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Insert text

Click the ‘Text Edits’ button on the
Commenting tool bar. Click to set the cursor
location in the text and simply start typing. The
text will appear in a commenting box. You may
also cut and paste text from another file into the
commenting box. Close the box by clicking on ‘x’ in
the top right hand corner.

Click the ‘Insert Text’ icon on the Comment
tool bar. Click to set the cursor location in the text
and simply start typing. The text will appear in a
commenting box. You may also cut and paste text
from another file into the commenting box. Close

the box by clicking on ‘_’ in the top right hand
corner.

Replace text
Click the ‘Text Edits’ button on the
Commenting tool bar. To highlight the text to be
replaced, click and drag the cursor over the text.
Then simply type in the replacement text. The
replacement text will appear in a commenting box.
You may also cut and paste text from another file
into this box. To replace formatted text (an
equation for example) please Attach a file (see
below).

Click the ‘Replace (Ins)’ icon on the
Comment tool bar. To highlight the text to be
replaced, click and drag the cursor over the text.
Then simply type in the replacement text. The
replacement text will appear in a commenting box.
You may also cut and paste text from another file
into this box. To replace formatted text (an
equation for example) please Attach a file (see
below).

Remove text
Click the ‘Text Edits’ button on the
Commenting tool bar. Click and drag over the text
to be deleted. Then press the delete button on
your keyboard. The text to be deleted will then be
struck through.

Click the ‘Strikethrough (Del)’ icon on the
Comment tool bar. Click and drag over the text to
be deleted. Then press the delete button on your
keyboard. The text to be deleted will then be
struck through.

Highlight text/
make a
comment

Click on the ‘Highlight’ button on the
Commenting tool bar. Click and drag over the text.
To make a comment, double click on the
highlighted text and simply start typing.

Click on the ‘Highlight Text’ icon on the
Comment tool bar. Click and drag over the text. To
make a comment, double click on the highlighted
text and simply start typing.

Attach a file
Click on the ‘Attach a File’ button on the
Commenting tool bar. Click on the figure, table or
formatted text to be replaced. A window will
automatically open allowing you to attach the file.
To make a comment, go to ‘General’ in the
‘Properties’ window, and then ‘Description’. A
graphic will appear in the PDF file indicating the
insertion of a file.

Click on the ‘Attach File’ icon on the
Comment tool bar. Click on the figure, table or
formatted text to be replaced. A window will
automatically open allowing you to attach the file.
A graphic will appear indicating the insertion of a
file.

Leave a note/
comment Click on the ‘Note Tool’ button on

the Commenting tool bar. Click to set the location
of the note on the document and simply start
typing. Do not use this feature to make text edits.

Click on the ‘Add Sticky Note’ icon on the
Comment tool bar. Click to set the location of the
note on the document and simply start typing. Do
not use this feature to make text edits.
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Review To review your changes, click on the ‘Show’

button on the Commenting tool
bar. Choose ‘Show Comments List’. Navigate by
clicking on a correction in the list. Alternatively,
double click on any mark up to open the
commenting box.

Your changes will appear automatically in a list
below the Comment tool bar. Navigate by
clicking on a correction in the list. Alternatively,
double click on any mark up to open the
commenting box.

Undo/delete
change

To undo any changes made, use the right click
button on your mouse (for PCs, Ctrl Click for the
Mac). Alternatively click on ‘Edit’ in the main
Adobe menu and then ‘Undo’. You can also
delete edits using the right click (Ctrl click on the
Mac) and selecting ‘Delete’.

To undo any changes made, use the right click
button on your mouse (for PCs, Ctrl Click for the
Mac). Alternatively click on ‘Edit’ in the main
Adobe menu and then ‘Undo’. You can also
delete edits using the right click (Ctrl click on the
Mac) and selecting ‘Delete’.

SEND YOUR ANNOTATED PDF FILE BACK TO ELSEVIER

Save the annotations to your file and return as instructed by Elsevier. Before returning, please ensure you have
answered any questions raised on the Query Form and that you have inserted all corrections: later inclusion of any
subsequent corrections cannot be guaranteed.

FURTHER POINTS

 Any (grey) halftones (photographs, micrographs, etc.) are best viewed on screen, for which they are optimized,
and your local printer may not be able to output the greys correctly.

 If the PDF files contain colour images, and if you do have a local colour printer available, then it will be likely that
you will not be able to correctly reproduce the colours on it, as local variations can occur.

 If you print the PDF file attached, and notice some ‘non standard’ output, please check if the problem is also
present on screen. If the correct printer driver for your printer is not installed on your PC, the printed output will
be distorted.



