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Clinical and functional predictors of mortality in octogenarians: 
limitations of the Fried frailty phenotype for risk stratification
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Abstract
Objective: To evaluate frailty as a predictor of mortality in octogenarians. Methods: This 
retrospective cohort study included individuals aged 80 years or older who were followed 
from 2016–2018 through 2024–2025. Sociodemographic, clinical, and functional 
variables, including the presence of frailty, were analyzed, with all-cause mortality 
as the outcome. Data analysis included descriptive statistics and multivariable Cox 
regression to estimate the factors associated with mortality. Results: Osteoporosis, 
urinary incontinence, and severe depressive symptoms were identified as predictors of 
mortality. The Fried frailty phenotype did not demonstrate significant predictive value 
for mortality in the sample analyzed. Conclusion: Frailty, when assessed on the basis of 
specific clinical and functional conditions, was relevant for predicting mortality among 
the oldest-old, whereas the Fried frailty phenotype showed limitations in this age 
group. These findings reinforce the need for more sensitive instruments for prognostic 
assessment in individuals aged 80 years or older.
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INTRODUC TION

Brazil is experiencing rapid population aging, with 
an annual growth rate exceeding 4% between 2012 
and 2022. Projections indicate that, by 2030, older 
adults will account for approximately 30% of the 
population, outnumbering children and adolescents. 
Nevertheless, socioeconomic inequalities that 
affect their living conditions persist. Of particular 
importance is the expansion of the population aged 
80 years or older, which is predominantly female and 
has a high prevalence of functional limitations. Over 
the past 15 years, the number of oldest-old adults with 
disabilities is estimated to have increased by 77%1,2.

The risk of developing frai lty increases 
significantly with advancing age and is influenced by 
comorbidities, physical inactivity, unhealthy dietary 
habits, and unfavorable socioeconomic conditions. 
Frailty is a state of physiological vulnerability 
associated with aging, characterized by reduced 
physiological reserves and a diminished ability to 
respond to adverse events. It is associated with a 
greater risk of falls, loss of autonomy, and mortality 
and is distinct from disability, social vulnerability, 
and multimorbidity3.

Frailty therefore has important prognostic value, 
enabling the screening of older adults at greater risk of 
adverse events4 and supporting targeted therapeutic 
interventions. Evidence indicates that frailty, 
functional limitations, and social isolation increase 
the risk of mortality independently of chronic diseases 
and sociodemographic factors5,6. These findings 
may inform care protocols in primary health care, 
particularly for individuals aged 80 years or older, 
given the heterogeneity of the older population and 
its differing needs for monitoring and care7.

Analyzing trends in health care expenditures and 
causes of mortality among the oldest-old is essential 
to overcoming the reductionist view that aging alone 
determines greater use of health care resources. 
Increased costs are more strongly associated with 
clinical profile, disability, multimorbidity, and 
proximity to death than with chronological age. 
Although mortality among the oldest-old has been 
increasingly investigated, chronological age and 

specific diagnoses continue to be emphasized as the 
main predictors of mortality. This approach may have 
limitations in this age group, in which traditional risk 
factors tend to have lower discriminatory ability8,9.

Accordingly, the present study was based on the 
hypothesis that frailty is an independent predictor of 
mortality among individuals aged 80 years or older. 
Therefore, this study aimed to evaluate frailty as a 
predictor of mortality among the oldest-old, thereby 
contributing to improvements in risk stratification and 
to the provision of care focused on functional status.

METHODS

This analytical, comparative, retrospective cohort 
study was conducted in two data collection phases. 
The first phase was conducted between 2016 and 
2018 under a protocol approved by the Research 
Ethics Committee (approval No. 8,423,250; CAAE 
No. 50075215.2.0000.0029). Individuals aged 80 
years or older who were voluntarily recruited from 
the geriatric outpatient clinic of the Universidade 
Católica de Brasília (UCB) were eligible. After 
providing written informed consent, individuals 
with moderate or severe dementia were excluded. 
Dementia severity was determined through cognitive 
assessment using the Mini-Mental State Examination 
(MMSE), based on cutoff scores adjusted for 
educational attainment. 

