size and total body
mass. Sarcopenia was defined based on index values within the sex-specific distribution in a
healthy, younger population®”®® or based on a linear regression modeling the relationship
between lean mass with fat mass and height. Recently published recommendations from the
European Working Group on Sarcopenia in Older People defined sarcopenia as the presence of
both low muscle mass and low muscle function (strength or performance).” Prevalence
estimates varied depending on definition from 14 to 60 percent among age, sex, and ethnicity
categories. Simple relative skeletal muscle index underestimated sarcopenia in obese older
persons. Residual methods adjusting for fat mass may be a better method to identify sarcopenia
in overweight and obese older adults.

Malnutrition

Studies defined malnutrition as unintended weight loss’""* or low body mass index (BMI).**"*
76 Among biochemical markers, low blood albumin levels,73’75’77 anemia,77’78 and deficit of
micronutrients” ' may identify older persons with poor nutritional status. Several studies used
composite nutritional scores based on self-reported dietary intake and habits to identify elderly
persons with malnutrition.”*>**** Prevalence estimates varied across definitions and were less
than 3 percent when defined with low BMI, 6—-10 percent with vitamin and micronutrient
deficit, and 1-5 percent with a low composite nutritional score. The prevalence of low BMI and
blood albumin level was highest in older American veterans (15 percent).
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Homeostenosis (Impaired Homeostasis)

Very few studies examined the prevalence of impaired homeostasis in elderly persons. Several
studies that examined impaired homeostenosis used allostatic load defined by elevated markers
of chronic inflammation, low albumin levels, impaired creatinine clearance, increased blood
pressure, hemoglobin A ¢, homocysteine, total cholesterol, and triglycerides.*® NHANES defined
impaired homeostasis using an allostatic load score and found that 1.4 percent of older adults in
the United States had an allostatic load score of more than 4. The Duke Established Populations
for Epidemiologic Studies of the Elderly defined plasma tonicity as a marker of impaired
homeostasis*® and found that 10 percent of older adults had increased plasma tonicity.

Chronic Inflammation

Few studies provided information on the prevalence of unspecified chronic inflammation in older
adults. Elevated C-reactive protein (CRP) was found in 24.4 percent of older adults,®” while 5
percent had elevated interleukin 6 (IL6), and 5 percent had elevated tumor necrosis factor-
alpha.®®

Key Question 2. What is the Prevalence of Common
Syndromes/Conditions in Older Adults in Sex, Age, Race,
Ethnicity, and Other Subgroups?

Multiple Morbidities

Prevalence of multimorbid conditions increased with age from 28 percent in adults ages 65 to 74
years to 37 percent in adults older than age 75 years. Women tended to have a higher prevalence
than men of having more than three comorbidities (16 to 18.4 percent), polypharmacy (43
percent), and poor health (7 percent). Prevalence of more than three chronic diseases was higher
in African American women (13.4 percent) than in Caucasian women (9.5 percent).*’
Inconsistent definitions of outcomes across the studies made comparison of the estimates
difficult.

Cognitive Impairment

Prevalence of cognitive impairment without dementia increased with age across all definitions
and studies, from 18.8 percent in adults older than age 75 years™ to 44.1 percent among those
older than age 90 years.”' Prevalence of dementia also increased with age across all definitions.
Prevalence of senile dementia increased from 1.6 percent in those age 67.5 years to 36.7 percent
in those older than age 95 years. Prevalence of Alzheimer’s disease increased from 0.4 percent in
those age 67.5 years to 37.4 percent in those older than age 95 years.”*”

Older men and women had comparable prevalence of cognitive impairment. Prevalence of
cognitive impairment in older men varied from 16 percent to 36 percent.”** No age associated
increase was evident. Prevalence of cognitive impairment in older women varied from 10 to 12
percent using the Modified Mini-Mental State Examination (3MSE) questionnaire.”*
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Prevalence was higher (24 percent) when the authors defined cognitive impairment using an
MMSE score of <24.*%%4%¢ prevalence of dementia in older women was consistent across
different countries, with an evident increase with age, from 0.25 percent in those ages 65—-69
years to 5 percent in those older than age 80 years.”’

About 20 to 40 percent of older persons with cognitive impairment developed dementia within 2
to 5 years of followup.”'* Several studies demonstrated that older persons with cognitive
impairment were at higher risk of developing dementia.

Frailty

Prevalence of frailty increased with age but differed within age subgroups depending on
definitions. Prevalence of frailty in those ages 65 to 70 years ranged from 3 to 6 percent, using a
phenotype definition, to 5 to 15 percent using an accumulation deficit definition.>'*'"'%*
Prevalence among those ages 70 to 80 years varied from 5 to 12 percent, according to a
phenotype definition, to 8 to 17 percent according to accumulated deficits.?>**!0104105

Prevalence was more than 16 percent in those older than age 80 years according to any
dGﬁHitiOn'23=101-104

Among race groups, African Americans had the highest prevalence of frailty across different
definitions. More than half of older African Americans were frail according to two

studies.”' %1917 Two studies examined the prevalence of frailty in older Hispanics and
reported that 8 to 20 percent met different frailty criteria.'®*'*® Prevalence of frailty in older
Caucasians varied from 6 to 12 percent, using a phenotype definition, to 15 to 40 percent using
an accumulation deficit definition.”'**1?1% The large cohort studies of predominantly older
Caucasians in the Survey of Health, Aging and Retirement in Europe demonstrated that 17
percent were frail according to phenotype criteria.''’

Among sex groups, prevalence of frailty was somewhat higher in women than in men, and
increased with age in both sexes. Prevalence of phenotype frailty was 7 percent in older men, and
accumulation deficit frailty was 24 percent 0105107 10%.111-113

Prevalence was higher in aging African American and Hispanic men compared to Asian or
Caucasian men.”'">!'® Prevalence of phenotype frailty in older women was 13 percent, and
accumulation deficit frailty was 26 percent,>>+!03-103107109.NLIS-T A fican American women
had ‘[%1361 1h6ighest prevalence of frailty, with 60 percent of adults older than age 85 years being
frail.”

Disability

In general, women had higher rates of BADL disability than men. However, as the severity of
disability increased, the prevalence for women and men became similar (i.e., 7.0 percent for
severe BADL disability''® and 1.2 percent for eating disability''*'?%). Few studies reported sex
differences in IADL disabilities. The prevalence of any IADL disability was higher in women
than men.'?' One study described changes in the prevalence of any IADL disability over 6 years
between men and women.'?' More women reported an IADL disability than men at any time
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period, but showed less change over time. In terms of individual IADL disabilities, more women
had difficulty with housekeeping and meal preparation than men but less difficulty with
shopping.''*'#

Only two studies reported the prevalence of any BADL disability by ethnic group, and one study
enrolled only older Hispanic Americans.*"**** The prevalence of any BADL disability, in order
of highest to lowest, was African Americans (13.6 percent), American Indians (11.6 percent),
Hispanic Americans (11 percent),*" and Caucasians (8.1 percent).” Racial differences persisted
after accounting for sex. Older African American women had the highest prevalence of having
any BADL disability (10.7 percent), followed by African American men (7.5 percent), Caucasian
women (5.2 percent), and Caucasian men (4.7 percent).®’ There were no racial differences in
eating disabilities.'"”

Two studies reported age differences in the prevalence of BADL disability.””''® Reporting any
disability and moderate disability was more prevalent in the oldest age groups and in older
women. The prevalence of severe BADL disability ranged from 10 to 11 percent in people ages
80 ylelgrs and older, was 6 percent in those ages 65 to 74 years, and did not differ significantly by
sex.

Sarcopenia

Prevalence of sarcopenia increased with age.”®'>* Older African Americans had significantly
lower odds of sarcopenia when compared to older Caucasian Americans.'* Odds of sarcopenia
did not differ between Hispanic and non-Hispanic whites.*®

Malnutrition

Age and sex differences in malnutrition were not consistent across the studies. Pooled prevalence
of poor nutritional score was 18.3 percent in older men and 24 percent in older women. Women
had a lower prevalence of decreased albumin levels’’ but higher prevalence of low BMI.

Older African Americans had a significantly higher risk of malnutrition, defined as unintentional
weight loss, compared to older Caucasian persons.”' Prevalence of anemia did not differ among
Caucasians and non-Caucasians.”® Prevalence of unintentional weight loss did not differ in
Hispanics and non-Hispanics.’* Older Hispanic women had a higher prevalence of poor
nutritional scores compared to non-Hispanic women (30 percent vs. 17 percent, respectively).’*

The studies did not report prevalence of homeostenosis and chronic inflammation in older
subpopulations.

Key Question 3. What is the Association Between These
Common Syndromes/Conditions and Mortality,
Institutionalization, Hospitalization, and Activities of Daily
Living?
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We analyzed the association between outcomes and each syndrome and across all syndromes to
identify links to mortality. Estimates of association varied depending on definitions of
comorbidities, population subgroups, definitions of outcomes, and adjustment for correlated
contributing factors. Not all analyses addressed the multifactorial nature of geriatric syndromes
and the role of baseline diseases. For example, disability was an outcome but also a part of the
definition of frailty. Adjustment for correlated multifactorial syndromes that ignored definitive
primary cause of disability or death may give invalid estimation of the association between
syndromes and mortality. No studies separately examined age and specific disease contributions.

Multiple Morbidities

We observed a consistent and significant positive association between multiple morbidities and
mortality across the studies. Older persons with multiple morbidities had a 32 to 112 percent
relative increase in death compared to those without multiple morbidities.*'**'** The magnitude
of the association was dose responsive, with an 85 percent relative increase in mortality for those
with four to five diseases and 112 percent among those with six or more chronic conditions.**'**
129 The magnitude of the association decreased with time of followup, from a 100 percent
relative increase at 10 years (odds ratio [OR], 2 [95% confidence interval (CI), 1.4-2.8]) to a 59
percent increase at 15 years of followup (OR, 1.6 [95% CI, 1.1-2.3]).'* However, this may be a
statistical reflection of a greater denominator as outcomes accrue over time.

Polypharmacy was significantly associated with mortality in two studies, with evidence of a dose
response.54’130 Those with poor health had an increased risk of death in all studies that examined
the association.””' 3!

The Longitudinal Study of Aging demonstrated a positive significant association between
multiple morbidities and institutionalization.'*® Those with poor health had a 10 to 80 percent
relative increase in institutionalization.®' '3

Older adults with multiple morbidities had increased odds of hospitalization (OR, 1.7 [95% CI,
1.1-2.91)."* The association with hospitalization was dose responsive.'*® The relative increase in
odds of hospitalization was 37 percent in those with morbidity scores of 3 versus <2, 46 percent
in those with scores of 4-5 versus <2, and 94 percent in those with scores of >6 versus <2.'%

Polypharmacy was significantly associated with hospitalization.'**'** The Medicare Risk
Demonstration cohort reported a 190 percent increase (OR, 2.9 [95% CI, 2.2—4.1) in odds of
hospitalization among those with more than five prescriptions compared to those with fewer than
five concurrent drugs.'*® The Longitudinal Study of Aging reported a significant increase in risk
of hospitalization among older adults with poor health.'*>"'*

We concluded that multimorbid conditions and poor perceived health demonstrated a strong
association with mortality. Poor perceived health was a strong predictor of institutionalization.
The number of chronic conditions, polypharmacy, and poor perceived health was associated with
hospitalization.
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Cognitive Impairment

Cognitive impairment was associated with a significantly higher risk of mortality in all studies
that examined this association. The largest relative increase of 250 percent in women and 280
percent in men was found in the Canadian Study of Health and Aging, which defined cognitive
impairment as a score of <78 on the 3MSE scale.'*"'** There was dose response association,
with a 4 percent relative increase in mortality for each decrease by 1 point on the

MMSE. ¥#454143-198 The studies that estimated relative risk ratio (RR) or hazard rate ratio (HR)
found a 37 percent®”>* and a 61 percent*'* relative increase in risk of death, respectively.

Older women (pooled RR, 1.4 [95% CI, 1.11-1.7]) but not men (pooled RR, 1.2 [95% CI, 0.8—
1.8]) with MMSE scores of <24 had a significant risk of death.”>”* Both men and women with
severe cognitive impairment, defined as an MMSE score of <18, were at higher risk of death.

Dementia was associated with a significantly higher risk of mortality in the majority of the
studies that examined this association.'* Overall, dementia was associated with a 163 percent
relative increase in odds of death (pooled OR, 2.6 [95% CI, 2.2-3.2]).

Cognitive impairment was associated with a significant risk of institutionalization in the majority
of the studies that examined this association. For cognitive function measured with MMSE, the
association was dose responsive and significant even within the normal ranges of the scale. Older
persons had a higher relative increase in institutionalization of 9 percent per each 1-point
decrease on the MMSE.'*® Those with dementia were at a significant risk of institutionalization
in several large studies, including the Medicare Current Beneficiary Survey (OR, 34.9)," the
Canadian Study of Health and Aging (OR, 36.3),"" and the Marshfield Epidemiologic Study
Area (HR, 5.1).">*

We concluded that older persons with cognitive impairment had a higher risk of mortality and
institutionalization. Magnitude of the association varied depending on the country, age, and sex
of the participants, definitions of the cognitive impairment, and statistical estimates.

Frailty

Frailty was associated with mortality across a number of studies with varying
definitions.'***11-115:148:13-136 T strength of the association was cumulative'’ and dose
responsive,'*'°® with a greater risk among those with increasing numbers of frailty
components.'*'>® The association generally persisted over longer followup periods.?'*°

The association was significant in men and women. Frail men had a relatively greater risk of
death of 105 to 251 percent according to phenotype definitions and of 65 to 356 percent
according to accumulation deficit definitions.''*'"*!**!> Frail women had increased mortality
across different studies and definitions of frailty.'**'%

Frailty was associated with an increased risk of institutionalization'>>'% and
hospitalization.'***'®! The studies demonstrated a 29 percent relative increase in risk'®' and a 41
to 345 percent relative risk'*'®! in odds of hospitalization.
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Disability

Disability and hospitalization. The statistically significant association between disability and
hospitalization was demonstrated in four studies (adjusted relative measures of association
ranged from 1.8 to 16.0).1°%137162163 Risk of hospitalization depended on the definition of
disability, and, in general, risk increased along with the severity of disability. Older people who
had any BADL (defined as having one or more BADL dependencies) had the lowest risk of
hospitalization. Those with severe BADL disability (defined as having three or more BADL
dependencies) had the highest risk. The risk for women was also greater than the risk for men.
The manner in which BADL disability develops appears to influence the risk for hospitalization.
Older people who experienced catastrophic severe disability (defined as the sudden onset of
three or more BADL disabilities when no BADL disabilities existed before) were 16 times more
likely to be hospitalized than those who had moderate BADL disability.'®® When ADL disability
was measured on a continuous scale, the risk for hospitalization was not statistically significant,
nor was it significant when measured as having any BADL or IADL dependencies.

Disability and risk of death. In general, older people with BADL disabilities were at higher risk
for death (OR range, 1.9-86.8) than those with IADL disabilities (OR range, 1.5-6.6) when
compared to those without disability. Those with more BADL disabilities had a higher risk of
death than those with fewer BADL disabilities. Severe BADL disabilities were associated with
the highest risk of death,'**'** followed by moderate BADL disabilities.'*'®* The lowest risk of
death occurred when any BADL disability was reported.'®* The risk of death associated with
individual BADL disabilities was not reported in the studies, with one exception. The risk for
death at 48 months doubled for older people with bathing disabilities.” The risk of death
associated with IADL disabilities was highest when any IADL disability was reported.'**'%*
Those with severe IADL disability had slightly higher risks of death (OR range, 1.6-2.2) than
those with moderate IADL disabilities (OR range, 1.5-1.7). Those with difficulty managing
personal finances were twice as likely to die as those without this disability.”> When disability
was measured on a continuous scale, the per one-point increase in the disability score and the
risk of death were the same whether the scale measured BADL, IADL, or BADL/IADL
disability. Men with BADL disabilities had slightly higher risks of death than women.**
Caucasian men and women who were unable to prepare a meal had higher risks of death than
African American men and women.'"” Women suffer greater discrepancies in years of expected
active life remaining than men if they have a BADL/IADL disability.*’ In summary, older people
with the most severe BADL disabilities had the highest risks of death. No studies examined how
individual BADL and IADL disabilities increase the risk of death. Women fared worse than men
in terms of expected active life remaining, but men with BADL disabilities had slightly higher
death rates than women with BADL disabilities. Older Caucasian people were more likely to die
than older African American people if they reported difficulty with preparing meals. Few studies
reported differences in death rates between men and women or between older people of different
ethnicities who have disabilities.

Sarcopenia

Limited evidence indicates that sarcopenia was associated with significantly higher odds of
multiple disabilities®® but not mortality.'®’
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Malnutrition

The association between malnutrition and mortality was consistent across the studies and
different definitions of malnutrition.”"""#31%1% 1 oy BMI'®'*” and malnutrition identified using
the Mini Nutritional Assessment’’ were the strongest predictors for mortality.

Among biological markers that may be related to malnutrition, red cell distribution width (RDW)
demonstrated strong and significant association with mortality in all examined age, sex, and race
subgroups in a meta-analysis of individual subject data from seven community-based studies of
11,827 older adults.” Red cell distribution was associated with mortality, however, in those with
iron, folate, and/or vitamin B12 deficiencies (adjusted HR for 1 percent increment in RDW, 1.2
[95% CI, 1.1-1.2]), as well as in those without these deficiencies (adjusted HR for 1 percent
increment in RDW, 1.2 [95% CI, 1.2-1.3]).” Routinely measured as a part of the complete blood
count, a red cell distribution width of >15 percent was associated with a 151 percent relative
increase in risk of death (HR, 2.5 [95% CI, 2.2-2.9]).” Very low albumin levels and very high
pre-alburnlig% }%/els (transthyretin >316mg/L or <258mg/L) were associated with increased
mortality. "

Several studies analyzing composite measures of malnutrition and chronic inflammation found a
significant positive association with mortality. Those with the highest levels of alpha-1-acid
glycoprotein and the lowest levels of transthyretin had the highest risk of death, with a 364
percent relative increase in women and a 586 percent relative increase in men.'”® Elevated
composite measure of chronic inflammation and poor nutritional status was associated with an
increased risk of death in older men but not women.'”’

Homeostenosis (Impaired Homeostasis)

Individual studies demonstrated a significant association between disability, mortality, and
indicators of impaired homeostasis. The association of impaired homeostasis with clinical
outcomes varied depending on the definitions of the exposure and population studied. Unstable
BMI (HR, 1.3 [95% CI, 1.0-1.8]), pulse pressure (HR, 1.3 [95% CI, 1.0-1.7]), and fasting
plasma glucose (HR, 1.6 [95% CI, 1.2-2.1]) were associated with a greater risk of mortality in an
Ttalian cohort.'”! The MacArthur Studies of Successful Aging demonstrated a significant
association between increased allostatic load and mor‘[ality.u“’m’173 The same study found a 27
percent relative increase in the odds of death (OR, 1.3 [95% CI, 1.0-1.5]) in those with an
elevated stress hormone index.'** Consensus around the operational definition of homeostenosis
and its biomarkers is necessary for a better interpretation of the results.

Chronic Inflammation

Studies consistently found positive significant associations between chronic inflammation and
mortality. Among common definitions of chronic inflammation, elevated IL6 and CRP were
associated with higher mortality. Those with elevated IL6 levels had a 42 percent relative
increase in death (pooled RR, 1.4 [95% CI, 1.2-1.7])."**'"*'77 Those with elevated CRP had a 42
percent relative increase in death (pooled RR, 1.4 [95% CI,1.3—1.6]).%7124129-166.167.170.174.177-179
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Among other individual markers of chronic inflammation, the strongest association with
mortality was demonstrated for a combination of elevated CRP with low albumin (HR, 5.0 [95%
CIL, 2.3-11.0])" ™ or with elevated fibrinogen levels (HR, 9.56 [95% CI, 4.34-21.1]).""®

We found no studies that examined the association between chronic inflammation and
institutionalization or hospitalization.

Key Question 4. What Statistical and Decisionmaking Models
Report Mortality Based on These Common Geriatric
Syndromes/Conditions?

Models reporting mortality vary by complexity, by selection of predictors, and by time course.
We found 28 studies that described prognostic indices for mortality in older adults. Previous
indices are complex, time consuming, or have a lack of clinical applicability. However, recent
studies have been designed to develop and validate easy-to-use indices using information readily
available from administrative data, laboratory data, diagnoses, or self-reported health status data.
Some indices were created for certain segments of the population (e.g., hospitalized elderly,?*'*"
183 community dwellers, 2327 148135:I84188 1 1 der individuals with acquired mental disorders).
Others have been developed with the use of nationally representative samples.”'*'¥"-1%° While
the majority of studies have been conducted in the U.S. population ages 50 years and older, a few
have been done in European countries'*'?*!#18191192 34 Canada.'>>1%31%

189

To examine overall effects of different syndromes on mortality in adults older than age 65 years,
we estimated numbers of deaths per 1,000 from individual studies that provided death rates
among persons with and without different syndromes (Table 1)."”> We estimated that among frail
older persons, 459 per 1,000 died within 1-2 years of followup.'®'*" Disability in basic ADLs
and IADLs were the strongest predictor of mortality.'*®

Within 3 years, 500-600 older persons with malnutrition, 351 with cognitive impairment, and
534 with severe dementia died per 1,000 older persons.'®!*"1%

Within 5 years, 490 elderly persons with malnutrition, 513 with frailty, 530 with elevated CRP,
and 827-941 with vascular dementia died per 1,000 older persons.’®*"'*!"!%¢ Frailty and cognitive
impairment were associated with 400-800 deaths per 1,000 during more than 5 years of
followup.”'**'* Such estimations may not reflect mortality in age, sex, or race subgroups but
demonstrate a burden of geriatric syndromes.

We also estimated population risk of mortality attributable to geriatric syndromes (Table 2).
When population prevalence and multivariate adjusted relative risks were taken into account,
more than 7 percent of deaths were attributable to multiple morbidities and elevated CRP. We
estimated that 3 to 5 percent of deaths among older persons could be delayed by preventing
frailty; prevention of mild cognitive impairment could delay 5 to 6 percent of deaths. Overall,
around 26 percent of deaths in older persons can be attributed to geriatric syndromes.
Conversely, having these syndromes affects the likelihood of benefitting from preventive
interventions.
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The prevalence and risk of mortality and institutionalization were almost inversely related. The
prevalence of accumulation deficit frailty (which uses many components) was higher than
phenotype frailty (which uses only a few components). The relative risk of mortality and
institutionalization was higher for phenotype frailty (Figure 1). The same negative association
was seen for more severe forms of the same syndrome. Prevalence of severe cognitive
impairment and dementia were lower, but risk of mortality was higher when compared to mild
cognitive impairment (Figure 2). A negative association between the prevalence of a syndrome
and its effect on mortality was evident across those syndromes in which the more restricted
definition defines a more severe state (Figure 3).

We estimated remaining life expectancy in individuals with syndromes using Centers for Disease
Control and Prevention United States Life Tables and the relative risk of death from pooled
analyses and individual studies. Increased levels of allostatic load (impaired homeostasis) and
dementia were associated with the lowest survival among older persons when compared to the
general U.S. population. The data shown in Figure 4 represent a merger of several data sets to
yield general trends. The influence on survival of some factors is much greater than others. Poor
health, malnutrition, and allostatic load (poor homeostasis) exert twice the influence of factors
such as comorbidity and frailty. The size of the effect differs by age (and thus expected life
expectancy) (Table 3). Relative risk is likely more useful than population attributable risk. In the
young-old, ages 65—74 years, only the very few who are very ill (e.g., homeostenosis, poor
health, or advanced dementia) or frail suffer significant alterations in predicted life expectancy.
From ages 75-90 years, maximal heterogeneity of disease and geriatric syndromic states result in
larger mortality deviations from unaftlicted individuals than seen in other age groups. In the old-
old, particularly past age 90 years, the added value of factoring in conditions and syndromes to
predict mortality beyond 1 year is minimal.

Models reporting mortality vary by complexity, by selection of predictors, and by time course.
Some models strive for simplicity, with few predictors that are easily measured, much or all of
which could be gained by culling administrative data. Other much more complex models rely on
data gathered from clinician and/or patient assessments. For purposes of anticipating the benefit
of preventive services, a simpler approach, based on some crude classifications around average
life expectancy (based on age and sex), serves better than more complex models.

Geriatrics teaches that age is a good general predictor, but great care is needed to look within
older people to distinguish other risk factors. In this case, the evidence for added benefit from
factoring in syndromic information is mixed; syndromic information is helpful for younger old
persons, but adds little insight for the very old. The most potent predictors are the rarest
syndromes. Absolute risk differences and remaining life expectancy in comparison groups
should be taken into consideration when analyzing predictive value of syndromes in different age
subgroups.

Some basic relationships hold regardless of the measure used. They can be summarized as
follows:
e Simple disease-based measures, such as number of comorbid illnesses or measures of
inflammation, add modestly to the relative risk of mortality provided by age and sex
alone but account for a more population-based mortality burden due to their high
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prevalence.

e Advanced dementia is one specific condition that confers significantly added mortality
risk.

e More complex syndromic measures, such as those assessing frailty or incorporating
functional status (e.g., allostatic load and dementia), better capture increased mortality
risk (indicated by higher relative risk) than simpler measures, as they more selectively
identify the relatively few (indicated by lower population attributable risk) sickest
patients most likely to experience deterioration in health and death.

o Simpler measures that reflect the severity of individual diseases, such as indicators of
advanced dementia, or the overall impact of multiple conditions, such as assessments of
overall health, also identify the fewer and sicker patients at higher risk of mortality.

In conclusion, complex mortality models add comparatively little understanding to more simply
measured and calculated models. Measures of the impact of conditions and syndromes on overall
health and functioning provide greater discrimination among individual patients for assessing
mortality risk. Mortality predictors appear to be relatively consistent across short- and long-range
models. The greatest added advantage of mortality models over simple remaining life expectancy

was observed among patients ages 75 to 90 years. No models considered psychosocial factors, such
as resilience, or the role and quality of health care for elderly patients with syndromes.
Decisionmaking models are based on various assumptions and simulation techniques that need
careful sensitivity analysis and validation.

Our review does not address the extent to which the presence of a syndrome adds predictive
power over and above the presence of specific diseases. It seems likely that the syndromes
represent intermediate states between the disease and mortality, but their specific additive
explanatory power remains unknown. For clinicians, the syndromes offer summative approaches
that can help in some instances to improve the estimate of the risk of mortality.

Ideally, we would consider other outcomes besides mortality, but the measures used present
large problems of endogeneity. Measures of frailty and disability contain elements central to
quality of life. They also frequently provide the basis for institutionalization.

All syndromes had overlapping definitions or closely related pathophysiology. The multifactorial
interactive nature of syndromes should be analyzed with interaction models rather than
adjustment. The majority of the studies, however, provided multivariate adjustment for known
confounding factors, causes of death, and presence of other syndromes. The models that
analyzed the association between syndromes and mortality grouped primary causes of death into
larger categories of cancer or cardiovascular diseases to adjust for them. The syndromes
associated with decompensated chronic diseases, including inability to maintain homeostasis,
poor general health, or low BMI, had the strongest association with mortality and
institutionalization.

Evidence suggests that, despite differences in definitions, common geriatric syndromes can be
examined and constructed from a variety of different measures. By almost all definitions used,
evidence suggests a considerable disease burden as population age increases. Evidence about
how geriatric syndromes may modify the efficacy of preventive or other interventions is needed
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but was outside of our scope. Future research should examine effectiveness of screening,
preventive treatment, and disease management strategies in elderly adults with common geriatric
syndromes.
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Chapter 1. Introduction

Geriatric syndromes can lead to age-related decline in well-being among elderly adults." The
signs and symptoms encompassed by geriatric syndromes span multiple physiological systems
related to functional dependency.”* A number of syndromes identified by longitudinal studies
are associated with reduced function and quality of life and increased risk of institutionalization
and mortality.”® However, variations in syndrome definitions make systematic discussion of
their effects difficult.

Routine clinical practice includes assessment of age-related chronic diseases based on accepted
diagnostic criteria. In contrast, comprehensive geriatric assessment goes beyond examination for
chronic diseases and focuses on functional independence in daily activities and optimal
interventions to improve functional status and quality of life.” Indeed, comprehensive geriatric
assessment emphasizes functional status as a major quality of life factor for older adults.'

Quality of life improvements for older adults require addressing geriatric syndromes in addition
to managing chronic disease.'’ A geriatric syndrome’s definition, along with its combination
with any chronic disease, affects the syndrome’s association with patient-centered outcomes,
including quality of life, institutionalization, and mortality.'>'* Certain factors are long known to
affect patient-centered outcomes. For example, the persistently strong association between self-
assessed health status and patient-centered outcomes remains a marvel." Similarly, dependency,
defined as deficiencies in activities of daily living (ADLs), also associates strongly with patient-
centered outcomes.'® Systematic reviews have yet to examine other syndromes, such as cognitive
impairment, frailty, poor nutrition status, or chronic inflammation for prevalence or association
with institutionalization and mortality.

This review examines what is known about common geriatric syndromes and their effect on the
clinical course of older patients. Our analysis examines the extent to which varying definitions of
each syndrome can affect determination of its prevalence and its association with patient-
centered outcomes. In general, we anticipate a reciprocal relationship; the more inclusive the
definition, the higher the prevalence. More encompassing definitions or those with lower
thresholds will inevitably raise prevalence estimates and be less precise in their predictive power
than more stringent definitions with higher cut scores. For example, Manton applied ADL- and
instrumental activities of daily living (IADL)-related measures for disability to describe a pattern
of decline in prevalence over two decades.'” Our review synthesizes the evidence for the
following research questions.

Key Questions

Key Question 1. What is the definition and prevalence of common syndromes/conditions in older
adults?

e Multiple morbidities (using polypharmacy as a proxy)

o Cognitive impairment

e Frailty

o Disability

e Sarcopenia
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e Malnutrition
e Homeostenosis
e Chronic inflammation

Key Question 2. What is the prevalence of common syndromes/conditions in older adults in sex,
age, race, ethnicity, and other subgroups?
e Sex subgroups (men, women)
e Age subgroups (>65 years, >85 years)
e Race subgroups (European, African, Asian, American Native)
o Ethnicity subgroups (white Hispanic, white non-Hispanic, African American, Asian,
Arab, Oceanic, Jewish)
o Comorbidity profile defined as a composite comorbidity measure rather than the presence
of the specific disease

Key Question 3. What is the association between these common syndromes/conditions and
mortality, institutionalization, hospitalization, and activities of daily living?

Key Question 4. What statistical and decisionmaking models report mortality based on these
common geriatric syndromes/conditions?

Focus of the Review

This review examines selected geriatric syndromes for prevalence and potential impact on
various outcomes. We do not address the suitability of preventing these syndromes or altering
their courses.

Multiple operational definitions of the syndromes presented a challenge to summarizing the
research on their prevalence and predictive power. Frailty, especially, persists as an elusive
concept, despite efforts at consensus conferences on the topic.'*?' Frailty may be viewed as a
specific phenotype or as an index of deficit accumulations.”>** However, despite problems of
definition and measurement, frailty demonstrates a potent association with outcomes. Different
indices derived from frailty measures have shown association with adverse events.** Likewise,
increasing frailty is typically associated with adverse events.” Frailty and related components
(such as ADL dependency, delirium, malnutrition risk, and comorbidity) are linked to increased
mortality risk.”® More deficit accumulation is associated with worse outcomes.'® Frailty predicts
mortality even after consideration of the effects of clinical and subclinical disease.”’ Frailty’s
predictive capacity also seems to hold up among various populations in different countries.®

Syndromes are also not independent; definitions and prevalence estimates overlap considerably.
For example, sarcopenia is associated with frailty, but some view the former as a dimension of
the latter.”>! Frailty is associated with comorbidity and disability, although efforts to distinguish
the latter emphasize frailty’s multisystem dysfunction and instability.*>** Various geriatric
conditions (such as cognitive impairment, falls, and ADL dependency) are associated with
disability.** Polypharmacy may indicate multiple morbidities, but overzealous prescription may
also be a factor.”” Research suggests that inflammatory cytokines play a substantial role in age-
related disease.’® Thus, separating the syndromes presents another challenge.
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This report was commissioned by the U.S. Preventive Services Task Force (USPSTF) as
background material to help them understand the impact of geriatric syndromes on well-being.
The USPSTF opted not to consider disease as a risk factor. Our review does not address the
suitability of preventing the examined syndromes or altering their courses.

The Technical Expert Panel (TEP) selected geriatric syndromes (but not diseases) for this review
according to how much each syndrome would affect the enthusiasm of clinicians for
recommending prevention strategies. We addressed the eight syndromes that were most highly
rated.

We included original epidemiologic studies that examined prevalence of the eligible syndromes
in adults older than age 65 years. We defined young-old as ages 65—80 years, elderly as ages 80—
90 years, and very old as ages 90 years and older. We defined age categories the same as they
were defined in the original studies.

We retrieved 2,377 publications and excluded 1,865 that were not eligible for review. We
included 509 publications of 123 studies. The majority of the studies were well designed
prospective cohorts or national surveys conducted in the United States, including the National
Health and Nutrition Examination Survey (NHANES), the National Health Interview Survey,
and the National Survey of Self-Care and Aging (76 studies, 62 percent).
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Chapter 2. Methods

Our analytical framework includes target population, syndromes, and patient mortality,
morbidity, disability, and institutionalization. Our conceptual model (Figure 5) outlines the
pathways from the development of the syndromes to patient outcomes, including health care
interventions related to screening and prevention. However, health care interventions were
beyond the scope of this project.

Figure 5 also provides information about the following research questions:
Key Question 1. What is the prevalence of syndromes?
Key Question 2. What is the epidemiology of syndromes?
Key Question 3. What is the association between syndromes and patient outcomes?
Key Question 4. What models report mortality and morbidity in association with the
syndromes?

Selection of Eligible Syndromes

The TEP selected geriatric syndromes for this review. We sent a list of 21 syndromes to nine
TEP members, asking them to indicate the extent to which the presence of each syndrome in an
older person would affect their enthusiasm for recommending each of four prevention strategies.
Prevention strategies included simple (e.g., immunization) and complex (e.g., weight loss
program) primary prevention or simple (e.g., visual screening) and complex (e.g., colonoscopy)
secondary prevention. The TEP used 0 to indicate no effect, 1 to indicate a very mild effect, and
9 to indicate a very strong effect. We collected responses and calculated the mean score for each
syndrome. For this review we selected syndromes with a mean score >4. The TEP members
responded (eight responses) that presence of each syndrome in an older person would not greatly
affect their enthusiasm for recommending simple primary or secondary prevention (mean scores
were <4). TEP members responded that eight syndromes would affect their decision about
complex primary and secondary prevention in an elderly population (Figure 6). We defined these
eight syndromes as eligible for this review.

Search Strategy

We sought studies from a wide variety of sources, including MEDLINE via Ovid and PubMed,
Cochrane databases, manual searches of reference lists from systematic reviews and other
relevant publications, and the Centers for Disease Control and Prevention (CDC) Web site that
lists all publications from the Longitudinal Study of Aging. The search strategies for the three
research questions are described in Appendix A. Exact search strategies were developed through
consultation with qualified librarians. We developed a priori search strategies based on relevant
medical subject headings terms, text words, and weighted word frequency algorithms to identify
related articles. We documented each recommended, included, and excluded study in the
reference library. We limited our search to studies published in English from January 1, 1990 to
April 25, 2010.

