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Abstract

Introduction: frailty is a geriatric syndrome with multiple causes and contributing factors,
which increases vulnerability to various health outcomes like disability and death. Low albumin is
considered to be a potential indicator of frailty; however, the evidence is controversial. This study
seeks to relate low albumin to the presence and progression of frailty in older adults in low and
middle-income countries.

Design and analysis: this was a longitudinal observational study using data from the Interna-
tional Mobility in Aging Study (IMIAS). Data was analyzed from 837 adults 65 to 74 years of age
from Tirana (Albania), Natal (Brazil) and Manizales (Colombia), who were followed from 2012
to 2016. The analysis included sociodemographic, anthropometric, physical health, mental health
and mobility variables

Results: a multivariate logistic regression analysis showed that hypoalbuminemia (<4 gr/dL)
(RR= 2.1, p=0.021), poor grip strength (RR=2.67, p=0.001), a score < 8 on the Short Physical
Performance Battery (SPPB) (RR=4.641, p=0.000) and a mobility disability (RR=2.89, p=0.004)
were independently related to a higher risk of developing frailty in four years.

Conclusions: low albumin in older adults is an independent risk factor for the developing frailty.
This information is relevant and could contribute to predicting and treating frailty in older adults
which could, in turn, prevent complications and lower the medical costs related to its care. (Acta
Med Colomb 2025; 50. DOI: https://doi.org/10.36104/amc.2025.3306).
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Introduction

Frailty is defined as age-related progressive reduction
of physiological reserves that confers extreme vulnerabil-
ity to stress factors and increases the risk of a variety of
adverse health outcomes (1) like a higher susceptibility
to falls, injuries, functional limitations, dependency, dis-
ability and death in older people (2). Frailty is considered
reversible in its initial stages; therefore, it can be treated
and prevented (3).

Population aging due to increased life expectancy and
lower birth rates will lead to an increase in age-related
diseases and disability, generating multiple personal, so-
cial and economic consequences (4). This phenomenon is
not limited to high-income countries, as life expectancy is
steadily increasing in low and middle-income countries (5).
In these countries, where healthcare resources are limited,
the lack of equipment, qualified personnel or adequate and
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validated assessment techniques may make it difficult to
perform tests and provide treatment (6, 7).

The literature describes two main conceptual models for
frailty (1). The most frequently used is the model proposed
by Fried et al. (8), that establishes frailty as a phenotype with
five interrelated components: loss of strength, decreased
walking speed, self-perceived weakness and fatigue, and
unintentional weight loss (8). The second most disseminated
model is the frailty index proposed by Rockwood et al. (9),
focusing on frailty as an accumulation of deficits at differ-
ent levels, through a set of clinical conditions and diseases.

The lack of a single operative definition and the complex
underlying pathophysiology make it challenging to develop
biomarkers for this condition, as these ambiguities directly
affect the precision, sensitivity and specificity of the current-
ly proposed biomarkers (10). More than 40 biomarkers have
been investigated, including inflammatory, hematological,
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immunological, cellular senescence, genetic and epigenetic
markers (10,11). However, biomarkers able to distinguish
between the changes related to frailty itself and those that
can be attributed to comorbid diseases have still not been
identified (12). Furthermore, most of these biomarkers are
considered biological markers of aging, and therefore their
abnormalities could be related to the aging process itself,
regardless of the presence of frailty (10).

Low albumin levels have been related to multiple health
outcomes in older people, like malnutrition, postoperative
complications, infections, prolonged hospitalizations, func-
tional dependency, disability, sarcopenia, frailty and death
(13-18). However, the relationship between albumin and
frailty is still a matter of debate (10, 19-21). Its relationship
to various common comorbidities in older people, like liver
diseases, nephrotic syndrome and acute malnutrition, make
it difficult to use as an independent marker of frailty (10), as
these factors could interfere with its interpretation and limit
its reliability as a biomarker in this context.

Despite the growing number of studies on frailty bio-
markers, most studies evaluating low albumin levels have a
cross-sectional design and wide variability in the available
evidence (10, 12), which restricts their interpretation and ap-
plication in clinical practice. The objective of this study was
to analyze the relationship between albumin levels and the
presence and progression of frailty in older people in different
epidemiological contexts in low to middle-income countries.

