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FRAILTY�is�a�syndrome�of�progressive�decline�in�body�
weight,� muscle� strength,� self-reported� energy� level,�

walking�speed,�and�physical�activity�level�(1–4).�The�inci-
dence� of� both� frailty� syndrome� and� cognitive� impairment�
increases�with�age�(2,5–8).�Preliminary�evidence�suggests�
that� cognitive� decline� may� be� an� early� manifestation� of�
older� adults� in� transition� to� frailty.� The� evidence� derives�
mainly� from� studies� showing� independent� associations�
between� cognitive� impairments� and� increased� risk� of��
acquiring� individual� components� of� frailty� syndrome� (eg,�
cognition� and� slow� walking� speed,� cognition� and� weight�
loss,�cognition�and�subsequent�muscle�weakness)�(9–13).

Other�evidence�derives�from�data�supporting�the�exis-
tence�of� shared� risk� factors.�For� example,�brain� infarcts�
and�high�proinflammatory�cytokines�such�as�tumor�necro-
sis�factor-alpha,�interleukin-6,�and�C-reactive�protein�are�
associated�with�both�impaired�cognition�and�frailty�syn-

drome�(3,4,14–18).�In�a�longitudinal�study�of�104�cogni-
tively� normal� participants,� Silbert� and� colleagues� found�
an� association� between� progression� of� white� matter��
hyperintensity�on�brain�magnetic�resonance�imaging�and�
a�decline�in�gait�and�cognitive�function�over�13�years�of�
follow-up� (17).� These� data� suggest� that� inflammation,�
brain� infarcts,� and� other� pathological� factors� might� be�
contributing� to� both� the� development� of� frailty� and� the�
onset�of�cognitive�decline�in�older�adults.

Most�studies�on�predictors�of�frailty�have�been�conducted�
in�the�non-Hispanic�White�population.�Little�is�known�about�
risk� factors�of� frailty� in�minority�populations,�particularly�
the� fastest� growing� minority� group—the� Hispanic� older�
adults.�Also,� little�research�exists�regarding�how�cognitive�
function�affects�transitions�to�frailty�because�studies�in�cog-
nitive� aging� tend� to� use� individual� components� of� frailty�
versus�the�full�frailty�measure�(2).
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Background.� Because�cognitive�impairment�and�frailty�share�common�risk�factors�(eg,�high�proinflammatory�cytokines),�
we�examined�whether�poor�cognition�predicts�subsequent�risk�of�frailty�in�initially�nonfrail�Mexican�Americans�aged�67�
years�and�older.

Methods.� Frailty�was�defined� as�meeting�one�or�more�of� the� following� components:� (a)� unintentional�weight�
loss� of� >10� pounds,� (b)� weakness,� (c)� self-reported� exhaustion,� and� (d)� slow� walking� speed.� Sociodemographic� �
factors,�Mini-Mental�State�Examination,�medical� conditions� (stroke,�heart� attack,�diabetes,� arthritis,� cancer,� and�
hypertension),�and�depressive�symptoms�were�obtained.�Main�outcome�measure�was� risk�of�becoming�frail�over� �
10�years.

Results.� Out�of�942�participants�who�were�nonfrail�at�baseline�(1995–1996),�57.8%�were�women�and�the�mean�age�
was�73.7�years�(SD�=�5.3).�In�general�estimation�equation�models�testing�the�relationship�between�Mini-Mental�State�
Examination�(<21�vs.�≥21)�and�the�risk�of�becoming�frail�over�a�10-year�period,�there�was�a�significant�association�(odds�
ratio�=�1.09,�95%�confidence�interval�=�1.00–1.19;�p�=�.0310)]�between�the�cognition-by-time�interaction�and�odds�of�
becoming�prefrail�or�frail�over�time.�This�association�was�independent�of�age,�sex,�marital�status,�education,�time,�and�
medical�conditions,�indicating�that�nonfrail�participants�with�poor�cognition�had�a�9%�odds�per�year�of�becoming�frail�
over�time�compared�with�those�with�good�cognition.

Conclusion.� Low�Mini-Mental�State�Examination�score�was�independently�associated�with�increased�risk�of�frailty�
over�a�10-year�period�in�older�Mexican�Americans.�Low�Mini-Mental�State�Examination�score�may�be�an�early�marker�
for�future�risk�of�frailty.
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The�present�study�examined�the�longitudinal�association�
between�cognition�and�subsequent�risk�of�becoming�frail�
(using� the� full� components�of� the� frailty�measure)�over�
10� years� in� a� large� sample� of� initially� nonfrail� Mexican-
American�older�adults�living�in�the�community.�We�hypoth-
esized�that�participants�with�low�cognitive�scores�would�be�
at�higher�risk�for�becoming�frail�over�time�than�those�with�
high� cognitive� scores.�A�better� understanding�of� the� rela-
tionship� between� cognition� and� frailty� may� allow� early�
identification� of� (and� potential� interventions� for)� older�
adults�at�the�highest�risk�of�becoming�frail.

