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Abstract
Background: Frailty is considered one of the major conditions faced by ageing societies. Little has been 
reported about the transitions between the different frailty states in developing countries. Objective: 
This study aimed to identify the factors associated with transitions between frailty states between 2006 
and 2010 among older adults in Brazil. Method: The present investigation is part of the SABE study 
(Health, Well-being and Ageing). Frailty state was classified according to the Fried’s criteria (nonfrail, 
prefrail, and frail). The final study sample was composed of 1,399 individuals representing 1,019,243 older 
adults in the city of Sao Paulo, Brazil. Multiple logistic regression was used to identify factors associated 
with changes in frailty states. Results: Women were more likely to present a decline in frailty states. In 
the prefrail-to-nonfrail model, level of education was the most strongly associated factor. Advanced age 
and difficulty in performing at least one basic activity of daily living reduced in 9 and 64% the risk of 
becoming nonfrail, respectively. Conclusion: Addressing the factors associated with transition between 
frailty states among older adults is essential. Adequate interventions are important to reduce vulnerability 
and improve the health and well-being of older persons. 
Keywords: ageing; frailty; transitions; risk factors; Brazil.

Resumo
Introdução: A fragilidade é considerada uma das principais condições enfrentadas pelas sociedades 
que envelhecem. Poucos estudos têm explorado as transições entre os diferentes estados de fragilidade 
nos países em desenvolvimento. Objetivo: Identificar os fatores associados às transições de estado de 
fragilidade dos idosos no Brasil no período entre 2006 e 2010. Método: A presente investigação é parte 
do estudo SABE (Saúde, Bem-Estar e Envelhecimento). O estado de fragilidade foi classificado de acordo 
com os critérios da Fried (não frágil, pré-frágil e frágil). A amostra final era composta por 1.399 indivíduos 
que representam 1.019.243 idosos na cidade de São Paulo. Modelos de regressão logística binária 
múltiplo foram estimados para identificar os fatores associados às mudanças no estado de fragilidade. 
Resultados: As mulheres eram mais propensas a declinar para o estado de fragilidade. No modelo de 
pré-frágil para não frágil, o nível de escolaridade foi o fator mais fortemente relacionado. Aumento na 
idade e dificuldade em pelo menos uma atividade básica de vida diária reduziram em 9% e 64% o risco 
de se tornar não frágil, respectivamente. Conclusão: Abordar os fatores associados com as transições de 
estados de fragilidade entre idosos é essencial. Adequadas intervenções são importantes para reduzir 
vulnerabilidade e melhorar a saúde e bem-estar dos idosos. 
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INTRODUCTION
Brazil has experienced a rapid process of demographic transition in the past five decades. 

Mortality has declined significantly since 1940. This reduction in mortality levels was much more 
rapid than that experienced by developed countries. Life expectancy at birth has increased by 
30 years between the 1940s and the 2000s1. The Brazilian Demographic Census of 2010 showed 
that life expectancy reached 73.8 years2.

With population aging, there is growing concern regarding health and quality of life 
among older adults. The quest for longevity, adequate health, and well-being is one of the 
primary values cultivated throughout the history of humanity, and is part of the desires of the 
older population in Brazil, whose main concerns are health and health care3. The process of 
demographic and epidemiological transition has led to important changes in the health of 
the population, with greater prevalence of chronic-degenerative diseases, functional disability, 
and frailty.

Frailty is considered one of the major conditions faced by ageing societies4, and is an 
indicator of falls, hospitalization, prolonged the hospital stay, development of non-transmissible 
chronic diseases, disability, and death among older persons5. This makes frailty an important 
public health problem. Frailty is defined as a geriatric syndrome that results from a multisystemic 
decline in physiologic reserve and capacity, leading to high risk for several adverse conditions6. 
The main mechanisms of frailty are changes related to the aging process and the occurrence 
of comorbidities7.

The incomplete understanding of the epidemiology of frailty has been an obstacle to 
the development of specific intervention strategies. Few studies have addressed this issue 
because of the lack of a valid, standardized, operational definition of the concept8. According 
to Fried et al.7, frailty is determined by unintentional weight loss, self-reported exhaustion or 
fatigue, low level of physical activity, muscle weakness, and reduced gait speed. Individuals 
with none of these characteristics are considered nonfrail, prefrail individuals present one or 
two of these characteristics, and those with more than three characteristics are classified as frail.