Our reference: JMCP 2271 P-authorquery-v9

AUTHOR QUERY FORM
Journal: JMCP

Article Number: 2271
Please e-mail your responses and any corrections to:

E-mail: k.genovario@elsevier.com
Dear Author,

Please check your proof carefully and mark all corrections at the appropriate place in the proof (e.g., by using on-screen

annotation in the PDF file) or compile them in a separate list. It is crucial that you NOTmake direct edits to the PDF using

the editing tools as doing so could lead us to overlook your desired changes. Note: if you opt to annotate the file with

software other than Adobe Reader then please also highlight the appropriate place in the PDF file. To ensure fast publication of

your paper please return your corrections within 48 hours.

For correction or revision of any artwork, please consult http://www.elsevier.com/artworkinstructions.

Any queries or remarks that have arisen during the processing of your manuscript are listed below and highlighted by flags in

the proof.
Location

in article

Query / Remark: Click on the Q link to find the query’s location in text

Please insert your reply or correction at the corresponding line in the proof
If there are any drug dosages in your article, please verify them and indicate that you have done so by

initialing this query
Q1 Sara Higueras-Fresnillodchanged degree from McS to MSc (master of science). Is this correct?
Q2 Grant Supportdplease ensure that the information presented is correct as shown. Can/should the numerous

abbreviations be written out?
Q3 Is this statement correct? If there are any potential competing interests, please provide them.
Q4 Is it OK to publish your e-mail address?
Q5 The sentence beginning “Interestingly” was deleted because the “Objective” section of the Abstract is only

one sentence per MCP style.
Q6 Per MCP style, information presented in the Abstract should also appear in the text. The statement “a

mortality reduction of 36%…” appears in the Discussion section but not in the Results section. Please insert

where appropriate in the Results section of the text.
Q7 In the sentence beginning “Alcohol drinking status,” is citation of ref 12 (a study of older Chinese people)

correct?
Q8 MCP requires inclusion of absolute numbers corresponding to percentages. In the sentence beginning

“Overall,” and throughout the text, please provide absolute numbers.
Q9 MCP requires inclusion of a P value with use of the term significant. We inserted P values from Table 2 in

the sentence beginning “Table 2 shows.” Please ensure accuracy.
(continued on next page)

mailto:k.genovario@elsevier.com
http://www.elsevier.com/artworkinstructions


Q10 In the sentence beginning “In addition,” please provide P value(s) to support use of the term significantly or

change to another term (eg, substantially, considerably, markedly). If all P values are the same, insert at the

end of the sentence “(all P=.XX)”
Q11 The sentence beginning “The rate advancement” was unclear (“analysis showed that the lower mortality

cognitive frailty inactive individuals…was equivalent to being 6.8 years older”). Does edited sentence

retain your intended meaning?
Q12 Unable to verify ref 29. Please ensure that the author, title, and website URL are correct.
Q13 Please verify that all figures, figure labels, and figure legends are correct.
Q14 Figure 2dlabels for the 4 groups were changed in part B to match those in part A and text, and 95% CI was

deleted from labels on y-axis and defined in legend. OK? We also repeated the very helpful labels from the

x-axis on part B on part A. OK?
Q15 Table 1dMCP requires inclusion of absolute numbers corresponding to percentages. Please provide

numerators for all percentage entries and carry percentages out to one decimal place (see first entry,

“Women”, for format).
Q16 Have we correctly interpreted the following funding source(s) and country names you cited in your article:

MINECO, Spain; Instituto de Salud Carlos III, Spain; Alicia Koplowitz Foundation, Spain?
Q17 Please confirm that given names and surnames have been identified correctly and are presented in the

desired order and please carefully verify the spelling of all authors' names.
Please check this box or indicate

your approval if you have no
corrections to make to the PDF file ,
Thank you for your assistance.



Q17

Q1

Q5

Q6

ORIGINAL ARTICLE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
Cognitive Frailty and Mortality in a National
Cohort of Older Adults: the Role of Physical
Activity
Irene Esteban-Cornejo, PhD; Verónica Cabanas-Sánchez, PhD;
Sara Higueras-Fresnillo, MSc; Francisco B. Ortega, PhD; Arthur F. Kramer, PhD;
Fernando Rodriguez-Artalejo, MD, PhD; and David Martinez-Gomez, PhD
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
Abstract

