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Abstract

Background: This study aimed to estimate the prevalence and associated factors related to frailty, by Fried criteria,
in the elderly population in a rural area in the Andes Mountains, and to analyze the relationship of these with
comorbidity and disability.

Methods: A cross-sectional study was undertaken involving 1878 participants 60 years of age and older. The frailty
syndrome was diagnosed based on the Fried criteria (weakness, low speed, low physical activity, exhaustion, and
weight loss). Variables were grouped as theoretical domains and, along with other potential confounders, were
placed into five categories: (a) demographic and socioeconomic status, (b) health status, (c) self-reported functional
status, (d) physical performance-based measures, and (e) psychosocial factors. Chi-square, ANOVA, and multinomial
logistic regression analyses were used to test the prognostic value of frailty for the outcomes of interest.

Results: The prevalence of frailty was 12.2%. Factors associated with frailty were age, gender, health status variables
that included self-perceived health and number of chronic conditions, functional covariate variables that included
disability in activities in daily living (ADL), disabilities in instrumental ADL, chair stand time, and psychosocial variables
that included depressive symptoms and cognitive impairment. Higher comorbidity and disability was found in frail
elderly people. Only a subset of frail elderly people (10%) reported no disease or disability.

Conclusions: A relevant number of elderly persons living in rural areas in the Andes Mountains are frail. The
prevalence of frailty is similar to that reported in other populations in the Latin American region. Our results support
the use of modified Cardiovascular Health Study criteria to measure frailty in communities other than urban settings.
Frailty in this study was strongly associated with comorbidities, and frailty and comorbidity predicted disability.
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Background
The scope of frailty in elderly people among minorities
is poorly understood. Research on frailty among minority
elderly adults and underserved populations is sparse despite
evidence of cultural and physiological differences among
racial and ethnic groups [1]. Prior analyses need to be
extended to larger samples of community-residing adults
across several regions, including rural areas.
Although a recent consensus was reached about the

domains to evaluate, there has been no agreement on
the proposed diagnostic paths and procedures needed
to achieve an operational definition [2]. The well-known
frailty phenotype by Fried et al. [3] in the Cardiovascular
Health Study (CHS), which classifies people into non-frail,
pre-frail, and frail categories, has been the most extensively
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reproduction in any medium, provided the or
used instrument in different settings. The frailty phenotype
postulates that five indicators of physical functioning
(unintentional weight loss, exhaustion, slow walking speed,
low grip strength, and low physical activity) are related
to each other in a cycle of frailty. Several countries have
carried out studies based on the frailty criteria developed
by Fried et al. [4]. For example, since 2008 several studies
have been published in Spain estimating the prevalence of
frailty in communities of elderly persons using modified
Fried criteria [5-10]. The overall prevalence reported in
these studies range from 8.4% to 20.4%. The use of hetero-
geneous criteria for assessment, characteristics of samples,
or measurement analyses is (at least partially) responsible
for the diversity of results on this prevalence [11].
A few studies on frailty in elderly adults have been

conducted in Latin America. In 2007, based on an extensive
revision related to the aging population and frailty, the
“Cuban criteria” for frailty were proposed. These cri-
teria included 10 items in several domains, such as the
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socio-demographic, health, mental status, and psychosocial
areas, for use in epidemiological studies [12]. The first
epidemiologic study on the prevalence of frailty in the
region was the Survey on Health, Well-being and Aging
in Latin America and the Caribbean (Salud, Bienestar, &
Envejecimiento en America Latina y Caribe, or SABE).
This survey involved 7334 adults 60 years of age or older
living in five large Latin American and Caribbean (LAC)
cities: Bridgetown, Barbados (n = 1446); Sao Paulo, Brazil
(n = 1879); Santiago, Chile (n = 1220); Havana, Cuba (n =
1726); and Mexico City, Mexico (n =1063). In this study
the prevalence of frailty varied from 30% to 48% in women
and from 21% to 35% in men, rates that were much higher
than those of their American and European counterparts
[13]. In 2009, in a study that followed 4082 community-
dwelling elderly adults (mean age of 73 years), a frailty
index using 34 variables was developed, which allows
stratifying elderly Mexicans into several groups according
to the degree of the risk of mortality [14]. The prevalence
of frailty has been reported in several studies in the region:
Perú, 7.7% [15]; Mexico, 37% [16]; Colombia, 12.1% frail
and 53% prefrail [17]; and Brazil, 17.1% frail and 60.1%
prefrail [18-20]. In these studies multiple factors were
identified with frailty, including advanced age, lower
education, presence of comorbidity, poorer self-reported
health status, dependence in basic and instrumental activities
of daily living (ADL and IADL, respectively), depression,
and cognitive impairment [16-21].
The present study aimed to describe the prevalence

