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Abstract

Objective—To describe the characteristics and prognosis of subjects classified as frail in a large 

sample of Mexican community-dwelling elderly.

Materials and methods—An eleven-year longitudinal study of 5 644 old adults participating in 

the Mexican Health and Aging Study (MHAS). Frailty was defined loss, weakness, exhaustion, 

slow walking speed and low physical activity. The main outcomes were incident disability and 

death. Multiple covariates were used to test the prognostic value of frailty.

Results—Thirty-seven percent of participants (n = 2 102) met the frailty criteria. Frail 

participants were significantly older, female, less disease, lower income, and poorer self-reported 

health status, in comparison with their non-frail counterparts. Frailty was a predictor both for 

disability activities of daily living and for mortality.

Conclusion—After a follow-up of more than ten years, the phenotype of frailty was a predictor 

for adverse health-related outcomes, including ADL disability and death.
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Aging in population has raised concerns about its adverse health-related outcomes. The 

concept of creased risk of functional decline among elderly people, which may be 

differentiated from aging, disability, and co-morbidity.1,2 Frailty involves a state of 

vulnerability to adverse effects of a variety of environmental stressors, expressed as an 

increased risk of accumulating health related problems, hospitalization, need for long-term 

care, and also death.3

Corresponding author: Dr. José Alberto Ávila Funes. Departamento de Geriatría, Instituto Nacional de Ciencias Médicas y Nutrición 
Salvador Zubirán. Vasco de Quiroga 15. 14000 Tlalpan, Mexico City, Mexico. avilafunes@live.com.mx. 

Declaration of conflict of interests: The author declares not to have conflict of interests.

HHS Public Access
Author manuscript
Salud Publica Mex. Author manuscript; available in PMC 2015 December 23.

Published in final edited form as:
Salud Publica Mex. 2015 ; 57(0 1): S62–S69.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In order to identify frail individuals, several criteria have been proposed recently.1 

According to the criteria used, heterogeneous results regarding prevalence have been 

obtained.4 However, there is a remarkably higher frequency of frailty among Latin-

American populations in comparison with European or American elderly.4–6 Nevertheless, 

there is a general agreement that the core feature of this syndrome is an increased 

vulnerability due to impairments in multiple inter-related systems resulting in homeostatic 

reserve disturbance.7 The most popular definitionof frailty is that derived from the 

Cardiovascular Health Study (CHS), which was proposed at the end of the 90’s by Fried and 

colleagues1 and accepted by the American Geriatrics Society.8 This definitionconceptualizes 

frailty as a clinical syndrome defined as the combination of weight loss, weakness, 

exhaustion, low walking speed and low physical activity.1 In addition, this conception of 

physical frailty implies a biological connection between all fivecomponents and has been 

demonstrated to have high predictive validity for adverse health-related outcomes in very 

different populations.9

Recently, our team reported the predictive validity of frailty among Mexican community-

dwelling elderly.6 However, outcomes such as mortality could be influenced by other factors 

beyond the syndrome of frailty because of the shortness of the two-year follow-up. Thus, the 

longer follow-up of the Mexican Health and Aging Study (MHAS) provides now a unique 

opportunity to a longer-term study of the relationship between frailty and the ability to 

identify elder persons at risk for adverse health-related outcomes. Therefore, the main 

objective of this report is to describe the features and prognosis of subjects classifiedas frail 

in a large sample of Mexican community-dwelling elderly studied during 11 years. The 

main hypothesis is that frail individuals, in comparison with non-frail subjects, present more 

adverse health-related outcomes even after an adjustment for potential confounders.

Materials and methods

Study population

The participants in the present study are a subset from the Mexican Health and Aging Study 

