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Abstract

Background: The life expectancy for individuals with sickle cell disease (SCD) has greatly increased over the last 50
years. Adults with SCD experience multiple complications such as cardiopulmonary disease, strokes, and avascular
necrosis that lead to limitations that geriatric populations often experience. There are no dedicated instruments to
measure functional decline and functional age to determine risk of future adverse outcomes in older adults with SCD.
The objective of this study was to assess the feasibility of performing the Sickle Cell Disease Functional Assessment
(SCD-FA).

Methods: We enrolled 40 adults with SCD (20 younger adults aged 18-49 years as a comparison group and 20

older adults aged 50 years and older) in a single-center prospective cohort study. Participants were recruited from

a comprehensive sickle cell clinic in an academic center in the southeastern United States. We included measures
validated in an oncology geriatric assessment enriched with additional physical performance measures: usual gait
speed, seated grip strength, Timed Up and Go, six-minute walk test, and 30-second chair stand. We also included

an additional cognitive measure, which was the Montreal Cognitive Assessment, and additional patient-reported
measures at the intersection of sickle cell disease and geriatrics. The primary outcome was the proportion completing
the assessment. Secondary outcomes were the proportion consenting, duration of the assessment, acceptability, and
adverse events.

Results: Eighty percent (44/55) of individuals approached consented, 91% (40/44) completed the SCD-FA in its
entirety, and the median duration was 89 min (IQR 80-98). There were no identified adverse events. On the accept-
ability survey, 95% (38/40) reported the length as appropriate, 2.5% (1/40) reported a question as upsetting, and 5%
(2/40) reported portions as difficult. Exploratory analyses of physical function showed 63% (25/40) had a slow usual
gait speed (< 1.2 m/s).

Conclusion: The SCD-FA is feasible, acceptable, and safe and physical performance tests identified functional impair-
ments in adults with SCD. These findings will inform the next phase of the study where we will assess the validity of
the SCD-FA to predict patient-important outcomes in a larger sample of adults with SCD.
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Key messages regarding feasibility
What uncertainties existed regarding the feasibility?

+ The importance of early identification of functional
impairment has been well-established in geriatric
populations without sickle cell disease (SCD). Cur-
rently, the six-minute walk test is the only objective
measure routinely used to assess function in indi-
viduals with SCD. Little is known about the feasibility
and acceptability of using geriatric assessment meas-
ures to evaluate function in adults with SCD.

2) What are the key feasibility findings?

+ The key feasibility findings of this work are that the
Sickle Cell Disease Functional Assessment (SCD-
FA) is feasible, acceptable, and safe with 80% of
approached patients consenting to participate, 91%
completing the SCD-FA, and nearly all participants
reporting no difficulties performing and understand-
ing the SCD-FA measures.

3) What are the implications of the feasibility findings
for the design of the main study?

+ The findings of this study provide evidence for opti-
mizing the SCD-FA into a briefer assessment and
will inform the design of future research. We plan to
assess the validity of the SCD-FA to predict patient-
important outcomes in a larger sample of adults with
SCD and develop interventions to address functional
deficits identified by the SCD-FA.

Background

Survival for individuals with sickle cell disease (SCD) has
substantially improved over the last 50 years with median
survival increasing from 14 years, based on autopsy data
reported by Diggs in 1973, to approximately 40 to 45
years in population-based studies and 61 years in cohorts
recruited at comprehensive programs [1-3]. Thirteen
percent of the adults cared for in our sickle cell center
are 50 years or older. As individuals with SCD age, they
demonstrate substantial and early deterioration of mul-
tiple organ systems due to hemolysis, vaso-occlusion,
and downstream sequelae [4]. This often leads to compli-
cations seen in other geriatric populations, such as car-
diopulmonary disease, functional decline, and cognitive
impairment [4-6]. Despite improvements in survival,
there are minimal data on the appropriate care for older
adults with SCD, and there are no standardized, validated
instruments to measure function and detect vulnerabili-
ties in this aging population.
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Aging and SCD

