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Abstract
Background  Frailty is a common condition among older adults that results from aging-related declines in multiple 
systems. Frailty increases older adults’ vulnerability to negative health outcomes, including loss of mobility, falls, 
hospitalizations, and mortality. The aim of this study is to examine the association between frailty and mortality in 
older adults from Costa Rica and the United States.

Methods  This prospective cohort study uses secondary nationally-representative data of community-dwelling 
older adults from the Costa Rican Longevity and Healthy Aging Study (CRELES, n = 1,790) and the National Health & 
Aging Trends Study (NHATS, n = 6,680). Frailty status was assessed using Physical Frailty Phenotype, which includes 
the following five criteria: shrinking, exhaustion, low physical activity, muscle weakness, and slow gait. We used 
Cox proportional hazard models to examine the association between frailty and all-cause mortality, including 
sociodemographic characteristics and health behaviors as covariates in the models. Mortality follow-up time was right 
censored at 8 years from the date at baseline interview.

Results  The death hazard for frail compared to non-frail older adults was three-fold in Costa Rica (HR = 3.14, 95% CI: 
2.13–4.62) and four-fold in the White US (HR = 4.02, 95% CI: 3.04–5.32). Older age, being male, and smoking increased 
mortality risk in both countries. High education was a protective factor in the US, whereas being married/in union was 
a protective factor in Costa Rica. In the US, White older adults had a lower risk of death compared to all other races 
and ethnicities.

Conclusions  Results indicate that frailty can have a differential impact on mortality depending on the country. 
Access to universal health care across the life course in Costa Rica and higher levels of stress and social isolation in the 
US may explain differences observed in end-of-life trajectories among frail older adults.
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Background
Frailty is a syndrome that results from aging-related 
declines in multiple systems and leads to an increased 
vulnerability to adverse health outcomes [1]. Because 
of its age-dependent nature, frailty is common in older 
adults [2, 3]. A systematic review and meta-analysis esti-
mated an incidence rate of frailty of 40 cases per 1000 
person-years in community-dwelling older adults 60 
years or older from developed countries [4]. From a bio-
logical standpoint, this syndrome results from decreased 
reserves in multiple physiological systems, which leads 
to loss of homeostatic capability to cope with stressors. 
From a clinical standpoint, this condition becomes clini-
cally visible above a threshold of severity [5]. Adverse 
health outcomes associated with frailty include loss of 
mobility, falls, hospitalization, and mortality. Further-
more, this syndrome also poses challenges for families, 
caregivers, and social support institutions [6].

Several scales have been developed to operationalize 
the measurement of frailty in older adults [7]. In 2001, 
Fried and colleagues proposed their landmark frailty phe-
notype measurement called Fried’s Physical Frailty Phe-
notype (PFP), which has become the most widely used 
frailty screening tool in population studies. The PFP scale 
consists of five components: (1) shrinking, (2) exhaus-
tion, (3) low physical activity level, (4) muscle weakness, 
and (5) slow gait [8]. These five frailty-identifying char-
acteristics measure the negative energy balance, sarcope-
nia, and diminished strength and tolerance for exertion 
resulting from multiple systems decline [5].

Frailty impacts not only individuals but also their fami-
lies and communities. For example, there is emerging 
evidence that frailty is associated with increased risk of 
physical and psychological burden among family care-
givers [9]. Furthermore, because older adults living with 
frailty require a great deal of care, it poses a financial 
burden on health care systems. Population studies are a 
valuable tool to determine prevalence and to project the 
impact this syndrome has on aging societies. Frailty has 
been shown to be a strong predictor of mortality in previ-
ous systematic reviews and meta-analyses in both devel-
oped and developing countries [10, 11]. Most research on 
the association between frailty and mortality has focused 
on developed countries, however this is also an important 
issue in developing nations where population aging has 
occurred at a faster pace and is challenging health sys-
tems. Costa Rica is a Central American developing coun-
try that has achieved outstanding health standards. Total 
life expectancy in Costa Rica is 81 years, higher than the 
76 years life expectancy in the United States (US). This 
is despite Costa Rica having a per capita gross national 
income (GNI) of less than one-third that of the US [12]. 
Costa Rica’s high health standards have been attributed 
to their universal health care system with a strong focus 

in the delivery of primary care [13] particularly to remote 
and poor populations [14], in contrast to the low finan-
cial access and fragmented health care in the US. Indeed, 
Costa Rica abolished its military in 1949, reallocating this 
funding to health and education [15]. The share of pub-
lic health expenditures in Costa Rica is similar to Canada 
and considerably higher than the US [16]. Despite these 
documented differences, few studies compare the experi-
ence of aging in these two countries.

The aim of this study is to compare the association 
between frailty and mortality in older adults from Costa 
Rica, a developing country, and the US, a developed 
country. Although previous studies have demonstrated 
that frailty increases the risk of death in different popula-
tions, we hypothesize that frailty can have a differential 
impact on mortality depending on the country, which 
may be due to differences in the social and economic 
contexts. Results from this study can inform public poli-
cies aimed at reducing the risk factors for frailty and the 
risk of death due to frailty in older adult populations.

Methods
Study design
This is a prospective cohort study, using secondary 
nationally representative data from community-dwelling 
participants enrolled in the Costa Rican Longevity and 
Healthy Aging Study (CRELES, for its Spanish acronym) 
and the National Health & Aging Trends Study (NHATS).

The Costa Rican cohort (CRELES) is a longitudinal 
study based on a national sample representing older 
adults in Costa Rica. In the first stage, a random selection 
was drawn from the census of 2000, totaling 9,600 indi-
viduals 55 years of age or older, with an oversampling of 
the oldest old. In the second stage, a sub-sampling con-
sisting of 60 Health Areas was selected; Health Areas are 
the administrative division units that are used for health-
care providing purposes. The sample covers 59% of the 
national territory. The sub-sampling for the longitudinal 
study originally included around 5,000 individuals from 
the census of 2000; of those, it was possible to locate and 
interview 2,827 out of 3,024 eligible individuals ages 60 
and older, which resulted in a response rate of 93% [17]. 
Data collection consisted of in-person interviews and 
biomarker collection in the participant’s home conducted 
by professionally trained interviewers.

The US cohort (NHATS) is a panel study based on 
a national sample representing older adults receiving 
Medicare. The NHATS sample was age-stratified, with 
individuals selected from 5-year age groups between 
the ages of 65 and 90, and from individuals ages 90 and 
older. The study oversampled individuals at the oldest age 
group and Black older adults. Data collection consisted of 
in-person interviews in the participant’s home conducted 
by professionally trained interviewers. The first wave 
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in 2011 contained data on 8,245 older adults and had a 
response rate of 71%.

