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Background: Age-associated brain physiologic decline and reduced mobility are key elements 

of increased age-associated vulnerability.

Objective: To study the frequency of frailty phenotype and its association with mental health 

and survival in older Chileans.

Methods: Follow-up of ALEXANDROS cohorts designed to study disability associated with 

obesity in community-dwelling people 60 years and older living in Santiago, Chile. At baseline, 

2,098 (67% women) of 2,372 participants were identified as having the frailty phenotype: 

weak handgrip dynamometry, unintentional weight loss, fatigue/exhaustion, five chair-stands/

slow walking speed and difficulty walking (low physical activity). After 10–15 years, 

1,298 people were evaluated and 373 had died. Information regarding deaths was available 

for the whole sample.

Results: The prevalence of frailty at baseline ($3 criteria) in the whole sample was 13.9% 

(women 16.4%; men 8.7%) and the pre-frailty prevalence (1–2 criteria) was 63.8% (65.0% vs 

61.4%), respectively. Frailty was associated with cognitive impairment (frail 48.1%; pre-frail 

21.7%; nonfrail 20.5%, P,0.001) and depression (frail 55.1%; pre-frail 27.3%; nonfrail 18.8%, 

P,0.001). Logistic regression models for frailty adjusted for sex and age showed a strong 

association between frailty and mild cognitive impairment (MCI) (odds ratio [OR] =3.93; 

95% CI: 1.41–10.92). Furthermore, an important association was found for depression and 

frailty (OR =2.36; 95% CI 1.82–3.06). Age- and sex-adjusted hazard ratios (HRs) for death 

showed an increased risk with increasing frailty: pre-frail HR =1.56 (95% CI: 1.07–2.29), frail 

HR =1.91 (95% CI: 1.15–3.19); after adjustment by age and sex, a higher risk of death was 

observed for people identified as frail (HR =1.56, P=0.014) and pre-frail (HR =1.30, P=0.065). 

MCI and dementia were also risk factors for death (MCI: HR =1.69, P,0.027; dementia: 

HR =1.66, P=0.016).

Conclusion: Frailty is highly prevalent and strongly associated with cognitive impairment 

and depression in older Chileans. The risk for death was higher for frail people, but underlying 

cognitive impairment is a key component of the lower survival rate.

Keywords: frailty, cognitive impairment, aging, Chile, depression

Introduction
Chile has one of the fastest-aging populations on the American continent, with a life 

expectancy at birth of 80.5 years, the second longest after Canada.1 The implications 

of this number for the health care system and social security programs are immense. 

The aging of the Chilean population, along with socioeconomic and health indica-

tors, show that important health inequalities persist, and affect older people living in 

underprivileged conditions more than rich people. The former also presents a larger 

amount of health problems and a higher disability rate.2 The challenge is improving 
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not only life expectancy but also healthy life expectancy for 

the whole population.

The progressive decline in physiological functioning of 

multiple systems because of aging decreases the reserve and 

resistance to stressors, leading to an increased vulnerability 

of older people, and thus leading to an aggregate of signs 

and symptoms known as “frailty syndrome.” Age-associated 

brain physiologic decline, reduced immunity, deteriora-

tion of the endocrine system and decreased muscle mass 

and function are key elements of increased age-associated 

vulnerability.3 Frailty is being classified more and more as 

a biological syndrome associated with many adverse health 

events such as falls, fractures, institutionalization, hospital-

ization, disability, dependence and death.3–5

Although there is currently no consensus for its definition, 

the term “frailty” is widely used. Two main models defining 

frailty have been proposed: the phenotype model6 and the 

cumulative deficit model.7 Based on these models, several 

instruments for identifying the frailty syndrome have been 

developed. Among these, the most used are Fried’s criteria 

for the phenotype model6 and Rockwood’s frailty index based 

on the cumulative deficit model.5 The convergence of both 

definitions has been tested, showing agreement in terms of 

prediction of adverse outcomes and prevalence.8,9 A limita-

tion of the phenotype model is the exclusion of measurements 

related to cognitive impairment and depression.