Method

This was a longitudinal observational study using data
from IMIAS, a longitudinal, prospective, multi-center popu-
lation cohort study conducted in five cities (Tirana, Albania;
Natal, Brazil; Manizales, Colombia; Kingston, Canada; and
San Jacinto, Canada). The main objective of IMIAS was to
understand the differences in mobility disability in older
adults from different settings with different social, cultural,
and socioeconomic aspects, as well as healthcare systems.

The study began in 2012 with a representative sample
from each site, stratified by sex, recruiting 200 men and 200
women per city, for a total of 2,002 older adults aged 65 to
74 years. A summary of the study and the cohort details are
extensively described in another document (22).

The inclusion criterion was to be registered in the data-
base during the data gathering years 2012, 2014 and 2016.
The exclusion criterion used in IMIAS was severe cognitive
decline, established by a Leganes test equal to or greater than
four, as these individuals were considered unable to answer
the questionnaire and carry out the physical function tests,
as well as freely consent to participate. In our analysis, we
excluded 512 participants without follow up throughout the
four years, and 141 participants without albumin measure-
ment in 2012.

Our study analyzed data from a total of 837 men and
women from Albania, Natal and Manizales. Sociodemo-
graphic, anthropometric, physical health, mental health

and mobility variables were included. The Strengthening
The Reporting of Observational Studies in Epidemiology
(STROBE) guidelines were followed in preparing and pre-
senting this study. (23).

Frailty was measured using the frailty phenotype based
on a modified version of Fried et al.’s (8) original criteria.
This model includes five physical components: involuntary
weight loss, weakness, slow walking speed, exhaustion and
low physical activity. Participants with three or more of
these components were classified as frail, those with one or
two components as pre-frail, and those with no components
as not frail.

In this study, albumin values were operationalized as a
dichotomous variable. Albumin was defined as normal when
it was equal to or greater than 4 g/dL, and low when it was
less than 4 g/dL, based on the literature that has associated
these levels with frailty. The selection of this cut-off point
is described in the statistical analysis and results sections.

Different variables were included based on the literature
review of their importance and relationship to frailty. The
sociodemographic and anthropometric data were represented
by age, sex, study site, educational level, income, body mass
index and weight. Physical health data included the presence
of chronic illnesses (hypertension, diabetes, cancer, chronic
pulmonary disease, heart disease, cerebrovascular disease,
osteoarthritis and osteoporosis), self-reported health,
polypharmacy, eyesight deterioration, the Short Physical
Performance Battery (SPPB) and mobility disability (Nagi
questions). In addition, mental health was represented by
the presence of depression (CES-D).

Statistical analysis

Adescriptive analysis (frequencies, distribution, medians
and standard deviation) was performed, and the prevalence
and incidence of frailty was calculated in the different fol-
low-up waves. The normality of the variables was measured
with the Kolmogorov-Smirnov test. After this, differences
in 2012 albumin levels were sought between the groups
(frail and not frail) using the Mann-Whitney U test, as the
distribution was not normal.

To identify the best cut-off point for low albumin, we
analyzed different cut-off points in the literature relating
albumin and frailty using Chi square. With albumin as a
dichotomous variable, a longitudinal bivariate analysis was
done through logistic regression, as there was a categorical
dependent variable. Finally, a multivariate logistic regres-
sion model was built adjusting for multiple confounding
variables, and the Cox & Snell and Nagelkerke R squares
were applied.

All statistical analyses were done using the R statistical
package with Jamovi.

Ethical considerations
The IMIAS study was approved by the ethics committee at
each study site and the research ethics committees at Univer-
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sidad Federal de Rio Grande do Norte (Brazil), the Albanian
Public Health Institute (Albania) and Universidad de Caldas
(Colombia). The researchers responsible for the databases
gave their endorsement and consent for these analyses.

Likewise, the data are labeled and coded with assignment
codes to prevent participant identification.

Results

The specific characteristics by frailty status in 2012 are
presented in Table 1. Frailty was more frequent in women
and people with a higher burden of comorbidities. Partici-
pants classified as frail had more falls and a greater tendency
toward polypharmacy and reported worse self-perceived
health. They also had lower scores on the SPPB, less grip
strength and lower levels of hemoglobin.