This current study was restricted to community-dwell-
ing older adults who were able to make self-reports with-
out the need of a proxy respondent and who were ages 
65+. It is restricted to community-dwelling respondents 
because frailty is expected to be more prevalent in non-
community settings. It is restricted to participants who 
did not need a proxy respondent because exhaustion and 
unintentional weight loss, two measurements that are 
part of the frailty index, may be unreliable if based on a 
proxy report. Although CRELES interviewed partici-
pants starting at the age of 60, only participants 65 + were 
included for this study in order to make both cohorts 
comparable in terms of age.

From the initial cohort size for Costa Rica (n = 2,827), 
334 participants were excluded because they were aged 
60 to 64, and 703 participants were excluded because 
they were unable to complete the survey themselves and 
needed a proxy respondent. The resulting sample size in 
this study was n = 1,790 for CRELES.

From the initial cohort size for the United States 
(n = 8,245), 1,048 participants were excluded because 
they were living in a nursing home or a long-term care 
institution, and 517 participants were excluded because 
they were unable to complete the survey themselves and 
needed a proxy respondent. The resulting sample size 
used in this study was n = 6,680 for NHATS.

Physical frailty phenotype assessment
Frailty status was assessed by the five binary criteria of 
the PFP [8]: shrinking, exhaustion, low physical activ-
ity, muscle weakness, and slow gait. As some specific 
questions and measurements collected for CRELES and 
NHATS differed from each other and from the study on 
which the phenotype is based [8], we adapted the criteria 
definitions to make them comparable using the available 
data in both cohorts. Three out of five components of the 
PFP (shrinking, exhaustion, and low physical activity) 
were self-reports, whereas the other two (muscle weak-
ness and slow gait) were objective measures of tasks con-
ducted during interviews.

Shrinking was defined as self-report of unintentional 
weight loss of 5 + kg (11 + pounds) in the last 6 months 
for CRELES participants, or unintentional weight loss of 
4.5 + kg (10 + pounds) in the last 12 months for NHATS 
participants. Exhaustion was defined as self-report of 
daily severe fatigue or exhaustion over the last year for 
CRELES participants, or low energy or exhaustion that 
limited their activities in the last month for NHATS par-
ticipants. For CRELES participants, low physical activ-
ity was defined as not exercising regularly or engaging in 
vigorous physical activities (such as playing a sport, jog-
ging, dancing or doing heavy work) at least three times a 

week during the last year. For NHATS participants, low 
physical activity was defined as not spending time in vig-
orous physical activities, such as working out, swimming, 
running, biking or playing a sport, in the last month.

Muscle weakness and slow gait were both operational-
ized as performance-based measurements of handgrip 
strength and gait speed. Muscle weakness was defined as 
being at or below the 1st quintile of handgrip strength, 
adjusted by BMI and sex. BMI categories were used as 
cut-off points. Weight and height measurements were 
used to estimate BMI for CRELES participants; whereas 
weight and height self-reports were used for NHATS par-
ticipants since no measurements were conducted in that 
cohort. Slow gait was defined as being at or above the 
4th quintile of time in the walking-speed test, adjusted 
by height and sex. Median height was used as the cut-off 
point for each cohort. People who needed to use a cane 
or a walker to perform the walking-speed test in NHATS 
were classified as slow.

For both muscle weakness and slow gait components 
of the PFP index, we classified participants as weak and 
slow when participants did not attempt to conduct the 
test for safety concerns, or when they attempted but were 
unable to complete the test. Previous studies have made 
similar methodological decisions as these types of miss-
ing values ​​are likely to indicate poor performance and 
have been associated with mortality [18–20].

Participants were classified as frail if they met three or 
more of the PFP criteria, pre-frail if they met one or two 
criteria, and non-frail if they met none of the five crite-
ria [8]. Cut-off points used for this study are included in 
Supplementary materials.

Mortality assessment
The primary outcome was all-cause mortality. For Costa 
Rican participants, follow-up was accomplished by link-
ing their personal unique identification numbers to the 
Costa Rican Death Index. For US participants, the fol-
low-up process was dependent on interviews conducted 
to the proxy informants of deceased participants. Month 
and year of death was collected for both cohorts. Partici-
pants were followed up since their baseline interview. A 
sensitivity analysis, excluding deaths that occurred within 
12 months, was also performed in order to assess if sur-
vival bias associated with frailty categories was intro-
duced. To avoid bias from COVID-19 related deaths, 
and to have comparable cohorts in terms of follow-up 
length, mortality follow-up time was right censored at 8 
years from the date at baseline interview. CRELES base-
line interviews were conducted primarily in 2005, but 
the complete round of baseline interviews took place 
between 2004 and 2007. Therefore, censoring in CRELES 
occurred between December 2012 and December 2015. 
NHATS baseline interviews were conducted in 2011, 
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therefore censoring occurred in December 2019, before 
the beginning of the COVID-19 pandemic in 2020.

Covariates
In addition to frailty, we used the following self-reported 
variables at baseline to adjust for sociodemographic 
characteristics and health behaviors that are proximate 
determinants of mortality variation: age, sex, educa-
tion level, economic vulnerability, race and ethnicity, liv-
ing in a metropolitan zone, marital status, and smoking. 
Those variables that may have a causal relationship with 
frailty, such as chronic conditions, were not included in 
the mortality models. Similarly, those variables that are in 
the causal pathway between frailty and mortality, such as 
falls, hip fracture, and hospitalizations, were not included 
in order to avoid overcontrolling. We measured age by 
5-yr age groups and used a continuous variable in the 
multivariate models. Sex had two categories: female or 
male. Education level was categorized as low, medium or 
high. For Costa Rican participants these three education 
levels respectively corresponded to: complete elemen-
tary school or lower, incomplete high school, and com-
plete high school or higher. Because of the educational 
attainment of Costa Rican older adults, this is the typi-
cal approach to categorize education in the Costa Rican 
context. For US participants these three education levels 
corresponded to: incomplete high school or lower, com-
plete high school or college education without obtaining 
a degree, and bachelor’s degree or higher.

Economic vulnerability was a dichotomous variable. 
Similar to previous studies, economic vulnerability was 
defined as a total income < 100 USD per month per per-
son in 2014 USD for CRELES participants [21]. Also 
similar to previous studies, being a recipient of Medic-
aid was used as a proxy for economic vulnerability for 
NHATS participants, because this insurance is only avail-
able to older adults with low income and few assets [22]. 
Although race is known to be an important determinant 
of health outcomes in the US, it is not a health deter-
minant in Costa Rica – indeed, race is not collected in 
Costa Rican population surveys. Therefore, only for the 
US model, race and ethnicity was used as a covariate and 
an interaction between frailty and race was introduced in 
order to assess whether race and frailty combinations had 
a modifying effect on mortality. We dichotomized race as 
White vs. all other race/ethnicity because of power issues 
when interacting with the frailty measurement. Living 
in a Metropolitan zone was also a dichotomous vari-
able. Marital status was dichotomized as being married 
or in domestic partnership vs. not. Smoking behavior was 
dichotomized as being a current smoker at baseline.