and related variables of frailty, and to evaluate the rela-
tionship between frailty, disability, and comorbidity in a
large sample of Colombian, rural, community-dwelling
elderly people.

Methods
Participants
The study participants included 1692 community-living
people 60 years of age and older, living in four villages
located in the coffee-growing zone of the Colombian
Andes Mountains. The methods of the study have been
previously published [22]. The survey was conducted
in 2005. Respondents were invited to participate in an
ongoing longitudinal database about the risk and protective
factors for health in community-living elderly people. They
were recruited on a voluntary basis using posters, free
sheets, and mass media, including radio and TV publicity.
The study protocol was approved by the human subjects

committee of the University of Caldas, Manizales, Colombia.
Consent forms were obtained from each respondent. A
comprehensive physical assessment was performed on
all participants at community centers located in the four
villages. Professional health care managers (physicians,
nurses, and physical educators), who received intensive
instruction on physical performance testing and the survey
materials during a two-day training course, carried out the
evaluation. It took approximately 30 minutes to complete
the assessment. To be included in the study, participants
had to be at least 60 years old and able to walk either
independently or with an assistive device (4.3% with cane).
Participants were excluded based on severe medical condi-
tions (e.g., a physiological unstable disease) or a significant
cognitive impairment (e.g., giving no answer to simple
identification questions).

Definition of frailty
All five characteristics from the original phenotype were
retained for the present study [3]. However, the measure-
ments used to characterize frailty criteria were slightly
different and operationalized as follows:

Weight loss was defined as self-reported using Mini-
Nutritional Assessment questions [23], unintentional
weight loss of 3 kg or more in the previous three months,
or as a calculated body mass index (BMI) lower than
21 kg/m2, as assessed through anthropometrical measure-
ments [9]. Weight was measured with a SECA precision
scale, and height with a stadiometer on a wall without a
skirting board.
Fatigue/exhaustion was defined by a positive answer to

the following question: “In the last two weeks have you
suffered from… unwillingness to do things or lack of
energy? Or fatigue or tiredness?” [24].
Slowness was defined as the lowest quintile in the six-

meter walking speed test (range, 0.1 to 1.96 m/s), adjusted
for sex and height according to the standards of the Short
Physical Performance Battery (less than 0.8 m/sec) [25].
Weakness was defined as the lowest quintile of max-

imum strength on the dominant hand, adjusted for sex and
BMI (kg/m2) [26]. Strength was measured with a Takey hy-
draulic dynamometer, the Smedley Hand Dynamometer III.
Low physical activity was defined as the lowest quintile

in an adapted form of Reuben’s Advanced Activities of
Daily Living scale. This scale was created to assess exercise
as a physical advanced ADL scale. Responses to three
questions were dichotomized to divide people into four
categories: frequent non-frail exercisers, frequent long
walkers, frequent short walkers, and persons who did
not exercise frequently. The last group was defined as
the low physical performance group [27].
As recommended earlier [3], participants were classified

as frail (3 or more components present), pre-frail (1-2
components), or non-frail (no component).

