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Abstract: Background: No study has tried to distinguish subjects that become frail due to diseases (frailty related
to diseases) or in the absence of specific medical events; in this latter case, it is possible that aging process
would act as the main frailty driver (age-related frailty). Objectives: To classify subjects according to the origin
of physical frailty: age-related frailty, frailty related to diseases, frailty of uncertain origin, and to compare
their clinical characteristics. Materials and methods: We performed a secondary analysis of the Multidomain
Alzheimer Preventive Trial (MAPT), including 195 subjects =70 years non-frail at baseline who became frail
during a 5-year follow-up (mean age 77.8 years + 4.7; 70% female). Physical frailty was defined as presenting
=3 of the 5 Fried criteria: weight loss, exhaustion, weakness, slowness, low physical activity. Clinical files were
independently reviewed by two different clinicians using a standardized assessment method in order to classify
subjects as: “age-related frailty”, “frailty related to diseases” or “frailty of uncertain origin”. Inconsistencies
among the two raters and cases of uncertain frailty were further assessed by two other experienced clinicians.
Results: From the 195 included subjects, 82 (42%) were classified as age-related frailty, 53 (27%) as frailty
related to diseases, and 60 (31%) as frailty of uncertain origin. Patients who became frail due to diseases did not
differ from the others groups in terms of functional, cognitive, psychological status and age at baseline, however
they presented a higher burden of comorbidity as measured by the Cumulative Illness Rating Scale (CIRS) (8.20
+ 2.69; vs 6.22 + 2.02 frailty of uncertain origin; vs. 3.25 + 1.65 age-related frailty). Time to incident frailty
(234 months + 12.1 vs. 39.2 + 19.3 months) and time spent in a pre-frailty condition (17.1 £ 114 vs 26.6 +
16.6 months) were shorter in the group of frailty related to diseases compared to age-related frailty. Orthopedic
diseases (n=14, 26%) were the most common pathologies leading to frailty related to diseases, followed by
cardiovascular diseases (n=9, 17%) and neurological diseases (n = 8, 15%). Conclusion: People classified as
age-related frailty and frailty related to diseases presented different frailty-associated indicators. Future research
should target the underlying biological cascades leading to these two frailty classifications, since they could ask

for distinct strategies of prevention and management.
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Background

Evolving chronic diseases have been suggested to contribute
to the development of physical frailty (1-3). Several cross-
sectional and longitudinal studies have shown associations
between physical frailty and chronic diseases, such as
cardiovascular disease (4, 5), neurological diseases (6, 7),
systemic diseases (8), chronic infections (9) and cancer (10).
Acute illnesses and injuries leading to hospitalization have been
associated with the transition from non-frail to frail status (11-
14). Although both chronic diseases and acute illnesses have
been related to physical frailty, in clinical practice it is common
to observe frail subjects (presenting =3 of the 5 Fried criteria)
without evolving diseases or any context of an acute illness. In
these cases, we can hypothesize that the aging process could
play a major role on the onset of physical frailty. Indeed, the
aging process is associated with a progressive homeostatic
and homeodynamic dysregulation responsible for the loss of

the resilience capacity, increasing individual’s susceptibility
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to develop or worsen a frailty status (15). Therefore, we
hypothesized that several paths may lead to physical frailty,
being a disease-related and an aging-related two of the most
common causes of physical frailty.

To the best of our knowledge, no study has tried to
distinguish subjects who become frail probably due to diseases
(frailty related to diseases) from those who develop frailty
in the absence of specific medical events; in this latter case,
it is possible the aging process would represent the main
frailty driver (age-related frailty). Age-related frailty and
frailty related to diseases could have different underlying
biological mechanisms, which could lead to different clinical
characteristics and trajectories over time, asking for distinct
strategies of prevention and management. The objective of this
preliminary study was to classify community-dwelling older
adults who developed physical frailty over a 5-year follow-up
into three groups (ie, “frailty related to diseases”, “age-related
frailty” and “frailty of uncertain origin”), and to compare their

clinical characteristics.
Published online October 27, 2020, http://10.1007/s12603-020-1518-x
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Methods