During the first phase, data were collected from 
222 participants on sociodemographic characteristics, 
previously diagnosed chronic diseases, urinary 
incontinence, frailty status, depressive symptoms 
assessed using the Geriatric Depression Scale (GDS), 
cognitive performance assessed using the MMSE, and 
risk of sarcopenia. A convenience sample was used, 
comprising eligible participants recruited from the 
outpatient clinic. This sampling strategy is frequently 
adopted in studies involving adults of advanced age 
because of the difficulty of accessing this population. 
Assessments were conducted on dates and at times 
previously scheduled with the participants at the 
UCB facilities. Details of the recruitment procedures, 
blood collection, and physical assessments have been 
described in previous studies10-13.
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During the second data collection phase, which was 
approved by the Research Ethics Committee (approval 
No. 8,423,250; CAAE No. 75167923.6.0000.0029) 
and conducted between 2024 and 2025, surviving 
participants who voluntarily consented to participate 
were reassessed for frailty using the same procedures 
applied during the first phase. For participants who 
had died, information was obtained from family 
members or caregivers through interviews, review 
of a copy of the death certificate, and consultation of 
the National Registry of Deceased Persons (Cadastro 
Nacional de Falecidos [CNF], Brazil).

Participants were contacted using the telephone 
numbers and addresses provided during the first phase, 
and the responsible caregiver or family member was 
identified. Interviews were conducted by telephone, 
in person at the UCB facilities, or at the participant’s 
home, according to the respondent’s preference.

Figure 1 shows the numbers of individuals assessed 
at baseline, followed up, and included in the analysis.

The sample size was not calculated a priori 
because the study used a previously established open 
cohort comprising a convenience sample. Therefore, 
all eligible individuals assessed at baseline who met 
the inclusion criteria and had complete data for the 
variables of interest were included. The final sample 
size (n = 129) was thus determined by the number of 
participants successfully followed up and the number 
of deaths observed during the follow-up period.

The study complied with the ethical and scientific 
principles established by Brazilian National Health 
Council Resolution No. 466 of December 12, 2012, 
and Resolution No. 510 of April 7, 2016, which 
establishes the standards applicable to research 
in the Human and Social Sciences involving data 
obtained directly from participants. The principles 
and guidelines of the Brazilian General Data 
Protection Law (Law No. 13,709/2018) were also 
observed, ensuring the confidentiality, privacy, and 
protection of the information collected.

Figure 1. Flowchart of the cohort recruitment and follow-up process (n = 129). Brasília, Federal District, 2026.
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All responses were recorded into the REDCap 
platform (Research Electronic Data Capture), with 
access restricted to authorized researchers. During 
the second phase of the study (2024–2025), which 
involved telephone interviews and administration of 
the Geriatric Depression Scale and the Mini-Mental 
State Examination, additional measures were adopted 
to ensure participant privacy, informed consent, 
and data security throughout all stages of the study.

Data analysis was conducted in three sequential 
stages. First, a comprehensive descriptive analysis of 
the study variables was performed. For continuous 
variables, measures of central tendency and 
dispersion were calculated, including the mean, 
standard deviation, percentiles, median, and 
minimum and maximum values. Categorical variables 
were summarized using absolute frequencies and 
proportions. The normality of the distributions was 
assessed using the Shapiro–Wilk test, in accordance 
with recommendations established in the literature 
on nonparametric statistics14.

Survival analysis was performed using the 
Kaplan–Meier estimator15. Time was calculated from 
the date of the first-wave assessment until death (the 
last contact with the patient while alive). Predictors of 
mortality were analyzed using the Cox proportional 
hazards model. The proportional hazards assumption 
was assessed.

Use of Artif icial Intelligence

The authors declare that only academic and 
editorial support resources permitted under the 
guidelines of the Brazilian Journal of Geriatrics and 

Gerontolog y (RBGG) were used. Their use was 
restricted to spelling and grammar checking, 
language editing, stylistic refinement, and textual 
organization of the manuscript. No resources 
were used to generate data, formulate hypotheses, 
interpret results, or replace the authors’ scientific 
judgment. The final content was critically reviewed 
and approved by all authors, who assume full 
responsibility for the manuscript.

DATA AVAIL ABIL IT Y

The complete dataset supporting the findings 
of this study is available from the corresponding 
author upon reasonable request.

RESULTS

Participants were followed for 9 years. At the 
end of this period, only 14.1% had survived (95% 
CI). Table 1 presents the baseline sociodemographic 
and anthropometric characteristics of the sample 
according to vital status at follow-up. Most surviving 
participants were female (64.86%). The median age of 
the surviving participants at the time of the first data 
collection phase was 91 years, whereas the median 
age of the participants who died was 85 years.