Objective: To examine the association between cognitive frailty and long-term all-cause mortality and
the stratified and combined associations of physical activity and cognitive frailty with long-term all-
cause mortality in a population-based cohort of older adults from Spain.
Patients and Methods: A representative cohort of 3677 noninstitutionalized individuals from Spain
aged 60 years or older was recruited between April 17, 2000, and April 28, 2001, with follow-up
through December 28, 2014. Information on self-reported physical activity and cognitive frailty sta-
tus were collected at baseline. Analyses were performed with Cox regression after adjustment for
confounders.
Results: The median follow-up was 14 years (range, 0.03-14.25 years), corresponding to 40,447
person-years, with a total of 1634 deaths. The hazard ratio (HR) for all-cause mortality among par-
ticipants with cognitive frailty compared to robust participants was 1.69 (95% CI, 1.43-2.01). Being
active was associated with a mortality reduction of 36% (95% CI, 21%-47%) in cognitively frail in-
dividuals. Compared to those who were robust and active, participants with cognitive frailty who were
inactive had the highest mortality risk (HR, 2.13; 95% CI, 1.73-2.61), which was equivalent to being
6.8 (95% CI, 5.33-7.99) years older.
Conclusion: Cognitive frailty was more markedly associated with increased mortality in the inactive
older adults, and being active reduced the mortality risk among cognitively frail individuals by 36%.
These novel results highlight that engaging in physical activity could improve survival among
cognitively frail older adults.

ª 2018 Mayo Foundation for Medical Education and Research n Mayo Clin Proc. 2019;nn(n):1-10
From the Center for
Cognitive and Brain
Health, Department of
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C ognitive impairment and physical
frailty are independently associated
with a higher risk of adverse

health outcomes, including hospitalization,
disability, and mortality.1 Cognitive impair-
ment ranges in severity from mild to severe
because of the deterioration in several do-
mains (eg, memory, learning, and/or execu-
tive function), and physical frailty represents
a state of increased vulnerability to stressor
events resulting from reduced capacity in
multiple physiologic systems. Both aging in-
dicators also share some pathogenic mecha-
nisms such as brain alterations, hormonal
dysregulation, chronic inflammation, and
FLA 5.5.0 DTD � JMCP22

Mayo Clin Proc. n XXX 2019;nn(n):1-10 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org n ª 2018 Mayo Foundation for M
oxidative stress.2,3 In fact, physical frailty
has consistently been linked to cognitive
impairment, dementia, and Alzheimer dis-
ease.4-6 On this basis, an international
consensus group has developed the concept
of cognitive frailty as a heterogeneous clinical
manifestation characterized by the simulta-
neous presence of both physical frailty and
cognitive impairment, in the absence of
dementia.7

Cognitive frailty seems to entail a greater
death risk than physical frailty or cognitive
impairment separately, as reported in both
community-based8-12 and population-
based13,14 studies. Interestingly, despite the
71_proof � 25 January 2019 � 3:06 pm
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potential effect of regular physical activity to
slow cognitive decline15,16 and its associa-
tion with lower mortality in nonfrail individ-
uals,17,18 no previous studies have
investigated whether and to what extent
physical activity could attenuate the effect
of cognitive frailty on mortality. Accord-
ingly, this study examined (1) the associa-
tion between cognitive frailty and long-
term all-cause mortality over 14 years and
(2) the stratified and combined associations
of physical activity and cognitive frailty
with long-term all-cause mortality in a
population-based cohort of older adults
from Spain.
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PATIENTS AND METHODS

Study Design and Participants
Data were obtained from the Universidad
Autonoma de Madrid cohort, a representa-
tive cohort of the noninstitutionalized popu-
lation aged 60 years and older in Spain.
Detailed information about the study
methods have been reported elsewhere.19,20

In brief, study participants were selected be-
tween April 17, 2000, and April 28, 2001,
with follow-up through December 28,
2014, using probabilistic sampling by multi-
stage clusters. The clusters were stratified ac-
cording to region of residence and size of
municipality. Next, census sections and
households were randomly selected within
each cluster. Finally, study participants
were selected in the households according
to age and sex strata. Baseline information
was collected at the participants’ homes
through personal interviews and physical ex-
amination by trained and certified personnel.
The study response rate was 71%, with a to-
tal of 4008 individuals (2269 women)
recruited.19,20 After missing data were
excluded, the present analysis included
3677 individuals (92% of the original
sample).