Covariates
As detailed elsewhere [17,22], several risk factors for frailty
were considered, including those that had been associated
with frailty in elderly people in previous studies. Variables
were grouped as theoretical domains and placed, along
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with other potential confounders, into five categories:
(a) demographic and socioeconomic status, (b) health sta-
tus, (c) self-reported functional status, (d) physical perform-
ance-based measures, and (d) psychosocial factors.
Demographic characteristics were age, gender, marital

status, education, and living arrangements (number of per-
sons living with respondent). Education was measured as
years of formal schooling completed (range, 0 to 18). For
the analysis, education level was dichotomized (0 to 4
years vs. 5 years or more). Living arrangements (range, 0
to 9) were dichotomized as none (living alone) versus one
or more. Socioeconomic status was ascertained by asking
the mean individual monthly income. We collapsed in-
dividual income categories into a set of two variables
reflecting the extreme poverty line (less than $1 per day)
or above it as the reference category.
Health status variables included perceived health status,

chronic conditions, prevalence of symptoms, medication
use, visual and auditory impairment, and cognitive status.
Self-perceived health was assessed by asking, “How would
you evaluate your present health?” Responses included
very good, good, fairly, bad, and very bad. The last three
coding categories were combined for analyses as perceived
poor health. The presence of any of seven chronic con-
ditions, namely, arthritis, hypertension, diabetes mellitus,
heart disease, stroke, chronic obstructive pulmonary
disease, and lower extremities fracture, was ascertained
through self-report [28]. Participants were also asked
whether they experienced the following symptoms in
the last month: memory troubles, breathlessness, and joint
or back pain. The number of medications was determined.
Polypharmacy was defined as taking four or more medica-
tions (including prescribed and not-prescribed medications)
[29]. Sensory impairments were assessed by asking for
troubles with vision and hearing (yes or no). Cognition
was assessed using the Mini-Mental State Examination
(MMSE); participants with a score of less than 18 were
considered to be cognitively impaired [30].
Information was available regarding self-reported and

observed physical function. Self-reported functional status
in a physical area was assessed by a Spanish adapted
version of the Barthel Index; potential scores were 0 to
100, with a score of 100 considered to be independent
[31]. ADL disability was defined as the need for human
assistance or the inability to complete the task. Participants
with a disability in one or more ADL were determined
to have a disability. Self-reported function in IADL was
assessed by a Spanish adapted form of the Lawton scale
including 13 IADL: preparing meals, walking outside,
doing light housework, performing heavy housework,
getting to places beyond walking distance, taking medica-
tions, turning the radio or TV on and off, turning the
lights on and off, opening and closing windows, managing
money, managing keys, shopping, and cutting fingernails
and toenails. Each item is summed up to produce a scale
ranging from 0 to 39, with higher scores considered as
independent [32]. IADL disability was defined as having
difficulty in or being unable to perform at least one item.
Physical performance-based measures included gait speed,
rising from a chair, and handgrip strength. We measured
chair stand performance by timed rising from a chair
two times (range, 0.5 to 9.9 s). We took the mean time
for analyses. For the performance-based measures variables,
we dichotomized the worst quartile of performance versus
the other three quartiles.
Psychosocial function included social participation and

depressive symptoms. To assess social participation, we
took seven groups of social activities (attending familiar
events, trips in the same country, trips abroad, attending
religious activities, going to shows or cinema, attending
sports events, and participating in groups or volunteering)
adapted from the Established for Populations for Epidemi-
ologic Studies of the Elderly interview [33]. Respondents
were asked how many times they had done these social
activities in the past year. Responses were coded up to 10
or more, with a maximum of 70 (range, 0 to 63). The total
score was based on the sum of the items. We collapsed
social participation into a set of two variables reflecting
the lower quartile versus the other three quartiles and used
the lower quartile as the reference category. An abbreviated
(score 0 to 15) Spanish-validated Geriatric Depression Scale
(GDS-S) was used to assess the presence of depressive
symptoms [34], with respondents having a score of 6 or
more on the GDS-S considered likely to be depressed.
Social support was ascertained if someone could take care
of the respondent when the latter became ill (yes or no).