Statistical analysis
Characteristics of both populations at baseline are 
shown as relative frequencies (%). Differences in base-
line characteristics between cohorts were tested using 
the χ2 test. Cox proportional hazards models were used 
to assess the association between frailty (measured in 3 
categories), and all-cause mortality for each cohort. The 
appropriateness of the Cox models was checked by log-
log plots. Models were fully adjusted, and survey weights 
were used. Analyses were performed using statistical 
software Stata 17 [23]. Statistical significance was set at 
p-value < 0.05.

Results
There were 1,790 participants from CRELES and 6,680 
participants from NHATS included in the analyses. 
Table  1 shows the baseline characteristics for partici-
pants. The mean age of CRELES respondents was 72.65 
years (95%CI: 72.37–72.94), while the mean age of 
NHATS respondents was 74.55 (95%CI: 74.36–74.73). 
The distribution of frailty status was significantly differ-
ent between countries (p < 0.001) Pre-frailty was more 
prevalent in Costa Rica (67.2% vs. 57.4%), whereas frailty 
was less prevalent in Costa Rica than in the US (16.2% vs. 
21.9%). Compared to Costa Rican respondents, the US 
respondents were older (p < 0.001), had higher proportion 
female (p = 0.021), higher educational level (p < 0.001), 
lower economical vulnerability (p < 0.001), higher pro-
portion living in a Metropolitan zone (p < 0.001), and 
higher prevalence of smoking (p < 0.001).

As shown in Table 2, the US cohort had a lower preva-
lence of pre-frailty and a higher prevalence of frailty for 
every variable except high education level. For example, 
the prevalence of pre-frailty was lower, and the preva-
lence of frailty was higher for both males and females in 
the US cohort. In the US, the prevalence of frailty was 
lower among White than among individuals of other 
races or ethnicities (p < 0.001) (Table 2).

At the end of 8 years of follow-up, 661 (34.5%) of indi-
viduals had died in the Costa Rican cohort and 1670 
(26.3%) of individuals had died in the US cohort. Total 
person-years were 15,248 for CRELES and 30,928 for 
NHATS. Due to losses of follow-up, observational time 
was lower in the US. Losses of follow-up were not a 
concern in the first months of the study; median fol-
low-up duration for censored individuals was 3.6 years 
in CRELES and 2.3 years in NHATS. Median follow-
up duration was 8.2 years in CRELES, and 4.7 years in 
NHATS. Median follow-up duration among deceased 
and non-deceased individuals was 4.9 and 8.5 years in 
CRELES. Median follow-up duration among deceased 
and non-deceased individuals was 3.8 and 6.2 years in 
NHATS.
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The prevalence of frailty at baseline was highest among 
those who died, followed by the prevalence among 
losses to follow-up, and lowest among non-deceased 

individuals: 28.6%, 16.1%, and 11.0% in Costa Rica 
(p < 0.001) vs. 41.2%, 20.7%, and 13.8% in US (p < 0.001).

After controlling for covariates, a significant dose effect 
of frailty on the hazard of all-cause death was observed, 
with pre-frail individuals having an increased hazard of 
death compared to non-frail older adults, and frail indi-
viduals having a higher hazard of death than pre-frail 
individuals.

The magnitude of the effect on pre-frail and frail indi-
viduals was higher in the US than in Costa Rica. Com-
pared to non-frail individuals, pre-frail older adults had 
a 68% (p = 0.004) increased hazard of death in Costa Rica, 
and a 97% (p < 0.001) increased hazard of death in the US. 
The death hazard for frail as compared to non-frail older 
adults was three-fold in Costa Rica (HR = 3.13, p < 0.001) 
and four-fold in the White US (HR = 4.02, p < 0.001) 
(Figs. 1 and 2).

After performing a sensitivity analysis, in which deaths 
that occurred within 12 months from baseline were 
excluded to rule out survival bias, results remained simi-
lar. Compared to non-frail individuals, pre-frail older 
adults had increased hazards of death of 54% (p = 0.017) 
in Costa Rica, and 91% (p < 0.001) in the US. The death 
hazards for frail as compared to non-frail older adults 
were 2.86 (p < 0.001) in Costa Rica and 3.72 (p < 0.001) in 
the White US (Results not shown).

After controlling for other covariates, older age, being 
a male, and smoking were risk factors in both coun-
tries. Economic vulnerability was a risk factor in the US 
(HR = 1,31, p = 0,008). Having a high level of education 
was a protective factor in the US (HR = 0.60, p = 0.028), 
whereas being married or in a domestic union was a 
protective factor in Costa Rica (HR = 0.71, p = 0.001) 
(Table 3).

Hazard ratios of death are greater for frail White indi-
viduals than for frail individuals of other races or ethnici-
ties (HR = 4.02, p < 0.001 vs. HR 2.70, p < 0.001) and this 
disadvantage holds for pre-frail White individuals com-
pared to pre-frail individuals of other races or ethnici-
ties (HR = 1.97, p < 0.001 vs. HR 1.56, p = 0.003) (Table 4; 
Fig. 3).

Discussion
Using nationally representative data from community-
dwelling older adults, this study examined the associa-
tion between frailty and mortality in Costa Rica and the 
United States. Adding to the limited existing literature 
comparing the experience of aging between these two 
countries, one developing and one developed, we found 
some support for our hypothesis that frailty can have a 
differential impact on mortality depending on the coun-
try, which may be due to differences in the social and 
economic contexts. Specifically, our results indicate that 
US older adults have a greater frailty prevalence, and that 

Table 1  Cohort characteristics at baseline, Costa Rica and the 
United States (weighted estimates)

Costa Rica 
(n = 1790)

United 
States 
(n = 6680)

p-
value

Physical Frailty Phenotype 
(PFP)

