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INTRODUCTION 
Between 2000 and 2050 those aged >60 years will increase from 
600,000 to 2 billon, 22% of the global population; four-fi fths of 
these older adults will live in Asia, Africa and Latin America.[1] 
Population aging compounds the current epidemic of chronic 
non-communicable diseases (NCD) and explains most of the 
disease burden suffered in these regions.[2,3] In 2005, there 
were 58.3 million deaths worldwide; more than half (30.6 million) 
were of persons aged ≥60 years; 60% (35 million) were related to 
NCDs, and 80% occurred in low- and middle-income countries.[4]

Furthermore, with rapid population aging, dependency—defi ned 
as the need for human help or frequent care beyond that required 
by a healthy adult—[5] acquires important social, economic and 
public health implications. By 2050, the number of dependent old-
er adults will quadruple, while the number of dependent minors 
will remain steady.[5] Arthritis, dementia, stroke and depression 
(affecting the brain and mental health) are the main contributors 
to disability and dependency in older adults.[6,7] Such conditions 
receive lower priority than cardiovascular diseases and cancer, 
which have a higher impact on mortality.[8] Yet, in aging societ-
ies, a key challenge for public health and science is not only to 
“add years to life,” but also to improve quality of life and “add life 
to years.”[1] 

As defi ned by Fried, frailty is a clinical syndrome stemming from an 
age-related decrease in muscle mass (sarcopenia) and progres-

sive deregulation of biologic systems, and defi ned by presence 
of at least three of the following: exhaustion, unintentional weight 
loss, weakness, slow walking speed and low physical activity.[9] 
Other authors also include cognitive, behavioral or sensorial dis-
orders.[10,11] Assessment of frailty has important applications in 
clinical practice (for risk stratifi cation and both primary and sec-
ondary prevention) and in public health (for monitoring progress in 
improvement of population health indicators and for healthy aging). 

In 2012, the Cuban population was 11,163,934; 18.3% were aged 
≥60 years and life expectancy at birth was 78 years (76 for men 
and 80 for women). Life expectancy at 60 was 22.1 additional 
years, and at 80, 8.8 more years.[12] This supposes an increase 
in prevalence of frailty, older-adult dependency and diseases 
associated with aging; hence, reducing frailty, dependency, and 
aging-related disease morbidity and mortality is a challenge for 
the national health system. 

This study is part of the 10/66 research program, a door-to-door 
population study conducted with a sample of 21,000 persons 
aged ≥65 years in 11 countries: 7 in Latin America (Brazil, Cuba, 
Mexico, Peru, Puerto Rico, the Dominican Republic and Venezu-
ela), 2 in Asia (China and India) and 2 in Africa (Nigeria and South 
Africa).[13,14]

The main objectives of our study were to assess prevalence of 
frailty and its associated risk factors, to determine incidence of 
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INTRODUCTION Population aging translates into more people with 
chronic non-communicable diseases, disability, frailty and depen-
dency. The study of frailty—a clinical syndrome associated with an 
increased risk of falls, disability, hospitalization, institutionalization 
and death—is important to improve clinical practice and population 
health indicators. 

OBJECTIVES In a cohort of older adults in Havana and Matanzas 
provinces, Cuba, estimate prevalence of frailty and its risk factors; 
determine incidence of dependency; estimate mortality risk and iden-
tify mortality predictors. 

METHODS A prospective longitudinal study was conducted door to 
door, from June 2003 through July 2011, in a cohort of 2813 adults 
aged ≥65 years living in selected municipalities of Havana and 
Matanzas provinces; mean followup time was 4.1 years. Independent 
variables included demographics, behavioral risk factors and socio-
economic indicators, chronic non-communicable diseases (hyper-
tension, stroke, dementia, depression, diabetes, anemia), number 
of comorbidities, and APOE ε4 genotype. Dependent variables were 
frailty, dependency and mortality. Criteria for frailty were slow walk-
ing speed, exhaustion, weight loss, low physical activity and cognitive 
decline. Prevalence and frailty risk were estimated by Poisson regres-
sion, while dependency and mortality risks and their predictors were 
determined using Cox regression. 