Data from the Longitudinal Aging Study Amsterdam revealed a 19% frailty prevalence 
rate among 1,720 community-dwelling individuals aged ≥65 years5. Using different criteria, 
the Cardiovascular Health Study found a 6.9% frailty prevalence rate among older adults7. 
In Brazil, Duarte et al.9 studied a subsample of the SABE (Health, Well-being and Ageing) study 
involving individuals aged ≥75 years in the city of São Paulo in 2006 and found a 15.4% frailty 
prevalence rate10.

This three-level definition of frailty proposed for Fried et al.7 has strong concurrent validity, 
as evidenced by expected associations with a series of physiological, sociodemographic, 
psychological and nutritional factors11. However, little is known about the transitions between 
frailty states (nonfrail, prefrail, and frail) over time and its associated factors. Studies investigating 
the transitions between frailty states have been conducted in North America8,12 and China13; 
however, there are no studies with populations in the other countries, including Brazil.

Understanding the history of transitions between frailty states will enable better future 
health care planning. Moreover, the detection of unfavorable factors allows the anticipation 
of problems and provides valuable information for the establishment of health policies and 
actions, thereby favoring the development of effective health promotion, care and prevention 
programs.

The present study aimed to identify factors associated with transitions between frailty 
states in a cohort of community-living Brazilian older persons from 2006 to 2010.

METHOD
The present investigation was developed based on data from the SABE study coordinated 

by the Pan American Health Organization (PAHO) started in 2000. The original SABE study was a 
household population-based, cross-sectional survey that aimed to investigate different aspects 
related to the health of older populations living in urban areas in seven Latin American and 
Caribbean countries: Argentina, Barbados, Brazil, Chile, Cuba, Mexico, and Uruguay. In Brazil, the 
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SABE study was limited to the city of São Paulo. A total of 2,143 community-dwelling individuals 
aged ≥60 years were interviewed between January 2000 and March 200110.

A two-stage sampling process was conducted. Census sectors of the city were randomly 
selected in the first stage, and residences from each census sector were randomly selected in 
the second stage. In each household, all individuals aged ≥60 years were interviewed regardless 
of their marital status or degree of kinship. Further details on the sampling design are available 
in Lebrão and Duarte10.

In 2006, the SABE study in Brazil became a longitudinal survey. The cohort from 2000 was 
located, and 1,115 individuals were interviewed a second time. Losses in the period corresponded 
to deaths (22.9%), refusals to participate (9.6%), changes of address to another city (2.5%), cases of 
institutionalization (0.4%), and individuals not located (12.6%). This cohort was denominated A06. 
Further probabilistic, randomized sampling was performed to include a cohort of 298 additional 
individuals aged 60-64 years (cohort B06). Another survey of the SABE study was conducted in 
2010. Cohorts A06 and B06 were located and interviewed again (n=990). Losses in the period 
were due to deaths (11.9%), refusals to participate, changes of address to another city, cases 
of institutionalization, and individuals not located (18.0%). In 2011, a probabilistic, randomized 
sampling was performed to include a cohort of 355 additional individuals aged 60-64 years 
(cohort C10). Figure 1 illustrates the evolution of these cohorts over time.

Figure 1. Flowchart of the SABE study cohorts
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This analysis uses the 2006 survey as baseline because data on frailty were not collected 
in 2000. Among the 1,413 participants interviewed in 2006, only 1,399 (99.0%) older adults 
from cohorts A06 and B06 were included in the final sample. A total of 14 individuals who did not 
have correct information about frailty were excluded. Thus, the present observational cohort 
study involved older persons followed up from 2006 to 2010, representing 1,019,243 older 
adults in the city of São Paulo.

Frailty was defined according to Fried et al.7, who stated that it is a clinical syndrome in 
which three or more of the following criteria are present: unintentional weight loss, diminished 
muscle strength, complaints of fatigue or exhaustion, reduced gait speed, and low level of 
physical activity.