< 0.001

Non-frail 16.7 20.8
Pre-frail 67.2 57.4
Frail 16.2 21.9
Age < 0.001
65–69 38.8 30.1
70–74 27.7 26.2
75–79 18.8 19.4
80–84 9.6 14.2
85–89 3.8 7.4
90+ 1.4 2.7
Sex 0.021
Male 47.6 44.2
Female 52.4 55.8
Education levela < 0.001
Low 50.3 24.3
Medium 36.2 60.9
High 13.5 14.8
Economic vulnerabilityb < 0.001
Yes 37.1 10.5
No 62.9 89.5
Race and ethnicityc NA
White 81.1
All other race/ethnicity 18.9
Metropolitan zone < 0.001
Metropolitan 55.0 81.6
Non-Metropolitan 45.0 18.4
Marital statusd 0.475
In union 58.6 59.6
Not in union 41.4 40.4
Smokinge < 0.001
Current smoker 9.0 53.5
Non-smoker 91.0 46.5
a n = 6014 for NHATS. Low level of education was defined as elementary school 
or lower for Costa Rican participants, and incomplete high school or lower 
for the United States participants. Medium level of education was defined 
as incomplete high school for Costa Rican participants, and complete high 
school or college education without obtaining a degree for the United States 
participants. High level of education was defined as complete high school or 
higher for Costa Rican participants, and bachelor’s degree or higher for the 
United States participants
b n = 1785 for CRELES and 6517 for NHATS. Economic vulnerability was defined 
as a total income < 100 USD per month per person in 2014 USD for CRELES 
participants, and as being a recipient of Medicaid for NHATS participants
c n = 6289 for NHATS
d n = 6674 for NHATS
e n = 1786 for CRELES and 6675 for NHATS
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frailty has a stronger association with mortality than in 
Costa Rica. Indeed, our analyses suggest several differ-
ences between these two countries, which we discuss in 
more detail here.

We used the Physical Frailty Phenotype to assess the 
frailty status of two nationally representative cohorts of 
older adults from Costa Rica and the US. In Costa Rica, 
the prevalence of frailty (16.2%) was below the preva-
lence estimated by a systematic review and meta-analysis 
in the Latin American and the Caribbean Region using 
different frailty measurement approaches (19.6%) [24]. 
Costa Rican prevalence was nonetheless greater than the 
estimation of frailty prevalence of 12.7% from a system-
atic review and meta-analysis of studies using the PFP 
approach involving community-dwelling older adults 
ages 60 and older from upper middle-income countries 
in Latin America and the Caribbean [3].

In the United States, the prevalence of frailty (21.9%) 
was higher than estimated by a previous study (15.0%) 
[25]. Differences between these two estimations might be 
due to methodological differences, such as our exclusion 

of respondents living in residential care settings or some 
differences in the measurement of frailty. For example, 
differences in walking speed and grip strength cut-off 
points, which result from the percentile distribution of 
individuals in each analytical sample, can be contrasted 
from both studies’ supplementary tables. A system-
atic review conducted with 21 cohorts of community-
dwelling older adults ages 65 and over estimated a lower 
prevalence of frailty in high income countries when only 
studies using the PFP were included (13.6%) [2]. In Euro-
pean countries the prevalence of frailty ranges from 5.8% 
in Switzerland to 27.3% in Spain [26]. However, the lat-
ter estimates were based on a related but not equivalent 
measurement of Fried’s frailty, which attempted to opera-
tionalize PFP with the available data [6].

Similar to the current study, characteristics such as 
being female, older age, and being economically vulner-
able have previously been found to be associated with 
the prevalence of frailty in the US [25]. Research stud-
ies in different contexts have consistently found a higher 
prevalence of frailty in the female older adult population. 

Table 2  Cohort characteristics at baseline by physical frailty status, Costa Rica and the United States (weighted estimates)
Non frailty Pre-frailty Frailty p-valuea

Costa 
Rica

Unit-
ed 
States

Costa 
Rica

Unit-
ed 
States

Costa 
Rica

Unit-
ed 
States

Sex
Male 19.9 25.9 65.7 55.7 14.5 18.5 < 0.001
Female 13.7 16.7 68.6 58.7 17.7 24.6 < 0.001
Education levelb

Low 12.0 11.7 67.9 53.9 20.1 34.5 < 0.001
Medium 16.8 18.8 69.7 59.3 13.5 21.9 0.001
High 33.5 30.2 57.8 57.5 8.7 12.3 0.416
Economic vulnerabilityc

Yes 12.6 8.71 67.1 50.6 20.3 40.7 < 0.001
No 19.0 22.0 67.2 58.1 13.8 19.9 < 0.001
Race and ethnicity < 0.001
White 22.0 57.7 20.3
All other race/ethnicity 15.5 55.9 28.7
Metropolitan zone
Metropolitan 17.2 21.4 66.9 56.5 16.0 22.1 < 0.001
Non-Metropolitan 16.0 18.0 67.6 61.0 16.4 21.0 0.015
Marital status
In union 19.7 25.0 67.2 57.7 13.0 17.3 < 0.001
Not in union 12.3 14.6 67.1 56.8 20.6 28.6 0.015
Smoking
Current 13.8 20.7 70.8 57.3 15.4 21.9 < 0.001
Non-smoker 16.9 20.8 66.9 57.4 16.3 21.8 < 0.001
a p-value compares the distribution of frailty categories, between Costa Rica and the United States, except for race and ethnicity that refers only to the United States
b Low level of education was defined as elementary school or lower for Costa Rican participants, and incomplete high school or lower for the United States 
participants. Medium level of education was defined as incomplete high school for Costa Rican participants, and complete high school or college education without 
obtaining a degree for the United States participants. High level of education was defined as complete high school or higher for Costa Rican participants, and 
bachelor’s degree or higher for the United States participants
c Economic vulnerability was defined as a total income < 100 USD per month per person in 2014 USD for CRELES participants, and as being a recipient of Medicaid 
for NHATS participants



Page 7 of 12Santamaría-Ulloa et al. BMC Public Health         (2023) 23:1960 

This gender differential has been described as a gender-
approach to frailty [6]. A sex-frailty paradox has also been 
described, with women having greater levels of frailty 
but living longer than men [27, 28], which holds for both 
cohorts included in this study. Interestingly, this sex-
frailty paradox has not been observed in other species – 
for example, mice have been found to have an increased 
prevalence of frailty as they age, with frail mice dying 
earlier, regardless of sex [29]. The sex-frailty paradox has 
not been supported by data in primate populations of 
baboons either, with similar age-related health outcomes, 
regardless of sex [30]. Cultural norms and behaviors may 
be associated with the sex differential observed in human 
populations as long as they imply environmental non-
biological differences with an effect on health outcomes 
[31]. Roles that have been culturally assigned to women, 
such as caregiving, may increase the risk of frailty [32], 
while behaviors that have been culturally modeled in 
men, such as a lower utilization of healthcare services 
[33], may increase mortality among frail males.

