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Abstract

Purpose of the review Some individuals experience greater susceptibility to adverse health
outcomes than others, which is known as frailty. There are two main approaches to
operationalizing frailty—the phenotypic approach and the deficit accumulation approach.
We review these approaches and discuss their respective strengths and limitations. Both
approaches can advance our understanding of the unexplained heterogeneity in health
outcomes observed among individuals with systemic lupus erythematosus (SLE).

Recent findings A recent study using the frailty phenotype identified a higher than
expected prevalence of frailty among women with SLE. Phenotypic frailty was associated
with increased risk of subsequent functional decline and mortality. In a separate initiative,
data from the Systemic Lupus International Collaborating Clinics (SLICC) inception cohort
was used to construct a frailty index (FI) to measure deficit accumulation in SLE. FI scores
in the SLICC inception cohort were higher than expected for similarly aged healthy
individuals. Higher SLICC-FI values predicted increased risk of future organ damage
accrual and mortality.
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Summary Emerging evidence demonstrates that frailty is a useful concept for improving
our understanding of the variability in health outcomes observed among individuals with
SLE. Preventing and treating frailty in SLE may lead to reduced morbidity and mortality in

this population.

Introduction

Systemic lupus erythematosus (SLE) is a chronic auto-
immune inflammatory disease with the potential to
involve any organ system [1]. The clinical manifestations
of SLE are diverse and highly variable between individ-
uals [1]. Similarly, health outcomes in SLE are heteroge-
neous and challenging to predict. The clinical course of
SLE can range from a relatively benign chronic illness to
progressive organ damage and fulminant organ failure.
Given this variability in health trajectories, there is an
unmet need to identify SLE patients, ideally early in their
disease, who are at greatest risk for adverse outcomes.
Although such information has the potential to alter
patient management, tools for effective prognostication
in SLE remain limited. This may reflect the inability of
traditional SLE measures to accurately capture the com-
plex interplay between the disease, adverse treatment
effects, comorbidities, functional status, social

vulnerability, and health protective factors in determin-
ing overall risk.

The concept of frailty initially emerged through the
study of community-dwelling older adults as a means to
describe the variability observed between aging individ-
uals with respect to their susceptibility to adverse out-
comes [2, 3]. Frailty has since become a topic of great
interest across a wide range of medical disciplines [4-6].
One area of inquiry has been the evaluation of frailty in
specific populations where accelerated aging is com-
monly observed, such as childhood cancer survivors
[7] and individuals living with HIV/AIDS [8]. Frailty
may be particularly relevant in a complex, multisystem
disease like SLE, where the risk of morbidity and mor-
tality is increased compared with similarly aged individ-
uals in the general population [9-11], and where signif-
icant unexplained heterogeneity in health outcomes ex-
ists between patients [1].

Frailty: A clinical syndrome or a multidimensional risk state?

Individuals of the same age vary in their health status and life expectancy.
Likewise, in non-human species, same-strain animals raised in controlled
environments develop age-related diseases and die at variable rates [12]. This
time-honored clinical observation of variability in the risk of death despite
identical chronological age gave rise to the term “frailty” [13]. The term has
subsequently been generalized to describe the predisposition for certain
individuals to experience greater vulnerability to adverse health outcomes than
others despite comparable exposures [3].

Frailty can be conceptualized as a diminished capacity to withstand and
recover from health stressors due to a loss of physiologic reserve. Based on this
definition, a definitive diagnosis of frailty can only be confirmed retrospectively
through the observation of a disproportionately poor response to a stressful
event, such as a serious infection or major surgery. In order for frailty to be
clinically useful, it is necessary to detect it prior to an inciting event to allow
opportunity for intervention. Thus, alternative strategies are needed to identify

frailty prospectively.
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How best to evaluate frailty remains a subject of ongoing debate [14]. While
numerous methods have been proposed |15, 16], the two main approaches for
operationalizing frailty are as follows: (1) The phenotypic approach, which
views frailty as a clinical syndrome characterized by specific physical criteria;
and (2) the deficit accumulation approach, which regards frailty as a multidi-
mensional risk state that can be quantified using a frailty index [ 17]. Rather than
determining the superiority of one approach over the other, we feel that each
approach has strengths and limitations and both can provide valuable infor-
mation when used to measure frailty among individuals with SLE [18, 19].