Excluded references are shown in Appendix B. All work was conducted under the guidance of a
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TEP, whose members are identified in Appendix C.
Eligibility

We included studies that were original epidemiologic population-based surveys and cohorts and
well designed systematic reviews and meta-analyses published in English from January 1, 1990
to April 25, 2010. The studies had to report the prevalence or incidence of the eligible geriatric
syndromes or the association geriatric syndromes had with frailty, disability, or mortality. The
study sample had to include community-dwelling adults ages 65 years or older. We defined
young-old as ages 6580 years, elderly as ages 80—90 years, and very old as ages 90 years and
older. We also used the same definitions of age categories used in the original studies. We
reviewed results from the Survey of Income and Program Participation, the National Long-Term
Care Survey, and the Medicare Current Beneficiary Survey.

Exclusion Criteria

Studies were excluded from the review if any of the following conditions were met:

e Study participants are in a hospital or long-term care facility setting.

o Study participants were recruited in hospital settings and followed after discharge.

e Study participants are a disease-specific population (i.e., all participants have congestive
heart failure).

e Study does not report prevalence of the syndromes or the relative measures of the
association with outcomes.

e Study reports the mean value of a continuous measure of the geriatric syndrome (i.e.,
muscle strength, blood levels of biomarkers, scores of cognitive function or functional
decline) rather than prevalence of the syndromes.

o Study is an intervention to prevent eligible syndromes and/or progression of such.

e Study is a screening intervention to reduce morbidity and mortality.

o Study assesses the cost-effectiveness of screening and prevention strategies.

e Study reports diagnostic values and psychometric evaluations of geriatric assessment
tools.

For key question 3, we included statistical and decisionmaking models that report mortality
based on geriatric syndromes. We used the Social Security Administration’s 2007 Period Life
Table (available at http://www.ssa.gov/OACT/STATS/table4c6.html) to estimate life expectancy
for participants with eligible syndromes when compared to the general population. We excluded
articles that described methods for quantifying frailty, calibration of depression symptoms, and
methods differing in handling survival data.

Data Extraction

Evaluations of the studies and data extraction were performed manually and independently by
five researchers. The data abstraction forms are shown in Appendix D. We abstracted the
information relevant to the PICOTS (population, intervention, comparator, outcomes, time, and
settings) framework for each question (Table 4). Errors in data extractions were assessed by
comparison with the established ranges for each variable and the data charts from the original
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articles. Any discrepancies were detected and discussed without formal double entry or statistical
evaluation of inter-rater reliability. We abstracted exact definitions of the outcomes from the
studies. We analyzed sampling strategies and inclusion of disabled or institutionalized
participants in the primary studies. We abstracted the sample size and prevalence of the
syndromes to calculate 95 percent confidence intervals of the prevalence using Meta-Analyst
software (Tufts Medical Center, Boston, MA).?”° We abstracted adjusted relative measures of the
association between syndromes and outcomes with 95 percent confidence intervals, descriptive
information about populations, definitions of the syndromes, outcomes, and time to measure
outcomes. We abstracted all variables that were included in multivariate adjusted models.

Data Synthesis

For key question 1, results of individual studies (expressed as crude and age-adjusted prevalence
estimates) were summarized in evidence tables to analyze prevalence, depending on the
definitions of the syndrome. We categorized operational definitions of the syndromes as:
e Abnormal categories of individual biomarkers or diagnostic tests.
e Composite measures of the same syndrome.
o Composite measures of more than one syndrome (e.g., malnutrition and chronic
inflammation).

We synthesized the evidence regarding homeostenosis, chronic inflammation, and malnutrition
following definitions from the guidelines (Table 5) and from the original studies. We defined
homeostenosis as homeostatic dysregulation.”®' We categorized generally similar cutoffs of
anthropometric and diagnostic tests as well as biomarkers into the same groups. For example, we
categorized the studies with increased C-reactive protein (CRP) levels of >2.8mg/L,174 >3
mg/L,87’177 or in the highest qu'clrtile,m"202 into one group of chronic inflammation.

We defined comorbidity and multimorbidity according to the National Institute on Aging Task
Force on Comorbidity.””> Comorbidity was defined as co-occurrence of preexisting age-related
health conditions or diseases in reference to an index disease. Multimorbidity was defined as the
co-occurrence of two or more diseases or active health conditions (e.g., aggregate of coequals)
that may or may not be linked by a causal relationship or with no consistent dominant index
disorder. Both definitions ignore severity of the diseases or conditions and quality of health care
managing the diseases. We analyzed previously validated composite comorbidity weighted
indices that take into account the number and seriousness of comorbid diseases.””* We analyzed
the prevalence of polypharmacy because it reflects comorbidity and treatment utilization.**>>%
We analyzed poor self-perceived health in relation to mortality because it reflects morbidity and
well-being.">**7 We focused on poor self-reported health because this category has been
associated with health problems and physical functioning in older individuals.**®

We used the framework proposed by the Interventions on Frailty Working Group to identify
criteria of frailty in epidemiologic studies (Table 6).>” We categorized the definitions of frailty
into two groups: phenotype and accumulation of deficits. When the studies accepted the biologic
syndrome model of frailty, with five major criteria, including weight loss, fatigue and
exhaustion, weakness, low physical activity and slowness, and mobility impairment, we
categorized the estimates into phenotype definitions of frailty.”> When the studies accepted the
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burden model of frailty, including symptoms, diseases, conditions, and disability, we categorized
the estimates into the accumulation of deficits definition of frailty.*

We synthesized the evidence about disability using two operational definitions: measures of
basic activities of daily living (BADLs) and instrumental activities of daily living (IADLs). We
defined BADL disability as difficulty with or requiring help with any number of the following
activities: dressing/hygiene, bathing, toileting, transferring, ambulating, feeding, and grooming.
We defined IADL disability as having difficulty with or needing help with using the telephone,
shopping, preparing meals, housekeeping, transportation, medication management, and financial
management. Since each study used a different combination of items or scoring system to define
BADL or ADL disability, a new set of categorical definitions was created to organize and
compare the study findings on disability prevalence and incidence. The new categorical
definitions represent a hierarchy of disability; for example, BADL disabilities are more life
limiting than IADL disabilities. For categorical operational definitions of IADLs, the indicators
“any,” “moderate,” or “severe” represent severity of a given type of IADL disability. For
example, studies that used a cutoff score of one or more BADL present were labeled as “any
BADL disability.” Moderate IADL disability was designated when the study indicated that one
or two items were used to define disability. Severe disability was designated if three or more
items were used to define disability. Some studies used a continuous measure of IADL disability,
and these study results are reported separately from categorical definitions. A few studies used a
measure that combined BADL and TADL disability, which are also reported separately. Table 7
summarizes how ADL disability definitions were recategorized.

Results from studies with the same operational definition of the geriatric syndrome were pooled
to estimate prevalence and incidence.”'® Meta-analysis was used to assess the consistency of the
association between syndromes and outcomes with random effects models.*”® Chi-square tests
were used to assess consistency in study results.”''**'? Significant heterogeneity means that
estimates of prevalence and association were not consistent in the studies (not replicable results).
We used Stata 10.1 software (StataCorp, College Station, TX) to calculate pooled prevalence and
association estimates with random effects models. All calculations were conducted at a 95
percent confidence level.

We synthesized the evidence in the total samples and then in age, race, and gender categories
when possible. We synthesized the evidence answering the research question about prevalence of
all syndromes and then the association with morbidity, mortality, and health care utilization.

For key question 3, we used published criteria to appraise cost-effectiveness models®'® and
criteria from the British Medical Journal economic submissions checklist.?'* We also estimated
the number of deaths among 1,000 older persons with each syndrome using calculations based
on the simulation algorithm.'”® We calculated population attributable risk of mortality or
institutionalization using prevalence and risk estimates from pooled analyses when available or
from individual studies.””> We estimated remaining life expectancy for those with each syndrome
from CDC United States Life Tables (available at
http://www.cdc.gov/nchs/data/nvsr/nvsr56/nvsr56_09.pdf) and relative risks of all cause
mortality in older populations with each syndrome. Life expectancy was estimated as the area
under the survival curve. In such estimations we could not address the length of having
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syndromes, interaction with other syndromes, and health care interventions. We used the
mortality rates of the general population, which also contains people at risk of the syndromes.
When available in the studies, sex and race specific regression coefficients were applied.

Quality Assessment

We included original epidemiologic studies that employed strategies to reduce bias in
observational research. We evaluated quality of individual studies and level of evidence using
the following USPSTF criteria.*'°
1. Do the studies have the appropriate research design to answer the key question(s)?
2. To what extent are the existing studies of high quality (i.e., what is the internal validity)?
3. To what extent are the results of the studies generalizable to the general U.S. primary
care population and situation (i.e., what is the external validity)?
4. How many studies have been conducted that address the key question(s)? How large are
the studies (i.e., what is the precision of the evidence)?
5. How consistent are the results across the studies?
6. Are there additional factors that assist in drawing conclusions (e.g., presence or absence
of dose-response effects, fit within a biologic model)?

We defined the nationally representative population based surveys and prospective cohort studies
having the highest applicability.

Rating the Body of Evidence

We assessed study quality and strength of evidence using guidelines from the Agency for
Healthcare Research and Quality.217 The strength of evidence was judged according to the
domains of risk of bias, consistency, and precision for each major outcome.*'” When appropriate,
presence of confounders that would diminish an observed effect and strength of association were
also included. We graded the quality of evidence as follows:

Grade Definition

High High confidence that the evidence reflects the true effect. Further research
is very unlikely to change confidence in the estimate of effect.

Moderate Moderate confidence that the evidence reflects the true effect. Further
research may change confidence in the estimate of effect and may change the
estimate.

Low Low confidence that the evidence reflects the true effect. Further research

is likely to change confidence in the estimate of effect and is likely to change
the estimate.

Insufficient Evidence either is unavailable or does not permit a conclusion.
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Chapter 3. Results

We retrieved 2,377 publications and excluded 1,865 that were ineligible for review (Figure 7).
We included 509 publications of 123 studies. Results from the same studies have been published
in more than one article. The articles could provide slightly different information about included
and excluded subjects. For key questions 2 through 4 we identified four meta-analyses’®***7%
and 119 original studies (Appendix E Table 1). The majority of the studies were conducted in the
United States (76 studies, 62 percent). The studies included 5,420,254 subjects. The majority of
the subjects resided in the United States (5,287,278 or 98 percent of the total subjects). The
majority of the studies were prospective cohorts, nationally representative surveys, or Medicare
analyses. Retrospective analyses of the administrative data were presented in two studies.'*""'*’
Randomized controlled clinical trials (RCTs) provided information relevant to our research
questions and were included in the review.**!>* The majority of eligible studies enrolled adults
older than age 65 years. Several cohorts enrolled centenarians, including the Danish Centenarian
Study,'”® the Vitality 90+ Study,'” and the 90+ Study.”’ Two cohort studies, including the
Baltimore Epidemiologic Catchment Area Program® and the Framingham Offspring Study,
did not enroll exclusively older individuals but reported the outcomes in age categories eligible
for our review. Three studies enrolled men exclusively, including the Osteoporotic Fractures in
Men Study,'" the Honolulu-Asia Aging Study of the Honolulu Heart Program,*” and the
University of Connecticut Center on Aging Osteoporosis in Men Study.''* Some studies enrolled
women exclusively, including the Nun Study,” the Study of Osteoporotic Fractures,’ and the
Women’s Health and Aging Studies.**:!'!7-160-166.169.238-246

234

Almost all studies enrolled some race and ethnic subgroups, but very few reported the outcomes
among them. NHANES III,**” the National Health Interview Survey,'*' and the Cardiovascular
Health Study (CHS)* reported oversampling of minority populations. The Frailty Study of African
Americans in South Central Los Angeles enrolled only African Americans.'* The National Survey
of Self-Care and Aging***** oversampled the oldest old. The Precipitating Events Project'”’
oversampled persons who were physically frail. The majority of the eligible studies enrolled

community-residing older persons. Several studies included residents of long-term care
facilities, 44:38:61.93.97.106,154,176,179.219,250-253

Internal validity of the majority of the studies was good. The studies provided multivariate
adjusted estimates of the association between syndromes and outcomes. Adjustment varied
across the studies. The majority of the studies adjusted for age, sex, socioeconomic status,
comorbidities, and behavioral factors. Some studies adjusted for correlated syndromes, thus
underestimating the strength of the association. Adjustment for components of the definition of
frailty may also underestimate the association between frailty and mortality. Adjustment for a
disability that is an outcome of several syndromes may also underestimate the association
between syndromes and mortality. Therefore, we judged crude but not overadjusted estimates as
poor quality.
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Key Question 1. What is the Definition and Prevalence of
Common Syndromes/Conditions in Older Adults?

Multiple Morbidities

The studies used a variety of definitions for multiple morbidities, including number of chronic
diseases or conditions, high comorbidity score, polypharmacy, and self-perceived poor health.
Prevalence estimates varied depending on definitions (Table 8).

A majority of older people suffered from chronic diseases;*>* 28 to 37 percent had more than
three chronic conditions (Figure 8). Prevalence did not decrease in association with a greater
number of diagnoses. More than 20 percent of older persons suffered from five or more chronic
diseases, and the same number suffered from 11 or more (Appendix E Table 2)."** Population-
based studies relied on self-reported medical diagnoses to define older people with multiple
morbidities. The simple number of the self-reported diseases, however, may not reflect severity
of the conditions.

Studies of community-dwelling older adults in clinical settings defined multimorbid conditions
using medical examinations and documentation. Such studies were able to address clinical
importance of multiple morbidities. Some analyzed severity and seriousness of multiple
morbidities by analyzing major diagnoses among all listed; others calculated the weighted
Charlson comorbidity index (Appendix E Table 2). Prevalence estimates differ depending on the
population studied. A prospective cohort study of community-dwelling older adults attending a
large primary care clinic reported that 9.3 percent had two or more serious diagnoses among six
to nine listed.”>> A prospective study that aimed to develop the Burden of Illness Score for
Elderly Persons reported that 61 to 71 percent of patients had a Charlson comorbidity index
score of >2.* The Swedish Prescribed Drug Register analysis reported that 25 percent of older
adults had a Charlson comorbidity index score of 1-2, 3 percent had a score of 3—4, and 0.4
percent had a score of >5.2%°

Several studies defined multiple comorbidity as polypharmacy because it reflected prevalence of
diseases that required treatments.”*>*% The prevalence of polypharmacy (defined as concurrent
use of five or more drugs) varied from 22 percent in the United States'>* to 29 percent in
Europe®® and 57 percent in Sweden”® (Appendix E Table 3). Polypharmacy was also defined as
the number of doctor visits in which at least one drug was prescribed on the patient record.
Annual drug visits increased from an average of three per older patient in 1995-1996 to five per
older patient in 2004-2005 (Figure 9). The number of drugs per patient increased from nine to 12
in 1995-1996 to 19-22 in 2004-2005 (Figure 10). The annual number of drug visits increased by
25-29 percent during the analyzed 10 years from 1995-2005 (Figure 11). During the same time
period, the number of drugs per patient increased by 85—89 percent (Figure 11). Almost 18
percent of older people have taken more than 11 drugs.** Prevalence of inappropriate
polypharmacy, defined according to the Physicians’ Desk Reference, was as high as 34.6 percent
in a study of more than 60,000 older patients.*”’

Poor self-perceived health reflected a person’s morbidity, physical functioning, and well-
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being.'*?°"?% The prevalence of fair health in older people was 28.24 percent (Figure
12).14:103:109250 po o1 health was reported by 3 percent of older persons.'*!%%1%%2%0

In conclusion, more than 20 percent of older persons suffer from multiple chronic conditions.
One-third to one-half take more than five drugs, with inappropriate polypharmacy in 35 percent
of cases. One-third of older people report fair or poor health.

Cognitive Impairment

Definitions of cognitive impairment varied in the studies categorizing pathophysiological
classification of the condition, prevalence, or association estimates (Table 9).°° Some studies
defined age-associated cognitive decline™’ as part of the normal aging process.””** Several
studies defined it as memory impairment and absence of dementia®>’ or absence of neurological,
psychiatric, or systemic illnesses that could explain the presence of cognitive deficits.” The
definitions can also be categorized as self-reported memory complaints™ or memory impairment
diagnosed with validated tools.””**"" Operational definitions varied depending on inclusion of
impaired ADLs and social functions. Some studies defined cognitive decline as objective
memory deficit resulting in decreased performance in employment or social situations.’®**° The
most common definition of cognitive impairment required subjective complaint of memory
impairment with objective memory impairment, normal general cognitive function, and intact
cognitive ADLs and TADLs.>’® Prevalence estimates varied substantially depending on the
definitions.

The Medical Research Council Cognitive Function and Aging Study used 17 different definitions
of cognitive impairment in the same sample of 2,053 older people (Appendix E Table 4).”
Prevalence estimates varied from 42 percent having self-reported memory complaints to less
than 1 percent having mild or moderate cognitive impairment or questionable dementia.”
Interestingly, the authors found little overlap (concordance from 0 to 24 percent) in different
definitions of cognitive impairment. First, this means that each definition identified a unique
group of older people. Therefore, prevalence estimation of cognitive impairment in the
population requires using several definitions to distinguish different types of impairment.
Second, overall prevalence of cognitive impairment without dementia may exceed half of older
individuals residing in the community.”

Prevalence of cognitive impairment in other studies was lower, probably because the studies
used fewer definitions (Appendix E Table 5).From the individual studies, the Canadian Study of
Health and Aging reported the highest prevalence of positivity on the Modified Mini-Mental
State Examination (3MSE) for cognitive functioning (41.0*° to 46.3 percent’ had a 3MSE score
of <78). The CHS Cognition Study demonstrated a much lower prevalence of amnestic cognitive
impairment (Figure 13).”° Prevalence of probable mild cognitive impairment-amnestic type was
less than 3 percent.” Prevalence of probable mild cognitive impairment-multiple cognitive
deficit type was slightly higher but still less than 6 percent.”” NHANES III found prevalence of
amnestic cognitive impairment (6.6 percent) similar to that found in CHS.**

Prevalence varied depending on the diagnostic methods used to identify cognitive impairment.
Prevalence of cognitive impairment (defined as a score of <24 on the Mini-Mental State

Common Syndromes in Older Adults 11 Minnesota Evidence-based Practice Center



Examination [MMSE]) varied from 10.6 to 33.1 percent (Figure 14)."***** Prevalence of severe
cognitive impairment (defined as an MMSE score of <15) was lower and varied between 1.3 and
9.3 percent (Figure 15).>”**2%! The second Longitudinal Study of Aging obtained self-reported
responses to the Telephone Interview of Cognitive Status (TICS) instrument.* This study found
cognitive impairment in 2.8 to 13.2 percent of older individuals (Figure 16).*° Studies of the
Established Populations for Epidemiologic Studies of the Elderly used the 10-item Short Portable
Mental Status Questionnaire and demonstrated that, on average, 7.1 percent of those tested met
criteria of cognitive impairment (Figure 17).*¢*

Prevalence of dementia was less variable across the studies because of standardized consensus
definitions (Figure 18).2°* Prevalence of senile dementia diagnosed using Diagnostic and
Statistical Manual of Mental Disorders, Third Edition criteria varied from 3.6 percent in France
to 6.7 percent in Finland.*** Prevalence of senile dementia diagnosed using the Geriatric Mental
Status Examination in England was 4.6 to 5.2 percent.’®* Prevalence of probable Alzheimer’s
disease in older people was 14 percent (Figure 19).°*”® Prevalence of definitive Alzheimer’s
disease was much less at 3.1 percent.”””* The Canadian Study of Health and Aging reported the
highest prevalence, with 31.6 percent scoring positive for dementia on the 3MSE (Appendix E
Table 6).” The same study identified 5.1 percent of older patients with Alzheimer’s disease and
8 percent with all types of dementia combined.” Prevalence of severe dementia was 2.6
percent” or 42 percent of all dementia cases.*®

In conclusion, prevalence of cognitive impairment is estimated at around 30 percent in older
people across different studies and definitions. Prevalence of amnestic cognitive impairment was
around 7 percent. Prevalence of dementia did not exceed 8 percent in elderly persons older than
age 65 years, but this estimate can be misleading because of substantial variation in prevalence
across age subgroups.

Frailty

Definitions of frailty vary widely, and the nature of the definition affects the prevalence of
reported frailty. Table 10 arrays a number of studies on frailty in order of the reported prevalence
and shows the components used to determine frailty. There is no clear relationship between the
number or type of components and the prevalence of frailty. Accumulation deficit indices
included up to 75 components. Phenotype indices typically included five criteria. Self-reported
mobility limitations were included in the phenotype definition. Disability in ADLs was included
in the accumulation deficit definition. Separation of the two types of definitions and estimation
of disability in frail persons was somewhat artificial.

Table 11 summarizes these arrays slightly differently, by showing the effect of including a
specific component on the prevalence of frailty. Lung function, chronic or terminal illness, visual
or cognitive impairment, and incontinence are all strong influences.

Another way of synthesizing this complex array is to contrast the measures that use various
phenotypic measures, such as low physical activity or fatigue, as compared to specific deficits.
Figure 20 shows the odds of having a frailty prevalence higher than 20 percent for these two
types of indicators. The studies that used accumulation deficit components reported higher
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prevalence estimates more often. Figure 21 graphs the prevalence of frailty from various studies

according to the type of measure used; again, the prevalence is higher when using accumulation
of deficits 23-101:103,104,107.109,111,115,229.264

The initial manifestations of frailty criteria in association to the development of frailty was
examined in the Women’s Health and Aging Study I1.°*> Weakness was the most common first
manifestation that could predict development of frailty during 7.5 years of followup.**® Other
studies did not analyze temporality in different frailty criteria.

Variability in prevalence estimates was substantial within the same study and across different
studies. The Health and Retirement Study examined prevalence of frailty using different
definitions, including phenotype and accumulation deficit, and found that 30 percent of older
people were frail according to at least one definition, but only 3 percent according to all three
definitions (Figure 22).'* Such a small overlap indicates that each definition distinguished
unique groups, and population-based studies should use all definitions to detect frailty.

Appendix E Table 7 summarizes the prevalence rates from various studies, showing the measure
used. The same study may generate a different prevalence depending on the measure used or
severity of the condition (Appendix E Table 8).

In conclusion, prevalence of frailty varied depending on definitions. Prevalence of frailty,
defined as accumulation deficit, was 24 percent. Prevalence of frailty, defined as phenotype, was
14 percent. The overlap in definitions was small. Thus, according to at least one definition,
around 30 percent of older people were frail.

Disability
Definition and prevalence of BADL disability in older people.

Any BADL disability. The prevalence of any BADL disability was reported in 12 studies (Table
12).41235%% The percentage of older people with any BADL disability ranged from 5.0 to 25.6
percent (Appendix E Table 9). The prevalence was lowest (5.0 to 9.1 percent) in national surveys
that included people of all ages, but reported those aged 65 years and older separately (i.e., the
National Health Interview Survey,”® the American Community Survey,” the Survey on Income
and Program Participation,”® and the Census Public Use Microdata Files®®), higher (11.0 to 18.3
percent) in studies exclusively targeting older adults (i.e., Established Populations for
Epidemiologic Studies of the Elderly,*'”"** Longitudinal Studies of Aging’®®’), and highest
(13.9 to 25.6 percent) in studies targeting the oldest of the old (i.e., Survey of Assets and Health
Dynamics of the Oldest Old,” CHS All Starssg) (Figure 23).

Moderate BADL disability. The prevalence of moderate BADL disability (defined as having one
to two BADL disabilities) was reported in two studies, and ranged from 16.1 to 20.5 percent
(Figure 24) 118

Severe BADL disability. The lowest rates were reported for severe BADL disability, which
ranged from 6.0 to 7.8 percent™''® when it was measured as having three to four BADL
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disabilities and 4.8 percent’ when it was measured as having five to seven BADL disabilities
(Figure 24).

Bathing disability. The percentage of older people with bathing disabilities ranged from 3.9 to

9.0 percent (Figure 25).>%>912%28 1y the Massachusetts Health Care Panel Study, the

percentage of older adults who had a bathing disability increased from 3.9 to 14.7 percent over 5
65

years.

Dressing/hygiene disability. The percentage of older people with dressing or hygiene disabilities
ranged from 0.8 to 11.0 percent (Figure 26).”*>>120-4%8 1 the Massachusetts Health Care Panel
Study, the percentage of older adults who had a dressing disability increased from 0.8 to 9.3
percent over 5 years.

Eating disability. The percentage of older people with eating disabilities ranged from 0.4 to 4.5
percent (Figure 27).>2>°86%119.120298 1, the Massachusetts Health Care Panel Study, the
percentage of older adults who had an eating disability increased from 0.4 to 2.2 percent over 5

years.”

Toileting disability. The percentage of older people with toileting disabilities ranged from 2.4 to
6.0 percent (Figure 28).>°%

Transferring disability. The percentage of older people with transferring disabilities ranged from
0.4 to 21.1 percent (Figure 28).%%”>°%%120 I the Massachusetts Health Care Panel Study, the
percentage of older adults who had a transferring disability increased from 0.4 to 5.8 percent
over 5 years.65

Walking disability. Between 0.8 and 27.3 percent of older people reported walking disabilities
(Figure 28).>*°%>12% I the Massachusetts Health Care Panel Study, the percentage of older
adults who had a walking disability increased from 0.8 to 7.7 percent over 5 years.”

Summary. The prevalence of any BADL disability was quite variable and depended on the target
population of the study. It was lower in national surveys and highest in studies targeting the
oldest old. Moderate BADL disability was the most common, and severe BADL disability was
the least common. In terms of individual BADL disabilities, the hierarchy of most to least
common disability was walking, bathing, dressing, transferring, toileting, and eating (Table 12).
Over a period of 5 years, more older people developed individual BADL disabilities (Table 13).

Definition and prevalence of IADL disability in older people.

Any IADL disability. The percentage of older people reporting any IADL disability ranged from
12.0 to 46.7 percent (Figure 29 and Table 14).77"2%

Moderate IADL disability. The percentage of older people reporting a moderate IADL disability
ranged from 7.2 to 31.0 percent (Figure 29).>>**¢7

Severe IADL disability. The percentage of older people reporting a severe IADL disability
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ranged from 4.5 to 21.2 percent (Figure 29).°°**" The prevalence was lowest when severe [ADL
disability was defined as having difficulty with four or more IADLs (4.5 to 5.7 percent)™>* and
higher when it was defined as having difficulty with three or more IADLs (6.2 to 21.2 percent)
(Appendix E Table 10).>2¢

Financial disability. The percentage of older people reporting a financial disability ranged from
8.0 to 19.3 percent (Figure 30).>>”> The percentage of older people with difficulty managing
finances increased from 19.3 to 36.7 percent over a 5-year period in the Massachusetts Health
Care Panel Study.®®

Housekeeping disability. The percentage of older people reporting a housekeeping disability
ranged from 7.5 to 35.8 percent (Figure 30).12 The percentage of older people with difficulty
doing housework increased from 35.8 to 48.0 percent over a 5-year period in the Massachusetts
Health Care Panel Study.®

Meal preparation disability. The percentage of older people reporting difficulty with meal
preparation ranged from 7.1 to 32.4 percent (Figure 30).>°>'" The percentage of older people
with difficulty preparing meals increased from 32.4 to 34.1 percent over a 5-year period in the
Massachusetts Health Care Panel Study.®

Medication management disability. The percentage of older people reporting difficulty with
medication management ranged from 3.0 to 4.7 percent (Figure 30).”>

Shopping disability. The percentage of older people reporting difficulty with shopping ranged
from 11.0 to 32.9 percent (Figure 30).>>%>'"” The percentage of older people with difficulty
shopping increased from 32.9 to 41.3 percent over a 5-year period in the Massachusetts Health
Care Panel Study.®

Telephone disability. The percentage of older people reporting difficulty using the telephone
ranged from 4 to 6 percent (Figure 3 1).2%

Transportation disability. The percentage of older people requiring assistance with transportation
increased from 54.3 to 67.6 percent over a 5-year period in the Massachusetts Health Care Panel
Study (Figure 31).%

Summary. Prevalence was highest when any IADL disability was reported, lower when moderate
IADL disability was reported, and lowest for severe IADL disability. The order of individual
IADL disabilities from most to least common was needing assistance with or having difficulty
with driving, housekeeping, personal finances, shopping, meal preparation, using the telephone,
and medication management. Over a 5-year period the percentage of older people with [ADL
disabilities increased (Table 15).

Sarcopenia

Sarcopenia was defined as a loss of skeletal muscle mass owing to any disease or condition.®®
Operational definitions were based on lean body mass relative to skeletal size and total body
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mass.® Relative indices were calculated using dual energy x-ray absorptiometry. Sarcopenia was
defined as index values of less than 2 standard deviations below the sex-specific mean in a
healthy, younger population.®”*® Using this definition, sarcopenia was identified when relative
skeletal muscle index or appendicular skeletal muscle mass index (kg/m?) was less than 7.3
kg/m” for men and 5.5 kg/m” for women.®”*® The recently published recommendations from the
European Working Group on Sarcopenia in Older People defined sarcopenia as the presence of
both low muscle mass and low muscle function (strength or performance).®’

The Rosseta study,”” Aging Process Study,”*® and the New Mexico Elder Health Survey®
defined sarcopenia using a relative skeletal muscle index. This definition, however, does not take
into account individuals with increased fat mass who will not be diagnosed with sarcopenia
despite inadequate low muscle mass. The investigators of the Health Aging and Body
Composition (Health ABC) Study proposed adjusting relative skeletal muscle indices for body
fat mass and height to determine the expected total lean mass.'> Total lean mass was measured
relative to height squared and relative to height and total fat mass.'* Sarcopenia was defined as
lean mass/height” in the lowest 20 percent of the sex-specific distribution of the index using cut-
off points of 7.2 kg/m* (men) and 5.7 kg/m* (women).'*> A second definition of sarcopenia was
based on linear regression modeling the relationship between lean mass and height (meters) and
fat mass (kilograms). Individuals below the 20th percentile of the distribution of residuals were
diagnosed with sarcopenia.'*

Prevalence estimates varied depending on definitions. The studies provided sex-specific
estimates only. The New Mexico Elder Health Survey® reported sarcopenia in 13.5 percent of
non-Hispanic white men younger than age 70 years and in 53 percent of Caucasian men older
than age 80 years.”® Prevalence of sarcopenia was slightly higher in Hispanic men, ranging from
17 percent in men younger than age 70 years to 58 percent in those older than age 80 years.”®
Prevalence of sarcopenia was greater in older women and varied from 23.1 percent in non-
Hispanic white women to 24 percent in Hispanic women younger than age 70 years.’® Hispanic
women older than age 80 years had the highest prevalence of sarcopenia (60 percent).®® The
Health ABC Study found sarcopenia in 50.4 percent of men with a body mass index (BMI) of
<25 kg/m” using a lean mass index and in 32.8 percent of men using definitions adjusted for fat
mass (Figure 32).'* The same study found sarcopenia in 51.9 percent of women with a BMI of
<25 kg/m” using a lean mass index and in 23 percent of women using definitions adjusted for fat
mass. Prevalence of sarcopenia using the residual method was identified in 11.5 percent of obese
older men and in 21 percent of obese older women.'* Using the unadjusted lean mass index, no
obese individuals with relatively low lean mass were found to have sarcopenia.'*’

In conclusion, prevalence of sarcopenia in older individuals varied from 14 to 60 percent,
depending on age, sex, and ethnicity. Simple relative skeletal muscle index can underestimate

sarcopenia in obese patients. Residual methods adjusting for fat mass may more effectively
identify sarcopenia in overweight and obese patients.

Malnutrition

The studies defined malnutrition as abnormal categories of individual biomarkers or composite
measures of poor nutritional status. Among individual anthropometric markers, unintended
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weight loss’*"* and low BMI**"*7¢ defined individuals with malnutrition. Among biochemical
markers, low blood albumin levels,73 75,77 anemia,77’78 and deficit of micronutrients”*! identified
people with poor nutritional status. Several studies used composite nutritional scores based on
self-reported dietary intake and habits to identify people with malnutrition.”*"***™ Prevalence
estimates varied across the definitions.

Anthropometric definitions of malnutrition. Unexpected weight loss of more than 5 percent of
baseline body weight was reported by 21 percent of individuals in the Danish part of a large
survey of European older adults (Appendix E Table 11).”° Low BMI was defined as <18.5
kg/m?*,*737612 <19 kg/m*”® or <22 kg/m>.” The highest prevalence of malnutrition according to
low BMI (15 percent) was found among older American veterans.”” A European study found that
5.8 percent of older individuals had low BML” The prevalence of low BMI in older people from
the general American population was as low as 2.3 percent.*® The Geisinger Rural Aging Study
did not find any rural older Americans with a BMI of <18.5 kg/m2 (0 percent prevalence)
(Appendix E Table 11).°

Biochemical definitions of malnutrition. Low albumin levels were found in 3.1 percent of
American veterans (Appendix E Table 11).”° Prevalence was remarkably higher in studies that
recruited older people in clinical settings. The Italian Group of Pharmacoepidemiology in the
Elderly study found that 38.1 percent of individuals had albumin levels <35 g/L.” American
studies developing the High-Risk Diagnoses for the Elderly Scale found that 24 to 49 percent of
older patients in clinical settings had albumin levels <3.5 mg/dL."

A micronutrient deficit was more common in older Europeans (18.2 percent) than in older
Americans (6.4 percent) (Appendix E Table 12).” On average, 5.3 percent of older people had a
folate deficit (Figure 33).*** Older Europeans also had a higher prevalence of vitamin B12
deficiency (11.7 percent) compared to Americans (5.4 percent).”” On average, 7.5 percent had a
vitamin B12 deficiency (Figure 33). Prevalence of iron deficiency was similar in older
Europeans (6.1 percent) and Americans (5.6 percent) (Appendix E Table 12).” On average, 4.7
percent of older adults had an iron deficiency (Figure 33). Prevalence of vitamin D insufficiency
was the same (36.7 percent) in older Europeans™ and Americans.®' On average, 9.9 percent of
older adults had a vitamin D deficiency (Figure 33).

Composite nutritional score. Prevalence of malnutrition in older adults varied from 1 percent™”
in eight European countries to 5 percent in Australia (Appendix E Table 13).** According to the
Nutrition Screening Initiative, 21 percent of older adults in the United States had a high

nutritional risk.** Half of the American older adults with poor perceived health were at high risk

of malnutrition.* Overall, 33 percent of older individuals had a high nutritional risk (Figure
34),7072.82:85

In conclusion, the prevalence of malnutrition depended on definitions. The chance of having low
BMI was less than 3 percent, around 6 to 10 percent for having a vitamin and micronutrient
deficit, and 1 to 5 percent for having a low composite nutritional score. The prevalence of low
BMI and blood albumin level was highest in older American veterans.”
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Homeostenosis (Impaired Homeostasis)

Very few studies examined the prevalence of impaired homeostasis (Appendix E Table 14).
NHANES I and II defined impaired homeostasis in older persons using an allostatic load score.
The total score was based on elevated CRP level of >0.5 mg/dL, low albumin level of <4.5 g/dL,
creatinine clearance of <78.5 mL/min/1.73 rn2, and increased blood pressure, hemoglobin A,
homocysteine, total cholesterol, and triglycerides. The surveys found that 1.4 percent of the
elderly population in the United States had an allostatic load score of >4.*® The Duke Established
Populations for Epidemiologic Studies of the Elderly analyzed plasma tonicity as a marker of
impaired homeostasis that can predict frailty and disability.*® Plasma tonicity was estimated from
plasma glucose, sodium, and potassium measures and was used to classify subjects as
normotonic (285-294 mOsm/L) or hypertonic (>300 mOsm/L). This study found that 10 percent
of individuals had increased plasma tonicity.