The MAPT study

The present study used data of the Multidomain Alzheimer
Preventive Trial (MAPT). The MAPT Study (registration:
NCTO00672685) was a randomized controlled trial (RCT)
aiming to assess the effects of multidomain interventions
(nutritional and physical activity counselling, and cognitive
training), omega-3 supplementation, or their combination on
cognitive function over 3 years. The trial found no effect of
these interventions on a composite cognitive score. Participants
were additionally followed for 2 years. MAPT methods and
procedures have been previously described (16-18). The trial
respected the Declaration of Helsinki and was approved by the
ethics committee in Toulouse (CPP SOOM II). Written consent
was obtained.

Participants and follow-up

MAPT participants were community-dwelling subjects
aged 70 years old or more, without dementia and who met at
least one of the following criteria: limitation in executing =1
Instrumental Activity of Daily Living, spontaneous memory
complaints, slow gait speed (< 0.8 m/s). In this analysis, we
included all MAPT participants who were robust or pre-frail at
baseline and who became frail during the 5-year follow-up.

Participants underwent clinical, functional, psychological,
cognitive and frailty assessments at baseline and at 6, 12,
24, 36, 48 and 60 months. Visits consisted of a consultation
with a physician that included a physical examination, and
a blood sample analysis. At baseline evaluation, past and
current comorbidities were recorded. During the follow-up, all
intervening medical events (hospitalizations, emergency visits,
acute illnesses, progression of an existing disease, onset of a
new chronic disease) as well as information on the treatments
(starting treatment or cessation, dose adjustments) were
recorded. Other medical elements (e.g., general practitioner or
specialty consultations, laboratory or radiological exams) and
information on death and any other reason for premature study
discontinuation were also recorded.

Physical Frailty assessment
Physical Frailty was determined according to the following

five criteria of Fried frailty phenotype (19):

- Unintentional weight loss (>4.5 kg) in the past year;

- Fatigue measured by two questions from the Center for
Epidemiologic Studies Depression Scale (CES-D) depression
scale

- Low hand grip strength based on the best of three
measurements with preferred hand;

- Slow walking speed based on the best of two measurements
over 4 meters;

- Low level of physical activity expressed in weekly energy
expenditure relating to time spent doing physical activities.

Baseline frailty status was categorized as follows: frail
(meeting =3 frailty criteria), pre-frail (meeting one or two
criteria), robust (no criterion). People with physical frailty at
baseline, without frailty assessment at the follow-up, and those
not developing physical frailty were not included in the present
study. In order to better characterize the trajectories of frailty
during follow-up, time to incident frailty was calculated as
the time (months) between the first visit and the occurrence of
physical frailty. Time of pre-frailty (months) was defined as the
period, during the follow-up, in which the subjects had a pre-
frail status.

Clinical files’ review

Given the lack of previous research exploring the potentially
different origins of physical frailty, a working-group, composed
of six experienced clinicians (BV)(YR)(SS)(CT)(DA)(TM) in
the field of frailty, developed a standardized method for data
source use and a decisional flow chart to classify subjects in
one of three groups: age-related frailty, frailty related to disease,
and frailty of uncertain origin. Detailed definition of terms
are presented in the Glossary. Age-related frailty and frailty
related to diseases are not consensual terms, but based on our
hypothesis about the origin of physical frailty. We used the term
“age-related frailty” as for the cognitive decline it was referred
as “age-related cognitive decline” (20). We used the term
“frailty of uncertain origin” because for a proportion of subjects
it was not possible to conclude.