The prevalence of frailty was 5.5% in 2012, increasing
t0 9.1% in 2014, and was 8.9% in 2016. The incidence of
frailty from 2012 - 2014 was 33.45 cases per 1,000 persons/
year, with a reduction in 2012 - 2016 of 29.25 cases per
1,000 persons/year (Figures 1 and 2).

Table 1. A total of 837 patients (2012).

Variable Frail (46) Not frail P value
(791)
Age (years) 70.07+/- | 69.15+/-2.97 0.040*
2.70
Sex, female, n (%) 31(674) 403 (50.9) 0.021*
Comorbidity (> or equal to 2) 39 (84.8) 445 (56.3) 0.000%*
(%)
Chronic conditions, n (%)
Hypertension 7(152) 85 (10.7) 0.069
Diabetes mellitus 13 (28.3) 164 (20.7) 0.047*
Cancer 122) 26 (3.3) 0.864
Pulmonary disease 11 (23.9) 82 (10.4) 0.017*
Heart disease 16 (34.8) 172 (21.7) 0.051
Stroke 9(19.6) 26 (3.3) 0.000*
Osteoarthritis 27 (58.7) 307 (38.8) 0.027*
Osteoporosis 20 (43.5) 145 (18.3) 0.000*
Polypharmacy (>=5 43 (69.4) 506 (39.3) 0.000*

medications) (%)
History of falls (%) 29 (46.8) 337 (26.2) 0.000%*
SPPB >=8 (%) 23 (37.1) | 1,186(92.2) 0.000%*

Good - very good self-reported 9 (14.5) 776 (60.5) 0.000*

health, n (%)

Grip strength, kg/f [IQR] 16 [12] 27 [15] 0.000%
CRP, mg/L [IQR] 291[6.1] 2[3.6] 0.075
IL-6, pg/ml [IQR] 291[6.1] 2[24] 0072
Hgb, g/L [IQR] 129[25.1] 139 [24] 0.001*
BMI (kg*m?) [IQR] 2731[605] 272[28] 0.678

[
HbAlc, % [IQR] 6.15[1.12]  5.85[0.77] 0.185

Notes: * statistically significant p, 283 participants with no reported CRP,
330 participants with no reported IL 6, [IQR] = Interquartile range, SPPB:
Short Physical Performance Battery.

Acta Med Colomb 2025; 50
DOI: https://doi.org/10.36104/amc.2025.3306

In 2012, the median albumin for frail participants was
4.45 gr/dL and 4.6 g/dL for non-frail participants, with a
statistically significant difference (p = 0.043). The relation-
ship between low albumin and frailty according to different
cut-off points established in the 2012 data is summarized
in Table 2. There were statistically significant differences
for values under 3.8 gr/dL (p= 0.033) and under 4 gr/dL
(p=0.001).

In the longitudinal bivariate analysis between low albu-
min in 2012 and frailty in 2014 and 2016, the relative risk
(RR) was calculated with both cut-off points, as shown in
Table 3. After four years, the RR was 2.64 (p=0.027 95%
CI 1.115-6.256) for albumin lower than 3.8 gr/dL and 3.145
(p=0.000 95% CI 1.679-5.891) for albumin below 4 gr/dL.
No longitudinal relationship was found after two years for
either case.

The multivariate logistic regression analysis showed
that low albumin (< 4 gr/dL; RR= 2.51, p= 0.021), low
grip strength (RR= 2.67, p= 0.001), an SPPB < 8 points
(RR= 4.641, p= 0.000) and a mobility disability status
(RR=2.89, p=0.004), were independently associated with
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Figure 1. Prevalence (%) of frailty in the IMIAS study (n=837).
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Figure 2. Incidence of frailty in the IMIAS study.
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Table 2. Low albumin and frailty according to the cut-off points in the literature (Chi square).

