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Abstract

Objective: The objective of this study was to identify the health risk factors related with the onset of frailty in the Costa Rican
population. Methods: A subgroup of 3000 people from the CRELES study was analyzed. A frailty phenotype was constructed
based on the variables of the phenotypic model: weight loss, exhaustion, weakness, slowness, and low level of physical activity.
Patients were classified into frail, pre-frail, and robust. A multinomial logistic model was used, which included data from the 3 years
of study (2205, 2007, and 2009). An exploratory analysis was made, using sociodemographic and health variables. Taking as ref-
erence the robust category, the odds ratio was obtained for the frail and pre-frail categories, with 95% confidence. Results: Of the
analyzed variables, age, osteoarthritis, and living alone proved to be risk factors with statistical significance. Conclusions: In the
Costa Rican population, age, osteoarthritis, and living alone represent risk factors for suffering frailty in the future.

Key words: Frailty. Risk factors. Elderly. Incidence.

Corresponding author: José Ernesto Picado-Ovares, jepicado@ccss.sa.cr

INTRODUCTION

Between 2000 and 2050, the number of inhabitants
on earth aged 60 years or older will double. A consid-
erable number of them will have an elevated risk of
becoming frail'. Frailty is considered a clinical state
in which there is an increase in an individual’s vulner-
ability for developing increased dependency and/or
mortality when exposed to a stressor®?.

Although the operational definition of frailty is
controversial, two approaches to defining frailty are
widely accepted?. The deficit model, which consists
of adding an individual’'s number of impairments and
conditions to create a frailty index, and the second
model, the phenotype model, which describes frailty
as a clinical syndrome resulting from a combination
of variables, such as weight loss, fatigue, weakness,
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diminished gait speed, and poor physical activity that
reflects an underlying physiologic state of multisys-
tem dysregulation®“.

Multiple population studies have shown the rela-
tionship between frailty and diverse conditions®”7, and
a few trials have been performed with Latin American
populations and Central American populations®.

The main goal of this study is to analyze the corre-
lation of multiple health and sociodemographic vari-
ables and the risk of suffering from frailty in the future
within the Costa Rican population.

MATERIALS AND METHODS

CRELES study

A longitudinal study design was established using
The Costa Rican Longevity and Healthy Aging Study
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(CRELES), which is a dataset of Costa Rican older
adults born in or before 1946; it included a represen-
tative sample of > 60-year-old adults from Costa Rica.
A full description of sampling methods may be found
elsewhere®. This study has three waves in which face-
to-face interviews were conducted by trained and
standardized staff at the homes of older adults includ-
ing in-depth data collection on demographics, cur-
rent activities, health-related issues, social support,
health-care use, financial status, functionality, cogni-
tive status, anthropometry, and blood sampling. The
analysis of the present study was performed using
a cohort of 2827 elderly people, 60 years and older,
beginning in 2005, with follow-ups in 2007 and 2009.

Construction of the frailty variable

A frailty indicator was constructed based on the five
variables from Fried’s phenotype model*, with certain
modifications. The variables were built as follows:

- Weakness: To measure this variable, a grip
strength test performed with a dynamometer in
the CRELES study was used. The elderly individual
was asked to extend his or her dominant arm to
full length alongside his or her body, and when
instructed by the interviewer, the person was to
grip the handle with all their strength and imme-
diately loosen the grip. Then, he or she would
rest for 3 min, repeating the test for the second
time. The result of the second grip strength test
was used for this study. This variable was regis-
tered in the anthropometric questionnaire.

A regression model was calculated in which hand
strength was the dependent variable and the inde-
pendent variables were sex and body mass index.
Then, the residual values were added to the adjusted
average value to create a standardized grip strength
variable. The 20* percentile was calculated, resulting in
a cutoff value. The patient was considered to have an
altered grip strength test if his or her result was below
the 20" percentile or could not perform the test at all.