Loss of muscle strength was evaluated based on grip strength measured using a manual 
dynamometer (Takei Kiki Kogyio TK 1201, Japan). Grip strength was determined for the 
dominant hand, with the participant seated, elbow on a table, and both forearm and palm 
turned upward. Each participant was instructed to perform maximum possible force. Two trials 
were performed, with a one-minute rest between them. The readings were made in kilograms 
(Kg) and the cutoff points were stratified by sex and body mass index (BMI) based on the criteria 
established by Fried et al.7

Body mass was determined using a portable scale (SECA manufactured) with capacity 
for 150 Kg and sensitivity of ½ Kg. The individuals were barefoot and wearing the least 
possible clothes. Height was measured based on the Frisancho anthropometric standard 
using a Harpender 3 stadiometer. BMI was calculated based on body mass and height (Kg/
m2). A nominal qualitative variable was created for the presence and/or absence of reduced 
strength based on the smallest quintile of this variable stratified by sex and BMI.

Fatigue or exhaustion was determined based on the answers to the following questions: 
“How often in the last week did you feel like everything you did was an effort?” and “How often 
in the last week could you not get going?” A dichotomized nominal variable was then created: 
yes (a moderate amount of time + most of the time) or no (rarely or none of the time + some 
or a little of the time).

The walk test, which is part of the Short Physical Performance Battery Assessing Lower 
Extremity Function, was used to determine gait speed14. The participant was asked to walk 
3.05 meters without obstacles at their habitual walking pace and was allowed to use a gait-
assistance device if needed. Each participant performed the walk test twice, and the shorter 
time was considered for the analysis. The results were distributed into quintiles stratified by 
height and sex. A qualitative nominal variable was then created for the presence/absence of 
a decline in gait speed based on height for sex.

A version in Portuguese of the International Physical Activity Questionnaire was used 
to evaluate the degree of physical activity15. To this end, the metabolic cost (measured in 
metabolic equivalent of task - MET) of each activity was used, along with the number of days 
per week the activity was practiced, and the time required to complete the task. MET values 
were transformed into Kcal and analyzed in quintiles stratified by sex.

A frailty index with a continuous scale (0 to 5) was constructed based on the presence/
absence of each of the five frailty components. Individuals with none of these characteristics 
were classified as nonfrail, those with one or two were classified as prefrail, and those with 
three or more were classified as frail.

The dependent variable was the change in frailty state between 2006 (baseline) and 
the follow-up period identified in the data of 2010 (between the 2006 and 2010 interviews). 
The independent variables were categorized as follows: demographic (age, sex, marital status, 
living arrangement); socioeconomic (schooling, employment status, household income); health-
related (self-rated health, self-reported chronic diseases, depression, cognitive decline, number 
of chronic diseases, falls and hospitalizations in the previous 12 months, body mass index 
[BMI], functional capacity, use of medications); lifestyle-related (practice of regular physical 
activity, alcohol intake, smoking, consumption of fruits and vegetables); socially related (going 
to movies/restaurants, visiting friends and family members, participating in organized social 
activities, receiving guests).
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Chronic diseases were recorded based on the answer to the following question: “Has 
a doctor or nurse ever told you that you have….?” Nine chronic diseases were investigated: 
hypertension, diabetes, lung disease, heart disease, embolism/stroke, arthritis/arthrosis/
rheumatism, cancer, osteoporosis, and psychiatric disorders.

Functional capacity was measured based on basic activities of daily living (BADL) (walking 
across a room, feeding oneself, lying down and getting up from a bed, toileting, dressing/
undressing, and taking a bath/shower), instrumental activities of daily living (IADL) (managing 
money, transportation, shopping, using a telephone, and taking medications), and mobility 
(difficulty walking one block, remaining seated for hours, standing up from a chair, going up a 
flight of stairs, bending over, kneeling or squatting, extending the arms above the shoulders, and 
lifting or carrying more than five Kg of weight). Participants who reported difficulty or inability 
to perform at least one of the tasks on each dimension were recorded as “having difficulty”.