Statistical analyses
The characteristics of the participants were described by
means and standard deviations (SD) or frequencies and
percentages according to the type of variable (continuous
or categorical, respectively). The chi-square test was used
to test qualitative data, while analysis of variance (ANOVA)
was used to evaluate continuous data. Statistical differences
between groups were determined. A three-step procedure
was developed. First, univariate logistic regression analyses
were used to describe the unadjusted effect of each of the
components of frailty and covariates in the six domains.
In the second step, multivariate linear regression models
were created to adjust by potential confounder covariates:
less than 5 years of education, number of chronic conditions,
hypertension, osteoarthritis, heart disease, fractures, stroke,
hypercholesterolemia, pain in joints, breathlessness, hearing
and visual impairment, polypharmacy, hospitalization in
last year, falling last year, injurious falls, fear of falling,
disabilities in ADL and IADL, decreased physical activity,
gait speed less than 0.82 meters/sec, chair stand less than
1.61 sec, grip strength less than 17 kg, poor perceived
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health, feeling tired, memory problems, MMSE less than
18, GDS-S more than 6, social participation in less than
10 activities, and poor life satisfaction. Based on previous
results, we proceeded with multivariate analysis using
multiple multinomial logistic regression, which estimates
the prevalence odds ratios (OR) for pre-frail relative to
not frail and for frail relative to not frail. To identify the
factors associated with frailty, variables were selected based
on the strength of the associations, higher prevalence
(10% or more), clinical relevance, and low potential for
collinearity. We calculated OR and 95% confidence inter-
vals (CI). The p-value for entry into the model was set at
p < 0.05. Statistical analyses were performed using SPSS
for Windows version 17.0.

Results
Of the 1,878 participants, 228 (12.2%) were classified as
frail, 996 (53%) as pre-frail, and 654 (34.8%) as non-frail.
Table 1 shows the respondent characteristics, including
demographic, biomedical, and functional variables and
psychosocial factors. The mean age of the participants
was 70.9 years (SD = 7.4); 52.2% were women and 39%
lacked formal schooling. The mean level of education
was 3.1 years (SD = 2.8). The mean of comorbidities was
3.21. Disability in performing ADL was reported by 39%
of the sample, and disabilities related to mobility ranged
from 5.6% for getting in and out of bed or chairs to 9%
for climbing stairs. Almost 32% reported at least one fall
in the past 12 months. Poor self-perceived health was
reported by 18% of the sample, and one third reported
increased depressive symptoms. The prevalence of cogni-
tive impairment was 10%.
Table 2 provides information on the participants’ char-

acteristics regarding frailty status (non-frail, pre-frail, and
frail). Frailty was more frequent in older participants,
women, and those with less education. Frail participants
had higher comorbidity, basic and instrumental disability,
less gait speed, low handgrip strength, and more chair
stand time than pre-frail and non-frail participants. Frail
participants had more falls than non-frail participants,
with lower scores in Barthel ADL and Lawton IADL as-
sessments. Frail elderly adults in the sample were impaired
in the MMSE and GDS more frequently than the other
two groups.
When CHS original cutoff points were applied, the total

participants who met the different frailty criteria numbered
458 (24.4%) for slow walking speed, 435 (23.2%) for weight
loss, 429 (22.8%) for weakness, 396 (21.1%) for exhaustion,
and 392 (20.9%) for low physical activity. Nine (0.5%) of the
cohort participants met five frailty criteria, 44 (2.3%) met
four, 175 (9.3%) met three, 368 (19.6%) met two, and 628
(34.0%) met one. Of the 228 participants who were
considered frail, CHS criteria were present as follows: low
physical activity in 161 (70.6%), exhaustion in 150 (65.8%),
weight loss in 97 (42.5%), weakness in 65 (28.5%), and
slow walking speed in 53 (23.2%). Statistical differences
(p < 0.001) were observed between men and women in
weakness, slow walking speed, and low physical activity.
Figure 1 shows the interrelationship between frailty, ADL