Written informed consent was obtained
from study participants and from one family
member. The study was approved by the
Clinical Research Ethics Committee of La
Paz University Hospital in Madrid, Spain.
Mayo Clin Proc. n XXX
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Cognitive Frailty Phenotype
The International Academy of Nutrition and
Aging and the International Association of
Gerontology and Geriatrics established a
first definition for cognitive frailty in older
adults in 2013.7 The proposed diagnostic
criteria for this novel and heterogeneous
clinical age-related condition included the
simultaneous presence of physical frailty
and mild cognitive impairment (MCI)
without a concurrent diagnosis of Alzheimer
or other dementias. Since that time, several
criteria have been proposed to determine
both physical frailty and MCI.8-14 In the pre-
sent study, we used the FRAIL scale (fatigue,
resistance, ambulation, illness, and loss of
weight) to assess physical frailty21 and the
Mini-Mental Status Examination (MMSE)
to assess MCI,22 excluding those who were
diagnosed with Alzheimer or other demen-
tias at baseline or died in the subsequent 2
years from Alzheimer or other dementias.
Physical Frailty
Physical frailty was assessed with the FRAIL
scale.21,23 Fatigue, resistance, and ambula-
tion were identified with the following ques-
tions from the 36-Item Short-Form Health
Survey questionnaire.24

Fatigue: “During the last 4 weeks, did
you feel tired?” Possible responses were (1)
all of the time, (2) most of the time, (3) a
good bit of the time, (4) some of the time,
(5) a little bit of the time, and (6) none of
the time. Participants were deemed to be
fatigued when they responded “all of the
time” or “most of the time.”

Resistance: “In a typical day, does your
health now limit you in climbing one flight
of stairs?” Response options were (1) yes,
limited a lot, (2) yes, limited a little, and
(3) no, not limited at all. Resistance was
defined as either of the first 2 responses.

Ambulation: “In a typical day, does your
health now limit you in walking several
blocks?” Response options were (1) yes,
limited a lot, (2) yes, limited a little, and
(3) no, not limited at all. Ambulation was
considered to be affected when either of
the first 2 responses was provided.
2019;nn(n):1-10 n https://doi.org/10.1016/j.mayocp.2018.10.027
www.mayoclinicproceedings.org

ary 2019 � 3:06 pm

https://doi.org/10.1016/j.mayocp.2018.10.027
http://www.mayoclinicproceedings.org


COGNITIVE FRAILTY, PHYSICAL ACTIVITY, AND MORTALITY

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249

250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
Illness and weight loss were self-
reported. Illness was defined as having 5 or
more of the following self-reported physi-
cian-diagnosed conditions: (1) asthma or
chronic bronchitis, (2) hypertension, (3)
coronary heart disease, (4) stroke, (5) osteo-
arthritis or rheumatism, (6) pneumonia, (7)
diabetes mellitus, (8) depression with drug
treatment, (9) hip fracture, (10) Parkinson
disease, and (11) cancer at any site. Weight
loss was defined as unintentional loss of
5% or more of body weight within the pre-
ceding 12 months.

The physical frailty score ranges from
0 to 5.23 Individuals with zero criteria were
considered physically robust, those with
scores of 1 to 2 were categorized as prefrail,
and those with 3 or more criteria were
considered frail. For analytic proposes, we
merged prefrail and frail individuals into a
single category, as has been performed in
other recent studies.1,25
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
Mild Cognitive Impairment
Cognitive function was assessed with the
MMSE,26 which has been adapted and vali-
dated for use in the Spanish population.22

The MMSE includes 7 domains (orientation
to time, orientation to place, registration,
attention and calculation, recall, language,
and visual construction), and its score
ranges from 0 to 30. Higher scores indicate
better cognitive functioning. For this anal-
ysis and similar to previous studies, a score
of 25 or less was considered MCI.1,26,27
Q7
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Operationalizing Cognitive Frailty
As in previous studies,1,13,25 participants
were classified into 4 groups according to
physical frailty and cognitive function: (1)
robust: those without physical frailty (ie,
nonprefrail/frail) and without MCI, (2)
physical prefrailty: physically frail individ-
uals (ie, prefrail/frail) without MCI, (3)
cognitive prefrailty: individuals without
physical frailty (ie, nonprefrail/frail) but
with MCI, and (4) cognitive frailty: those
with physical frailty (ie, prefrail/frail) and
MCI.
Mayo Clin Proc. n XXX 2019;nn(n):1-10 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
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Physical Activity
Physical activity was assessed with a single
question taken from the Spanish National
Health Survey, which is used to monitor
the prevalence of physical activity in
Spain.20,28 Participants self-reported their
leisure time physical activity level as (1)
inactive, (2) occasional, (3) several times a
month, and (4) several times a week. Re-
sponses correlate well with results from the
well-validated questionnaire used in the
Nurses’ Health Study and the Health Profes-
sionals’ Follow-up Study for assessing phys-
ical activity in older adults (Spearman
correlation coefficient, r¼0.55; the mean
physical activity level in metabolic equiva-
lent task h/wk was 7.1 (95% CI, 6.2-8.1)
for the inactive category, and 30.0 (95% CI,
28.9-31.0), 43.1 (95% CI, 36.3-50.0), and
56.6 (95% CI, 37.6-75.5) for the occasional,
several times a month, and several times a
week categories, respectively).28 Participants
were classified as physically inactive (ie,
inactive category) and physically active (ie
occasionally, monthly, and weekly
categories).20