Descriptive statistics were calculated for all variables. A multiple logistic regression model 
was used to identify significant factors associated with changes between frailty states (nonfrail, 
prefrail, and frail). Initially, a simple binary logistic regression model was carried out with each 
variable. The statistically significant variables (p<0.20) in the univariate regression analysis 
were selected for multiple binary logistic regression analysis. In the multivariate analysis, a 
decision was made to include all independent variables simultaneously in a single model. 
Age and gender could confound the outcome; however, these variables were included in all 
multiple logistic models. Risk ratios (RR) and 95% confidence intervals (95% CI) were calculated 
to evaluate the factors associated with frailty state. As proposed by Lee et al.13, regressions were 
performed separately for frailty groups as categorized at baseline (nonfrail, prefrail, and frail). 
Directions of change examined included (1) prefrail to frail, (2) prefrail to nonfrail, (3) nonfrail 
to prefrail or frail, and (4) frail to prefrail or nonfrail.

To ensure the representativeness of the total population, weights were incorporated into 
the data to expand the sample. To prevent cluster effects from causing a significant impact on 
the precision of the estimates, which could lead to erroneous conclusions in the analysis of 
the hypothesis tests, aspects that defined the complex sampling procedure of the SABE study 
were incorporated into the estimation of these measures.

All statistical analyses were performed using the R 3.4.1 software.
The present study was approved by the Human Research Ethics Committee of the School 

of Public Health, University of Sao Paulo (USP) and the National Research Ethics Committee. 
Participation was voluntary, and all participants signed an Informed Consent Form (ICF) prior 
to study commencement.

RESULTS
The results showed that 8.5 and 41.5% of the interviewees were frail and prefrail, 

respectively, in 2006. At the follow-up, of those classified as nonfrail at baseline, 48.3% had 
remained in the same state (35.9% men), 27.7% worsened to prefrail (60.3% women), and 1.8% 
to frail (62.4% women). Regarding the prefrail individuals in 2006, 7.8% had progressed to the 
frailty state (60.7% women), 23.6% had recovered to the nonfrail state (60.6% women), and 
36.6% remained prefrail in 2010 (37.2% men). Among those classified as frail at baseline, 4.0 and 
27.5% recovered to the nonfrail and prefrail, respectively (39.4 and 37.2 men, respectively). 
Approximately 17.2% remained in the frail state (60.7% women).

Considering the older adults classified as nonfrail at baseline, the incidence rate at the 
follow-up for the prefrail and frail states was 43.4/1,000 and 2.9/1,000, respectively. In the prefrail 
group, the incidence rate was 30.8/1.000 for nonfrail and 10.1/1000 for frail. In the frail category, 
the incidence rate was 1.1/1,000 for the nonfrail and 7.3/1,000 for the prefrail state in 2010. For all 
states, there was an increase in the incidence rate for recovery of the immediately previous category.

At baseline (2006), age ranged from 60 to 104 years (mean: 70 ± 7.5 years; median: 69 years). 
Tables 1 and 2 display some characteristics of the sample. The population was predominantly 
female (59.4%); 86.6% lived with others; 57.2% were either married or in a stable relationship; 
53.8% had between one and four years of schooling; 63.4% were unemployed; 38.6% received 
between one and three times the Brazilian monthly minimum wage (Table 1).
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Approximately 44.6% of the interviewees rated their health as good. The most frequent 
chronic disease was arterial hypertension (62.5%), followed by arthritis/arthrosis/rheumatism 
(32.3%), heart disease (22.0%), diabetes (20.9%), osteoporosis (21.7%), and depression 
(13.1%). Approximately 42.6% of them reported two to three chronic diseases, 13.7% reported 
psychiatric problems, 9.6% reported hospitalization in the previous 12 months, 28.5% reported 
falls in the previous 12 months, 90.6% took medications, 21.9% were classified as obese, and 
28.1% presented cognitive decline. Regarding functional status, 41.2% had difficulty with at 
least one IADL, 88.7% had some difficulty mobility, and 22.7% had difficulty with at least one 
BADL. Concerning lifestyle, 80.4% consumed fruits and vegetables, 30.9% consumed alcohol, 
14.1% were smokers, and 17.4% practiced physical activity regularly (Table 2). Additionally, 
at baseline, most of interviewees received guests and/or visited friends and family members 
(59.9 and 65.4%, respectively). Approximately 38.6% the older individuals went to the movies/
restaurants and 38.1% participated in organized social activities.