Standardized method for data source use

For each subject, demographic data (age, sex, place of
living) and clinical data were considered at baseline, during
the follow-up period, and up to 1 year following the date of
frailty occurrence. This 1-year period was decided because
the discovery of physical frailty frequently led to additional
investigations allowing the diagnosis of underlying causes.
Considering clinical data, we focused on: past and current
comorbidities at baseline ; all available clinical assessments:
cognitive status assessed by the Mini-Mental State Examination
(MMSE), functional status assessed by the Short Physical
Performance Battery (SPPB), nutritional status assessed by
the Body Mass Index (BMI), psychological status assessed
by the Geriatric Depression Scale (GDS) and physical frailty
assessed by Fried criteria ; the intervening medical events (e.g.,
fall followed by fracture, hospitalization due to urinary tract
infection, diagnostic of cancer); drug treatments and all medical
records (e.g., general practitioner specialty or emergency
consultations, laboratory or radiological exams) available in the
clinical file of the subject.

Decisional flow-chat to classify subjects

Figure 1 illustrates the flow-chart used to classify subjects.
Based on clinical experience, we defined a chronic disease
potentially leading to physical frailty as a disease capable of
explaining the onset of = 3 Fried’s criteria (eg. symptomatic
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Figure 1
Decisional flow-chat
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GLOSSARY

Chronic disease potentially leading to physical frailty: chronic disease capable of explaining the onset of > 3 Fried’s criteria.

Age-related frailty: The occurrence of physical frailty not related to the comorbidities known at baseline or to the clinical events occurring
during the follow-up period, but rather occurring with advancing age.

Frailty related to diseases: The occurrence of physical frailty related to one or more intervening medical events occurring during followup
period.

Frailty of uncertain origin: Uncertain relationship between the occurrence of physical frailty and the medical history (comorbidities and inter-
vening medical events occurring during the follow-up period).

Intervening medical event: one of the following events: 1) acute illness leading to medical consultation and/or emergency visit and/or hospi-
talization; 2) clinically significant worsening of a chronic disease known at baseline; 3) diagnosis of a new chronic disease.

Significant worsening of a chronic disease known at baseline: active chronic disease already known at baseline that worsens during the
follow-up period and becomes capable of explaining the onset of =3 Fried’s criteria (e.g. worsening of cardiac function in a context ofischemic
heart disease leading to heart failure).

Major impact event: an event capable of explaining the onset of =3 Fried’s criteria, with a likely clinical and temporal relationship between
the event and the occurrence of physical frailty criteria (e.g. metastatic cancer followed by weight loss, low level of physical activity and
fatigue).

Uncertain impact: an event capable of explaining the occurrence of physical frailty but with a doubtful clinical or temporal relationship (e.g.
subject sedentary at baseline, with new onset of depression followed by fatigue and weakness).

Minor impact: an event that could not explain the occurrence of physical frailty.

peripheral artery occlusive disease, uncontrolled diabetes,
active connective tissue disease). We considered an intervening

acute pulmonary edema due to the deterioration of cardiac
function);

medical event during the follow up period as:

- an acute illness leading to medical consultation and/or
emergency department admission and/or hospitalization
(e.g., lower limb fractures, strokes);

- a significant worsening of a chronic disease known at
baseline (glossary), according to the clinical appreciation
of the physician (e.g., a person with stable ischemic heart
disease at baseline who presented several episodes of

- the diagnosis of a new chronic disease (e.g., cancer).

All self-reported intervening medical events and/or
confirmed by medical records (registered in the clinical file
of the subject) were considered. Each event was classified as
having major, minor or uncertain impact (glossary). For each
event, we analyzed the need for an emergency visit and/or
hospitalization; the length of the hospitalization; the admission
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Table 1