Similar to our results, previous studies have also found 
an increased mortality risk in frail older adults. Another 

study using NHATS found that death was significantly 
higher among frail compared to non-frail participants 
[34]. A Chinese cohort study reported that using the 
frailty index, the hazard ratio of all-cause mortality risk 
was higher in frail older adults [35]. Similarly, a meta-
analysis found that frailty status measured with the PFP 
was associated with an increased risk of all-cause mor-
tality in community-dwelling older adults [11]. We found 
that besides frailty, increasing age, being male, and smok-
ing are risk factors for death in both countries. A high 
education level in the US and being married/in union in 
Costa Rica were found to be protective factors according 
to our study. Similar results have been identified in previ-
ous investigations [35, 36].

The highest prevalence of pre-frailty was found in Costa 
Rica, and the highest prevalence of frailty was found in 
the US. Despite having better indicators in terms of edu-
cation and socioeconomic status, the US older adults 
had a greater frailty prevalence and the magnitude of its 
association with mortality was also higher than in Costa 
Rica. Previous studies have shown that socioeconomic 
inequality in mortality is greater in the US than in Costa 

Fig. 1  Costa Rica: Survival probability, by frailty status
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Rica, with individuals on the lowest socioeconomic status 
in Costa Rica living longer than individuals in a similar 
social position in the US [37]. Having health insurance at 
older ages would not explain these differences, because 
all the participants in the US cohort are Medicare recipi-
ents, and all of the participants in the Costa Rican cohort 
are also entitled to health insurance. However, one expla-
nation for these country differences is access to a uni-
versal health care system across the life cycle in Costa 
Rica which offers an excellent primary care access and 
provides a safety net for individuals regardless of their 
socioeconomic status. Features of Costa Rica’s health 
care system may slow the progression from non-frail to 
pre-frail and to frail, which may explain the differences 
observed at the end-of-life trajectories. In the US, public 
health insurance under the age of 65 is primarily avail-
able to those with very low incomes, while the majority 
access private health insurance through their employers 
or out of pocket. In contrast, in Costa Rica almost all res-
idents are covered by a single national health insurance 
system [29]. In addition, Costa Rica’s higher life expec-
tancy when compared to other developing countries has 

been attributed in part to the availability of primary care, 
whereas primary care accounts for less than 7% of total 
health expenditures in the US [38].

Another explanation besides differences in health care 
systems relates to psychosocial pathways that involve 
stress levels, anxiety, social isolation, and depression. The 
mortality risk from loneliness and social isolation is well 
established; results from a meta-analysis of 70 studies 
suggest the risk of death for those without social connec-
tions and support is comparable to obesity, lack of physi-
cal activity, limited access to health care, and similar risk 
factors [39]. Shorter telomeres in blood cells indicate that 
US residents may live under more stressful circumstances 
than Costa Ricans [37].

As expected, this study found that White older adults 
had a significantly lower prevalence of frailty compared 
to individuals of other races or ethnicities in the US. 
This result is consistent with studies that have previ-
ously found racial and ethnic disparities in the US, with 
Black and Latino older adults showing a higher preva-
lence of frailty [25, 40]. However, a surprising result was 
that although White individuals had a lower prevalence 

Fig. 2  United States: Survival probability, by frailty status
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of frailty, those who were pre-frail or frail faced a higher 
hazard of death compared to other races or ethnicities. 
Although Black and Latino populations show higher mor-
tality in most age groups, a mortality crossover with these 
populations having a comparable or lower mortality than 
Whites has been previously described for older adults 
in the US [41]. A possible explanation for this observed 
mortality advantage of other races and ethnicities is dif-
ferential selective survival [42]. Using the same NHATS 
survey, a previous study reported a modestly lower 

mortality risk for Black older adults compared to White 
individuals [43]. Black older adults may have greater 
availability of informal networks of support within their 
families and communities [43], suggesting the need for 
future research to explore the effects of informal support 
on racial differentials in health outcomes.

The strengths of this study include a prospective design 
with nationally representative samples of older adults 
that provides evidence of mortality risk from two differ-
ent country contexts. Moreover, we used a reliable frailty 
indicator for community-based population samples that 
allowed for cross-country comparisons.

This study also has limitations. In both cohorts, selec-
tion bias may result from the fact that losses to follow-
up had a higher prevalence of frailty than those who were 
not lost, which would result in a lower estimation of the 
association between frailty on mortality. Residual con-
founding may result from chronic conditions associated 
with frailty and mortality which were not included in the 
analyses. Recall bias may come from self-reports of three 
out of the five PFP components which were not based on 
performance tasks. We adapted the definitions of weight 
loss and physical activity of the PFP criteria to make them 
comparable using the available data with measurements 
made in the CRELES and NHATS cohorts, however they 
differ from the study on which the phenotype is based 
[8]. Furthermore, the PFP does not allow us to assess the 
severity of frailty, and there are likely variations for older 
adults in this category. As a result of the methodologi-
cal differences in mortality follow-up between countries, 

Table 3  Cox proportional Hazard Ratios from models evaluating the association between physical frailty and all-cause mortality. Costa 
Rica and the United States (weighted estimates)

Costa Rica (n = 1790) United States (n = 5936)
HRa 95% CI p-value HRa 95% CI p-value

Pre-frail 1.68 1.19–2.39 0.004 1.97 1.52–2.55 < 0.001
Frail 3.13 2.12–4.61 p < 0.001 4.02 3.04–5.33 < 0.001
Age 1.07 1.05–1.08 p < 0.001 1.09 1.08–1.10 < 0.001
Men 1.51 1.23–1.84 p < 0.001 1.51 1.30–1.77 < 0.001
Medium educationb 1.08 0.88–1.33 0.451 0.89 0.76–1.04 0.135
High educationc 0.97 0.66–1.41 0.856 0.76 0.60–0.97 0.028
Economic vulnerabilityd 0.97 0.79–1.18 0.754 1.31 1.08–1.60 0.008
All other race/ethnicity 1.65 0.81–3.36 0.162
Pre-frail * all other race 0.48 0.23–1.00 0.051
Frail * all other race 0.41 0.17–0.95 0.039
Metropolitan zone 1.07 0.88–1.30 0.519 0.93 0.81–1.07 0.286
In union 0.71 0.58–0.87 0.001 0.89 0.79–1.00 0.058
Current smoker 1.51 0.11–2.06 0.008 1.40 1.22–1.60 < 0.001
a Hazard Ratios (HR) estimations are fully adjusted (i.e., adjusted for frailty, age, sex, education level, economic vulnerability, living in a metropolitan zone, marital 
status, and smoking). US model is also adjusted for race & ethnicity and for interactions between race and frailty
b Medium level of education was defined as incomplete high school for Costa Rican participants, and complete high school or college education without obtaining 
a degree for the United States participants
c High level of education was defined as complete high school or higher for Costa Rican participants, and bachelor’s degree or higher for the United States participants
d Economic vulnerability was defined as a total income < 100 USD per month per person in 2014 USD for CRELES participants, and as being a recipient of Medicaid 
for NHATS participants