RESULTS Frailty syndrome prevalence was 21.6% (CI 17.9%–23.8%) 
at baseline; it was positively associated with advanced age, anemia 
and presence of comorbidities (stroke, dementia, depression, three or 
more physically debilitating diseases). Male sex, higher educational 
level, married or partnered status, and more household amenities 
were inversely associated with frailty prevalence. 

In followup, dependency incidence was 33.1 per 1000 person-
years (CI 29.1–37.6) and mortality was 55.1 per 1000 person-years. 
Advanced age, male sex, lower occupational status during produc-
tive years, dependency, frailty, dementia, depression, cerebrovas-
cular disease and diabetes were all associated with higher risk of 
death. 

CONCLUSIONS Given the challenge for developing countries pre-
sented by demographic and epidemiologic transition; the high prev-
alence in older adults of frailty syndrome, dependency and chronic 
non-communicable diseases; and the association of all these with 
higher mortality, attention should be targeted to older adults as a risk 
group. This should include greater social protection, age-appropriate 
health services, and modifi cation and control of cardiovascular risk 
factors. 
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dependency, and to identify mortality risk and predictors in a pop-
ulation of adults aged ≥65 years living in Havana and Matanzas 
provinces, Cuba, from June 2003 through July 2011. 

METHODS 
Study design In Cuba, the 10/66 study involved a cohort of adults 
aged ≥65 years in selected areas of Havana and Matanzas prov-
inces. It was conducted in two distinct phases: a door-to-door 
baseline prevalence study, conducted June 2003–May 2007; and 
a prospective longitudinal incidence study of the same population, 
June 2008–July 2011 (Figure 1). The full protocol is published 
elsewhere.[13,14]

Study population and sample recruitment The universe con-
sisted of all adults aged ≥65 years residing in selected municipal-
ities of Havana and Matanzas provinces in January 2003. Cluster 
sampling was used, with units for each cluster selected by simple 
random sampling without replacement. 

In the prevalence phase, initial sample size was 3015; 2944 
participants were interviewed and examined, a response rate 
of 97.6%. This included 2100 interviews in Havana of persons 
served by seven community polyclinics: 19 de Abril (Plaza muni-
cipality), Ana Betancourt (Playa), Cristóbal Labra (La Lisa), 27 de 
Noviembre, Ramón González Coro and José M. Portuondo (all 
in Marianao), and 14 de Junio (10 de Octubre). In addition, 915 
interviews were conducted at the Milanés Polyclinic in Matanzas 
(city in the province of same name). 

The sample was selected from neighborhood family doctor-and-
nurse offi ces (CMF, the Spanish acronym) located <500 m from 
the polyclinic to which they reported. Households were selected 
from CMF family health records. All were visited and a popula-

tion census and map were prepared for each territory. All selected 
individuals ≥65 years old were listed. 

Prevalence study Of the participants interviewed at baseline, 131 
were not available to continue due to logistical diffi culties (loss of 
the investigator at González Coro Polyclinic), leaving 2813 eligible. 
Of these, 2339 (83.1%) had all data needed for frailty diagnosis.

Incidence study This was conducted from June 2008 through 
July 2011 (mean followup time 4.1 years). The cohort for analy-
sis of dependency incidence was formed by all older adults who 
needed no special care at baseline, a total of 2225. Of these, 
1662 (74.7%) were alive and re-interviewed at the end of the 
study (Figure 1). 

Instruments The protocol was based on the 10/66 question-
naire;[13] it included a structured participant interview on socio-
demographic characteristics, health status, behavioral and other 
risk factors; a physical and neurologic exam; and interview of a 
reliable informant. All materials, questionnaires and evaluations 
used came from the 10/66 study, previously translated from Eng-
lish to Spanish by two bilingual translators (one a clinician know-
ledgeable on the study topics), back-translated to verify accuracy, 
and then applied to a sample of 120 Cuban subjects. The fi nal 
version was discussed by the study coordinating committee. In 
addition, a procedures manual and training video were prepared 
for the physical and neurologic exams. The principal investiga-
tor provided a week of intense training in uses and application of 
10/66 instruments. Trained medical specialists applied these and 
conducted interviews in participants’ homes, sessions lasting 2–3 
hours on average. 