Many experts define aging as a deterioration in physi-
ological function that occurs over time [7, 8]. The World
Health Organization defines healthy aging as the pro-
cess of maintaining functional ability in older age, which
includes the ability of individuals to be and do what they
value [9]. Chronologic age does not accurately reflect
health and functional status [10]. Individuals with similar
chronologic age often have different functional capabili-
ties and estimated life expectancy [11]. SCD and age-
related changes can lead to impairments in function and
disability. If functional impairments are identified early,
healthcare providers can implement interventions to
reduce functional decline and improve quality and quan-
tity of life [12]. Failure to identify impairments early can
lead to adverse outcomes, such as death, loss of inde-
pendence, and a diminished ability to do activities and
meet goals they value most in life. Therefore, establishing
a patient’s baseline function will facilitate monitoring the
trajectory of their health [13].

Current functional assessment tools in SCD

Current validated assessment tools used to evaluate
health and function in adults with SCD are limited in
what they are able to measure. The only physical perfor-
mance test routinely used to assess patients with SCD is
the six-minute walk test (6MWT), a measure of cardi-
orespiratory function and screening tool for pulmonary
hypertension [14]. It has limited utility as it does not
include assessments of strength or balance, which are
factors that are especially vital to maintaining health,
independence, and function in late life. Available condi-
tion-specific assessment tools, such as the Adult Sickle
Cell Quality of Life Measurement System, ASCQ-Me,
provide patient-reported data about important areas of
health in adults with SCD, such as mental health, pain,
sleep, and fatigue. However, these measures are limited
in their ability to identify age-related conditions, such
as frailty and dependence in activities of daily living and
instrumental activities of daily living (ADL/IADL) [15].

Comprehensive Geriatric Assessment

Comprehensive Geriatric Assessment (CGA) is a process
used to assess the capabilities and vulnerabilities in older
adults and can be used to assess an individual’s physio-
logic or functional age. It measures multiple domains of
health including functional status, physical performance,
cognitive function, psychological state, nutritional sta-
tus, social support, comorbidities, and polypharmacy
[16]. The CGA gives a more accurate representation of
a patient’s ability to adapt to the demands of daily life
and can unearth unsuspected impairments in function
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often missed by routine clinical evaluations [10]. Geri-
atricians have used CGA for decades to guide therapeu-
tic interventions. Oncologists most notably use CGA to
assess risk of toxicity from chemotherapy in older adults
and have also included younger adults with hematologic
malignancies in these studies [10, 17, 18].

Study objectives

The goal of this research was to apply geriatric functional
assessment measures to older adults with SCD. In this
pilot study, we assessed the feasibility of performing the
Sickle Cell Disease Functional Assessment (SCD-FA)
in adults with SCD. Our rationale for developing the
SCD-FA was to create a standard method for assessing
risk of adverse outcomes, address the unique needs of
the growing population of older adults living with SCD,
and identify modifiable deficits to guide development of
interventions to improve function and quality of life and
reduce frailty and mortality.

Methods

Patients and study design

We enrolled 20 older adults (age >50 years) in a pro-
spective cohort study to assess the feasibility of a func-
tional assessment for SCD. We later added an additional
20 younger adults (age 18-49 years) as a comparison
group to determine if younger adults performed bet-
ter on the SCD-FA compared to older adults given the
progressive nature of SCD. Participants were enrolled
from October 2018 to July 2020. Enrollment contin-
ued until we reached the target of 40 participants. We
recruited participants from a single academic medical
center in the Southeastern United States. We included
participants that (1) have a diagnosis of SCD confirmed
by hemoglobin electrophoresis, high-performance liquid
chromatography (HPLC), or genotyping and (2) speak
fluent English. We excluded patients if they (1) were
previously diagnosed with moderate to severe cognitive
impairment by their usual outpatient providers, (2) were
unable to self-consent, or (3) were wheelchair-bound at
the time of recruitment. Participants were screened for
eligibility by chart review and approached during rou-
tine clinic or sickle cell day hospital visits. No potential
participants that were approached had to be excluded
for cognitive impairment, inability to consent, language
barriers, being wheelchair-bound, or inability to reach
steady-state. The study was approved by the institu-
tional review board. All participants provided written
informed consent prior to enrollment.