Several studies have investigated the prevalence of frailty 

in older people using the phenotype definition, however, 

with different approaches in the operationalization of Fried’s 

criteria, thus delivering a wide range of prevalence,10 fluctuat-

ing from 4% to 59.1%. In Latin America, the prevalence of 

already described frailty ranges from 7% in Peru to 42.6% 

in Santiago Chile.11,12 In the present study, we describe the 

prevalence of frailty in older Chileans defined with an objec-

tive measure of slowness. The measurement of gait speed 

can make an important difference with previously described 

prevalence in Latin America.

Here, we describe the prevalence of frailty in older 

Chileans,2 proposing that, although it might not be included as 

a criterion, cognitive impairment and dementia, both impor-

tant public health problems in older Chileans,13 are strongly 

associated with frailty defined by the phenotype criteria. 

Moreover, frailty and cognitive status are independent risk 

factors for mortality.14

Methods
Follow-up of the subjects recruited for the ALEXANDROS 

study2 was designed to study the trajectories of disability 

associated with obesity in community-dwelling people 

60 years and older from three cohorts. Briefly, ALEXAN-

DROS is a longitudinal study conducted in Santiago, Chile, 

which includes the follow-up of three cohorts: 1) the original 

SABE sample15 composed of 1,173 people 60 years and 

older, born before 1940 and recruited in 1999–2000 through 

a probabilistic sampling process with three-step procedure 

(districts, blocks and households); 2) the ALEXANDROS 

cohort composed of 950 people born between 1940 and 

1948 recruited in 2005–2008, randomly selected from the 

primary health care center (PHCC) registries (where 85% 

of the older adults are registered) in a two-step procedure, 

health care centers and registered older adults from the 

selected PHCC; and 3) the Instituciones de Salud Previsional 

(ISAPRES) cohort of 266 people of high socioeconomic 

level born before 1948 and randomly selected from private 

health insurance system registries (ISAPRES).

At baseline, 2,098 (67% women) of 2,389 participating 

subjects were identified as having the frailty phenotype. After 

10–15 years, 1,298 people were evaluated and 373 had died. 

Information regarding deaths was available for the entire 

sample through death certificates from the Chilean National 

Civil Registry.

After signing an informed consent form, all subjects 

underwent face-to-face interviews including self-reported 

chronic diseases (hypertension, diabetes, cancer, chronic 

obstructive pulmonary disease, stroke), falling, functional 

limitations, nutrition and general health.

Anthropometric measurements were for weight, height 

and knee height; also, waist, hip, calf and arm circumferences 

were measured according to methods described previously.16 

Nutritional status and obesity were defined according to 

World Health Organization standards. Three-meter walking 

speed, timed get-up-and-go and five chair-stand time were 

registered. Muscle strength was measured with a handgrip 

dynamometer (Hand Dynamometer T-18, Country Technol-

ogy, Inc.), registering the better of two measurements with 

the dominant hand.

Cognitive impairment was defined with the Mini-Mental 

State Examination (MMSE)17 using the score cutoff point 

previously validated in Chile of ,22 and dementia with 

a screening test validated for Chile18 consisting of a score 

of ,22 on the MMSE and a score of .5 in the Pfeffer 

Activities Questionnaire,19 a combination that estimates the 

prevalence, with 94.4% sensitivity (95% CI: 58.9–80.3) and 

83.3% specificity (95% CI: 72.3–90.7).20 Depression was 

assessed with the Geriatric Depression Scale (GDS-15)21 

and defined as having a score of .4.21
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Physical frailty was defined according to Fried’s criteria6: 

weakness, unintentional weight loss, poor endurance, slow-

ness and low physical activity. The operational definitions 

for the five criteria were as follows:

Weight loss
Unintentional loss of at least 5 kg in the previous 6 months.

Poor endurance
Self-report of fatigue/exhaustion from the question of SF-3622 

or a negative answer to the question of GDS-15, feeling 

energetic and in a good mood.21

slowness
Walking speed ,0.8 m/sec ($4 sec) or five chair-stands .9 sec.  