Cut-off points

<3.5 gr/dL! p=0.690 S: 0%; Sp: 99.0% PPV: 0% NPV: 91 LR+:0 LR-: 101
< 3.8 gr/dL* p=0.033* S: 9% Sp: 96% PPV: 19% NPV: 92% LR+:2.25 LR-: 0.95
<40 gr/dL? p=0.001* S: 20% Sp: 93% PPV: 21% NPV: 92 LR+: 2.86 LR-: 0.86

Notes: 'Forcillo J, et al (22) *Visser M, et al. (23) *Yanagita, I. et al. (16). S: sensitivity, Sp: specificity, PPV: Positive predictive value, NPV: Negative predictive
value, LR +: Positive likelihood ratio, LR - : Negative likelihood ratio, *: statistically significant p.

Tabla 3. Andlisis bivariado longitudinal.

2012 -2014 2012 -2016
Punto de corte . Punto de corte 2
i e B (error estandar) P RR! (IC 95%) i i B (error estandar) P RR! (IC 95%)
< 3.8 gr/dL 0.621 (0.132) 0.137 1.86(0.821-4.216) <3.8 gr/dL 0.971(0.440) 0.027* 2.641(1.115-6.256)
<40 gr/dL 0.245 (0.329) 0,457 0.457(0.671-2.433) <40 gr/dL 1.146(0.320) 0.000* 3.145(1.679-5.891)

Notas: *=p estadisticamente significativa, RR'= Riesgo relativo sin ajustar.

a higher risk of developing frailty in the period from 2012
to 2016 (Table 4).

In addition, the Cox & Snell (0.140) and Nagelkerke
(0.313) R squares were calculated, which indicated that this

Table 4. Multivariate analysis, logistic regression.

Relationship between albumin < 4 gr/dL (2012) and frailty (2016)

model could explain up to 31.3% of the onset of frailty over B (standard error) = p RR (5% CD
a four-year period. Low albumin 0920 (0.400)  0021% 251 (1.14-5491)
Discussion Grip strength 0983 (0.306)  0.001* 2672 (1.468-4.863)
This study investigated the relationship between low
. . . B3 o
albumin levels and the presence and progression of frailty SPPB 1353(0342) | 0000% | 4.641(1.376-9.065)
in an international cohort of older adults. The results ob- Mobility
tained indicate that, after adjusting for multiple variables, ii‘;‘;‘i‘z é“g?ght 1.063 (0.374) 0.004*  2.894 (1.391-6.024)
participants with albumin levels below 4 g/dL had a 2.5 ST
times higher risk of frailty after four years of follow up than Self-reported T, e T ——.
those with normal albumin levels. Within a risk model, low health ’ : : : ’ ’
albumin, t(?g:ethe.r wit.h. low grip strength, an SPPB <8 points Sex 0.464 (0.329) 0159 1.590 (0.834-3.032)
and a mobility disability status can explain up to 31.3% of
the onset of frailty over a four-year period in the IMIAS Polypharmacy 0.400 (0.322) 0.213 = 1.492(0.794-2.803)
study participants.
Comorbidity 0327 (0362) 0366  0.721 (0.355-1.465)
Possible mechanisms and explanations of the findings 'ﬁﬂﬂmem 0012(0352) 0972 0.988 (0.496-1968)
Inflammaging contributes to the pathogenesis of various n
age-related diseases like sarcopenia and frailty syndrome Depression 0.215 (0.320) 0.501 1240 (0.663-2.321)
(24, 25). In this context of chronic inflammation, the liver
. . . Walking speed 0.311 (0.337) 0356 1.365 (0.705-2.640)
responds by producing various acute phase reactants, while
albumin synthgsis reduces, making it a negatiye acutF: phage Lgveltt}f L0070 (0.061) 0256 0.933 (0.827-1.052)
protein and an inflammatory marker (26). This relationship ccucation
could explain the negative relationship found between al- Income 0.485 (0.329) 0.140  1.624 (0.853-3.093)
bumin levels and frailty.
Weight 0010 (0013) 0434  0.990 (0.966-1.015)

Furthermore, evidence suggests that low serum albu-
min is related to a higher risk of reduced muscle mass and
strength in older people (27-29). This indicates that muscle

Notes: *=statistically significant p, RR= relative risk.
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mass and function can deteriorate as a result of degraded
protein synthesis caused by malnutrition (18). This process
is another plausible mechanism behind the results, in which
probable concurrent sarcopenia and a deficient nutritional
status may create a vicious cycle favoring physical frailty
(18, 30).

