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Frailty is an age-related clinical state associated with deterioration across multiple physiological
systems and a leading cause of morbidity and mortality later in life. To understand how frailty
develops and what causes its progression, longitudinal data with repeated frailty measurements
are required. This review summarizes evidence from longitudinal studies on frailty trajectories,
transitions, and trends. We identified several consistent findings: frailty increases with aging and
is a dynamic condition, and more recent generations of older adults have higher frailty levels.
These findings have both clinical and public health relevance, including the provision of health-
care and aged care services in the coming years. Further studies are required, particularly those

conducted in low- and middle-income countries and those investigating factors associated with
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changes in frailty. The latter may help develop better-targeted interventions to reverse or slow
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INTRODUCTION

The global population of older adults (60 years and over) will
nearly double to 2.1 billion people by 2050 because of gains in life
expectancy.”’ However, many countries are not prepared for this
rapid growth in the older population.” Hospitals and the long-
term care sector are already running at full capacity in many re-
gions.S) Additionally, gains in life expectancy are not translated into
gains in disability-free life for many older adults; thus, in their ex-
tended years, these adults face disabilities and poor overall health.”

The most common condition affecting older adults in terms of
both mortality and morbidity is frailty.4‘5) Frailty is defined as an
age-related clinical state associated with deterioration across multi-
ple physiological systems, particularly the musculoskeletal, cardio-
respiratory, and immune systems.‘w) Frailty is a preventable condi-
tion, and not all older adults will develop frailty during their life-
time.” Likewise, frailty is not a fixed state.”'” Rather, the condition

is a dynamic entity, wherein individuals can fluctuate between
states.'” For example, a person can transition from “robust” (not
frail) to either a pre-frail (the pre-cursor state of frailty) or frail
state, and vice versa.”” Unfortunately, frailty is common, affecting
an estimated 11% of community-dwelling adults aged >65
years."” The prevalence of frailty is especially high in the oldest
older adults ( >80 years),"” those residing in low- and middle-in-
come countries,"” residents of long-term care facilities,” and pop-
ulations with chronic diseases such as chronic obstructive pulmo-

)

. 15 . . . 16 17 .
nary disease, *) chronic kidney disease,  cancer, ? and cardiovas-

cular disease.”” The likelihood of developing frailty is affected by

13,

inequalities in socioeconomic position. 1922 The sexes show sig-
nificant differences, with women typically experiencing more frail-
ty,m) yet with higher survival rates than men either with or without
frailty.””

Despite the increasing awareness that frailty is preventable, lon-

gitudinal data with repeated frailty measurements are still not
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widely used. This review collated longitudinal studies on frailty to
inform the timelines of frailty development and progression in old-
er adults. By examining frailty trajectories, transitions, and trends,
we can identify factors that may accelerate or slow frailty develop-

ment and progr ession.

FRAILTY MEASUREMENT

Two main conceptual models of frailty exist in the literature today:
the phenotypic model first proposed by Fried et al.”” and the accu-
mulated deficit multidimensional frailty index (FI) described by
Mitnitski et al,”” both of which were introduced in 2001. Fried’s
phenotypic model identifies frailty as the presence of three or
more of five physical components: slowness (slow gait speed),
shrinking (weight loss), exhaustion (self-reported), weakness (low
grip strength), and low physical activity.”” When only one or two
of these physical components are present, an individual is classified
as “pre-frail”; if no component is present, the individual is classified
as “robust.””

The FI model considers frailty to be an accumulation of health
deficits, wherein the more deficits individuals have, the frailer they
") The F is a continuous variable from 0 (no health deficits

present) to 1 (all health deficits present) and is expressed as the

are.

number of deficits present divided by the total number of deficits
in the list. For instance, in a list of 50 health deficits, an individual
with 10 deficits has an FI score of 0.2 (10/50).”” The maximum

FI score viable for life is around 0.68.>”

CHANGES IN FRAILTY

For many years, the field of frailty research has been dominated by
studies that evaluate frailty measurements at a single time point.
These studies examined the cross-sectional associations between
frailty and other variables or used frailty as a predictor of adverse
outcomes, particularly mortality.” However, longitudinal data with
repeated frailty measurements are crucial to understanding how
frailty develops and what causes its progression. Over the past 15
years, research on the changes in frailty has emerged, including
studies on changes in frailty with aging (trajectories and transi-
tions) as well as studies on historical changes (trends). Fig. 1 shows
that the number of studies in PubMed mentioning “frailty trajecto-
ries” or “frailty changes” has progressively increased in recent years.
Various study types across a wide range of populations were ob-
served. A more detailed examination of the search results revealed
two dominant research trends. First, to investigate frailty develop-
ment and progression, repeated frailty measures were used in the
same sample. Second, to study frailty trends, various independent

samples from the same age group were used. Table 1 presents a se-
lection of key empirical papers on trajectories, transitions, and
trends in frailty among older adults,zz’zg‘”) which will be discussed

below.