86

In conclusion, existing evidence was insufficient to estimate the prevalence of homeostenosis.

Chronic Inflammation

Few studies provided prevalence of unspecified chronic inflammation (Appendix E Figure
1).27#8:196 CHS found that 24.4 percent of older adults had elevated CRP."’ The Health ABC
Study reported that 5 percent of older adults had elevated IL6 and 5 percent had elevated tumor
necrosis factor-alpha.™ The Swedish NONA Immune Study demonstrated that 15.3 percent of all
older adults and 18.4 percent of frail older persons had an inverted CD4/CDS ratio.'*

In conclusion, existing evidence was insufficient to estimate a prevalence of chronic
inflammation.

Key Question 2. What is the Prevalence of Common
Syndromes/Conditions in Older Adults in Sex, Age, Race,
Ethnicity, and Other Subgroups?

Multiple Morbidities

Prevalence of three or more chronic diseases increased from 28 percent in adults ages 65-74
years to 37 percent in adults older than age 75 years (Figure §). Older persons living below the
poverty level had a higher prevalence of multiple morbidities. The prevalence of polypharmacy
also increased from 50 percent in adults ages 75—79 years to 63 percent in those older than age
85 years (Table 16).2%

Prevalence of comorbidities in older men varied from 16 percent having two chronic diseases to
5 percent having four to six chronic diseases (Appendix E Table 2).'*> More than one-third of
older men took more than five drugs,”* while 16 percent took more than 11 drugs (Appendix E
Table 3).”” On average, an older man took 9.6 to 12 drugs in 1995-1996 but 18 to 21 drugs in
2004-2005 (Figure 10). The increase in annual drug visits (35 percent) and drugs taken (102
percent) in men ages 65—74 years during the decade from 1996 to 2005 was largest when
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compared to other sex and age categories (Figure 11). Poor health was reported by 7 percent of
older men (Figure 35).%%19**%

The prevalence of more than three comorbidities in older women varied from 16.0 to 18.4
percent (Table 16).**''" The prevalence of five, six, or more diseases was lower among older
women who participated in the Women’s Health and Aging Studies.''** Thus, the majority of
older women reported three or four comorbidities.

The prevalence of polypharmacy was greater in older women than in men; 43 percent had taken
more than five drugs® and 19 percent took more than 11 drugs.*”> From 1996-2005, women
older than age 75 years experienced a 32 percent increase in annual drug visits and a 94 percent
increase in the number of prescribed drugs (Figure 11). Poor health was reported by 7 percent of
older women (Figure 36).”+!%2%

Prevalence of more than three chronic diseases was higher in African American women (13.4
percent) than in Caucasian women (9.5 percent).* A comparison of the estimates was difficult
because there were inconsistent definitions of the outcomes and older subgroups across the
studies.

In conclusion, prevalence of multimorbid conditions increased with age. Women tended to have
a higher prevalence of comorbidities, polypharmacy, and poor health. African American women
had a higher prevalence of comorbidities than Caucasian women.

Cognitive Impairment

Age. Prevalence of cognitive impairment increased with age across all definitions and studies.
Prevalence of mild cognitive impairment identified using the 3MSE increased from 18.8 percent
in individuals older than age 75 years to 44.1 percent among those older than age 90 years
(Figure 37).°%?114¢281 prevalence of cognitive impairment in elderly persons defined as an
MMSE score of <24 increased from 16.9 percent among those older than age 65 years to 22.9
percent in centenarians older than age 90 years (Figure 14).'**** The prevalence of cognitive
impairment identified through the TICS instrument increased from 3.38 percent in persons ages
7074 years to 19.6 percent among those older than age 85 years (Figure 16).*

Prevalence of dementia increased with age in all studies. Prevalence of senile dementia increased
from 1.6 percent in individuals age 67.5 years to 36.7 percent in those older than age 95 years
(Figure 19).> The prevalence of Alzheimer’s disease increased from 0.4 percent in individuals
age 67.5 years to 37.4 percent in those older than age 95 years.”>”* Prevalence of severe
dementia increased dramatically from 3.2 percent in individuals ages 75-84 years to 14.6 percent
in those older than age 85 years.”” A meta-analysis of nine studies concluded that the highest
prevalence of dementia was among individuals ages 80—85 years, with a minimal increase after
age 90 ye:ars.93

Race. Limited evidence from the CHS Cognition Study indicates that older individuals of

African American descent had a higher prevalence of mild cognitive impairment (45.5 percent)
compared to Caucasians (14 percent) (Figure 37).%
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Sex. Prevalence of cognitive impairment in men varied from 16 percent in the Canadian Study of
Health and Aging®° and PAQUID (Personnes Agées QUID) Research Program® to 36 percent
in the CHS All Stars Study (Appendix E Table 15).% No age-associated increase was evident.
For instance, the Survey in Europe on Nutrition and the Elderly reported that 14 percent of men
ages 80-85 years had cognitive impairment.”® The prevalence was 10.3* to 14.9 percent™ in
men older than age 89 years.

Prevalence of dementia in older men was consistent across different countries, with an evident
increase with age (Figure 38).”” The EURODEM-Prevalence Research Group reported that 3.25
percent of older men had vascular or mixed dementia.”” Prevalence increased from 1.04 percent
in men ages 65—69 years to 5.8 percent in those older than age 85 years.”” CHS identified
dementia in 9 percent of men younger than age 75 years and in 43 percent of those older than age
85 years (Figure 39).”* The Canadian Study of Health and Aging demonstrated an evident
increase in severe dementia in aging men, from 0.4 percent in those ages 65—74 years to 8.8
percent in those older than age 85 years.”

The prevalence of cognitive impairment in women varied depending on definitions and age.
Cognitive impairment detected with the 3MSE questionnaire varied from 10.4 to 11.5 percent in
older women (Figure 40).>>"° Functional cognitive impairment was identified with the 3MSE
questionnaire in 35 to 59 percent of older women.>’ Cognitive and physical impairment were
identified with the same instrument in 6.3 to 24.3 percent of older women.>® The prevalence of
cognitive impairment defined as an MMSE score of <24 was 24 percent in women older than age
65 years (Figure 41).*%7%94%

Prevalence did not increase substantially with age. Pooled prevalence of cognitive impairment in
women ages 80 to 85 years was 31.8 percent but was reduced to 14.2 percent in those older than
age 90 years.*>?*** Since prevalence of dementia increases with age, a decrease in prevalence
of cognitive impairment may reflect a competing risk issue.

The prevalence of cognitive impairment was lower in the Longitudinal Study of Aging that used
the TICS instrument (Figure 42).* The Longitudinal Study of Aging found an increase in
prevalence with age, from 8.6 percent in women ages 70—74 years to 33 percent in those older
than age 85 years.”

The prevalence of dementia in older women was consistent across different countries, with
evident increases with age (Figure 43).”” The EURODEM-Prevalence Research Group found
vascular or mixed dementia in 2.3 percent of older women.”’ Prevalence increased from 0.3
percent in those ages 6569 years to 5.4 percent in those older than age 80 years.”’ Prevalence of
any dementia increased from 8.8 percent in women younger than age 75 years to 51 percent in
those older than age 85 years, and to 56 percent in centenarians (Figure 44).%>7%62%2 Severe
dementia increased from 0.6 percent in women ages 65—74 years to 17.2 percent in those older
than age 85 years.”! 70236282

Other factors. Several factors have been associated with the development of cognitive

impairment and dementia in healthy aging people (Appendix E Table 16).”*?* Sedentary
lifestyle was associated with dementia in several studies.™2** Several cohort studies
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demonstrated an increased risk of dementia among smokers (Appendix E Table 16).284285:293-29

The association with alcohol intake was not linear, with an increased risk of dementia among
both nondrinkers and heavy drinkers.?*>2**%¢3% QOpesity**!** and increased saturated fat intake
in older adults was also associated with a higher risk of cognitive impairment.?*>=%°

Several studies showed that cognitive impairment was associated with a greater risk of dementia.
More than 20 percent of older people with cognitive impairment developed dementia during 2 to
5 years of followup (Appendix E Table 17).°® The Cache County Study on Memory, Health, and
Aging demonstrated that 46 percent of older individuals with mild cognitive impairment
developed dementia during 3 years of followup.’”® The Religious Orders Study’ and the German
Study on Aging, Cognition, and Dementia in Primary Care Patients Study Group'® demonstrated
a significant risk of any dementia and Alzheimer’s disease in older individuals with cognitive
impairment (Appendix E Table 18). Several cognitive tests have been shown to predict dementia
in older people with cognitive impairment, including the Selective Reminding Test, Benton
Visual Retention Test, Wechsler Memory Scale, Paired Associate Learning, Mattis Dementia
Rating Scale, Rey Auditory Verbal Learning Test, Cambridge Mental Disorders in the Elderly
Examination, Wechsler Adult Intelligence, Fuld Object Memory Test, Boston Naming Test, and
California Verbal Learning Test (Appendix E Table 19).%%2% The differences in the magnitude of
the association between different definitions of cognitive impairment and dementia have not
been documented in large population-based studies.

In conclusion, prevalence of cognitive impairment and dementia increased with age, with the
highest prevalence among community-dwelling persons ages 80—85 years. Older African
Americans had a higher prevalence of cognitive impairment. Older men and women had
comparable prevalence of cognitive impairment and dementia. Older persons with cognitive
impairment were at a higher risk of developing dementia.

Frailty

Prevalence of frailty increased with age but differed within age subgroups, depending on
definitions (Appendix E Table 20). Prevalence in those between the ages of 65 and 70 years
ranged from 3—6 percent, using the phenotype definition, to 5—15 percent using the accumulation
deficit definition (Figure 45).'°""'% Prevalence of frailty in adults between the ages of 70 and
80 years varied from 5—12 percent, according to the phenotype definition, to 8—17 percent
according to the accumulation deficit definition (Figure 46). 7223 1OL10L105 preyalence of frailty
according to any definition was more than 16 percent in those older than age 80 years (Figure
47). 210119 prevalence according to the phenotype definition increased from 16 percent in those
ages 80—84 years to 26 percent in those ages 85—89 years, without further increase with age.
Prevalence of frailty according to the accumulation deficit definition continued increasing with
age. More than half (50 to 56 percent) of people older than age 85 years were frail according to
the accumulation deficit definition.

Among race groups, older African Americans had the highest prevalence of frailty across
different definitions (Appendix E Table 21). More than half of older African Americans were
frail according to two studies (Precipitating Events Project and Frailty Study of African
Americans in South Central Los Angeles) (Figure 48).7'%%1%197 Ty studies examined
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prevalence of frailty in older Hispanics and reported that 8—20 percent met different frailty
criteria (Figure 49).'*'% Prevalence of frailty in older Caucasians varied from 6—12 percent,
using the phenotype definition, to 15—40 percent using the accumulation deficit definition
(Figure 50).21%*1971% The Jarge cohort studies of predominantly Caucasian participants in the
Survey of Health, Aging and Retirement in Europe demonstrated that, according to phenotype
criteria, 17 percent of older people were frail.'"”

Among sex groups, prevalence of frailty was somewhat higher in women than in men. Estimates
varied depending on studies, definitions, and age subgroups. In older men, prevalence of
phenotype frailty was 7 percent, and accumulation deficit frailty was 24 percent (Figure

51). 2100107109115 proyalence of phenotype frailty increased from 2—37 percent in higher
age subgroups (Figure 52).7!01 S prevalence of accumulation deficit frailty increased
from 3 percent in men ages 6569 years to 55 percent in those older than age 90 years.
Prevalence was higher in aging African American and Hispanic men compared to Asian or
Caucasian men (Figure 53).>''>!'® Prevalence of phenotype frailty was 13 percent in women,
and accumulation deficit frailty was 26 percent (Figure 54) 2324103105 107109 HLIST proyalence
of phenotype frailty increased from 3—13 percent in higher age subgroups (Figure

55) 2 10LILILILS provalence of accumulation deficit frailty increased from 6-57 percent in
higher age subgroups. African American women had the highest prevalence of frailty, with 60
percent of those older than age 85 years being frail (Figure 56).2''®

In conclusion, prevalence of frailty varied depending on studies, definitions, and age subgroups.
Prevalence increased with age and was higher when accumulation deficit definitions were used.
Older African Americans and Hispanics had a higher prevalence of frailty.

Disability

Prevalence of BADL disability by sex.

Any BADL disability. Four studies reported prevalence for any BADL disability by sex, and
women had a higher prevalence of any BADL disability (8.1-14.0 percent) than men (6.5-10.3
percent) (Figures 57—60).°1:03:64121

Moderate BADL disability. Women (21.7 percent) had a higher prevalence of moderate BADL
disability than men (19.1 percent) in the one study that reported this outcome (Figure 61).""®

Severe BADL disability. The prevalence of severe BADL disability was the same in older men
and women (6 percent) (Figure 62).''®

Individual BADL disabilities. Women had a higher prevalence of disabilities in bathing,
dressing/hygiene, transferring, and walking than men (Table 17). The prevalence was equal
between men and women for eating disabilities, and no study reported on differences in toileting
disabilities.

Summary. In general, women had higher rates for all types of BADL disabilities, except for
eating disabilities, which had an equal prevalence. The highest prevalence reported for BADL
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disability occurred when it was measured as moderate BADL disability, then as any BADL
disability, and finally as severe BADL disability.

Prevalence of IADL disability by sex. Few studies reported differences by sex in IADL
disabilities (Table 18).

The prevalence of any IADL disability was higher in women than men (Table 18)."*' One study

described changes in the prevalence of any IADL disability over 6 years between men and
women.'?! More women reported an IADL disability than men at any time period, but showed
less change over time (Figure 63). In terms of individual IADL disabilities, more women had
more difficulty with housekeeping and meal preparation than men, but less difficulty with

shopping (Figures 64 and 65).'"*"'%
Prevalence of BADL disability by ethnicity.

Any BADL disability. Two studies reported prevalence of any BADL disability by ethnic group
and one study enrolled only older Hispanic Americans (Table 19).*"%*%? Prevalence of any
BADL disability, in order of highest to lowest, was African Americans (13.6 percent), American
Indians (11.6 percent), Hispanic Americans (11.0 percent),*' and Caucasian Americans (8.1
percent) (Figure 66).°% Racial differences persisted after accounting for sex. Older African
American women had the highest prevalence of having any BADL disability (10.7 percent),
followed by African American men (7.5 percent), Caucasian women (5.2 percent), and
Caucasian men (4.7 percent) (Figure 67).%

Eating disability. One study reported the prevalence of eating disabilities by ethnic group and
found that African American and Caucasian older adults had the same prevalence (1.2 percent)
(Figure 68).'"°

Summary. The prevalence of BADL disabilities was highest in African American older people,
followed by American Indian older people and Hispanic older people, and was lowest in
Caucasian older Americans. African American women had the highest prevalence of BADL
disability, followed by African American men, Caucasian women, and Caucasian men. There
were no racial differences in eating disabilities.

Prevalence of IADL disability by ethnicity. Only one study reported differences in the
prevalence of IADL disabilities by race.''” Older African Americans had a higher percentage of
individuals having difficulty with meal preparation and shopping than Caucasian older adults.
Older African American women had the highest prevalence (Figures 69 and 70).

Summary. Very little is known about racial differences in the prevalence of IADL disability in
older people. African American women appear to have more IADL disability.

Prevalence of BADL disability by age groups.
Any BADL disability. One study reported differences in the prevalence of any BADL disability

by sex and age group.’” In general, the prevalence of any BADL disability increased with age
and was higher in women (Table 20).
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Moderate BADL disability. One study reported differences in the prevalence of moderate BADL
disability by sex and age group.''® In general, prevalence of moderate BADL disability was
higher in women and in the oldest age groups. Women older than age 80 years had the highest
prevalence of moderate BADL disability.

Severe BADL disability. One study reported differences in the prevalence of severe BADL
disability by sex and age group.''® Prevalence of severe BADL disability ranged from 10-11
percent in people ages 80 years and older, was 6 percent in those ages 65—74 years, and did not
differ significantly by sex (Table 21).

Summary. BADL disability was highest in the oldest age groups, and in older women.

Sarcopenia

Prevalence of sarcopenia increased with age.®®'>* However, the association was strong and
consistent only in men.**'** The association was significant in women in the New Mexico Elder
Health Survey68 but random in female participants in the Health Aging and Body Composition
Study.'*

Older African Americans had significantly lower odds of sarcopenia when compared to
Caucasians (OR, 0.2 [95% CI, 0.1—0.3]).123 The odds of sarcopenia did not differ among
Hispanic and non-Hispanic whites.®®

Prevalence of sarcopenia did not demonstrate a consistent association with comorbidity across
the studies. Older men with more than three diseases had significantly higher odds of sarcopenia
in the Health Aging and Body Composition Study'* but not in the New Mexico Elder Health
Survey.z: lSzitrcopenia was not associated with multimorbid conditions in women in both
studies.”™

Malnutrition

Prevalence of poor nutritional scores did not demonstrate a linear association with age in the
Nutrition Screening Initiative.* Prevalence was highest in those ages 65—74 years (46 percent)
but decreased to 31 percent in those older than age 85 years.™ Sex differences in prevalence of
maglglutrition were evident for some but not all definitions of malnutrition (Appendix E Figure
2).

Prevalence of poor nutritional scores was the same in men and women in the Nutrition Screening
Initiative (Figure 71).** The pooled prevalence of poor nutritional scores was 18.27 percent in
older men and 24 percent in older women (Figure 34). Prevalence of unintentional weight loss
also did not differ by sex (Figure 72).”"”> Women, however, had a lower prevalence of decreased
albumin levels’’ but a higher prevalence of low BMI (Appendix E Table 10).”

Older African Americans had a significantly higher risk of malnutrition defined as unintentional

weight loss when compared to Caucasians (Figure 71).”" According to NHANES II, prevalence
of anemia did not differ among older Caucasians and non-Caucasians (Appendix E Table 11).7®
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Prevalence of unintentional weight loss did not differ in older Hispanics and non-Hispanics.72
Older Hispanic women had a higher prevalence of poor nutritional scores when compared to
non-Hispanic women (30 percent vs. 17 percent, respectively).”

In conclusion, age and sex differences in malnutrition were not consistent across the studies.
Older African Americans had a higher prevalence of unintentional weight loss. Older Hispanic
women had a higher prevalence of poor nutritional scores.

Homeostenosis (Impaired Homeostasis)

We could not identify studies that reported prevalence of homeostenosis in age subgroups.

Chronic Inflammation

We could not identify studies that reported prevalence of chronic inflammation in age, sex, or
race subgroups. Older women with higher blood levels of carotene, lycopene, lutein, b-
cryptoxanthin, and selenium had a lower prevalence of elevated IL6 (Appendix E Table 22).2*

In conclusion, evidence was insufficient about prevalence of unspecified chronic inflammation in
older subpopulations.

Key Question 3. What is the Association Between These
Common Syndromes/Conditions and Mortality,
Institutionalization, Hospitalization, and Activities of Daily
Living?

We analyzed the association of outcomes with each syndrome and across all syndromes. The
estimates of the association varied depending on definitions of comorbidities, population
subgroups, definitions of the outcomes, and adjustment for correlated contributing factors. Some
analyses did not address the multifactorial nature of geriatric syndromes and the role of baseline
diseases. For example, disability was an outcome but also a part of the definition of frailty.
Adjustment for correlated multifactorial syndromes that ignored definitive primary cause of
disability or death may give invalid estimation of the association between syndromes and
mortality. Age and specific disease contributions were not separately examined in the studies.

Multiple Morbidities

The estimates of the association varied depending on definitions of comorbidities, population
subgroups, definitions of the outcomes, and adjustment for correlated contributing factors. The
Women’s Health and Aging Studies I and II demonstrated increased odds of frailty in women
with more than three chronic diseases (OR, 1.5 [95% CI, 1.3-1.7])*" or more than eight
inflammatory diseases (OR, 1.8 [95% CI, 1.5-2.3]) (Appendix E Table 23).""” The Health ABC
Study found an increased risk of sarcopenia in older men (RR, 2.8 [95% CI, 1.7-4.8]) but not in

123
women.

Common Syndromes in Older Adults 25 Minnesota Evidence-based Practice Center



The positive significant association between multiple morbidities and mortality was consistent
across the studies. Older persons with comorbidities had a 32—112 percent relative increase in
death (Table 22).%%'**'? The magnitude of the association decreased during the time of
followup, from a 100 percent relative increase at 10 years (OR, 2 [95% CI, 1.4-2.8)] to a 59
percent increase at 15 years (OR, 1.59 [95% CI, 1.1-2.3]).'% The association between
comorbidity and mortality attenuated dramatically during the longer time of followup in another
cohort, from a 471 percent relative increase at 1 year to a 120 percent increase at 10 years.129
Attenuation in association may be a statistical reflection of a greater denominator as outcomes
accrue over time. The magnitude of the association was dose responsive, with an 85 percent
relative increase in mortality for older persons with four to five diseases and a 112 percent
relative increase among those with six or more chronic conditions.'*®

A prospective cohort from a large health maintenance organization demonstrated a significant
increase in mortality in older women (OR, 2.5 [95% CI, 1.1-6.0]) and men (OR, 2.3 [95% CI,
1.3-4.1]) who had a Charlson comorbidity index score of 2—4 versus 0.*®

Polypharmacy was significantly associated with mortality in two studies with evidence of a dose
response.”*"*" One European cohort, the PAQUID study, did not find a significant association

between polypharmacy and death in older men and women.”*

Older persons with poor health had an increased risk of death in all studies that examined the
association (Figure 73).2”'**!*! Older women with poor health had a 235 percent relative
increase in mortality’**** and older men had a 233 percent increase.”***” The magnitude of the
association decreased over the time of followup in women (Appendix E Table 24). Women with
poor health had a 280 percent increase in risk of death at 5 months of followup in the
Longitudinal Study of Aging (HR, 3.8 [95% CI, 2.0-7.1]), a 100 percent increase at 23 months
(HR, 2.0 [95% CI, 1.3-3.0]), but no significant association at 32 months.’” Among other
population subgroups, older Medicare beneficiaries with functional dependency and poor health

had an increased risk of death of 99—124 percent.*'’

The Longitudinal Study of Aging demonstrated a positive significant association between
multiple morbidities and institutionalization (Appendix E Table 25).'* Older persons with poor
health had a 10-80 percent relative increase in institutionalization (Appendix E Table 26).%!%132
The Longitudinal Study of Aging reported a significant risk of first admission ever to a nursing
home (HR, 1.2 [95% CI, 1.1-1.2]) and overall nursing home placement (HR, 1.1 [95% CI, 1.1-
1.2]) in older Caucasians with poor health."***'" The association was not significant among older
African Americans.

Older persons with multiple morbidities had increased odds of hospitalization (OR, 1.7 [95% CI,
1.1-2.9]) (Appendix E Table 27).'* The association with hospitalization was dose responsive.126
The relative increase in odds of hospitalization was 37 percent in persons with comorbidity
scores of 3 versus <2, 46 percent in those with scores of 4-5 versus <5, and 94 percent in those
with scores of >6 versus <2.'%°

Polypharmacy was significantly associated with hospitalization.'**'** The Medicare Risk
Demonstration cohort reported a 190 percent increase (OR, 2.9 [95% CI, 2.2—4.1]) in odds of
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hospitalization among older persons with more than five prescriptions when compared to those
with less than five concurrent drugs.'” The Assistenza Socio-Sanitaria Italian cohort found a 124
percent relative increase in odds of hospitalization among older persons with more than five
prescription medications (OR, 2.2 [95% CI, 1.8-2.8])."*

The Longitudinal Study of Aging reported a significant increase in the risk of hospitalization
among older persons with poor health (Appendix E Table 28)."*>"*° Older persons with poor
health had increased odds of any hospital admission (OR, 2.8),"*® any Medicare-reimbursed
hospital episode (OR, 2.1),'* hospitalization for ambulatory care-sensitive conditions (OR,
1.5),"" and repeated admissions (OR, 2.2).'*°

In conclusion, among different definitions of multimorbid conditions, comorbidity scores and
poor perceived health demonstrated a strong association with mortality in older people. Poor
perceived health was a strong predictor for institutionalization. The number of chronic
conditions, comorbidity scores, polypharmacy, and poor perceived health were associated with
hospitalization.

Cognitive Impairment

Cognitive impairment was associated with a significantly higher risk of mortality in all studies
that examined this association (Appendix E Table 29)."* The magnitude of the association
varied depending on the definition of cognitive impairment, country of study, and adjustment for
other contributing factors (Appendix E Table 30). The largest relative increase of 250 percent in
women and 280 percent in men was found in the Canadian Study of Health and Aging, which
defined cognitive impairment as a score of <78 on the 3SMSE scale.'*""'** The association was
dose responsive, with a 4 percent relative increase in mortality for each one-point decrease in
MMSE score (Figure 74).°%*>*1%31%® The magnitude of the association was highest in studies
that estimated the association with odds ratios (pooled OR, 4.2 [95% CI, 2.6-6.8])."**'*® The
studies that estimated relative risk of hazard rate ratios found a 37 percent’””* and a 61
percent*'* relative increase in risk of death, respectively (Figure 74). Odds ratios may
overestimate relative risk when baseline event rates are higher than 30 percent.’'? Estimation of
relative risk from the reported odds ratio was not feasible because of inconsistent reporting of
baseline rates.

Fewer studies analyzed the association between different definitions of cognitive impairment.
The Canadian Study of Health and Aging examined different case definitions of mild cognitive

impairment’" and did not demonstrate a significant increase in risk of mortality (Figure
75),3994313

Among sex groups, older women (pooled RR, 1.37 [95% CI, 1.11-1.69]) but not men (pooled
RR, 1.2 [95% CI, 0.8—1.8]) with an MMSE score of <24 had a significant risk of mortality
(Figure 75).* Both men and women with severe cognitive impairment, defined as an MMSE
score of <18, were at a higher risk of death.

Dementia was associated with a significantly higher risk of mortality in the majority of the
studies that examined this association (Appendix E Table 31).'* Overall, dementia was
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associated with a 163 percent relative increase in the odds of death (pooled OR, 2.6 [95% CI,
2.2-3.2])."*° The highest risk of death was found in the North Manhattan Aging Project, among
three ethnoracial groups (Latinos, African Americans, and non-Latino whites) with dementia.
Several European cohorts, including the Helsinki Aging Study,’'* the Longitudinal
Gerontological and Geriatric Population Studies in Gothenburg,’'” the Swedish Kungsholmen
Study,’'® the Italian Longitudinal Study on Aging,”'” and the Appignano Study’'® demonstrated
more than a 100 percent relative increase in mortality in older individuals with dementia.

Cognitive impairment was associated with a significant risk of institutionalization in the majority
of the studies that examined this association (Appendix E Table 32). For cognitive function
measured with MMSE, the association was dose responsive and significant even within the
normal ranges of the scale. Older individuals had a higher relative increase in institutionalization
of 9 percent per each one-point decrease in MMSE score.'* The magnitude of the association
varied substantially across the studies. Studies that reported odds ratios tended to overestimate
the magnitude of the association. The Canadian Study of Health and Aging demonstrated that
older persons with age-associated memory impairment (OR, 17.5 [95% CI, 14.0-22.0]) or mild
cognitive impairment with an MMSE score of <23 (OR, 29.1 [95% CI, 25.1-33.8]) had a
substantial increase in the odds of nursing home placement.'”' The Asset and Health Dynamics
Among the Oldest Old Study demonstrated a smaller but still highly significant risk of
institutionalization in older people with mild/moderate (HR, 2.3 [95% CI, 1.8-2.8]) or severe
cognitive impairment.’'” Older persons with dementia had a significant risk of
institutionalization in several large studies, including the Medicare Current Beneficiary Survey
(OR, 34.9),"° the Canadian Study of Health and Aging (OR, 36.3),"”" and the Marshfield
Epidemiologic Study Area (HR, 5.1) (Appendix E Table 32).'** The magnitude of the association
was higher in the studies that reported odds ratios rather than relative risk.

Cognitive impairment was associated with a significant risk of hospitalization in one study of
three that examined this association (Appendix E Table 33). The MacArthur Research Network
on Successful Aging Community Study demonstrated 680 percent higher odds of hospitalization
in older people with a decline in the Short Portable Mental Status Questionnaire (OR, 7.8 [95%
CI, 2.0-30.8]).>* The Longitudinal Study of Aging"*’"'*" and the Medicare Current Beneficiary
Survey’*' did not find a significant association between cognitive impairment and dementia.

In conclusion, older individuals with cognitive impairment had a higher risk of mortality and
institutionalization. The magnitude of the association varied depending on the country, age, and
sex of the participants, definitions of the cognitive impairment, and statistical estimates.

Frailty

Frailty was associated with cognitive impairment, comorbidities, and disability. The prevalence
of frailty demonstrated a dose response association with a larger number of comorbidities or
ADL disability (Appendix E Table 34).2'*

Frailty was associated with mortality (Appendix E Table 35). Figure 76 summarizes the overall

association between frailty and mortality across a number of varying studies, organized by the
general definitional approach to frailty. ! -115:148:153-156 A 1thoueh there is substantial
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heterogeneity across the studies, there is a positive relationship. The relationship is stronger
when accumulated deficits are employed as the basis for the definition.

The strength of the association was cumulative. Figure 77 uses data from an analysis of the
Medicare Current Beneficiary Survey to show that more deficits were associated with a higher
risk of bad events."”” Figure 78 shows how increasing numbers of phenotypic frailty components
were associated with a greater risk of mortality.'*'*® As shown in Figure 79, this effect generally
persisted over longer followup periods.”**'*® The strongest association between frailty and
mortality was demonstrated at 4 years of followup. The relative increase in mortality was less at
11 years but remained significant.

The association was significant in men and women. Older frail men had a relatively greater risk
of death of 105 to 251 percent, according to the phenotype definition, and 65 to 356 percent
according to the accumulation deficit definition (Appendix E Figure 3). HBHAIE19 e dose
response association between the increasing value of the frailty accumulation deficit index and
mortality was significant in Chinese men ages 80-99 years but random in those ages 65—80 years
or older than age 100 years (Appendix E Figure 4)."” Frail older women had increased mortality
across different studies and definitions of frailty (Appendix E Figure 5).13%1% The dose response
association between the increasing value of the frailty accumulation deficit index and mortality
was significant in all age categories of Chinese women (Appendix E Figure 6)."’

Frailty was associated with an increased risk of institutionalization (Appendix E Table 36). The
magnitude of association was higher in studies of disabled older persons, including the Women’s
Health and Aging Studies'® and the Canadian Study of Health and Aging."” Different frailty
criteria were also associated with increased risk of institutionalization in the Precipitating Events
Project.'” Slow gait speed and cognitive impairment were the strongest predictors. Frailty was
also associated with an increased risk of hospitalization (Appendix E Table 37).'***!®! The
studies demonstrated a 29 percent relative increase in risk'®" and a 41-345 percent relative
increase in odds of hospitalization.'*'®’

Two studies examined the association between frailty and emergency department (ED) visits
(Appendix E Table 38). The MOBILIZE Boston Study found that the relative increase in odds of
ED visits was 210-254 percent in frail older persons compared to nonfrail older persons.'”’
Secondary analysis of data from the Medicare Current Beneficiary Survey that adjusted for
previous ED visits and previous hospitalizations did not find a significant association between
frailty and ED visits."”’

In conclusion, frail older adults had an increased risk of disability, mortality, and

institutionalization. The association was consistent across the studies, persisted with more years
of followup, and demonstrated a dose response association with the number of criteria met.

Disability
Disability and hospitalization. The results of studies examining the association between

disability and risk of hospitalization are summarized in Table 23. A more detailed accounting of
the results appears in Appendix E Table 39. The statistically significant association between
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disability and hospitalization was demonstrated in four studies (adjusted relative measures of
association ranged from 1.8 to 16.0)."2%137162163 The risk of hospitalization depended on the
definition of disability, and in general this risk increased with the severity of disability. Older
people who had any BADL disability (defined as having one or more BADL dependencies) had
the lowest risk of hospitalization. Older individuals with severe BADL disability (defined as
having three or more BADL dependencies) had the highest risk. The risk for women was also
greater than the risk for men. The manner in which BADL disability develops appears to
influence the risk for hospitalization. Older people who experienced catastrophic severe
disability (defined as the sudden onset of three or more BADL disabilities when none existed
before) were 16 times more likely to be hospitalized than those who had moderate ADL
disability.'”® When ADL disability was measured on a continuous scale, the risk for
hospitalization was not statistically significant, nor was it significant when it was measured as
having any ADL or IADL dependencies.

Disability measures not measured as ADLs also predicted hospitalization. The greatest risk was a
two-fold increase for older people who were not physically able (difficulty in walking 1/4 of a
mile; stooping, crouching, or kneeling; lifting 10 pounds; or walking up 10 steps without
resting).'®*

The majority of the studies that examined the association between disability and
institutionalization found that disabled elderly adults had a significantly higher risk of placement
in nursing homes (Appendix E Table 40).

Disability and mortality.

Risk of death for older people with BADL disabilities. Several studies reported the odds ratio or
hazard ratio associated with different definitions of disability and the risk of death during
different time periods (Appendix E Table 41).

Table 24 summarizes the studies that reported these relationships. In general, older people with
BADL disabilities were at higher risk for death (OR range, 1.9-86.8) than those with [ADL
disabilities (OR range, 1.5-6.6) compared to elderly adults without disabilities (Figures 80 and
81). Those with more BADL disabilities had a higher risk of death than those with fewer BADL
disabilities (Figure 80). Severe BADL disabilities were associated with the highest risk of death
at 72 months (OR, 30.0 [95% CI, 18.0-51.0])"*® and 24 months (OR, 86.8 [95% CI, 39.4—
190.8])."** Moderate BADL disabilities were associated with greater odds of death at 72 months
(OR, 8.6 [95% CI, 6.6-11.0])'*® and 24 months (OR, 14.1 [95% CL, 9.2-21.6]).'** The lowest
risk of death occurred when any BADL disability was reported (OR, 1.9 [95% CI, 1.2-2.7]).'*
The risk of death associated with individual BADL disabilities was not reported in the studies,
with one exception. The risk for death at 48 months doubled for older people with bathing
disabilities.”

Risk of death for older people with IADL disabilities. The risk of death associated with IADL
disabilities was highest when any IADL disability was reported. Older adults reporting any
IADL disability were 6.6 times more likely to die at 72 months'*® and 4.1 times more likely to
die at 24 months.'** Those with severe IADL disability had slightly higher odds of death (OR
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range, 1.6-2.2) than those with moderate IADL disabilities (OR range, 1.5-1.7) (Figure 81). The
risk of death associated with individual IADL disabilities was only reported in one study. Those
with difficulty managing personal finances were twice as likely to die as those without this
disability.>

When disability was measured on a continuous scale, the per one-point increase in disability
score and the risk of death were the same whether the scale measured BADL, IADL, or
BADL/IADL disability (Figure 82).