The phenotypic approach to frailty
- 0000000000000/}

The phenotypic approach regards frailty as a clinical syndrome that is charac-
terized by a cluster of physical signs and symptoms commonly observed among
vulnerable older adults. This clinical phenotype arises through progressive, age-
related loss of muscle mass and strength, known as sarcopenia, which is
accelerated in frail older adults [20]. The phenotypic approach views frailty as
a biological syndrome of aging that can be multifactorial in etiology but leads to
the common pathophysiologic pathway of sarcopenia [21, 22]. Clinically, this
manifests as a cycle of physical decline with concomitant reductions in physical
activity, gait speed, muscle strength, energy level, and nutritional status [20].

The Fried frailty phenotype

In 2001, Fried and colleagues [20] published the original frailty phenotype,
which identified physical frailty based on five clinical criteria (Table 1). Indi-
viduals meeting three or more criteria were classified as frail, while those
fulfilling one or two criteria were considered pre-frail, and those without any
criteria were said to be non-frail or robust [20]. The Fried phenotype was first
evaluated using observational data from over 5000 community-dwelling older
adults in the USA enrolled in the Cardiovascular Health Study [20]. Seven
percent of participants were classified as frail and were at increased risk for
functional disability, hospitalizations, and mortality when compared with

Table 1. The original phenotypic criteria for frailty

1. Weight loss (= 10 pounds or = 5% unintentional weight loss over the past year)

2. Exhaustion (based on self-report)

3. Physical inactivity (lowest quintile on the Minnesota Leisure Time Activities Questionnaire)

4. Slow gait speed (lowest quintile based on a timed 15-m walk)

5. Reduced grip strength (lowest quintile based on dynamometric measurement)

Based on the presence or absence of the above criteria, individuals are categorized as follows:

® Non-frail: None of the above criteria met

e Pre-frail: One or two of the above criteria met

e Frail: Three or more of the above criteria met

Adapted from Fried and colleagues [20]
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those who were non-frail [20]. Pre-frailty status showed intermediate risk for
these outcomes and was associated with increased risk of progression to phe-
notypic frailty over time [20]. These findings have since been replicated in
numerous cohort studies [23-26].

Chronic medical conditions are associated with many risk factors for
sarcopenia, including poor nutrition, malabsorption, disuse atrophy, and ele-
vated levels of pro-inflammatory cytokines [22]. Thus, it is not surprising that
the prevalence of phenotypic frailty is increased among individuals with chron-
ic conditions such as congestive heart failure [27], chronic obstructive pulmo-
nary disease [28], and end-stage renal disease [6]. Similar to older adults, the
presence of phenotypic frailty in these disease-specific cohorts is associated with
increased risk of adverse health outcomes, including hospitalizations and mor-
tality [6, 27-29].

Phenotypic frailty in SLE

The development of sarcopenia and phenotypic frailty may be accelerated in
SLE. Several individual elements of the frailty phenotype have been observed
with increased frequency in SLE, including muscle weakness [30, 31], exhaus-
tion [30, 32, 33], and physical inactivity [34, 35]. Higher prevalence of objec-
tively measured sarcopenia is reported among SLE patients compared with
healthy controls, with the greatest risk in individuals with more active SLE
[36]. Applying the Fried frailty phenotype in a prevalent cohort of 152 adult
women with SLE, 20.4% were classified as frail, while 50.7% were considered
pre-frail. This is a high prevalence of frailty compared with that of similarly aged
women in the general population, in whom the expected prevalence of frailty is
<10% [37]. Women with SLE who were classified as frail at baseline were at
increased risk of functional decline and cognitive impairment during follow-up.
Furthermore, compared with non-frail SLE patients, the presence of phenotypic
frailty at baseline was associated with a nearly sixfold increase in the risk of
death during follow-up. These findings suggest that phenotypic frailty is a
relevant concept in SLE that warrants further investigation.