Frailty Trajectories

Various longitudinal studies have examined frailty trajectories us-
ing measurements at three or more time points, in which frailty is
typically included as a continuous measure (mainly assessed with
the FI)."” Four examples of such studies are shown in Table 1.
Overall, these studies provide an overview of increasing frailty lev-
els with age. However, the rate of change and the shape of the
change curve (linear or quadratic) vary across studies.”””*" Jen-
kins et al.”” aimed to replicate findings across five longitudinal co-
hort studies from Europe and the United States. The included ag-
ing cohorts had 11-20 years of follow-up. A linear model best
characterized frailty progression, and frailty trajectories did not dif-
fer between men and women. Additional insights into frailty
changes over the life course can be derived from the work of Ray-
mond et al,,”" as this study also included younger individuals. In-
terestingly, a turning point was observed at 65 years of age, with a
faster increase in frailty levels after that age. The studies listed in
Table 1 represent those on frailty trajectories in older populations.
However, in the field of frailty trajectories, more specific research
directions are evolving, such as work in specific patient popula-

41,42

tions (e.g, psychiatry and oncology),""” latent frailty trajectories

(i.e., groupings of people based on distinct frailty trajectories),"”
frailty fluctuations (i.e., within-person deviations from general
frailty trajectories),"” the order in which frailty components devel-
op,""” and terminal decline in frailty."*”
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Fig. 1. Number of articles in PubMed mentioning “frailty trajectories”
or “frailty changes” in the past 15 years. The year 2022 was still ongo-
ing when the search was done (November 26, 2022).
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Table 1. Selection of key empirical papers on trajectories, transitions, and trends in frailty among older adults

Study Year

Data

Frailty instrument

Main findings

Trajectories Hoogendijk et al” 2018

The Netherlands, the Longitudinal
Aging Study Amsterdam (LASA),
17-year follow-up

Frailty index (32 items)

Linear increase in frailty with aging. Partner
status impacted frailty trajectories, sex and
education did not.

Jenkins et al.””) 2022 Five longitudinal cohorts from the Frailtyindex (3042 items) Linear increase in frailty over time. No clear
USA, UK, Italy and the Netherlands, association between sex and frailty progres-
11 to 20 years of follow-up sion.
Raymond etal.” 2020 Swedish Adoption/Twin Study of Frailty index (42 items) ~ Frailty increased non-linearly from adulthood
Aging (SATSA), 27-year follow-up into old age. A higher increase was observed
after age 6S. Deviations from normal weight
were associated with frailty trajectories.
Stolz etal.” 2017 10 European countries, the Survey of ~ Frailty index (40items)  Frailty increased with aging (quadratic curve).
Health, Ageing and Retirement in Different measures of socioeconomic
Europe (SHARE), 9-year follow-up position had a different impact on frailty
trajectories.
Transitions ~ Espinoza etal.*” 2012 USA, San Antonio Longitudinal Study Frailty phenotype A mix of frailty transitions (worsening,
of Aging (SALSA), 7-year follow-up improvement, no change) occurred. A lower
level of education was associated with frailty
worsening.
Gill etal.” 2006 USA, Precipitating Events Project Frailty phenotype During follow-up 58% of the study sample had
(PEP), 4.5-year follow-up atleast one frailty transition. Frailty
worsening was more common than frailty
improvement.
Leeetal.”” 2014 China, longitudinal study, 2-year Frailty phenotype More than half of the sample remained in the
follow-up same frailty state during follow-up. Various
characteristics associated with frailty
worsening were identified, such as being
male.
Romero-Ortuno etal.’™” 2021 Ireland, Irish Longitudinal Studyon  Frailty phenotype Frailty was shown to be dynamic. Both frailty
Ageing (TILDA), 8-year follow-up worsening (e.g;, risk of non-frail to pre-frail
progression: 27%) and frailty improvement
(e.g, risk of favorable transition from frail to
pre-frail: 18%) were common.
Trends Blodgett et al” 2021 USA, the National Health and Frailty index (46 items) ~ Frailty scores were higher in more recent
Nutrition Examination Survey cohorts in middle-aged ( > 35 years) and
(NHANES), 1999-2018 older adults (> 65 years). Frailty lethality
was stable.
Hoogendijk et al?” 2021 The Netherlands, the Longitudinal Frailty index (32 items) ~ The prevalence of frailty increased among
Aging Study Amsterdam (LASA), people aged 64-84 years in more recent years.
1995-2016 The association between frailty and
mortality remained the same.
Mousa etal.”” 2018 UK, the Cogpitive Function and Frailty index (30 items)  Frailty level was higher in 2011 than in 1991
Ageing Studies (CFAS), 1991-2011 among people aged 65 and over. Its
association with mortality did not change.
Wennberg et al” 2022 Sweden, the 1895-1945 birth cohorts, Hospital Frailty Risk Frailty prevalence increased in more recent
1990-2020 Score (HFRS) birth cohorts, at all ages (75, 85 and 95 years).
Frailty Transitions transitions are predominantly performed using the frailty pheno-