(MHAS), a prospective panel study of health and aging in Mexico. The aim and design of 

the MHAS have been published previously.10 Briefly, the baseline survey was conducted in 

the summer of 2001, and followed-up in 2003 and 2012 It was derived from the fourth wave 

of the National Employment Survey and it is regarded as a nationally representative sample 

of Mexicans aged 50 and older and their spouse/partners regardless of their age. It considers 

subjects from both urban and rural areas. Data were obtained from direct face-to-face 

interviews and individual audits, and proxy interviews were conducted when poor health or 

temporary absence prevented a direct interview. The MHAS is only representative of 

community-dwelling people. In the case of Mexico, it is not an important omission because, 

according to the 2000 National Population Survey, less than 1% of people aged 60 years and 

older live in an institution. The MHAS includes data from 15 230 interviews (9 806 index 

cases and 5 424 spouses/partners). It contains self-reported information regarding health 

measures (functional status and health related behaviors [e.g. smoking and drinking 

history]), access to health services, depressive symptoms, pain, cognitive performance, and 

anthropometrical measurements. The MHAS was supported by a grant from the National 
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Institutes of Health/National Institute of Aging. The study is a collaborative effort among 

researchers from the University of Pennsylvania, the University of Maryland, and the 

University of Wisconsin in the US and the Instituto Nacional de Estadística, Geografía e 

Informática (INEGI) in Mexico. Oral informed consent was obtained in accordance with the 

provisions of the ethical principles of the Declaration of Helsinki.11

Definition of frailty

Frailty was defined according to the construct previously validated in the CHS.1 All 

fivecomponents were retained, but the metrics used were slightly different and adapted by 

an expert panel. The composite measures were defined as follows:

• Weight loss was defined as a self-reported, unintentional weight loss of 5 kg or 

more in the previous two years or as a calculated body mass index (BMI), assessed 

through self-reported anthropometrical measurements, lower than 22 kg/m2. This 

threshold has been associated with increased several adverse health-related 

outcomes in community-dwelling elderly.12,13

• Exhaustion was evaluated with the following question: “During the last two years, 

have you frequently had severe fatigue or exhaustion?”

• Low walking speed was assessed through the following two questions: “Because of 

a health problem, do you experience difficultywalking one block?” and “Because 

of a health problem, do you have difficulty climbing flights of stairs without 

resting?”. Participants answering affirmatively to either of these questions were 

considered frail regarding this component.

• Weakness was considered to be present when subjects answered the following 

question positively: “Because of a health problem, do you have difficultylifting or 

carrying objects over 5 kg, such as a heavy bag of groceries?”

• Low physical activity was defined as a negative answer to the question: “During 

the last two years have you exercised or done hard physical work on average at 

least three times a week?”

As recommended, the subjects were considered to be frail if they had three or more frailty 

components among the five criteria; they were considered prefrail if they fulfilled one or 

two frailty criteria, and nonfrail if none.

Outcomes

Three disability domains were specifically investigated: mobility, instrumental activities of 

daily living (IADL) and basic activities of daily living (ADL). Mobility was assessed using a 

modified version of the Nagi scale,14 through which participants reported their ability to 

perform four tasks: pushing or pulling objects, stooping or crouching or kneeling, reaching 

or extending arms, and handling small objects. For IADL, participants reported their ability 

to perform four tasks based on the Lawton and Brody scale:15 administering their own 

medication, handling money, shopping and grooming. For ADL, participants were asked 

about their ability to perform five tasks from the Katz ADL scale:16 bathing, walking, 

transferring themselves from bed to chair, handling continence and feeding themselves. For 
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each domain of disability, if participants indicated that they were unable to perform one or 

more activities without help, they were considered as having mobility, IADL or ADL 

disability. The cumulative 11-year incidence of disability was established only among those 

without prevalent disability in the same domain at baseline, when they declared it either at 

the first (two years) or at subsequent follow-up interviews (11 years).

Time of death was obtained from interviews with proxies at both follow-ups, and it was 

treated as cumulative 11-year mortality.

Covariates

Sociodemographic variables such as age, sex, living alone, and educational level (i.e. years 

of education) were obtained at baseline and used as covariates. In the same vein, self-

reported health and financial situation were recorded and treated as categorical variables 

(good, fair, or poor). Participants were asked whether they had a physician’s diagnosis of 

hypertension, diabetes, cancer, myocardial infarction or angina pectoris, chronic obstructive 

pulmonary disease, fractures after age of 50, or arthrosis. The presence of each of these 

diseases was summed up to in a comorbidity score (ranging from 0 to 7), where higher score 

indicates more chronic diseases. The presence or absence of visual and hearing impairment 

was also self-reported.

Depressive symptoms were evaluated using a modified and validated version of the Center 

for Epidemiological Studies-Depression scale.17 A score ≥5 was positive for depressive 

symptoms.