To calculate the cutoff time for five chair-stands, we used 

a gait speed of 0.8 m/sec as gold standard to build receiver 

operating characteristic curve curves and estimate the cut-

off points for chair-stands with the highest sensitivity and 

specificity.

low physical activity
Difficulty walking (low physical activity).

Weakness
Low muscle strength defined with handgrip strength cut-

off points previously determined in a large sample of the 

Chilean older population (#25th percentile: men 27 kg; 

15 kg women).16,23

According to Fried’s definition, people were classified as 

frail when three or more criteria were positive and as pre-frail 

with one or two positive criteria.

The study protocol was approved by the Institutional 

Review Board of the Institute of Nutrition and Food Technol-

ogy of the University of Chile and the Ethical committee of 

the Chilean National Council for Science and Technology 

Research (CONICYT).

Statistical analysis
Continuous variables were expressed as mean ± SD and 

95% CI. Categorical variables were expressed as percentages 

and 95% CI. The difference between genders was calculated 

by a two-sample mean-comparison test or Pearson’s chi-

squared test, depending on the kind of variable. Logistic 

regression models were performed to analyze the associa-

tion between frailty and studied variables (risk factors, age, 

nutritional state, diabetes), adjusted by sex. The Hosmer–

Lemeshow test was used to assess the goodness of fit for 

the estimated models. Kaplan–Meir survival curves and 

probabilities of survival were estimated for frailty and pre-

frailty condition. Cox regression hazard models for mortality 

risk according to frailty and cognitive status adjusted by sex 

and age were developed.

All statistical analyses were performed using STATA 

14 (StataCorp.2015. Stata Statistical Software, Release 14. 

College Station, TX, StataCorp LP).

Results
The characteristics of the sample by sex are displayed in 

Table 1. The final sample consists of 2,098 people (33% 

men) 60 years and older, mean age 68.3 years, similar for 

both men and women. Mean years of education was 7.3 with-

out gender differences. Living alone was more frequent for 

Table 1 Characteristics of the study sample

Men (N=692) Women (N=1,406) Total (N=2,098)

gender, % (95% CI) 33 (30.9–35.1) 67 (65.0–69.1) 100
Age (years), mean ± sD 68.2±6.2 68.4±6.3 68.3±6.3
Min–max 60–97 60–94 60–97
living alone,* % (95% CI) 7.1 (5.0–9.3) 10.2 (8.5–11.9) 9.2 (8.7–11.6)
Years of education, mean (95% CI) 8.0 (6.9–8.1) 7.8 (7.3–8.1) 7.6 (7.3–7.9)
number of chronic diseases,** mean (95% CI) 1.49 (1.41–1.58) 1.94 (1.87–2.01) 1.83 (1.77–1.88)
number of chronic diseases**

0%–1% 56.0 41.1 45.9
2%–3% 39.0 46.3 43.9
$4% 5.1 12.6 10.2

Diabetes, % (95% CI) 23.3 (18.2–28.9) 20.6 (17.2–24.2) 21.4 (18.6–24.4)
hypertension, % (95% CI) 52.0 (48.4–55.6) 57.5 (55.0–59.9) 55.7 (53.6–57.7)
Falls last year,** % (95% CI) 24.4 (21.3–27.4) 35.4 (33.0–37.7) 32.9 (29.9–33.6)
Mild cognitive impairment,* % (95% CI) 21.2 (18.0–24.4) 28.3 (25.9–30.7) 25.9 (24.0–27.9)
Depression,** % (95% CI) 22.8 (19.3–26.2) 32.4 (29.7–35.1) 29.2 (27.1–31.4)

Note: Test Pearson’s chi-squared *P,0.05, **P,0.01.
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women (10.2%) than for men (7.1%). The prevalence of mild 

cognitive impairment (MCI) was higher in women (28.3%) 

than in men (21.2%). A similar situation was observed for 

depression (women 32.4%; men 22.8%) and falling (35.4% 

vs 24.4%, respectively). Women also had a higher number of 

chronic diseases (1.9 vs 1.5) than men, but a similar frequency 

of diabetes and hypertension.