Methods

Sample and Procedures
We�used�data�from�the�Hispanic�Established�Populations�

for�Epidemiologic�Study�of�the�Elderly�(EPESE),�a�longitu-
dinal�study�of�Mexican�Americans�aged�65�years�and�older�
at� initial� interview�and� residing� in�Texas,�New�Mexico,�
Colorado,�Arizona,�and�California.�The�sample�and�its�char-
acteristics�have�been�described�elsewhere�(19,20).�The�sam-
pling� procedure� assured� a� sample� that� is� generalizable� to�
approximately�500,000�older�Mexicans�Americans�living�
in� the� southwest.�Five�waves�of� data�have�been� collected�
(1993–1994,� 1995–1996,� 1998–1999,� 2000–2001,� and�
2004–2005).�The�current�study�used�data�obtained�at�sec-
ond,�third,�fourth,�and�fifth�waves�(1995–2005).�Data�from�
the�second�wave�were�used�because�it�included�all�the�mea-
sures�necessary�to�compute�the�frailty�measure�(2).�We�did�
not� allow� proxy� interviews� due� to� the� physical� nature� of�
some�of�the�frailty�measurements.�The�final�sample�included�
1994�participants� in�1995–1996�with�complete�data.�The�
inclusion�criteria� for� the�present� study�were� the�ability� to�
perform� the� items�necessary� to�complete�an�operationally�
defined�measure�of�frailty�(2)�and�a�standardized�assessment�
of�global� cognition�with� the�Mini-Mental�State�Examina-
tion�(MMSE)�(21).�Because�we�were�interested�in�examin-
ing�how�cognition�influenced�transitions�from�nonfrail�state�
to�being�prefrail�or�frail,�we�excluded�all�participants�with�
one�or�more�scores�on�the�frailty�measure�(see�description�
later)�at�Wave�2�(1995–1996).�Thus,�the�final�sample�con-
sisted� of� 942� nonfrail� participants� with� complete� data� on�
frailty� and� all� covariates� at�Wave� 2� (hereafter� referred� as�
baseline)� and� follow-up.� The� average� follow-up� was� 4.8�
years�(SD�=�3.3).�Seven�hundred�and�ninety-one�participants�
were�reinterviewed�at�second�follow-up�(1998–1999),�717�
participants� at� third� follow-up� (2000–2001),� and�540�par-
ticipant� at� the�end�of� follow-up� (2004–2005).� In� total,�47�
participants� refused� to� be� reinterviewed,� 67� participants�
were� lost� to� follow-up,� and� 288� were� confirmed� dead�
through�the�National�Death�Index�and�by�relatives�at�the�end�
of�follow-up.�Those�participants�who�were�not�present�at�the�
end�of�the�10-year�follow-up�in�2004–2005�(n�=�402)�were�
more�likely�to�be�older,�to�be�female,�nonmarried,�to�have�

lower�MMSE�score,�and� to� report�more�hypertension�and�
diabetes�at�baseline.

Participants�excluded�from�the�analysis�(N�=�1,496)�were�
significantly�more�likely�to�be�older,�to�have�lower�level�of�
education,� lower� MMSE� score,� and� to� have� a� history� of�
heart� attack,� stroke,� arthritis,� diabetes,� hip� fracture,� and�
cancer�when�compared�with� included�participants.�Of� the�
excluded�participants,�34%�were�frail,�63.6%�were�prefrail,�
and�2.2%�were�nonfrail.�The�University�of�Texas�Medical�
Branch� Institutional� Review� Board� on� human� protection�
and�research�ethics�approved�the�study.