Data collection
Participants entered their demographics, complica-
tions from SCD, social history (e.g., education, annual
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household income, living arrangements, employment
status), and healthcare utilization into a REDCap data-
base. Investigators also recorded SCD complications,
healthcare utilization, and steady-state laboratory val-
ues from the electronic medical record. All partici-
pants were assessed at steady-state, which we defined
as greater than 6 weeks after their last hospitalization
and greater than 2 weeks after their last emergency
department (ED) or sickle cell day hospital visit. We
confirmed participants were at steady-state by review-
ing the medical record and asking the participant. We
managed the data collection using REDCap electronic
data capture tools [19, 20]. We included consensus
measures from the Phenotypes and eXposures (PhenX)
Toolkit when available [21]. Conflicts between self-
report and investigator entered observations were han-
dled by using medical history and healthcare utilization
as documented in the electronic medical record.

Description of measures in the SCD-FA

The SCD-FA includes a combination of validated
patient-reported questionnaires and performance-
based measures administered by the study team
(Table 1). This assessment focuses on key areas that are
at the intersection of SCD and geriatrics collaboratively
selected by SCD providers, geriatricians, and exercise
specialists. We included measures from the oncology
geriatric assessment developed by Hurria et al. [16, 17].
Measures were originally selected based on validity,
brevity, reliability, and prognostic value [16, 17].

The 7 domains of the SCD-FA are functional sta-
tus, comorbid medical conditions, psychological state,
social support/social functioning, weight status, cog-
nition, and patient-reported medication list. The
oncology geriatric assessment included 3 provider-
administered measures: Timed Up and Go (TUG), pro-
vider-reported Karnofsky Performance Status (KPS),
and the Blessed Orientation Memory Concentration
Test. We added 5 provider-administered physical per-
formance measures to the TUG: usual gait speed,
6MWT with heart rate recovery, seated grip strength,
30-second chair stand, and dual-task performance
(also includes cognitive component). We compared the
results of each physical performance test to norma-
tive values based on age and gender where such data
were available [22]. We added the Montreal Cognitive
Assessment (MoCA) as an additional cognitive meas-
ure and the reading subtest of the Wide Range Achieve-
ment Test 5 Edition to account for differences in
academic achievement beyond stated education level.
For a detailed description of each measure, see Table 1
and published protocol [23].
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Table 1 Measures selected for the sickle cell disease functional assessment

Domains Measures in each domain Description
Functional Status OARS Activities of Daily Living and Instrumental Measures the extent to which one is able to function indepen-
Activities of Daily Living dently. Scores range 0-28 with higher scores indicating more
independence. (14 items)
Physical Functioning Subscale of the SF-36 Component of the 36-Item Short Form Health Survey (SF-36).

Measures extent to which health currently limits daily activities.
Scores range 0-100, with higher scores indicating better physical
functioning. (10 items)

Karnofsky performance status—self and physician*  Global measure of physical ability. Scores 0-100 with higher
scores indicating better performance (2 items). Score > 80 indi-
cates good performance status.

Number of falls in last 6 months Self-reported number of falls in the last 6 months. > 1 fall indi-
cates increased risk of subsequent falls. (1 item)

Usual Gait Speed* Comfortable walking pace on a 3-m (10 ft) course with an accel-
eration zone and deceleration zone. The fastest speed of 2 trials is
used for the analysis. Scores compared to normative values based
on age and gender.

Timed Up and Go* The time it takes to rise from a standard height chair (46cm),
walk a distance of 10 ft (3 m), turn, walk back to the chair, and sit
down again. Shortest time of 2 trials is used for the analysis. TUG
assesses balance. TUG > 10 s is associated with fractures in older
adults and > 12 s indicates increased risk of falls.

Dual-Task Performance* Assesses the effects of simultaneously performing a cognitive
and motor task: usual walking speed for 1 minute and a verbal
fluency task using letters F, A, and S. Each task is performed once
individually, then simultaneously twice using a different letter on
each attempt. Scores are used to calculate whether cognitive-
motor interference is present.