— Slowness: To determine this variable, information
obtained from questions in the CRELES anthro-
pometric chapter was considered. Gait speed
measured the capacity and time necessary to
perform the stand-up and walk test. This test
consisted of asking the person to stand-up from
a chair and walk at his or her usual rhythm for a
distance of 3 m. This distance is divided by the
elapsed time, resulting in the speed of the elderly
individual. Afterward, the regression model was

adjusted, where the dependent variable was the
calculated speed and the independent variables
were height and sex, obtained from the CRELES
database. The predicted values were calculated,
and an average value was obtained. The residual
values were added to this average value, which
results in a new speed variable from which the
20t percentile was calculated.

A decreased gait speed was considered if one of
the following conditions was present: the patient had
a gait speed lower than the 20" percentile value, or
the person could not do the test at all, or if the person
answered affirmatively to the question: “Do you have
a problem that prevents you from doing any mobility
or flexibility test?”

- Low level of physical activity: For this variable, the
answer for the question “In the past 12 months,
have you had regular exercise or rigorous physi-
cal activity such as sports, trotting, dancing, or
heavy workloads 3 times a week?”Was used. The
variable was taken as is from the CRELES study,
and it was considered altered if there was no
physical activity.

- Exhaustion or poor endurance: The answer to
the question “Were you full of energy?” From
the CRELES study was used for this variable. The
variable was considered altered if the elderly
responded that they felt they had no energy
whatsoever.

— Weight loss: For this variable, the answer to the
question, “In the past 6 months, have you lost >
5 kg of weight without planning it?” Was used. If
the patient answered affirmatively, the variable
was considered altered and was incorporated
the frailty syndrome.

Once the five variables were defined, they were cod-
ified as 1 if they met the frailty criteria on a particular
variable, and 0 if the criteria were not met. A classifica-
tion of robust was given to those who did not present
altered variables on any of the five variables analyzed
(which translates to a total sum of O for all variables), a
classification of pre-frail for those who presented one
or two altered variables, and a classification of frail to
those who presented three to five altered variables. It
is worth mentioning that if any values were missing,
the individual was not included, as there was a strict
method to prevent biases for this categorization. This
methodology was also used for the cohort follow-up
years of 2005, 2007, and 2009.

With the goal of investigating possible risk factors
for the frailty condition, an incidence analysis was
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Table 1. Costa Rica: Results of the prevalence and incidence model for frailty according to sociodemographic
indicators
Health and Prevalence: Incidences
. hi
2?2::2&'223;? ‘¢ Pre-frail Frail Pre-frail Frail
OR Cl OR Cl OR Cl OR Cl
Age
80+ 486 2.07;9.06* 20.77 10.23;42.15* 4.12 1.07;15.86* 18.69 1.89; 184.72*
70-79 1.69 131;2.18* 2.25 1.51;3.35* 146 0.89;2.39 2.33 0.59;9.22
Education level
< 6" grade 2.09 153;2.84* 177 1.00; 3.16 - - - -
7-9" grade 1.83 1.19;2.80* 1.64 0.74; 3.62 - - - -
> 10" gradet - - - - - - - -
Sex
Woman 115 0.88;151 0.70 0.46; 1.08 1.34 0.78;2.31 4.06 0.78; 2117
Live alone
Yes 117  0.78;175 159 0.90;2.79 143 0.55;3.75 6.91 1.36; 35.20*
Health
self-perception 234 1.82;3.01* 560 3.78;8.30* 2.00 1.11;3.60 0.21 0.03; 1.37
No healthy
Income
< 100 US dollars 098 0.71;1.34 123 0.75;2.083 0.59 0.31;112 1.62 0.31;8.40
100-250 US dollars  1.01  0.75;1.37 0.78 0.47;1.28 1.01 0.55;1.87 3.72 0.73;18.87
> 250 US dollarst - - - - - - - -
*p < 0.05.
fcategory of reference.
*model taking into account data of the year 2005.
Sdata of 2005, 2007, and 2009 are included.
Cl: confidence interval at 95%; OR: odds ratio.

performed. For that analysis, data from the three fol-
low-up years of the elderly cohort (2005, 2007, and
2009) were used. For this analysis, a multinomial logis-
tic model was used, including data for those 3 years,
as well as the elderly identifier. The frailty indicator for
the study years was used as the dependent variable,
divided into frail, pre-frail, and robust. As inclusion cri-
teria for independent variables, the study focused on
an exploratory analysis in which a widespread quan-
tity of variables in the health and sociodemographic
fields was considered based on expert judgment.
Specifically, the included variables were obtained
from the elderly questionnaire, Section C (health sta-
tus) from CRELES, related to detected health condi-
tions by the physician. Other socioeconomic factors
were obtained from the same questionnaire from the
section regarding personal identification data, as well
as the employment and income sections. Variables
that presented difficulties for model convergence
were not included, nor were variables with missing
information within their categories.