Study Variables

Measurements.—Frailty�was�assessed�using�a�modified�
version�of�the�Fried�and�Walston�frailty�measure�(1).�The�
modified� scale� has� a� range� of� 0–4� and� includes� weight�
loss,�exhaustion,�walking�speed,�and�grip�strength�(22,23)�
(Table�1).�We�used�the�modified�scale�because�the�physical�
activity�data�were�not�available�in�all�the�four�waves�need-
ed� for� our� longitudinal� analysis.�Weight� loss� was� calcu-
lated� as� the� difference� between� weight� at� the� previous�
interview� and� current� weight.� Participants� with� uninten-
tional�weight�loss�of�>10�lbs�were�categorized�as�positive�
for�the�weight�loss�criterion�(score�=�1).�Exhaustion�was�
assessed�using� two� items�from�the�Center� for�Epidemio-
logical� Studies-Depression� scale:� (24)� “I� felt� that� every-
thing�I�did�was�an�effort”�and�“I�could�not�get�going.”�The�
items�asked,�“How�often�in�the�last�week�did�you�feel�this�
way?”�0�=�rarely�or�none�of�the�time�(<1�day),�1�=�some�or�
a�little�of�the�time�(1–2�days),�2�=�a�moderate�amount�of�
the�time�(3–4�days),�or�3�=�most�of� the�time�(5–7�days).�
Participants� answering� “2”� or� “3”� to� either� of� these� two�
items�were�categorized�as�positive�for�the�exhaustion�crite-
rion�(score�=�1).

Walking�speed�was�assessed�over�an�8-foot�timed�walk.�
Participants�were�asked�to�walk�at�their�normal�pace�timed�
to� the� nearest� second.� Height-� and� gender-adjusted� time�
points�were�used�based�on�the�slowest�20%�and�scored�as�
positive�for�this�criterion.�Those�unable�to�perform�the�test�
were�also�categorized�as�positive�(score�=�1).�Grip�strength�
was�assessed�by�different�criteria�for�men�and�women�using�
a� handheld� dynamometer� (Jaymar� Hydraulic� Dynamo-
meter� model� #5030J1;� J.A.� Preston,� Corp.,� Jackson,� MI).�
Participants� unable� to� perform� the� grip� strength� test� and�
those�in�the�lowest�20%�adjusted�for�body�mass�index�and�
stratified� by� gender� were� categorized� as� positive� for� the�
weakness� criterion� (score� =� 1).� Cut-points� for� handgrip�
strength�and�walking�speed�were�calculated�at�baseline�and�
used�to�create� the�frailty� index�for�each�follow-up�period.�
The�summary�frailty�score�measured�at�each�wave�ranged�
from�0�to�4�with�a�higher�score�indicating�increased�frailty.�
Participants�were�categorized�as�“not�frail,”�“prefrail,”�or�
“frail.”�Participants�who�scored�0�on�the�summary�frailty�
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Statistical Analyses
Sociodemographic�and�health�characteristics�were�exam-

ined�at�baseline�for�nonfrail�participants�stratified�by�MMSE�
score�(<21�vs�≥21)�using�descriptive�and�univariate�sta-
tistics�for�continuous�variables�and�contingency�tables�(chi-
square)�for�categorical�variables.�To�test�whether�cognitive�
function�was�related� to�becoming�frail�over�10�years�of�
follow-up,�a�general�estimation�equation�model�was�fitted�
using�the�GENMOD�procedure�in�SAS�(SAS�Institute,�Inc.,�
Cary,�NC),�adjusting�for�age,�sex,�marital�status,�education,�
and�medical� conditions� (diabetes�mellitus,� heart� attack,�
stroke,�hypertension,�arthritis,�hip�fracture,�or�cancer).�All�
the�variables�(female,�marital�status,�MMSE,�and�medical�
conditions)�were�analyzed�as�time-dependent�variables�ex-
cept�variables�of�age�and�education.�Those�participants�who�
died,�refused,�and�were�lost�to�follow-up�were�included�in�
the�study�until� their� last�follow-up�(last� interview�date�for�
the� 10-year� follow-up).� Two� models� were� constructed� to�
test� the� independent� relationship� between� MMSE� scores�
and�new�onset�of�becoming�frail�over�the�10-year�follow-up�
period.� Model� 1� included� time,� cognitive� function,� age,�
sex,�marital�status,�education,�and�cognition-by-time�inter-
action.�In�Model�2,�medical�conditions�were�added�to�the�
variables�included�in�Model�1.�We�also�analyzed�cognitive�
function�using�MMSE�as�a�continuous�measure�to�investi-
gate�if�there�was�a�gradient�of�risk�on�becoming�frail�over�
the� 10-year� follow-up.� For� all� models,� testing� was� two-
sided�using�an�a� of� .05.�We�conducted� standard� tests�of�
regression� diagnostics� for� outliers,� goodness� of� fit,� and�
assumptions�for�the�cumulative�logit�models.�All�assump-
tions�were�met�(data�not�shown).�All�analyses�were�per-
formed� using� the� SAS� for� Windows,� version� 9.2� (SAS�
Institute,�Inc.).