Table 4  Cox proportional Hazard Ratios for interactions 
between frailty and race, from a model evaluating the association 
between physical frailty and all-cause mortality. United States 
(weighted estimates)

HRa 95% CI p-valueb

Non-frail & White (Reference)
Pre-frail & White 1.97 1.52–

2.55
< 0.001

Frail & White 4.02 3.04–
5.33

< 0.001

Non-frail & Other race/ethnicity 1.65 0.81–
3.36

0.162

Pre-frail & Other race/ethnicity 1.56 1.18–
2.08

0.003

Frail & Other race/ethnicity 2.70 2.00–
3.66

< 0.001

a Hazard Ratios (HR) estimations are fully adjusted (i.e., adjusted for frailty, age, 
sex, education level, economic vulnerability, race and ethnicity, interactions 
between race and frailty, living in a metropolitan zone, marital status, and 
smoking)
b p-values are testing the null hypothesis of no interaction effect between race 
and frailty combinations, on mortality



Page 10 of 12Santamaría-Ulloa et al. BMC Public Health         (2023) 23:1960 

completeness and accuracy of the mortality outcome are 
expected to be higher in Costa Rica, where a linkage to 
the official Death Index was used, as compared to the 
US where the information relied on proxy reports. This 
measurement bias may lead to mortality sub estimation 
in the US population, which would result in greater dif-
ferences between countries. Country differences may also 
result from differential paces of aging that were defined 
by biological and environmental factors earlier in life [44, 
45]. A limitation of this study is the lack of longitudinal 
measures during adulthood to assess whether the pace of 
aging differed by country.

Conclusions
The death hazard for frail compared to non-frail older 
adults was three-fold in Costa Rica and four-fold in the 
US. Older age, being male, and smoking were death risk 
factors in both countries. High education was a protec-
tive factor in the US, whereas being married or in union 
was a protective factor in Costa Rica. While our study 
did not explicitly examine the reasons for differences in 
frailty prevalence and its association with mortality, prior 

work exploring how the surrounding context affects the 
health and well-being of residents of these two countries 
suggest some possible explanations, including access to 
healthcare at earlier ages, social connection and support, 
and the role of racism as a social determinant of health 
in the US. Future research should seek to identify behav-
ioral, social, and policy determinants of frailty that may 
serve as an essential component of population interven-
tions that prevent frailty and its consequences.

List of abbreviations
CRELES	� Costa Rican Longevity and Healthy Aging Study, for its Spanish 

acronym
NHATS	� National Health & Aging Trends Study
PFP	� Physical Frailty Phenotype
US	� United States of America

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-023-16900-4.

Supplementary Material 1

Fig. 3  United States: Survival probability, by frailty and race interactions

 

https://doi.org/10.1186/s12889-023-16900-4
https://doi.org/10.1186/s12889-023-16900-4


Page 11 of 12Santamaría-Ulloa et al. BMC Public Health         (2023) 23:1960 

Acknowledgements
Not applicable.

Authors’ contributions
CSU, AJL, MVCO and EMC conceived the study. CSU and EMC conceived the 
methods and design. EMC led the data analysis. CSU drafted the manuscript. 
All authors read, contributed, and approved the final version.

Funding
This study was supported by the Oficina de Asuntos Internacionales y 
Cooperación Externa, from the Universidad de Costa Rica, which provided 
CSU with a short-term scholarship. This study was also supported by the Alicia 
and YaYa Initiative in Global Aging Research, from the University of Maryland 
Baltimore, which awarded CSU with a Faculty Fellowship, and awarded MVCO 
and EMC with a Student Fellowship.

Data Availability
The datasets used in this study can be found in online repositories at: http://
www.creles.berkeley.edu/ and https://nhats.org/ for CRELES and NHATS 
respectively.

Declarations

Ethics approval and consent to participate
This research was exempt following expedited review by the University of 
Maryland, Baltimore Institutional Review Board (HP-00105679). All study 
participants provided written informed consent prior to study participation. 
All the databases of the study have been made anonymous (the name or 
identifier has been removed) to avoid risks to the privacy of the participant. 
All methods were carried out in accordance with relevant guidelines and 
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 29 June 2023 / Accepted: 4 October 2023

References
1.	 Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly 

people. The Lancet. 2013;381(9868):752–62. https://doi.org/10.1016/
S0140-6736(12)62167-9

2.	 Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of Frailty in 
Community-Dwelling older persons: a systematic review. J Am Geriatr Soc. 
2012;60(8):1487–92. https://doi.org/10.1111/j.1532-5415.2012.04054.x

3.	 Siriwardhana DD, Hardoon S, Rait G, Weerasinghe MC, Walters KR. Preva-
lence of frailty and prefrailty among community-dwelling older adults 
in low-income and middle-income countries: a systematic review and 
meta-analysis. BMJ Open. 2018;8(3):e018195. https://doi.org/10.1136/
bmjopen-2017-018195

4.	 Ofori-Asenso R, Chin KL, Mazidi M, Zomer E, Ilomaki J, Zullo AR, et al. Global 
incidence of Frailty and Prefrailty among Community-Dwelling older 
adults. JAMA Netw Open. 2019;2(8):e198398. https://doi.org/10.1001/
jamanetworkopen.2019.8398

5.	 Bandeen-Roche K, Xue QL, Ferrucci L, Walston J, Guralnik JM, Chaves P, et al. 
Phenotype of Frailty: characterization in the women’s Health and Aging Stud-
ies. J Gerontol A Biol Sci Med Sci. 2006;61(3):262–6. https://doi.org/10.1093/
gerona/61.3.262

6.	 Romero-Ortuno R, Walsh CD, Lawlor BA, Kenny RA. A Frailty Instru-
ment for primary care: findings from the Survey of Health, Ageing and 
Retirement in Europe (SHARE). BMC Geriatr. 2010;10(1):57. https://doi.
org/10.1186/1471-2318-10-57

7.	 Dent E, Kowal P, Hoogendijk EO. Frailty measurement in research and clinical 
practice: a review. Eur J Intern Med. 2016;31:3–10. https://doi.org/10.1016/j.
ejim.2016.03.007

8.	 Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. 
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med 
Sci. 2001;56(3):M146–57. https://doi.org/10.1093/gerona/56.3.M146

9.	 Ringer TJ, Hazzan AA, Kennedy CC, Karampatos S, Patterson C, Marr S, 
et al. Care recipients’ physical frailty is independently associated with 
subjective burden in informal caregivers in the community setting: a 
cross-sectional study. BMC Geriatr. 2016;16(1):186. https://doi.org/10.1186/
s12877-016-0355-6

10.	 Kojima G, Iliffe S, Jivraj S, Walters K. Association between frailty and quality of 
life among community-dwelling older people: a systematic review and meta-
analysis. J Epidemiol Community Health (1978). 2016;70(7):716–21. https://
doi.org/10.1136/jech-2015-206717

11.	 Vermeiren S, Vella-Azzopardi R, Beckwée D, Habbig AK, Scafoglieri A, Jansen B, 
et al. Frailty and the prediction of negative Health Outcomes: a Meta-analysis. 
J Am Med Dir Assoc. 2016;17(12):1163.e1–1163.e17.