Cognitive impairment was evaluated using a brief and validated version of the Cross-

Cultural Cognitive Examination (CCCE), which considers five items for evaluating different 

cognitive domains. The cut-off points for each item were set using the 10th percentile and 

adjusted by sex and educational level for participants younger than 60 years of age.18

Smoking status (“Have you ever smoked cigarettes?”) and alcohol intake (“Do you ever 

drink any alcoholic beverages?”) were considered dichotomous self-reported variables.

Sample

For the present study, 7 166 participants aged 60 years and older were considered. However, 

subjects with single conditions that could yield a similar phenotype to frailty were excluded 

(figure 1). Therefore, data from 2 618 (46.4%) men and 3 026 (53.6%) women who 

completed the clinical and functional evaluation at baseline were included in the statistical 

analysis.

Statistical analysis

Variables are described using arithmetic mean and standard deviation (SD) or the frequency 

and proportion where appropriate. The following statistical procedures were used according 

to the characteristics of each variable: chi square test for qualitative data or analysis of 

variance (Anova) for continuous data. Post-hoc comparisons between frailty subgroups were 

conducted for continuous data where indicated (Bonferroni’s correction). In order to 

determine the predictive validity of the frailty phenotype, separate logistic regression models 
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were created to describe the unadjusted effect of frailty on 11-year incident mobility, IADL, 

and ADL disability. In a second step, multivariate logistic regression analyses were used to 

study the effect of frailty, adjusting for multiple covariates (age, sex, education level, 

number of chronic diseases, smoking status, drinking status, self-reported health, cognitive 

impairment, and depressive symptoms) on the described outcomes. Incidence of IADL 

disability was also adjusted for baseline mobility disability, whereas for the analysis of 

incident ADL disability, baseline mobility and IADL disability were included. Probability of 

death without depending on the status of frailty survival was estimated by Kaplan-Meier 

method. Cox proportional hazard model was performed to estimate the risk of death, and 

later was also performed using all variables mentioned above, including the three domains 

baseline disability, with frailty status as the main explanatory variable. All statistical tests 

were performed at the 0.05 level and 95% confidenceintervals (CI) were given. All 

statistical tests were performed using the SPSS software for Windows (SPSS Inc., Chicago, 

IL, version 16.0).

Results

The study sample comprised 5 644 individuals. Mean age was 68.7 years (SD 6.9) years and 

53.6% were women. The most frequently reported chronic diseases were hypertension 

(41.4%), arthrosis (24.3%), and diabetes (16.9%). 37% of participants had depressive 

symptoms, and 25.9% had cognitive impairment. At baseline, 48.3, 10.1, and 3% were 

disabled for mobility, IADL, and ADL, respectively. Table I shows the frequency of each 

frailty component. Frailty was present in 37.2% of the participants, 51.3% were prefrail, and 

11.5% were nonfrail. Lower physical activity was the most frequent frailty component for 

both sexes.

Table II shows the sociodemographic and health characteristics of the participants according 

to their frailty status at baseline. As expected, participants classified as frail were older, 

more likely to be women, to have lower education, reporting more chronic diseases, 

presenting poorer self-reported health and economic status (all p values < .001), this in 

comparison with prefrail and nonfrail persons. In addition, frail subjects were more 

frequently cognitively impaired, had more depressive symptoms, and had more sensory 

impairment. Disability for mobility, IADL, and ADL was significantly more frequent in the 

frail and prefrail subgroups than in the nonfrail subgroup.

Disability

After 11-years of follow-up, 51.9% nonfrail, 67.5% prefrail, and 82% frail participants 

developed mobility disability. Incident IADL disability was 24.2, 27.1, and 40.8% among 

nonfrail, prefrail, and frail subgroups respectively; whereas the incidence of ADL disability 

was 19.9, 30, and 44.6% in nonfrail, prefrail, and frail participants, respectively. differences 

between frail and nonfrail,

The unadjusted regression analysis showed that, in comparison with nonfrail subjects, frail 

participants had significant and ADL disability. However, concerning the incidence of IADL 

disability, there was not an association with a frail or prefrail status. Multivariate logistic 

regression analysis showed that, after adjusting for sociodemo-graphic and health covariates, 
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there were significant differences between prefrail and nonfrail subgroups, but not between 

frail and nonfrail participants regarding the incidence of mobility disability. There is not an 

association between frailty and disability for IADL. Finally, concerning the incidence of 

ADL disability, there were significant but not between prefrail and nonfrail subjects (table 

III).