The prevalence of frailty by gender and groups of age 

is depicted in Figure 1. The frequency in the whole sample 

was 13.9%, higher in women (16.4%) than in men (8.7%), 

P,0.01. A twofold increase in the prevalence of frailty in 

both men (16.7%) and women (27.3%) was observed in 

people 80 years old and older.

Regarding frailty phenotype components (Table 2), a 

higher frequency was found for fatigue/exhaustion, which 

was positive in half of the sample and higher in women 

(54.1%) than in men (43.8%). The second was slowness, 

affecting one-third of the sample and also higher in women 

than in men (37.7% vs 22.4%). Low muscle strength was 

identified in 25% of the sample and weight loss in 13% of the 

sample, without differences between men and women either 

in weight loss or muscle strength. The lowest frequency was 

found for low physical activity (11%), which was higher in 

women than in men.

The association of frailty with cognitive impairment 

and gender is shown in Table 3. The strongest association 

was observed for women (P,0.001), among whom 6.9% 

of the frail had dementia and 52% had MCI in comparison 

with 3.1% of dementia and 22% of MCI for nonfrail or 

pre-frail individuals. No differences between nonfrail and 

pre-frail women were observed in the frequency of either 

MCI or dementia.

In men, the frequency of dementia was twice in those with 

frailty (2.4%) than in the nonfrail ones (5.0%) and MCI was 

present in one-third of the frail in comparison with 19% in 

the pre-frail or the nonfrail.

Over a half of the sample (63.8%; 95% CI: 61.7–65.9) 

was identified as having a pre-frailty condition. The respec-

tive figures in men were 61.4% (95% CI: 57.7–65.1) and 

65% (95% CI: 62.5–67.5) in women.

Logistic regression models (Table 4) for frailty adjusted 

for sex and age showed a strong association between frailty 

and MCI (odds ratio [OR] =3.93; 95% CI: 1.41–10.92). When 

depression was included in the model (model 2), besides the 

association with MCI (OR =3.47; 95% CI: 1.24–9.73), an 

important association was found for depression and frailty 

(OR =2.36; 95% CI: 1.82–3.06). The association remains 

significant for both MCI and depression when adding educa-

tion and nutritional state. Underweight, overweight and obe-

sity were not related to greater odds of frailty (model 3).

Reference categories: age ,75 years; education ,8 years; 

normal BMI 20–24.9 kg/m2.

survival
Kaplan–Meier survival estimates by frailty condition are 

shown in Figure 2. The figure depicts a dose effect of the 

frailty condition on survival where the highest survival rate is 

for people with neither frailty nor pre-frailty at baseline, fol-

lowed by people classified as pre-frail at baseline. The lowest 

survival rate was observed for frail people at baseline.

Cox regression hazard model for mortality risk accord-

ing to frailty and cognitive status is shown in Table 5, 

Figure 1 Prevalence of frailty by groups of age and sex. AleXAnDrOs. santiago, 
Chile, n=2,098.
Note: Pearson’s chi-squared (4) =37.8419, P,0.001 between age groups.

Table 2 Frequency of frailty components by sex

Men (N=692) Women (N=1,406) Total (N=2,098)

Unintentional weight loss, % (95% CI) 11.4 (9.0–13.9) 13.8 (12.0–15.6) 13.0 (11.5–14.5)
low muscle strength, % (95% CI) 23.0 (19.8–26.2) 26.0 (23.6–28.3) 25.0 (23.1–26.9)
Fatigue exhaustion,* % (95% CI) 43.8 (40.0–47.6) 54.1 (51.5–56.8) 50.7 (48.6–52.4)
slowness,* % (95% CI) 22.40 (19.2–25.6) 37.70 (35.1–40.3) 32.7 (30.6–34.7)
low physical activity,** % (95% CI) 7.8 (5.7–9.9) 12.7 (10.9–14.4) 11.1 (9.7–12.4)

Note: Test Pearson’s chi-squared *P,0.001, **P=0.001.
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where, after adjustment by age and sex, a higher risk of 

death was observed for people identified as frail (hazard 

ratio [HR] =1.56, P=0.014) and pre-frail (HR =1.30, 

P=0.065). After the addition of MCI and dementia to 

the model, both significant risk factors for death (MCI: 

HR =1.62, P,0.049; dementia: HR =1.96, P=0.004), a 

significant mortality risk associated with frailty persists. 