12.	 Population Reference Bureau. World Population Data Sheet. Washington, DC; 
2022.

13.	 Caldwell JC. Routes to low mortality in poor countries. Popul Dev Rev. 
1986;12(2):171.

14.	 Rosero-Bixby L. Evaluación del impacto de la reforma del sector salud en 
Costa Rica. Revista Panam de Salud Pública. 2004;15(2):94–103.

15.	 Palmer S, Jiménez I, Molina I. The Costa Rica reader: history, culture, politics. 
Durum NC: Duke University Press; 2004.

16.	 Unger JP, De Paepe P, Buitrón R, Soors W. Costa Rica: achievements of a 
Heterodox Health Policy. Am J Public Health. 2008;98(4):636–43. https://doi.
org/10.2105/AJPH.2006.099598

17.	 Rosero-Bixby L, Dow WH, Brenes G. Costa rican longevity and healthy 
aging study. Encyclopedia of Gerontology and Population Aging. 
Cham: Springer International Publishing; 2019. 1–5. https://doi.
org/10.1007/978-3-319-69892-2_334-1

18.	 Andrasfay T. Changes in physical functioning as short-term predictors of 
Mortality. The Journals of Gerontology: Series B. 2020;75(3):630–9. https://doi.
org/10.1093/geronb/gby133

19.	 Goldman N, Glei DA, Rosero-Bixby L, Chiou ST, Weinstein M. Performance-
based measures of physical function as mortality predictors: incremental 
value beyond self-reports. Demogr Res. 2014;30(7):227–52. https://doi.
org/10.4054/DemRes.2013.30.7

20.	 Xue Q, Bandeen-Roche K, Tian J, Kasper JD, Fried LP. Progression of physical 
Frailty and the risk of all‐cause mortality: is there a point of no return? J Am 
Geriatr Soc. 2021;69(4):908–15. https://doi.org/10.1111/jgs.16976

21.	 Brenes-Camacho G, Rosero-Bixby L. Metabolic control in a nationally repre-
sentative diabetic elderly sample in Costa Rica: patients at community health 
centers vs. patients at other health care settings. BMC Int Health Hum Rights. 
2008;8(1):5. https://doi.org/10.1186/1472-698X-8-5

22.	 Lehning AJ, Mattocks N, Smith RJ, Kim K, Cheon JH. Neighborhood Age 
Composition and Self-Rated Health: findings from a nationally Representative 
Study. J Gerontol Soc Work. 2021;64(3):257–73. https://doi.org/10.1080/01634
372.2020.1866731

23.	 StataCorp. Stata Statistical Software. College Station, TX: StataCorp LLC; 2021.
24.	 Da Mata FAF, Pereira PP, da Andrade S, de Figueiredo KRC, Silva ACMG, Pereira 

MT. Prevalence of Frailty in Latin America and the Caribbean: a systematic 
review and Meta-analysis. PLoS ONE. 2016;11(8):e0160019. https://doi.
org/10.1371/journal.pone.0160019

25.	 Bandeen-Roche K, Seplaki CL, Huang J, Buta B, Kalyani RR, Varadhan R, et al. 
Frailty in older adults: a nationally Representative Profile in the United States. 
J Gerontol A Biol Sci Med Sci. 2015;70(11):1427–34. https://doi.org/10.1093/
gerona/glv133

26.	 Santos-Eggimann B, Cuenoud P, Spagnoli J, Junod J. Prevalence of Frailty 
in Middle-Aged and older Community-Dwelling Europeans living in 10 
countries. J Gerontol A Biol Sci Med Sci. 2009;64A(6):675–81. https://doi.
org/10.1093/gerona/glp012

27.	 Gordon EH, Peel NM, Samanta M, Theou O, Howlett SE, Hubbard RE. Sex 
differences in frailty: a systematic review and meta-analysis. Exp Gerontol. 
2017;89:30–40. https://doi.org/10.1016/j.exger.2016.12.021

28.	 Gordon EH, Hubbard RE. The pathophysiology of Frailty: why sex is so 
important. J Am Med Dir Assoc. 2018;19(1):4–5. https://doi.org/10.1016/j.
jamda.2017.10.009

29.	 Baumann CW, Kwak D, Thompson LV. Sex-specific components of frailty 
in C57BL/6 mice. Aging. 2019;11(14):5206–14. https://doi.org/10.18632/
aging.102114

30.	 Alberts SC, Archie EA, Gesquiere LR, Altmann J, Vaupel JW, Christensen K. 
The male-female Health-Survival Paradox: a comparative perspective on sex 

http://www.creles.berkeley.edu/
http://www.creles.berkeley.edu/
https://nhats.org/
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1136/bmjopen-2017-018195
https://doi.org/10.1136/bmjopen-2017-018195
https://doi.org/10.1001/jamanetworkopen.2019.8398
https://doi.org/10.1001/jamanetworkopen.2019.8398
https://doi.org/10.1093/gerona/61.3.262
https://doi.org/10.1093/gerona/61.3.262
https://doi.org/10.1186/1471-2318-10-57
https://doi.org/10.1186/1471-2318-10-57
https://doi.org/10.1016/j.ejim.2016.03.007
https://doi.org/10.1016/j.ejim.2016.03.007
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1186/s12877-016-0355-6
https://doi.org/10.1186/s12877-016-0355-6
https://doi.org/10.1136/jech-2015-206717
https://doi.org/10.1136/jech-2015-206717
https://doi.org/10.2105/AJPH.2006.099598
https://doi.org/10.2105/AJPH.2006.099598
https://doi.org/10.1007/978-3-319-69892-2_334-1
https://doi.org/10.1007/978-3-319-69892-2_334-1
https://doi.org/10.1093/geronb/gby133
https://doi.org/10.1093/geronb/gby133
https://doi.org/10.4054/DemRes.2013.30.7
https://doi.org/10.4054/DemRes.2013.30.7
https://doi.org/10.1111/jgs.16976
https://doi.org/10.1186/1472-698X-8-5
https://doi.org/10.1080/01634372.2020.1866731
https://doi.org/10.1080/01634372.2020.1866731
https://doi.org/10.1371/journal.pone.0160019
https://doi.org/10.1371/journal.pone.0160019
https://doi.org/10.1093/gerona/glv133
https://doi.org/10.1093/gerona/glv133
https://doi.org/10.1093/gerona/glp012
https://doi.org/10.1093/gerona/glp012
https://doi.org/10.1016/j.exger.2016.12.021
https://doi.org/10.1016/j.jamda.2017.10.009
https://doi.org/10.1016/j.jamda.2017.10.009
https://doi.org/10.18632/aging.102114
https://doi.org/10.18632/aging.102114