The deficit accumulation approach to frailty

Frailty may also be considered a multidimensional risk state defined by accel-
erated deficit accumulation [38, 39]. As individuals age, their susceptibility to
adverse outcomes is determined by the number of health problems they accu-
mulate over time. The accrual of health deficits impairs the individual’s ability
to respond and recover from future health challenges [38, 39]. Individuals with
few deficits are considered relatively fit or robust, while those with an increasing
number of health problems are considered increasingly frail and at greater risk
for adverse outcomes (Fig. 1).

That many small effects can aggregate to produce larger ones is well-
recognized in other disciplines. Applying this principle in medicine allows us
to capture the cumulative effect of numerous small deficits, which individually
may lack statistical significance, but once combined will have meaningful
impact. In this approach, the total number of health problems is the critical
factor, with less emphasis placed on the effects of specific, individual risk
factors.
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Fig. 1. The impact of deficit accumulation on recovery from health challenges, using a hypothetical frailty index (FI) constructed
from a total of 50 health deficits. The black arrows represent the occurrence of an inciting health event (e.g., serious infection or
major surgery). a This individual possesses only 4 of the 50 health deficits for an FI score of 0.08, and is therefore considered non-

frail or robust. A new insult may only cause a minor disruption in their overall health status, with rapid recovery back to their

previous baseline. b With 14 of the 50 total deficits and an FI score of 0.28, this individual would be considered frail. When faced
with a new health challenge, they will become more unwell. Recovery will be slower, and they may never fully recovery back to their
previous baseline. ¢ An individual possessing 24 of the 50 health deficits would be considered severely frail, based on an FI score of

0.48. They may not have enough physiologic reserve to withstand an additional health insult, and may die as a result

Measuring deficit accumulation using a frailty index

The deficit accumulation approach is operationalized using a frailty index (FI)
[17], which can be developed from any existing health dataset by following a
standard procedure for FI construction [40]. First, one must identify the health
deficits to be included, using the criteria outlined in Table 2. In addition to
comorbidities, a frailty index must also include variables that impact recovery
and repair potential, including measures of function, resiliency, and other

Table 2. Criteria for the identification of health deficits for inclusion in a frailty index

Health deficit definition

Any health variable, such as a symptom, physical sign, disease process, functional impairment, or laboratory/radiographic
abnormality

Criteria to be met by each individual health deficit
1. Must be acquired, as opposed to innate
2. Must be associated with adverse health outcomes
3. Prevalence should generally increase with increasing chronological age
4. Must be present in at least 1%, but not more than 80% of the sample
5. Must have non-missing values for at least 95% of the sample

Criteria to be met by the overall set of health deficits
1. Must cover a range of physiologic organ systems

2. Must include variables indicative of repair potential, such as measures of functional status, resiliency, and other health
protective factors

3. Must include at least 30-40 deficits in total

An individual’s frailty index score should only be calculated if there are non-missing values for at least 80% of included health deficits
Adapted from Searle and colleagues [40]
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health protective factors [40]. By including these domains, FI scores have the
potential to fluctuate either up or down, reflecting dynamic changes in frailty
over time.