disability, and comorbidity. One half of frail individuals in
the sample reported at least one disability in the ADL
scale and three or more comorbidities. Only 9.6% of the
frail elderly population reported neither disability nor
comorbidities. The covariates by bivariate analysis inde-
pendently associated with frailty were the following: 80
years of age and older (OR = 2.53, 95% CI 1.54-4.14), female
(OR = 2.81, 95% CI 2.06-3.82), less than five years of
education (OR = 1.75, 95% CI 1.27-2.41), ADL disability
(OR = 4.06, 95% CI 3.01-5.47), high comorbidity (OR =
2.29, 95% CI 1.66-3.16), falls (OR = 1.88, 95% CI 1.42-2.49),
disability in ADL (OR = 4.06, 95% CI 2.76-5.98), chair
stand time (OR = 6.84,95% CI 5.08-9.34), depressive symp-
toms (OR = 3.15, 95% CI 2.36-4.21), cognitive impairment
(OR = 2.37, 95% CI1.65-3.41), and poor self-perceived
health (OR = 3.14 95% CI 2.32-4.28). Table 3 shows the
final risk model for frailty as calculated by multivariate
multinomial logistic regression and with adjustment for
clinical and functional covariates. These results indicate
independent associations between age, gender, health status
variables (including self-perceived health and number of
chronic conditions), functional covariate variables (including
disability in ADL), and psychosocial variables (including
depressive symptoms and cognitive impairment).

Discussion
We examined the prevalence of a comprehensive set of
risk factors for frailty in elderly people in the rural popu-
lation of the Andes Mountains in Colombia. To the best
of our knowledge, this is the first study to analyze the
modified measurements of frailty in rural areas in develop-
ing countries, and our results show that frailty is a frequent
condition in rural community-dwelling elderly persons.
The prevalence of frailty in people 60 years of age and
older in rural areas in Colombia was 15.2%, consistent
with previous studies that have found the prevalence of
frailty to be between 4% and 16.3% [4]. Our results are
similar to that of other studies that used comparable
methods in Spain [5,10] and Brazil [20] but lower than
those in Mexico [16] or in the SABE study [13]. The last
study found a higher frequency of frailty (30%-47%), two
or three times that of ours. One possible reason for this
discrepancy is either the different setting (urban) or the
different procedure used in the SABE study to assess
the Fried criteria. In general, the prevalence of frailty
varies according to the adopted operational definition, the
tested population, and the setting where it is explored
[11]. The pre-frail prevalence that was found (53%) is
consistent with previous studies using the same criteria



Table 1 Characteristics of the study population

Total Men Women

Characteristics n = 1,878 n = 897 n = 981 p value

n (%) n (%) n (%)

Sociodemographics

Age in years, mean (SD) 70.9 (7.4) 72.1(7.8) 69.8 (6.8) <0.001

Age older than 80 years 252 (13.4) 87 (9.7) 165 (16.8) <0.001

Years of education <5 1268 (70.4) 646 (72) 622 (63.4) 0.059

Poverty 1197 (70.7) 506 (56.4) 524 (53.4) NS

Living alone 164 (9.4) 91 (10.1) 73 (7.4) NS

Comorbidities

Number of chronic
conditions, mean(SD)

3.21 (1.9) 2.72 (1.7) 3.7 (2) <0.001

BMI (kg/m2),mean(SD) 24.4 (4.5) 23.4 (4.1) 22.5 (4.6) < 0.001

Hypertension 990 (52.7) 411 (45.8) 579 (59) <0.001

Osteoarthritis 734 (39.1) 309 (34.4) 425 (43.3) <0.001

Heart disease 373 (19.9) 195 (21.7) 178 (18.1) NS

Chronic obstructive
pulmonary disease

306 (16.3) 96 (10.7) 210 (21.4) < 0.05

Diabetes mellitus 242 (12.9) 101 (11.3) 141 (14.3) NS

Stroke 96 (5.1) 45 (5) 51 (5.2) NS

Lower extremities fractures 219 (11.7) 109(12) 110 (11.2) NS

Polypharmacy (>4) 284 (15.1) 107 (12) 177 (18) <0.001

Symptoms reported

Joint pain 618 (32.9) 265 (29.5) 353 (36) NS

Breathlessness 213 (11.3) 99 (11) 114 (11.6) NS

Memory problems 628 (33.4) 259 (28.9) 369 (37.6) NS

Sensory impairments

Hearing 713 (38) 372 (41.5) 330 (34.5) <0.001

Visual 1293 (68.9) 589 (65.7) 707 (72.1) <0.001

Falling

At least one fall in
past year

599 (32.2) 226 (25.2) 373 (38) <0.001

Recurrent falls 298 (15.9) 107 (12) 179 (18.2) NS

Injurious falls in the
last year

296 (15.8) 102 (11.4) 194 (19.8) <0.001

Functional capacity

Disability with ADL 738 (39.3) 310 (34.6) 428 (43.6) <0.001

Disability with IADL 1188 (63.2) 599 (66.8) 588 (60) 0.002

Gait speed (m/s),
mean (SD)