Table 1. Relative distribution (%) of demographic and socioeconomic characteristics of older adults in the city 
of Sao Paulo, Brazil, 2006 (baseline)

Variables n (1,019,243) Relative distribution (%)

Age (years)

60-64 291575 28.6

65-69 276147 27.1

70-74 202625 19.9

75-79 128466 12.6

≥80 120430 11.8

Sex

Male 413971 40.6

Female 605272 59.4

Marital status

Single 43679 4.3

Married/Stable union 583447 57.2

Separated/Divorced 78348 7.7

Widowed 312778 30.7

Living arrangement

Lives alone 134620 13.2

Lives with others 882933 86.6

Schooling (years)

None 199396 19.6

1 to 4 548739 53.8

≥5 270385 26.5

Employment status

Employed 287474 28.2

Unemployed 646585 63.4

Income

None 33329 3.3

Less than BMMW 186715 18.3

1 to 2.99 times BMMW 393936 38.6

3 to 4.99 times BMMW 146152 14.3

5 or more times BMMW 141781 13.9

Source: SABE study, 200610. BMMW = Brazilian monthly minimum wage. Numbers and percentages that are missing refer to 
the category without information
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Table 2. Relative distribution (%) of health, functional status, and lifestyle characteristics among older adults 
in the city of Sao Paulo, Brazil, 2006 (baseline)

Variable n 
(1,019,243) Relative distribution (%)

Self-rated health
Good 454503 44.6
Fair 468385 46
Poor 89461 8.8

Hypertension*
Yes 636783 62.5

Diabetes*
Yes 213333 20.9

Lung disease *
Yes 121576 11.9

Heart disease*
Yes 224073 22

Embolism/stroke*
Yes 84070 8.2

Arthritis/arthrosis/rheumatism*
Yes 329656 32.3

Cancer*
Yes 48344 4.7

Osteoporosis*
Yes 221487 21.7

Psychiatric disorders*
Yes 139199 13.7

Depression**
Yes 133275 13.1

Cognitive decline***
Yes 286081 28.1

Number of chronic diseases
0 141195 13.9
1 252087 24.7
2-3 434419 42.6
≥4 191542 18.8

Fall in the previous 12 months
Yes 290220 28.5

Hospitalization in the previous 12 months
Yes 98259 9.6

Use of medications
Yes 923046 90.6

Body mass index
Underweight 211774 20.8
Ideal range 426549 41.8
Overweight 116384 11.4
Obesity 223191 21.9

Difficulty with at least one IADL
Yes 419951 41.2

Difficulty with at least one mobility
Yes 904303 88.7

Difficulty with at least one BADL
Yes 231215 22.7

Regular physical activity
Yes 177309 17.4

Alcohol consumption
Yes 315338 30.9

Smoking
Non-smoker 528118 51.8
Smoker 143420 14.1
Ex-smoker 347705 34.1

Consumption of fruits and vegetables
Yes 819876 80.4

Source: SABE study, 200610. 
*Self-reported; **Measured by the Geriatric Depression Scale; ***Mini Mental Health Examination.
IADL: instrumental activity of daily living; BADL: basic activity of daily living. Numbers and percentages that are missing refer to the 
category without information
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In the univariate analysis, the variables associated with risk of occurrence of a frailty state 
(p<0.20) in the four models (prefrail to frail, prefrail to nonfrail, nonfrail to prefrail or frail, and 
frail to prefrail or nonfrail) were incorporated into the multivariate analysis. Table 3 shows the 
risk ratio (RR) to factors significantly associated with transitions between frailty states. In the 
prefrail-to-frail model, the results revealed that the risk of frailty among prefrail individuals 
increased with age (RR=1.13), those with diabetes (RR=5.47), cancer (RR=8.50), osteoporosis 
(RR=5.26) and obesity (RR=3.67). The risk of frailty was lower among females (RR=0.29), those 
with four or more chronic diseases (RR=0.02), and ideal range and excess weight (RR=0.84 and 
RR=0.04, respectively) compared with males who presented absence of chronic diseases and 
underweight.