Page 12 of 12Santamaría-Ulloa et al. BMC Public Health         (2023) 23:1960 

differences in aging and mortality. In: Weinstein M, Lane MA, editors. Social-
ity, Hierarchy, Health: comparative biodemography: a Collection of Papers. 
Washington, DC: National Academies Press; 2014.

31.	 Oksuzyan A, Juel K, Vaupel JW, Christensen K. Men: good health and 
high mortality. Sex differences in health and aging. Aging Clin Exp Res. 
2008;20(2):25–8. https://doi.org/10.1007/bf03324754

32.	 Hubbard RE, Rockwood K. Frailty in older women. Maturitas. 2011;69(3):203–
7. https://doi.org/10.1016/j.maturitas.2011.04.006

33.	 Galdas PM, Cheater F, Marshall P. Men and health help-seeking behav-
iour: literature review. J Adv Nurs. 2005;49(6):616–23. https://doi.
org/10.1111/j.1365-2648.2004.03331.x

34.	 Damluji AA, Chung SE, Xue QL, Hasan RK, Moscucci M, Forman DE, et al. 
Frailty and cardiovascular outcomes in the National Health and Aging Trends 
Study. Eur Heart J. 2021;42(37):3856–65. https://doi.org/10.1093/eurheartj/
ehab468

35.	 Zhao X, Zhu R, Chen Q, He J. Effect of frailty status on mortality risk among 
Chinese community-dwelling older adults: a prospective cohort study. BMC 
Geriatr. 2023;23(1):150. https://doi.org/10.1186/s12877-023-03759-8

36.	 Lohman MC, Sonnega AJ, Resciniti NV, Leggett AN. Frailty phenotype and 
cause-specific mortality in the United States. The Journals of Gerontology: 
Series A. 2020;75(10):1935–42. https://doi.org/10.1093/gerona/glaa025

37.	 Rosero-Bixby L, Dow WH. Exploring why Costa Rica outperforms the United 
States in life expectancy: A tale of two inequality gradients. Proceedings 
of the National Academy of Sciences. 2016;113(5):1130–7. https://doi.
org/10.1073/pnas.1521917112

38.	 Martin S, Phillips RL, Petterson S, Levin Z, Bazemore AW. Primary care spend-
ing in the United States, 2002–2016. JAMA Intern Med. 2020;180(7):1019. 
https://doi.org/10.1001/jamainternmed.2020.1360

39.	 Holt-Lunstad J, Smith TB, Baker M, Harris T, Stephenson D. Loneliness 
and social isolation as risk factors for mortality. Perspect Psychol Sci. 
2015;10(2):227–37. https://doi.org/10.1177/1745691614568352

40.	 Usher T, Buta B, Thorpe RJ, Huang J, Samuel LJ, Kasper JD, et al. Dissecting the 
Racial/Ethnic disparity in Frailty in a nationally Representative Cohort Study 
with respect to Health, Income, and measurement. The Journals of Gerontol-
ogy: Series A. 2021;76(1):69–76. https://doi.org/10.1093/gerona/glaa061

41.	 Pristavec T, Luth EA. Informal Caregiver Burden, benefits, and older adult 
mortality: a survival analysis. The Journals of Gerontology: Series B. 
2020;75(10):2193–206. https://doi.org/10.1093/geronb/gbaa001

42.	 Yao L, Robert SA. Examining the racial crossover in mortality between african 
American and white older adults: a Multilevel Survival Analysis of Race, Indi-
vidual Socioeconomic Status, and Neighborhood Socioeconomic Context. J 
Aging Res. 2011;2011:1–8. https://doi.org/10.4061/2011/132073

43.	 Berridge C, Mor V. Disparities in the prevalence of unmet needs and their 
Consequences among Black and White older adults. J Aging Health. 
2018;30(9):1427–49. https://doi.org/10.1177/0898264317721347

44.	 Kuo PL, Schrack JA, Levine ME, Shardell MD, Simonsick EM, Chia CW, et 
al. Longitudinal phenotypic aging metrics in the Baltimore Longitudinal 
Study of Aging. Nat Aging. 2022;2(7):635–43. https://doi.org/10.1038/
s43587-022-00243-7

45.	 Elliott ML, Caspi A, Houts RM, Ambler A, Broadbent JM, Hancox RJ, et al. 
Disparities in the pace of biological aging among midlife adults of the same 
chronological age have implications for future frailty risk and policy. Nat 
Aging. 2021;1(3):295–308. https://doi.org/10.1038/s43587-021-00044-4

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1007/bf03324754
https://doi.org/10.1016/j.maturitas.2011.04.006
https://doi.org/10.1111/j.1365-2648.2004.03331.x
https://doi.org/10.1111/j.1365-2648.2004.03331.x
https://doi.org/10.1093/eurheartj/ehab468
https://doi.org/10.1093/eurheartj/ehab468
https://doi.org/10.1186/s12877-023-03759-8
https://doi.org/10.1093/gerona/glaa025
https://doi.org/10.1073/pnas.1521917112
https://doi.org/10.1073/pnas.1521917112
https://doi.org/10.1001/jamainternmed.2020.1360
https://doi.org/10.1177/1745691614568352
https://doi.org/10.1093/gerona/glaa061
https://doi.org/10.1093/geronb/gbaa001
https://doi.org/10.4061/2011/132073
https://doi.org/10.1177/0898264317721347
https://doi.org/10.1038/s43587-022-00243-7
https://doi.org/10.1038/s43587-022-00243-7
https://doi.org/10.1038/s43587-021-00044-4

	﻿Frailty as a predictor of mortality: a comparative cohort study of older adults in Costa Rica and the United States
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Physical frailty phenotype assessment
	﻿Mortality assessment
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