Clinical and demographic characteristics

Totaln =195  Frailty related to  Age-related Frailty Frailty of uncertain Unadjusted Post hoc adjusted
diseases n = 53 n=_§2 originn =60 p values comparaison
CHARACTERISTICS AT BASELINE
Age (years) 77.85+4.7 78.7 £5.1 777 4.7 772+43 0.232
Sex (female) 59(70%) 19(65%) 25(70%) 15(75%) 0.926
MAPT GROUP 0.557
Multidomain intervention and 41(21%) 10(18%) 21(25%) 10(16%)
n-3 PUFA supplementation
n-3 PUFA supplementation 53(27%) 17(32%) 23(28%) 13(21%)
Multidomain intervention 45(23%) 13(24%) 17(20%) 15(25%)
Placebo 56(28%) 13(24%) 21(25%) 22(36%)
CIRS score 551+293 8.20 £2.69 325+1.65 622+2.02 <0.0001 * Rk
BMI 2598 £3.94 25.64 £3.83 2645 +4.12 25.65+3.79 0.374
Fried Frailty status (Robust 50(25%) 12(22%) 29(35%) 9(15%) 0.019 ok
subjects)
MMSE score 27.85+1.62 27.64 = 1.61 28.01 +1.58 27.80 +1.77 0432
ADL 6 6 6 6 -
GDS score 4.22+2.89 394+3.16 409 +£2.55 4.65 £3.06 0.375
SPPB score 9.60 = 1.89 938 +1.87 9.88 +1.81 941 +2.00 0218
Walking speed (m/s) 1.13+0.28 1.10+£0.26 1.13+0.27 1.17+0.31 0.440
Chair stand time (seconds) 1417 £5.34 14.86 +6.78 13.25+4.13 1476 +5.21 0.147
Balance test (from SPPB) 335+£0.92 320+ 1.04 347+0.78 331+098 0.605
EVOLUTION
Time of pre-frailty (months) 2258 +15.14 17.09 £ 11.37 26.56 + 16.68 22.00 + 15.37 0.020 *
Time to incident frailty 32.46 + 18.50 2343 +12.13 39.22 £ 19.30 31.20 £ 18.61 <0.0001 * Rk
(months)
Weight loss 57 (29%) 23 (43%) 22 (26%) 12 (20%) 0.020 * ok
Exhaustion 158 (81 %) 44 (83%) 65 (79%) 49 (81%) 0.853
‘Weakness 163 (83%) 41 (77%) 73 (89%) 49 (81%) 0.180
Slowness 98 (50%) 32 (60%) 36 (43%) 30 (50%) 0.174
Low Physical activity 142 (72%) 38 (71%) 60 (73%) 44 (73%) 0977

Numbers represent mean and standard deviation or frequency and percentages as appropriate; ADL = Activities of daily living; BMI = Body mass index; CIRS = Cumulative Illness
Rating Scale; GDS = Geriatric Depression Scale; MMSE = Mini Mental State Examination; n-3 PUFA = omega 3 polyunsaturated fatty acid; SPPB = Short Physical Performance Battery;
*Frailty related to disease vs. Age-related frailty: adjusted-p < 0.05 ; **Frailty related to disease vs. Frailty of uncertain origin: adjusted-p < 0.05 ; ***Age-related frailty vs. frailty of

uncertain origin: adjusted-p < 0.05

to Intensive Care Unit; the complications eventually associated
with hospitalization (e.g. functional decline, weight loss,
depression) and the temporal relationship with the occurrence
of physical frailty.

Classification procedure

The classification process was organized in two phases.
In the first phase, two investigators (geriatricians) (DA)(TM)
independently reviewed the clinical files of all the subjects
included in the study in order to classify them into three groups:
“frailty related to diseases”, “age-related frailty” and “frailty
of uncertain origin”. When the two investigators were faced

1

with a disagreement, or if files were classified as “frailty of
uncertain origin” by both investigators, they were considered
as “unclassified” during this first phase. In the second phase,
in order to improve the classification, “unclassified files” were
reviewed by two more experienced geriatricians (CT)(BV).

Statistical analysis

Descriptive statistics for the three groups (ie, frailty related
to diseases, age-related frailty, or frailty of uncertain origin)
were presented as mean (standard deviation — SD) or absolute
values (%), as appropriate. Demographic (age, sex, place of
living) and clinical characteristics (CIRS-G score (21), BMI,

147



J Nutr Health Aging
Volume 24, Number 10, 2020

CAN WE DISTINGUISH AGE-RELATED FRAILTY FROM FRAILTY RELATED TO DISEASES ?