The study of frailty transitions provides another way to examine
longitudinal data. To study these transitions, frailty scores must be
categorized. Especially for clinical care pathways, the frailty transi-
tion approach is helpful because categorization simplifies clinical
decision-making, although the classifications may sometimes be
arbitrary. Understanding transitions in frailty may help to identify
optimal target populations for frailty interventions. Studies have
suggested targeting pre-frailty for early interventions.” Studies on

type, which has clear categories (robust, pre-frail, and frail). How-
ever, theoretically, other frailty measures such as the FI may also be
used for this purpose. In 2019, Kojima et al” performed a system-
atic review of transitions between frailty states in communi-
ty-dwelling older adults, which included 16 studies related to this
topic. Table 1 includes four examples of studies on frailty transi-
tions. In general, these studies showed that frailty is a dynamic
condition, as all studies reported that frailty worsening and frailty
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improvement were common, while large parts of the study sam-
ples remained in the same state at follow—up.32'35) The study by Gill
etal.’” was one of the earlier studies on frailty transitions. Over 4.5
years, the participants underwent assessments every 1.5 years;
among these participants, at least 58% experienced a frailty transi-
tion during follow-up. Espinoza et al.’” examined potential predic-
tors of frailty progression, in which fewer years of education,
among other factors, was associated with frailty progression. How-
ever, only two measurements (baseline and follow-up) were per-
formed in this study. More research over an extended time is need-
ed to better understand the transitions in frailty later in life and the
factors associated with the transitions.

Frailty Trends

Studies on frailty trends are relatively scarce as very few longitudi-
nal cohort studies have a cohort-sequential design in which re-
fresher samples of older adults from new generations are added to
the study after several years. To our knowledge, only studies in the
United States, the Netherlands, the UK, and Sweden have report-
ed on this topic (Table 1).36'39) All these studies focused on older
adults in the same age group at different periods over a long time
span, and together they cover the period from 1990 to 2020. For
example, a study from the Netherlands (Longitudinal Aging Study
Amsterdam [LASA]) showed that the prevalence of frailty among
older adults aged 64-84 years increased from 21% in 1995-1996
to 28% in 2011-2012."” Other studies have shown similar results,
with increasing levels of frailty or higher frailty prevalence in more
recent generations of older adults aged 65 years and over.”**"”)
Blodgett et al.”” reported an increasing trend in frailty levels be-
tween 1999 and 2018 among middle-aged people ( > 35 years) in
the United States using data from the National Health and Nutri-
tion Examination Survey. A study from Sweden reported that in-
creasing frailty prevalence rates were mainly driven by increased
frailty scores among individuals in the highest quartile of the frailty
score.”” Further explanations for the increasing trend in frailty
among older adults are unknown and should be explored in future
research. Some of the above-mentioned studies also examined
trends in the association between frailty and mortality and found
that this association remained stable (i.e., in subsequent genera-
tions of older adults, the association between frailty and mortality
36:3839) Altogether, the results

of trend studies indicate a negative prospect for the future, as there

did not become weaker or stronger).
are no signs of a decline in the excess mortality rates of frailty.
Risk Factors for Changes

Insight into risk factors for certain frailty trajectories, transitions,
and trends may inform the development of better-targeted inter-

ventions to prevent or reduce frailty levels in older adults. Risk fac-
tors are not limited to lifestyle and clinical factors relevant later in
life and may also involve behavioral and clinical conditions during
early life stages, such as midlife and childhood.” A recent review of
frailty trajectory studies conducted so far by Welstead et al.”
showed that the different methodologies of these studies make it
difficult to draw conclusions regarding which factors contribute to
frailty progression. Some risk factors were only identified in a sin-
gle study."” Nevertheless, factors such as low socioeconomic posi-
tion and lack of physical activity likely contribute to frailty progres-
sion. This research field requires expansion, and results should be
replicated using similar methodological approaches across studies

and settings.

Clinical and Public Health Implications

Based on the results of studies on the trajectories, transitions, and
trends in frailty among older adults, some implications for clinical
practice and public health can be derived. First, the results of the
studies discussed in this review emphasize the importance of early
identification of frailty. Identification of frailty at an early stage of a
frailty trajectory is critical to promote early interventions.”"” Sec-
ond, regular (e.g,, yearly) assessments of frailty among older adults
in routine clinical care may be important to monitor frailty chang-
es. An individual reaching a certain frailty level may require addi-
tional evidence-based clinical actions."”’ Change in frailty is a risk
factor for mortality in later life, " although findings from previ-
ous studies show conflicting results.”*” Third, knowledge of frail-
ty trajectories and transitions can inform the cost-effectiveness of
future economic planning, which in turn, directly informs policy.
Fourth, the findings from trend studies indicate the expected in-
creased burden of frailty for healthcare systems and underscore the
need for continued efforts to prevent or reduce frailty among older
adults. Frailty prevalence is increasing in more recent generations
of older adults, while frailty-associated mortality remains the
same.”””” Finally, the studies presented in this review make clear
the major research gaps, which limit our ability to formulate clear
messages for healthcare policymakers. These gaps include the lim-
ited number of studies on risk factors for frailty trajectories, transi-
tions, and trends and the lack of studies in low- and middle-income
countries. A single study identified various risk factors for frailty
progression; thus, replication of these findings is desperately need-
ed”” Although most of the world’s older population lives in low-