Results
Table�1�presents�the�criteria�used�for�frailty�in�this�study.�

We� used� the� modified� frailty� scale� because� the� physical�
activity�data�were�not�available�in�all�the�four�waves�needed�
for�our�longitudinal�analysis.�The�grip�strength�test�was�
adjusted�for�body�mass�index�and�stratified�by�gender.�Walk-
ing�speed�(slowness)�was�adjusted�for�height�and�gender.

Table�2�presents�baseline� characteristics�of� participants�
who� were� not� frail� at� baseline� as� a� function� of� baseline�
MMSE�score�less�than�21�versus�21�or�greater.�Participants�
with� MMSE� scores� less� than� 21� were� significantly� more�
likely�to�be�older�and�less�educated.

Figure�1�shows�incidence�of�frailty�(acquisition�of�one�or�
more� frailty� components)� by� baseline� cognitive� status� at�
each�wave�of�follow-up:�1998–1999�(second�wave),�2000–
2001�(third�wave),�and�2004–2005�(fourth�wave).�Incidence�
of�frailty�was,�in�the�second�wave,�42.1%�in�the�PC�group�
and�39.7%�in�the�normal�cognition�(NC)�group;�in�the�third�
wave,� 34.6%� in� PC� and� 25.6%� in� NC� group;� and� in� the�
fourth�wave,�17.3%�in�PC�and�19.2%�in�NC�group.

Table�1.� Definition�of�Frailty*�Criteria

Characteristic Definition

Shrinking Unintentional�Weight�Loss�of�>10�Pounds

Weakness Lowest�20%�in�grip�strength�(adjusted�by�gender�and�BMI��
� [kg/m2])

� Men Strength�≤21�for�BMI�≤24.2
Strength�≤24.5�for�BMI�24.3–26.8
Strength�≤25.4�for�BMI�26.9–29.5
Strength�≤25.5�for�BMI�>29.5

� Women Strength�≤13.5�kg�for�BMI�≤24.7
Strength�≤14.2�kg�for�BMI�24.8–28.3
Strength�≤15.0�kg�for�BMI�28.4–32.1
Strength�≤15.0�kg�for�BMI�>32.1

Exhaustion Self-report�positive�answer�from�either�of�two�question�on��
� CES-D�scale:�I�felt�that�everything�I�did�was�an�effort,�I�
� could�not�get�going

Slowness Slowest�20%�of�walking�time�from�4.87-m�walk�test��
� adjusted�by�gender�and�height�(cm)

� Men Time�≥11.2�s�for�height�≤167.6�cm
Time�≥9.7�s�for�height�>167.6�cm

� Women Time�≥12.0�s�for�height�≤153.7�cm
Time�≥11.2�s�for�height�>153.7�cm

Notes:�BMI�=�body�mass�index;�CES-D�=�Center�for�Epidemiological�Studies-
Depression�scale.

*�Frailty�was�defined�as�meeting�one�or�more�of�the�following�components:�
(a)� unintentional� weight� loss� of� >10� pounds,� (b)� weakness,� (c)� self-reported�
exhaustion,�and�(d)�slow�walking�speed.

measure�were�categorized�as�notfrail.�Frailty� in� this� study�
was�defined�has�having�1�or�more�components.�The�original�
frailty�scale�has�shown�good�predictive�validity�among�older�
(≥65�years�of�age)�White�and�Black�men�and�women�(1).�The�
original�scale�was�predictive�of�reduced�mobility�or�activity�
of�daily� living� function,�hospitalization,� and�death�and�has�
been�widely�used�in�the�aging�research�literature�(2,25).

Cognitive�function�was�assessed�with�the�30-item�MMSE,�
the� most� frequently� used� cognitive� screening� measure� in�
cognitive�aging�research�(21,26,27).�The�English�and�Span-
ish�versions�of�the�MMSE�were�adopted�from�the�Diagnos-
tic�Interview�Scale�and�have�been�used�in�prior�community�
surveys�(21,26,27).�Similar�to�previous�studies�on�cognitive�
aging,� especially� in� populations� with� low� educational��
attainment,�the�MMSE�score�was�dichotomized�as�less�than�
21�(impaired�or�poor�cognition�[PC])�and�21�or�greater�(nor-
mal�or�good�cognition)�(13,28).

Covariates.—Baseline� sociodemographic� variables� in-
cluded�age,�sex,�marital�status,�and�years�of�education.�The�
presence� of� medical� conditions� was� assessed� by� asking�
whether� a� doctor� had� ever� told� respondents� that� they�had�
diabetes�mellitus,�heart�attack,�stroke,�hypertension,�arthritis,�
hip�fracture,�or�cancer.