Difference in risk of death and disability by sex and race. Men with BADL disabilities had
slightly higher risks of death than women.** One study looked at risk disparities in race
subgroups of older people with IADL disabilities.""” White men and women who were unable to
prepare a meal had higher risks of death than African American men and women with this
disability (Figure 83).

Life expectancy. One study reported differences in life expectancy by age and sex for older
people with and without BADL/IADL disabilities (Figure 84).* Women suffered greater
discrepancies in years of expected active life remaining if they had a BADL/IADL disability.
Women age 78 years who have a disability had a 49 percent reduction in expected active life
remaining compared to women the same age without a disability; this reduction was 34 percent
for women age 65 years, 38 percent for men age 78 years, and 25 percent for men age 65 years.*’

Summary. In general, older people with the most severe BADL disabilities had the highest risks
of death. There is basically no research on how individual BADL and IADL disabilities increase
the risk of death. Men with BADL disabilities had slightly higher death rates than women with
BADL disabilities. There are few studies reporting race or ethnic differences in death rates
among disabled older men and women.

Sarcopenia

Sarcopenia was associated with significantly higher odds of multiple disabilities.®® The relative
increase in odds of having more than three disabilities was 266 percent in older men with
sarcopenia and 308 percent in women with sarcopenia.®® The association with impaired lower
extremity function depended on the definitions of sarcopenia. A significant increase in the odds
of mobility disability was demonstrated among older patients with sarcopenia who were
diagnosed using a lean mass index adjusted for fat mass (Appendix E Table 42).'** The
unadjusted relative lean mass index was positively associated with mobility disability in men but
not in women.'*?

The association between sarcopenia and mortality was examined in one study (the Invecchiare in
Chianti Study).'®> Even though older people with greater muscle density had a lower risk of
death, sarcopenia was not associated with mortality.'®’

The association between sarcopenia and hospitalization was examined in one study, the Health

ABC Study.** The study demonstrated a significant positive association between low muscle
density (RR, 1.5 [95% CI, 1.2—1.7]) or weak grip strength (RR, 1.5 [95% CI, 1.3—1.8]) and
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hospitalization. Lean mass or sarcopenia was not associated with hospitalization.*** The authors
concluded that poor function and low muscle density are better predictors for treatment
utilization in older individuals and should be measured in population-based studies.

In conclusion, limited evidence suggests that sarcopenia was associated with disability but not
mortality in older people. Mobility disability and low muscle density may predict hospitalization
better than simple lean mass index.

Malnutrition

The association between mortality and malnutrition was consistent across the studies and
different definitions of malnutrition (Figure 85).%1:#3:166-169

Low BMI'**'*” and malnutrition identified using the Mini Nutritional Assessment’° were the
strongest predictors for mortality.

In addition, several biological markers related to malnutrition have been shown to be strong and
significant predictors of mortality (Appendix E Table 43). Red cell distribution width is typically
elevated in older persons with malnutrition, iron deficiency, or vitamin B12 or folate deficiency.”
Meta-analysis of individual subject data from seven community-based studies of 11,827 older
adults demonstrated a strong and significant association with mortality in all examined age, sex,
and race subgroups.” Red cell distribution width was associated with mortality in older adults
with and without iron, folate, and/or vitamin B12 deficiencies (adjusted HR for a 1 percent
increment in RDW, 1.2 [95% CI, 1.1-1.2]), as well as in those without these deficiencies
(adjusted HR for a 1 percent increment in RDW, 1.2 [95% CI, 1.2-1.3]).” Routinely measured as
a part of the complete blood count, red cell distribution width >15 percent was associated with a
151 percent relative increase in risk of death (HR, 2.5 [95% CI, 2.2-2.9)).” Very low albumin
levels and very high prealbumin levels (transthyretin >316mg/L or <258mg/L) were associated
with increased mortality (Figure 86)."*"'”" Low albumin level predicted a higher risk of early
death in older men but not women (Appendix E Table 44)."° Low vitamin D levels were
associated with higher mortality in older women participating in the Women’s Health and Aging
Studies®' but not in the Longitudinal Aging Study Amsterdam when men and women were
combined in one model.*

Several studies analyzed composite measures of malnutrition and chronic inflammation in older
people and found a significant positive association with mortality. For instance, elevated levels
of inflammatory globulin, orosomucoid (alpha-1-acid glycoprotein), was associated with
increased mortality.'®” The relative increase in mortality was 126 percent in older men and 161
percent in women (Appendix E Table 44).'" Elevated alpha-1-acid glycoprotein levels predicted
followup mortality of 5 years, but not longer (Figure 86).'”° Older people with the highest levels
of alpha-1-acid glycoprotein and the lowest levels of transthyretin had the highest risk of death,
with a 364 percent relative increase in women and 586 percent relative increase in men
(Appendix E Table 44).'™ An elevated composite measure of chronic inflammation and poor

nutrition was associated with increased risk of death in older men but not women (Figure 87).'”°
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Women with nutritional deficit or multiple definitions of malnutrition, however, had a higher
prevalence of frailty (Figure 88).7*® The evidence about treatment utilization in older people with
malnutrition is limited to one study of domiciliary care services for older people with moderate
or severe functional limitations that found an increased risk of ED admissions and
hospitalizations in those with undernutrition and malnutrition (Appendix E Table 43).83

In conclusion, low BMI, nutritional risk identified with the Mini Nutritional Assessment, and
increased red cell distribution width were strong and consistent predictors of mortality in older
individuals. Other biomarkers and their combinations need further examination.

Homeostenosis (Impaired Homeostasis)

The association of impaired homeostasis with clinical outcomes varied depending on the
definitions of the exposure and study populations (Appendix E Table 44). Older women with
increased allostatic load had significantly greater odds of frailty (OR, 1.2 [95% CI, 1.0-1.3]),
with a 16 percent relative increase per each one-point increase in score in the Women’s Health
and Aging Studies.” Older persons with high plasma tonicity had a significantly higher risk of
impaired ADLs (RR, 2.7 [95% CI, 1.3-5.6]), impaired IADLs (RR, 2.3 [95% CI, 1.2-4.3]), and
overall disability (RR, 2.1 [95% CI, 1.2-3.6]) in the Duke Established Populations for
Epidemiologic Studies of the Elderly.*

The association between mortality and homeostenosis was examined in several studies that used
different definitions of homeostenosis (Appendix E Table 44). Unstable BMI (HR, 1.3 [95% CI,
1.0-1.8]), pulse pressure (HR, 1.3 [95% CI, 1.0-1.7]), and fasting plasma glucose (HR, 1.6 [95%
CI, 1.2-2.1]) were associated with greater risk of mortality in an older Italian cohort.'”" The
MacArthur Studies of Successful Aging demonstrated a significant association between
increased allostatic load and mortality. A2 The same study found a 27 percent relative
increase in odds of death (OR, 1.3 [95% CI, 1.0-1.5]) in older people with an elevated stress
hormone index.'** The Invecchiare in Chianti Study demonstrated a relative increase of death of
472 percent in older people with elevated free estrogen levels (OR, 5.7 [95% CI, 1.7-19.4]).**

In conclusion, individual studies demonstrated a significant association between disability,
mortality, and indicators of impaired homeostasis in elderly people. Consensus operational
definition of homeostenosis and its biomarkers is necessary for better interpretation of the
results.

Chronic Inflammation

The studies consistently found positive significant association between chronic inflammation and
disability and mortality, despite different markers of inflammation and study populations. Older
people with three elevated markers of chronic inflammation had increased odds of cognitive
decline (OR, 1.5 [95% CI, 1.0-2.3]) (Appendix E Figure 7).*** The Framingham study
demonstrated decreasing brain volume among elderly individuals with elevated markers of
chronic inflammation.”* Older individuals with increased levels of IL6 (OR, 3.7 [95% CI, 1.9—
6.9]) or CRP (OR, 1.9 [95% CI, 1.1-3.4]) had significantly higher odds of sarcopenia (Appendix
E Figure 8).>* The highest relative increase in odds of sarcopenia of 627 percent was
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demonstrated among those with elevated IL6 and alpha 1-antichymotrypsin.**> Older women
with elevated IL6 and decreased insulin-like growth factor had increased odds of disability in
ADLs (OR, 2.5[95% CI, 1.0-6.3]) and IADLs (OR, 3.7 [95% CI, 1.1-12.2]) (Appendix E
Figure 9).”* Older women with elevated IL6 had increased odds of frailty (OR, 2.0 [95% CI,
1.1-3.6]) (Appendix E Figure 10).2%**

The association between chronic inflammation and mortality differed across the studies
depending on the markers and populations. Older women with elevated levels of two markers,
IL6 and CRP, did not have a higher risk of death in a pooled analysis among women (Appendix
E Figure 11)."2*'7*21%220 However, older men with chronic inflammation had a higher risk of
death (RR, 2.8 [95% CI, 1.4-5.5]).""* A composite inflammatory index was not associated with
mortality in the MacArthur Studies of Successful Aging and in the Leiden 85-Plus Study
(Appendix E Figure 12)."***" Only older people with low levels of proinflammatory markers
(IL—1}211291) and anti-inflammatory markers (IL10) had higher risk of death (RR, 2.2 [95% CI, 1.3—
3.8]).

Among common definitions of chronic inflammation, elevated IL6 and CRP were associated
with higher mortality in older people. Elderly individuals with elevated IL6 levels had a 42
percent relative increase in death (pooled RR, 1.4 [95% CI, 1.2—1.7]) (Figure 89)."**'"*'"7 Older
people with elevated CRP had a 42 percent relative increase in death (pooled RR, 1.4 [95% CI,
1.3-1.6]) (Figure 90).87-124129:166.167.170.174177-179

The association differed among men and women. Elevated IL6 was associated with increased
mortality in women but not men (Appendix E Figure 13)."%*!7*%% In contrast, elevated CRP was
associated with increased mortality in men (pooled RR, 1.6 [95% CI, 1.2-2.2]) but not women
(pooled RR, 1.1 [95% CI, 0.8-1.7]) (Figure 90).7-124166-167.170.174.176.177.202

The studies reported different times of followup to analyze the association between mortality and
different cut-off points for elevated CRP (Appendix E Table 45). The association attenuated with
longer time of followup in CHS.'”® Older men with elevated CRP had a 300 percent relative
increase in early 3-year mortality (HR, 4.1 [95% CI, 2.7-6.3]) but only a 42 percent relative
increase in 8-year mortality (HR, 1.4 [95% CI, 1.1-1.8])."”® Older women with elevated CRP had
a 134 percent relative increase in 3-year mortality (HR, 2.3 [95% CI, 1.4-3.9]) and no significant
association at 8 years of followup (HR, 1.2 [95% CI, 0.9—1.7]). The attenuation during longer
followup was not evident when the association was compared at 5 and 9 years of followup in the
Pathologies Oculaires Liées a 1’Age Study.'”® Older men with elevated CRP had a significantly
higher risk of death at 5 and 9 years while women did not.'”® One cohort (the Invecchiare in
Chianti Study) demonstrated that an increase in CRP during the time of followup was the best
predictor of mortality when compared to baseline or followup absolute CRP levels.!”’ In a study
in which CRP increased during followup, older subjects had a 210 percent relative increase in
mortality (HR, 3.1 [95% CI, 1.3-7.7]).!"” Meta-regression analyses did not find a significant
modification in association by the time of followup across all studies.

The studies reported different cut-off points for elevated CRP (Appendix E Table 45). The

studies categorized older people by a single cut-off point for CRP, ranging from 3 mg/L*"!"*!"7
to 15 mg/L."”” CHS'”® and the Towa 65+ Rural Health Study'’* analyzed mortality in quartiles,
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while the Vitality 90+ Study'” and the Women’s Health and Aging Study'®® analyzed mortality
in tertiles of CRP levels. All studies reported a greater risk of death in larger categories of CRP.
Few studies analyzed the dose response association between CRP levels and mortality. The
Helsinki Ageing Study found a 20 percent increase in death per 10 mg/L increase in CRP.**® The
Danish Centenarian Study found a significant 26 percent increase in mortality (crude HR, 1.3
[95% CI, 1.0—1.5]) per increase in 1 standard deviation of CRP levels in logarithmic scales.'”
Meta-regression analyses did not find a significant modification in association by cut-off point of
CRP across all studies.

Individual studies reported other markers of chronic inflammation. Among them, elevated levels
of tumor necrosis factor-alpha,'’® D-dimer,'” fibrinogen,'”® and IL1 receptor antagonist'”* levels
were associated with mortality (Appendix E Table 46). The strongest association with mortality
was demonstrated for elevated CRP combined with low albumin (HR, 5.0 [95% CIL, 2.3-11.0])'
or elevated fibrinogen levels (HR, 9.6 [95% CI, 43-21.1]).1"® Significant association was found
for early mortality and in men.

We could not find studies that examined the association between chronic inflammation and
institutionalization or hospitalization.

In conclusion, chronic inflammation was associated with increased risk of frailty, disability, and
mortality in older people. The risk was higher for early mortality and attenuated during longer
time of followup. The risk was dose responsive for IL6 and CRP. The association was consistent
for men but not for women. The strongest predictor of early mortality was elevated CRP
combined with low albumin or increased fibrinogen.

Key Question 4. What Statistical and Decisionmaking Models
Report Mortality Based on These Common Geriatric
Syndromes/Conditions?

Models reporting mortality vary by complexity, by selection of predictors, and by time course.
Some models strive for simplicity, with few predictors that are easily measured, much or all of
which could be gained by culling administrative data. Others are much more complex, with data
gathered from clinician and/or patient assessments. While a simpler approach is more appealing
from a cost and operational perspective, the question remains as to the marginal benefit of more
complex models. The basic relationship holds regardless of the measure used.

To provide an overview of overall effects of different syndromes on mortality in adults older
than age 65 years, we estimated the number of deaths per 1,000 older persons from individual
studies that provided death rates among those with and without different syndromes (Table 1).
We estimated that among frail older persons, 459 older persons per 1,000 died within 1-2 years
of followup.'8*'%

Within 3 years, 500—600 older persons with malnutrition, 351 with cognitive impairment, and
534 with severe dementia died per 1,000."™"""'® Disability in basic ADLs and IADLs were
associated with the highest risk of mortality.'*®
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Within 5 years, 490 older persons with malnutrition, 513 with frailty, 530 with elevated CRP,
and 827-941 with vascular dementia died per 1,000.”%""*""1% Frajlty and cognitive impairment
were associated with 400—800 deaths per 1,000 during more than 5 years of followup.>'**!%
Such estimations may not reflect mortality in age, sex, or race subgroups but demonstrate a
burden of geriatric syndromes.

We also estimated population risk of mortality attributable to geriatric syndromes (Table 2).
When population prevalence and multivariate adjusted relative risks were taken into account,
more than 7 percent of deaths were attributable to multiple morbidities and elevated CRP. We
estimated that 3—5 percent of deaths among elderly persons could be delayed if frailty was
prevented. Prevention of mild cognitive impairment could result in delaying 5-6 percent of
deaths among elderly persons. Overall, around 26 percent of deaths in elderly persons can be
attributed to geriatric syndromes. Conversely, having the syndrome may affect the likelihood of
benefitting from other interventions, such as prevention.

The prevalence and risk of mortality and institutionalization were almost inversely related. The
prevalence of accumulation deficit frailty (which uses many components) was higher than
phenotype frailty (which uses only a few components). The relative risk of mortality and
institutionalization was higher for phenotype frailty (Figure 1). The same negative association
was seen for more severe forms of the same syndrome. Prevalence of severe cognitive
impairment and dementia were lower, but risk of mortality was higher when compared to mild
cognitive impairment (Figure 2). A negative association between the prevalence of a syndrome
and its effect on mortality was evident across those syndromes in which the more restricted
definition defines a more severe state (Figure 3).

The remaining life expectancy of individuals with syndromes was estimated using the CDC
United States Life Tables and the relative risk of death from pooled analyses and individual
studies. Increased levels of allostatic load (impaired homeostasis) and dementia were associated
with the lowest survival among older persons when compared to the general population in the
United States. The data shown in Figure 4 represent a merger of several data sets to yield general
trends. The influence on survival of some factors was much greater than others when we
compared them across studies. Poor health, malnutrition, and allostatic load (impaired
homeostasis) exerted twice the influence of factors such as comorbidity and frailty. Since not a
single study measured and compared all syndromes in association with mortality, indirect
comparisons may be erroneous. The size of the effect differed by age (and thus expected life
expectancy) (Table 3). For the purposes of informing prevention decisions, relative risk is likely
more useful than population attributable risk. In the young-old, ages 65-74 years, only the very
few who were very ill or frail (e.g., homeostenosis, poor health, or advanced dementia) suffered
significant alterations in predicted life expectancy. From ages 75-90 years there was maximal
heterogeneity of disease and geriatric syndromic states, resulting in larger mortality deviations
from unafflicted individuals than in other age groups. In the old-old, particularly past age 90
years, the added value of factoring in conditions and syndromes to predict mortality beyond 1
year was minimal.

Statistical Models

We found 28 studies that described prognostic indices that report mortality in elderly people.
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Since previous indices are complex, time consuming, or have a lack of clinical applicability,
recent studies have been designed to develop and validate easy-to-use indices using information
readily available from administrative data, laboratory data, diagnoses, or self-reported health
status data (Appendix E Table 47). Some indices were created for certain segments of the

: T 26,180-183 - 4,2327,148,155,184-188
population (e.g., hospitalized elderly, community dwellers, or older
people with acquired mental disorders).'®” Others have been developed with the use of nationally
representative samples.”>"*'¥71% Most studies have been conducted in the U.S. population ages

50 years and older, but a few have been done in European countries' 38018191192 44
Canada, 135193194

To assess the predictive accuracy of the final logistic model used to derive the frailty index,
calibration (i.e., the degree of similarity between predicted and actual risk) and discrimination
(i.e., the ability of a risk score to correctly assign a higher mortality risk value to a person who
died than to one who survived) were largely evaluated in many models (Appendix E Table
48). 424202753 1A BAIS ISLISLISLISTIS The hoint scoring system created in the development (or
derivation) cohort was applied to the validation cohort to determine risk scores for all of the
population in the validation cohort. Then, the mean predicted mortality from the development
cohort and the observed mortality in the validation cohort were compared in each quartile,
quintile, or other groups of risk score. To determine the discrimination of the index, the area
under the receiver operating characteristic curve (AUC) was calculated in both cohorts and
compared. In general, studies chose to report number of deaths versus number at risk and AUC
for both cohorts,*2¢-*"3- B34 IBLISZISLIST yalidation procedures and results were not reported in the
articles in a consistent manner. Variability in design, validation, and reporting of the models
hampered comparison to conclude which models are better than others. The studies did not
validate predictive models against actual life expectancies in the general population of older
adults.

We believe that there are at least four areas to consider when evaluating prognostic instruments:
simplicity, geriatric syndromes or disease approach, frailty or mortality indices, and short- or
long-term estimate of the risk of mortality. We recognize an overlap between different categories
of models.

Simplicity of the models. In simple models, all the variables should be either readily available
or straightforward to measure (without the aid of any instrument) or found in medical records
(Appendix E Table 49). The scoring system should be easy to follow and reproduce in clinical
settings. Unless complex indices can be hard-wired into an electronic medical record, clinicians
are unlikely to use them.

Some of the models were complex in terms of the number of index components, measurement of
each component, weight method, and design of risk scoring systems.?”-!8-186:190-I9L193 g0
indices are time consuming and rely heavily on availability of clinical data or the clinician’s
experience. Therefore, they are not easy to use and are of limited clinical use, but they can be
useful for research purposes (Appendix E Table 50).

Diseases versus geriatric syndromes. In an attempt to evaluate the added benefit of
incorporating more functional and multidimensional predictors, we calculated the relative risk
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and attributable risk of different syndromes on mortality (Table 2). Some of the indices were
oriented toward diseases as predictors, and some incorporated more geriatric principles such as
geriatric syndromes and functionality. While disease-oriented methods are more pragmatic and
easy to capture with administrative data, more gerocentric indices are more conceptually
appealing and do appear to add predictive value.

Frailty or mortality indices. Among geriatric syndromes, frailty was examined to predict
mortality with different composite indices. Fried et al*> considers frailty as a unique clinical
syndrome that differs from comorbidity or disability. According to Fried, an individual who is
frail presents three of the following criteria: unintentional weight loss (10 pounds in past year),
self-reported exhaustion, weakness (grip strength), slow walking speed, and low physical
activity. Quite a few studies followed this approach, either adopting or improving their indices
based upon Fried’s model (Appendix E Table 51),'#2324109.114.148.183.188

The other widely accepted approach considers frailty as the accumulation of symptoms, diseases,

and disabilities and combines all of them in one frailty index score (Appendix E Table
57),4:2627.53,155,180-182,184,186,187,189-191,193,194.332

Short- or long-term mortality risk. Some of the indices were validated using a continuous
mortality outcome variable, while others used categorical variables. Published models offer a
range of 1-10 years for mortality prediction. Selection of how far one wants to assess mortality
risk varies by clinical and policy considerations. A 1-year mortality risk would be important for
revisiting patient preferences for care at the end of life (Appendix E Table 53). An assessment of
3-year mortality could be useful for health care providers in heightening awareness of the
transition from a chronic disease to a frail state, and for patients in estate planning and putting
other affairs in order. Five-year mortality risk is an important consideration for decisions
regarding cancer screening, given that many cancer screening tests require 5 or more years to
realize a benefit (Appendix E Table 54)."8! Whereas 6- to 10-year mortality risk might be useful
for policy issues, shorter time spans are much more useful for individual patient care.

A few summary statements are possible:

o Simple disease-based measures, such as number of comorbid illnesses or measures of
inflammation, add modestly to the relative risk of mortality but account for more
population-based mortality burden due to their high prevalence.

e Advanced dementia is one specific condition that confers significantly added mortality risk.

e More complex syndromic measures, such as those assessing frailty or incorporating
functional status (e.g., allostatic load), better capture increased mortality risk (indicated by
higher relative risk) than simpler measures, as they more selectively identify the relatively
few (indicated by lower population attributable risk) sickest patients most likely to
experience deterioration in health and death.

o Simpler measures that reflect the severity of individual diseases, such as indicators of
advanced dementia, or the overall impact of multiple conditions, such as assessments of
overall health, also identify the fewer and sicker patients at higher risk of mortality.

In conclusion, complex mortality models added comparatively little understanding to more
simply measured and calculated models. Measures of the impact of conditions and syndromes on
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overall health and functioning provided greater discrimination among individual patients for
assessing mortality risk. Mortality predictors appeared to be relatively consistent across short-
and long-range models. The greatest added advantage of mortality models over simple remaining
life expectancy was observed among patients ages 75-90 years. Decisionmaking models that are
based on various assumptions and simulation techniques need careful sensitivity analysis and
validation.
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Chapter 4. Discussion

This review examines the prevalence of common geriatric syndromes and their association with
patient-centered outcomes. Syndrome definitions varied and overlapped. Prevalence estimates
increased with age. Women had higher rates of frailty and all types of disabilities; African
Americans had higher prevalence of multiple morbidities, frailty, malnutrition, and disability
compared to Caucasians; and evidence on other minority subgroups was sparse.

All syndromes were associated with increased risk of death and institutionalization. Age and sex
were strongly associated with mortality, and the additional presence of one or more conditions
increased the effect. Using relative risk, several conditions strongly influenced mortality,
including poor health, severe BADL disability, low BMI, dementia, and impaired homeostenosis.
The syndromes increased the likelihood of death more among the young-old. For those older
than age 90 years, factoring in conditions and syndromes in relation to survival added minimal
value. Complexity was not associated with better mortality models in older persons.

Our review offers several insights. Previous studies have inconsistently defined the conditions
we considered. Two factors influence the structure of the measure: composition (i.e., its
combination of elements) and the cut-off score used to determine severity levels. The definition’s
nature, or operationalization, affects both the measure’s prevalence and its predictive power—
usually in opposite directions. Across all syndromes, we observed a negative association between
syndrome prevalence and its effect on mortality, and more severe forms of the same syndrome
demonstrated the same negative association. Also across all syndromes, more inclusive
definitions led to higher prevalence but lower predictive value. Lower prevalence of severe
cognitive impairment and dementia were associated with higher risk of mortality and
institutionalization compared to more common mild cognitive impairment. Figure 1 shows how
the measure’s composition can affect its prevalence and strength of association with outcomes,
while Figure 2 shows how different cut-off scores for the same measure affect its prevalence and
strength of association.

Estimates of association varied depending on syndrome definitions, population subgroups,
outcome definitions, and adjustment for correlated contributing factors. Some analyses addressed
neither the multifactorial nature of geriatric syndromes nor the role of baseline diseases. For
example, disability was an outcome of frailty but also part of frailty’s definition. Adjustment for
correlated multifactorial syndromes that ignored the definitive primary cause of disability or
death may give invalid estimation of the association between syndromes and mortality. Not all
studies separately examined age and specific disease contributions.

Geriatric syndromes had overlapping definitions or interacting pathophysiology.1 For example,
multimorbidity increased risk of frailty,**'"” which in turn was associated with cognitive
impairment, comorbidities, and disability. The prevalence of frailty demonstrated a dose
response association with a larger number of comorbidities or ADL disabilities.”>'** Sarcopenia
was associated with significantly higher odds of multiple disabilities.®'** Elderly adults with
impaired homeostasis had significantly greater odds of frailty® and disabilities.*®

Interaction models are better suited than adjustment models for analyzing the multifactorial
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interactive nature of syndromes. Linear models that separately examine risk factors for chronic
disease and patient outcomes are commonly accepted in disease epidemiology but fail to
adequately address the multifactorial nature of geriatric syndromes.' The majority of studies,
however, provided multivariate adjustment for known confounding factors, causes of death, and
the presence of other syndromes. Models that analyzed the association between syndromes and
mortality grouped primary causes of death into larger categories of cancer or cardiovascular
diseases and adjusted for them. Using multivariate adjustment, the studies demonstrated
significant association between each syndrome and outcomes, and concluded that syndromes
contributed to the outcome independent of specific diseases included in the models. Concentric
models include multiple etiological pathways contributing to the same clinical outcomes.
Concentric models evaluate various pathways in developing and treating malignant tumors,' but
like linear models, concentric models fail to capture the interacting nature of syndromes. Some
authors have proposed interactive concentric models that address synergisms in how syndromes
develop, and their association with outcomes.! However, published studies have provided
insufficient evidence for better accuracy of interactive concentric models or of new measurement
technologies.

Geriatric wisdom holds that age is a good predictor of average change but not of individual
change because health status varies increasingly with age. The question then is whether a more
complex approach that assigns varying weights to different syndromes/conditions is more useful
than a more general approach that assigns older persons to general risk categories (e.g., high,
medium, and low) and applies the 25th, 50th, and 75th percentiles of expected
institutionalization or survival accordingly. When adjusted for age, the predictive value of the
syndromes diminished by the time of followup to death. Few studies addressed syndrome length
or used informative censoring when evaluating survival.**®> Few studies analyzed the order in
which components of the syndromes manifested.

Ideally we would consider outcomes other than mortality, but the measures used present large
problems of endogeneity. Measures of frailty and disability, already closely linked, contain
elements central to quality of life. They are also the basis for institutionalization. Comparative
effectiveness of outpatient management strategies for prevention of disability and
institutionalization fell beyond our scope.

Increased knowledge of prevalence, epidemiology, and the relationship between syndromes and
health status illuminates the environment in which patients and physicians make decisions about
preventive services. At the population level, the relevant measure is population attributable risk,
which includes prevalence and risk of death. However, clinicians’ concerns are with individual
prognosis. In that light, we based our estimation of life expectancy on the CDC United States
Life Tables that incorporate average survival of older adults with different diseases and
syndromes. Life expectancy was calculated assuming the same relative risk across the remaining
life span. About 26 percent of the risk of death was attributable to the syndromes. Modifiable
syndromes, including elevated CRP and allostatic load, were associated with 8.3 percent of all
deaths in older persons. The effectiveness of preventive interventions in older persons would
depend on their age and the nature of the syndromes. To be effective, preventive interventions
targeting multimorbidity and geriatric syndromes in older persons may need to have multiple
distinct components and must improve functional status.*>*
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Our report has limitations. Several factors may affect interpretation of our results, including the
metric chosen and population versus individual risks. We could not explain heterogeneity in
prevalence estimates using available information about study participants or methodology. We
analyzed the differences between self-reported syndromes and objectively assessed syndromes
when possible. However, the studies used different methods to measure several syndromes,
including disability. We could not address three-way interaction in prevalence estimates by age,
sex, and race because the studies inconsistently analyzed these differences. We could not
evaluate nonlinearity in the association between age and syndromes because the primary studies
did not test the hypothesis of nonlinearity. We were not able to evaluate predictive value for all
possible definitions of syndromes because no studies examined risk of death for different
definitions of the same syndrome. We found limited evidence with which to examine race and
ethnic differences in mortality and institutionalization in older persons with geriatric syndromes.

Future Research

Future research should address temporal associations between components of syndromes as well
as the order in which various diagnostic criteria manifest. Individual patient data analysis from
large cohort studies can provide a precise powered estimation of risk of death and
institutionalization for age, race, and ethnic subgroups. Future research should also investigate
how geriatric syndromes may modify utility and effectiveness of preventive and treatment
interventions in older adults with geriatric syndromes.

Future research should address how prevention of modifiable geriatric syndromes may delay
mortality and institutionalization. Future research should also examine how optimal outpatient
management for older adults may prevent development of disability and institutionalization. An
analytic framework for comparative effectiveness of different preventive interventions in aging
populations should be developed. Such a framework should recognize the multifactorial nature
of the syndromes and the importance of improved functional status.**

Evidence-based guidelines across disciplines should include assessment of geriatric syndromes
for disease management in older adults, emphasizing functional independence as a central patient
outcome. Knowledge of common geriatric syndromes should be translated into routine clinical
practice.
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Acronyms/Abbreviations

3MSE Modified Mini-Mental State Examination

ADLs Activities of daily living

AHEAD Asset and Health Dynamics Among the Oldest Old
AHRQ Agency for Healthcare Research and Quality

AUC Area under the receiver operating characteristic curve
BADLs Basic activities of daily living

BISEP Burden of Illness Score for Elderly Persons

BMI Body mass index

CDC Centers for Disease Control and Prevention

CHS Cardiovascular Health Study

CI Confidence interval

COL Colonoscopy

CRP C-reactive protein

DCBE Double-contrast barium enema

DSM Diagnostic and Statistical Manual of Mental Disorders
ED Emergency department

EWGSOP European Working Group on Sarcopenia in Older People
F-DNA Fecal DNA testing

FOBT Fecal occult blood testing

GMS Geriatric Mental Status Examination

Health ABC Health Aging and Body Composition

HR Hazard ratio

[ADLs Instrumental activities of daily living

IL Interleukin

LSOA Longitudinal Study of Aging

MHCPS Massachusetts Health Care Panel Study

MeSH Medical subject headings

MMSE Mini-Mental State Examination

MNA Mini Nutritional Assessment

NHANES National Health and Nutrition Examination Survey
OR Odds ratio

PAQUID Personnes Agees QUID

PAR Population attributable risk

PICOTS Population, Intervention, Comparator, Outcomes, Time, and Settings
PEP Precipitating Events Project

RCT Randomized controlled trial

RDW Red cell distribution width

RR Relative risk

SHARE Survey of Health, Aging, and Retirement in Europe
SIG Flexible sigmoidoscopy

SPMSQ Short Portable Mental Status Questionnaire

TEP Technical expert panel

TICS Telephone Interview of Cognitive Status

USPSTF U.S. Preventive Services Task Force
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Table 1. Mortality Among Older Persons With Geriatric Syndromes

Reference

Syndrome

Deaths per 1,000 Elderly Persons With Different Definitions of the Syndrome

3-Year Mortality

Dependent in ADLs or IADLs

Carey, 2008™

Preparing meals Shopping Housework Laundry Managing Taking
finances medications
424 416 418 411 424 439
Bathing Toileting Transferring Eating Dressing Walking across
aroom
418 470 476 463 434 450

Cognitive impairment

Lee, 2006™"

No cognitive disorder

Mild cognitive impairment

Mild dementia

Moderate dementia

Severe dementia

63 180 260 280 534
Pijpers, 2009™° MMSE score >24 MMSE score <24
192 351
Frailty
Fried, 20017 Not frail Intermediate Frail
30 70 180
Frailty phenotype
Ensrud, 2009 Not Frail Intermediate Frail
29 62 166
Fried, 20017 Not Frail Intermediate Frail
30 70 180
Malnutrition
Saletti, 2005™° Well Nourished At risk of malnutrition Malnutrition
279 400 500
BMI 20-23 BMI 23-28 BMI <20
348 353 500
Pijpers, 2009™° BMI 28.5 BMI <18.5
274 611
5-Year Mortality
Self-perceived health
Gutman, 2001™ Very good Pretty good Not too good Poor/very poor
146 225 359 339

Cognitive impairment

Cognitively normal

Alzheimer's disease

Vascular dementia

Other dementia and
cognitive impairment

Ostbye, 1999™" Women Men Women Men Women Men Women Men
65-74 yrs 156 200 579 684 600 739 342 422
75-84 yrs 237 359 643 725 776 769 468 577
85+ yrs 448 500 820 911 827 941 613 680
Disability
Quintile of Risk
(Age, sex, smoking, BMI, perceived health, ADL or IADL disability, emotional health, comorbidity, hospitalization, emergency room and clinic visits)
Schonberg, 1 2 3 4 5
2009'% 60 100 140 270 520
50 100 170 310 500
57 100 151 284 513
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Table 1. Mortality Among Older Persons With Geriatric Syndromes

Reference | Syndrome | Deaths per 1,000 Elderly Persons With Different Definitions of the Syndrome

Disability (cont’d)

Mortality Index, Points
(Age, sex, smoking, BMI, perceived health, ADL or IADL disability, emotional health, comorbidity, hospitalization, emergency room and clinic visits)

Schonberg, 0-1 2-3 4-5 6-7 8-9 10-11
2009'%° 20 70 80 110 150 250
30 50 80 120 190 290
24 63 80 114 164 264
Lee, 2006™ Difficulty bathing Difficulty preparing meals Difficulty using Difficulty managing finances Difficulty walking Difficulty pushing
telephone several blocks heavy objects
431 334 454 364 257 224
Malnutrition
Beck, 1999 NSI checklist NSI checklist MNA MNA
0-5 =6 224 17-23.5
230 360 170 490
Chronic inflammation
Kravitz, 2009” CRP
Undetectable (<0.5) Detectable (0.5-0.7) Elevated (=0.8)
375 531 530

5- to 7-Year Mortality

Cognitive impairment

Stump, 2001™° None Mild Moderate to
severe
214 215 408
Frailty
Fried, 20017 Not frail Intermediate Frail
120 230 430
10-Year Mortality
Disability
Graham, 2009*® ADL limitation IADL limitation
805 555
Frailty
Graham, 2009™ Not Frail Intermediate Frail
336 487 840

Bold indicates the best predictors of mortality.
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Table 2. Population Risk of Mortality Attributable to Geriatric Syndromes, Sorted
in Descending Order of Population Attributable Risk

Syndrome Definition Prevalence (%) Relative Risk PAR (%)
Multiple comorbidity* >3 diseases 31 1.32-2.12 7.52-16.38
BADL disability Moderate 16.1-20.5 14.1 15.8
Chronic inflammation* Elevated CRP 24.4 1.42 7.22
BADL disability Severe 6.0-7.8 86.8 6.9
Frailty* Phenotype 14.35 15 4.78
Cognitive impairment* MMSE score <24 16.86 1.37-1.61 4.55-6.39
Cognitive impairment MMSE score <18 7.5 2.2 4.09
Multiple comorbidity Poor health, men 6.94 2.33 3.96
Multiple comorbidity Poor health, women 6.71 2.35 3.85
Cognitive impairment Dementia 6.28 2.2-2.69 3.43-3.95
Frailty Accumulation deficit 23.57 1.15 3.07
Multiple comorbidity Poor health 2.93 2.04 1.49
Malnutrition* Low BMI 23 2.03 1.17
Homeostenosis* Allostatic load score 6 vs. 1 1.4 4.45 1.09

*Combining PAR, 26% of mortality in elderly persons was attributable to geriatric syndromes.