and middle-income countries,””

nearly all evidence on frailty tra-
jectories comes from high-income countries, especially European
countries and the United States. Increased efforts are needed to
overcome systemic issues that make frailty research in low- and

middle-income countries challenging,”

www.e-agmr.org



CONCLUSION

In the past decade, research on trajectories, transitions, and trends
in frailty among older adults has emerged. The handful of publica-
tions at the beginning of the 2010s has increased in recent years to
a substantial research field, with studies using data from large co-
horts in various countries. Based on these studies, important clini-
cal implications were derived. For example, frailty prevalence has
increased in subsequent generations of older adults, an increase
that is expected to continue.”” This suggests that in clinical prac-
tice, the number of older adults presenting with frailty will increase
substantially in the coming years. This imposes a high burden on
already overstretched healthcare systems. Further research on frail-
ty trajectories, transitions, and trends is needed to increase our un-
derstanding of how frailty changes over time and the factors asso-
ciated with these changes. However, most studies on this topic
have been conducted in high-income countries. More evidence
from low- and middle-income countries, based on high-quality
data collection, is required to monitor frailty globally. Simultane-
ously, efforts are needed to develop successful interventional pro-
grams to prevent and reduce frailty in older adults, for which data
from robust clinical trials are indispensable.é)

ACKNOWLEDGMENTS

CONFLICT OF INTEREST
The researchers claim no conflicts of interest.

FUNDING
None.

AUTHOR CONTRIBUTIONS

Conceptualization, EOH, ED; Methodology, EOH; Supervision,
EOH; Writing-original draft, EOH,ED; Writing-review & editing,
EOH, ED.

REFERENCES

1. Leeson GW. The growth, ageing and urbanisation of our world.
J Popul Ageing 2018;11:107-15.

2. Dixon A. The United Nations decade of healthy ageing requires
concerted global action. Nature Aging 2021;1:2.

3. Feng Z, Glinskaya E, Chen H, Gong S, Qiu Y, Xu J, et al. Long-
term care system for older adults in China: policy landscape,
challenges, and future prospects. Lancet 2020;396:1362-72.

4. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in
elderly people. Lancet 2013;381:752-62.

Trajectories in Frailty 293

5. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried
LP. Frailty: implications for clinical practice and public health.
Lancet 2019;394:1365-75.

6. Dent E, Martin FC, Bergman H, Woo ], Romero-Ortuno R,
Walston JD. Management of frailty: opportunities, challenges,
and future directions. Lancet 2019;394:1376-86.

7. Pansarasa O, Pistono C, Davin A, Bordoni M, Mimmi MC,
Guaita A, et al. Altered immune system in frailty: genetics and
diet may influence inflammation. Ageing Res Rev 2019;54:
10093S.

8. Dent E, Morley JE, Cruz-Jentoft AJ, Woodhouse L, Rodri-
guez-Manas L, Fried LP, et al. Physical frailty: ICFSR interna-
tional clinical practice guidelines for identification and manage-
ment. ] Nutr Health Aging 2019;23:771-87.

9. Lang PO, Michel JP, Zekry D. Frailty syndrome: a transitional
state in a dynamic process. Gerontology 2009;55:539-49.

10. Stolz E, Mayerl H, Freidl W. Fluctuations in frailty among older
adults. Age Ageing 2019;48:547-52.

11. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Preva-
lence of frailty in community-dwelling older persons: a system-
atic review. ] Am Geriatr Soc 2012;60:1487-92.

12. Sharma PK, Reddy BM, Ganguly E. Frailty syndrome among
oldest old individuals, aged > 80 years: prevalence & correlates. J
Frailty Sarcopenia Falls 2020;5:92-101.

13. Hoogendijk EO, Rijnhart JJ, Kowal P, Perez-Zepeda MU, Cesari
M, Abizanda P, et al. Socioeconomic inequalities in frailty among
older adults in six low- and middle-income countries: results
from the WHO Study on global AGEing and adult health
(SAGE). Maturitas 2018;115:56-63.

14. Kojima G. Prevalence of frailty in nursing homes: a systematic re-
view and meta-analysis. ] Am Med Dir Assoc 2015;16:940-5.

15. Marengoni A, Vetrano DL, Manes-Gravina E, Bernabei R,
Onder G, Palmer K. The relationship between COPD and frail-
ty: a systematic review and meta-analysis of observational stud-
ies. Chest 2018;154:21-40.