Ascertainment of Mortality
The outcome variable for the present study
was all-cause mortality from study baseline
to the end of follow-up on December 31,
2014. Mortality data were obtained from
the National Death Index, which contains in-
formation on the vital status of all residents
in Spain. The vital status was ascertained
for 99.9% of the Universidad Autonoma de
Madrid cohort.29

Covariates
Sex, age, and the highest educational level
attained (no formal education, primary, and
secondary or higher) were recorded. To-
bacco consumption was reported as never,
former, or current smoking. Alcohol con-
sumption status was obtained with the scale
used in the Spanish National Health Sur-
vey,12 which collects the frequency and
quantity of beer, wine, and spirits consumed
during the past year to calculate total alcohol
intake; the cutoff point between moderate
and excessive consumption was alcohol
mayocp.2018.10.027 3
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intake of 30 g/d or less in men and 20 g/d or
less in women.30 Participants were classified
as abstainers, former drinkers, moderate
drinkers, and excessive drinkers. Body
height and weight were measured using
standardized procedures, and body mass in-
dex was calculated as weight in kilograms
divided by height in meters squared. Waist
circumference was measured with an
nonelastic belt-type tape at the midpoint be-
tween the lowest rib and the iliac crest after
breathing out normally.19

Statistical Analyses
Baseline characteristics of the study partici-
pants by cognitive frailty status are presented
as mean � SD or percentages, as appropriate.
Mortality risk according to cognitive frailty
status was summarized with hazard ratios
(HRs) and their 95% CIs, obtained using
the Cox proportional hazards regression
model. Robust individuals were used as
reference in the analyses. Regression models
were adjusted for sex, age, educational
attainment, smoking, alcohol consumption,
body mass index, and waist circumference.

We used similar Cox models to examine
the stratified association of physical activity
(ie, active vs inactive as a reference category)
and mortality by cognitive frailty status. Pre-
liminary analysis revealed no significant
interaction between physical activity and
cognitive frailty status in relationship to
mortality risk (P¼.110 for interaction).
Then, we examined the combined associa-
tion of physical activity (ie, active vs inac-
tive) and cognitive frailty status (robust,
physical prefrailty, cognitive prefrailty, and
cognitive frailty) with mortality by building
8 categories of exposure (ie, 2 physical activ-
ity categories � 4 cognitive frailty cate-
gories) and taking those who were robust
and physically active as the reference
category.

We calculated rate advancement periods
to estimate the difference in survival in
cognitively frail inactive individuals vs
robust active individuals that is equivalent
to increasing chronological age; as such, we
divided the b coefficient for mortality in
those cognitively frail inactive individuals
Mayo Clin Proc. n XXX
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vs robust active individuals by the b coeffi-
cient for mortality associated with each
yearly increase in age.

We checked the assumption of propor-
tionality of hazards both visually and by
testing the statistical significance of the
interaction of cognitive frailty status and
physical activity with time of follow-up. No
evidence was found of departure from the
proportional hazards assumption (all
P>.1). Statistical significance was set at
2-sided P<.05. Analyses were performed
with Stata statistical software, version 14
for Windows (StataCorp).
RESULTS

Descriptive Characteristics
Table 1 shows the baseline characteristics of
the study sample. Overall, XXX of the 3677
study participants (22.6%) had cognitive
frailty. Compared to robust individuals,
age, percentage of women, lower education,
never smokers, and alcohol abstainers
increased across categories of cognitive
frailty. However, the MMSE score decreased
across categories (all P<.05).
Association Between Cognitive Frailty and
All-Cause Mortality
The median follow-up was 14 years (range,
0.03-14.25 years), corresponding to 40,447
person-years, with a total of 1634 deaths.
Figure 1 shows the cumulative survival ac-
cording to cognitive frailty status. The multi-
variate HRs (95% CIs) for all-cause mortality
among participants with physical prefrailty,
cognitive prefrailty, and cognitive frailty
compared to robust participants were 1.42
(1.21-1.66), 1.34 (1.11-1.61), and 1.69
(1.43-2.01), respectively.
Stratified Association Between Physical
Activity and All-Cause Mortality by Cognitive
Frailty Status
Table 2 shows the association between phys-
ical activity and mortality risk stratified by
cognitive frailty status. In cognitively frail in-
dividuals, those who were physically active
vs inactive had significantly lower mortality
(HR, 0.64; 95% CI, 0.53-0.79; P<.001), but
2019;nn(n):1-10 n https://doi.org/10.1016/j.mayocp.2018.10.027
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TABLE 1. Characteristics of the Study Sample, Stratified by Cognitive Frailty Statusa,b Q15