Six-Minute Walk Test* Distance walked in 6 minutes. 2-min and 6-min walking distances
are recorded and heart rate recovery at 1 and 2 minutes. Scores
compared to normative values based on age and gender.

Seated Grip Strength* Grip strength measured in triplicate alternating both hands using
Jamar Technologies Hydraulic Hand Dynamometer while the par-
ticipant remains seated in a standard height chair (46 cm). Scores
compared to normative values based on age and gender.

30-second Chair Stand* Number of times one can rise to a standing position and sit back
down in 30 seconds. Scores compared to normative values based
on age and gender.

Comorbid Medical Conditions  OARS Physical Health questionnaire Patient-reported comorbidity checklist and the degree to which
the condition interferes with their daily activities. (27 items)

Psychological State Mental Health Inventory-18 (MHI-18) Includes anxiety, depression, behavioral control, and positive
affect subscales. Total and subscale scores range 0-100, with
higher scores indicating better mental health. (18 items)

Social Support/Social Activities  MOS Social Support Survey Perceived availability of social support. Total score is on a 0-100
scale with lower scores indicating less support. (19 items)

Social Functioning Subscale of the SF-36 Measures amount of time physical health or emotional health
interfered with social activities over the last 4 weeks. Subscale
scores range from 0-100 with higher scores indicating better
social functioning. (1 item)

MOS Social Activity Limitations Measure Measures change in social activities and limitations in social
activities compared to peers over the last 6 months. Mean of
2 items transformed to scores range 0100 with higher scores
indicating less limitations. (2 items)

Nutritional Status Body Mass Index Calculated by measuring height and weight. A low BMI for older
adults is < 22 kg/m? and obesity is > 30 kg/m?. (1 item)

Unintentional Weight Loss Unintentional weight loss in the last 6 months. Unintentional
weight loss > 5% in 6-12 months is associated with increased
mortality. (1 item)
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Table 1 (continued)
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Domains Measures in each domain

Description

Cognition

Montreal Cognitive Assessment*

Medications Comprehensive list of medications

Blessed Orientation-Memory-Concentration Test*

Measures temporal orientation, short-term memory, and concen-
tration. Weighted score ranges 0-28 with higher scores indicating
more impairment. A score >9 is concerning for cognitive impair-
ment. (6 items)

Measures visuospatial skills, executive functions, memory,
attention, calculation, concentration, language, abstraction, and
orientation. On a scale of 0-30 with a score < 26 indicating cogni-
tive impairment. (16 items)

Participant recorded medication list. Polypharmacy is defined as
> 5 prescribed medications.

OARS Older Americans Resources and Services, MOS medical outcome study, SF-36 36-item Short Form, TUG timed up and go, BMI body mass index

*Indicates performance-based measures that must be administered by personnel

Administering SCD-FA

Investigators who were SCD physicians received train-
ing and ongoing guidance on how to properly perform
and analyze the physical function portions of the SCD-
FA throughout the study. The SCD-FA was administered
by first author and a trained research specialist in a quiet
hallway in the sickle cell clinic.

Outcomes

The endpoints of this study are based on Consolidated
Standards of Reporting Trials (CONSORT) extension to
pilot and feasibility trials guidelines [24, 25].

Primary endpoint

The primary endpoint was the proportion of participants
who completed the assessment in its entirety out of those
that were consented. We defined feasibility as >80% of
participants completing the SCD-FA.

Secondary endpoints

The secondary endpoints were proportion consenting,
duration of the SCD-FA, adverse events, and accept-
ability. We defined feasibility for these secondary end-
points as (1) >80% providing written consent of those
approached to participate, (2) a mean duration for com-
pleting the SCD-FA <120 min, and (3) no moderate or
severe adverse events within 48 h after completing the
SCD-FA.