Table 3. Risk ratio to factors significantly associated with transitions between frailty states over four years in 
multiple logistic regressions of older adults in the city of Sao Paulo, Brazil, 2006 and 2010

Variable
Prefrail to Frail Prefrail to 

Nonfrail
Nonfrail to 

Prefrail or Frail
Frail to Prefrail or 

Nonfrail

Risk Ratio
95% CI

Risk Ratio
95% CI

Risk Ratio
95% CI

Risk Ratio
95% CI

Age (years) 1.13(1.06-1.20) 0.91(0.88-0.95) 1.06(1.02-1.11) _

Sex

Male 1 _ _ 1

Female 0.29(0.11-0.80) 2.25(2.05-44.10)

Schooling (years)

None _ 1 _ _

1 to 4 2.48(1.12-5.50)

≥ 5 2.43(0.96-6.14)

Diabetes

No 1 _ _ _

Yes 5.47(1.77-19.10)

Cancer

No 1 _ _ _

Yes 8.50(1.77-39.25)

Osteoporosis

No 1 _ _ _

Yes 5.26(1.49-19.88)

Number of chronic diseases

0 1 _ _ _

1 0.09(0.01-0.58)

2-3 0.06(0.01-0.51)

≥ 4 0.02(0.00-0.36)

Body mass index

Underweight 1 _ _ _

Ideal range 0.84(0.28-2.58)

Overweight 0.04(0.00-0.56)

Obesity 3.67(1.05-14.15)

Difficulty with at least one BADL

No _ 1 _ _

Yes 0.36(0.16-0.80)

Cognitive decline

No _ _ _ 1

Yes 0.03(0.00-0.36)

Regular physical activity

No _ _ 1 _

Yes 0.40(0.23-0.69)

Goes to the movies or restaurants

No _ _ 1 _

Yes 1.86(1.17-2.94)

Intercept p<0.01 p<0.01 p<0.01 p>0.05

Source: SABE study, 2006-201010. All models stratified by age and sex. BADL = basic activity of daily living; CI = confidence intervals
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In the prefrail-to-nonfrail model, level of education was the strongest factor. Older 
persons with one or more years of schooling were most likely to be nonfrail than those without 
schooling. Age and difficulty in performing at least one BADL proved to be protective factors. 
Individuals with advanced age and difficulty in performing at least one BADL had 9 and 64% 
reduced risk of becoming nonfrail, respectively.

In the nonfrail to prefrail or frail model, older adults who went to the movies or restaurants 
presented the highest risk (RR=1.86). Advanced age had 6% greater risk of becoming prefrail 
or frail. Older persons who practiced physical activities regularly had 60% lower risk compared 
with those with no activity (RR=0.40).

Frail female individuals presented a 1.25-fold greater risk of becoming prefrail or nonfrail 
compared with frail males. Older individuals with cognitive decline presented reduced the 
risk of being classified as prefrail or nonfrail compared with those without cognitive decline; 
however, this model was not statistically significant (intercept: p>0.05).

Results of the residual analysis showed that model presented high goodness of fit.

DISCUSSION
With the greater longevity and ageing of the population, frailty has become an important 

public health problem among older persons, placing new demands on the services available in 
the healthcare system. In fact, frailty is another impairment to the health condition. However, 
little is known about the transitions between frailty states over time. This is the first study to 
report transitions between frailty states among Brazilian older persons.

In the present study, the prevalence and incidence rates indicate that frailty is an insidious, 
progressive phenomenon that develops slowly over time among older persons in the city of 
Sao Paulo, Brazil. Approximately 7.8% of the older persons classified in the prefrail state in 
2006 (baseline) had progressed to the frail state in 2010. Gill et al.8 conducted a retrospective 
study involving community-dwelling older persons in the United States to determine the 
rates of transition between frailty states and evaluate the effect of previous frailty states on 
the subsequent transition to frailty, and found that nearly 43.3% of the individuals analyzed 
progressed to the frail state within a period of only 18 months. In other words, the transition 
between frailty states observed by those authors occurred much faster than in this study. 
A possible explanation for the results found in the city of Sao Paulo lies on the fact that frailty 
occurs in more advanced stages of chronic diseases, particularly among older persons at more 
advanced ages. In fact, the sample of this study was composed particularly of a large number 
of individuals aged <80 years.