0.95 (0.23) 0.99 (0.25) 0.91 (0.2) <0.001

Chair stand(s), mean (SD) 1.52 (0.80) 1.52 (0.94) 1.52 (0.65) NS

Grip strength (kg),
mean (SD)

22 (7.36) 26.7 (6.7) 17.8 (4.8) <0.001

Psychosocial characteristics

Fear of falling 1412 (75.2) 582 (64.9) 830 (84.6) <0.001

Restriction of activities
by fear of falling

796 (51.7) 347 (38.7) 449 (45.8) NS

Poor perceived health 337 (18) 173 (19.3) 164 (16.7) NS

Table 1 Characteristics of the study population
(Continued)

Cognitive impairment
(MMSE <18, score 0 to 30)

205 (10.9) 103 (11.5) 102 (10.4) NS

Depression (GDS-S > 6,
score 0 to 15))

703 (37.7) 354 (39.5) 349 (35.6) NS

Social participation (low) 561 (29.9) 315 (35.1) 246 (25.1) <0.001

Social support not
available

413 (22) 222 (24.7) 191 (19.5) NS
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in similar populations, such as Mexican Americans (47.6%)
[35], rural and sub-urban communities in the United States
(53.1%) [36], and rural and urban Spanish-speaking popu-
lations (42%-45%) [9,10]. However, this prevalence of pre-
frailty must be considered a precursor for subsequent
frailty, and effective prevention needs to start early.
Few studies have been conducted to measure the preva-

lence of frailty in elderly persons living in rural areas. A
frail/pre-frail prevalence of 14% according to the FRAIL
(acronym for Fatigue, Resistance, Aerobic, Illnesses, and
Loss of weight) instrument was found among 572 rural
community-dwelling persons over 60 years of age from
Labastide-Murat in France. When CHS criteria were
adopted, the prevalence of frailty increased and showed
gender-specific differences [37]. Our results differ concern-
ing this prevalence. One reason for this could be that
weight loss, exhaustion, and physical activity are usually
self-reported measures, and self-reported measures can
be prone to bias related to cultural and socioeconomic
differences in thresholds of reporting difficulty [38].
The potential factors associated with frailty in this study

were advanced age, female gender, presence of comorbidity,
dependence in some basic ADL or IADL, depressive symp-
toms, cognitive impairment, and negative self-perception of
health status. These results are corroborated in the litera-
ture [3,5-11,16,20,39]. Of the sociodemographic variables
included in the model, age was significantly correlated
even when adjusted for the other variables, demonstrating,
as in other studies, the influence of the aging process and
gender on the emergence of frailty [5-10,16,20]. The higher
prevalence of frailty among women has been reported pre-
viously [5,7-9,16,20]. It was hypothesized that this excess
frailty may be partly due to the marked sex roles still
present in this age group of elderly people in rural areas,
where most women are housewives with a clear domestic
role, restrained social life, and little economic independ-
ence, while men are the providers. The association between
negative health perception and aging are highlighted in
other Latin American frailty studies [16,20]. Thus, we be-
lieve that the perception of the elderly regarding adverse
experiences during their lifetime may predispose them to
frailty [13,16]. The association between frailty and chair
stand is in accordance with what has been previously



Table 2 Characteristics of the frailty status in the sample

Non frail Pre frail Frail

Characteristics n = 654 n = 996 n = 228 p value

(34.8%) (53%) (12.2%)