We assessed acceptability of the SCD-FA with a satis-
faction survey at the end of each study visit. We included
questions about acceptability of the time it took to com-
plete the entire assessment, whether questions were dif-
ficult to understand, uncomfortable, or upsetting, and if
there were measures that should be added or removed.
Acceptability was defined as <20% reporting difficulties

in understanding measures or reporting questions as
upsetting or uncomfortable and at least 80% reporting
the length of the SCD-FA as appropriate.

Statistical analysis

We assessed feasibility overall and by age group by cal-
culating proportions for each endpoint and the propor-
tion of participants and individual measures with missing
data. We described acceptability survey responses using
simple descriptive statistics. Given that the primary pur-
pose of this study is to evaluate feasibility, the remaining
analyses were exploratory and descriptive in nature. We
used descriptive statistics and visual displays to summa-
rize the demographic data and unadjusted results of the
SCD-FA measures. We compared the younger and older
participants to age- and sex-matched normative data. We
determined an equivalent functional age by the compar-
ing the mean physical performance score for each group
by age and gender to expected normative values based
on age and gender in the general population [22, 26-29].
Results were not interpreted as definitive in size or direc-
tion, or causal in their effect. We conducted analyses in R
Statistical Software version 3.6.1 (Foundation for Statis-
tical Computing, Vienna, Austria) and Stata Intercooled,
Release 16. (StataCorp LLC College Station, TX).

Results

Demographics and disease characteristics

The mean age of the study participants was 30 years
(range, 20-47 years) for younger adults and 57 years
(range, 5071 years) for older adults. Forty-eight percent
of the participants were female and 48% were working.
The majority (60%) of the participants had a severe SCD
genotype (Hb SS or SB°). For disease-modifying thera-
pies, 60% were on hydroxyurea and 18% were on chronic
transfusion therapy. For pain management, 20% of
younger adults and 35% of older adults were prescribed
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long-acting opiates, and 75% of younger adults and 85%
of older adults were prescribed short-acting opiates.
The most common SCD complications for all partici-
pants (lifetime prevalence) were acute chest syndrome/
pneumonia (75%), avascular necrosis of any joint (60%),
gallbladder disease requiring cholecystectomy (58%),
and sickle cell retinopathy (40%). Demographics, disease
characteristics, and therapies are summarized in Table 2.

Feasibility results

Eighty percent of patients approached for the study con-
sented, and 91% of consented participants completed the
SCD-FA. The median duration of the assessment was 89
min (IQR 80-98 min), and there were no adverse events
during or after the SCD-FA was performed (Fig. 1).

On the acceptability survey, 95% reported that the
length of the SCD-FA was appropriate. One participant
found a question upsetting, which was about a history of
drug use. Five percent reported that there was at least one
item on the questionnaires that was difficult to under-
stand. When asked about feedback on removing items
from the SCD-FA, 10% recommended removing the
MoCA due to difficulties performing certain portions.

Functional status

Thirteen percent of all participants were dependent in
1 or more ADL/IADL (20% of younger adults vs. 5% of
older adults). Only 5% of all participants had a patient-
reported KPS <80% and 2.5% had a physician-reported
KPS <80% (KPS >80% indicates good performance
status [30]). There was more variability on the Physical
Functioning subscale of the 36-item Short Form Health
Survey (SF-36) with a mean score for all participants of
77 (SD = 20) and a range of 25—-100 on a scale of 0—100
[31]. Thirteen percent (5) of participants had a fall in the
last 6 months (> 1 fall indicates an increased risk of sub-
sequent falls [16]).

The results of the physical performance measures with
the expected performance based on normative values for
their age and gender and their equivalent functional age
is summarized in Table 3. For usual gait speed, younger
adults had a mean walking speed of 1.10 (SD = 0.22) and
older adults had a mean walking speed of 1.14 m/s (SD
= 0.15). Usual gait speed by age shown in Fig. 2 demon-
strates that the majority (63%) of both younger and older
males and females had a slow usual gait speed (< 1.2 m/s)
[32]. Gait speed did not significantly decrease with age.
On the TUG, younger adults had a mean time of 9.2
seconds (SD = 2.2 s) and older adults had a mean time
of 10.1 s (SD = 1.7). Sixty-eight percent of participants
had a slow TUG time >10 s and 10% of participants had
a TUG >12 s [33]. Both younger and older adults had a

Page 6 of 14

mean TUG time that was longer compared to the general
population when stratified for age and gender (Table 3)
[22, 27].