Once identified, each health deficit is assigned a scoring system from 0 to 1.
The deficit will be coded as “0” when completely absent and coded as “1” when
fully present. Intermediate values between 0 and 1 can be used to represent
partial expression of deficits [40]. However, the benefit of a more graded scoring
system versus dichotomization of individual deficits appears to be negligible
[39ee¢]. Finally, health deficits are combined to produce an FI score, calculated
from the sum of individual health deficit scores divided by the total number of
health deficits considered [40]. For example, using an FI with a total of 50
health deficits, an individual with 10 deficits fully expressed would have an FI
score of 10/50 = 0.20. Because frailty may arise via multiple different pathways,
an FI must include a large number of deficits in order to capture all aspects of
frailty. Prior work suggests that at least 30-40 health deficits are required to
produce stable and precise estimates of frailty [41].

Properties of the frailty index

While the FI was first developed to measure frailty among community-dwelling
older adults [40-43], it has since been applied to several disease-specific clinical
cohorts [44-46]. The generalizability of this approach even extends to animal
models [47¢]. Across these different settings, the properties of the FI have
remained remarkably consistent. This reproducibility is particularly impressive
given that each FI measure incorporates different types and numbers of health
deficits based on data availability. With respect to the FI, it is not necessary to
measure the same items, or even the same number of items, in order to obtain
similar results.

There appears to be a biological limit to the number of health deficits one
individual can accumulate, beyond which any further deficit accumulation will
be incompatible with life. Among community-dwelling older adults, FI mea-
sures have consistently demonstrated a 99% submaximal limit of approximate-
ly 0.70, or 70% of the total number of deficits considered [40, 41, 48]. In other
words, at FI values > 0.70, the risk of mortality is so great that < 1% of individ-
uals would survive the accrual of an additional health deficit. Similar submax-
imal limit values have been reported in disease-specific cohorts [8, 44].

In the general population, as well as in clinical cohorts, a consistent rela-
tionship between sex, frailty, and mortality risk has been observed. Women
tend to accumulate more deficits and exhibit higher FI scores than men at a
given age [49]. However, women also tend to survive longer than men, with
men demonstrating higher mortality risk than women at a given FI score [49].
Interestingly, these sex differences have also been observed between male and
female C57BL/6 mice [50].

In the general population, FI scores follow a gamma distribution [40,
41]—most people exhibit relatively low FI scores resulting in positive skew,
while a small number of more frail individuals are represented by the long,
right-sided tail of the distribution. Among individuals with chronic diseases,
deficit accumulation may be accelerated, as physiologic stressors are more
frequent and recovery is slower compared with healthy individuals. In many
disease-specific cohorts, FI scores are normally distributed [45], reflecting a
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higher degree of frailty among a greater number of individuals. Mean FI scores
in disease-specific cohorts are also higher than expected for similarly aged
healthy individuals [44-46], confirming that deficit accumulation is likely
accelerated in chronic disease.

Among community-dwelling older individuals, there is a nonlinear rate of
deficit accumulation with increasing age. On average, FI scores increase at a rate
of 3.0-3.5% per year on a logarithmic scale [41, 51]. Similar rates of deficit
accumulation have been observed in mice [47¢]. The relationship between
chronological age and FI scores tends to be less pronounced in disease-
specific cohorts [44, 45], perhaps because individuals with chronic illnesses
may demonstrate significant frailty at young ages. Finally, across all studies,
higher FI values are associated with increased risk of adverse health outcomes,
including mortality [25, 37, 41, 44, 45, 47]. This relationship between FI scores
and mortality remains consistent across the life span [37], suggesting that frailty
is not only an issue of the aged, but of the aging process itself.

Using a frailty index to measure deficit accumulation in SLE

Health issues rarely occur in isolation, and this is particularly true for a complex,
multisystem disease like SLE. The deficit accumulation approach incorporates
the totality of an individual’s health issues into a single outcome measure,
regardless of whether the deficits represent manifestations of SLE, complica-
tions of its treatment, or unrelated comorbidities. Some SLE patients will
accumulate health deficits more rapidly than others, leading to disproportion-
ately poor health outcomes.