Table 2 presents the baseline clinical and functional 
characteristics, including cognition assessed using 
the Mini-Mental State Examination (MMSE), mood 
assessed using the Geriatric Depression Scale (GDS), 
number of chronic diseases, self-rated health, and 
screening for sarcopenia and frailty, according to 
vital status at follow-up.
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to be continued

Table 1. Baseline sociodemographic characteristics of the sample according to vital status at follow-up. Brasília, 
Federal District, 2025.

Variables Survivors  
 n = 37

Deceased participants  
 n = 92

Sex
Female 24 (64.86) 56 (60.87)
Male 13 (35.14) 36 (39.13)
Age (years) 91.00 (85.00; 98.00) 85.00 (78.00; 101.00)
Marital status
Married 10 (27.03) 8 (8.79)
Single 27 (72.97) 83 (91.21)
Race/skin color (IBGE classification)
Asian 0 (0.00) 2 (2.20)
White 16 (43.24) 61 (67.03)
Indigenous 5 (13.51) 1 (1.10)
Mixed race 16 (43.24) 25 (27.47)
Black 0 (0.00) 2 (2.20)
Body mass index (BMI), kg/m² 25.50 (13.70; 38.22) 25.56 (15.16; 35.47)

*Categorical variables are expressed as n (%), and continuous variables as median (minimum; maximum). IBGE, Brazilian 
Institute of Geography and Statistics.
Note: Missing data were observed for some variables. Among participants who died, data were missing for marital status 
(n = 1), race/skin color (n = 1), and BMI (n = 19).

Table 2. Baseline cognition (MMSE), mood (GDS), chronic diseases, self-rated health, and screening for sarcopenia 
(SARC-F) and frailty (Fried frailty phenotype), according to vital status at follow-up. Brasília, Federal District, 2025.

Variables Survivors  
 n = 37

Deceased participants  
 n = 92

MMSE total score 24.00 (5.00; 28.00) 19.00 (0.00; 29.00)
MMSE classification
Cognitively intact 13 (38.24) 26 (34.21)
Cognitive impairment 21 (61.76) 50 (65.79)
GDS total score 3.00 (0.00; 10.00) 4.00 (1.00; 14.00)
GDS classification
Normal 22 (70.97) 25 (35.21)
Depressive symptoms 9 (29.03) 23 (32.39)
Severe depressive symptoms 0 (0.00) 23 (32.39)
Heart disease 6 (20.69) 21 (30.88)
Hypertension 25 (86.21) 60 (82.19)
Stroke/cerebral ischemia 4 (13.79) 12 (18.75)
Diabetes mellitus 8 (27.59) 19 (27.54)
Cancer 4 (13.79) 13 (20.97)
Arthritis/rheumatism 4 (13.79) 19 (31.67)
Lung disease 2 (6.90) 10 (15.87)
Depression 0 (0.00) 20 (30.77)
Osteoporosis 6 (20.69) 31 (47.69)
Urinary incontinence 8 (27.59) 33 (50.77)
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Variables Survivors  
 n = 37

Deceased participants  
 n = 92

Number of self-reported chronic diseases
0 4 (12.12) 7 (9.09)
1–3 25 (75.75) 48 (62.33)
4–6 4 (12.12) 20 (25.97)
7 0 (0.00) 2 (2.60)
Self-rated health
Very poor 1 (2.70) 0 (0.00)
Poor 3 (8.11) 5 (6.17)
Fair 14 (37.84) 46 (56.79)
Good 11 (29.73) 21 (25.93)
Very good 8 (21.62) 9 (11.11)
Risk of sarcopenia 10 (35.71) 26 (34.21)
Frailty status
Non-frail 5 (15.63) 4 (5.19)
Prefrail 26 (81.25) 51 (66.23)
Frail 1 (3.13) 22 (28.57)

Abbreviations: MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; SARC-F, Strength, Assistance with walking, Rise 
from a chair, Climb stairs, and Falls. Categorical variables are expressed as n (%), and continuous variables as median (minimum; maximum).