The risk model obtained from the multivariate analysis
reflects the fact that physical function loss is a key sign of
phenotypic frailty. Reduced grip strength, alow SPPB score
and mobility disability showed a significant association with
frailty, which could be directly related to sarcopenia, a key
physiological component of physical frailty syndrome (19).

Despite being a complex model with multiple variables,
it could only explain up to 31.3% of the onset of frailty
over a four-year period, which highlights the multifactorial
nature of frailty.

Comparison with other studies

The prevalence of frailty went from 5.5 to 8.9% over a
period of four years, which is consistent with the results of
other studies showing that prevalence increases with age
(31). In a meta-analysis in low to middle-income countries
in 2018, Siriwardhana DD, et al. (5) reported a wide range
of frailty prevalence in older adults in the community,
ranging from 3.9 to 51.4%, depending on the instrument
used. A national study from the Health, Wellbeing and
Aging project in Colombia (SABE Colombia, in Spanish)
(32) reported higher levels, with a prevalence of 17.9%.
At the local level, Gémez et al. (34) reported a prevalence
of 12.1%, with similar findings, in which frailty was more
common in women and in older people with a higher burden
of comorbidity, polypharmacy, and lower performance on
physical function tests (33).

The incidence of frailty was 33.45 cases per 1,000 people/
year between 2012 and 2014, falling to 29.25 cases per
1,000 people/year between 2012 and 2016. These rates are
lower than those reported in other studies with older people
in the community. In the Longitudinal Study of Health and
Retirement in China, Xu W et al. (34) reported an incidence
of 60.6 cases per 1,000 people/year over a period of 2.1
years. In a retrospective population-based cohort study by
Ganta N, et al. (35), the incidence rate (also over a four-year
period) was much higher: 75.05 cases per 1,000 people/
year. Likewise, in a systematic review with meta-analysis
in 2019, Ofori-Asenso R, et al. found an incidence rate of
43 4 cases per 1,000 people/year, with a median follow-up
of three years (36). This could be explained by the variability
in frailty measurement instruments, as well as the inclusion
criteria of the different studies. For IMIAS, the older adults
at the beginning of the cohort had low levels of disability.
This could also explain a lower baseline risk, compared to
participants in other studies.

The median albumin in the frail group was 4.45 gr/dL,
higher than the levels reported in other studies. Hubbard RE,
et al. (37), reported a mean albumin of 3.95 gr/dL in frail
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participants; however, the study was done on hospitalized
patients with high levels of dependency in activities of daily
living, which explains the differences with our study, which
was done in older people in the community. Similarly, Smit
E et al. (38), reported a mean albumin of 3.98 gr/dL for the
group of frail patients, in a study from the Third National
Health And Nutrition Exam Survey (NHANES III) in the
United States, which included older people in the community
(38). This difference in albumin levels may be due to the
initial characteristics of the IMIAS cohort in 2012, where
the prevalence of frailty was low.

The relationship between albumin and frailty has been
explored in various studies that have used different cut-off
points to define low albumin (20, 39, 40). This is consis-
tent with the scientific literature, as there is no consensus
on a specific cut-off point (41). A level less than 3.5 g/dL
is one of the most frequently reported thresholds (39, 40).
Although this cut-off point is the most commonly used, our
study showed no significant association with frailty in 2012,
which could be explained by the elevated median albumin
recorded in the participants.

Most of the studies that support our findings have a cross-
sectional design, were performed in different population
groups and used different methodologies to measure frailty
(10,12). In a cross-sectional study of diabetic patients in
Japan, Yanagita, I, et al. (20) showed that albumin levels < 4
gr/dL constituted a risk factor for frailty, with an OR of 5.79
(p<0.001) (20). On the other hand, in a prospective cohort
study in a general surgery unit for older adults, Abraham
A et al. (42) showed that albumin levels <3.5 gr/dL had an
almost four times higher likelihood of occurring in frail than
non-frail patients (OR =3.98, p <0.001) (42).

The longitudinal relationship between albumin and
frailty has been less explored, with few studies. In a cohort
of patients with chronic kidney disease on hemodialysis -
only 28% of whom were over age 65 - Kutner NG, et al.
(43) found that, over a period of two years, higher serum
albumin levels were associated with a lower likelihood of
frailty (OR =0.18, p <0.001) (43).