Variable All (N¼3677) Robust (n¼1370)
Physical

prefrailty (n¼897)
Cognitive

prefrailty (n¼578)
Cognitive

frailty (n¼832)

Women XXX (56.X) 45 58 56 72

Age (y) 71.50�7.78 68.81�6.23 71.41�7.70 72.10�7.41 75.61�8.54

Education level
No education 51 33 48 66 73
Primary 36 45 37 28 24
Secondary or higher 13 22 14 6 3

Body mass index (kg/m2) 28.92�4.50 28.52�4.00 29.41�4.60 28.57�4.39 29.30�5.12

Waist circumference (cm) 98.88�12.03 98.29�11.19 99.70�12.60 98.21�11.52 99.42�13.01

Smoking
Never 66 57 67 67 78
Former 24 30 24 22 16
Current 10 13 9 11 6

Alcohol consumption
Abstainer 49 39 54 49 62
Former 12 9 13 13 13
Moderate 29 39 24 27 20
Excessive 10 13 9 11 5

Physical frailty criteria
Fatigue 12 0 23 0 28
Resistance 36 0 68 0 84
Ambulation 33 0 67 0 75
Illness 2 0 3 0 4
Weight loss 2 0 4 0 4

Physical frailty score 0.84�1.03 0 1.65�0.71 0 1.95�0.76

MMSE score 25.30�4.77 28.36�1.36 28.02�1.33 21.73�3.55 19.80�4.92

MMSE score �25 38 0 0 64 41

Physically active 57 73 48 66 35
aMMSE ¼ Mini-Mental State Examination.
bData are presented as mean � SD or No. (percentage) of participants.
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this association did not achieve statistical
significance for the rest of cognitive frailty
categories (robust, P¼.163; physical prefra-
cilty, P¼.057; cognitive prefrailty, P¼.083).

Combined Association of Physical Activity
and Cognitive Frailty With All-Cause
Mortality
Figure 2 presents the combined association
of physical activity and cognitive frailty sta-
tus with mortality risk. Compared to those
who were robust and active, participants
with cognitive frailty who were inactive
had the highest mortality risk (HR, 2.13;
95% CI, 1.73-2.61). In addition, excess mor-
tality in active participants with cognitive
frailty (HR, 1.34; 95% CI, 1.06-1.70) was
Mayo Clin Proc. n XXX 2019;nn(n):1-10 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
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significantly smaller than in inactive partici-
pants with cognitive prefrailty (HR, 1.72;
95% CI, 1.33-2.23) or with physical pre-
frailty (HR, 1.63; 95% CI, 1.33-2.01). By
contrast, cognitively prefrail active partici-
pants (HR, 1.29; 95% CI, 1.02-1.64) and
physically prefrail active participants
(HR,1.38; 95% CI, 1.12-1.69) had excess
mortality fairly similar to their robust inac-
tive counterparts (HR, 1.17; 95% CI, 0.92-
1.70). Lastly, we found a more marked
dose-response relationship between cogni-
tive frailty categories and mortality risk for
the inactive participants, namely, the mortal-
ity risk increased with advancing cognitive
frailty categories (Figure 2A). The rate
advancement period analysis revealed that
mayocp.2018.10.027 5
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FIGURE 1. Cumulative survival according to cognitive frailty status in 3677
older adults. Analyses were adjusted for sex, age, educational level (no
education/primary/secondary or higher), smoking (never/former/current),
alcohol consumption (abstainer/former/moderate/excessive), body mass
index, and waist circumference. HR ¼ hazard ratio; Ref. ¼ reference group
(robust and physically active individuals). Error bars indicate 95% CI
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compared with robust active individuals, the
mortality risk of those with cognitive frailty
who were inactive was equivalent to being
6.8 years older (95% CI, 5.33-7.99) in chro-
nological age (Figure 2B). All individual and
combined analyses were repeated after
excluding participants with depression, and
the strength of the associations did not mate-
rially change (data not shown).

DISCUSSION
The main findings of this study were that (1)
cognitive frailty was associated with
increased mortality more markedly in the
inactive older adults and (2) being physically
active may reduce the mortality risk among
cognitively frail individuals by 36%. These
novel results highlight that engaging in
physical activity could improve vital prog-
nosis among cognitively frail older adults.