As a result, odds ratio for the frail and pre-frail cat-
egories was obtained, and the robust category was

taken as reference, as it was considered the healthi-
estamong the three categories. To compare relevance
and possible error in the OR estimation with 95% con-
fidence, intervals were created for each variable of
interest.

RESULTS

For the year 2005 (base year for the study), after
application of the inclusion criteria mentioned above,
an initial base sample consisting of 2827 patients
was used. Afterward, this sample was reduced for the
years 2007 (n = 2364) and 2009 (n = 1863). During this
period, a total of 964 cases were lost; a total of 525 due
to death and 439 because it was impossible to contact
the individual for follow-ups.

For the base year 2005, the final analysis shows a
prevalence of frailty in the elderly population of 11%.
The general characteristics of the frail patient in Costa
Rica were analyzed in a previous publication’.

Of the variables analyzed, only three proved to
be statistically significant risk factors. These vari-
ables were age (OR 18.6, Cl 1.89; 184.73), presence
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Table 2. Costa Rica: Results of the prevalence and incidence model for frailty according to health and
comorbidities indicators
Variable Prevalencet Incidence*
Pre-frail Frail Pre-frail Frail

OR Cl OR Cl OR Cl OR Cl
Hypertension
Yes 1.01 0.80; 1.27 1.52 1.04; 2.20* 1.31 0.85;2.12 1.09 0.303.98
Cholesterol
Yes 0.94 0.75;120 0.64 0.44;0.93* 0.78 0.48; 1.27 1.38 0.38;5.06
Diabetes
Yes 1.50 1.10;2.03* 247 161;3.79* 1.04 0.56; 1.94 3.74 0.63;22.1
Cancer
Yes 199 1.06;3.76* 2.12 0.92; 4.88 - - - -
Pulmonary disease
Yes 162 1.16;2.26* 1.82 1.14; 2.92* 0.49 0.21; 1.80 2.46 0.34;179
Heart attack
Yes 0.78 0.45;1.37 0.55 0.24;1.28 - - - -
Cerebrovascular event -
Yes 2.87 0.77;10.71 20.90 5.31;82.33" - - -
Arthritis
Yes 148 1.01;2.17* 3.19 195;5.22* 0.77 0.29;2.04 5.46 1.08;27.7*
Osteoporosis
Yes 143 0.91;225 1.88 1.02; 3.46* - - - -
Smoking
Yes 0.90 0.70;1.16 0.83 0.55; 1.24 0.91 0.54; 1.53 1.88 0.39;9.09
Falls
Yes 0.86 0.69;1.08 1.03 0.72;1.47 0.87 0.511;1.48 0.73 0.18;3.03
*p < 0.05.
fmodel taking into account data of the year 2005.
*data of 2005, 2007, and 2009 are included.
Cl: confidence interval at 95%; OR: odds ratio

of osteoarthritis (OR 5.46 Cl 1.076; 27.65), and living
alone (OR 6.9 Cl 1.36; 35.2).

Other variables, such as hypertension, diabetes mel-
litus, dyslipidemia, cancer, lung disease, osteoporosis,
heart failure, strokes, smoking, falls, educational level,
income, and health self-perception, did not show any
significant association in this model (Tables 1 and 2).

DISCUSSION

In this study, age was shown to be a risk factor for
the presence of frailty. Patients 80 years of age or
older presented an increased risk for becoming frail.
Furthermore, age 80 and above proved to be a risk
factor for presenting a pre-frail condition when com-
pared to the robust patients (OR 4.12 CI 1.07; 15.9).