Outcome.—The� primary� outcome� was� becoming� frail,�
defined� as� acquisition� of� 1� or� more� components� of� the�
frailty�measure�over�the�10-year�follow-up�interview�period.�
Participants�included�in�the�analyses�were�not�frail�at�base-
line�(n�=�942).
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Table�3�shows�number�and�percents�of�frailty�transitions�
and�number�of�deaths�by�baseline�cognitive�status�for�each�
follow-up�interval�period�from�1995–1996�to�1998–1999�
(second�wave),�from�1998–1999�to�2000–2001�(third�wave),�
and�from�2000–2001�to�2004–2005�(fourth�wave).�Partici-
pants�at�beginning�of�each�period�were�not�frail.�As�shown�
in�Table�3,�at�every�follow-up�wave,�the�PC�group�had�higher�
mortality� rates� than� those� in� the� NC� group.�Transition� to�
frailty�from�nonfrail�state�was�higher�among�the�PC�group�
in�the�second�and�third�waves�(13.8%�vs�11.6%�and�11.0%�
vs� 9.8%� respectively),� but� the� trend� was� reversed� in� the�
fourth�wave�(6.8%�vs�7.3%).

We�also�examined�percentage�of�participants�who�devel-
oped� only� one� of� each� of� the� frailty� components� at� each�
wave�over�the�10-year�follow-up�period�(table�not�shown).�
By�1998–1999,�among�participants�with�no�frailty�at�base-

line�in�1995–1996,�30.9%�of�the�PC�group�and�26.3%�of�the�
NC�group�met�frailty�criteria�solely�on�the�basis�of�weight�
loss� component� alone.� By� 2000–2001� and� 2004–2005,��
the�percentage�of�participants�that�met�the�criteria�solely�
on�weight� loss�component�diminished.�For�example,�by�
2004–2005,� only� 3.7%� of� the� PC� group� and� 5.4%� of� the�
good�cognition�group�became�frail�from�nonfrail�by�weight�
loss�criteria�alone.�On�the�other�hand,�the�percentage�of�par-
ticipants�who�became�frail�from�nonfrailty�status�by�slow-
ness�(walk�speed)�criterion�alone�increased�from�17.6%�in�
PC�group� and�15.8%� in�NC�group� in�1998–1999� to�25%�
(PC)�and�18.1%�(NC)�in�2004–2005,�respectively.

Table� 4� presents� general� estimation� equation� models�
testing�the�relationship�between�cognitive�function�(MMSE�
<21� vs�≥21)� and� odds� of� becoming� frail� (one� or� more�
components)�over�a�10-year�period.�In�Model�1,�there�was�a�
significant�association�between�the�cognition-by-time�inter-
action� and� risk� of� becoming� prefrail� or� frail;� participants�
with�PC�(MMSE�<21)�had�a�higher�odds�of�become�prefrail�
or�frail�over�time�compared�with�those�with�high�cognition�
(MMSE�≥21),�independent�of�age,�sex,�marital�status,�edu-
cation,� and� time� (odds� ratio� [OR]�=�1.09,� 95%�confidence�
interval�[CI]�=�1.01–1.17;�p�=�.0262).�In�Model�2,�we�added�
medical� conditions� (diabetes� mellitus,� heart� attack,� stroke,�
hypertension,� arthritis,� hip� fracture,�or� cancer)� as� time-
dependent� covariates.�The� association� remained� significant�
(OR�=�1.09,�95%�CI�=�1.00–1.19;�p�=�.0310),�indicating�that�
nonfrail�participants�with�PC�had�a�9%�odds�per�year�of�
becoming�frail�at�the�10-year�follow-up�compared�with�those�
with�good�cognition�after�adjusting�for�all�covariates.�With�
MMSE�as�a�continuous�time-dependent�variable,�the�OR�for�
frailty�after�controlling�for�all�covariates�was�1.00�(95%�CI�=�
0.99–1.01;�p�=�.0954).�Additional�analyses�were�performed�
using�incident�frailty�as�2�or�more�components;��the�odds�ratio�
of� becoming� frail� over� time� for� subjects� with� MMSE� <21�
was�1.02�(95%�CI�=�0.95–1.09;�p�=�.6137).