The addition of education in a third model does not change 

the associations.

Discussion
In this study, we report the prevalence of frailty syndrome in a 

sample of 2,372 Chilean older adults using Fried’s phenotype 

definition.6 We found a total prevalence of 13.9%, much 

higher in women (16.4%) than in men (8.7%), as has been 

shown in almost all studies on frailty. The total prevalence 

was almost double in people 80 years and older (24.3%) 

than in the 60–69-year interval (13.3%). A recent review in 

Latin America and the Caribbean done by Da Mata et al11 

found a wide range of prevalence fluctuating between 7% in 

Peru and 8% in Brazil, to 40% in Havana, Cuba and 42.6% 

in Santiago, Chile – countries with good general health 

indicators. In Chile’s case, the large difference between our 

results and those previously published, even considering 

the fact that half of the sample was the same as the one used 

in previous studies, can be explained by the use of objec-

tive measures for the slowness criteria and cutoff points for 

strength for both men and women, which was calculated 

from a large sample of the older Chilean population – lower 

than those used previously. Similarly, in Cuba, the 10/66 

Dementia Research Group’s (10/66 DRG) study24 found a 

prevalence of frailty of 21% using the physical frailty criteria, 

with gait speed as the indicator of slowness. In Mexico, 

using the same criteria but different operationalization,25 the 

prevalence found in the SABE sample (1999–2000)12 was 

45.5%; in the study based on the Mexican Health and Aging 

Study (2001), the prevalence of frailty was 37.2% and in the 

10/66 DRG study in 2003–2007, the frequency of frailty was 

10.1% in urban Mexico.24 Considering that gait speed alone 

as well as chair-stands have been consistently demonstrated 

as excellent indicators of overall physical performance and 

functional status, the objective measure of this variable 

should be operationalized using one of these tests (walking 

speed or chair-stands).

Table 3 Association of frailty and pre-frailty with MCI and 
dementia by sex

Not Frail, 
N (%)

Pre-Frail, 
N (%)

Frail, 
N (%)

Total, N (%)

Men*
normal 162 (78.3) 326 (76.7) 37 (61.7) 525 (75.9)
MCI 40 (19.3) 83 (19.5) 20 (33.3) 143 (20.7)
Dementia 5 (2.4) 16 (3.8) 3 (5.0) 24 (3.5)
Total, n (%) 207 (100.0) 425 (100.0) 60 (100.0) 692 (100)

Women**
normal 197 (75.5) 679 (74.3) 95 (41.1) 971 (69.1)
MCI 56 (21.4) 207 (22.6) 120 (52.0) 383 (27.2)
Dementia 8 (3.1) 28 (3.1) 16 (6.9) 52 (3.7)
Total, n (%) 261 (100) 914 (100) 231 (100) 1,406 (100)

All**
normal, n (%) 359 (76.7) 1,005 (75.1) 132 (454) 1,496 (71.3)
MCI, n (%) 96 (20.5) 290 (21.7) 140 (48.1) 526 (25.1)
Dementia, n (%) 13 (2.8) 44 (3.3) 19 (6.5) 76 (3.6)
Total, n (%) 468 (100) 1,339 (100) 291 (100) 2,098 (100)

Note: *Pearson’s chi-squared P,0.10, **Pearson’s chi-squared P,0.001.
Abbreviation: MCI, mild cognitive impairment.