This result was similar to multiple publications that
have documented that age, per se, is a risk factor for
the frail condition”". Various mechanisms can be
mention as contributors, mainly the oxidative stress

associated with aging and secondary cellular damage
that triggers multiorgan and system failure, possibly
resulting in vulnerability and decreased physiological
reserves'?'3,

Although age as a risk factor for frailty is not a new
concept in other parts of the world, this is the first
study performed in a Central American location show-
ing this correlation and is one of the few longitudinal
studies in Latin America®'*'">.

This study was also able to determine that osteo-
arthritis is a risk factor for the presence of frailty in
the Costa Rican population. After adjusting for this
variable, an increased risk for suffering frailty was
documented. The risk was greater than what has been
presented in other similar studies'.

The association between frailty and arthritis has
been documented in other cohorts and longitudinal
studies previously performed”'. Fried’s study has
already documented a link between self-reported
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arthritis and frailty*. This finding has been reproduced
in similar studies', including in a Latin American pop-
ulation cohort”®8, as well as in longitudinal studies®.

The association between osteoarthritis and frailty
is due to the limitation in physical activity second-
ary to pain. There have been reports of an increase in
the incidence of frailty syndrome and the presence of
secondary pain resulting from diseases such as osteo-
arthritis'*®. Pain may lead to a decrease in physical
activity, immobility, fatigue, and sarcopenia.

The"“living alone”variable in this study was a risk fac-
tor for the onset of frailty syndrome. Fried suggested a
frailty model that includes a “vicious cycle” that com-
prises frailty, chronic malnutrition, sarcopenia, poor
chronic disease control, symptoms of depression, and
sedentarism?, all of which are more prevalent in the
elderly who live alone.

To the author’s knowledge, this is the first longitu-
dinal study that demonstrated this correlation. Other
cohort studies showed the relationship between
living alone and frailty*'7?', including one trial that
presented this condition as a protective factor'. This
result warrants future investigations that include this
variable as a risk factor for the presence of frailty syn-
drome and identifying mechanisms to protect the
elderly from the consequences involved.

Given the longitudinal nature of the CRELES study,
the analysis performed in the three study years
involved many cases (n = 964) that were lost due to
death and other unknown causes. This mainly affected
the last year of the cohort. Loss of data significantly
affected the construction of the frailty variable in the
years under study, as five variables were used during
the time span, of which some presented problems
regarding missing information, therefore, affecting
the final elaboration of the frailty variable.

In addition, the variables of interest with regard to
the frailty syndrome present certain problems during
the 3 years of the study, resulting in problems in the
construction of the incidence model, as cases must be
matched across all years to allow its estimation.

The main consequence in this study can be
observed in the uncertainty reflected in the wide con-
fidence intervals for the variables analyzed. This was
caused by some large odds ratio and errors in estima-
tion, which were also wide, resulting from a significant
reduction of the sample size for some variables, along
with their great variability. Therefore, when interpret-
ing the final sample with less available cases, caution
should be exercised regarding the results obtained.

Another limitation present in the study was the fact
that many of the variables being analyzed were based
on self-report of comorbidities. Many of the questions
were written in non-technical language, so interview-
ees could understand what they were asked.

Despite the study limitations, the results generated
dorepresent the Costa Rican population. Furthermore,
the criteria used for this study were more similar to
Fried's original criteria when compared to previous
studies at a national and international level, which
provided more robust results than in other similar
studies.

The weight that certain comorbidities have in the
onset of the frailty syndrome in the Costa Rican elderly
population was demonstrated, being to the author’s
knowledge, one of the few Latin American studies and
the only one in Central America that truly analyses
these factors, allowing visualization of this important
condition in this area of the American continent. This
allows us to assess the needs for future investigations
in this area and to take preventive actions involving
specific elderly groups to avoid frailty syndrome and
its consequences.

CONCLUSIONS

At present, there is little information regarding the
risk factors that lead to the onset of the frailty syn-
drome in the Latin American population and, specifi-
cally, in the Central American population. In the Costa
Rican population, age, the presence of osteoarthritis,
and living alone are risk factors for suffering this syn-
drome in the future. Other variables did not show this
association.
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