Age has proved to be an important risk factor for both the prefrail and frail states. 
The present findings agree with data reported in previous studies that show an association 
between advanced age and the development of frailty16 and lower risk of state improvement. 
The physiological process of aging causes changes in different systems of the body, resulting in 
loss of capacity. Thus, individuals become increasingly vulnerable with age. The musculoskeletal 
system undergoes important morphological changes throughout the aging process, with 
progressive reduction in lean body mass and muscle strength. This phenomenon is called 
sarcopenia17, and is considered a strong indicator of frailty.

The results of this study showed that men and women presented different transition 
rates. However, these findings contrast to those reported by Lee et al.13, who observed that 
more men than women progressed into frailty. In the present cohort, 60.7% of the prefrail 
women progressed into frailty in 2010. Men and women may experience different trends of 
epidemiologic transition. With increased longevity, women usually tend to present higher 
overall prevalence or incidence of diseases and disability and/or other complications compared 
with men18. There is also the gender health paradox19. Women enjoy greater longevity but worse 
health, and this can be due to genetic risks, immune-system responses, hormones, disease 
patterns and prevention, health-reporting behaviors, and socioeconomic status20.

In the multivariate analysis, the present findings reveal that few demographic and 
socioeconomic factors were associated with frailty transitions in Brazil. Health and lifestyle 
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were the most strongly related factors. Education level influenced only one of the transitions. 
Sex affected more importantly the transitions of the frailty advanced states, such as prefrail 
to frail and frail to prefrail or nonfrail. Adjusted for other factors, women were less likely to 
become frail compared with men. Moreover, women were most likely to recover from the most 
severe states, generally had greater insight into disease and their health conditions, and were 
more likely to seek self-care and medical assistance compared with men - all of which would 
tend to increase the likelihood of having health problems controlled, with greater possibility 
to reverse from more unfavorable states.

In the present study, education level was associated only with the transitions from the 
prefrail to nonfrail states for those who had between 1 and 4 years of schooling. Having 1 to 
4 years of schooling increased the risk of individuals change from prefrail to nonfrail states 
compared with no schooling. As transition between frailty states occurs mainly towards the end 
of an individual’s life, it is likely to occur at all socioeconomic levels. It is reasonable to assert 
that schooling does not directly impact on the pathophysiology of frailty, but it interferes in the 
individual’s lifestyle, quality of life, and access to health care. Thus, no schooling can influence 
the frailty process21.

The results confirmed the findings by Lee et al.13, who reported the effect of comorbidities 
on changes in frailty states. Among the medical comorbidities studied, diabetes, cancer, and 
osteoporosis were the most consistent adverse factors, contributing to an increased risk of 
the transition from prefrail to frail states in 2010. These findings also corroborate those of 
Espinoza et al.12, who found that diabetes is a dangerous condition in the prefrail state. Diabetes 
predisposes older persons to more rapid muscle loss and functional decline, and metabolic 
risk factors are associated with poorer physical performance13,22,23. Having cancer increased the 
risk of worsening in the prefrail and robust states by eight times. Because both cancer itself, as 
well as the therapies offered to treat it, can be significant additional stressors that challenge a 
patient’s physiologic reserve, the incidence of frailty in older cancer patients is especially high. 
Osteoporosis increases the risk of falls, fractures, and other fall-related injuries, causing frailty. 
However, the number of chronic diseases was not a harmful condition in the prefrail to frail 
state, but rather it was a protective factor. It is possible that frailty per se is not linked to the 
number of chronic diseases, but associated with a specific disease. In other words, it is not the 
number that determines the condition of frailty, but the type of disease, such as more severe 
chronic degenerative diseases.

Physical activity was a protective factor in the nonfrail state, reducing the development of 
transitions from the prefrail or frail states in 2010. Interventions that help to maintain or improve 
the level of physical activity might play a role in reducing decline or improving recovery in these 
groups. Facilitating a better physical performance among older persons leads to improvements 
in muscle strength, flexibility, aerobic capacity, and balance, with subsequent reduction in the 
number of falls, disability, and development of frailty syndrome.

This study found that cognitive decline reduced by 97% the risk of transitions from the 
frail to prefrail or nonfrail states. In fact, declined cognitive reserve leads to mild cognitive 
impairment and dementia, which run parallel to the course of physical frailty. Although the 
Fried’s phenotype does not include cognition as one of its criteria, it shows that cognition is 
highly associated with frailty syndrome7.