Common Syndromes in Older Adults 64 Minnesota Evidence-based Practice Center



Table 3. Differences in Remaining Life Expectancy Between Older Persons From the General Population and
Older Persons With Geriatric Syndromes

Remaining Life Multiple
Expectancy in Morbidity Elevated Frailty MMSE MMSE |Accumulation| Poor Low |Allostatic ADL
Age | General Population (>3 Diseases) CRP (Phenotype) | Score <24 | Score <18 Deficit Health | BMI Load Disability
65 18.4 -2.2 -2.8 -3.2 -2.5 -6.0 -1.1 -5.6 -5.4 -10.3 -3.85
70 14.9 -2.0 -2.5 -2.8 -2.2 -5.3 -1.0 -5.0 -4.8 -8.9 -3.43
75 11.7 -1.7 2.1 -2.5 -1.9 -4.5 -0.9 -4.3 4.1 -7.5 -2.97
80 8.9 -1.4 -1.8 2.1 -1.6 -3.7 -0.7 -3.6 -3.4 -6.0 -2.48
85 6.5 -1.1 -1.4 -1.6 -1.3 -3.0 -0.6 -2.8 -2.7 -4.7 -1.98
90 4.6 -0.8 -1.1 -1.2 -1.0 -2.2 -0.4 2.1 -2.0 -3.5 -1.45
95 2.8 -0.5 -0.6 -0.7 -0.6 -1.3 -0.2 -1.3 -1.2 -2.2 -0.86
100 0.4 -0.1 -0.1 -0.1 -0.1 -0.3 -0.1 -0.2 -0.2 -0.4 -0.17
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Table 4. Population, Intervention, Comparator, Outcomes, Time, and Settings for Each Research Question
(PICOTS Framework)

Intervention

Question Population (Independent Variable) Comparator Outcomes Time, Setting
1. What is the definition and Elderly: Definitions of the outcomes Definitions of the outcomes Prevalence of cognitive impairment 1990-2009
prevalence of common >65 years Measurements of the Measurements of the -Frailty General population
syndromes/conditions in 280 years in outcomes outcomes -Malnutrition
older adults? community Socioeconomic groups Socioeconomic groups -Multiple morbidities (using polypharmacy
Race groups Race groups as a proxy)
-Homeostenosis
-Disability
-Sarcopenia
-Chronic inflammation
2. What is the prevalence of | Elderly: Sex: male Sex: female Prevalence of cognitive impairment 1990-2009
common syndromes/ >65 years Age: age categories Age: age categories -Frailty General population
conditions in older adults in 280 years in Comorbidity No comorbidity -Malnutrition
sex, age, race, ethnicity, and | community -Multiple morbidities (using polypharmacy
other subgroups? as a proxy)
-Homeostenosis
-Disability
-Sarcopenia
-Chronic inflammation
3. What is the association Elderly : Prevalence and degree of Absence or low degree of Morbidity 1990-2009
between these common >65 years cognitive impairment cognitive impairment Mortality General population
syndromes/conditions and 280 years in -Frailty -Frailty Disability
mortality, institutionalization, | community -Malnutrition -Malnutrition Institutionalization
hospitalization, and activities -Multiple morbidities (using -Multiple morbidities (using
of daily living? polypharmacy as a proxy) polypharmacy as a proxy)
-Homeostenosis -Homeostenosis
-Disability -Disability
-Sarcopenia -Sarcopenia
-Chronic inflammation -Chronic inflammation
4. What statistical and Elderly: Prevalence and degree of Statistical modeling of the Morbidity 1990-2009
decisionmaking models >65 years cognitive impairment association between Mortality General population
predict mortality based on 280 years in -Frailty interacting syndromes and
these common geriatric community -Malnutrition conditions and patient

syndromes/conditions?

-Multiple morbidities (using
polypharmacy as a proxy)
-Homeostenosis
-Disability

-Sarcopenia

-Chronic inflammation

outcomes
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Table 5. Defi

nitions of Homeostatic Dysregulation in Older Persons, Modified

From Kuchel?**

Syndrome

Operational Definition

Impaired Homeostasis

Homeostenosis

Diminished capacity to respond to varied homeostatic challenges, such as changes in ambient temperature,
orthostasis, fluid load, or dehydration.
High plasma tonicity (>300 mOsm/L*®)

Greater intraindividual variability in fasting glucose, pulse pressure, and BMI'™

Abnormal
allostatic
Ioad88,89,124

Increased biological burden in terms of estimates of cumulative exposure exacted by attempts to adapt to life's
demands predicts future mortality, as well as declines in cognitive and physical function:
High-sensitivity CRP (>5.0 mg/L)

Albumin (<3.6 g/dL)

IL-6 (>2.76 pg/ml)

Aldosterone (<4.5 ng/dL)

Urinary cortisol

Males (<25.0 or >72.0 mg/24 hours)

Females (<8.0 or >37.0 mg/24 hours)

Dehydroepiandrosterone sulfate

Males (<79.5 mg/dL)

Females (<15.5 mg/dL)

Epinephrine (>24.0 pg/mL)

Norepinephrine (>433.0 pg/mL)

Excessive Sympathetic responses to common challenges are excessively large and prolonged.™
response to High urinary epinephrine
stressors High urinary free cortisol
High urinary norepinephrine
Stress hormone index
Malnutrition
Poor nutritional Significant weight change: a) 10% of body weight in 6 months or b) involuntary loss of >10 Ib in 6 months™"
status Anthropometric data: body mass index <2074 76166167
Laboratory data: serum prealbumin <15 mg/dl,"*"*® serum transferrin <200 mg/dl, or serum albumin <3.5
g/d|73,75,12 ,167,170
Anemia with nutritional deficiencies'®®
Red cell distribution width™
Transthyretin (mg/L)**"*"™
Micronutrients deficit’**"*'®
Composite Risk of malnutrition accoridng to the Mini Nutritional Assessment; maximum score is 30, with cut-off values of

nutritional score

24 points (well nourished), 17 points (risk of malnutrition), <17 (malnourished).”**%

Nutritional risk using the “Determine Your Nutritional Health Checklist”: low nutritional risk (0-2), moderate risk
(3-5), and high risk (6+)"*%2545

Chronic Inflammati

on

Increased levels

P87. 124,166,167,170,174,176,177,202

Elevated high-sensitivity CR

of individual Increased levels of Interleukin-6"**""
biomarkers CD4/CD8 ratio™*®
High fibrinogen™**
High D-dimer levels'”™
Increased levels of tumor necrosis factor-alpha'™
Inflammatory Balance between pro-inflammatory and anti-inflammatory markers™**™
indices Elevated levels of several biomarkers'***7*29220
Prognostic Prognostic Inflammatory and Nutritional Index (PINI) defined as (CRP * alpha 1-acid glycoprotein)/(albumin *

inflammatory and
nutritional indices

transthyretin)*™
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Table 6. Reported Components of Frailty Syndrome By the Interventions on
Frailty Working Group®*®

Motor
Processing
X X X
X X

o Physical
Reference Mobility | Strength | Balance Activity
Ory 1993
Brown 20007
Tinetti 1995°
Fried 20017
Gill 1996”
Winozgzrad
1988°
Strawbridge X X X
1998°%
Saliba 20017 X
Pendergast X X X X
1993%%7
Campbell X X X X X X
1997%%
Dayhoff X X
1998%%°
Vellas 2000°% X X X X
Rockwood X X
1994%
Chin 19997 X X

Cognition | Nutrition | Endurance

XXX X

XX XXX X
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Table 7. Summary of Basic and Instrumental ADL Disability Definitions

Disability Definition

Operational Definition of Disability

Any BADL disability

1 or more BADL items present

Moderate BADL disability

1to 2 BADL items

Severe BADL disability

3 or more BADL items

BADL disability continuous

BADLs measured on a continuous scale

Individual BADL disability items

Measure only contains 1 BADL item (bathing, dressing/hygiene, eating, toileting,
transferring, walking)

Any IADL disability

1 or more IADL items present

Moderate IADL disability

1to 2 IADL items

Severe IADL disability

3 or more IADL items

IADL disability continuous

IADLs measured on a continuous scale

Individual IADL disability items

Measure only contains 1 IADL item (finances, housekeeping, meal preparation,
shopping, medication management, telephone, transportation)

Any BADL/IADL disability

BADL/IADL disability continuous
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Table 8. Prevalence of Multiple Morbidities in Older Persons

Number of Chronic Conditions
(high level of evidence)

Polypharmacy
(low level of evidence)

Self-Perceived Health
(high level of evidence)

Suffer from chronic diseases: 77.4%>" | 2-3 drugs: 40.7%>>° Fair/poor:
Pooled 28.24% (95% CI, 20.98-38.00)*10%109.250
3-4:18.7-30.7%""*"° 4-5 drugs: 0.09%> Poor:

Pooled 2.93% (95% Cl, 1.90-4.51)103109.2%0

23: 27.80-36.60%*

5-9 drugs: 21.8%"-

24:10.8%°"

>5 drugs: 29.0%"° to 56.6%"°
>11 drugs: 17.7%%

5-6: 8.2-18.3%""

>5: 23%""°

>7:1.9-13.9%"°

8-10: 20.1%">*

>11: 23.7%

*From the National Health Interview Survey.
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Table 9. Components of Systems Classifying Cognitive Impairment in Older

Persons®°

System, Reference

Criteria

Age-associated cognitive
decline®™’

Impairments (below age- and education-matched norms) in memory, learning, attention,
thinking, language, or visuospatial functioning. Onset of decline is described as gradual and
has been present for at least 6 months, which is confirmed by an informant.

Age-associated memory
impairment™

Gradual decline in memory (below young healthy norms), with other cognitive functions
unimpaired. Adequate intellectual functioning.

Age-consistent memory
impairment™

Decline in memory is observed as expected for age. Performance +1 SD of the mean
established for age on 75% or more of memory tests administered.

Age-related cognitive decline

Objective decline from premorbid level (within normal limits for the person’s age) in cognitive
function on a comprehensive neuropsychological assessment, not otherwise specified.

Benign senescent
forgetfulness®®

Inability to recall relatively unimportant data and parts of experiences belonging to remote
rather than the recent past; use of compensatory strategies.

Cognitive impairment, no
dementia®™®

Cognitively impaired but no evidence of dementia, as diagnosed according to the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition; cognitive impairment can be in one
or multiple domains and have a variety of aetiologies. This category is therefore more inclusive
than age-associated memory impairment and age-related cognitive decline.

Limited cognitive
disturbance®?

Referred to in the Comprehensive Assessment and Referral Evaluation and contrasts with
pervasive cognitive disturbance and dementia.

Mild cognitive decline®™®

Stage 3 of the Global Deterioration Scale, the earliest stage of clinical decline. Objective
evidence of a memory deficit resulting in decreased performance in demanding employment
and social situations.

Moderate cognitive decline®®

Stage 4 of the Global Deterioration Scale, a late confusional phase in which a clear cut deficit
is apparent. Patients almost always make three or more errors on the Mental Status
Questionnaire.

Mild cognitive disorder™

Decline in cognitive performance, including memory impairment and learning or concentration
difficulties. Cognitive tests must corroborate complaint. The disorder may precede, accompany,
or follow a wide variety of infections.

Mild cognitive impairment
(amnestic)*"®

Subjective complaint of memory impairment with objective memory impairment adjusted for
age. Normal general cognitive function. Intact activities of daily living/instrumental activities of
daily living.

Mild cognitive impairment’”
(multiple)®®

Deterioration in at least one nonmemory cognitive domain in addition to memory impairment
without sufficiently severe functional impairment or loss of instrumental activities of daily living
to constitute dementia. Normal general cognitive function.

Mild cognitive impairment
(nonamnestic) *°

Objective impairment in one or more nonmemory domains. Memory performance is not
impaired. No functional impairment or loss of instrumental activities of daily living. Normal
general cognitive function.

Probable mild cognitive
impairment®

Meeting the following criteria: 1) participants or their families reported cognitive problems and
2) there were no neurological, psychiatric, or systemic illnesses that could explain the presence
of cognitive deficits.

Possible mild cognitive
impairment®

Meeting the following criteria: 1) neither participants nor their families reported cognitive
problems; or 2) there were neurological, psychiatric, or systemic illnesses that might explain
the presence of cognitive deficits; or 3) there was an incomplete evaluation.

Minimal dementia™

Corresponds closely to “questionable dementia” (CDR score of 0.5).” Deficits in memory and
minor and variable errors in orientation. No evident impairment in occupational functioning.

Mild neurocognitive

Impairment arising as a consequence of a general medical condition.

disorder®
Self-reported memory Complaints of memory loss in the absence of formal testing. When formal testing indicates no
complaint™ impairment, an individual would be classified as “worried well.”

Questionable dementia®**"

The worst end of the mild cognitive impairment spectrum; associated with a CDR score of 0.5,
indicative of cognitive impairment 2 SDs below the mean in one cognitive domain. Objective
evidence of cognitive impairment not satisfying criteria for dementia.
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Table 10. Definitions and Prevalence of Frailty

—
_ <| & = |- |- |5
2 |s| 2 g = & 213912 (22|95 | 4
8218 |,3. 5| 32 | § | 525 |88 |2 |22|5 |22
3g |3 |ggs5| 22 | & |28, |32 |35|35|8 |388
Prevalence | 35 | & |195858| 58 | 5 |82a |35 |38|32|3S |4&8
Study (%) - — — B - il il ==
Cardiovascular Health Study 6.9 v v v v v
Fried, 2001%
Canadian Study of Health and Aging 21.2 v v v v
Gutman, 2001™*
Women'’s Health and A%ing Studies 11.3 v v v v v
Bandeen-Roche, 2006"*
PAVAMC Frailty Study 27 v v v v v v
Winograd, 1991%° (hospital based)
Cooperative Cardiovascular Project 27.5 v v v
Lichtman, 2009°” (hospital based)
Heart Failure Cohort 39.9 v v
Lupon, 2008°” (among diseases)
Beaver Dam Eye Study Cohort 44.7 v v v v
Klein et al, 2005
Precipitating Events Project 42.7 v
Hardy, 2005
Chinese Longitudinal Healthy Longevity Survey NR v v v v
Gu, 2009™
Study of Osteoporotic Fractures 17 v v 4
Ensrud, 2008
Osteoporotic Fractures in Men 4 v v v v v
Cawthon, 2007'"
Longitudinal Aging Study Amsterdam 5.8 v v v v v v
Puts, 2005
Three-City Study 7 v v v v v
Avila-Funes, 2008
MacArthur Stud%/ 6.7 v v v v v v
Sarkisian, 2008°%°
Depression Among Caregivers of Impaired Elders Study 18.9 v v 4 v
Tennstedt, 1992%°
Hispanic Established Populations for Epidemiologic Studies of the Elderly 7.6 v v v v v
Ottenbacher, 2009'%®
Chinese University of Hong Kong Aging Study NR v v v
Woo, 2008°"
Rush Memory and Aging Project NR v v v v
Boyle, 2010?"°
Health and Retirement Study 21.3 4 v v v
Cigolle, 2009'*
National PoPulation Health Survey of Canada 22.7 v v v v v v v
Song, 2010
Health, Aging and Body Composition Study 2.7 v

Peterson, 2009'®

NR=prevalence estimate not reported; study defined frailty and examined association between frailty and outcome.
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Table 11. Number of Studies and Prevalence Estimates By Each Criterion of the Definition of Frailty

Bowel and Chronic/
Prevalence Mobility Weight Loss/Poor | Low Physical Bladder Cognitive Visual ADL/IADL Lung Terminal
Category Impairment | Weakness | Nutritional Status Activity Fatigue | Incontinence Impairment | Impairment | Impairment | Function lliness

0-5% 2 1 1 1 1 0 0 0 0 0 0
10-20% 3 1 2 2 2 0 1 0 0 1 0
20-30% 4 1 3 1 1 4 4 2 2 1 1
5-10% 4 4 5 5 4 1 2 1 1 0 0
>30% 2 1 0 0 0 0 1 1 1 1 0
Total 15 8 11 9 8 5 8 4 4 3 1
Average prevalence of frailty in studies when component is included in the definition of frailty

Mean 17.9 13.7 125 10.1 104 20.8 21.0 23.6 24.7 27.2 27.0
Standard 13.3 13.6 8.1 6.4 6.3 8.8 11.2 16.0 16.1 11.2
deviation
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Table 12. Prevalence of Basic ADL Disability (Evidence From Good-Quality

Studies)

Disability Definition

Range of Older Persons With Disability (%)

Any BADL disability

5.0_18.341,53,55-b4
25.6 (CHS Al Stars)™

Moderate BADL disability

16.1-20.5>™"°

Severe BADL disability

6.0-7.8 (3-4 BADLs)>'™®
4.8 (5-7 BADLs)®

Bathing disability

3.0.9 Q05122758

Dressing/hygiene disability

0.8_11.053,55,65,120.248
9.2 (Alumni Health Study)**
55,58,65,119,120,248

Eating disability

0.4-4.5>3°>°8%
7.3 (Alumni Health Study)*®

Toileting disability

2.4-6 053,55,58

Transferring disability

0.4-9.0%%5%%
21.1 (Alumni Health Study)*®

Walking disability

0.8_13.053,55,65,120
20.6 (Alumni Health Study)**°
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Table 13. Increase in Individual Basic ADL Disability Over 5 Years®

Year

Individual BADL Disability 1980 1985
Bathing disability 3.9 14.7
Dressing/hygiene disability 0.8 11.0
Eating disability 04 2.2
Transferring disability 04 5.8
Walking disability 0.8 7.7
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Table 14. Prevalence of Instrumental ADL Disability (Moderate to High Level of

Evidence)

Disability Definition

Range of Older Persons With Disability (%)

Any IADL disability

12.0-46.7°>7

Moderate IADL disability

7.2-31 05,248,26/

Severe IADL disability

4.5-21 25,54,26/

Finance disability

8.0-19 353,55,(:5

Housekeeping disability

7.5-35.8%%

Meal preparation disability

7.1-32 453,65,119

Medication management disability 3.0-4.7°

Shopping disability 11.0-32.9°>>%1

Telephone disability 4.0-6.0°>>°

Transportation disability 54.3%
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Table 15. Increase in Individual Instrumental ADL Disability Over 5 Years (Good-

Quality Study)®

Year

Individual IADL Disability 1980 1985
Finance disability 19.3 36.7
Housekeeping disability 35.8 48.0
Meal preparation disability 32.4 34.1
Shopping disability 32.9 41.3
Transportation disability 54.3 67.6
Common Syndromes in Older Adults 7
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Table 16. Prevalence of Multiple Morbidities in Older Subgroups

Number of Chronic Conditions

Polypharmacy

Self-Perceived Health

Subgroup (low to moderate level of evidence) (insufficient level of evidence) (high level of evidence)
65-74 years >3 diseases: 27.80%>
>75 years >3 diseases: 36.60%> 75-79 years: 50.3%
>100 years >5 diseases: 23%"" 80-84 years: 57.2%

85-89 years: 63.1%°%

Men

2 diseases: 169%™
4-6 diseases: 5%

>5 drugs: 35.6%"
>11 drugs: 15.5%%

Fair
Pooled: 27.61% (95% Cl,16.77-45.47)***%

Fair/poor
14.20% (95% Cl,13.30-15.10)"

Poor
Pooled: 6.94% (95% CI, 3.00-16.10)%*103280

Women

2 diseases: 169%™

3 diseases: 23.0%*

>3 diseases: 16-18.4%°%>7
4 diseases: 16.0%>*

>4 diseases: 8.6%"

5 diseases: 9.0%%

>5 diseases: 1.6%

6 diseases: 4.5%°%

7 diseases: 2.0%*

8 diseases: 0.5%*

>5 drugs: 43.0%
>11 drugs: 19.1%°®

Fair
Pooled: 31.64% (95% CI, 14.31-69.93)

Poor
Pooled: 6.71% (95% Cl, 3.04-14.81)*102%

African Americans

>3 diseases in women: 13.4%°°

Caucasians

>3 diseases in women: 9.5%"°
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Table 17. Prevalence of Basic ADL Disability in Women and Men

Disability Definition

Range of Older Persons With Disability (%)

Women

Men

Any BADL disability

8.1-14.0°"°°** (high level of evidence)

6.1-10.3°7°%* " (high level of evidence)

Moderate BADL disability

21 7118

19 1118

Severe BADL disability

7 0118

7 0118

Bathing disability

7 7122

4 4122

Dressing/hygiene disability

17.1 (Alumni Health Study)™°

13.2 (Alumni Health Study)™°

Eating disability

1.2 10 11.8 (Alumni Health Study)™

1.2™ 10 6.0 (Alumni Health Study)™

Toileting disability

None

None

Transferring disability

27.6 (Alumni Health Study)™°

19.2 (Alumni Health Study)™°

Walking disability

27.3 (Alumni Health Study)™°

18.6 (Alumni Health Study)™°
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Table 18. Differences in Instrumental ADL Disability Prevalence By Sex (Good-

Quality Individual Studies)

IADL Disability Men Women
Any IADL 9.2 12.7
Housekeeping 23.6™° 40.1"°
Meal Preparation 9.8 10.2'7
Shopping 20.5™" 10.4™°
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Table 19. Prevalence of Basic ADL Disability By Ethnic Group (Good-Quality

Individual Studies)

Prevalence (%)

African American Older

American Indian Older

White Older Persons

Disability Definition Persons With Disability Persons With Disability With Disability
Any BADL disability 13.6% 11.6% 8.7%
Men: 7.5% Men: 4.7%

Women:10.7%°

Women: 5.2

Moderate BADL disability

Severe BADL disability

Bathing disability

Dressing/hygiene disability

Eating disability 1.2™° 1.2™°
Toileting disability
Transferring disability
Walking disability
81 Minnesota Evidence-based Practice Center
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Table 20. Differences in Prevalence of Moderate Basic ADL Disability By Age and

Sex Groups (Good-Quality Study)*®

Ages 65-74 Ages 80+
Women 18.0% 33.0%
Men 17.0% 28.0%
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Table 21. Differences in Prevalence of Severe Basic ADL Disability By Age and

Sex Groups (Good-Quality Study)*®

Ages 65-74 | Ages 80+
Women 6.0% 10.0%
Men 6.0% 11.0%
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Table 22. Association Between Multiple Morbidities and Clinical Outcomes

Population | Number of Chronic Diseases

Charlson Score

Polypharmacy

Poor Health

Relative increase in risk of death

High level of evidence

Good-quality individual study

Moderate level of evidence

High level of evidence

All sexes 32-11295° 1412129 13-16% per drug®*™° Pooled: 104%° %11
Women 18%"° 89-154%"" Not significant”” Pooled: 235%°"°%°
Men 127%> Not significant™” Pooled: 233%°"*%°

Relative increase in risk of institutionalization

Low-quality individual study

Moderate level of evidence

All sexes 20%™°

10_80%8,103,152

Dose response: 20% per score (0-5)327

African Americans

Not significant™ >

Caucasians

10-1204,°1537

Relative increase in risk of hospitalization

Low-quality individual study

Low-quality individual study

Moderate level of evidence

Low level of evidence

All sexes 709%™

37-94%™°

124-190% 1%

7_179%135-140
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Table 23. Association Between Disability and Risk of Hospitalization (Moderate-

Quality Individual Studies)

Disability Definition

Estimate (95% ClI)

Any BADL disability

1.8 (1.6-2.0)"*°
2.0 (1.1-3.4)"2
3.3 (1.9-5.5)*%

Severe BADL disability

Progressive disability*
Men: 2.8 (1.6-5.2)*°
Women: 3.8 (2.2-4.9)'%®

Catastrophic disabilit]y**
Men: 15.8 (9.1-27.5)"%
Women: 16.0 (11.1-23)*%*

BADL disability, continuous variable

1.31°7(NS)

Any IADL disability

2.5 (1.4-4.5)"%

Any IADL/BADL disability

1.2 (0.8-1.8)™

Other disability definitions

Not physically able***
2.1 (1.2-3.5)*?

Number of restricted-activity bed days
1.7 (0.86-2.9)"*% (NS)

Uses cane, walker, wheelchair
1.16%*% (p=0.006)

NS=statistically nonsignificant result.

*Progressive disability is defined as the development of an additional ADL dependency after having 1-2 ADL

disabilities.

**Catastrophic disability is defined as the onset of 3 or more ADL dependencies when none existed before.
***Physically able is defined as having no difficulty in walking 1/4 of a mile, stooping, crouching or kneeling, lifting 10
pounds, or walking up 10 steps without resting.
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Table 24. Association Between Disability and Risk of Death (Good-Quality
Individual Studies)

Estimated Subpopulation

Disability Definition Time to Mortality (Months) (95% CI)
BADL disability continuous 48 1.1 (1.04-1.16)°”
6 1.4 (NR); p<0.01™' — Frail
1.5 1.11 (1.06-1.15)"" — Hospitalized
Any BADL disability 24 1.9 (1.3-2.7)"™
Moderate BADL disability 24 14.1 (9.2-21.6)"
48 2.0 (1.2-3.3)"™
72 8.6 (6.6-11.0)"°
12 2.1 (1.6-2.8)"°" — Hospitalized
Severe BADL disability 24 86.8 (39.4-190.8)""
48 3.4 (1.6-7.5)™
72 30.0 (18.0-51.0)*°
96 1.13 (1.07-1.19) Hispanic elders™®
Dressing 30+19.2 1.6 (1.3-2.1) fully dependent™™ — Frail
30+19.2 1.2 (1.0-1.4) partially dependent™ — Frail
Toileting 30+19.2 1.3 (1.1-1.5) fully dependent™ — Frail
Walking 6 1.7 (NS)™’ — Frail
Bathing 48 2.0 (1.6-2.4)>
IADL continuous 48 1.12 (1.08-1.17)>
6 0.88 (NS)™’ — Frail
Any IADL disability 24 4.14 (3.20-5.36)™*
48 1.86 (1.4-2.46)"
72 6.6 (5.0-8.6)°
Moderate IADL disability 36 1.54 (NR); p=0.05>"
60 1.72 (NR); p=0.001>"
120 1.62 (NR); p<0.001**
60 1.46 (1.20-1.78)"’
Severe IADL disability 36 2.49 (NR); p=0.02>"
60 1.64 (1.26-2.14)”’
60 2.09 (NR); p=0.03>*
120 2.2 (NR); p=0.001>*
Meal preparation 6 2.42 (NS)™*' — Frall
Medication management 6 1.15 (NS)™
Financial management 48 1.9 (1.6-2.3)”
BADL/IADL continuous 96 1.10 (1.08-1.12)*®
Any BADL/IADL disability Variable death or institutionalization | 1.84 (1.04-3.24)™ — Frail

NS=not significant; NR=not reported.
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Figure 1. Negative Association Between Prevalence of Frailty and Relative Risk of
Mortality and Institutionalization Among Different Definitions of Frailty:
Measurement Effect

3.5
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£303E080 Log(prevalence) . Log(risk of death)
1 Log(risk of institutionalization) = = |inear (Log(prevalence))
Poly. (Log(risk of institutionalization))

Vertical axis=logarithmic value of prevalence or relative risk; poly=polynomial trend; linear=linear trend.
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Figure 2. Negative Association Between Prevalence of Cognitive Impairment and
Relative Risk of Mortality and Institutionalization Among Different Definitions of
Cognitive Impairment: Severity Effect

MMSE <24 MMSE <18

=/ Log(prevalence) I | og(risk of death)
C— Log(risk of institutionalization) = = Linear (Log(prevalence))

e | incar (Log(risk of death))

Vertical axis=logarithmic value of prevalence or relative risk; linear=linear trend.
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Figure 3. Negative Association Between Prevalence of Geriatric Syndromes and
Relative Risk of Mortality: Tendency of Lower Risk for Higher Prevalence Across
All Syndromes

Homeostenosis

Malnutrition

Poor health

Dementia

Severe cognitive impairment

Frailty (Phenotype)
Cognitive impairment
Frailty (Accumulation deficit)

Inflammation

Comorbidity

Mok Log(prevalence) I [ og(relative risk of death)

Horizontal axis=logarithmic value of prevalence or relative risk; poly=polynomial trend.
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Figure 4. Survival in Older Persons in the General Population and With Geriatric
Syndromes: Effect of Relative Risk of Mortality

0.2
0.1
0 T
65 70
< General population W ADL disability M Multiple morbidities X Elevated CRP
X Frailty(Phenotype) @ MMSE <24 + MMSE <18 O Accumulation deficit
©poor health ¢ Low BMI ¢ Allostatic load

Vertical axis=probability of survival; horizontal axis=years of age; dots=probability of surviving until the next year for
adults older than age 65 years from the general population and with geriatric syndromes.
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Figure 5. Conceptual Model

Interventions for
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prevention

Screening —
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Arrows describe screening, primary prevention of the syndromes, and secondary prevention of the progression of the syndromes. However,

health care interventions are beyond the scope of the project.
--- Dotted line describes the association between syndromes and outcomes.

Squared corner rectangles contain patient important clinical outcomes (mortality and morbidity).

Ovals represent cost and adverse events of the assessments and preventive interventions.
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Figure 6. Results of Ranking Exercise

Multiple comorbidities
Cognitive impairment
Frailty

Disability

Sarcopenia
Malnutrition
Homeostenosis

Chronic inflammation

Heart failure

Depression and other mood..

Falls and fear of falls
Polypharmacy
Anxiety

Hearing impairment
Gait problems
Social isolation
Dizziness

Visual impairment
Sleep problems

Urinary Incontinence

4 6 8

B Enthusiasm for Complex Secondary Prevention

O Enthusiasm for Complex Primary Prevention

Bars represent mean scores, based on ranking of each syndrome on a scale of 0 to 9 by eight TEP members.
Horizontal axis shows the mean score for each syndrome.
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Figure 7. Study Flow

Consensus and guidelines = 3

Total retrieved = 2,374
Medline = 2,073
Manual search = 290
Expert recommendation = 7
CDC website = 4

Total Excluded = 1,865

Reviews = 23
Comment = 32
Not eligible target population = 201
Patient handout = 1
Not eligible outcomes = 1,444
Not eligible exposure = 152
Other =12

Total Included = 509
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Figure 8. Prevalence of Three or More Chronic Conditions Among Older Persons
By Percent of Poverty Level: United States, 2005 (Good-Quality National Survey*)

Percent of poverty level
Prevalence, % (95% CI)

65-74 years

Total - 27.80 (26.04, 29.56)
Below 100% — 34.20 (28.12, 40.28)
100%-less than 200% - 32.50 (28.58, 36.42)
200%-less than 400% - 27.90 (24.57, 31.23)
400% or more - 22.40 (19.46, 25.34)

75 years and over

Total - 36.60 (34.64, 38.56)
Below 100% — 36.60 (31.11, 42.09)
100%-less than 200% - 38.10 (33.98, 42.22)
200%-less than 400% - 38.10 (33.98, 42.22)
400% or more — 31.40 (26.50, 36.30)
\
1 100

* National Health Interview Survey.””*

Common Syndromes in Older Adults 94 Minnesota Evidence-based Practice Center



Figure 9. Increase in Drug Visits in Which at Least One Prescription or
Nonprescription Drug Was Recorded on the Patient Record Form, per 100 Older
Persons (Good-Quality National Surveys¥*)

700
581
540 541
1
>15 500
500 471 481 1
a4 436 " 43
39 39
7
400 36 3
32
300
200
100
0
Both Both Both Men Men Men Women | Women | Women
genders | genders | genders
>65 65-74 >75 >65 65-74 >75 >65 65-74 >75

W 1995-1996 [O12004-2005

Vertical axis=number of drug visits.

*National Ambulatory Medical Care Survey and National Hospital Ambulatory Medical Care Survey.271
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Figure 10. Increase in the Number of Drugs per 100 Older Persons (Good-Quality

National Surveys*)

2,500

2,355
2,241
1,982
2000 1,820 1,844
1,748
1,633
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957 1,032
1,000 931
805
500
0
Both Both Both Men Men Men Women | Women | Women
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Vertical axis=total number of drugs.

*National Ambulatory Medical Care Survey and National Hospital Ambulatory Medical Care Survey.271
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Figure 11. Percentage Increase in Drug Visits and the Number of Drugs per 100
Older Persons From 1994-1996 to 2004—-2005 (Good-Quality National Surveys¥*)
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Vertical axis=percent increase in drug visits and the number of drugs.