Note: Missing data were observed for some variables. Among survivors, data were missing for cognitive impairment (n = 3), GDS assessment 
(n = 6), presence of chronic diseases (n = 8), number of chronic diseases (n = 4), risk of sarcopenia (n = 9), and frailty status (n = 5). Among 
participants who died, data were missing for cognitive impairment (n = 16), GDS assessment (n = 21), heart disease (n = 24), hypertension (n = 
19), stroke (n = 28), diabetes mellitus (n = 23), cancer (n = 30), arthritis/rheumatism (n = 32), lung disease (n = 29), depression (n = 27), urinary 
incontinence (n = 27), number of chronic diseases (n = 15), self-rated health (n = 11), risk of sarcopenia (n = 16), and frailty status (n = 15).

Continuation of Table 2

At the baseline assessment conducted during 
the first data collection phase, participants who 
remained alive at the end of follow-up exhibited 
better cognitive performance than those who died, 
although the prevalence of cognitive impairment 
was high and similar in both groups. Regarding 
mood, survivors had lower GDS scores and a higher 
proportion of individuals classified as normal. 
Conversely, participants who had died by the time 
of the second data collection phase had a higher 
median GDS score and a more balanced distribution 
across the normal, depressive symptoms, and severe 
depressive symptoms categories.

At baseline, hypertension was the most prevalent 
chronic condition among both participants who 
remained alive and those who died during follow-

up, followed by diabetes mellitus, heart disease, and 
cancer, with similar proportions between the groups. 
Some conditions were more frequent at baseline 
among participants who subsequently died, including 
arthritis/rheumatism, lung disease, depression, 
osteoporosis, and urinary incontinence. In both 
groups, most participants reported having one to 
three chronic diseases. Regarding baseline self-rated 
health, survivors were predominantly classified in 
the fair to very good categories, whereas participants 
who died more frequently rated their health as fair 
or good.

The proportion of individuals at risk of sarcopenia 
was similar among survivors and participants who 
died. Regarding frailty status, prefrailty predominated 
in both groups. However, the proportion of frail 
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individuals was higher among participants who died 
than among survivors, whereas non-frail status was 
more frequent among survivors.

Table 3 compares frailty classifications between 
the first and second data collection phases among 
surviving participants. Classifications from the first 
phase are presented in the rows, and those from the 
second phase are presented in the columns. Five 
individuals initially classified as non-frail progressed 
to frailty. Among the 26 participants classified as 
prefrail during the first phase, 11 remained prefrail, 
14 progressed to frailty, and one reverted to non-frail 
status. Only one participant was classified as frail 
during the first phase and remained frail during the 
second phase.

Univariable Cox regression models were fitted 
for the outcome of death. Only variables that met 
the proportional hazards (PH) assumption were 
included in these models, thereby ensuring the 
statistical validity of the results.

Age, MMSE score, baseline depression, and the 
frail category of the frailty classification showed 
evidence of violation of the proportional hazards 

assumption (p<0.05) and were therefore excluded 
from the primary survival analysis. The remaining 
variables met the assumption and remained eligible 
for inclusion in the Cox regression models.

Table 4, Panel A, presents the results of the 
univariable models for the predictors that met the 
proportional hazards assumption.

Being married was associated with a lower risk of 
mortality (HR =0.46; 95% CI: 0.22–0.95; p=0.037). 
Among the clinical conditions, osteoporosis (HR 
=2.24; 95% CI: 1.33–3.79; p=0.003), urinary 
incontinence (HR =1.79; 95% CI: 1.07–2.99; 
p=0.026), and risk of sarcopenia (HR =2.23; 95% 
CI: 1.37–3.61; p=0.001) were associated with a higher 
risk of death.

In the emotional domain, assessed using the 
Geriatric Depression Scale, the presence of depressive 
symptoms was associated with an increased risk of 
mortality (HR =2.18; 95% CI: 1.17–4.03; p=0.013). 
This association was even stronger for the severe 
depressive symptoms category (HR =4.16; 95% 
CI: 2.23–7.76; p<0.001) compared with the normal 
reference category.

Table 3. Frailty classification according to the Fried frailty phenotype at baseline and follow-up (second assessment). 
Brasília, Federal District, 2025.

Variables Non-frail
n = 1

Prefrail
n = 18

Frail
n = 18

Frailty classification, first phase
Non-frail 0 (0.00) 5 (31.25) 0 (0.00)
Prefrail 1 (100.00) 11 (68.75) 14 (93.33)
Frail 0 (0.00) 0 (0.00) 1 (6.67)

Categorical variables are expressed as n (%). Note: Frailty classification data were missing at baseline for five participants (n = 5).
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Table 4. Cox regression models for mortality. Panel A: Univariable analyses of variables that met the proportional 
hazards assumption. Panel B: Final multivariable model. Brasília, Federal District, 2025.