Mortality

Death incidence was 32.9% (n = 1 807) at the 11-year follow-up assessment (n = 251 

between 2001–2003, and n = 1 556 between 2003 and 2012).

The cumulative risk of death was significantly increased in frail and pre-frail participants 

compared to robust subjects (log-rank test = 152.3, p < .0001). After two years of follow up, 

7.6% fragile died, 3.7% pre-frail, against 1.9% robust. After 10 years of differences between 

follow up, 39.9% of fragile died, 26.7% of pre-frail, against 20.4% robust (figure 2).

The unadjusted Cox proportional hazard model showed that, in comparison to nonfrail, 

being prefrail or frail at baseline significantly increased the risk of cumulative death at 11 

years. After adjusting for multiple covariates including mobility, IADL, and ADL disability 

at baseline, there were significant frail and nonfrail, but not between prefrail and nonfrail 

subgroups associated to mortality incidence. The risk of death for frail participants was 

increased by a factor of 1.36 (table IV).

Discussion

The results from the MHAS show that frailty is a frequent condition among the Mexican 

community-dwelling elderly and is an independent predictor of the incidence of disability 

and death, even after adjusting for potentially confounding variables. It is widely recognized 

that frail individuals have lower physiological capacity to adapt to stress, and therefore have 

a higher risk of adverse health-related outcomes than those non-frail subjects. Ours results 

partially replicate those previously described in other populations. This study, as far as we 

know, is one of the first to explore the predictive capacity of the phenotype of frailty in a 

cohort of older Mexican people over 10 years follow-up. Therefore, we are making a 

contribution to the growing interest in frailty studies among developing countries which may 

have greater vulnerability due to multiple factors, including limited socioeconomic, human 

and health resources that precipitate a greater burden of morbidity, disability, and decreased 

quality of life.

The main limitation of this study is the use of different metrics from those originally 

proposed by Fried and colleagues in order to define each of the frailty domains. The original 

proposed metrics were not available in the MHAS cohort. However, though the use of proxy 

criteria did not affect the predictive validity of the frailty phenotype, it could result in a 

possible overestimation of the prevalence of frailty. Slowness and low physical activity were 

particularly higher, which could partially explain the elevated prevalence of frailty. 

However, this same bias might also be present in previous studies of frailty in Latin 

American countries. For example, the results of a cross-sectional study of five Latin-

American cities (SABE study) showed a prevalence of frailty ranged from 26.7 to 42.6%.4 
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In the same vein, a previous report of the MHAS has shown a prevalence of 33% frailty and 

43% prefrailty. Our team already reported this higher prevalence of frail and prefrail persons 

in the MHAS.6 A recent systematic review incorporating 31 studies of frailty in persons 

aged 65 and older found a prevalence from 4.0 to 17.0% of frailty, markedly increased in 

subjects older than 80.19 Although the role of the components of frailty should be universal, 

it is possible that in the case of Mexico the prevalence of frailty may be influenced by other 

characteristics, such as inequality in health conditions, sociodemographics or genetic 

factors.20

Another limitation of our study is that disability was measured only one time at 11 years of 

follow up. This could result in a considerable number of disability events not registered 

because they did not last long enough to be measured given that disability can remit over 

time.

In addition, this higher prevalence may be due to differences in cultural elements that 

influence the perception of health and/or the interpretation of questions concerning frailty. It 

has been reported that the phenotype of the Cardiovascular Health Study is useful to identify 

frail subjects, regardless of their ethnicity, which reinforces its validity across different 

cultures.21,22 In addition, the Hispanic Established Populations for Epidemiologic Studies of 

the Elderly (HEPESE) reported a frailty prevalence of 21% among Mexican-American 

elderly.23,24 European studies have shown similar inconsistencies among reports of frailty 

prevalence. For example, an epidemiological study conducted in France (n = 6 078, aged 64 

and older) estimated the prevalence of frailty at 7.0%,25 whereas in a survey of 7 510 

community-dwelling elderly in 10 European countries the prevalence of frailty was 

estimated to be between 9 to 60%; there was a higher prevalence in southern Europe.26 In 

previous studies, this geographic variation was not explained. This has led to studies which 

also evaluate the psychosocial factors associated with frailty.27,28,29

Nonetheless, despite these limits, the strengths of the study are its population-based design, 

sample size, almost complete older participants follow-up, and the adjustments for an 

extensive number of potential confounders.