16. Wilkinson TJ, Miksza J, Zaccardi F, Lawson C, Nixon AC, Young
HM, et al. Associations between frailty trajectories and cardio-
vascular, renal, and mortality outcomes in chronic kidney dis-
ease. ] Cachexia Sarcopenia Muscle 2022;13:2426-35.

17. Handforth C, Clegg A, Young C, Simpkins S, Seymour MT, Sel-
by PJ, et al. The prevalence and outcomes of frailty in older can-
cer patients: a systematic review. Ann Oncol 2015;26:1091-101.

18. Marinus N, Vigorito C, Giallauria F, Haenen L, Jansegers T, Den-
dale P, et al. Frailty is highly prevalent in specific cardiovascular
diseases and females, but significantly worsens prognosis in all
affected patients: a systematic review. Ageing Res Rev 2021;66:
101233.

Ann Geriatr Med Res 2022;26(4):289-295


https://doi.org/10.1038/s43587-020-00011-5
https://doi.org/10.1038/s43587-020-00011-5
https://doi.org/10.1016/s0140-6736(20)32136-x
https://doi.org/10.1016/s0140-6736(20)32136-x
https://doi.org/10.1016/s0140-6736(20)32136-x
https://doi.org/10.1016/s0140-6736(12)62167-9
https://doi.org/10.1016/s0140-6736(12)62167-9
https://doi.org/10.1016/s0140-6736(19)31786-6
https://doi.org/10.1016/s0140-6736(19)31786-6
https://doi.org/10.1016/s0140-6736(19)31786-6
https://doi.org/10.1016/s0140-6736(19)31785-4
https://doi.org/10.1016/s0140-6736(19)31785-4
https://doi.org/10.1016/s0140-6736(19)31785-4
https://doi.org/10.1016/j.arr.2019.100935
https://doi.org/10.1016/j.arr.2019.100935
https://doi.org/10.1016/j.arr.2019.100935
https://doi.org/10.1016/j.arr.2019.100935
https://doi.org/10.1007/s12603-019-1273-z
https://doi.org/10.1007/s12603-019-1273-z
https://doi.org/10.1007/s12603-019-1273-z
https://doi.org/10.1007/s12603-019-1273-z
https://doi.org/10.1159/000211949
https://doi.org/10.1159/000211949
https://doi.org/10.1093/ageing/afz040
https://doi.org/10.1093/ageing/afz040
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.22540/jfsf-05-092
https://doi.org/10.22540/jfsf-05-092
https://doi.org/10.22540/jfsf-05-092
https://doi.org/10.1016/j.maturitas.2018.06.011
https://doi.org/10.1016/j.maturitas.2018.06.011
https://doi.org/10.1016/j.maturitas.2018.06.011
https://doi.org/10.1016/j.maturitas.2018.06.011
https://doi.org/10.1016/j.jamda.2015.06.025
https://doi.org/10.1016/j.jamda.2015.06.025
https://doi.org/10.1016/j.chest.2018.02.014
https://doi.org/10.1016/j.chest.2018.02.014
https://doi.org/10.1016/j.chest.2018.02.014
https://doi.org/10.1016/j.chest.2018.02.014
https://doi.org/10.1002/jcsm.13047
https://doi.org/10.1002/jcsm.13047
https://doi.org/10.1002/jcsm.13047
https://doi.org/10.1002/jcsm.13047
https://doi.org/10.1093/annonc/mdu540
https://doi.org/10.1093/annonc/mdu540
https://doi.org/10.1093/annonc/mdu540
https://doi.org/10.1016/j.arr.2020.101233
https://doi.org/10.1016/j.arr.2020.101233
https://doi.org/10.1016/j.arr.2020.101233
https://doi.org/10.1016/j.arr.2020.101233

294 Emiel 0. Hoogendijk and Elsa Dent

19. Hoogendijk EO, Heymans MW, Deeg DJ, Huisman M. Socio-
economic inequalities in frailty among older adults: results from
a 10-year longitudinal study in the Netherlands. Gerontology
2018;64:157-64.

20. Hoogendijk EO, Muntinga ME, de Breij S, Huisman M, Klokgi-
eters SS. Inequalities in frailty among older Turkish and Moroc-
can immigrants and native Dutch: data from the longitudinal ag-
ing study Amsterdam. ] Immigr Minor Health 2022;24:385-93.

21. Lewis ET, Williamson M, Lewis LP, Ni Chroinin D, Dent E,
Ticehurst M, et al. The feasibility of deriving the electronic frailty
index from Australian general practice records. Clin Interv Aging
2022;17:1589-98.

22. Stolz E, Mayerl H, Waxenegger A, Rasky E, Freidl W. Impact of
socioeconomic position on frailty trajectories in 10 European
countries: evidence from the Survey of Health, Ageing and Re-
tirement in Europe (2004-2013). J Epidemiol Community
Health 2017;71:73-80.