Most studies investigating the effect of
cognitive frailty on mortality were conduct-
ed in community-based settings.8-12,31 These
studies found that those who were both
physically frail and cognitively impaired
had the highest risk of mortality,8-12 except
the study by Jacobs et al,31 in which the ef-
fect of physical frailty was more marked
than the effect of cognitive impairment in
Mayo Clin Proc. n XXX
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models including both factors. Only 3
studies were population based.13,14,32 Cano
et al32 reported that physical frailty was a
stronger predictor of mortality than cogni-
tive impairment (ie, MMSE score �21),
and no additional mortality risk was found
for cognitive frailty. The other 2 studies
found that cognitive frailty was associated
with increased mortality independent of the
cognitive criteria used (ie, positive response
to item 14 of the 30-item Geriatric Depres-
sion Scale or MMSE score <26).13,14 Solfrizzi
et al14 found that cognitive frailty was asso-
ciated with a 75% increased risk of mortality
over a period of 3.5 years and a 40%
increased risk over a period of 7 years.
Feng et al13 reported that cognitive frailty
conferred additional greater risk for mortal-
ity than either physical frailty or isolated
cognitive impairment; specifically, the risk
of mortality related to cognitive frailty (ie,
�1 Fried criteria and MMSE score <26)
was approximately 90% higher over a period
of 10 years. Importantly, despite the differ-
ences in measures of cognitive frailty used,
the operationalization of its 2 components
(ie, physical frailty and cognitive impair-
ment), the setting of the studies, or the soci-
odemographic characteristics of the study
population, cognitive frailty seems to in-
crease the risk of mortality in older adults.

Our study results are consistent with
previous findings in that cognitively frail in-
dividuals were at the highest risk of mortal-
ity (around 70%) over a period of 14 years.
In addition, those with cognitive frailty had
about a 30% higher death risk than those
with only cognitive prefrailty or physical
prefrailty, highlighting the cumulative effect
of cognitive frailty on mortality. This finding
suggests that cognitively frail individuals,
characterized as prefrail/frail individuals (ie,
�1 FRAIL criteria) with MCI (MMSE score
�25), were the most vulnerable to risk of
mortality, which provides strong support
for the prognostic validity of cognitive
frailty. The prevalence of cognitive frailty
operationalized as aforementioned was
22.6%, higher than in previous studies with
ranges from 1.0% in population-based
studies to 22.0% in clinical-based studies.1
2019;nn(n):1-10 n https://doi.org/10.1016/j.mayocp.2018.10.027
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TABLE 2. Stratified Association Between Physical Activity and Mortality Risk in 3677 Study Participants, Stratified by Cognitive Frailty Statusa

Cognitive frailty status

All-cause mortality

All Deaths Hazard ratio (95% CI) P value

Robust
Inactive 368 131 1 (reference) .

Active 1003 300 0.83 (0.64-1.08) .163

Physical prefrailty
Inactive 465 228 1 (reference) .

Active 432 194 0.81 (0.65-1.01) .057

Cognitive prefrailty
Inactive 194 98 1 (reference) .

Active 384 180 0.76 (0.56-1.04) .083

Cognitive frailty
Inactive 544 358 1 (reference) .

Active 287 144 0.64 (0.53-0.79) <.001
aAnalyses were adjusted for sex, age, educational level (no education/primary/secondary or higher), smoking (never/former/current), alcohol consumption (abstainer/former/
moderate/excessive), body mass index, and waist circumference. Statistically significant values are shown in bold.
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However, further research is needed to stan-
dardize the operationalization of cognitive
frailty and determine its subsequent effect
on mortality.

There are several pathways that may lead
from cognitive frailty to death, including
hormonal, inflammatory, and vascular
mechanisms influencing both physical frailty
and cognitive impairment.33,34 First,
decreased levels of sex steroids (eg, testos-
terone) and growth hormones (eg, brain-
derived neurotrophic factor [BDNF]).
Testosterone and BDNF produce cognitive
protection by increasing synapse plasticity
at the hippocampus; importantly, both
testosterone and BDNF tend to decrease in
physically frail individuals.35,36 Conversely,
increased cortisol is associated with reduced
hippocampal volume and defective response
to stressors by dysregulation of the
hypothalamic-pituitary-adrenal axis in frail
elderly people.37 Second, increased levels of
inflammatory markers such as C-reactive
protein or interleukins are implicated in mo-
tor dysfunction, cognitive impairment, and
dementia, which may strengthen the diag-
nosis of cognitive frailty.38,39 Last, athero-
sclerotic disease reduces blood flow to the
brain and skeletal muscle. Particularly, white
matter hyperintensities (ie, leukoaraiosis)
reflect chronic blood flow reduction linked
Mayo Clin Proc. n XXX 2019;nn(n):1-10 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
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to cognitive deficits, gait disorders, and
impaired balance leading to cognitive
impairment and physical frailty and in turn
to higher mortality.40 Taken together, the
determination of the aforementioned factors
may be useful for early detention of cogni-
tive frailty, although further research is
necessary to better understand the neurobio-
logical basis of cognitive frailty and ulti-
mately increase survival.