The deficit accumulation approach was used to construct a frailty index for
patients with SLE [19ee]. This FI was developed based on data from the
Systemic Lupus International Collaborating Clinics (SLICC) Inception Cohort,
which is an international, multicenter, prospective observational study of 1826
SLE patients enrolled within 15 months of SLE diagnosis and followed with
annual clinical and laboratory assessments [19ee]. There were 222 variables
identified as potential health deficits from the SLICC database. A majority of
these variables were derived from existing, well-validated SLE instruments,
including the SLE Disease Activity Index 2000 (SLEDAI-2K) [52], SLICC/
American College of Rheumatology (ACR) Damage Index (SDI) [53], and the
Medical Outcomes Survey Short Form 36 (SF-36) [54].

Of the 222 candidate variables, there were 48 items that met all required
criteria for inclusion as health deficits in the SLICC-FI [19ee]. The 48 health
deficits included 14 items related to organ damage (e.g., congestive heart failure
and chronic kidney disease), 14 items reflecting active inflammatory disease
(e.g., serositis and inflammatory arthritis), 6 items representing comorbid
conditions (e.g., hypertension and obesity), and 14 other variables related to
functional impairment, mobility, health attitude, and psychosocial factors
[19ee].

The properties of the SLICC-FI were initially evaluated in a baseline dataset
of 1683 SLICC inception cohort patients who were mostly female (89%) with a
mean age of 35.7 years and mean SLE disease duration of 18.8 months [19ese].
Using a cut-point extrapolated from studies of older adults (FI>0.21), 27.1% of
SLE patients were classified as frail at baseline [19ee], which is similar to the
reported prevalence of phenotypic frailty in SLE [18ee]. The mean baseline
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SLICC-FI score was 0.17 [19ee], which is substantially higher than previously
reported mean FI scores for similarly aged individuals in the general popula-
tion, which are typically <0.10 [37].

The measurement properties of the FI in the SLICC inception cohort were
similar to those demonstrated in non-SLE populations. For example, there was
a weak, positive correlation between chronological age and baseline SLICC-FI
scores, with women exhibiting higher SLICC-FI scores than men at a given age
[55e¢]. Baseline SLICC-FI values demonstrated weak, positive associations with
SLEDAI-2K, SF-36, and SDI scores from the same assessment [55¢¢], and these
associations persisted even when overlapping items were omitted from the
SLICC-FI. Importantly, these measurement properties were unchanged when
SLICC-FI scores were recalculated using 80% of the total deficits, randomly
selected [19ee]. This demonstrates that SLICC-FI scores are not driven by a
small number of influential variables, but instead reflect the global impact of
deficit accumulation.

Similar measurement properties were observed for SLICC-FI scores at last
follow-up in the SLICC inception cohort [55ee]. Interestingly, the mean SLICC-
FI score remained unchanged over a mean interval of 7.2 years [55®¢], which is
uncommon in FI studies with such prolonged follow-up. When individual
changes in SLICC-FI values during follow-up were evaluated, approximately
two-thirds of patients had clinically meaningful changes (+0.03) in their
SLICC-FI scores over time, with 42% experiencing significant improvement in
their SLICC-FI values [55¢¢]|. We hypothesize that these results may reflect the
impact of treatment, or a trade-off between deficits related to active SLE versus
those due to irreversible organ damage. Regardless, these findings provide
important insights into the attenuated relationship between chronological age
and frailty in chronic disease populations. Furthermore, the potential for
SLICC-FI scores to decrease over time reinforces the notion that frailty is a
potentially treatable, reversible process in SLE, distinct from the construct of
organ damage.