23. Corbi G, Cacciatore F, Komici K, Rengo G, Vitale DF, Furgi G,
et al. Inter-relationships between gender, frailty and 10-year sur-
vival in older Italian adults: an observational longitudinal study:.
SciRep 2019;9:18416.

24. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C,
Gottdiener J, et al. Frailty in older adults: evidence for a pheno-
type. ] Gerontol A Biol Sci Med Sci 2001;56:M146-56.

25. Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of defi-
cits as a proxy measure of aging. ScientificWorldJournal 2001;
1:323-36.

26. Rockwood K, Mitnitski A. Frailty defined by deficit accumula-
tion and geriatric medicine defined by frailty. Clin Geriatr Med
2011;27:17-26.

27.JiL, Jazwinski SM, Kim S. Frailty and biological age. Ann Geriatr
Med Res 2021;25:141-9.

28. Rutenberg AD, Mitnitski AB, Farrell SG, Rockwood K. Unifying
aging and frailty through complex dynamical networks. Exp
Gerontol 2018;107:126-9.

29. Hoogendijk EO, Rockwood K, Theou O, Armstrong JJ, Onwu-
teaka-Philipsen BD, Deeg DJ, et al. Tracking changes in frailty
throughout later life: results from a 17-year longitudinal study in
the Netherlands. Age Ageing 2018;47:727-33.

30. Jenkins ND, Hoogendijk EO, Armstrong JJ, Lewis NA, Ranson
JM, Rijnhart JJ, et al. Trajectories of frailty with aging: coordinat-
ed analysis of five longitudinal studies. Innov Aging 202.2;6:
igab059.

31. Raymond E, Reynolds CA, Dahl Aslan AK, Finkel D, Ericsson
M, Hagg S, et al. Drivers of frailty from adulthood into old age:
results from a 27-year longitudinal population-based study in
Sweden. ] Gerontol A Biol Sci Med Sci 2020;75:1943-50.

32. Gill TM, Gahbauer EA, Allore HG, Han L. Transitions between
frailty states among community-living older persons. Arch Intern
Med 2006;166:418-23.

33. Espinoza SE, Jung I, Hazuda H. Frailty transitions in the San An-
tonio longitudinal study of aging. ] Am Geriatr Soc 2012;60:
652-60.

34. Lee JS, Auyeung TW, Leung J, Kwok T, Woo J. Transitions in
frailty states among community-living older adults and their as-
sociated factors. ] Am Med Dir Assoc 2014;15:281-6.

35. Romero-Ortuno R, Hartley P, Davis J, Knight SP, Rizzo R, Her-
nandez B, et al. Transitions in frailty phenotype states and com-
ponents over 8 years: evidence from the Irish longitudinal study
on ageing. Arch Gerontol Geriatr 2021;95:104401.

36. Mousa A, Savva GM, Mitnitski A, Rockwood K, Jagger C,
Brayne C, et al. Is frailty a stable predictor of mortality across
time? Evidence from the cognitive function and ageing studies.
Age Ageing 2018;47:721-7.

37. Hoogendijk EO, Stolz E, Oude Voshaar RC, Deeg DJ, Huisman
M, Jeuring HW. Trends in frailty and its association with mortal-
ity: results from the Longitudinal Aging Study Amsterdam,
1995-2016. Am J Epidemiol 2021;190:1316-23.

38. Wennberg AM, Ebeling M, Ek S, Meyer A, Ding M, Talback M,
et al. Trends in frailty between 1990 to 2020 in Sweden among
75-, 85- and 95-year-old women and men: a nationwide study
from Sweden. ] Gerontol A Biol Sci Med Sci 2022 Oct 3 [Epub].
https://doi.org/10.1093/gerona/glac210.

39. Blodgett JM, Rockwood K, Theou O. Changes in the severity
and lethality of age-related health deficit accumulation in the
USA between 1999 and 2018: a population-based cohort study.
Lancet Healthy Longev 2021;2:€96-e104.

40. Welstead M, Jenkins ND, Russ TC, Luciano M, Muniz-Terrera
G. A systematic review of frailty trajectories: their shape and in-
fluencing factors. Gerontologist 2021;61:e463-e475.

41. Oude Voshaar RC, Dimitriadis M, vandenBrink RH, Aprahami-
an I, Borges MK, Marijnissen RM, et al. A 6-year prospective
clinical cohort study on the bidirectional association between
frailty and depressive disorder. Int J Geriatr Psychiatry 2021;36:
1699-707.

42. Mandelblatt JS, Zhou X, Small BJ, Ahn J, Zhai W, Ahles T, et al.
Deficit accumulation frailty trajectories of older breast cancer
survivors and non-cancer controls: the thinking and living with
cancer study. ] Natl Cancer Inst 2021;113:1053-64.

43. Verghese J, Ayers E, Sathyan S, Lipton RB, Milman S, Barzilai N,
et al. Trajectories of frailty in aging: prospective cohort study.
PLoS One 2021;16:0253976.