Protocols used for interviews and assessments were the same in 
the longitudinal phase of the study as at baseline. Quality control 
procedures included repetition of 5% of interviews by a specialist 
from the research team.

Variables 
Sociodemographic characteristics
• Age in years (confi rmed by an informant and identity card), sex, 

marital status (never married, married or partnered, widowed, 
divorced; later dichotomized into single and married/partnered), 
living situation (alone or with someone), education (illiterate, 
some primary school, primary school completed, high school 
completed, university completed). 

• Socioeconomic status: highest occupational status achieved 
(self and spouse), current occupation, income and sources of 
income, household conditions and amenities (TV, refrigera-
tor, potable water, indoor plumbing, electricity, telephone, car; 
analyzed by number of amenities). Highest occupational status 
achieved was assessed by asking, What is the best (highest 
occupational status) job you have held? Answers were coded in 
four categories, covering 11 occupational groups: professional 
(managerial, professional, paraprofessional); clerical or middle-
level technical (skilled service workers, middle-level techni-
cians, non-university-graduate teachers); skilled work (e.g., 
construction workers, electricians); unskilled work (e.g., farm-
ers, skilled workers’ assistants, other unskilled occupations). 

Behavioral risk factors
• Smoking status included smoker, ex-smoker and nonsmoker. 

Smokers and ex-smokers were asked about type of tobacco 
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used (cigarette, cigar, pipe, chewing tobacco, snuff), average 
number of units per day, age at smoking initiation and, if appli-
cable, age at cessation. 

• Alcohol use questions covered maximum number of units per 
week before and after age 65 years. The threshold for alcoholic 
dependence was set at 14 units per week for women and 21 for 
men. Two units each were assigned to a glass of beer (250 mL), 
shot of rum (22 mL) or glass of wine (175 mL), and 32 units to a 
bottle (1000 mL) of spirits (such as rum or whisky). In addition, 
participants were asked, Do you remember any period in your 
life in which alcohol consumption was a problem for you? Did 
you ever get treatment or help for problems with alcoholism? 
The fi nal judgment of the interviewer was based on responses 
from the participant and reliable informant about the possibility 
of alcohol problems, both before and after age 65 years.

Health conditions 
• Self report of NCDs based on a structured questionnaire that 

included questions such as: Have you ever been told by a doc-
tor that you had cerebral vascular disease/heart attack/angina/
diabetes?[13] as well as a description of the episodes.

• Medical documentation of current medications and the follow-
ing diagnoses: stroke, diabetes, hypertension, heart disease, 
hypercholesterolemia, tuberculosis, malaria or cysticercosis. 

• Diabetes mellitus diagnosis was made in two ways: self report 
that diabetes had been diagnosed by a physician (Were you 
ever told by a physician that you had diabetes? When? Did you 
start treatment? Are you still under treatment?) and/or fasting 
blood glucose ≥7 mmol/L, confi rmed on two different days.[15] 

• Hypertension diagnosis was made in two ways: self report (Were 
you ever told by a physician that you had high blood pressure? 
When? Did you start treatment? Are you still under treatment?) 
and/or by direct measurement of blood pressure. Mean systolic 
and diastolic blood pressure were measured twice, seated and 
standing. Systolic blood pressure ≥140 mm Hg and/or diastol-
ic pressure of ≥90 mm Hg were considered hypertension, per 
guidelines of the European Society of Hypertension[16] and the 
US Joint National Committee on Prevention, Detection, Evalua-
tion and Treatment of High Blood Pressure.[17] 

• Dementia was diagnosed using the 10/66 criteria and diagnos-
tic algorithm, transculturally validated in 26 countries, includ-
ing Cuba.[13,18] This includes a structured clinical interview, 
the Geriatric Mental State, and its computerized algorithm 
(AGECAT);[19] a battery of cognitive tests from the Communi-
ty Screening Interview for Dementia (CSI-D) COGSCORE;[20] 

the verbal fl uency and 10-word delayed recall task from the 
Consortium to Establish a Registry for Alzheimer’s Disease 
(CERAD);[21] a reliable-informant interview; the CSI-D REL-
SCORE to verify cognitive and functional decline;[20] and 
additional information about dementia onset and evolution, as 
provided by 10/66 for diagnosis of dementia and its subtypes, 
history and etiology,[22] permitting dementia assessment per 
DSM-IV criteria.[23] 