Frailty has been studied in different populations, regarding its association with the risk of 

death and other adverse outcomes such as functional impairment. By assessing Mexican-

American community individuals older than 70, in 2009 Graham JE and colleagues found 

that frail and pre-frail status increased the risk of death at 10 years follow-up.30

The main strength of this study relies on that it has provided an opportunity to recognize and 

describe frailty in populations that have specific sociodemographic and cultural 

circumstances. A better understanding of frailty will allow for complex care of adults 

suffering from the condition and allow researchers and caregivers to focus on the health 

needs of this population. Research should be encouraged in Latin-American countries, 

where little is known about frailty and where the prevalence of frailty could be 

underestimated, with terrible consequences for the health of elderly persons.
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Figure 1. 
Assembly of the study sample selected among the MHAS, 2001–2012
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Figure 2. 
Kaplan-Meier estimates of death according frailty status
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Table I

Frailty components proportional by sex at baseline. Mexico, MHAS, 2001

All n = 5 644 Men n = 2 618 Women n = 3 026

Frequency of frailty components (%)

 Shrinking 32.5 30.9 33.8

 Weakness 31.4 20.3 41.0

 Exhaustion 27.6 23.7 31.0

 Slowness 50.4 41.4 58.2

 Low physical activity 69.8 61.4 77.1

 Nonfrail% 11.6 16.6 7.1

 Prefrail% 51.2 56.7 46.6

 Total frail (≥3 points)% 37.2 26.7 46.3
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Table II

Sociodemographic characteristics and health status of participants by frailty status at baseline. Mexico, 

MHAS, 2001

Variable Nonfrail n = 649 (11.5%) Prefrail n = 2 893 (51.3%) Frail n = 2 102 (37.2%) p

Age, mean (SD) 66.5 (5.5)‡ 67.8 (6.4)§ 70.5 (7.6)# < .001

Female gender (%) 33.1 48.7 66.7 < .001

Educational level ≥ 7 years (%) 20.8 18.5 11.7 < .001

Don’t have a companion (%) 28.7 34.2 45.8 < .001

Poor self-reported health (%) 45.8 58.3 84.0 < .001

Poor self-perceived financial situation (%) 78.0 77.9 85.6 < .001

High blood pressure (%) 28.7 36.1 52.5 < .001

Diabetes (%) 9.9 13.5 23.7 < .001

Cancer (%) 0.8 1.2 2.5 .001

Ischemic cardiopathy (%) 1.4 2.3 6.3 < .001

Chronic obstructive pulmonary disease (%) 3.9 5.2 10.6 < .001

Fractures after age 50 years (%) 12.6 13.6 19.8 < .001

Arthrosis (%) 12.3 19.8 34.0 < .001

Chronic diseases,* mean (SD) 0.7 (0.8)‡ 0.9 (0.9)§ 1.5 (1.1)# < .001

Smoker (%) 37.2 36.0 30.1 .008

Drinker (%) 42.7 30.7 18.5 < .001

Cognitive impairment (%) 21.4 25.5 27.9 .004

Depressive symptoms (%) 15.3 26.2 58.8 < .001

Visual impairment (%) 35.3 40.5 57.3 < .001

Hearing impairment (%) 20.2 26.3 38.9 < .001

Disability for mobility (%) 11.9 32.5 85.8 < .001

Disability ≥ 1 IADL task (%) 4.5 4.8 19.2 < .001

Disability ≥ 1 ADL task (%) 0.1 0.6 7.1 < .001

IADL= Instrumental activities of daily living

ADL= Activities of daily living

MHAS = Mexican Health and Aging Study
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*
Chronic diseases: hypertension, diabetes, cancer, ischemic cardiopathy, chronic obstructive pulmonary disease, fractures, and arthrosis

‡, §, #
Different symbols indicate a statistically significant inter-group difference (Bonferroni’s correction)
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