*National Ambulatory Medical Care Survey and National Hospital Ambulatory Medical Care Survey.271
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Figure 12. Prevalence of Fair/Poor Health Status in Older Persons (High Level of Evidence)'*103:109.20

Study Prevalence, % (95% ClI)
Fair/poor

GSS survey (General Social Survey, beginning in 1985) * 37.90 (36.90, 38.90)
AGEIN survey (AGEIN=Aging and Independence) hd 36.30 (35.30, 37.30)

HPS survey (HPS = Health Promotion Survey) 26.20 (25.30, 27.10)

Canadian Study on Health and Aging-wave 1 * 17.60 (16.80, 18.40)
Subtotal (I-squared = 99.7%, p = 0.000) <> 28.24 (20.98, 38.00)
Poor

Canadian Study of Health and Aging B 2.70 (2.40, 3.10)
Three City Study - 4.40 (3.90, 4.90)
MOBILIZE Boston Study * 1.80 (1.10, 3.00)

Subtotal (I-squared = 94.7%, p = 0.000) — — 2.93 (1.90, 4.51)

NOTE: Random effects analysis
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Figure 13. Prevalence of Amnestic or Multiple-Deficit Mild Cognitive Impairment in Age Categories (Low Level of
Evidence)®?*

Age (Study)
Prevalence, % (95% CI)

Amnestic cognitive impairment
>60 (Third U.S. National Health and Nutrition Examjnation Survey) * 6.60 (5.90, 7.40)

Probable milder cognitive impairment amnesic type

>65 (CHS Cognition Study) 1.70 (0.60, 2.70)
<80 (CHS Cognition Study) S 1.30 (0.20, 2.40)
>80 (CHS Cognition Study) M 2.50 (0.30, 4.60)

L 3

Possible multiple cognitive deficit type amnesic|type

>65 (CHS Cognition Study) - 4.30 (2.70, 6.00)
<80 (CHS Cognition Study) ¢ 4.10 (2.10, 6.00)
>80 (CHS Cognition Study) 4.90 (2.00, 7.80)

*

Probable milder cognitive impairment multiple clognitive deficit type

>65 (CHS Cognition Study) - 4,70 (3.00, 6.40)
<80 (CHS Cognition Study) . 4.10 (2.10, 6.00)
>80 (CHS Cognition Study) 5.90 (2.70, 9.10)

*

Possible milder cognitive impairment multiple cognitive deficit type

>65 (CHS Cognition Study) 11.00 (3.50, 18.50)
<80 (CHS Cognition Study) - 9.10 (6.30, 11.90)
>80 (CHS Cognition Study) A 14.70 (9.90, 19.50)

*

1 40
CHS=Cardiovascular Health Study (CHS) Cognition Study.
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Figure 14. Prevalence of Cognitive Impairment in Older Persons Defined as an MMSE Score of <24 (Moderate
Level of Evidence)'*394°

Study

Prevalence, % (95% CI)
>65
Community-dwelling elderly people * 16.20 (9.10, 27.20)
Norwood -Montefiore Aging Study (NMAS) - 33.10 (31.00, 35.30)
Hispanic Established Population for the Epidemiological Study of the Elderly -~ 20.10 (18.60, 21.60)
Baltimore Epidemiologic Catchment Area Program -~ 10.60 (9.60, 11.70)
Three City Study - 11.80 (11.00, 12.60)
Subtotal (I-squared = 99.3%, p = 0.000) —_— — 16.86 (10.41, 27.31)
>70
Aging, Demographics, and Memory Study, the Health and Retirement Study - 28.20 (25.20, 31.30)
Medical Research Council (MRC) Trial R 3.30 (2.80, 4.00)
Leipzig Longitudinal Study of the Aged - 19.30 (17.00, 21.80)
Subtotal (I-squared = 99.5%, p = 0.000) I — 12.18 (4.04, 36.76)
>80
Medical Research Council (MRC) Trial IR 3.30 (2.60, 4.30)
Aging, Demographics, and Memory Study, the Health and Retirement Study -~ 29.20 (26.20, 32.30)
Medical Research Council (MRC) Trial - 5.80 (4.50, 7.50)
90+
Medical Research Council (MRC) Trial T 13.30 (10.70, 16.50)
Aging, Demographics, and Memory Study, the Health and Retirement Study - 39.00 (35.80, 42.30)
Subtotal (I-squared = 98.8%, p = 0.000) e ——— 22.89 (7.97, 65.67)
NOTE: Random effects analysis

\
1 90
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Figure 15. Prevalence of Severe Cognitive Impairment in Older Persons Defined as an MMSE Score of <15 (Low

Level of Evidence)®44261

Study

Hispanic Established Population for the
Epidemiological Study of the Elderly

Norwood-Montefiore Aging Study (NMAS)

Leipzig Longitudinal Study of the Aged (LEILA75+)

Prevalence, % (95% CI)

1.30 (0.90, 1.80)

7.50 (6.30, 8.70)

9.30 (7.70, 11.20)
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Figure 16. Prevalence of Cognitive Impairment in Age Categories of Self-
Respondents (High Level of Evidence)*

Study

70-74

Cardiovascular Health Study

Health and Retirement Survey (HRS)
National Long-Term Care Survey (NLTCS)
Second Longitudinal Study of Aging (LSOA II)
Subtotal (I-squared = 99.0%, p = 0.000)

75-79

Health and Retirement Survey (HRS)

Second Longitudinal Study of Aging (LSOA II)
Subtotal (I-squared = 0.0%, p = 0.536)

75-84

National Long-Term Care Survey (NLTCS)
Canadian Study on Health and Aging
Chicago Population Study

Second Longitudinal Study of Aging (LSOA II)
Subtotal (I-squared = 98.1%, p = 0.000)

80-84

Health and Retirement Survey (HRS)

Second Longitudinal Study of Aging (LSOA II)
Subtotal (I-squared = 73.6%, p = 0.052)

85

Health and Retirement Survey (HRS)

Canadian Study on Health and Aging

Chicago Population Study

Second Longitudinal Study of Aging (LSOA II)
1994 National Long-Term Care Survey (NLTCS)
Subtotal (I-squared = 98.9%, p = 0.000)

NOTE: Random effects analysis

Prevalence, % (95% CI)

. 9.00 (8.30, 9.70)

- 3.00 (2.30, 4.00)
1.70 (1.60, 2.40)

—.— 2.80 (2.00, 4.00)
3.38 (1.29, 8.87)

- 3.80 (3.00, 4.80)
L 4.20 (3.40, 5.20)
& 4.02 (3.43, 4.70)

& 4.40 (3.50, 5.20)
. 11.10 (10.40, 11.90)
—* 18.70 (13.20, 24.20)
= 5.70 (5.00, 6.50)
= 8.42 (5.02, 14.12)

L 6.40 (5.40, 7.50)
= 8.20 (6.80, 9.90)
< 7.21 (5.66, 9.19)

- 14.20 (12.40, 16.10)

. 34.50 (33.40, 35.60)

—*— 47.20 (37.00, 63.20)

- 13.20 (10.80, 16.10)
= 9.40 (7.30, 11.50)

- 19.56 (10.93, 35.01)

.0158
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Figure 17. Prevalence of Cognitive Impairment Using the 10-ltem Short Portable Mental Status Questionnaire

(High Level of Evidence)*®*®

Study

Duke Established Populations for Epidemiologic Studies

Established Populations for Epidemiologic Studies of the

lowa Established Populations for Epidemiologic Studies

Overall (I-squared = 97.9%, p = 0.000)

NOTE: Random effects analysis

of the Elderly

Elderly (EPESE)

of the Elderly (EPESE)

Prevalence, % (95% CI)

4.70 (3.40, 6.50)

12.40 (11.20, 13.70)

6.00 (5.30, 6.80)

7.13 (3.94, 12.91)
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Figure 18. Prevalence of Senile Dementia in Older Persons According to
Definition (High Level of Evidence)®®

Diagnostic criteria
Prevalence, % (95% CI)

Canada

Mental status questionnaire * 7.80 (7.50, 8.20)

Denmark

Senile dementia . 8.20 (7.90, 8.60)

England

Mental failure * 3.90 (3.70, 4.20

Arteriosclerotic senile dementia * 3.60 (3.40, 3.90

Chronic brain syndrome . 5.60 (5.30, 5.90

Senile dementia * 13.60 (13.20, 14.10)

GMS * 5.20 (4.90, 5.50

GMS * 4.60 (4.30, 4.90

GMS * 5.00 (4.70, 5.30

Finland

Clinical examination - 2.00 (1.80, 2.20)

DSM-IlI * 6.70 (6.40, 7.00)

France

DSM-III * 3.60 (3.40, 3.90)

Japan

A%e related senile dementia * 4.50 (4.20, 4.80

DSM-III * 4.80 (4.50, 5.10

Norway

Senile dementia, psychosis * 2.50 (2.30, 2.70)

Sweden

Senile dementia, deterioration * 15.80 (15.30, 16.30)

Senile dementia * 1.30 (1.20, 1.50)

USA

Senile dementia, psychosis * 2.80 (2.60, 3.00

Senile dementia, certifiable * 7.20 (6.90, 7.50

DSM-IlI ¢ 6.40 (6.10, 6.70

DSM-IlI * 5.40 (5.10, 5.70

ADRDA-NINCDS * 6.90 (6.60, 7.20

Germany

Clinical examination * 4.20 (3.90, 4.50)
\

1 16.3
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Figure 19. Prevalence of Dementia in Age Groups: Results From the East Boston
Study and Meta-Analysis of 13 Epidemiological Studies of Senile Dementia (High
Level of Evidence)?*%%?

Years Prevalence, % (95% Cl)

Probable Alzheimer's disease

>65 years - 10.30 (8.10, 12.50)
65-74 — 3.00 (0.80, 5.20)
75-84 — 18.70 (13.20, 24.20)
85 -+ 47.20 (37.00, 63.20)
Subtotal (I-squared = 96.6%, p = 0.000) - 13.97 (5.86, 33.31)
Senile dementia (DSM-III)

62.5 - 0.90 (0.80, 1.00)
67.5 - 1.60 (1.40, 1.80)
725 . 2.80 (2.60, 3.00)
775 . 4.90 (4.60, 5.20)
82.5 . 8.70 (8.30, 9.10)
87.5 . 15.50 (15.00, 16.00)
91.5 . 24.50 (23.90, 25.10)
95 . 36.70 (36.10, 37.30)
Subtotal (I-squared = 100.0%, p = 0.000) S 6.28 (3.33, 11.85)

Alzheimer's disease

62.5 —— 0.20 (0.10, 0.30)
67.5 —- 0.40 (0.30, 0.50)
725 - 0.90 (0.80, 1.00)
775 * 2.10 (1.90, 2.30)
82.5 . 4.70 (4.40, 5.00)
87.5 * 10.80 (10.40, 11.20)
91.5 . 21.00 (20.50, 21.50)
95 . 37.40 (36.80, 38.00)
Subtotal (I-squared = 100.0%, p = 0.000) S 3.06 (1.57, 5.99)

NOTE: random effects analysis

\ \ \
0.1 1 63.2
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Figure 20. Odds of Higher Frailty Prevalence Estimates (>20%) in Studies That
Included Components in the Definition of Frailty Compared to Those That Did Not

Components of the definition of frailty

Phenotype

Low physical activity

Fatigue

Weight loss/poor nutritional status

Weakness

Odds Ratio, % (95% CI)

0.04 (0.00, 0.48)
0.06 (0.01, 0.74)
0.15 (0.02, 1.24)
0.22 (0.03, 1.71)

Mobility impairment

Accumulation of the deficits

0.33 (0.02, 4.55)

Lung function
Cognitive impairment

3.00 (0.22, 40.93)

3.89 (0.54, 27.87)

Chronic/terminal illness

Visual impairment

ADL/IADL impairment

Bowel and bladder incontinence

4.20 (0.15, 117.92)

* 5.40 (0.44, 66.67)

5.40 (0.44, 66.67)

9.00 (0.75, 108.31)

\
0.03 Favors lower prevalence
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Figure 21. Prevalence of Frailty in Older Persons (High Level of Evidence)

Study (sample)

Accumulation of the deficits

Alameda County study (574)

Beaver Dam Eye Study cohort (2515)

Canadian Study of Health and Aging - 1 (5987)

Depression Among Caregivers of Impaired Elders Study (418
Effects of Two Exercise Interventions Among Community-res
Kaiser Permanente Inter-regional Committee on Aging Study
National Population Health Survey (2740)

The Health and Retirement Study (11113)

Subtotal (I-squared = 99.4%, p = 0.000)

Phenotype

Cardiovascular Health Study (5317)
Precipitating Events Project (754)

The MOBILIZE Study (765)

Subtotal (I-squared = 99.7%, p = 0.000)

Overall (I-squared = 99.5%, p = 0.000)

NOTE: Random effects analysis

5)

iding Older Adults Study (84)

(5810)

23,101,108,104,107,109,111,115,229,264

Prevalence, % (95% CI)

L w
=
i
|
-
|
—_—
|
-
|
[
|
: -
\C
|
|
|
|
|
|
- |
|
|
| *
|
|
|

26.00 (22.60, 29.70)
44.70 (42.80, 46.70)
21.20 (20.20, 22.30)
18.90 (17.70, 20.10)
17.90 (11.10, 27.60)
14.60 (13.70, 15.50)
22.70 (21.00, 24.30)
32.00 (31.10, 32.90)
23.57 (17.95, 30.94)

6.90 (6.20, 7.60)
42.70 (39.20, 46.30)
10.00 (8.10, 12.30)
14.35 (3.80, 54.18)

20.56 (15.50, 27.28)
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Figure 22. Differences in Prevalence of Frailty in the Same Population According to Definition: Results From the

Health and Retirement Study (Good-Quality Study)*®*

Frailty according to different models

Crude prevalence
At least one model (Functional Domains, Burden, or Phenot
All three models (Functional Domains, Burden, Phenotype)
>2 domains with deficiencies

Burden model

Functional domain model

Phenotype

Index of Deficit Accumulation (>0.2)

Biologic Syndrome Model (>3 frailty defining criteria)

Weighted percentages
Functional domains
Burden model

Biologic Syndrome Model

ype)

Prevalence, % (95% CI)

30.20 (29.40, 31.10)
3.10 (2.80, 3.40)

29.00 (28.20, 29.90)
15.40 (14.70, 16.10)
20.30 (19.60, 21.10)
10.90 (10.30, 11.50)
32.00 (31.10, 32.90)
11.00 (10.40, 11.60)

21.30 (19.40, 23.30)
14.79 (13.20, 16.60)
13.28 (11.70, 15.00)
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Figure 23. Prevalence of Any ADL Disability (Good-Quality Studies)*>3°>%4

Study Prevalence, % (95% CI)

21 ADL (5 items)

National Health Interview Survey, Supplement on Aging 5.00 (4.60, 5.40)
EPESE - 18.30 (17.00, 19.70)
Cardiovascular Health Study All Star -~ 25.60 (23.60, 27.70)
21 ADL (4 items)

e

Survey on Income and Program Participation 5.80 (5.20, 6.40)
21 ADL (3 items)

American Community Survey (US Census)
American Community Survey (US Census)
Census Public Use 5% Microdata sample

5.40 (5.30, 5.50)
8.80 (8.80, 8.90)
9.10 (9.10, 9.10)

21 ADL (7 items)
H-EPESE e 11.00 (9.90, 12.20)

The Longitudinal Study on Aging -~ 12.10 (11.40, 12.80)
21 ADL (6 items)
Survey of Asset and Health Dynamics of the Oldest O|d (AHEAD) - 13.90 (13.10, 14.70)

21 ADL (6 items)
Health and Retirement Study - Development Cohort * 16.00 (15.30, 16.70)
Health and Retirement Study - Validation Cohort 18.00 (17.20, 18.90)

21 ADL (# items not specified)
Australian Longitudinal study on aging 11.90 (10.20, 13.80)
EPESE -~ 12.20 (11.20, 13.20)
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Figure 24. Prevalence of Moderate or Severe ADL Disability (Good-Quality Studies)®*?

Definition of disability (Study)

Prevalence of Moderate ADL Disability
1-2 ADLs (7 items) Longitudinal Study on Aging) - 16.10 (15.30, 16.90)
1-2 ADLs (6 items) (ELSA - English Longitudinal Study of Aging) - 20.50 (18.60, 22.50)

Prevalence of Severe ADL Disability
5-7 ADLS (7 items) (Longitudinal Study on Aging) - 4.80 (4.30, 5.30)
3-4 ADLS (7 items) (Longitudinal Study on Aging) e 6.00 (5.50, 6.60)

Moderate BADL disability in Women
1-2 ADLs (6 items) (ELSA - English Longitudinal Study of Aging) - 21.70 (20.60, 22.80)

Severe BADL disability in Women
23 ADLs (6 items) (ELSA - English Longitudinal Study of Aging) -~ 7.00 (6.40, 7.70)

Moderate ADL Disability in Men
1-2 ADL (6 items) (ELSA - English Longitudinal Study of Aging) * 28.00 (26.80, 29.20)

Severe ADL Disability in Men
3+ ADL (6 items) (ELSA - English Longitudinal Study of Aging) - 17.00 (16.00, 18.00)
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Figure 25. Prevalence of Bathing ADL Disability (High Level of Evidence)3°°°865122:248

Study

Bathing ADL Disability

Massachusetts Health Care Panel Study (MHCPS) - 3.90 (2.60, 5.90)
National Health Interview Survey, Supplement on Aging -~ 4.60 (4.20, 5.00)
Health and Retirement Study -~ 6.00 (5.60, 6.40)
SITE Sources of Independence in the Elderly A 6.70 (4.50, 9.80)
Health and Retirement Study -~ 8.00 (7.40, 8.60)
Survey of Asset and Health Dynamics of the Oldest Qld (AHEAD) -~ 8.80 (8.20, 9.50)
National Survey on Self-Care and Aging - 9.00 (8.10, 10.00)
Massachusetts Health Care Panel Study (MHCPS) - 14.70 (11.90, 18.00)

Bathing ADL Disability in Women
SITE Sources of Independence in the Elderly . 7.70 (5.40, 10.90)

Bathing ADL Disability in Men

SITE Sources of Independence in the Elderly ” 4.40 (2.70, 7.10)
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Figure 26. Prevalence of Dressing/Hygiene ADL Disability (High Level of Evidence)>3°°°86248

Study Prevalence, % (95% ClI)

Dressing/Hygiene ADL Disability

Massachusetts Health Care Panel Study (MHCPS) [~ 0.80 (0.30, 2.00)
National Health Interview Survey, Supplement on Aging - 2.90 (2.60, 3.20)
National Survey on Self-Care and Aging — 5.00 (4.30, 5.80)
Survey of Asset and Health Dynamics of the Oldest Old (AHEAD) - 7.70 (7.10, 8.30)
Massachusetts Health Care Panel Study (MHCPS) - 9.30 (7.10, 12.10)
Health and Retirement Study - development cohort - 9.00 (8.50, 9.50)
Health and Retirement Study - validation cohort -~ 11.00 (10.30, 11.70)
Alumni Health Study - 9.20 (7.80, 10.90)

ADL Disability in women
Alumni Health Study/hygiene * 12.80 (11.10, 14.70)
Alumni Health Study/dressing/grooming * 17.10 (15.20, 19.20)

ADL Disability in men
Alumni Health Study/hygiene ¢ 8.10 (6.80, 9.70)
Alumni Health Study/dressing/grooming * 13.20 (11.50, 15.10)
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Figure 27. Prevalence of Eating ADL Disability (High Level of Evidence)®3°°°865119.248

Study Prevalence, % (95% CI)

Eating ADL Disability

Massachusetts Health Care Panel Study (MHCPS) 0.40 (0.10, 1.50)

National Health Interview Survey, Supplement on Aging 0.70 (0.60, 0.90)
National Survey on Self-Care and Aging £ 1.00 (0.70, 1.40)
Massachusetts Health Care Panel Study (MHCPS) * 2.20 (1.20, 3.90)
Health and Retirement Study - Development Cohort - 3.00 (2.70, 3.30)
Health and Retirement Study - Validation Cohort - 4.00 (3.60, 4.50)
Survey of Asset and Health Dynamics of the Oldest Old (AHEAD) - 4.50 (4.10, 5.00)
EPESE-Duke Site N~ 1.20 (0.80, 1.80)
Alumni Health Study - 7.30 (6.00, 8.80)

Eating ADL Disability in women
EPESE-Duke Site ‘ 1.20 (0.80, 1.80)
Alumni Health Study ¢ 11.80 (10.20, 13.60)

Eating ADL Disability in men
Alumni Health Study * 6.00 (4.90, 7.40)
EPESE-Duke Site ' 1.50 (1.00, 2.20)
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Figure 28. Prevalence of Individual ADL Disability (High Level of Evidence)®?>%°86%120

Study

Toileting ADL Disability

National Health Interview Survey, Supplement on Aging - 2.40 (2.10, 2.70)
Asset and Health Dynamics Among the Oldest Old (AHEAD) *— 2.50 (2.20, 2.90)
Health and Retirement Study - Development Cohort - 5.00 (4.60, 5.40)
Health and Retirement Study - Validation Cohort - 6.00 (5.50, 6.50)
Transferring ADL Disability

Massachusetts Health Care Panel Study (MHCFS) — 0.40 (0.10, 1.50)
National Health Interview Survey, Supplement on Aging - 2.60 (2.30, 2.90)
Survey on Income and Program Participation —* 2.60 (2.20, 3.00)
Asset and Health Dynamics Among the Oldest Old (AHEAD) — 3.30 (2.90, 3.70)
Massachusetts Health Care Panel Study (MHCPS) - 5.80 (4.10, 8.10)
Health and Retirement Study - Development Cohort - 7.00 (6.60, 7.50)
Health and Retirement Study - Validation Cohort - 9.00 (8.40, 9.60)
Alumni Health Study - 21.10 (19.00, 23.40)
Walking ADL Disability

Massachusetts Health Care Panel Study (MHCES) 0.80 (0.30, 2.00)
Asset and Health Dynamics Among the Oldest Old (AHEAD) - 5.90 (5.40, 6.50)
Massachusetts Health Care Panel Study (MHCPS) -t 7.70 (5.70, 10.30)

Health and Retirement Study - Development Cohort - 11.00 (10.40, 11.60)
Health and Retirement Study - Validation Cohort - 13.00 (12.30, 13.80)
Alumni Health Study - 18.60 (16.60, 20.80)
Alumni Health Study - 27.30 (25.00, 29.70)
Transferring ADL Disability in women

.

Alumni Health Study

Transferring ADL Disability in men

Alumni Health Study

Walking ADL Disability in men

Alumni Health Study

27.60 (25.30, 30.00)

19.20 (17.20, 21.40)

18.60 (16.60, 20.80)
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Figure 29. Prevalence of Instrumental ADL Disability (High Level of Evidence)>>%°7:248.266.267

Definition of disability (study)

Prevalence of Any IADL Disability

21 IADL (5 items) (Health and Retirement Study - Development Cohort) - 12.00 (11.40, 12.60)
> 1 IADL (5 items) (Health and Retirement Study - Validation Cohort) - 16.00 (15.20, 16.80)
1-3 IADL (# items not specified OARS) (Monongahela Valley Independent Elders Survey) - 23.80 (21.30, 26.50)
=1 IADL (5 items) (Survey of Asset and Health Dynamics of the Oldest Old (AHEAD)) h 26.50 (25.50, 27.50)
>]1 IADL (6 items) (The Longitudinal Study on Aging) * 26.90 (25.90, 27.90)
21 IADL (3 items) (EPESE) * 35.50 (33.90, 37.20)
=1 IADL (# items not specified) (H-EPESE) ' 46.70 (44.90, 48.50)

Prevalence of Moderate IADL Disability

1 IADL (8 items) (EPIDOS) hd 15.10 (14.30, 15.90)
2 IADL (8 items) (EPIDOS) -~ 7.20 (6.60, 7.80)
1-2 IADL (6 items) (Longitudinal Study on Aging) A 21.30 (20.40, 22.20)
22 IADL (6 items) (National Survey on Self-Care and Aging) - 31.00 (29.50, 32.60)
Prevalence of Severe IADL Disability

23 IADL (8 items) (EPIDOS) -~ 8.50 (7.90, 9.20)

>4 |ADL (# items not specified OARS) (Monongahela Valley Independent Elders Survey) r 5.70 (4.50, 7.30)
3-4 IADL (3 items) (MOBILIZE (MBS)) R 21.20 (18.40, 24.20)
3-4 |IADL (6 items) (Longitudinal Study on Aging) ™ 6.20 (5.70, 6.80)
5-6 IADL (6 items) (Longitudinal Study on Aging) " 4.50 (4.00, 5.00)

\
1 50
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Figure 30. Prevalence of Individual Instrumental ADL Disability (High Level of Evidence)®*°*0>119.122

Study (year)
Prevalence, % (95% CI)

Finances

Health and Retirement Study - Development Cohort (2006) ** 8.00 (7.50, 8.50
Health and Retirement Study - Validation|Cohort (2006) . 9.00 (8.40, 9.60
AHEAD (2001) 17.90 (17.00, 18.80
MHCPS - 1980 519903 Y 19.30 (16.10, 22.90
MHCPS - 1985 (1990 36.70 (32.70, 40.90

Housekeepin
MHCPS (1990
MHCPS (1990

35.80 531.70, 40.10;
SITE Sources of Independence in the Elderly (2006)

48.00 (43.60, 52.40
7.50 (5.20, 10.70)

Meal preparation Y
EPESE-Duke Site (2005) . 10.10 (8.80, 11.50)
Health and Retirement Study EDeveIopment cohort)& 006) 10.00 (9.50, 10.60)

Health and Retirement Study (Validation cohort) (2006 he Y 12.00 (11.30, 12.70)
MHCPS E19803 Y 32.40 528.50, 36.50;
MHCPS (1985 34.10 (30.20, 38.20

AHEAD (2001)

Medication management

7.10 (6.50, 7.70)

e

Health and Retirement Study - Development Cohort 3.00 (2.70, 3.30
Health and Retirement Study - Validation|Cohort . 3.00 (2.60, 3.40
AHEAD (2001) 4.70 (4.20, 5.20
Shopping Y

EPESE-Duke Site (2005) . 13.80 (12.30, 15.40)
Health and Retirement Study - Development Cohort (2006) N 11.00 (10.40, 11.60
Health and Retirement Study - Validation|Cohort (2006) . 14.00 (13.30, 14.80
AHEAD (2001) . 14.60 (13.80, 15.40
MHCPS (1980) Y 32.90 (29.00, 37.00
MHCPS (1985) 41.30 (37.10, 45.60

\
1 70
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Figure 31. Prevalence of Telephone and Transportation Instrumental ADL Disability (Low to Moderate Level of
Evidence)®°>®

Stud ear of the stud
Yy & Prevalence, % (95% CI)

Prevalence of Telephone IADL Disability

Health and Retirement Study - Development Cohort (1998) -~ 4.00 (3.70, 4.40)
Health and Retirement Study - Validation Cohort (1998 e 6.00 (5.50, 6.50)
Survey of Asset and Health Dynamics of the Oldest Old (AHEAD) (1994) R 4.50 (4.10, 5.00)

Prevalence of Transportation IADL Disability

Massachusetts Health Care Panel Study (MHCPS) (1980) ™~ 54.30 (50.00, 58.60)
Massachusetts Health Care Panel Study (MHCPS) (1985) -~ 67.60 (63.40, 71.50)
\
1 100
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Figure 32. Prevalence of Sarcopenia in Participants of the Health, Aging, and Body Composition Study (Good-
Quality Study)*?®

Population Prevalence, % (95% Cl)

Relative lean mass index

Men with BMI <25 50.40 (48.60, 52.20)
Men with BMI 25-30 " 8.90 (7.90, 10.00)
Women with BMI <25 *  51.90 (50.10, 53.70)
Women with BMI 25-30 B 7.10 (6.20, 8.10)

Residual definition of sarcopenia

Men with BMI <25 e 32.80 (31.20, 34.50)
Men with BMI 25-30 -~ 15.40 (14.20, 16.70)
Women with BMI <25 -~ 23.00 (21.50, 24.50)
Women with BMI 25-30 - 21.70 (20.30, 23.20)
I
1 60

Sarcopenia was defined using relative lean mass index (<7.23 kg/m2 for men and <5.67 kg/m2 for women) and negative residuals that were derived by adjusting
for fat mass in addition to height.
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Figure 33. Prevalence of Micronutrient Deficiency in Older Persons (High Level of Evidence)®®

Study
Prevalence, % 95% CI)

Folate deficient

Women'’s Health and Aging Study | - = 1.00 (0.50, 2.00)
NHANES I L 6.40 (5.70, 7.20)
INCHIANTI T 18.20 (16.00, 20.70)
Subtotal (I-squared = 98.9%, p = 0.000) —— T 531(204 13.83)
Iron deficient

Women'’s Health and Aging Study | e 2.60 (1.70, 4.00)
NHANES Il - 5.60 (4.90, 6.30)
INCHIANTI T 6.10 (4.80, 7.70)
Subtotal (I-squared = 84.1%, p = 0.002) S 4.74 (3.35, 6.71)

Vitamin B12 deficient

NHANES 11l L 5.40 (4.80, 6.10)
Women'’s Health and Aging Study | LI 6.60 (5.00, 8.60)
INCHIANTI Ll 11.70 (9.90, 13.80)
Subtotal (I-squared = 96.4%, p = 0.000) - — 7.47 (4.41, 12.67)

Vitamin D deficient

Older Americans Act Nutrition Program (OAANP) in northeast Georgia ¢ 8.20 (4.80, 13.60)
Longitudinal Aging Study Amsterdam (1995-1996) [ | 10.10 (8.60, 11.90)
Subtotal (I-squared = 0.0%, p = 0.454) Q 9.92 (8.49, 11.58)

NOTE: Random effects analysis

1 20.7
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Figure 34. Prevalence of Malnutrition Using the Composite Nutritional Score (High Level of Evidence)’®728%8°

Study

Prevalence, % (95% CI)
Both sexes
Danish part of Survey in Europe on Nutrition and the Elderly, a Concerted Action (SENECA) * 19.30 (14.40, 25.30)
Singapore Longitudinal Aging Study, SLAS - 33.10 (30.70, 35.60)
SENECA: Survey in Europe on Nutrition and the Elderly, a Concerted Action * 48.00 (45.60, 50.40)
Subtotal (I-squared = 97.9%, p = 0.000) = 32.27 (22.65, 45.98)
Men
San Luis Valley Health and Aging Study - 14.00 (12.00, 16.30)
Nutrition Screening Initiative -~ 24.00 (19.70, 29.00)
Subtotal (I-squared = 94.5%, p = 0.000) = 18.27(10.77, 30.98)
Women
San Luis Valley Health and Aging Study -~ 17.00 (14.80, 19.40)
Nutrition Screening Initiative " 34.00 (29.00, 39.30)
Subtotal (I-squared = 97.8%, p = 0.000) = 24.02(12.18, 47.38)
Caucasian
Nutrition Screening Initiative L} 24.00 (19.70, 29.00)

African American
Nutrition Screening Initiative ™ 38.00 (32.90, 43.40)

Other/Hispanic

Nutrition Screening Initiative ™ 34.00 (29.00, 39.30)
Malnutrition

SENECA: Survey in Europe on Nutrition and the Elderly, a Concerted Action * 1.00 (0.60, 1.60)
Domiciliary care services for elderly people with moderate or severe functional limitations * 4.80 (2.70, 8.30)
Subtotal (I-squared = 94.1%, p = 0.000) I —— 2.18 (0.47, 10.13)

NOTE: Random effects analysis

1 50.4
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Figure 35. Prevalence of Fair/Poor Health Status in Older Men (Moderate Level of Evidence)’#94103:280

Study

Prevalence, % (95% CI)
Fair
PAQUID (Personnes Agées QUID) Research Program - 35.60 (34.10, 37.20)
Longitudinal Study of Aging - 21.40 (20.20, 22.60)

Subtotal (I-squared = 99.5%, p = 0.000) —— T 276101677, 45.47)

Fair/poor

Osteoporotic Fractures in Men (MrOS) - 14.20 (13.30, 15.10)
Poor

Canadian Study of Health and Aging — 2.70 (2.40, 3.10)
PAQUID (Personnes Agées QUID) Research Program . 9.50 (8.60, 10.50)
Longitudinal Study of Aging - 13.00 (12.00, 14.00)

Subtotal (I-squared = 99.5%, p = 0.000) e 6.94 (3.00, 16.10)

NOTE: Random effects analysis
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Figure 36. Prevalence of Fair/Poor Health Status in Older Women (Moderate Level of Evidence)

Study

Fair
PAQUID (Personnes Agées QUID) Research Prog
Longitudinal Study of Aging

Subtotal (I-squared = 99.8%, p = 0.000)

Poor

Canadian Study of Health and Aging

PAQUID (Personnes Agées QUID) Research Prog
Longitudinal Study of Aging

Subtotal (I-squared = 99.4%, p = 0.000)

NOTE: Random effects analysis

ram

ram

94,103,280

Prevalence, % (95% CI)

*  47.40 (45.80, 49.00)

- 21.10 (19.90, 22.30)

<> 31.64 (14.31, 69.93)

2.60 (2.30, 3.00)
10.50 (9.50, 11.50)

11.00 (10.10, 12.00)

<> 6.71 (3.04, 14.81)
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Figure 37. Prevalence of Mild Cognitive Impairment in Different Race and Age
Categories Using the 3BMSE Questionnaire for Cognitive Functioning (High Level

of Evidence)??91146.281

African American

Prevalence, % (95% CI)

Cardiovascular Health Study (CHS) Cognition Study * 45.50 (40.50, 50.60)
Pittsburgh Cohort -+  35.10(27.00, 38.60)
White
Cardiovascular Health Study (CHS) Cognition Study * 14.10 (12.70, 15.60
Pittsburgh Cohort - 17.90 (14.50, 21.40
>65
Cardiovascular Health Study (CHS) Cognition Study * 18.80 (17.30, 20.40)
Pittsburgh Cohort - 21.70 (18.40, 25.00)
Three City Study (3C Study) * 42.00 (40.80, 43.20)
>75
Cardiovascular Health Study (CHS) Cognition Study | 18.80 (14.90, 22.70
Pittsburgh Cohort — & 20.70 (12.20, 29.20
75-79
Cardiovascular Health Study (CHS) Cognition Study = 14.70 (12.70, 16.70)
Pittsburgh Cohort - 17.90 (13.60, 22.20)
80-84
Cardiovascular Health Study (CHS) Cognition Study | 22.60 (19.20, 26.00)
Pittsburgh Cohort —& 24.00 (17.20, 30.80)
>85
NONA Immune Study — 14.50 (9.60, 21.40)
Cardiovascular Health Study (CHS) Cognition Study - 28.90 (23.60, 34.20
Pittsburgh Cohort —*— 38.90 (26.00, 51.80
The 90+Study * 44.10 (37.80, 50.60)
\
52
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Figure 38. Prevalence of Vascular and Mixed Dementia in Older Men: Results

From the EURODEM Prevalence Research Group (High Level of Evidence)®’

Country

65-69

Finland

Italy S
Sweden
Subtotal (I-squared = 63.2%, p = 0.066)

70-79

Finland

Italy

Sweden

United Kingdom

Subtotal (I-squared = 26.4%, p = 0.254)

>80

Finland

Italy

Sweden

United Kingdom

Subtotal (I-squared = 78.2%, p = 0.003)

Overall (I-squared = 75.5%, p = 0.000)

NOTE: Random effects analysis

Prevalence, % (95% CI)

1.50 (0.80, 2.90)
0.01 (0.00, 4.40)
1.60 (0.50, 4.80)
1.04 (0.29, 3.68)

3.20 (1.70, 5.80)
4.80 (2.20, 10.20)
4.60 (1.70, 11.60)
1.80 (0.90, 3.80)
3.22 (2.09, 4.98)

3.60 (1.20, 10.60)
16.30 (8.00, 30.40)
4.80 (0.70, 27.20)
3.50 (2.10, 5.80)
5.83 (2.30, 14.76)

3.25 (1.93, 5.46)

\
0.01
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Figure 39. Prevalence of Dementia in Older Men in Age and Severity Categories

(Moderate Level of Evi

Age

Dementia, the Cardiovascul

dence)?>%?

ar Health Study

Prevalence, % (95% CI)

<75 - 9.00 (8.10, 10.00)

75-79 15.40 (14.30, 16.60)
80-84 33.30 (31.80, 34.90)
>85 . 42.90 (41.30, 44.50)
Subtotal (I-squared = 99.7%, p = 0.000) 0 31.63 (30.81, 32.47)

Mild Dementia, the Canadian Study of Health and Aging

265 — 2.10 (1.30, 2.90)
65-74 —— 0.80 (0.04, 1.60)
75-84 e 3.60 (2.00, 5.20)
>85 — 8.10 (4.50, 11.70)

Subtotal (I-squared = 85.4%, p = 0.000) <> 3.54 (2.74, 4.58)