A. Univariable Cox regression models

Predictor HR (95% CI) p-value n Events

Sex Female 0.82 (0.53; 1.28) 0.388 119 82

Marital status Married* 0.46 (0.22; 0.95) 0.037 118 81

Race/skin color White† 1.40 (0.89; 2.21) 0.148 118 81

Body mass index, kg/m² 0.97 (0.93; 1.02) 0.287 103 66

Heart disease at baseline 1.08 (0.62; 1.90) 0.780 91 62

Hypertension at baseline 0.71 (0.39; 1.31) 0.272 95 66

Stroke/cerebral ischemia at baseline 1.18 (0.61; 2.29) 0.618 87 58

Diabetes mellitus at baseline 1.05 (0.59; 1.86) 0.860 91 62

Cancer at baseline 0.75 (0.35; 1.59) 0.452 85 56

Arthritis/rheumatism at baseline 1.65 (0.91; 2.97) 0.096 83 54

Lung disease at baseline 1.38 (0.65; 2.92) 0.401 86 57

Osteoporosis at baseline 2.24 (1.33; 3.79) 0.003 87 58

Urinary incontinence at baseline 1.79 (1.07; 2.99) 0.026 88 59

Number of self-reported chronic diseases 1.11 (0.96; 1.28) 0.151 103 70

GDS‡

GDS Depressive symptoms 2.18 (1.17; 4.03) 0.013 95 64

GDS Severe depressive symptoms 4.16 (2.23; 7.76) < 0.001 95 64

Risk of sarcopenia Yes 2.23 (1.37; 3.61) 0.001 98 68

B. Multivariable Cox regression model

Predictor HR (95% CI) p-value

Marital status Married* 0.32 (0.12; 0.83) 0.019

GDS‡

GDS Depressive symptoms 2.04 (0.98; 4.23) 0.056

GDS Severe depressive symptoms 4.15 (2.02; 8.55) < 0.001

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; GDS, Geriatric Depression Scale; PH, proportional hazards assumption. 
P-values were obtained using the Wald test. *Reference category: single; †reference category: non-White; ‡reference category: normal.

Note: Univariable and multivariable Cox regression analyses were performed for the outcome of death. Only variables that met the proportional 
hazards assumption were included. Participants with missing data were excluded from each analysis using complete-case analysis.
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A multivariable Cox proportional hazards 
regression model was fitted to identify predictors 
of mortality. The five candidate variables that showed 
statistically significant associations in the univariable 
analysis were marital status, osteoporosis, urinary 
incontinence, depression, and risk of sarcopenia.

Table 4, Panel B, presents the final model 
obtained using backward stepwise selection based 
on the likelihood-ratio test. The model included 
67 participants, among whom 47 deaths occurred. 
Marital status and severe depressive symptoms 
remained predictors of mortality among the oldest-
old. Being married was associated with a lower risk 
of mortality than being single (HR =0.315; 95% CI: 
0.120–0.827; p=0.019), whereas the severe depressive 
symptoms category was associated with a higher risk 
of death than the normal GDS category (HR =4.154; 
95% CI: 2.018–8.548; p<0.001).

Given the limited sample size, the hazard ratio 
estimates showed some imprecision, as indicated 
by the wide 95% confidence intervals. Further 
studies with larger samples are therefore needed to 
strengthen the available scientific evidence.

DISCUSSION

The primary objective of this study was to evaluate 
the ability of frailty, assessed using the Fried frailty 
phenotype, to predict mortality in octogenarians. 
The predictive value of sociodemographic factors, 
the presence and number of chronic diseases, risk 
of sarcopenia, depressive symptoms, and urinary 
incontinence was also investigated, given the 
recognized impact of these factors in the literature.

Multivariable Cox regression analysis showed that 
marital status and depressive symptoms remained 
associated with mortality after simultaneous 
adjustment for the variables included in the model.

Being married was associated with a lower hazard 
of death, consistent with findings from recent 
studies. A cohort study involving 82,091 US adults 
aged 60 years or older also found an association 
between marriage and lower mortality16, as did a 
Swedish study17 involving 5,572,011 individuals. 
In this context, Potente, Palumbo, and Jalovaara18 

also emphasized the positive effect of educational 
attainment on longevity among individuals who 
were married or living with a partner. They noted 
that this benefit tended to be greater among men 
than among women, a finding also reported by 
Requena and Reher19.