• Stroke diagnosis was based on WHO’s defi nition[24] and 
achieved through application of NEUROEX, a structured exam 
involving objective, quantitative measurement of focal signs, 
parkinsonism, ataxia, apraxia, and primitive refl exes.[25,26] 
The exam focuses on stroke symptoms and signs using the 
NIH scale.[27] 

• Depression was classifi ed as mild, moderate or severe per 
ICD-10, using the computerized algorithm applied to the Geri-
atric Mental State structured clinical interview.[19] 

Frailty Four of Fried’s fi ve criteria were used to defi ne frailty: 
exhaustion, weight loss, slowed walking speed, and low physical 
activity, omitting the fi fth (decrease of 20% in grip strength meas-
ured with a dynamometer).[9] Instead, cognitive deterioration was 
added. Frailty was defi ned by meeting ≥3 of the following criteria: 
• Exhaustion: using question 48.1 of the Geriatric Mental State 

interview, participants reporting weakness or general tired-
ness.[19]

• Weight loss: Using question 53.1 of the Geriatric Mental State 
interview, participants reporting weight loss of ≥10 lb (4.5 kg) in 
the previous three months.[19]

• Slow walking speed: The time required for walking a distance 
of 5 meters and returning to starting point was measured; par-
ticipants needing ≥16 seconds to complete this task were con-
sidered slow paced. 

• Low physical activity: Self-reported inactivity when participants 
were asked: Considering the time that you spend working and 
exercising, as well as your free time; do you consider yourself 
physically very active, relatively active or inactive? 

• Cognitive deterioration was assessed with the cognitive section 
of CSI-D (see dementia above).[20] The frailty cutoff was set at 
29.5 points to include older adults with minimal cognitive deteri-
oration and dementia.[13]

 
Dependency This was assessed with a semistructured interview 
of a reliable informant[28] and use of the following instruments 
to estimate time spent helping the older adult perform activities 
of daily living: Gilleard’s scale of caregiver time[29] and Davis’ 
caregiver activity questionnaire.[30] Older adults were classifi ed 
in three groups: those needing full-time care, those needing part-
time care and those who manage without assistance. Two groups 
were created with this variable—dependent and independent.[28]

Laboratory exams Blood samples from 2520 participants were 
tested for hemoglobin, haematocrit, mean cell hemoglobin, fast-
ing blood glucose and lipid profi le at the National Medical Genetics 
Center, Havana. In addition, cell DNA was extracted and APOE ε4 
genotype determined by PCR, following the standard protocol for 
determination of the alipoprotein E genotype and identifi cation of 
the three alleles APOE ε2, APOE ε3 and APOE ε4.[31] 

Data processing and analysis Personal data and questionnaire 
responses were directly entered on laptops using Epidata v. 2.0; 
data were subsequently exported to SPSS and fi nally to Stata v. 
9.2 (StataCorp, USA) for processing. 

For the incidence study, baseline data from the prevalence study 
were compared to those from older adults who were re-interviewed, 
died or were lost to followup (chi square and Student t test 
were used to analyze categorical and continuous variables, 
respectively). Poisson regression was used to describe frailty 
prevalence and associated risks (crude and adjusted prevalence 
rates). Person-years at risk for dependency were calculated using 
the interval between baseline study and followup assessment 
and the interval midpoint was used for persons who developed 
dependency. The Poisson distribution was also used to estimate 
prevalence and incidence rate ratios (IRR) of associations with 
dependency and to estimate crude mortality per 1000 person-
years. Cox proportional hazards model was used to estimate the 
hazard ratio (HR) and effect on mortality of age, sex, education, 
occupational status and number of household amenities, as well 
as dependency, frailty, and various NCDs. Missing values for 
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each variable were recorded; 95% 
confi dence intervals were calculated 
for proportions, rates and ratios.

Ethics Written informed consent 
was obtained from participants or, 
if necessary, from their caregivers. 
All data were kept confi dential. The 
study protocol was approved by the 
Medical University of Havana’s ethics 
committee.