Discussion
The� findings� can� be� summarized� as� follows:� nonfrail�

older�Mexican�Americans�with� low�cognitive�scores�were�
significantly�more�likely�to�acquire�one�or�more�components�
of� frailty� over� 10� years� than� those� with� higher� cognitive�
scores,�independent�of�age,�sex,�education,�diabetes�melli-
tus,�heart�attack,�stroke,�hypertension,�arthritis,�hip�fracture,�
or� cancer.� Our� findings� support� and� extend� prior� studies�
examining�the�association�of�impaired�cognition�with�indi-
vidual�components�of�frailty�(eg,�cognition�and�weight�loss,�
cognition�and�slow�gait)� (11,29)�by� showing� the� relation-
ship� between� low� cognitive� scores� and� higher� odds� of�
acquiring�one�or�more�components�of�frailty�syndrome�over�
time,� with� simultaneous� adjustments� for� time-dependent�
changes�in�demographic�and�health�covariates,�in�a�large�
community-based�sample�of�initially�nonfrail�elderly�Mexi-
can�Americans.

Table�2.� Descriptive�Characteristics�of�the�Sample�by�Cognitive�
Status�Among�Nonfrail�Participants�at�Baseline�(1995–1996;�N�=�942)

Predictor�Variables

MMSE�<�21,��
N�=�159

MMSE�=�≥�21,�
N�=�783

p�Valuen�(%) n�(%)

MMSE�(units),�mean�±�SD 18.6�±�2.4 26.1�±�3.2 <.0001
Age�(years),�mean�±�SD 74.9�±�6.3 73.5�±�5.1 <.0001
Gender�(female) 80�(50.3) 464�(59.3) .0374
Marital�status�(married) 80�(50.3) 440�(56.2) .1741
Education�(years),�mean�±�SD 2.9�±�3.0 5.7�±�4.1 <.0001
Diabetes 34�(21.4) 202�(25.8) .2415
Heart�attack 10�(6.3) 51�(6.5) .9166
Stroke 11�(6.9) 37�(4.7) .2516
Hypertension 70�(44.0) 349�(44.6) .8993
Arthritis 53�(33.3) 325�(41.5) .0552
Hip�fracture 2�(1.3) 3�(0.4) .2000
Cancer 8�(5.0) 39�(4.9) .9787

Note:�MMSE�=�Mini-Mental�State�Examination.

0

5

10

15

20

25

30

35

40

45

%

2nd wave
1998/99

3rd wave
2000/01

4th wave
2004/05

Follow-up Periods 

MMSE < 21
MMSE >=21

Figure� 1.� Incidence� of� frailty� over� time� by� cognitive� status� at� baseline�
(1995–1996,�N�=�942).
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Our�findings�also�support�results�of�past�studies�arguing�
for� inclusion� of� cognitive� function� in� the� assessment� of�
frailty�(30,31).�Such�inclusion�might�enhance�the�ability�of�
the�frailty�measure�to�better�predict�clinically�relevant�out-
comes,�such�as�disability,�health�care�use,�and�death.� In�a�
4-year� longitudinal� study�of�more� than�6,000�French�par-
ticipants�aged�65�years�and�older,�cognitively�impaired�frail�
participants�were�significantly�more� likely� to�become�dis-
abled,�demented,�or�hospitalized�compared�with�cognitively�
intact�frail�participants,�independent�of�other�health�indica-
tors�(30).�Future�studies�are�needed�to�test�whether�adding�
cognition�as�a�component�of�frailty�might�increase�ability�of�
frailty�measure�to�predict�key�clinical�outcomes.

Several� mechanisms� might� explain� the� association� be-
tween�PC�and�increased�risk�of�frailty.�First,�low�cognition�
in�nonfrail�persons�may�be�associated�with�underrecogni-
tion�of�risk�factors�for�frailty�(eg,�suboptimal�nutrition,�poor�
exercise� engagement)� and� clustering�of� unrecognized� and�
undertreated�comorbidities�(eg,�diabetes�and�atrial�fibrilla-
tion)�known�to�affect�components�of�frailty.�In�that�scenario,�
the�persistence�of�the�risk�factors�and�comorbidities�eventu-
ally� leads� to�manifestations�of� the� frailty� syndrome.�Sup-
porting� this� explanation� are� previous� studies� showing� an�
association�between�declining�cognition—as�in�Alzheimer’s�
disease—and�decreasing�physical�activity�and�food�intake�
(32,33),� a� decrease� that� could� promote� further� muscle�
loss,�easy�exhaustion,�weight�loss,�and�other�components�of�
frailty.�We�do�not�have�evidence� for� this�explanation� in�
our�study.�This�scenario,�however,�suggests�the�potential�to�
screen�for�and�develop�interventions�for�these�risk�factors�as�
a�means�of�reducing�the�odds�of�frailty,�especially�in�seniors�
with�low�cognitive�function.