Regarding depressive symptoms, as assessed using 
the GDS, mortality risk increased progressively with 
symptom severity. Participants classified as having 
depressive symptoms had an approximately twofold 
higher risk of death, although the association was 
of borderline statistical significance (p=0.056), 
indicating a trend toward an increased risk of 
mortality in this population.

In contrast, the severe depressive symptoms 
category was strongly and statistically significantly 
associated with mortality, with a more than fourfold 
higher risk of death compared with participants 
without depressive symptoms. This finding reinforces 
the importance of depression as an independent 
prognostic factor in older adults. This relationship 
was described in a meta-analysis by Felipe et al.20, 
who identified a 44% increase in the relative risk of 
death among older adults with depressive symptoms. 
The prevalence of depressive symptoms among 
Brazilian older adults is estimated at 21%21. This 
condition has also been associated with a higher 
incidence of cardiovascular diseases and all-cause 
mortality, with the magnitude of the association 
increasing according to symptom severity22.

Notably, the most prevalent chronic conditions 
in the sample, namely hypertension, diabetes 
mellitus, cardiovascular disease, and cancer, 
were not statistically significant predictors of 
mortality. The Fried frailty classification, which 
was the primary focus of this study, was also not 
significantly associated with mortality. Conversely, 
osteoporosis, urinary incontinence, and severe 
depressive symptoms as classified using the GDS 
were associated with mortality in the sample.

These findings suggest that, in this population, 
such conditions may serve as markers of frailty, 
particularly in deficit accumulation models, such as 
the Frailty Index, or in multifactorial approaches. The 
Fried frailty phenotype used in this study focuses 
predominantly on physical components, including 
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weight loss, exhaustion, low muscle strength, slow 
walking speed, and low physical activity23. This 
interpretation is consistent with the meta-analysis 
by Tan et al.24, which demonstrated a consistent 
association between frailty and mortality risk among 
older adults up to 90 years of age but found no 
statistically significant association among individuals 
older than 90 years.

In addition to the findings of the multivariable 
analysis, the clinical relevance of urinary incontinence, 
osteoporosis, and risk of sarcopenia should be 
emphasized, as these variables were associated with 
mortality in the univariable analysis.

Urinary incontinence was associated with a 
higher risk of mortality. It is a common geriatric 
syndrome recognized for its adverse effects on 
health and socioeconomic conditions and has also 
been associated with an increased risk of all-cause 
mortality among older adults. In this population, 
urinary incontinence may be strongly related to 
cognitive decline, physical inactivity, immobility, 
sarcopenia, and impairment in activities of daily 
living. Together, these factors contribute to more 
sedentary behavior25. Moreover, urinary incontinence 
frequently reflects underlying conditions, including 
frailty, falls, infections, and other comorbidities, 
which may also increase mortality risk26.

Urinary incontinence represents a sign of systemic 
vulnerability and an important clinical marker of 
frailty, particularly among the oldest-old. Although 
it is not included in the original criteria of the Fried 
frailty phenotype, it is strongly associated with low 
physical activity, weakness, slowness, and exhaustion. 
In Rockwood’s deficit accumulation model, urinary 
incontinence is frequently included as one of the 
deficits contributing to a higher Frailty Index, 
particularly among adults of very advanced age24,27.

The presence of osteoporosis was associated with 
more than twice the risk of death in the sample 
analyzed (HR = 2.24), corroborating findings 
from an Asian study28 that identified a significant 
association between osteoporosis risk, assessed using 
the Osteoporosis Self-assessment Tool for Asians 
(OSTA)29, and all-cause mortality among older 
adults. A bidirectional causal relationship between 
osteoporosis and frailty was also demonstrated by Que 

et al.30, and an association between these conditions 
was reported in a meta-analysis of 9,664 patients 
conducted by Hu et al.31. In addition, Shamsalinia et 
al.5 reported a strong influence of frailty syndrome 
on osteoporosis severity. The association between 
the two conditions may be explained by shared 
multisystem mechanisms30.