The association between low grip strength, an SPPB <8
points, mobility disability and frailty has been widely docu-
mented (27). In a predictive study with a panel design, nested
within IMIAS, Benjumea (44) confirmed that an SPPB <8
(OR 7.903), the inability to climb at least 10 stairsteps and/
or walk 400 meters (OR 4.945) and low grip strength (OR
30.5) are significant predictors of progression to frailty (44).

However, despite these findings, albumin does not ap-
pear to be a reliable biomarker for frailty. The literature
review presented has not shown a consistent relationship
between albumin and frailty, and the R square (Cox &
Snell and Nagelkerke) values were low in the models
used for this analysis. This suggests that the model has
a limited explanatory power for the phenomenon, and
albumin only appears to be relevant when used together
with other measures.
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Strengths and limitations

This study has several strengths. First, it is a multicenter
study nested within a longitudinal study of older adults in
the community with initially low comorbidity. Standard-
ized tools were used in all cities, which reduces variability
in data collection. In addition, the inclusion of culturally
diverse cities in low and middle-income countries adds a
valuable dimension for analyzing the relationship between
low albumin and frailty. Few studies have evaluated this
relationship longitudinally, which confers an additional
value to our findings.

The study’s limitations include a secondary data analysis,
and the samples not being representative of all older adults
living in communities in Albania, Brazil and Colombia. De-
spite using validated scales for the variables of association,
some of them are self-reported, and therefore the possibility
of information bias cannot be totally ruled out. However,
data analysis was done using values that showed statistical
significance. A

Implications for clinical practice and research

This study increases the evidence regarding the longitu-
dinal relationship between low albumin and frailty, which
may have an impact on early interventions to prevent the
progression of frailty in older people. There is a need for
more longitudinal studies in different populations to allow
the results to be generalized and compared. Furthermore,
additional studies are needed to determine the best cut-off
point for albumin associated with frailty, which could opti-
mize its use as a clinical biomarker.

Conclusions

We found that low albumin in older people in the com-
munity is an independent risk factor for the onset of frailty.
‘We emphasize the importance of the physical phenotype of
frailty, which shows that it is a slow process that may be
preceded by and linked to low albumin, strength reduction,
impaired function and mobility disability.

The World Health Organization (WHO) has indicated
that early frailty identification and intervention is a public
health priority (21). The results of this study can contribute
to identifying at-risk older adults, in whom prevention and
early intervention strategies should be implemented. This,
in turn, could reduce complications and lower healthcare
costs in low and middle-income countries.

References

1. Vandewoude M. Frailty and Sarcopenia. Middle East J Age Ageing. 2018
Jul;15(2):20-20.

2. Gomez Montes JF, Curcio Borrero CL. Salud del Anciano. Editorial Universidad
de Caldas; 2021.786 p.

3. Barbosa da Silva A, Queiroz de Souza I, da Silva IK, Borges Lopes Tavares da
Silva M, Oliveira dos Santos AC. Factors Associated with Frailty Syndrome in
Older Adults. The journal of nutrition, health & aging.2020 Jan 6;24(2):218-22.

4. Huenchuan S. Envejecimiento, personas mayores y Agenda 2030 para el desar-
rollo sostenible. 2018. 251 p.

5. Siriwardhana DD, Hardoon S, Rait G, Weerasinghe MC, Walters KR.

Prevalence 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.

6. Ara R, Monisha UK, Nova TJ, Chowdhury S, Nabi MH, Hawlader MDH.
Potential nonpharmacological interventions to prevent frailty among elderly in
low- and middle-income countries: A protocol for systematic review. Medicine.
2022;101(4):¢28708.

7. Gray WK, Richardson J, McGuire J, Dewhurst F, Elder V, Weeks J, et al.
Frailty Screening in Low- and Middle-Income Countries: A Systematic Review.
J Am Geriatr Soc.2016;64(4):806-23.

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):M146-56.

9. Rockwood K, Mitnitski A. Frailty in relation to the accumulation of deficits. J
Gerontol A Biol Sci Med Sci. 2007;62(7):722-7.