Moderate Dementia, the Canadian Study of Health and Aging

265 — 2.60 (1.70, 3.50)
65-74 K 0.70 (0.08, 1.50)
75-84 e 4.90 (3.10, 6.70)
>85 s 11.40 (7.20, 15.60)
Subtotal (I-squared = 91.9%, p = 0.000) <> 4.87 (3.93, 6.04)

Severe Dementia, the Canadian Study of Health and Aging

265 S —— 1.40 (0.70, 2.10)
65-74 0.40 (0.20, 1.00)
75-84 S — 2.00 (0.80, 3.20)
>85 — 8.80 (5.10, 12.50)

Subtotal (I-squared = 94.5%, p = 0.000<___—> 2.73 (2.04, 3.65)
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Figure 40. Prevalence of Cognitive Impairment in Older Women in Age Categories
Using Definitions Derived From the 3MSE Questionnaire (Moderate Level of

Evidence)®*®

Age (Study)

Cognitive impairment
<82 (CHS All Stars)
83-84 (CHS All Stars)
85-88 (CHS All Stars)
89+ (CHS All Stars)

Functional cognitive impairment
<82 (CHS All Stars)

83-84 (CHS All Stars)

85-88 (CHS All Stars)

89+ (CHS All Stars)

Cognitive impairment, no dementia
265 years (CSA)

65-74 (CSA)

75-84 (CSA)

>85 (CSA)

Cognitive and physical impairment

Prevalence, % (95% CI)

- 10.40 (9.00, 12.00)
- 7.90 (6.70, 9.30)

. 10.20 (8.80, 11.70)

- 11.50 (10.10, 13.10)

* 58.60 (56.20, 60.90)

« 58.90 (56.50, 61.20)

¢ 47.00 (44.60, 49.40)
e 34.90 (32.70, 37.20)

- 13.50 (11.90, 15.10)

—. 6.90 (4.70, 9.10)
- 20.40 (17.60, 23.20)
- 27.80 (23.90, 31.70)

<82 (CHS All Stars) - 6.30 (5.20, 7.60)

83-84 (CHS All Stars) - 5.90 (4.90, 7.10)

85-88 (CHS All Stars) - 8.10 (6.90, 9.50)

89+ (CHS All Stars) * 24.30 (22.30, 26.40)

\
1 61.2

CHS=Cardiovascular Health Study All Stars; CSA=Canadian Study of Aging.
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42,90,94,96

Country (Study)

>65
France (PAQUID Research Program)

USA (Cardiovascular Health Study (CHS) Cognition Study)

USA (Pittsburgh Cohort)
Subtotal (I-squared = 94.3%, p = 0.000)

>75

USA (Nun Study)

UK (Medical Research Council (MRC) Trial)
Subtotal (I-squared = 99.5%, p = 0.000)

75-79
UK (Medical Research Council (MRC) Trial)

80-85

Belgium (SENECA study)

Denmark (SENECA study)

Haguenau, France (SENECA study)
Romans, France (SENECA study)

Italy (SENECA study)

The Netherlands (SENECA study)
Portugal (SENECA study)

Spain (SENECA study)

Switzerland (SENECA study)

Poland (SENECA study)

UK (Medical Research Council (MRC) Trial)
Subtotal (I-squared = 98.9%, p = 0.000)

>85
UK (Medical Research Council (MRC) Trial)

>90
UK (Medical Research Council (MRC) Trial)

Figure 41. Prevalence of Cognitive Impairment in Older Women Defined as an MMSE Score <24 (High Level of
Evidence)

Prevalence, % (95% CI)

26.00 (24.60, 27.40)
18.70 (16.80, 20.70)
19.00 (15.00, 23.10)
23.98 (22.89, 25.13)

23.20 (19.60, 27.20)
3.90 (3.30, 4.70)
10.18 (9.03, 11.48)

1.50 (1.10, 2.00)

50.00 (46.10, 53.90)
0.10 (0.05, 1.30)
20.00 (17.10, 23.30)
11.00 (8.80, 13.70)
12.00 (9.70, 14.80)
4.00 (2.70, 5.80)
12.00 (9.70, 14.80)
45.00 (41.10, 48.90)
19.00 (16.10, 22.30)
40.00 (36.20, 43.90)
3.80 (2.80, 5.10)
31.83 (30.53, 33.20)

6.60 (4.90, 8.70)

14.20 (11.20, 17.90)

0.05 1 53.9
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Figure 42. Prevalence of Cognitive Impairment in Older Women in the Cardiovascular Health Study Using the
3MSE Questionnaire and in the Second Longitudinal Study of Aging Using the Telephone Interview of Cognitive
Status Instrument (Good-Quality Study)*

Study

Prevalence, % (95% CI)
270 years
LSOA Il Wave 2 — 6.40 (5.50, 7.30)
Health and Retirement Survey (HRS) - 6.10 (5.50, 6.80)
70-74
LSOA Il Wave 2 — 8.60 (6.60, 10.60)
Cardiovascular Health Study - 9.00 (8.30, 9.70)
75-79
LSOA Il Wave 2 — 10.70 (8.90, 12.40)
Cardiovascular Health Study - 20.60 (19.70, 21.60)
80-84
LSOA Il Wave 2 — 20.20 (14.80, 21.90)
Cardiovascular Health Study e 32.60 (31.50, 33.70)
>85
LSOA Il Wave 2 - 32.60 (29.00, 36.20)
Cardiovascular Health Study . 50.90 (49.70, 52.10)

\
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Figure 43. Prevalence of Vascular or Mixed Dementia in Older Women From the
EURODEM Prevalence Research Group (High Level of Evidence)®’

Country

65-69
Finland

*

*

Prevalence, % (95% CI)

0.50 (0.20, 1.40)

Italy

2 g

0.10 (0.05, 4.10)

Sweden

Subtotal (I-squared = 31.7%, p=0.231) ——  —

70-79

Finland

Italy

Sweden

United Kingdom, Cambridge

United Kingdom, Cambridgeshire
United Kingdom

Subtotal (I-squared = 0.0%, p = 0.624)

>80

Finland

Italy

Sweden

United Kingdom

Subtotal (I-squared = 69.6%, p = 0.020)

Overall (I-squared = 77.7%, p = 0.000)

NOTE: random effects analysis

*
2 g

0.10 (0.05, 4.30)
0.25 (0.08, 0.80)

6.20 (3.50, 10.90)
——— % 9.20 (4.20, 19.00)

e 2.90 (1.80, 4.60)
. 2.20 (0.80, 5.80)
- 2.60 (0.80, 7.80)
— 1.50 (0.80, 2.80)
. 2.20 (0.80, 5.70)
— 3.30 (1.50, 7.20)
<> 2.41 (1.80, 3.24)

|

|

L m

|

|

|

. 7.00 (2.30, 19.50)
2.80 (1.80, 4.30)
5.41 (2.98, 9.84)

2.33 (1.45, 3.74)

.05
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Figure 44. Prevalence of Dementia in Older Women in Age and Severity Categories (High Level of
Evidence)95,l76,236,282

Age (Study) Prevalence, % (95% CI)

Global impairment

>75 (Nun Study) - 5.80 (4.00, 8.30)
Dementia
>75 (Nun Study) - 0.90 (0.30, 2.30)
<75 (Cardiovascular Health Study) - 8.80 (7.90, 9.80)
75-79 (Cardiovascular Health Study) . 20.60 (19.30, 22.00)
80-84 (Cardiovascular Health Study) . 32.60 (31.10, 34.10)
>85 (Cardiovascular Health Study) * 50.90 (49.30, 52.50)
>100 (Danish Centenarian Study) ~* 56.00 (47.20, 64.40)
Mild Dementia, Canadian Study of Health and Aging
265 years - 2.40 (1.70, 3.10)
65-74 - 1.10 (0.20, 2.00)
75-84 - 3.40 (2.10, 4.70)
>85 - 6.50 (4.40, 8.60)
Moderate Dementia
265 years - 3.60 (2.70, 4.50)
65-74 * 1.00 (0.10, 1.90)
75-84 - 4.50 (3.00, 6.00)
>85 - 13.60 (10.60, 16.60)
Severe Dementia
265 years - 3.50 (2.70, 4.40)
65-74 * 0.60 (0.09, 1.30)
75-84 - 4.00 (2.60, 5.40)
>85 - 17.20 (13.90, 20.50)
\ \
1 64.4
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Figure 45. Differences in Prevalence of Frailty in Older Persons Ages 65 to 70 Years According to Definition of
Frailty (Moderate Level of Evidence)?®10%104

Definition of frailty

Prevalence, % (95% CI)

Kaiser Permanente Inter-regional Committee on Aging $tudy

Accumulation deficit, eligibility for NH placement or long-term placement 4.80 (4.30, 5.40)
Cardiovascular Health Study
Phenotype, >3 criteria met ’ 3.20 (2.80, 3.70)
MOBILIZE Boston Study
Phenotype, >3 criteria met * 5.90 (4.20, 8.20)
Canadian Study of Health and Aging - 1
Rockwood frailty index - accumulation deficit 8.90 (8.20, 9.60)
The Health and Retirement Study
Functional domains model > 15.03 (13.40, 16.80)
Burden model - accumulation deficit 10.06 (8.70, 11.60)
Biologic syndrome model - phenotype 4.20 (3.30, 5.30)
\
1 16
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Figure 46. Differences in Prevalence of Frailty in Older Persons Ages 70 to 80 Years According to Definition of

Frailty (Moderate Level of Evidence)

Frailty definition (age category)

Kaiser Permanente Inter-regional Committee on Aging Study-
70-74
75-79

Cardiovascular Health Study - phenotype
Frailty index, (70 - 79)

3 or more of criteria list (71 - 74)

3 or more of criteria list (75 - 79)

The Health and Retirement Study

Functional domains model (70-74)

Burden model - accumulation of deficits (70-74)
Biologic syndrome model — phenotype (70-74)
Functional domains model (75-79)

Burden model - accumulation of deficits (75—79)
Biologic syndrome model — phenotype (75-79)

Health, Aging, and Body Composition (Health ABC) Study

Criteria: Gait speed <0.6 m/sec, unable to rise from a chair with
arms folded, 1 marker - moderately frail, 2 - severely frail (70 - 79)

22,23,101,104,105

accumulation of deficits

8.00 (7.30, 8.70)
12.80 (12.00, 13.70)

11.60 (10.20, 13.20)
5.30 (4.70, 5.90)
9.50 (8.70, 10.30)

17.04 (15.30, 18.90)
14.17 (12.60, 15.90)
7.25 (6.10, 8.60)
21.18 (19.30, 23.20)
13.32 (11.80, 15.00)
9.78 (8.40, 11.30)

16.00 (14.70, 17.40)
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Figure 47. Differences in Prevalence of Frailty in Persons Older Than Age 80 Years According to Definition of
Frailty (Moderate Level of Evidence)®**%*

Frailty definition (age subgroup)

Kaiser Permanente Inter-regional Committee on Aging Study- accumulation of deficits

80 -84 - 21.40 (20.40, 22.50)
85 - 89 * 36.80 (35.60, 38.00)
>90 * 56.30 (55.00, 57.60)

Cardiovascular Health Study- phenotype, frailty index with >3 criteria

80 -84 - 16.30 (15.30, 17.30)
85 - 89 - 25.70 (24.50, 26.90)
>85 * 24.99 (23.80, 26.20)
>90 - 23.10 (22.00, 24.30)

MOBILIZE Boston Study- phenotype, frailty index with >3 criteria
>85 14.30 (11.60, 17.50)

Canadian Study of Health and Aging 1- accumulation of deficits, Rockwood frailty index
>85 *  49.20 (47.90, 50.50)

The Health and Retirement Study

Functional domains model (>80) -~ 32.67 (30.40, 35.00)
Burden model (>80) - 21.85 (19.90, 23.90)
Biologic syndrome model (>80) ™~ 31.57 (29.40, 33.80)
\
1 60
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Figure 48. Prevalence of Frailty in Older African Americans According to Definition of Frailty (Moderate Level of
Evidence)23,104,106,107

Definition of Frailty

The Health and Retirement Study
Functional domains model e 33.97 (31.70, 36.30)
Burden model - 20.18 (18.30, 22.20)
Biologic syndrome model -~ 29.96 (27.80, 32.20)
Frailty Study of African Americans in South Central Las Angeles - accumulation of deficits
Any of 4 criteria: functional impairment, depression, urinary incontinence, falls ™ 66.90 (62.70, 70.90)
Cardiovascular Health Study - phenotype
3 or more of criteria list from frailty index ~ 12.86 (12.00, 13.80)
Precipitating Events Project
Rapid gait test >10 seconds e 54.20 (50.60, 57.70)
\
1 75
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Figure 49. Prevalence of Frailty in Older Hispanics According to Definition of Frailty (Low Level of Evidence)

Definition of Frailty

The Health and Retirement Study
Functional domains model
Burden model

Biologic syndrome model

Hispanic Established Populations Epidemiologic Studies of
Frailty index based on weight loss, exhaustion, walking speed, g

Modified Frailty Index: scale of 0-4 for weight loss, exhaustion,

the Elderly

alking speed, and grip strength

rip strength, and physical activity

104,108

22.25 (20.30, 24.30)
12.81 (11.30, 14.50)

15.05 (13.40, 16.90)

7.60 (6.50, 8.80)

20.00 (17.00, 23.30)
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Figure 50. Prevalence of Frailty in Older Caucasians According to Definition of Frailty (Low Level of
Evidence)23,104,107,109

Definition of frailty

Prevalence, % 95% ClI)

The Health and Retirement Study
Functional domains model -~ 20.19 (18.30, 22.20)
Burden model 14.42 (12.80, 16.20)
Biologic syndrome model 11.79 (10.30, 13.40)
Cardiovascular Health Study
Phenotype, frailty index - 5.87 (5.30, 6.50)
Precipitating Events Project
Rapid gait test >10 seconds -~ 41.50 (38.00, 45.10)
MOBILIZE
Phenotype, frailty index 8.60 (6.80, 10.80)
\
1 75
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Figure 51. Prevalence of Frailty in Older Men (Moderate Level of Evidence)?3103105107.109.111-115

Study
Prevalence, % (95% CI)

Accumulation of deficits

*  46.00 (44.10, 48.00)
- 16.90 (16.00, 17.90)
National Population Health Survey — 18.60 (15.90, 21.30)

|
|
|
|
|
|
|
|
|
:
Subtotal (I-squared = 99.8%, p = 0.000) T ,430(11.34 52.44)
|
|
|
|
|
|
|
|
|
|
|

Beaver Dam Eye Study cohort

Canadian Study of Health and Aging - 1

Phenotype

Cardiovascular Health Study 4.90 (4.40, 5.50)

Health, Aging, and Body Composition (Health ABC) Study ~— * 1.90 (1.50, 2.50)

MOBILIZE - 10.00 (8.10, 12.30)

- 35.60 (32.30, 39.10)
4.00 (3.50, 4.50)

|
Precipitating Events Project }
|
|
Study of Osteoporotic Fractures > 13.30 (12.20, 14.50)
|
|
|
|
|

Osteoporotic Fractures in Men (MrOS) Study ¢

The Health and Retirement Study ¢ 8.50 (7.30, 9.90)

University of Connecticut Center on Aging Osteoporosis in Men Study 5.90 (4.00, 8.70)

Subtotal (I-squared = 99.4%, p = 0.000) <:> 7.41 (3.91, 14.05)
Overall (I-squared = 99.7%, p = 0.000) <> 10.28 (5.96, 17.75)

NOTE: Random effects analysis

Common Syndromes in Older Adults 137 Minnesota Evidence-based Practice Center



Figure 52. Prevalence of Frailty in Older Men By Definition and Age Group, Sorted By Increasing Age (High Level
of Evidence)23,101,111,113,115

Study (age group)

Accumulation deficit

Beaver Dam Eye Study cohort (53 - 64) - 25.80 (24.10, 27.50)
Kaiser Permanente Aging Study (65 - 69) e 3.10 (2.70, 3.60)
Beaver Dam Eye Study cohort (65 - 74) * 50.10 (48.10, 52.10)
Kaiser Permanente Aging Study (70 - 74) - 7.20 (6.60, 7.90)
Kaiser Permanente Aging Study (75 - 79) A 13.50 (12.60, 14.40)
Beaver Dam Eye Study cohort (75 - 84) hd 78.40 (76.70, 80.00)
Kaiser Permanente Aging Study (80 - 84) * 20.10 (19.10, 21.20)
Kaiser Permanente Aging Study (85 - 89) * 31.20 (30.00, 32.40)
Beaver Dam Eye Study cohort (>85) > 100.00 (99.70, 100.00)
National Population Health Survey (>85) — 39.10 (31.30, 46.90)
Kaiser Permanente Aging Study (>90) . 55.10 (53.80, 56.40)
Phenotype

Cardiovascular Health Study (65 - 70) — 1.60 (1.30, 2.00)
Osteoporotic Fractures in Men (MrOS) Study (65-69 - 1.60 (1.30, 2.00)
Osteoporotic Fractures in Men (MrOS) Study (70-74 - 1.70 (1.40, 2.10)
Cardiovascular Health Study (71 - 74) v 2.90 (2.50, 3.40)
Cardiovascular Health Study (75 - 79) - 5.50 (4.90, 6.10)
Osteoporotic Fractures in Men (MrOS) Study (75-79 - 4.40 (3.90, 4.90)
Cardiovascular Health Study (80 - 84) hd 14.20 (13.30, 15.20)
Osteoporotic Fractures in Men (MrOS) Study (80+) 11.10 (10.30, 11.90)
Cardiovascular Health Study (85 - 89) 15.50 (14.60, 16.50)
Cardiovascular Health Study (>90) 36.80 (35.50, 38.10)

1 100
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Figure 53. Prevalence of Frailty in Men Using Phenotype Definition in Race and Age Subgroups, Sorted By
Increasing Age (High Level of Evidence)®111°

Study (age subgroup)
Prevalence, % (95% CI)

African American
Cardiovascular Health Study (65 - 70) . 5.80 (5.20, 6.50)
Osteoporotic Fractures in Men (MrOS) Study (65+) . 6.60 (6.00, 7.30)
Cardiovascular Health Study (65+) . 7.40 (6.70, 8.10)
Cardiovascular Health Study (71 - 74) * 3.10 (2.70, 3.60)
Cardiovascular Health Study (75 - 79) -~ 17.90 (16.90, 19.00)
Cardiovascular Health Study (80 - 84) -~ 15.40 (14.50, 16.40)
Cardiovascular Health Study (85 - 89) - 25.00 (23.90, 26.20)
Asian
Osteoporotic Fractures in Men (MrOS) Study (65+) * 5.80 (5.20, 6.40)
Caucasian
Osteoporotic Fractures in Men (MrOS) Study (65+) ¢ 3.80 (3.30, 4.30)
Hispanic
Osteoporotic Fractures in Men (MrOS) Study (65+) * 2.40 (2.00, 2.80)
Hispanic Established Populations for Epidemiologic Study of the Elderly (65+) * 17.00 (14.20, 20.20)
\
1 30
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Figure 54. Prevalence of Frailty in Older Women According to Definition (High Level of Evidence)

105,107,109,111,115-117

Study (sample)

Accumulation deficit

Beaver Dam Eye Study cohort (2,515)
Canadian Study of Health and Aging - 1 (5,987)
National Population Health Survey (2,740)

The Health and Retirement Study (1,657)
Subtotal (I-squared = 99.4%, p = 0.000)

Phenotype

Cardiovascular Health Study (5,317)

Health, Aging, and Body Composition (Health ABC) Stu
Hispanic Established Populations for Epidemiologic Stu
MOBILIZE (765)

New Haven Older Americans Independence Center Stu
Study of Osteoporotic Fractures (6,701)

The Health and Retirement Study (1,657)

Women's Health and Aging Studies | and Il and comple

Subtotal (I-squared = 99.4%, p = 0.000)

dy (2,964) *
dy of the Elderly (621)

dy (754)

mentary cohorts (620)

23,24,103-

Prevalence, % (95% CI)

43.80 (41.90, 45.70)
24.20 (23.10, 25.30)
25.30 (23.20, 27.50)
18.04 (16.30, 20.00)
26.41 (17.93, 38.90)

7.30 (6.60, 8.00)
3.10 (2.50, 3.80)
22.00 (18.90, 25.40)
10.00 (8.10, 12.30)
46.60 (43.10, 50.20)
17.00 (16.10, 17.90)
17.10 (15.40, 19.00)
11.30 (9.00, 14.00)
12.94 (7.81, 21.44)
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23,101,104,111,115

Study (sample)

Accumulation deficit

Beaver Dam Eye Study cohort (53 - 64)
Kaiser Permanente Aging Study (65 - 69)
Beaver Dam Eye Study cohort (65 - 74)
Kaiser Permanente Aging Study (70 - 74)
The Health and Retirement Study (70 - 79
The Women'’s Health and Aging Studies (7
Kaiser Permanente Aging Study (75 - 79)
Beaver Dam Eye Study cohort (75 - 84)
Kaiser Permanente Aging Study (80 - 84)
Kaiser Permanente Aging Study (85 - 89)
Beaver Dam Eye Study cohort (85+)
National Population Health Survey (85+)
Kaiser Permanente Aging Study (90+)

Phenotype

Cardiovascular Health Study (65 - 70)
Cardiovascular Health Study (70 - 79)
Cardiovascular Health Study (71 - 74)
Cardiovascular Health Study (75 - 79)
Cardiovascular Health Study (80 - 84)
Cardiovascular Health Study (85 - 89)
Cardiovascular Health Study (90+)

0-79)

Figure 55. Prevalence of Frailty in Older Women By Definition
Level of Evidence)

and Age Group, Sorted By Increasing Age (High

Prevalence, % (95% CI)

18.80 (17.30, 20.40)
5.90 (5.30, 6.50)
46.10 (44.20, 48.10)
8.40 (7.70, 9.10)
10.50 (9.90, 11.10)
12.70 (10.20, 15.70)
12.40 (11.60, 13.30)
75.70 (74.00, 77.30)
22.00 (21.00, 23.10)
39.40 (38.20, 40.70)
93.50 (92.50, 94.40)
45.10 (39.70, 50.50)
56.70 (55.40, 58.00)

3.00 (2.60, 3.50)
7.30 (6.60, 8.00)
6.70 (6.10, 7.40)
11.50 (10.70, 12.40)
16.30 (15.30, 17.30)
31.30 (30.10, 32.60)
12.50 (11.60, 13.40)
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Figure 56. Prevalence of Frailty in Older Women Using Phenotype Definition in Race and Age Subgroups, Sorted
By Increasing Age (Moderate Level of Evidence)**®

Study (age group)

Prevalence, % (95% CI)

African American
Cardiovascular Health Study (65 - 70) e 11.00 (10.20, 11.90)
Cardiovascular Health Study (65+) - 14.40 (13.50, 15.40)
Cardiovascular Health Study (71 - 74) -~ 9.70 (8.90, 10.50)
Cardiovascular Health Study (75 - 79) - 13.80 (12.90, 14.80)
Cardiovascular Health Study (80 - 84) - 30.60 (29.40, 31.90)
Cardiovascular Health Study (85 - 89) *  60.00 (58.70, 61.30)
Hispanic
Hispanic Established Populations for Epidemiologic Study of the Elderly (65+) — 22.00 (18.90, 25.40)
\
1 69
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Figure 57. Prevalence of Any Basic ADL Disability in Women and Men (Moderate Level of Evidence)

Definition of disability (study)

Prevalence of Any ADL Disability in Women

=1 ADL (7 items) (Longitudinal Study of Aging)

=1 ADL (7 items) (Longitudinal Study of Aging)

21 ADL (3 items) (American Community Survey (US Census))

=1 ADL (7 items) (Longitudinal Study of Aging)

=1 ADL (7 items) (Longitudinal Study of Aging)

>1 ADL (# items not specified) (EPESE)

21 ADL (# items not specified) (Australian Longitudinal Study on Ageing)

Prevalence of Any ADL Disability in Men

=1 ADL (7 items) (Longitudinal Study of Aging)

21 ADL (3 items) (American Community Survey (US Census))

=1 ADL (7 items) (Longitudinal Study of Aging)

=1 ADL (7 items) (Longitudinal Study of Aging)

>1 ADL (# items not specified) (Australian Longitudinal Study on Ageing)
>1 ADL (2 items) (EPESE)

61,63,64

Prevalence, % (95% CI)

8.10 (7.20, 9.10)
9.60 (8.60, 10.70)
10.20 (10.10, 10.20)
10.20 (9.10, 11.40)
10.60 (9.50, 11.80)
13.20 (12.20, 14.30)
14.00 (12.20, 16.00)

6.50 (5.70, 7.50)
7.10 (7.00, 7.10)
7.50 (6.60, 8.50)
7.90 (7.00, 9.00)
10.00 (8.50, 11.80)
10.30 (9.40, 11.30)
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Figure 58. Prevalence of Any Basic ADL Disability in Women Increases With Older
Age (Good-Quality Study)>®

30.0%

29.0%

28.0%
27.0%

26.0%

25.0%

24.0% -
23.0% -

22.0% -

83-84
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Figure 59. Prevalence of Any ADL Disability in the Cardiovascular Health Study
Increases With Older Age (Good-Quality Study)®®

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

<=82

83-84 85-88 89+
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Figure 60. Differences in Prevalence of Any Basic ADL Disability By Age and Sex
(Good-Quality Study)>®

35.0%
30.0%
25.0%
20.0%
15.0%
10.0%
5.0%
0.0%
<=8 83-84 85-88 <=8 83-84 85-88
Men Women
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Figure 61. Prevalence of Moderate ADL Disability By Age (Good-Quality Study)**®

35.0%

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

women, 65-79

women, >=80 men, 65-79 men, >=80

B Moderate ADL Disability
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Figure 62. Prevalence of Severe ADL Disability By Age (Good-Quality Study)*®

12.0%

10.0%

8.0%

6.0% -

4.0% -

2.0% -

0.0% -
women, 65-79 women, >=80 men, 65-79 men >=80

M Severe ADL Disability
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Figure 63. Time Trend and Differences in Prevalence of One or More Instrumental
ADL Disabilities By Sex (Good-Quality Study)***

14.0%

13.0%

12.0% \\ ,\
11.0% / \
/ e

10.0% ‘Z,

9.0%

8.0%
1984 ‘ 1986 ‘ 1988 ‘ 1990 ‘ 1984 ‘ 1986 ‘ 1988 ‘ 1990

women men
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Figure 64. Difference in Prevalence of Meal Preparation and Shopping Disability
By Sex (Good-Quality Study)*??

25.0%

20.0%

15.0%

10.0%

5.0% -

0.0% -

Men Women Men Women

Meal preparation Shopping
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Figure 65. Prevalence of Housekeeping Disability By Sex and Age (Good-Quality
Study)'®

10.0%
9.0%
8.0%
7.0%
6.0%
5.0%
4.0%
3.0%
2.0% -
1.0% -
0.0% -

Men age <75 Men age >=75 Women age <75 Women age >=75
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Figure 66. Differences in Prevalence of Any ADL Disability By Race and Ethnicity
in the Census Public Use Microdata Sample (Good-Quality Study)®

African American

American Indian/Alaska Native

White

0.0% 2.0% 4.0% 6.0%

B Any ADL disability

8.0%
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Figure 67. Differences in Prevalence of Any Basic ADL Disability By Sex and Race
(Good-Quality Study)®°

African American women age 65-74

African American men age 65-74

White women age 65-74

White men age 65-74

]I|[

0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0%

B Any BADL disability
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Figure 68. Differences in Prevalence of Eating Disability By Race and Sex (Good-

Quality Study)***

White women

African American women

White men

African American men

]”[

0.0%

0.2% 0.4% 0.6%

H Eating disability

0.8%

1.0%

1.2%
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Figure 69. Prevalence of Shopping Disability By Race and Sex (Good-Quality
Study)**®

30.0%

25.0%
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15.0%
10.0%
0.0% T T T T T
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Figure 70. Prevalence of Meal Preparation Disability By Race and Sex (Good-
Quality Study)***

14.0%
12.0%
10.0%
8.0%
6.0%
4.0%
2.0%
0-0% T T T T T
African  White men  African White African  White men
American American women American and women
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Figure 71. Factors Associated With Malnutrition Defined as High Nutritional Score, Low Body Mass Index, or
Unintentional Weight Loss (Good-Quality Individual Studies)’®®!

Associated factors (definition of malnutrition) Relative measure of association
(95% CI)

Residence

Rural vs. urban (high nutritional risk) * 2.70 (1.20, 5.90)

Sex ‘

Male vs. female (high nutritional risk) ¢ 1.15 (0.60, 2.30)

Race

Hispanic/other vs. Caucasian (high nutritional risk) R 1.30 (0.67, 2.40)

African American vs. Caucasian (high nutritional risk) T * 1.87 (0.86, 4.10)

African American vs. Caucasian (weight loss of 5%) * 6.05 (1.66, 22.06)

Health

Poor vs. excellent (high nutritional risk) * 4.28 (1.02, 17.90)

Age

>85 vs. 60-64 (high nutritional risk) * 1.36 (0.34, 5.40)

75-84 vs. 60-64 (high nutritional risk) * 1.50 (0.40, 5.66)

65-74 vs. 60-64 (high nutritional risk) * 3.22 (0.76, 13.70)

Nutritional Assessment

Mini Nutritional Assessment score of <31 (weight loss) * 2.63 (1.67, 4.15)

Disability '

ADL disability (BMI <19 kg/m®) * 4.00 (1.40, 11.30)
0.4 1 22
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Figure 72. Prevalence of Malnutrition Defined as Low Body Mass Index, Low Serum Albumin Level, or
Unintentional Weight Loss (Good-Quality Individual Studies)**"*"’

Outcomes (study)
Prevalence, % (95% CI)

Total albumin level

<35 g/L (Italian Group of Pharmacoepidemiology in the Elderly (GIFA)) * 38.13 (37.00, 39.30)

Albumin level <35 g/L

Men (SENECA) ’ 1.80 (1.30, 2.60)

Women (SENECA) ’ 2.50 (1.90, 3.40)

Albumin level <30 g/L

Men (SENECA) y 0.20 (0.10, 0.60)

Women (SENECA) ’ 0.70 (0.40, 1.20)

Low BMI

<18.5 kg/m? (Italian Group of Pharmacoepidemiology in the Elderly (GIFA 5.79 (5.30, 6.4
8k/(| G f Ph id I he Elderly (GIFA)) - 9 (5.30, 6.40)

<18.5 kg/m (Duke Established Populations for Epidemiologic Studies of the Elderly) * 2.30 (1.40, 3.70)

<19 kg/m* (VA outpatient clinics) N ‘ 15.00 (9.80, 22.20)

<18.5 kg/m” (Geisinger Rural Aging Study (GRAS)) - 0.10 (0.09, 4.30)

Men, Iow BMI

<22 kg/m (San Luis Valley Health and Aging Study) 5.90 (4.60, 7.50)

<20 kg/m® (Osteoporotic Fractures in Men (MrOS)) 1.00 (0.80, 1.30)

Women, Iow BMI
<22 kg/m® (San Luis Valley Health and Aging Study)

Unintentional weight loss
>5% (Danish part of SENECA)

Men, unintentional weight loss
>5% in 3 years (Cardiovascular Study Research Group)
>10% in 6 months (San Luis Valley Health and Aging Study)

Women, unintentional weight loss
>5% in 3 years (Cardiovascular Study Research Group)
>10% in 6 months (San Luis Valley Health and Aging Study)

13.00 (11.10, 15.20)

21.00 (15.90, 27.20)

16.20 (15.20, 17.30)
7.20 (5.80, 9.00)

18.70 (17.60, 19.80)
8.90 (7.30, 10.80)
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Figure 73. Association Between Mortality and Poor Self-Perceived Health (High Level of Evidence)?’:94103:131.280

Study

Relative Risk (95% CI)
Total
Cardiovascular Health Study - 1.91 (1.27, 2.87)
Canadian Study of Health and Aging L 1.80 (1.45, 2.23)
Longitudinal Study of Aging: African American cohort B 2.17 (2.00, 2.50)
Subtotal (I-squared = 17.6%, p = 0.297) Q 2.04 (1.81, 2.31)
Women
Longitudinal Study of Aging B 3.40 (2.50, 4.60)
PAQUID (Personnes Agées QUID) Research Program * 3.19 (1.77,5.73)
Subtotal (I-squared = 0.0%, p = 0.850) <> 3.35 (2.56, 4.40)
Men

>

PAQUID (Personnes Agées QUID) Research Program 4,78 (2.81, 8.12)

Longitudinal Study of Aging e 2.50 (1.80, 3.30)

Subtotal (I-squared = 76.9%, p = 0.038) _ 3.33 (1.77, 6.25)

NOTE: Random effects analysis

123 1 8.12
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Figure 74. Association Between Cognitive Impairment and Mortality (High Level of Evidence)

Study

Dose response (decrease by 1 unit in MMSE score)
Freedom House Study

J N

Hispanic Established Population for the Epidemiological Study of the Elderly

Canadian Study of Health and Aging
Subtotal (I-squared = 64.6%, p = 0.060)

Odds ratio
NONA Immune Study
Geriatric Evaluation and Management (GEM)

Subtotal (I-squared = 0.0%, p = 0.615)

Risk ratio

Population-based dementia registry, mid-Monongahela Valley
area of Washington and Westmoreland Counties in southwest
Pennsylvania

Norwood-Montefiore Aging Study (NMAS)

Subtotal (I-squared = 1.2%, p = 0.314)
Hazard ratio

Precipitating Events Project (PEP)
Leipzig Longitudinal Study of the Aged (LEILA 75+)

Subtotal (I-squared = 0.0%, p = 0.536)

NOTE: Random effects analysis

>

0

| —

39,44,54,143-148

Relative measure of
association (95% ClI)

1.05 (0.95, 1.16)
1.02 (1.00, 1.03)
1.05 (1.03, 1.08)
1.04 (1.01, 1.06)

4.95 (2.13, 11.51)
3.80 (2.10, 6.90)
4.15 (2.55, 6.75)

1.26 (0.97, 1.56)
1.50 (1.12, 1.82)
1.37 (1.16, 1.63)

1.50 (1.10, 2.10)
1.73 (1.26, 2.37)
1.61 (1.29, 2.02)
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Figure 75. Association Between Cognitive Impairment and Mortality in Older Persons According to Measurement

and Severity (Moderate Level of Evidence)®**3'?