44. Stenholm S, Ferrucci L, Vahtera J, Hoogendijk EO, Huisman M,
Pentti J, et al. Natural course of frailty components in people

WWW.e-agmr.org


https://doi.org/10.1159/000481943
https://doi.org/10.1159/000481943
https://doi.org/10.1159/000481943
https://doi.org/10.1159/000481943
https://doi.org/10.1007/s10903-021-01169-9
https://doi.org/10.1007/s10903-021-01169-9
https://doi.org/10.1007/s10903-021-01169-9
https://doi.org/10.1007/s10903-021-01169-9
https://doi.org/10.2147/cia.s384691
https://doi.org/10.2147/cia.s384691
https://doi.org/10.2147/cia.s384691
https://doi.org/10.2147/cia.s384691
https://doi.org/10.1136/jech-2016-207712
https://doi.org/10.1136/jech-2016-207712
https://doi.org/10.1136/jech-2016-207712
https://doi.org/10.1136/jech-2016-207712
https://doi.org/10.1038/s41598-019-54897-2
https://doi.org/10.1038/s41598-019-54897-2
https://doi.org/10.1038/s41598-019-54897-2
https://doi.org/10.1038/s41598-019-54897-2
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1100/tsw.2001.58
https://doi.org/10.1100/tsw.2001.58
https://doi.org/10.1100/tsw.2001.58
https://doi.org/10.1016/j.cger.2010.08.008
https://doi.org/10.1016/j.cger.2010.08.008
https://doi.org/10.1016/j.cger.2010.08.008
https://doi.org/10.4235/agmr.21.0080
https://doi.org/10.4235/agmr.21.0080
https://doi.org/10.1016/j.exger.2017.08.027
https://doi.org/10.1016/j.exger.2017.08.027
https://doi.org/10.1016/j.exger.2017.08.027
https://doi.org/10.1093/ageing/afy081
https://doi.org/10.1093/ageing/afy081
https://doi.org/10.1093/ageing/afy081
https://doi.org/10.1093/ageing/afy081
https://doi.org/10.1093/geroni/igab059
https://doi.org/10.1093/geroni/igab059
https://doi.org/10.1093/geroni/igab059
https://doi.org/10.1093/geroni/igab059
https://doi.org/10.1101/19012476
https://doi.org/10.1101/19012476
https://doi.org/10.1101/19012476
https://doi.org/10.1101/19012476
https://doi.org/10.1001/archinte.166.4.418
https://doi.org/10.1001/archinte.166.4.418
https://doi.org/10.1001/archinte.166.4.418
https://doi.org/10.1111/j.1532-5415.2011.03882.x
https://doi.org/10.1111/j.1532-5415.2011.03882.x
https://doi.org/10.1111/j.1532-5415.2011.03882.x
https://doi.org/10.1016/j.jamda.2013.12.002
https://doi.org/10.1016/j.jamda.2013.12.002
https://doi.org/10.1016/j.jamda.2013.12.002
https://doi.org/10.1016/j.archger.2021.104401
https://doi.org/10.1016/j.archger.2021.104401
https://doi.org/10.1016/j.archger.2021.104401
https://doi.org/10.1016/j.archger.2021.104401
https://doi.org/10.1093/aje/kwab018
https://doi.org/10.1093/aje/kwab018
https://doi.org/10.1093/aje/kwab018
https://doi.org/10.1093/aje/kwab018
https://doi.org/10.1093/gerona/glac210
https://doi.org/10.1093/gerona/glac210
https://doi.org/10.1093/gerona/glac210
https://doi.org/10.1093/gerona/glac210
https://doi.org/10.1016/s2666-7568(20)30059-3
https://doi.org/10.1016/s2666-7568(20)30059-3
https://doi.org/10.1016/s2666-7568(20)30059-3
https://doi.org/10.1016/s2666-7568(20)30059-3
https://doi.org/10.1093/geront/gnaa061
https://doi.org/10.1093/geront/gnaa061
https://doi.org/10.1093/geront/gnaa061
https://doi.org/10.1002/gps.5588
https://doi.org/10.1002/gps.5588
https://doi.org/10.1002/gps.5588
https://doi.org/10.1002/gps.5588
https://doi.org/10.1093/jnci/djab003
https://doi.org/10.1093/jnci/djab003
https://doi.org/10.1093/jnci/djab003
https://doi.org/10.1093/jnci/djab003
https://doi.org/10.1371/journal.pone.0253976
https://doi.org/10.1371/journal.pone.0253976
https://doi.org/10.1371/journal.pone.0253976
https://doi.org/10.1093/gerona/gly132
https://doi.org/10.1093/gerona/gly132

who develop frailty syndrome: evidence from two cohort stud-
ies.J Gerontol A Biol Sci Med Sci 2019;74:667-74.