Second,� the� association� between� PC� and� frailty� could�
reflect� the� existence� of� shared� factors� (such� as� low� sex�
steroids,�strokes,�and�high�inflammation�markers)�that�may�
be�causing�cognitive�decline�and�the�onset�of�frailty.�Find-
ings�from�previous�studies�support�this�explanation�(3,4,14–
17,34).�In�a�scenario�of�shared�risk�factors,�cognitive�defi-
cits�might�manifest�earlier,�but�over�time�and�with�persistence�
of� the� pathogenic� factors,� other� components� of� frailty�
(eg,�muscle�loss,�slow�gait,�or�easy�exhaustion)�as�captured�
by�the�frailty�measures�become�apparent.�We�were�not�able�

Using�data�from�the�Women’s�Health�Initiative�Memory�
Study� (n�=�1,793�women;�mean�age�=�70.3�years,�89%�
White),�Atkinson�and�colleagues�showed�that�women�with�
low�or�declining�scores�on�the�Modified�Mini-Mental�State�
(3MS)�Examination�were�significantly�more�likely�to�have�
slower�gait�speed�and�weaker�muscle�strength�over�a�6-year�
follow-up�period,�independent�of�demographics,�comorbid�
conditions,�and�other�relevant�confounders�(29).�These�stud-
ies� (11,29)� suggest� that� PC� might� contribute� to� acquiring�
individual�components�of�frailty�(eg,�weight�loss,�slow�gait,�
or�reduced�muscle�strength).�The�current�study�advances�the�
literature� by� showing� that� PC� predicts� increased� risk� of�
acquiring�one�or�more�components�of�the�frailty�measure�in�
the�same�study�sample.

Table�3.� Number�and�Percent�of�Frailty�Transitions�and�Deaths�by�Baseline�Cognitive�Status�for�Each�Follow-up�Interval�Among�NonFrail�
Older�Mexican�Americans.�(N�=�942�participants�who�were�nonfrail�at�baseline�in�1995/1996)

1995/1996–1998/1999 1998/1999–2000/2001 2000/2001–2004/2005

Second�Wave Third�Wave Fourth�Wave

MMSE�<�21 MMSE�≥�21 MMSE�<�21 MMSE�≥�21 MMSE�<�21 MMSE�≥�21

Nonfrail* N�=�159 N�=�783 N�=�82 N�=�387 N�=�73 N�=�329
Nonfrail,�n�(%) 85�(53.5) 422�(53.9) 56�(68.3) 238�(61.5) 51�(60.0) 247�(75.1)
Prefrail,�n�(%) 34�(21.4) 216�(27.6) 12�(14.6) 96�(24.8) 9�(12.3) 33�(1�0.0)
Frail,�n�(%) 22�(13.8) 91�(11.6) 9�(11.0) 38�(9.8) 5�(6.8) 24�(7.3)
Deaths,�n�(%) 18�(11.3) 54�(6.9) 5�(6.1) 15�(3.9) 8�(10.9) 25�(7.6)

Note:�*�Participants�at�beginning�of�each�period�were�not�frail.

Table�4.� General�Estimation�Equations�for�Becoming�Frail�(one�or�
more�components)�Over�10-year�of�Follow-up�as�a�Function�of�

Cognitive�Impairment�(MMSE�<�21)�Among�Nonfrail�Participants�at�
Baseline�(n�=�942)

Predictor�Variables

Model�1 Model�2

OR�(95%�CI) OR�(95%�CI)

Time 1.15�(1.09–1.22) 1.20�(1.11–1.29)
Cognitive�impairment�(MMSE�<�21) 1.05�(0.76–1.44) 1.04�(0.75–1.44)
Age�(years) 1.05�(1.04–1.07) 1.05�(1.04–1.07)
Gender�(female) 1.21�(0.96–1.53) 1.11�(0.86–1.43)
Marital�status�(married) 0.87�(0.69–1.10) 0.88�(0.69–1.13)
Education 0.99�(0.97–1.02) 0.99�(0.97–1.02)
Cognitive�impairment��
� (MMSE�<�21)�×�time

1.09�(1.01–1.17) 1.09�(1.00–1.19)

Gender�(female)�×�Time 1.02�(0.93–1.08) 1.04�(0.98–1.11)
Marital�status�(married)�×�Time 1.07�(1.01–1.13) 1.06�(1.00–1.13)
Diabetes 1.20�(0.94–1.54)
Heart�attack 0.89�(0.55–1.46)
Stroke 1.06�(0.63–1.78)
Hypertension 1.25�(0.97–1.61)
Arthritis 1.23�(0.96–1.56)
Hip�fracture 1.07�(0.34–3.33)
Cancer 1.10�(0.65–1.86)
Diabetes�×�Time 1.05�(0.98–1.12)
Heart�attack�×�Time 1.05�(0.94–1.18)
Stroke�×�Time 1.00�(0.89–1.13)
Hypertension�×�Time 0.91�(0.85–0.96)
Arthritis�×�Time 0.99�(0.93–1.04)
Hip�fracture�×�Time 1.28�(1.00–1.65)
Cancer�×�Time 1.00�(0.88–1.13)