Obesity was a harmful condition in the transition from the prefrail to frail states. Sarcopenic 
obesity is common among frail older persons, and is characterized by increased body mass 
due to fat deposits, together with reduction in lean mass in the extremities, making these 
individuals frail24-27. On the other hand, excess weight proved to be a protective factor against 
frailty among prefrail older persons in the city of Sao Paulo. Overweight older adults have more 
energy reserve and are at a reduced risk for osteoporosis and injurious falls, and thus present 
decreased risk of functional limitations, disability, and frailty. Thus, some excess body weight 
in later life may be beneficial to prefrail and frail older adults.

Difficulty with at least one BADL was detrimental to the prefrail to nonfrail states. In fact, 
difficulty with at least one BADL reduced the risk of frailty improvement. Disability and frailty 
have some characteristics in common: they are both rather prevalent in the older population, 
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are of multifactorial nature, and share some risk factors and pathophysiological mechanisms28. 
Fried et al.7 claimed that frailty can also be a precursor of disability; however, one cannot 
overlook the possibility of reverse causality between functional status and frailty.

Older persons who go to the movies or restaurants presented a greater risk of transitioning 
from nonfrail to prefrail or frail states. Therefore, this finding is surprising. According to 
Rockwood et al.29, frailty occurs more commonly in older persons who are socially isolated. It is 
likely that older persons who do activities such as walking, shopping, or taking part in social 
activities may be more susceptible to accidents such as falls and, consequently, advance to 
prefrail and frail states.

Frailty is considered a consequence of chronic diseases, disability, hospitalizations, falls, 
immobility, among others5. In these cases, health factors are perhaps more relevant to determine 
the various frailty states than demographic and socioeconomic factors, whose greatest influence 
is on other health indicators, such as chronic diseases.

Lee et al.13 examined the natural history of transitions between frailty states in a cohort 
of community-living older Chinese older adults stratified by sex. The present study found 
similar results investigating a probabilistic sample of community-dwelling older persons. Thus, 
the findings of the present study are innovative, and make an important contribution to the 
study of frailty states among older persons in Brazil, focusing on the city of Sao Paulo as part 
of this totality. These findings allow a better understanding of the epidemiology of frailty in 
developing countries.

Due to the multidimensional nature of this condition, future studies that incorporate 
physiological, clinical and genetic factors may assist in gaining a better understanding of the 
causalities of these relationships. However, interventions and strategies that stimulate improved 
physical and biological capacity should continue to be priorities. Facilitating a better physical 
performance among older adults leads to improvements in muscle strength, flexibility, aerobic 
capacity, and functional status. It may slow bone loss from osteoporosis and make older adults 
stronger, with a subsequent reduction in the development of frailty syndrome.

These findings underscore the importance of cohort studies, which constitute an essential 
tool for the monitoring, evaluation, and discussion on health and health care for older adults. 
However, limitations to this study should be addressed. The participants may have been 
submitted to some type of intervention between interviews, which could have led to changes 
to other frailty states. Nevertheless, it was not possible to control such interventions due to the 
fact that this information was not collected in the questionnaire of the SABE study.

Detection of the frailty process and recognition of the frailty states are necessary to 
postpone or prevent their multiple severe consequences. Frailty can be differentiated from 
ageing but, unlike ageing, it can be prevented and possibly reversed. A more comprehensive 
understanding of the physiopathological mechanisms of the frailty process will be instrumental 
in changing the perception of this concept30.

Finally, specific strategies and actions directed to slowing, minimizing, or recovering from 
frailty are of utmost importance. Public health policies aimed at avoiding the development 
of frailty among older persons at risk should be encouraged. Likewise, policies that suggest 
adequate interventions are important to restoring physical and biological capacity, as well 
as reducing the degree of vulnerability among frail older persons. In the prefrail period, an 
appropriate approach could either reverse the condition or, at least, slow its progress. Therefore, 
addressing the factors associated with transition between frailty states among older persons 
is essential to improving the quality of the management of individuals who are frail or at risk 
of becoming frail.
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