Importantly, the SLICC-FI demonstrated predictive validity for future ad-
verse health outcomes among SLE patients in the SLICC inception cohort.
Higher baseline SLICC-FI values predicted increased risk of mortality [55ee]
and organ damage accrual [56¢] during follow-up, and these associations
persisted after adjusting for other important prognostic factors, including base-
line SLEDAI-2K and SDI scores. In sensitivity analyses, the associations of
baseline SLICC-FI values with adverse outcomes remained unchanged when
items related to organ damage were omitted from the SLICC-FI, and when
patients without baseline organ damage were considered, suggesting that the
predictive validity of the SLICC-FI was not dependent on the impact of organ
damage [55, 56]. Future work will evaluate the predictive validity of the SLICC-
FI for other health outcomes such as functional disability, quality-of-life, and
hospitalizations.

Comparing the phenotypic and deficit accumulation approaches

As phenotypic frailty arises as a consequence of underlying sarcopenia, a major
strength of this approach is its physiologic basis, which positions frailty as a
distinct and biologically plausible entity, independent from other constructs



276

Other CTD: Inflammatory Myopathies and Sjogren’s (P Basharat and JFL Albayda, Section Editors)

such as disability and comorbidity [57]. This approach may be most useful for
studying the specific impact of sarcopenia and physical frailty on health out-
comes in isolation from other prognostic factors. Because the phenotypic
approach does not capture important non-physical domains that can contrib-
ute to health outcomes, separate evaluations of other constructs such as comor-
bidity, function, cognition, and social vulnerability are required for a compre-
hensive assessment of overall risk [57].

In contrast to phenotypic frailty, the deficit accumulation approach lacks a
physiologic basis [14]. However, the remarkably consistent properties of the FI
when applied in very different contexts, including in animal models, suggest an
innate biological meaning [39ee]. Unlike the Fried phenotype, the FI may
include health deficits that overlap considerably with other constructs such as
comorbidity and functional disability. This redundancy may become problem-
atic when incorporating the FI into clinical prediction models [57, 58]. Alter-
natively, the holistic nature of the FI may be advantageous for prognostication,
as this approach can combine information from many different domains into a
single variable that accurately predicts the risk of future adverse outcomes.

Deficit accumulation may be a less suitable approach for investigating
targeted therapeutic interventions for frailty, as the underlying factors driving
high FI scores may differ between individuals, necessitating different treatment
approaches [57, 58]. Operationalizing frailty as a specific clinical syndrome
driven by sarcopenia may better facilitate its treatment. In sarcopenic individ-
uals, physical activity programs and nutritional supplementation have been
shown to increase muscle mass and improve strength [22]. A randomized trial
of community-dwelling older adults confirmed that physical activity, nutrition-
al, cognitive, and combined interventions were all effective for reducing the
prevalence of phenotypic frailty when compared with usual care [59]. Future
work should aim to determine whether similar interventions are capable of
preventing and treating phenotypic frailty among individuals with SLE, and
whether this will translate into improved clinical outcomes.

One disadvantage of the frailty phenotype is its lack of granularity, as
individuals can only be classified into one of three risk categories. While this
approach presents frailty as an all-or-none phenomenon, the FI method ac-
knowledges that frailty can exist to varying degrees across a broad spectrum, and
the degree of frailty present in a given individual is critically important in both
determining their risk of adverse outcomes, as well as for making treatment
decisions. A possible floor effect has also been identified when applying the
Fried phenotype to community-dwelling older adults, as only a small percent-
age of individuals will be classified as frail [60]. Because subclinical health
deficits, such as laboratory abnormalities, can be included in the FI, there is
less risk of a floor effect with the deficit accumulation approach and greater
potential for the early detection of individuals at risk for becoming frail [39ese].

The generalizability of the deficit accumulation approach is one of its major
strengths. The validity of the FI has been demonstrated not only in older adults
[25, 40-42], but also in disease-specific cohorts [44-46, 55], and even in animal
models [47¢]. The flexibility afforded by the FI with respect to the number and
type of included health deficits also means that an FI can be constructed from
nearly any existing health dataset without additional data collection, facilitating
the study of frailty using secondary health data sources.
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Conversely, while the Fried phenotype has also been applied in many
different contexts, the generalizability of the phenotypic criteria remains less
clear. For example, in the study examining phenotypic frailty among women
with SLE, exhaustion was far more common than expected, while slow gait
speed was very rare [18ee]. This suggests that some aspects of the frailty
phenotype, as defined in geriatric medicine, may have limited utility in SLE.
There is similar ongoing debate regarding the generalizability of the Fried
phenotype to other diverse populations where the phenotypic expression of
sarcopenia may differ significantly from community-dwelling older adults.