4S. Stow D, Matthews FE, Hanratty B. Frailty trajectories to identify
end of life: a longitudinal population-based study. BMC Med
2018;16:171.

46. Stolz E, Mayerl H, Hoogendijk EO, Armstrong JJ, Roller-Wirns-
berger R, Freidl W. Acceleration of health deficit accumulation
in late-life: evidence of terminal decline in frailty index three
years before death in the US Health and Retirement Study. Ann
Epidemiol 2021;58:156-61.

47. Kojima G, Taniguchi Y, Iliffe S, Jivraj S, Walters K. Transitions
between frailty states among community-dwelling older people:
a systematic review and meta-analysis. Ageing Res Rev 2019;
50:81-8.

48. Daly RM, Iuliano S, Fyfe J], Scott D, Kirk B, Thompson MQ, et
al. Screening, diagnosis and management of sarcopenia and frail-
ty in hospitalized older adults: recommendations from the Aus-
tralian and New Zealand Society for Sarcopenia and Frailty Re-
search (ANZSSFR) expert working group. ] Nutr Health Aging
2022;26:637-51.

49. Clegg A, Bates C, Young J, Ryan R, Nichols L, Ann Teale E, et al.

Trajectories in Frailty 295

Development and validation of an electronic frailty index using
routine primary care electronic health record data. Age Ageing
2016;45:353-60.

50. Stolz E, Hoogendijk EO, Mayerl H, Freidl W. Frailty changes pre-
dict mortality in 4 longitudinal studies of aging. ] Gerontol A
Biol Sci Med Sci 2021;76:1619-26.

51. Stolz E, Mayerl H, Hoogendijk EO. Frailty in the oldest old: is
the current level or the rate of change more predictive of mortali-
ty? Age Ageing 2022;51:afac020.

52. Shi SM, McCarthy EP, Mitchell S, Kim DH. Changes in predic-
tive performance of a frailty index with availability of clinical do-
mains. ] Am Geriatr Soc 2020;68:1771-7.

53. Bai G, Szwajda A, Wang Y, Li X, Bower H, Karlsson IK, et al.
Frailty trajectories in three longitudinal studies of aging: is the
level or the rate of change more predictive of mortality? Age
Ageing 2021;50:2174-82.

54. AtJ, Bryce R, Prina M, Acosta D, Ferri CP, Guerra M, et al. Frail-
ty and the prediction of dependence and mortality in low- and
middle-income countries: a 10/66 population-based cohort
study. BMC Med 2015;13:138.

Ann Geriatr Med Res 2022;26(4):289-295


https://doi.org/10.1093/gerona/gly132
https://doi.org/10.1093/gerona/gly132
https://doi.org/10.1186/s12916-018-1148-x
https://doi.org/10.1186/s12916-018-1148-x
https://doi.org/10.1186/s12916-018-1148-x
https://doi.org/10.1101/2020.10.11.20210732
https://doi.org/10.1101/2020.10.11.20210732
https://doi.org/10.1101/2020.10.11.20210732
https://doi.org/10.1101/2020.10.11.20210732
https://doi.org/10.1016/j.arr.2019.01.010
https://doi.org/10.1016/j.arr.2019.01.010
https://doi.org/10.1016/j.arr.2019.01.010
https://doi.org/10.1016/j.arr.2019.01.010
https://doi.org/10.1007/s12603-022-1801-0
https://doi.org/10.1007/s12603-022-1801-0
https://doi.org/10.1007/s12603-022-1801-0
https://doi.org/10.1007/s12603-022-1801-0
https://doi.org/10.1093/ageing/afw039
https://doi.org/10.1093/ageing/afw039
https://doi.org/10.1093/ageing/afw039
https://doi.org/10.1093/ageing/afw039
https://doi.org/10.1093/gerona/glaa266
https://doi.org/10.1093/gerona/glaa266
https://doi.org/10.1093/gerona/glaa266
https://doi.org/10.1093/ageing/afac020
https://doi.org/10.1093/ageing/afac020
https://doi.org/10.1093/ageing/afac020
https://doi.org/10.1111/jgs.16436
https://doi.org/10.1111/jgs.16436
https://doi.org/10.1111/jgs.16436
https://doi.org/10.1093/ageing/afab106
https://doi.org/10.1093/ageing/afab106
https://doi.org/10.1093/ageing/afab106
https://doi.org/10.1093/ageing/afab106
https://doi.org/10.1186/s12916-015-0378-4
https://doi.org/10.1186/s12916-015-0378-4
https://doi.org/10.1186/s12916-015-0378-4
https://doi.org/10.1186/s12916-015-0378-4

	INTRODUCTION
	FRAILTY MEASUREMENT 
	CHANGES IN FRAILTY 
	Frailty Trajectories 
	Frailty Transitions 
	Frailty Trends 
	Risk Factors for Changes 
	Clinical and Public Health Implications 

	CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST  
	FUNDING
	AUTHOR CONTRIBUTIONS 

	REFERENCES