Interestingly, we found a dose-response
relationship between cognitive frailty cate-
gories and mortality risk for the inactive par-
ticipants (ie, the mortality risk increased
with advancing cognitive frailty categories)
and that physical activity could reduce
long-term mortality among cognitively frail
older adults. Rate advancement periods
highlight the clinical implications of the
data by showing that, compared with a
robust active individual, a cognitively frail
inactive individual had on average a mortal-
ity rate equivalent to being almost 7 years
older. These findings are extremely impor-
tant because they provide the first empirical
evidence about the impact of physical activ-
ity on mortality in cognitively frail individ-
uals. However, in our study the prevalence
of physical inactivity in cognitively frail indi-
viduals was around 65%. Therefore, promot-
ing physical activity among cognitively frail
mayocp.2018.10.027 7
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FIGURE 2. Combined association of physical activity and cognitive frailty
status with mortality risk in 3677 older adults using hazard ratio (A) and rate
advancement period (B). Analyses were adjusted for sex, age, educational
level (no education/primary/secondary or higher), smoking (never/former/
current), alcohol consumption (abstainer/former/moderate/excessive),
body mass index, and waist circumference. The reference group (Ref.) was
robust and physically active individuals. Error bars indicate 95% CI
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elderly persons is crucial because they have
room for improvement and it may increase
their survival.

Evidence on physical activity interven-
tions among cognitively frail individuals is
very scarce, but a small number of studies
point to the cognitive benefits of physical ac-
tivity.1 In particular, in randomized control
trials, physical exercise in combination
Mayo Clin Proc. n XXX
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with other strategies (eg, diet or cognitive
training)41,42 or alone43 improved cognitive
outcomes in physically frail and prefrail
states, opening new routes for the preven-
tion and management of cognitive and func-
tional decline in these individuals. Of note,
in our study, active individuals with cogni-
tive frailty had lower mortality than inactive
counterparts with physical prefrailty, high-
lighting that physical activity was particu-
larly relevant in the cognitively frail elderly.
Exercise-based randomized trials should
assess the most effective type of exercise pro-
gram with the optimal intensity, volume,
and frequency that would improve func-
tional and cognitive capacity and reduce
mortality in the cognitively frail elder.44

Our study has some limitations. First,
the observational design limits a causal inter-
pretation of the study associations, particu-
larly for physical activity and cognitive
frailty that were assessed at the same time
point. Physical activity was self-reported
and is thus prone to measurement error.
Future research should consider using objec-
tive measures of physical activity, such as
accelerometry. Lastly, although the interna-
tional consensus group separated prefrailty
from frailty,7 we merged both categories
into a single entity as has been performed
in other recent studies1,25 and to obtain a
higher power in the analyses. Indeed, inclu-
sion of the prefrail state may allow for
reversing cognitive frailty through appro-
priate interventions, which is supported by
a home-based program that prevents func-
tional decline in older adults with moderate
frailty but not in those with severe frailty.44

In addition, a previous study found that
the risk of dementia among older adults
with MCI was similar in prefrail and frail
individuals.8

Strengths of our study include a relatively
large and representative sample, the long
follow-up, and the population-based setting,
which minimizes selection bias. Also, study
data were collected by trained staff using stan-
dardized methods. Moreover, analyses were
adjusted for a good number of covariates,
which reduces residual confounding.
2019;nn(n):1-10 n https://doi.org/10.1016/j.mayocp.2018.10.027
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CONCLUSION
In this study, the cognitive fragility pheno-
type, namely the coexistence of both phys-
ical frailty and cognitive impairment, was
associated with increased mortality, more
marked in the inactive older adults. Howev-
er, physical activity may attenuate 36% of
the increased risk of mortality among cogni-
tively frail individuals. This research may
have important implications because the
levels of physical activity are dramatically
reduced in the elderly while cognitive and
physical functioning decline is naturally
occurring. From a public health perspective,
promoting a physically active lifestyle could
be one of the main strategies against cogni-
tive frailtyerelated mortality. However,
further longitudinal and experimental
studies are needed to shed light on the
importance of physical activity to decrease
mortality in cognitively frail individuals.
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