Age in years, mean(SD) 69.1 (6.6) 71.4 (7.5) 74 (7.5) <0.001

Years of education <5 417 (32.9) 671 (52.9) 180 (14.2) <0.001

Poverty 363 (35.2) 549 (53.3) 118 (14.2) 0.001

Number of chronic conditions, mean(SD) 2.81 (1.8) 3.26 (1.8) 4.1 (2.0) <0.001

Falling , mean(SD) 1.9 (1.47) 2 (1.69) 2.1 (2.15) <0.001

Barthel Index, mean(SD) 98 (4.76) 96.5 (6.17) 91.47 (9.98) <0.001

Lawton Index, mean(SD) 35.7 (4.32) 34.2 (6.15) 29.4 (9) <0.001

Gait speed (m/s),mean(SD) 1.07 (0.17) 0.93 (0.22) 0.69 (0.22) <0.001

Chair stand (s), mean(SD) 1.24 (0.28) 1.54 (0.78) 2.24 (1.32) <0.001

Grip strength (kg/f), mean(SD) 25.8 (6.40) 21.08 (6.9) 15.25 (5.44) <0.001

Number of medicines, mean(SD) 1.95 (1.7) 2.07 (1.7) 2.16 (1.88) NS

Hospitalization length of stay last year, mean(SD) 7.42 (13.1) 8.5 (13.3) 7.7 (6.03) NS

Mini-Mental test Folstein, mean(SD) 25.1 (4.1) 24.1 (4.8) 22.4 (4.7) <0.001

GDS-S, mean(SD) 3.82 (2.73) 4.85 (2.98) 6.73 (3.12) <0.001
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hypothesized, that is, that performance-based measures
are significant predictors of frailty (15-21).
Our findings are similar to those of previous studies

suggesting that cognitive impairment is strongly associated
with frailty [19,21,40]. Recent investigations have reported
that being identified as frail is a significant predictor of
future cognitive decline [19,21,41]. Some authors have
hypothesized that frailty and impaired cognition may share
underlying biological causal explanatory factors [19,21,41].
Thus, cognitive impairment has been proposed as part of
the frailty phenotype [19,21,41]. A recent cross-sectional
Figure 1 Interrelationship between frailty (≥3 criteria), disability
(≥1 ADL), and comorbidity (≥3 diseases) in the study
population. Venn diagram.
survey of 475 adults 70 years of age and older in Mexico,
which used modified CHS criteria and added cognitive
impairment as another component of frailty, found that
cognitive impairment and low physical activity are the main
contributing factors of the frailty phenotype to disability
[21]. In Brazil, a multicenter and multidisciplinary nation-
wide effort known as the Network of Studies on the Frailty
of Elderly Brazilians (REDE FIBRA), involving 7,983 elderly
adults in 17 cities [19], was carried out to collect data on
frailty and aging. As a part of this study, 384 community-
dwelling elderly adults, 65 years of age and older, in a poor
sub-district of the city of São Paulo were assessed to
evaluate the association between the CHS frailty criteria
and cognition; the study concluded that frailty could be
a significant predictor of future cognitive decline [19].
Another pilot study of the same REDE FIBRA involving
391 randomly selected elderly patients aged 65 years,
living in Northeast Brazil, reported a prevalence of
frailty of 17.1% and pre-frailty of 60.1%. In this study,
several factors, including advanced age, presence of comor-
bidity, dependence in basic ADL and IADL, and negative
perception of health, seemed to play an important role
in frailty among elderly people [20]. Lastly, we observed
that depression (GDS > 6) was present in 36.3% of the
frail subjects. This strong association makes sense, since
one of the frailty criteria, exhaustion, is part of the diagnos-
tic criteria for depression [8]. The association between de-
pression and frailty is unclear. It is possible that symptoms
of depression lead causally to symptoms of frailty and vice
versa. Without longitudinal data on both depression
and frailty, we cannot determine the predictive relationship
between these conditions [42].



Table 3 Adjusted odd ratio (OR) and respective 95% confidence intervals (95%) of the variables associated with pre-
frailty and frailty