RESULTS 
Sociodemographic characteristics, 
health status and behavioral risk 
factors Table 1 summarizes the 
main characteristics of older-adult 
participants in the prevalence and 
incidence studies, the latter stratifi ed 
by status at followup. 

Mean population age at baseline 
was 74 years; 25.4% were ≥80 
years old, 64.7% were women, 
and 75.1% had completed primary 
school or higher educational lev-
els. A total of 8.9% lived alone. At 
the time of the study, 19.2% were 
smokers and 3.6% were classifi ed 
as alcohol dependent. Hyperten-
sion prevalence was 72.8%; 7.8% 
had been diagnosed with stroke 
and 18.4% with diabetes. Among 
those interviewed, including those 
without cardiovascular disease, 
80% had at least one cardiovascu-
lar risk factor (smoking, hyperten-
sion, diabetes, obesity).

A total of 2813 older adults were 
included in the followup incidence 
study, of whom 1662 (71.3%) were 
re-interviewed at study end; 608 
(21.6%) were deceased and 198 (7%) refused to participate or 
were lost to followup. No signifi cant differences were found in 
variable prevalences between older adults in the baseline study 
and those interviewed for followup. Some differences were 
found, however, between the baseline sample and deceased 
individuals, who were older and had less education. Women 
predominated throughout (Table 1). 

Frailty prevalence Table 2 summarizes frailty prevalence and 
adjusted prevalence ratios for selected variables. Baseline preva-
lence was 21.6% (CI 17.9%–23.8%), increasing with age, from 
13.3% in group aged 65–69 years (CI 11.6–15.8) to 32.9% in the 
group aged ≥80 years (CI 29.9 –35.5). Frailty was more frequent 
in women (25.8%) than in men (14.2%), with a female:male preva-
lence ratio of 1.82; the ratio was ≥2 in the younger age groups but 
approached unity in the group aged ≥80 years (Table 2). 

Prevalence of frailty was lower in older adults with higher educa-
tion, with a ratio of 0.54 (CI 0.30–0.96) for university graduates. 

To be married or partnered was also associated with lower frailty 
prevalence, with a ratio of 0.93 (CI 0.81–0.98). An inverse rela-
tionship was observed between frailty and number of household 
amenities, with a prevalence ratio of 0.79 (CI 0.62–0.89) for 6–7 
amenities. 

Presence of more comorbidities was associated with increased 
frailty prevalence, the risk 4.41 times greater in older adults with 
≥3 comorbidities. Anemia emerged as a risk factor, with a preva-
lence ratio of 1.64 (CI 1.23–2.20) versus those with normal hemo-
globin. No association was found between APOE ε4 genotype 
and frailty; the prevalence ratio for APOE ε4-homozygous individ-
uals was 1.07 (CI 0.81–1.42).

Dependency incidence, mortality and predictive factors for 
mortality Of the 1662 older adults re-interviewed at the end of 
the study, 233 (14%) had developed dependency. Incidence of 
dependency was of 33.1 per 1000 person-years (CI 29.1–37.6). 
The mortality rate was 55.1 per 1000 person-years (CI 51.8–

Table 1: Demographic, socioeconomic and risk factor characteristics in study sample

Prevalence study
N = 2944 

n (%)

Incidence study N = 2813
Reinterviewed 

N = 2007 
n (%)

Deceased
N = 608 
n (%)

Lost to followup
N = 198 
n (%)

p 
Value

Sex 
0.005Female 1904 (64.7) 1332 (66.4) 365 (60.0) 139 (70.2)

Male 1040 (35.3) 675 (33.6) 243 (40.0) 59 (29.8)
Age group (years)

<0.001

65–69 760 (25.8) 607 (30.2) 59 (9.7) 49 (24.7)
70–74 789 (26.8) 578 (28.8) 114 (18.8) 55 (27.8)
75–79 639 (21.7) 435 (21.7) 137 (22.5) 46 (23.2)
 ≥80   749 (25.4) 381 (19.0) 297 (48.8) 48 (24.2)
Missing data 7 (0.2) 6 (0.3) 1 (0.2) 0 (0.0)
Education completed