Figure 2
Pathologies responsible of frailty in the group frailty related to diseases
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SPPB and its items, GDS, MMSE) at baseline, time to incident
frailty, time of pre-frailty and the Fried criteria were compared
across groups using chi-square test for qualitative variables and
One-way ANOVA test for quantitative variables. Significant
chi-square and ANOVA tests were followed by post-hoc tests
for pairwise comparisons. Post-hoc tests were then adjusted for
multiple comparisons using the Benjamini-Hochberg procedure
(22). Two-sided p-values < 0.05 were considered as statistically
significant. All analyses were performed using SPSS statistics
version 23.

Results

Among the 1679 subjects enrolled in MAPT Study, 91 were
excluded because of missing data on frailty and 51 because
they were frail at baseline. Among the 1537 non frail patients
at baseline, 195 (12.6 %) became frail after a mean period of
32.5 (+18.5) months. In the first phase of the classification
process, 127 subjects (65%) were classified: 46 subjects (36%)
as “frail related to diseases”, and 81 (64%) as “age-related
frailty”. Sixty-eight (35%) were unclassified and reconsidered
in the second phase of the classification process. During the
second phase, 7 (10%) unclassified participants were classified
as “frailty related to diseases”, 1 (1%) as “age-related frailty”
and 60 (79%) as “frailty of uncertain origin”. At the end of the
process of classification, 82 subjects (42%) were classified as
“age-related frailty”, 53 (27%) as “frailty related to diseases”
and 60 (31%) as “frailty of uncertain origin”.

Clinical and demographic characteristics of the population
according to the origin of physical frailty are presented in Table

1. Mean age was 77.8 years = 4.7, 70% were female, and one
fourth of patients were robust at baseline. Subjects included
in this study presented a high cognitive and a satisfying
functional status at baseline. Comparing the 3 groups according
to the origin of physical frailty, we did not find any significant
differences in terms of MMSE, SPPB and its items, BMI, GDS,
but participants with frailty related to diseases presented a
higher burden of comorbidity as measured by CIRS-G (8.20 +
2.69 vs. 6.22 + 2.02 frailty of uncertain origin; vs. 3.25 + 1.65
age related frailty, p < 0.0001). The time to incident frailty
(234 £ 12.1 vs. 39.2 + 19.3 months, adjusted-p < 0.0001) and
the time spent on a pre-frail status (17.1 + 11.4 vs 26.6 + 16.6
months, adjusted-p < 0.0001) were shorter in the group “frailty
related to diseases” compared to the group “age-related frailty”.
The criterion weight loss was more common in the group
“frailty related to disease” compared to the other groups (43%;
vs. 26% age-related frailty, vs 20% frailty of uncertain origin, p
= 0.020). Considering the group with frailty related to disease,
the most common disease categories leading to frailty were
notably orthopedic, cardiovascular and neurological conditions
(Figure 2).

Discussion

We performed the first study aimed to classify community-
dwelling older subjects who presented an incident frailty over a
5-year follow-up, according to the origin of physical frailty, in
three groups: “frailty related to diseases”, “age-related frailty”
and “frailty of uncertain origin”. Age-related frailty was the

most prevalent classification of frailty followed by frailty of
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uncertain origin and frailty due to diseases. These three groups
did not differ for clinical characteristics at baseline (except for
comorbidity burden), but presented different trajectories leading
to frailty: the time to incident frailty and the time spent in a
pre-frailty condition were longer in the group with age-related
frailty compared to frailty related to diseases.