A practical limitation of the FI approach is the large number of included
health deficits, which may be time consuming to assess in clinical practice.
Electronic health records may make implementation of the FI more feasible
[61]. Meanwhile, the Fried phenotype consists of only five criteria, which can be
rapidly assessed in less than 10 min [16], allowing frailty to be identified in
clinical settings with relative ease. However, the original frailty phenotype does
include some physical performance measures, such as grip strength and gait
speed, for which specialized equipment and trained evaluators are required for
accurate assessment. This could be a barrier to implementation in certain
settings. These items are also less likely to be captured in pre-existing health
datasets. Researchers have addressed this issue by making adjustments to the
original phenotypic criteria based on data availability, with a recent systematic
review identifying 262 modifications in the literature [62]. However, such
modifications have been shown to lack validity [62].

Ultimately, the two approaches to the measurement of frailty have different
strengths and limitations and it is unlikely that a single approach can be
deemed superior in all circumstances. Several factors should be considered
when selecting an instrument to measure frailty, including its intended purpose,
the domains of frailty captured, its measurement properties in prior studies, and
its feasibility in a particular setting [15]. Although there is ongoing debate
regarding the optimal method for measuring frailty, it seems that the preferred
approach may differ, depending upon the above factors.

Important areas for future research

While early research suggests that frailty may be a useful concept for better
understanding the health outcomes of SLE patients, several unanswered ques-
tions remain. First, it must be acknowledged that the SLICC-FI has been
developed and evaluated in a single cohort of relatively young SLE patients
early in their disease course [19, 55]. External validation of the SLICC-FI is
required to determine its generalizability to other SLE populations, including
among older patients with longer standing SLE. Second, studies of older adults
have shown that FI values greater than 0.21-0.25 are consistently associated
with the presence of phenotypic frailty [63]. Future studies should aim to assess
the agreement between the Fried phenotype and the SLICC-FI for identifying
frailty among individuals with SLE. Third, additional studies are needed to
confirm minimal clinically important differences in SLICC-FI scores.

Recent reports suggest that rapidly increasing frailty is associated with worse
health outcomes when compared with arriving at the same level of frailty more
slowly [64e]. Therefore, how past trajectories of FI scores influence their future
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predictive value is of great interest. Work is ongoing to better understand the
trajectories of SLICC-FI scores over time and how these trajectories relate to
adverse outcomes in SLE. Intervention studies will also be an important next
step to determine how frailty can be prevented and treated among individuals
with SLE and whether this will translate into improved health outcomes for SLE
patients.

Conclusions

Frailty is a useful concept for understanding the unexplained variability in
health outcomes observed among individuals with SLE. Both the deficit accu-
mulation approach and the Fried frailty phenotype have been shown to be
relevant in SLE. The SLICC-FI embraces the heterogeneity and complexity of
SLE, by placing less emphasis on individual risk factors, and instead focusing on
the cumulative impact of multiple interrelated health issues. Following addi-
tional validation studies, the SLICC-FI may be a valuable prognostic tool for
identifying high-risk SLE patients who may require special interventions to
prevent adverse health outcomes. Given that frailty is potentially reversible,
the SLICC-FI may also be useful as an outcome measure for future intervention
studies. Meanwhile, the Fried phenotype may be helpful for understanding the
specific impact of sarcopenia and physical frailty in SLE, and will play an
important role in the design and evaluation of interventions for the prevention
and treatment of physical frailty among individuals with SLE.
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