Study

Men, MMSE score of <24

Norwood-Montefiore Aging Study (NMAS) e 1.50 (1.07, 2.10)
PAQUID (Personnes Agées QUID) Research Program - = 0.98 (0.74, 1.31)
Subtotal (I-squared = 72.0%, p = 0.059) <i> 1.20 (0.79, 1.82)
Women, MMSE score of <24

Norwood-Montefiore Aging Study (NMAS) - = 1.50 (1.07, 2.06)
PAQUID (Personnes Agées QUID) Research Program T 1.29 (0.98, 1.69)
Subtotal (I-squared = 0.0%, p = 0.488) - —= 1.37 (1.11, 1.69)

MMSE score of <18

Total sample (Norwood-Montefiore Aging Study)
Men (Norwood-Montefiore Aging Study)
Women (Norwood-Montefiore Aging Study)

3MSE

*

All amnestic mild cognitive impairment (CSHA)
IADL impairment (CSHA)

L

*

No subjective memory complaints (CSHA)
Neither memory complaints nor intact IADL required (CSHA)

NOTE: Random effects analysis

2.20 (1.13, 2.69)
2.00 (1.13, 3.23)
2.30 (1.52, 3.59)

1.30 (0.60, 2.90)
1.70 (0.90, 3.30)
1.30 (0.70, 2.20)
1.40 (0.90, 2.30)

279 1 3.59
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Figure 76. Association Between Frailty and Mortality in Older Persons: Effect of the Definition (Moderate Level of

Eviden Ce)14,23,111,115,148,153-156

Study

Accumulation deficit
Beaver Dam Eye Study cohort

Canadian Study of Health and Aging

Canadian National Population Health Survey
Australian Longitudinal Study of Aging

Sydney Older Persons' Studies

National Health and Nutrition Examination Survey
Cardiovascular Health Study

Mobile Geriatric Assessment Team (MGAT) Study
Subtotal (I-squared = 96.8%, p = 0.000)

Phenotype
Hispanic Established Population for the Epidemiological Study of the Elde

Cardiovascular Health Study

y

*

Three City Study
Subtotal (I-squared = 72.5%, p = 0.026)

*

*

Relative measure of association (95% CI)

1.56 (1.27, 1.92)
1.23 (1.18, 1.29)
1.57 (1.41, 1.74)
1.03 (1.03, 1.04)
1.08 (1.04, 1.13)
1.01 (1.01, 1.02)
3.07 (2.20, 4.28)
1.23 (1.01, 1.45)
1.15 (1.10, 1.20)

1.25 (1.07, 1.46)
2.24 (151, 3.33)
1.30 (0.83, 2.04)
1.50 (1.05, 2.16)
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Figure 77. Dose Response Association Between Accumulation Deficits and
Mortality or Treatment Utilization Among Medicare Beneficiaries (Good-Quality
Study)*’

Definition of frailty Hazard ratio* (95% Cl)

Repeat outpatient ED visit, hospital admission, nursing home admission, or death

Deficit accumulation index, 2 vs. 1 — - 1.20 (0.91, 1.60)
Deficit accumulation index, 3 vs. 1 — - 1.33(1.02, 1.77)
Deficit accumulation index, 4 vs. 1  — 1.44 (1.06, 1.96)

Hospital admission, nursing home admission, or death

Deficit accumulation index, 2 vs. 1 . 1.45 (0.98, 2.16)
Deficit accumulation index, 3 vs. 1 . 1.55 (1.04, 2.33)
Deficit accumulation index, 4 vs. 1 1.98 (1.29, 3.05)
\ \
.328 1 3.05

*From the Medicare Current Beneficiary Survey; adjusted for age, sex, race, income, living alone, insurance status,
previous emergency department (ED) visits, and previous hospitalizations.
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Figure 78. Dose Response Association Between Mortality and Frailty Definitions in Older Persons (Good-Quality
Individual Study)***°®

Definiti f frailt i i
erinition ot frailty Relative risk (95% CI)

Pre-frail

Accumulation deficit (CHS) B 1.66 (1.23, 2.25)
Phenotype: 3 frailty components (CHS) — 1.67 (1.29, 2.15)
Phenotype (3CS) I 1.23 (0.94, 1.60)
Frail

Accumulation deficit (CHS) - 3.07 (2.20, 4.28)
Phenotype (CHS) — 3.00 (2.15, 4.19)
Phenotype (3CS) . 1.30 (0.83, 2.04)

Number of phenotypic frailty components (CHS)

1 — 1.52 (1.33, 1.73)
2 —— 1.96 (1.69, 2.28)
3 — 2.74 (2.27, 3.31)
4 — 3.47 (2.55, 4.74)
5 . 2.42 (0.77, 7.57)
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Figure 79. Dose Response Association Between Phenotypic Frailty Components
and Mortality According to Time of Followup: Results From the Cardiovascular

Health Study (Good-Quality Individual Study)*>**®

Number of phenotypic components of frailty

11 years

a b~ WNPE

Relative risk (95% CI)

1.93 (1.38, 2.69)
2.71 (1.88, 3.89)
5.78 (3.90, 8.56)
6.15 (3.31, 11.40)
2.24 (1.51, 3.33)

1.89 (1.45, 2.46)
2.52 (1.88, 3.37)
459 (3.30, 6.39)
5.63 (3.39, 9.37)
12.90 (4.01, 41.50)

1.53 (1.29, 1.81)
2.14 (1.77, 2.57)
2.95 (2.34, 3.72)
3.92 (2.73, 5.64)
4.63 (1.47, 14.60)

1.52 (1.33, 1.73)
1.96 (1.69, 2.28)
2.74 (2.27, 3.31)
3.47 (2.55, 4.74)
2.42 (0.77, 7.57)

.0241
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Figure 80. Different Definitions of Basic ADL Disability and Risk of Death in the

General Older Adult Population

27,53,54,128,162,164,329,330

BADL Disability & Risk of Death for the General
Older Population

I

8 Severe BADL disability - 72 month mortality |30
) ]
E Moderate BADL disability - 72 month mortality 8.6
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= C_E Moderate BADL disability - 48 month mortality D 2
o t , .
© O Bathing - 48 month mortality D 2
L= 1

Severe BADL disability - 24 month mortality 86.8
) disabil h l |
(YR,
5 ]
I} Moderate BADL disability - 24 month mortality 14.1
Q_ 4
|2‘ Any BADL disability - 24 month mortality []1.9
0 20 40 60 80 100
Risk of Death
Common Syndromes in Older Adults 166 Minnesota Evidence-based Practice Center



Figure 81. Different Definitions of Instrumental ADL Disability and Risk of Death
in the General Older Adult Population?’3°%128.162.164,329.330

IADL Disability & Risk of Death for the General Older
Population

Severe IADL disability - 120 month mortality : : 12.2
o Moderate IADL disability - 120 month mortality : 1.62
[} Any IADL disability - 72 month mortality ]16.6
-E Severe IADL disability - 60 month mortality : ‘ ‘ ]12.09
Oi > Severe IADL disability - 60 month mortality | 1.64
g c:U Moderate IADL disability - 60 month mortality 1.72
'c% E Moderate IADL disability - 60 month mortality | 1.46
'(é) = Financial Management 48 month mortality | 1.9
© Any IADL disability - 48 month mortality | 1.86
c§ Severe IADL disability - 36 month mortality : 12.49
= Moderate IADL disability - 36 month mortality 1.54

Any IADL disability - 24 month mortality | ; ; ; ; 14.14
\ \ \ \
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Figure 82. Risk of Death per 1-Point Increase in Disability Score?’23°4128.162,164,329,330

Disability Measured as Continuous Variable & Risk of Death

BADL/IADL continuous
- 96 month mortality

BADL disability
continuous - 48 month
mortality

IADL continuous - 48
month mortality

Disability Type & Time to
Mortality

1.09 1.095 1.1 1.105 111 1.115 1.12 1.125
Risk of Death per 1-unit Increase in Disability Score
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Figure 83. Association Between Disability and Mortality in Older Persons in Race

and Sex Subgroups (Good-Quality Individual Studies)

Population (Study)

ADL continuous, per 1-unit score increase
Men (LASA)
Women (LASA)

ADL and Rosow-Breslau, mobility
Men (EPESE)
Women (EPESE)

ADL and Rosow-Breslau
Men (EPESE)
Women (EPESE)

Not able to fix a meal

African American men (EPESE DUKE)
Caucasian men (EPESE DUKE)
Caucasian women (EPESE DUKE)

64,119

Relative measure of
association (95% CI)

1.06 (1.03, 1.09)
1.05 (1.02, 1.09)

1.90 (1.50, 2.50)
1.70 (1.30, 2.10)

. 2.60 (2.00, 3.40)
—.— 2.50 (1.90, 3.20)
—— 2.69 (1.16, 6.22)

*

6.53 (2.30, 18.59)

L J

6.10 (2.05, 18.18)

African American women (EPESE DUKE) — 5.61 (3.35, 9.40)
Not able to shop
White women (EPESE DUKE) — 2.49 (1.26, 4.91)
\
18.6

LASA=Longitudinal Study on Aging — Amsterdam; EPESE=Established Populations for Epidemiologic Studies of the

Elderly.
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Figure 84. Years of Expected Active Life Remaining in Older Persons With and
Without Disability: Results From the Baltimore Epidemiologic Catchment Area
(Good-Quality Individual Study)*

16-00 15.2

14.00

13.00

12.00

9.8 10

10.00

8.00

7.1

6.00

4.4 4.6

4.00

2.00

men, 65 men, 78 women, 65 women, 78

OHealthy mADL/IADL limitations

Vertical axis=years of life.
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Figure 85. Association Between Different Definitions of Malnutrition and Mortality (Good-Quality Individual

Studi eS)70,7l,83,166-169,331

Definition of malnutrition

Albumin level <44.8 g/L vs. 44.8-48.0 g/L (PAQUID Research Program)

Relative measure of association (95% CI)

Mortality, 2 years
Mortality, 6 years

Anemia

*

Anemia with nutritional deficiencies (Women's Health and Aging Study I)
Anemia (Cardiovascular Health Study)

Low BMI
BMI <21.45 kg/m® vs. 21.45-31.58 kg/m* (Women’s Health and Aging Study)

BMI <22.8 kg/m*vs. 22.8-27.3 kg/m* (PAQUID Research Program), 2 years
BMI <22.8 kg/m*vs. 22.8-27.3 kg/m* (PAQUID Research Program), 6 years

Unintentional weight loss
Weight loss of 5% (Cardiovascular Study Research Group)

Mini Nutritional Assessment Score
<23.5 vs. >24 (Danish part of SENECA)

*

*

<24 (Domiciliary care services for elderly people with moderate or severe functional limitations)

Nutritional Health Checklist
High nutritional risk (Danish part of SENECA)

5.30 (0.20, 5.70)
2.10 (1.10, 3.90)

0.79 (0.29, 2.14)
1.33 (1.15, 1.54)

2.03 (1.09, 3.77)
0.70 (0.10, 3.00)
2.30 (1.30, 4.40)

1.67 (1.29, 2.15)

2.86 (1.52, 5.56)
1.02 (0.44, 2.38)

1.45 (0.78, 2.71)
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Figure 86. Association Between Mortality and Biomarkers of Malnutrition and
Inflammation in Older Participants of the Pathologies Oculaires Liées al'Age

Cohort (Good-Quality Individual Study)*™

Sex (year to assess mortality)

Albumin <39.44 g/L vs. 39.44-44.77 g/L

Men (5 years) —
Women (5 years) Tt

Men (5-9 years) —
Women (5-9 years) — T

Hazard ratio (95% CI)

2.72 (1.44, 5.14)
1.37 (0.70, 2.70)
1.13 (0.61, 2.11)
0.84 (0.48, 1.48)

Alpha 1-acid glycoprotein, highest quartile fand transthyretin, lowest quartile

Men (5 years) ———*—— 6.86(3.20, 14.71)
Women (5 years) ——*————  4.64(1.79,12.05)
Alpha 1-acid glycoprotein <0.64 g/L vs. 0.64-0.89 g/L

Men (5 years) T 1.03 (0.47, 2.28)
Women (5 years) I 1.99 (0.95, 4.16)
Men (5-9 years) Y 0.38 (0.16, 0.92)
Womens (5-9 years) 1 0.68 (0.36, 1.29)

Alpha 1-acid glycoprotein >0.90 g/L vs. 0.64-0.90 g/L

Men (5 years) -
Women (5 years) —
Men (5-9 years) Tt
Women (5-9 years) A

Transthyretin <0.24 g/L vs. 0.24-0.29 g/L

Men (5 years) —
Women (5 years) —
Men (5-9 years) —
Women (5-9 years) T

Transthyretin >0.30 g/L vs. 0.24-0.30 g/L
Men (5 years) .

2.26 (1.19, 4.31)
2.61 (1.27, 5.35)
1.44 (0.82, 2.53)
1.10 (0.60, 2.02)

2.23 (1.21, 4.13)
2.39 (1.24, 4.58)
1.17 (0.64, 2.17)
1.36 (0.77, 2.38)

0.39 (0.13, 1.16)

Women (5 years) B E— 0.97 (0.41, 2.33)
Men (5-9 years) — 0.89 (0.47, 1.68)
Women (5-9 years) - 1.04 (0.52, 2.10)
\
.068 1 14.7
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Figure 87. Association Between the Prognostic Inflammatory and Nutritional Index* and Mortality in Older
Participants of the Pathologies Oculaires Liées a I'Age Cohort (Good-Quality Individual Study)*”

Sex (year to assess mortality) Hazard ratio (95% CI)

Prognostic Inflammatory and Nutritional Index <0.052 vs. 0.052-0.265

Men (5 years) . 0.66 (0.27, 1.58)

Women (5 years) . 1.28 (0.61, 2.68)

Men (5-9 years)

L4

0.53 (0.23, 1.23)

Women (5-9 years) 0.78 (0.39, 1.56)

L 3

Prognostic Inflammatory and Nutritional Index >0.266 vs. 0.052-0.266

Men (5 years)

L 3

2.13 (1.15, 3.95)

Women (5 years) 1.33 (0.66, 2.68)

L 3

Men (5-9 years)

L 3

2.50 (1.44, 4.36)

Women (5-9 years) . 1.25(0.72, 2.18)

\ \
.229 1 4.36

*The Prognostic Inflammatory and Nutritional Index is defined as (C-reactive protein * alpha 1-acid glycoprotein)/(albumin * transthyretin).
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Figure 88. Association Between Nutritional and Metabolic Abnormalities and Frailty in Older Women: Results

From the Women’s Health and Aging Studies | and Il (Good-Quality Individual Studies)

Risk factors

Abnormalities: anemia, inflammation, endocrine, micronutrient, body composition,

238

Relative measure of association (95% CI)

fine motor speed

Multiple vs. isolated abnormalities * 2.59 (1.22,5.52)
Abnormal levels in 3-4 physiological measures ¢ 11.00 (2.50, 47.90)
Abnormal levels in >5 physiological measures * 26.00 (3.70, 183.30)
Anemia
Anemia . 1.50 (0.70, 3.40)
Testosterone
Dehydroepiandrosterone sulfate (DHEA-S) <0.215 mcg/mL ¢ 1.40 (0.70, 2.80)
Nutritional deficit
>2 nutritional deficits . 2.60 (1.30, 5.00)
\
1 183
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Figure 89. Association Between Increased Interleukin-6 and Mortality in Older Persons (High Level of
Eviden Ce)124,174-l77

Author (study) Relative measure of association (95% ClI)

Increased levels of interleukin-6

Cohen (Duke Established Populations for Epidemiologic Studies of the Elderly) 1 ‘ 1.28 (0.98, 1.69)
Harris (lowa 65+ Rural Health Study) * 1.90 (1.20, 3.10)
Seeman (MacArthur Studies of Successful Aging) * 1.41 (0.92, 2.16)

L3

Alley (Invecchiare in Chianti Study) 1.78 (0.63, 5.07)

Subtotal (I-squared = 0.0%, p = 0.535) <> 1.42 (1.16, 1.74)

Increased level of interleukin-6 in log scale

Cohen (Duke Established Populations for Epidemiologic Studies of the Elderly) ¢ 1.53 (1.13, 2.08)
Bruunsgaard (Danish Centenarian Study) I 1.12 (0.92, 1.36)
Subtotal (I-squared = 64.9%, p = 0.092) 1.28 (0.95, 1.73)

NOTE: Random effects analysis

197 1 5.07
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87,124,129,166,167,170,174,177-179

Study

All elderly

PAQUID Research Program
Cardiovascular Health Study
MacArthur Studies of Successful Aging
lowa 65+ Rural Health Study
Invecchiare in Chianti Study

Vitality 90+ Study

Helsinki Aging Study

Subtotal (I-squared = 0.0%, p = 0.528)

Men

lowa 65+ Rural Health Study

Pathologies Oculaires Liées a I'Age cohort
Cardiovascular Health Study

Subtotal (I-squared = 25.6%, p = 0.261)

Women

Cardiovascular Health Study

lowa 65+ Rural Health Study

Pathologies Oculaires Liées a I'Age cohort
Women'’s Health and Aging Study
Subtotal (I-squared = 52.0%, p = 0.100)

Overall (I-squared = 21.4%, p = 0.221)

NOTE: Random effects analysis

Figure 90. Association Between Elevated Levels of C-Reactive Protein and Mortality in Older Persons (High Level
of Evidence)

Relative measure of association (95% CI)

L 3

*

0.20 (0.10, 9.20)
1.38 (1.25, 1.53)
1.67 (1.10, 2.55)
1.60 (1.00, 2.60)
2.06 (0.81, 5.23)
1.51 (0.93, 2.43)
1.68 (1.02, 2.74)
1.42 (1.29, 1.55)

1.50 (0.70, 3.20)
2.37 (1.36, 4.15)
1.42 (1.10, 1.83)
1.61 (1.19, 2.19)

1.24 (0.93, 1.66)
0.30 (0.10, 1.20)
1.05 (0.60, 1.85)
1.65 (0.93, 2.90)
1.13 (0.75, 1.69)

1.43(1.27, 1.62)

Common Syndromes in Older Adults

176

10

Minnesota Evidence-based Practice Center



Appendix A. Literature Search

Ovid Technologies, Inc., email service

Search for: limit 9 to (English language and humans and yr="1999-Current")
Results: 1-52

Database: Ovid MEDLINE(R) <1950 to July Week 3 2009>
Search Strategy:

1 exp geriatric assessment/ (12945)

2 exp health services for the aged/ (12535)

3 (common$ adj3 syndrome$).mp. (4417)

4 1or2(24542)

5 4and3(19)

6 geriatric syndrome$.mp. (239)

7 common$.mp. (752036)

8 6and7(58)

9 8or5(65)

10 limit 9 to (English language and humans and yr="1999-Current") (52)

Database: Ovid MEDLINE(R) <1950 to July Week 3 2009>
Search Strategy:

exp health services for the aged/ (12535)
exp geriatric assessment/ (12945)

exp aged/ (1824150)

exp aging/ (161093)
lor2or3or4(1931689)

syndrome/ or syndrome$.mp. (769191)
exp cognition disorders/ (40357)

exp sleep disorders/ (45845)

exp frail elderly/ (4572)

10 exp nutrition disorders/ (190734)

11 exp gait disorders, neurologic/ (2115)

12 exp urinary incontinence/ (22048)

13 exp fecal incontinence/ (6234)

14 exp vision disorders/ (48713)

15 exp hearing disorders/ (58328)

16 exp depression/ (52923)

17 exp delirium, dementia, amnestic, cognitive disorders/ (132607)
18 exp dizziness/ (2746)

19 exp syncope/ (8746)

20 exp osteoporosis/ (34707)

©Co~NOOUOWNE

21 1lor7or9orl7orl12o0r20o0r15o0r14 or8or18or19or 16 or 10 or 13 (587526)

22 6or21(1285830)

23 22 and 5 (247880)

24  exp age factors/ (339878)

25 exp sex factors/ (171269)

26 exp Comorbidity/ (40572)

27 25 or 24 or 26 (468826)

28 27 and 23 (24028)

29 exp epidemiologic studies/ (1154895)

30 28 and 29 (7943)

31 (aging or aged or elder$ or geriatric or gerontol$ or older$).ti. (167258)
32 30 and 31 (1566)

33 limit 32 to (English language and humans and yr="1999-Current") (1104)

Database: Ovid MEDLINE(R) <1950 to July Week 3 2009>
Search Strategy:

1 exp health services for the aged/ (12535)
2 exp geriatric assessment/ (12945)
3 exp aged/ (1824150)
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Appendix A. Literature Search

4  exp aging/ (161093)

5 1lor2or3or4(1931689)

6 syndrome/ or syndrome$.mp. (769191)

7  exp cognition disorders/ (40357)

8 exp sleep disorders/ (45845)

9 exp frail elderly/ (4572)

10 exp nutrition disorders/ (190734)

11 exp gait disorders, neurologic/ (2115)

12 exp urinary incontinence/ (22048)

13 exp fecal incontinence/ (6234)

14 exp vision disorders/ (48713)

15 exp hearing disorders/ (58328)

16 exp depression/ (52923)

17 exp delirium, dementia, amnestic, cognitive disorders/ (132607)
18 exp dizziness/ (2746)

19 exp syncope/ (8746)

20 exp osteoporosis/ (34707)

21 1lor7or9orl17or12or20o0r15o0r14 or8or18or 19 or 16 or 10 or 13 (587526)
22 6 or 21 (1285830)

23 22 and 5 (247880)

24 exp "Quality of Life"/ (76778)

25 exp "Activities of Daily Living"/ (37977)

26 exp Morbidity/ (260042)

27 exp mortality/ (209930)

28 27 or 25 or 24 or 26 (551893)

29 28 and 23 (31277)

30 limit 29 to (English language and humans and yr="1999-Current") (20039)
31 exp epidemiologic studies/ (1154895)

32 30and 31 (9581)

Database: Ovid MEDLINE(R) <1950 to July Week 3 2009>
Search Strategy:

exp geriatric assessment/ (12945)
exp predictive value of tests/ (93910)
exp Survival Analysis/ (100091)

exp survival rate/ (90889)

exp mortality/ (209930)

exp forecasting/ (59830)

6 or 4 or 3 or2orb5 (436400)

1 and 7 (1483)

exp epidemiologic studies/ (1154895)
10 8and9 (822)

11 exp Mass Screening/ (95484)

12 screen$.mp. (347938)

13 target$.mp. (477594)

14 predictor$.mp. (122940)

15 11 or 13 or 12 or 14 (918257)

16 10 and 15 (332)

17 limit 16 to (English language and humans) (323)

OO ~NOOUITD WN P
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Appendix A. Literature Search

July 30, 2009

Strings Number Retrieved
“Comprehensive Geriatric Assessment” 318
Syndrome AND “Investigative Techniques”[Mesh] AND “Geriatric Assessment’[Mesh] 222

Limits: Humans, English

Screening AND Survival AND “Investigative Techniques”’[Mesh] AND “Geriatric 454

Assessment’[Mesh]
Limits: Humans, English

Frailty and mortality limits: Humans, English 343
“Investigative Techniques”’[Mesh] AND “Geriatric Assessment’[Mesh] AND #42 735
Limits: Humans, Journal Article, English

“Geriatric Assessment’[Mesh] AND #42 AND Prevalence AND Cohort 104
Limits: Humans, Journal Article, English

Fatigue Syndrome AND Frailty NOT Review 7
Limits: Humans, Journal Article, English

Search: Prediction, Mortality, Elderly, Cohort, Geriatric NOT Review 21

Limits: Humans, Journal Article, English

Ovid Technologies, Inc., email service

Search for: 1 and 12
Results: 1

Database: Ovid MEDLINE(R) <1950 to July Week 3 2009>
Search Strategy:

exp geriatric assessment/ (12945)

exp “Predictive Value of Tests"/ (93910)

1 and 2 (598)

limit 3 to (English language and humans and yr="1990-Current”) (571)

limit 4 to (research support, NIH, extramural or research support, NIH, intramural or research support, non US
gov't or research support, US gov't, non PHS or research support, US gov't, PHS) (347)
6 4not5(224)

7  exp statistics as topic/ (1363257)

8 7and5 (276)

9 sn.fs. (330737)

10 9and5 (120)

11 8or 10 (289)

12 exp mass screening/ (95484)

13 1 and 12 (698)

O wWwN R

Ovid Technologies, Inc., email service

Search for: from 31 [limit 30 to (English language and humans)] keep 1-17
Results: 1-17

Database: Ovid MEDLINE(R) <1950 to July Week 4 2009>
Search Strategy:

1 exp frail elderly/ (4580)

2 exp cognition disorders/ (40416)

3 exp urinary incontinence/ (22064)

4  exp fecal incontinence/ (6249)

5 4 or3(26864)

6 exp sleep disorders/ (45899)

7  exp malnutrition/ (78569)

8 exp gait disorders, neurologic/ (2121)
9 8or6or7or2or5(192419)

10 1and9 (325)
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11 8or6orlor7or5(157604)

12 11 and 2 (1346)

13 8or6orlor7or2(170158)

14 13 and 5 (348)

15 8orlor7or2or5(151675)

16 6 and 15 (900)

17 8or6orlor2or5(118535)

18 7 and 17 (430)

19 6orlor7or2or5(194716)

20 8and 19 (163)

21 18 or 16 o0r10o0r 12 or 20 or 14 (1737)
22 exp mass screening/ or screen$.mp. (353711)
23 22 and 21 (82)

24 exp predictive value of tests/ (94078)

25 24 and 23 (6)

26 exp mortality/ or exp morbidity/ (452142)
27 exp survival analysis/ (100261)

28 27 or 26 (531928)

29 28 and 23 (13)

30 250r29(19)

31 limit 30 to (English language and humans) (17)
32 from 31 keep 1-17 (17)

33 from 32 keep 1-17 (17)

Database: Ovid MEDLINE(R) <1950 to July Week 4 2009>
Search Strategy:

exp geriatric assessment/ (12973)

exp cost-benefit analysis/ (46253)

1and 2 (113)

exp health services for the aged/ec [Economics] (1833)
exp mass screening/ or screen$.mp. (353711)

4 and 5 (31)

exp health services for the aged/ (12540)

7 and 5 (372)

ec.fs. (258305)

10 9or 2 (267756)

11 8and 10 (37)

12 6 or 11 or3(149)

13 limit 12 to (English language and humans) (131)

OooO~NOOUODWNERE

July 31

Strings

exp Geriatric Assessment/sn, cl, mt [Statistics & Numerical Data, Classification, Methods]
AND exp Cohort Studies/ AND exp United States/ep [Epidemiology]

*"quality of life”/ or exp “health care quality, access, and evaluation”/ AND exp Geriatric
Assessment/sn, cl, mt [Statistics & Numerical Data, Classification, Methods] AND exp United
States/ep [Epidemiology]

September 24

“Disability Evaluation’[Mesh] AND (“United States”[Mesh] OR “United States Agency for
Healthcare Research and Quality"[Mesh])
Limits: Humans, Journal Article, English, Aged: 65+ years, selected 201

September 29

Related Articles for PubMed (Select 15051585)
“The Yale Health and Aging Study”

“The Framingham Disability Study”

Number Retrieved
34

126

578

145
51
39
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Appendix A. Literature Search

October 13, 2009
Strings
“Polypharmacy’[Mesh] AND Medicare

“Polypharmacy”’[Mesh] AND Cohort
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over

October 21, 2009

“Models, Economic’[Mesh] AND “Life Expectancy”’[Mesh] NOT Review
Limits: Humans, English, Aged: 65+ years

Select 5 document(s)

Search Kuntz KM[author]
Limits: Humans, English, Aged: 65+ years

November 23, 2009

Definition: Frailty
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over

February 10, 2010

Search: Prevalence, Frailty, Cohort
Limits: Journal Article, English

Select 30 document(s)
Related Articles for PubMed (Select 19196644)

Search: Prevalence, "Chronic Inflammation," Cohort
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over

Select 4 document(s)
Related articles for PubMed (Select 17685096)

Search: Prevalence, Malnutrition, Cohort,
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over

March 17, 2010

Search: Allostatic
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over
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Number Retrieved
29

65
: 80+ years

40

51

55
: 80+ years

138

30
1099

38
: 80+ years

458

294
: 80+ years

36
: 80+ years
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Appendix B. Excluded Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Geriatric nurse practitioner role grows in newer
delivery system. Natl Rep Subacute Care 1996 Nov
6; 4(23):6. Comment

Medical management magnified under Medicare
risk. Public Sect Contract Rep 1997 Jul; 3(7):97-
100. Comment

Reduce risk by screening, managing frail elderly.
Public Sect Contract Rep 1997 Jan; 3(1):1-6. Not
eligible full text can not be found

Home visits by physicians improve care, reduce
utilization, cut costs under Medicare risk. Public
Sect Contract Rep 1998 May; 4(5):70-4. Comment
Finding frail elderly key to managing them. Manag
Care Strateg 1998 Aug; 6(8):88, 93. Comment
Invest in data systems to manage your senior
patients. Public Sect Contract Rep 1998 Jul; 4(7):97-
100. Comment

Carle Clinic's risk screening tools identify, help
manage at-risk senior patients. Public Sect Contract
Rep 1998 Feb; 4(2):21-3. Comment

Manage your high-risk seniors to avoid financial
ruin. Public Sect Contract Rep 1999 Jul; 5(7):97-
100. Comment

Roadmap teams improve care for over-65
population. Healthc Demand Dis Manag 1999 Feb;
5(2):26-9. Comment

Tool helps ID high-risk seniors, cut costs under
Medicare risk. Capitation Manag Rep 2000 Sep;
7(9):137-40, 29. Comment

Commonwealth Fund CEO says U.S. system faces
'serious problems'. Health Care Strateg Manage
2000 Jul; 18(7):11. Comment

HCFA to field test MDS version 3; update to MDS
2.0 now in effect. Natl Rep Subacute Care 2000 Sep
20; 8(19):1, 3-4. Comment

Prevention and treatment of infection. The role of
nutrition in long-term care. Health Care Food Nutr
Focus 2001 Nov; 18(3):7-8. Not eligible target
population

Model for care of chronically ill blends DM and CM
approaches. Clin Resour Manag 2001 Sep; 2(9):129-
32. Comment

Screening tool helps identify high-risk seniors, cut
costs. Clin Resour Manag 2001 Apr; 2(4):53-6, 49.
Comment

Technical revisions to medical criteria for
determinations of disability. Final rules. Fed Regist
2002 Apr 24; 67(79):20018-28. Not eligible
outcomes

Aetna turns to enhanced HRA process to manage
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Scott LD, Hwang WT, Rogers AE, et al. The impact
of multiple care giving roles on fatigue, stress, and
work performance among hospital staff nurses.
Journal of Nursing Administration 2006 Feb;
36(2):86-95. Not eligible outcomes

Scott TE, Mendez MV, LaMorte WW, et al. Are
varicose veins a marker for susceptibility to
coronary heart disease in men? Results from the
Normative Aging Study. Annals of Vascular Surgery
2004 Jul; 18(4):459-64. Not eligible outcomes
Searle SD, Mitnitski A, Gahbauer EA, et al. A
standard procedure for creating a frailty index. BMC
Geriatr 2008; 8:24. Not eligible outcomes
Seebacher C, Hillmann E, Roitzsch E, et al.
[Yersinia enterocolitica as an aetiological factor of
erythema nodosum and erythema exsudativum
multiforme (author's transl)]. Dermatol Monatsschr
1978 Nov; 164(11):779-85. Not eligible outcomes
Seeman I. Sampler of findings from the 1986
national mortality followback survey on risk factors,
disability, and health care. Public Health Reports
1992 Nov-Dec; 107(6):707-12. Not eligible
outcomes

Seeman TE, Charpentier PA, Berkman LF, et al.
Predicting changes in physical performance in a
high-functioning elderly cohort: MacArthur studies
of successful aging. J Gerontol 1994 May;
49(3):M97-108. Not eligible outcomes

Seeman TE, Huang MH, Bretsky P, et al. Education
and APOE-e4 in longitudinal cognitive decline:
MacArthur Studies of Successful Aging. J Gerontol

Common Syndromes in Older Adults

237

1503.

1504.

1505.

1506.

1507.

1508.

1509.

1510.

1511.

1512.

1513.

1514.

1515.

B Psychol Sci Soc Sci 2005 Mar; 60(2):P74-83. Not
eligible outcomes

Seeman TE, McEwen BS, Singer BH, et al. Increase
in urinary cortisol excretion and memory declines:
MacArthur studies of successful aging. Journal of
Clinical Endocrinology & Metabolism 1997 Aug;
82(8):2458-65. Not eligible outcomes

Seeman TE, Singer BH, Rowe JW, et al. Price of
adaptation--allostatic load and its health
consequences. MacArthur studies of successful
aging. Arch Intern Med 1997 Oct 27; 157(19):2259-
68. Not eligible outcomes

Seeman TE, Singer BH, Ryff CD, et al. Social
relationships, gender, and allostatic load across two
age cohorts. Psychosom Med 2002 May-Jun;
64(3):395-406. Not eligible outcomes

Sehl ME. Senescence, frailty and mortality:
mathematical models of aging. Med Health R 12001
Nov; 84(11):360-4. Not eligible outcomes

Sellars C, Bowie L, Bagg J, et al. Risk factors for
chest infection in acute stroke: a prospective cohort
study. Stroke 2007 Aug; 38(8):2284-91. Not eligible
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Appendix D. Abstraction Forms

Abstraction Form for Question 1

(Complete for each study)

Number of the study in the database (PubMed ID, Cochrane accession number, ISBN)

First author

Year of the publication
Purpose/aim of study

Year when outcomes occurred

Design of the study (check one)
[ prospective cohort

[ retrospective cohort

[] cross-sectional

[ descriptive study

Population variables (target population):
Data source for population variables (define)

Settings:
Community (general population)
Clinic

Location:
Country

Subjects:
Sex
Race

African Continental Ancestry Group, %
Asian Continental Ancestry Group, %
European Continental Ancestry Group, %

Ethnicity:

Arabs, %

Asian Americans, %
Hispanic Americans, %

Age:

Mean age, years Standard deviation

Age intervals:

Health status:

Primary health condition, diagnosis

Inclusion criteria:

Syndrome or non syndromic condition (dependent variable):

Definition

Adjustment

Independent variable:
Age

Sex
Race
Ethnicity
Comorbidity

Prevalence (%):
95% Cl
Bias in the study
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Abstraction Form for Question 2
(Complete for each study)

Number of the study in the database (PubMed ID, Cochrane accession number, ISBN)
First author

Year of the publication

Purpose/aim of study
Design of the study (check one)
[ prospective cohort

[] retrospective cohort

[ cross-sectional

[ descriptive study

Year of the study

Population variables (target population):

Settings:
Community (general population)
Health care

Subjects:

Age

Sex

Race

African Continental Ancestry Group, %
Asian Continental Ancestry Group, %
European Continental Ancestry Group, %

Ethnicity:

African Americans, %
Arabs, %

Asian Americans, %
Hispanic Americans, %

Age_
Health status
Inclusion criteria
Exclusion criteria

Clinical outcomes (dependent variable):
1. Provide the definition: Mortality, Morbidity, Institutionalization, Hospitalization, Disability
2. Provide the data source to measure the outcomes

Geriatric syndromes (independent variables):
Provide the definition of each syndrome

Syndrome | Comparator | Outcomes | Sample | Adjustment | Estimate | Mean | Lower Upper | SE
(exposure) Definition 95% ClI 95% ClI
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Appendix D. Abstraction Forms

Abstraction Form for Question 3

(Complete for each study)

Number of the study in the database (PubMed ID, Cochrane accession number, ISBN)

First author

Year of the publication
Purpose/aim of study

Perspective:

Societal, payer, personal and social services, other

Study Design
Subjects
Setting

Model Validity

Quality of Data

Alternative Strategies

Measure of Cost/Consequence
Differential Timing Adjustment
Incremental Analysis Performed

Uncertainty Allowance
Results

For mortality indexes:
Predictors Evaluated

Predictor Name

Category

Index/Measurement Used

Purpose

Index Development

Prediction Outcome

Index Component

Weight
Weight Method

Risk Group
Score
Accuracy/Validation
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