We found that 42% of subjects became frail in the absence
of intervening medical events potentially leading to frailty. The
fact that age-related frailty was the most prevalent classification
of frailty could have been due to the clinical characteristics of
our healthy population. Indeed we included participants with
few comorbidities at baseline, and relatively high cognitive
and physical status. Considering the group frailty related to
diseases, the first group of pathologies responsible for frailty
were orthopedic diseases. Among them, 50% of cases were
a fracture of the lower limb. As expected, this was a major
cause of loss of autonomy and transition to frailty status. About
one third of cases in our sample were classified as “frailty of
uncertain origin”. This shows the complex relationship between
diseases, aging and frailty (1, 23). Indeed, frailty is a complex
syndrome, which could result from the interaction of clinical,
physical, psychological, cognitive and social factors (15, 24,
25). It is possible that the proportion of uncertain cases could
have been overestimated due to the design of our study; as
clinical files were analyzed retrospectively. In some cases, we
were confronted to the lack of the information needed for the
classification process, and it was not possible to recover the
data.

Participants with age-related frailty and frailty related to
diseases did not differ for clinical characteristics at baseline
(except for comorbidity burden) but they presented different
trajectories leading to frailty. People in the group frailty related
to diseases became frail faster, after a reduced time of pre-
frailty, presenting a vertical (or rapid progression) trajectory.
In contrast, for those with age-related frailty, the time to frailty
was slower and the time of pre-frailty was longer, illustrating
a more horizontal (or slower progression) trajectory, leaving
potentially more time for integrated care interventions.
Considering the different frailty criteria, we found that the
weight loss criterion was more common in the group with
frailty related to diseases compared to others groups. This
is not surprising, given that unintentional weight loss is a
common sign in several diseases in older adults (26, 27). Our
findings suggest that, if the incident frailty is associated with
weight loss, further additional investigations are needed for the
diagnosis of underlying causes of both conditions.

Although we did not find major differences from a clinical
point of view, it is possible that the underlying biological
mechanisms involved in the onset of frailty related to diseases
are different from those involved in age-related frailty.
Several biological mechanisms have been suggested for the
pathogenesis of frailty, such as inflammation, endocrinological
and genetic changes (28). However, to the best of our
knowledge, in the context of frailty there are no biomarkers able

to differentiate the changes related to aging and those related
to diseases (28-30). Moreover, geroscience could help define
the concept of age-related frailty, and to establish the main
processes leading to frailty in the absence of evolving chronic
diseases and intervening medical events. In this sense, further
longitudinal translational studies, including the use of animal
models of frailty (31), could help figuring out if frailty could
happen mainly due to the intrinsic biological mechanism of
aging.

This study has several strengths that extend the literature on
the topic: it is a preliminary study aimed to classify subjects
according to the origin of physical frailty, and it proposes a
methodology to perform this classification. Nevertheless, there
are several limitations that should be acknowledged. Given
the relatively small sample of the study, we decided not to
exclude subjects that underwent multidomain interventions,
so we cannot exclude their potential impact on the onset
of physical frailty. Our study is a secondary analysis of the
MAPT study, thus, it was not specifically designed to test our
hypothesis about the origin of physical frailty. Lastly, the lack
of clinical data due to retrospective analysis of the clinical
files could have impacted the classification process, leading to
an overestimation of frailty with uncertain origin. In order to
properly evaluate main causes of incident frailty, it would be
important to apply the classification procedures prospectively.
For this reason, we are implementing the identification and
description of age-related frailty and frailty related to diseases
in the on-going translational cohort of the INSPIRE Project (32-
35).

Conclusion

In this preliminary study, we distinguished community-
dwelling older adults presenting an incident frailty during a
5-year follow-up according to its origin: “age-related frailty”,
“frailty related to diseases” and “frailty of uncertain origin”.
Participants with age-related frailty were the most prevalent,
and presented different frailty-associated indicators compared
to participants with frailty related to diseases: a slower
trajectory leading to frailty with a longer phase of pre-frailty.
Future research should target the underlying biological cascades
leading to these two frailty classifications, since they could ask
for distinct strategies of prevention and management.
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