<0.001

Illiterate 75 (2.5) 42 (2.1) 26 (4.3) 5 (2.5)
<6 grades 655 (22.2) 422 (21.0) 166 (27.3) 31 (15.7)
Primary school 979 (33.3) 651 (32.6) 222 (36.5) 64 (32.3)
High school 728 (24.8) 540 (26.9) 109 (17.9) 56 (28.3)
University 499 (16.9) 348 (17.3) 81 (13.3) 42 (21.2)
Missing data 8 (0.3) 4 (0.2) 4 (0.7) 0 (0.0)
Marital status

0.963

Married/partnered 1271 (43.2) 903 (45.) 216 (35.5) 80 (40.4)
Widowed 928 (31.6) 586 (29.2) 239 (39.3) 71 (35.9)
Separated/divorced 462 (15.7) 334 (16.6) 78 (12.8) 36 (18.2)
Single 275 (9.4) 180 (9.0) 71 (11.7) 11 (5.6)
Missing data 8 (0.3) 4 (0.2) 4 (0.7) 0 (0.0)
Living alone 261 (8.9) 174 (8.7) 53   (8.7) 23 (11.6) 0.597
Household amenities 

0.730
   0–3     78 (2.6) 47 (2.3) 20 (3.3)  10 (5.1)
   4–5 951 (32.3) 630 (31.4)   232 (38.2) 45 (22.7)
   6–7 1891 (64.2) 1323 (65.9) 355 (58.4) 143 (72.2)
Missing data 24 (0.8) 7 (0.3) 1 (0.2) 0 (0.0)
Current smoking 563 (19.2) 369 (18.4) 136 (22.4) 37 (18.7) 0.218Missing data 9 (0.3)
Alcohol dependence 105 (3.6) 66 (3.3) 31 (5.1) 6 (3.0) 0.484Missing data 17 (0.6)
Hypertension 2144 (72.8)  1488 (74.1) 448 (73.7)  154 (77.8) 0.661Missing data 4 (0.1)
Stroke 230 (7.8) 113 (5.6) 88 (14.5) 15 (7.6) 0.751Missing data 6 (0.2)
Diabetes 543 (18.4) 354 (17.6) 129 (21.2) 36 (18.2) 0.586
Missing data 16 (0.5)
Percentages may not sum to exactly 100 due to rounding.
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60.7), higher in men than in women; it doubled every 5 years, 
from 19.7 per 1000 person-years in the group aged 65–69 years 
to 120.2 per 1000 person-years in those aged ≥80 years (data 
not shown). 

Table 3 summarizes mortality predictors corrected for age, sex 
and education, using Cox regression analysis. Advanced age, 
male sex and lower occupational status were all associated with 
greater mortality risk. Higher education attained and greater 
numbers of amenities at home were associated with lower risk 
of death. 

The hazard ratio for increasing age by 5-year age group was 1.61 
(CI 1.53–1.70); meaning that the risk of death increases 1.6 times 
every 5 years. After adjusting for age, sex and education, depend-
ency (HR 3.14; CI 2.72–3.55) and frailty (HR 4.22; CI 3.43–8.27) 
were additional risk factors for mortality. Dementia also predicted 

mortality (HR 3.2; CI 2.61–3.92), as did depression (HR 1.84; 
CI 1.55–2.31), cerebrovascular diseases (HR 1.86; CI 1.64–
2.12) and diabetes (HR 1.47; CI 1.32–1.67). 

DISCUSSION 
This is one of the fi rst and most extensive studies conducted 
in Cuba on frailty prevalence and its effect on dependency 
incidence and mortality in older adults, as well as its associ-
ated risk factors. 