The association between sarcopenia and mortality 
was also reported by Zhang and Zeng32, who identified 
a significant association between sarcopenia and all-
cause mortality. Similar findings were reported in a 
systematic review and meta-analysis33 that included 
adults from different settings and countries and 
used different methods to screen for sarcopenia and 
frailty. These findings reinforce the consistency of 
this association across different populations and 
clinical settings.

Although the present study did not demonstrate 
an association between frailty identified using the 
Fried frailty phenotype and mortality among the 
oldest-old, the findings indicate that osteoporosis, 
urinary incontinence, and depression are important 
and frequently interrelated markers of frailty in this 
population23,27,34.

The Fried frailty phenotype, developed using 
data from the Cardiovascular Health Study, was 
established on the basis of a population composed 
predominantly of relatively healthy individuals 
aged 65 to 75 years23. Both the findings presented 
in this study and those of previous research have 
demonstrated important limitations when this 
phenotype is applied to the oldest-old24,35.

In this context, several hypotheses should be 
considered. Individuals aged 80 years or older have 
likely undergone an intense process of selective 
survival, in which the frailest individuals died 
before reaching this age. Thus, certain components 
traditionally associated with frailty in this age group 
may reflect adaptations to advanced aging rather than 
necessarily indicating pathological states. Reduced 
muscle strength and slow walking speed, for example, 
tend to be highly prevalent and may therefore have 
lower discriminatory ability. Moreover, at very 
advanced ages, the baseline risk of mortality is high 
regardless of frailty status, which may attenuate the 
predictive ability of the classification.
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Several l imitations should be considered 
when interpreting the findings. First, this was 
an observational cohort study, which precludes 
establishing causal relationships between the variables 
investigated and mortality. In addition, although 
adjustments were made for potential confounding 
factors, the influence of residual confounding due 
to unmeasured variables cannot be ruled out.

Although the proportion of missing data was low 
and did not change the direction of the observed 
associations, the possibility of information bias 
cannot be completely excluded. The potential for bias 
related to the time interval between the assessment 
of clinical variables and outcome follow-up should 
also be considered, because health conditions, 
functional status, and psychosocial characteristics 
may change over time and influence the magnitude 
of the associations identified.

Possible changes in participants’ cl inical 
conditions and treatments during the follow-up 
period must also be considered, including treatment 
modifications, the onset of new comorbidities, and 
functional decline. These factors were not fully 
captured in the analyses. Despite these limitations, the 
present findings contribute to the understanding of 
factors associated with mortality among older adults 
and reinforce the importance of multidimensional 
assessment in this population.

CONCLUSION

Based on the findings of this study, frailty 
identified using the Fried frailty phenotype did not 
show significant predictive ability for mortality among 
the oldest-old. In contrast, marital status, depressive 
symptoms, osteoporosis, urinary incontinence, and 
risk of sarcopenia showed important associations 
with mortality, with severe depressive symptoms 
standing out as an independent predictor of mortality.

These findings reinforce the importance of 
a broader approach to frailty that incorporates 
markers of biological and functional vulnerability 
in the context of advanced longevity. From a clinical 
perspective, the results suggest that the early 
identification and management of these conditions 

may support risk stratification and the planning of 
more individualized care for octogenarians and other 
adults of advanced age.

These findings are consistent with the concepts 
of phenotypic and biological frailty in the context of 
advanced longevity, suggesting that certain clinical 
and functional conditions reflect greater systemic 
vulnerability and may have greater predictive ability 
than the conventional frailty phenotype among the 
oldest-old.

The protective association observed among 
married participants should also be highlighted, as it 
reinforces the importance of social determinants and 
interpersonal support for survival at more advanced 
ages. Similarly, the strong association between 
depressive symptoms and mortality emphasizes the 
need for greater attention to mental health in the 
care of the oldest-old.

Although limited by its observational design and by 
possible clinical changes during follow-up, this study 
contributes to a broader understanding of factors 
associated with mortality among octogenarians and 
nonagenarians. The findings reinforce the need for 
comprehensive geriatric assessment strategies that 
extend beyond the physical components of frailty, 
facilitating the early identification of potentially 
modifiable conditions and supporting more 
comprehensive interventions aimed at promoting 
longevity and better quality of life.

Future research should include longitudinal 
studies with repeated measurements of inflammatory 
biomarkers and functional assessments, as well as 
the development of integrative models combining 
clinical conditions, functional status, and biological 
indicators. Such approaches may improve mortality 
prediction and contribute to a better understanding 
of the mechanisms involved in advanced aging.
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