10.Saedi AA, Feehan J, Phu S, Duque G. Current and emerging biomarkers of
frailty in the elderly. Clin Interv Aging.2019; 14:389-98.

11. Mitnitski A, Collerton J, Martin-Ruiz C, Jagger C, von Zglinicki T, Rockwood
K, et al. Age-related frailty and its association with biological markers of ageing.
BMC Med. 2015; 13:161.

12. Wang J, Maxwell CA, Yu F. Biological Processes and Biomarkers Related to
Frailty in Older Adults: A State-of-the-Science Literature Review. Biol Res Nurs.
2019;21(1):80-106.

13. Cabrerizo S, Cuadras D, Gomez-Busto F, Artaza-Artabe I, Marin-Ciancas F,
Malafarina V. Serum albumin and health in older people: Review and metanalysis.
Maturitas. 2015;81(1):17-27.

14. Hammami S, Zarrouk A, Piron C, Almas I, Sakly N, Latteur V. Prevalence
and factors associated with frailty in hospitalized older patients. BMC Geriatr.
2020;20(1):144.

15.Zhang Z, Pereira S, Luo M, Matheson E. Evaluation of Blood Biomarkers
Associated with Risk of Malnutrition in Older Adults: A Systematic Review and
Meta-Analysis. Nutrients. 2017;9(8):829.

16.Xu L, Zhang J, Shen S, Liu Z, Zeng X, Yang Y, et al. Clinical Frailty Scale
and Biomarkers for Assessing Frailty in Elder Inpatients in China. The journal of
nutrition, health & aging.2021;25(1).

17.Kitamura K, Nakamura K, Nishiwaki T, Ueno K, Hasegawa M. Low body
mass index and low serum albumin are predictive factors for short-term mortality
in elderly Japanese requiring home care. Tohoku J Exp Med.2010;221(1):29-34.

18. Uemura K, Doi T, Lee S, Shimada H. Sarcopenia and Low Serum Albumin
Level Synergistically Increase the Risk of Incident Disability in Older Adults. J
Am Med Dir Assoc.2019;20(1):90-3.

19.Picca A, Coelho-Junior HJ, Calvani R, Marzetti E, Vetrano DL. Biomarkers
shared by frailty and sarcopenia in older adults: A systematic review and meta-
analysis. Ageing Res Rev.2022; 73:101530.

20. Yanagita I, Fujihara Y, Iwaya C, Kitajima Y, Tajima M, Honda M, et al. Low
serum albumin, aspartate aminotransferase, and body mass are risk factors for
frailty in elderly people with diabetes—a cross-sectional study. BMC Geriatrics.
2020;20(1).

.Sepiilveda M, Arauna D, Garcia F, Albala C, Palomo I, Fuentes E. Frailty
in Aging and the Search for the Optimal Biomarker: A Review. Biomedicines.
2022;10(6).

22.Gomez F, Zunzunegui MV, Alvarado B, Curcio CL, Pirkle CM, Guerra R,
et al. Cohort Profile: The International Mobility In Aging Study (IMIAS). Int J
Epidemiol. 2018:;47(5):1393-1393h.

23. Vandenbroucke JP, Von Elm E, Altman DG, Ggtzsche PC,Mulrow CD, Pocock
SJ, et al. [Strengthening the reporting of observational studies in epidemiology
(STROBE): explanation and elaboration]. Gac Sanit. 2009;23(2):158.

24.Baylis D, Bartlett DB, Patel HP, Roberts HC. Understanding how we age:
insights into inflammaging. Longev Healthspan. 2013;2(1):8.

2

2

W

.Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro A. Inflammaging: a
new immune-metabolic viewpoint for age-related diseases. Nat Rev Endocrinol.
2018;14(10):576-90.

26.Moshage HJ, J. JA, Fr JH, Hafkenscheid JC, Yap SH. Study of
the molecular mechanism of decreased liver synthesis of albumin in inflammation.

J Clin Invest. 1987;79(6):1635-41.

27.Picca A, Coelho-Junior HJ, Calvani R, Marzetti E, Vetrano DL. Biomarkers
shared by frailty and sarcopenia in older adults: A systematic review and meta-
analysis. Ageing Res Rev. 2022 Jan: 73: 101530.