The frailty prevalence we observed was high, but lying 
between the highest rates reported for Cuba (42%–51%), 
generally local fi ndings with small sample sizes, based on 
self report;[32–34] and those found by Fried in Caucasian 
and African-American study populations in the USA (7% and 
12%, respectively).[9] 

Strawbridge in the US reported frailty prevalence closer to 
ours, questioning 574 older adults about 16 variables in four 
functional domains: physical, nutritional, cognitive and sensory 
(visual and auditory). Participants were classifi ed as frail if they 
reported problems in ≥2 domains; 26.1% were found frail.[10] 

A fi ve-city study of frail men and women’s social conditions 
and health from PAHO’s Study of Health, Wellbeing and Aging, 
using Fried’s criteria, reported frailty prevalence of 39% in adults 
aged ≥60 years in Havana, and corresponding prevalence in 
Bridgetown, Barbados of 26.7%; Mexico City, 39.5%; Sao Paulo, 
Brazil, 40.6%; and Santiago, Chile 42.6%.[35]

In this study, we evaluated the frailty indicators most frequently 
used, allowing for comparison with other research in developed 
and developing countries. It could be considered a limitation that 
we did not use Fried’s grip-strength criterion,[36] but in other 
longitudinal studies, association between grip strength and 
adverse health effects was attenuated when adjusted for other 
frailty indicators and potential confounders.[37–39] In a longitud-
inal community-based study of 751 adults aged ≥70 years, slow 
walking speed, low physical activity, weight loss, and cognitive 
decline were strongly associated with a diagnosis of frailty, but 

Table 2: Frailty prevalence and risk factors (n = 2813)

Risk factor Prevalence
n (%)

Association with frailty
Prevalence of frailty 

in exposed %
(CI)

Adjusted 
prevalencea

(CI)
Age group (years)a  n = 2339
65–69 655 (28.0) 13.3 (11.6–15.8) 1.00 (ref)
70–74 658 (28.1) 19.8 (16.8–21.5) 1.43 (1.07–1.91)
75–79 520 (22.2) 22.5 (19.4–25.5) 1.73 (1.30–2.32)
≥80 506 (21.6) 32.9 (29.9–35.5) 2.72 (2.08–3.55)
Sexb n = 2345
Female 1508 (64.3) 25.8 (22.8–28.1) 1.00 (ref)
Male 837 (35.7) 14.2 (12.7–17.3) 0.52 (0.42–0.65)
Education completedc  n = 2340
Illiterate   50  (2.1) 28.0 (24.1–31.3) 1.00 (ref)
<6 grades 497 (21.2) 23.9 (21.3–25.6) 0.85 (0.49–1.48)
Primary school 778 (33.3) 21.9 (18.7–23.9) 0.78 (0.45–1.35)
High school 607 (25.9) 17.1 (15.1–20.8) 0.61 (0.35–1.06)
University 408 (17.4) 15.2 (12.9–20.1) 0.54 (0.30–0.96)
Marital statusd n = 2339
Single  1295 (55.4) 22.7 (19.9–24.3) 1.00 (ref.)
Married/partnered 1044  (44.6) 16.9 (14.8–19.1) 0.93 (0.81–0.98)
Household amenitiesd  n = 2338
0–3 58 (2.6) 24.0 (19.9–26.0) 1.00 (ref.)
4–5 762 (32.6) 22.4(18.2–27.6) 0.95 (0.87– 0.99)
6–7 1 518 (64.8) 17.9 (15.6–22.3) 0.79 (0.62 – 0.89)
Comorbiditiesd,e n = 2345
0 1914 (81.6) 15.1 (13.9–17.2) 1.00 (ref.)
1 377 (16.1) 39.3 (34.6–45.4) 2.60 (2.13–5.17)
2 51 (2.2) 60.8 (52.5–66.8) 4.02 (2.78–5.83)
≥3 3 (0.1) 66.7 (51.6–82.3) 4.41 (1.10–17.73)
Anemiad,f n = 1543
No 1302  (84.4)  15.1 (13.2–17.6) 1.00 (ref.)
Yes 241  (15.6) 24.9 (20.3–28.1) 1.64 (1.23–2.20)
APOE ε4 allele (#) n = 2520
0 2104 (83.5) 19.92 (17.4–21.6) 1.00 (ref.)
1 or 2 416 (16.5) 19.51 (15.6–23.2) 1.07 (0.81–1.42)
aAdjusted for sex and education 
bAdjusted for age and education  
cAdjusted for age and sex
dAdjusted for age, sex and education
eComorbidity (stroke/dementia/ depression/limiting physical conditions conditions)
fAnemia (women: hemoglobin <12 g/100 mL, men: hemoglobin <13 g/100 mL)

Table 3: Mortality predictors in Cuban adults aged ≥65 years, 
adjusted for age, sex and education by Cox regression 
(n = 2813)