Table 4 logistic regression for the association of frailty as dependent variable with MCI, depression and nutritional state, adjusted by 
age, sex and education

Frailty Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

MCI 3.93* (1.41–10.92) 3.47** (1.24–9.73) 2.88** (1.02–8.18)
Age $75 years 1.55* (1.12–2.16) 1.51** (1.07–2.11) 2.23** (1.05–2.08)
Women 1.84*** (1.48–2.27) 1.81*** (1.45–3.06) 1.73*** (1.38–2.16)
Depression 2.36*** (1.82–3.06) 2.27*** (1.74–2.96)
education

8–12 years 1.04 (0.76–1.42)
$13 years 0.98 (0.69–1.39)

Underweight, BMI ,20 kg/m2 3.45 (0.44–27.06)
Overweight, BMI 25–29.9 kg/m2 0.93 (0.71–1.24)
Obesity, BMI $30 kg/m2 1.06 (0.78–1.44)

Note: *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: MCI, mild cognitive impairment; BMI, body mass index; Or, odds ratio.
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Using the same index, our results (13.9%) are similar to 

the frequencies reported for people 60 years old and older 

in European participants in the Study, Health, Aging and 

Retirement in Europe,26 where 8.6% in men and 16.4% in 

women yielded a total prevalence of 12.9%.27 In the last 

wave of the same study (2012), the prevalence of frailty in 

people 50 years old and older fluctuated between 0.79% in 

Germany and 15.6% in Spain28 higher than ours.

We found a strong association of frailty with cognitive 

performance and depression, demonstrating that although 

not included as a criterion, mental health is also involved in 

the frailty phenotype. These results are in agreement with a 

recent review29 supporting the link between frailty and cogni-

tive status and the association between frailty and symptoms 

of depression found in Italian community-dwelling older 

adults30 and in the Women Health Initiative study.31

Similar to the Rockwood results,8 the Kaplan–Meier 

survival curves show the lowest survival for frail people 

and the highest for robust people, with pre-frail in between. 

With regard to mortality risk, Cox regression hazard analysis 

confirms the high risk of death associated with frailty,9,24 

with cognitive impairment and dementia as important con-

tributors to a higher risk of death.

The strength of this study is its number of subjects, the 

objective measurement of slowness and weakness and its 

longitudinal character. The weakness of the study is the dif-

ficulty in measuring low physical activity, as Fried defined 

it, in population studies.

Conclusion
Frailty and pre-frailty are highly prevalent and strongly 

associated with cognitive impairment and depression in 

older Chileans. At follow-up, an increasing risk of death 

associated with frailty was observed. The phenotype model 

was demonstrated to predict mortality at 10 years in the 

older Chilean population. The risk of death was higher for 

frail people but underlying cognitive status is probably a 

component of lower survival.

The frequency observed for pre-frailty, if added to 

the frequency of frailty, adds up to over 60% of the older 

population. This is a reason for concern if we keep in mind 

the wide frailty spectrum, which goes from increased vul-

nerability and start of decline to clinical frailty, disability 

and dependence3 with the consequent increasing health 

care needs and costs.4 Thus, prevention, early detection 

and treatment are compulsory for the health team in general 

practice.32,33

The abstract of this paper was presented at the 8th Inter-

national Conference on Cachexia, Sarcopenia and Muscle 

Wasting held in Paris, France, December 4–6, 2015, as an 

abstract with interim findings. The abstract was published in 

Journal of Cachexia, Sarcopenia and Muscle, 2015, volume 

6, issue 4.
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Figure 2 Kaplan–Meier survival estimates according to frailty condition.
Notes: log-rank test for equality of survivor functions; chi-squared P=0.0185.

Table 5 Cox regression hazard model for mortality risk according to frailty and cognitive status adjusted by age, sex and education, 
n=1,946

Model 1
HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Pre-frail 1.30* (0.98–1.71) 1.32* (0.99–1.76) 1.40* (0.98–2.16)
Frail 1.56** (1.10–2.23) 1.47** (1.01–2.14) 1.45** (1.04–1.90)
$75 years 4.34*** (3.53–5.34) 4.09*** (3.29–5.10) 4.33*** (3.45–5.44)

Women 0.55*** (0.49–0.68) 0.54*** (0.44–0.67) 0.55*** (0.43–0.68)
MCI 1.62** (1.01–2.61) 1.58* (0.97–2.59)
Dementia 1.96*** (1.233–0.11) 2.04*** (1.27–3.24)
education ,8 years 1.42 (0.989–2.06)

Notes: *P,0.10, **P,0.05, ***P,0.01. reference categories: age ,75 years; education $8 years.
Abbreviations: hr, hazard ratio; MCI, mild cognitive impairment.
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