Note:�MMSE�=�Mini-Mental�State�Examination;�OR�=�odds�ratio.
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to�examine�this�hypothesis�due�to�the�lack�of�brain�imaging�
or�blood�markers�in�our�sample,�but�this�is�an�important�area�
for�future�experimental�research.

This�study�has�several�limitations.�First,�we�were�limited�
to� self-reports� of� medical� conditions.� However,� previous�
studies�have�reported�good�agreement�between�self-reported�
medical� conditions� and� actual� medical� diagnoses� (35,36).�
Second,�by�including�participants�in�the�sample�who�were�
interviewed�at�each�follow-up,�we�are�examining�the�cohort�
of�healthier�participants.�This�might�underestimate�the�rela-
tionship�between�cognitive�function�and�becoming�frail.�To�
test�whether�the�healthier�cohort�effect�might�alter�our�find-
ings,�we�repeated�the�analyses�by�including�the�data�of�the�
participants�who�died,�refused�to�be�reinterviewed,�or�were�
lost�to�follow-up�and�with�the�assumption�that�they�remained�
in�the�same�frailty�status�as�in�their�previous�interview;�the�
relationship� between� PC� and� frailty� risk� still� remained�
significant�(OR�=�1.09;�95%�CI�=�1.01–1.19).

The�use�of�different�measures� for� frailty�by�different�
investigators�in�frailty�research�limits�data�comparison�be-
tween�studies.�The�noninclusion�of�physical�activity�measure�
as�a�part�of�the�frailty�index�in�this�study�could�bias�our�find-
ings�toward�underestimation�of�incidence�rate�of�frailty�on�
older�Mexican�Americans.�Also,�we�used�slower�gait�speed�
cut-points�(<0.21–0.25�m/s�adjusted�for�gender�and�height)�
than� cut-point� (<0.65–0.76� m/s)� used� by� Fried� and��
colleagues;� this�also� likely�may�bias�our� frailty� incidence�
toward�underestimation.

The� higher� death� rate� in� the� PC� group� increases� the�
possibility� that� a� cognitively� impaired� participant� could�
transition�from�nonfrail�to�frail�to�death�without�having�an�
interview� between� the� nonfrail� state� and� death� either� be-
cause� they� transitioned� between� waves� or� because� they�
missed�a�follow-up�wave�due�to�illness�prior�to�death.�Not�
capturing�such�participants�in�our�frailty�incidence�measure�
likely� bias� our� findings� on� association� between� impaired�
cognition�and�frailty�incidence�toward�an�underestimation.�
Another�limitation�is�the�lack�of�tissue�and�blood�samples�in�
our� study� sample,� precluding� testing� for� apolipoprotein��
E�genotype�and�other�previously�published�biologic�mark-
ers�of�frailty�(5,18).�Investigating�the�potential�role�of�these�
markers�on�frailty�transitions�in�older�Mexican�Americans�is�
an�important�area�for�future�study.

This�study�had�several�strengths,�including�its�large�com-
munity-based�sample,�its�prospective�design,�and�its�explo-
ration�of�the�potential�role�of�cognition�in�odds�of�becoming�
frail� in� older� Mexican�Americans,� in� an� understudied� but�
rapidly� growing� segment� of� the� older� population� in� the�
United�States.

In�conclusion,�our� results� showed� that� initially�nonfrail�
older�Mexican�Americans�with�PC�had�higher�odds�of�be-
coming�frail�over�a�period�of�10�years�than�those�with�NC,�
independent�of�other�demographic�and�health�factors.�The�
findings� raise� a� number� of� important� questions� for� future�
research.�Can�level�of�cognitive�performance�identify�older�

adults�at�highest�risk�for�frailty?�Does�cognitive�functioning�
moderate�the�trajectory�and�health�impact�of�frailty?�Exam-
ining� these� questions� may� provide� evidence� of� new� risk�
factors� for� frailty� associated�with�cognitive� function.�An�
important� step� toward� reducing� the� adverse� impacts� of�
frailty� is�early� identification�of�older�adults�at� the�highest�
risk�of�becoming�frail�and�the�subsequent�development�of�
prevention�programs�and�intervention�strategies.
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