Risk factor Hazard ratio 95% Confi dence 
interval 

Age (per 5-year increment)a 1.61 1.53–1.70
Sex (male vs. female)b 1.46 1.24–1.72
Education (per level)c 0.91 0.84–0.99
Occupation (per level) 1.09 1.02–1.18
Household amenities (#) 0.88 0.81–0.95
Condition
Frailty 4.22  3.43–8.27
Dependency 3.14 2.72–3.55
Chronic diseases
Dementia 3.20 2.61–3.92
Depression 1.84 1.55–2.31
Cerebrovascular diseases 1.86 1.64–2.12
Diabetes 1.47 1.32–1.67
aAdjusted for sex and education 
bAdjusted for age and education
cAdjusted for age and sex
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self-reported exhaustion and muscular weakness measured with 
a dynamometer did not perform as well as indicators. The authors 
therefore stressed the limited value of the latter criteria.[38]

We detected an association between frailty and aging, female 
sex, lower educational level, lack of spouse/partner, as well as 
with the presence of anemia and comorbidities. Similar results 
regarding sex, age, and educational level were communicated in 
the SABE study.[35]

In the 12-country Survey of Health and Retirement in Europe 
(SHARE), at the study’s conclusion individuals fulfi lling Fried’s 
frailty criteria had 5 times greater risk of death than did nonfrail 
older adults.[40] Two studies in China also showed a prospective 
association between frailty indices and mortality.[41,42]

Frailty and dependency were the main factors predicting mortality 
in our cohort. A high proportion of older adults identifi ed as frail 
and dependent in the baseline study also suffered from dementia, 
the NCD with the strongest association with mortality: risk of dying 
was three times greater in these individuals. Cancer, the fi rst 
cause of death in Cuba,[12] was not included in this study, which 
constitutes a limitation, although other main causes of death were 
included. 

Alzheimer disease is the sixth cause of death in the USA; one of 
every three persons aged ≥65 years dies from this disease or from 
another dementia. Even though a signifi cant decrease has been 
registered in mortality from cardiovascular diseases and stroke, 
a 68% increase in Alzheimer cases was reported from 2000 to 
2010.[43] The situation in Cuba is similar; the 2012 crude mortal-
ity rate for Alzheimer and dementia was 32.3 per 100,000 popu-
lation,[12] but we consider Alzheimer is likely under-reported in 
autopsies and on death certifi cates.

Another limitation of this study is that the sample of older adults 
was restricted to two localities and thus, conclusions cannot be 

generalized to all of Cuba. However, the strategy of surveying 
simultaneously the whole population of a selected area increases 
response rate and facilitates longitudinal monitoring. The use of a 
standardized questionnaire, applied by specialized personnel, is 
an additional strength of the study. Also, the prospective research 
design reduces information bias, and there is the added benefi t of 
providing criteria for diagnosing frailty in older adults applicable in 
community clinical settings. 

Our fi ndings are important for guiding improvements in control and 
treatment of NCDs, including dementia, and for informing provision 
of intensive, individualized, followup for dependent and frail older 
adults, which may reduce mortality in this age group. These results 
also suggest that education has a protective effect for mortality, 
which suggests a future advantage to Cubans who have benefi t-
ted from access to free education. Nevertheless, there are other 
environmental and socioeconomic variables that require assess-
ment as potential predictors of mortality in older adults. 

Our fi ndings are important to orient more effective strategies for 
NCD prevention, control and treatment, including dementias and 
management of frail and dependent older adults at the primary 
care level—leading to decreased mortality. They also suggest 
higher educational level as a protective factor that could positively 
infl uence future Cuban generations. However, other contextual 
factors and social determinants over the life course should be 
taken into account in studies of advanced-age mortality. 

CONCLUSIONS 
Given the challenge for developing countries presented by 
demographic and epidemiologic transition; the high prevalence 
in older adults of frailty syndrome, dependency and chronic non-
communicable diseases; and the association of all these with 
higher mortality, attention should be targeted to older adults as 
a risk group. This should include greater social protection, age-
appropriate health services, and modifi cation and control of 
cardiovascular risk factors. 
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