Characteristics Pre frailty Frailty

OR CI (95%) p value OR CI (95%) p value

Age 1.03 (1.02–1.05) < 0.01 1.06 (1.03–1.09) < 0.01

Gender 1.85 (1.46–2.35) < 0.01 6.16 (2.72–5.94) < 0.01

Disability (in at least one ADL) 1.28 (1.00–1.63) 0.042 2.55 (1.72–3.79) < 0.01

Disability in IADL 1.04 (0.82–1.31) 0.18 2.01 (1.26–3.22) < 0.01

Number of chronic conditions (≥3) 1.03 (0.97–1.10) 0.24 1.18 (1.06–1.31) < 0.01

Chair stand time 3.22 (2.30–4.52) < 0.01 5.10 (3.51–7.40) < 0.01

Cognitive impairment (MMSE <18) 1.33 (0.75–2,36) 0.32 1.90 (1.30–2.77) 0.012

Depression (GDS-S≥ 6) 1.09 (1.02–1.17) 0.11 1.22 (1.10–1.30) < 0.01

Poor self-perceived health 1.97 (1.39–2.80) < 0.01 2.72 (1.67–4.42) < 0.01
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The finding of disability in at least one ADL, three or
more comorbidities, and three or more frailty criteria in
at least one half of participants is higher than that reported
in the original CHS study (one of four) or Spanish studies
(one of five) [3,8,10,11]. This difference could be due to
the high levels of comorbidities and disability that have
been reported in the LAC [28]. One reason for these dif-
ferences is the overall poverty in the LAC. As previously
reported, the frailty score was highest for people with
lower incomes [18], and disability was more prevalent in
the poorest population [28]. In our sample, at least two
thirds of the participants were below the poverty line (less
than U$1 per day).
Our results are in accordance with recent studies that

suggest that frailty is distinct from, but overlapping with,
comorbidity and disability [5,9-11,17,20]. Frailty in this
study was strongly associated with comorbidities, and
frailty and comorbidity predicted disability. Our findings
show a greater likelihood of a frail rural elderly person
having three or more diseases and being disabled in at
least one ADL. Conversely, the observation that a subset
of frail elderly people (10%) reported neither disease nor
disability is lower than previously reported [6,10]. This
finding supports the previous supported hypothesis that
when elderly people become frail, there is a final common
pathway of severe disease or comorbidity, rather than
physiologic changes of aging that are not disease-based
[3-18]. This is suggested by our result showing higher
rates of poor health status and a greater extent of clinical
conditions in the frail group. The relationship between
frailty and diseases is poorly understood. In this population,
however, individual or comorbid diseases could potentially
initiate the frailty process and older people may become
disabled earlier than other groups [43]. Moreover, the con-
cept of frailty and mobility disability may largely overlap,
as both represent preliminary phases of the disabling
process. Therefore, it is possible that some participants
presenting mobility disability may not yet experience a
complete loss of function in ADL, but may still be frail.
Our findings are similar to the results of previous studies
suggesting that frailty is strongly associated with disability,
but frailty and disability are not the same [3,10,20,35]. In
the above-mentioned longitudinal Mexican frailty study,
after adjusting for potential confounders, frailty was found
to be a predictor of incident mobility disability, and ADL
and IADL disability [16].
This study has many strengths, including the number

of participants, the comprehensive set of measurements,
and the setting of the assessment. To our knowledge, no
other study has previously measured the prevalence of
frailty in elderly persons living in rural areas in the LAC.
Another strength of this study is the comparison with
similar studies using CHS criteria in Latin America. Lastly,
this study made it possible to establish the relationship
between frailty, comorbidity, and disability in a higher
prevalence of chronic conditions and disabilities among
elderly people in Latin America.
Some limitations of the present study need to be men-

tioned. Since the present study is cross-sectional, it cannot
determine a causal network for frailty. Another limitation
is that the cross-sectional nature of this study does not
allow strict cause-effect interpretations of the associations
between disability, comorbidity, and frailty. Our findings
provide information on frailty, prevalence and criteria
assessment, and relationships between comorbidity, dis-
ability, and frailty in rural populations. Longitudinal studies
are needed to specifically explore these relationships.

Conclusions
In conclusion, our findings provide information on the
prevalence of frailty and mobility disability in a rural area
in the Andes Mountains. Our results support the use of
modified CHS criteria to measure frailty in communities
other than urban settings. These results may support the
ongoing actions taken by public health authorities aimed
at preventing the functional decline of our aging societies.
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These preliminary data may also help in the design of
interventional studies specifically aimed at counteracting
the disabling cascade and reversing the frailty syndrome
in rural community-dwelling elderly persons.
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