.Schalk BWM, Deeg DJH, Penninx BWJH, Bouter LM, Visser M. Serum
albumin and muscle strength: a longitudinal study in older men and women. J
Am Geriatr Soc.2005;53(8):1331-8.

2

23



ORIGINAL PAPERS e Relationship between albumin levels and frailty

29.Kim H, Suzuki T, Kim M, Kojima N, Yoshida Y, Hirano H, et al. Incidence and
predictors of sarcopenia onset in community-dwelling elderly Japanese women:
4-year follow-up study. J Am Med Dir Assoc.2015;16(1):85.e1-8.

30. Vandewoude MF]J, Alish CJ, Sauer AC, Hegazi RA. Malnutrition-sarcopenia
syndrome: is this the future of nutrition screening and assessment for older adults?
J Aging Res. 2012;2012:651570.

31.Rohrmann S. Epidemiology of Frailty in Older People. Adv Exp Med Biol.
2020;1216:21-7.

32. Ocampo-Chaparro JM, Reyes-Ortiz CA, Castro-Flérez X, Gémez F. Frailty in
older adults and their association with social determinants of Health. The SABE
Colombia Study. Colomb Med. 2019;50(2):89-101.

33.Montes JFG, Borrero CLC, Henao GM. Fragilidad en ancianos colombianos.
Rev Médica Sanitas. 2012;15(4):8-16.

34.XuW, Li YX, Wu C. Incidence of frailty among community-dwelling older adults:
a nationally representative profile in China. BMC Geriatr.2019;19(1):1-9.

35.Ganta N, Sikandar S, Ruiz SJ, Nasr LA, Mohammed YN, Aparicio-Ugarriza
R, et al. Incidence of Frailty in Community-Dwelling United States Older Veterans.
J Am Med Dir Assoc.2021;22(3).

36.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: A Systematic Review and Meta-analysis. JAMA network open.
2019;2(8):e198398.

37.Hubbard RE, O’Mahony MS, Savva GM, Calver BL, Woodhouse KW. Inflam-

mation and frailty measures in older people. Journal of Cellular and Molecular
Medicine. 2009;13(9b):3103-9.

Acta Med Colomb 2025; 50
DOI: https://doi.org/10.36104/amc.2025.3306

38.Smit E, Winters-Stone KM, Loprinzi PD, Tang AM, Crespo CJ. Lower nu-
tritional status and higher food insufficiency in frail older US adults. Br J Nutr.
2013;110(1):172-8.

39.Forcillo J, Condado JF, Ko YA, Yuan M, Binongo JN, Ndubisi NM, et al.
Assessment of Commonly Used Frailty Markers for High- and Extreme-Risk
Patients Undergoing Transcatheter Aortic Valve Replacement. Ann Thorac Surg.
2017;104(6):1939-46.

40. Visser M, Kritchevsky SB, Newman AB, Goodpaster BH, Tylavsky FA, Nevitt
MC, et al. Lower serum albumin concentration and change in muscle mass: the
Health, Aging and Body Composition Study. The American Journal of Clinical
Nutrition. 2005;82(3):531-7.

41.Gatta A, Verardo A, Bolognesi M. Hypoalbuminemia. Intern Emerg Med.2012;7
Suppl 3:5193-9.

42.Abraham A, Burrows S, Neelankal John Abraham, Mandal B. Modified
frailty index and hypoalbuminemia as predictors of adverse outcomes in older
adults presenting to acute general surgical unit. Revista Espaiiola de Geriatria 'y
Gerontologia. 2020;55(2):70-5.

43.Kutner NG, Zhang R, Huang Y, McClellan WM, Soltow QA, Lea J. Risk
Factors for Frailty in a Large Prevalent Cohort of Hemodialysis Patients. The
American journal of the medical sciences.2014;348(4):277-82.

44 .Salgado B, Maria A. Trayectorias de fragilidad fisica en adultos mayores del
estudio IMIAS [Internet]. Facultad de Ciencias para la Salud; 2023 [accedido
marzo 2024]. Disponible en: https://repositorio.ucaldas.edu.co/handle/ucal-

das/19546
@ BY SA



Diego Alejandro Gomez-Castrillén y cols.