On the 6MWT younger adults walked a mean dis-
tance of 546 meters (SD = 116) and older adults walked
a mean distance of 482 meters (SD = 69) (Based on
American Society of Hematology guidelines, a 6MWT
distance <333 m requires further evaluation for pulmo-
nary hypertension in SCD [34]). On the 30-second chair
stand test, younger adults completed a mean of 14 chair
stands (SD = 5) and older adults completed a mean of 11
chair stands (SD = 4). For the 6MW T and the 30-second
chair stand, younger adults had performance similar to
people in their 60s and 70s in the general population and
older adults had performance similar to people in their
70s and 80s (Table 3) [22, 28, 29]. There were expected
gender difference in seated grip strength with mean max-
imum grip strength of 26 kg of force (SD 5.8) for younger
females, 49 kg (SD 10.7) for younger males, 26 kg (SD
4.3) for older females, and 42 kg (SD 10.9) for older males
(Fig. 3) [35-37].

Cognitive functioning

On cognitive testing, the mean MoCA score for all par-
ticipants was 26 (SD = 3). Thirty-five percent of younger
adults and 50% of older adults had a MoCA score con-
sistent with cognitive impairment (score <26 out of 30).
When using score <23, which is a suggested optimal cut-
off for non-Hispanic African Americans, 15% of younger
adults and 25% of older adults had scores <23 [38]. Out
of all participants, only 5% (2) had a score greater than
9 (concerning for cognitive impairment) on the Blessed
Orientation Memory Concentration Test.

Weight status

The mean body mass index (BMI) for all participants
was 26 kg/m? (SD = 5). Eighteen percent had a BMI cat-
egorized as obese (>30 kg/m2) and 18% had a low BMI
(<22 kg/m2). Thirteen percent reported having uninten-
tional weight loss in the last 6 months.

Psychosocial measures

There was a wide range of results for the Medical Out-
come Study Social Support Survey instrument with
a mean score for all participants of 70 (SD = 21) and
a range of 7-93 on a scale of 0-100 (with lower scores
indicating less support). Older adults had a mean social
support score of 72 (SD = 25) and younger adults had
a mean score of 69 (SD = 18). Eighteen percent of all
participants reported that their health interfered with
their social activities at least some of the time in the last
month, 35% reported that their social activity decreased
in the last 6 months due to their condition, and 38%
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Table 2 Patient demographic, disease characteristics, and therapies
Demographics Younger (n = 20) Older (n = 20) All (n = 40)
Mean age in years (range) 30 (20-47) 57 (50-71) 44 (20-71)
Female, % (n) 45 (9) 50 (10) 48 (19)
Income < $50,000, % (n) 45 (9) 50 (10) 48 (19)
Employment status, % (n)
Working 45 (9) 50(10) 4819)
Unemployed 15 (3) 5(1) 10 (4)
Disabled 20 (4) 30 (6) 25(10)
Retired 0(0) 10(Q2) 5@
Student 20 (4) 0(0) 10 (4)
Other 0(0) 5(1) 3(N)
Education level, % (n)
High school graduate or less 20 (4) 20 (4) 20 (8)
Some college/associates/technical school 40 (8) 35(7) 38 (15)
Bachelor's degree 25 (5) 25 (5) 25 (10)
Advanced degree 15(3) 20 (4) 18 (7)
Lives alone, % (n) 25 (5) 20 (4) 23(9)
Disease characteristics
SCD genotype, % (n)
Hb SS 60 (12) 55(11) 58 (23)
Hb Sp° 5(1) 0(0) 3(1)
Hb SB™ 15(3) 10 (2) 13 (5)
Hb SC 20 (4) 35(7) 28(11)
Hemoglobin (g/dL) mean + SD, (Range) 98+ 1.9(6.6-13.9) 89+ 24(56-13.5) 93+22(56-13.9)
Strokes, % (n) 10 (2) 15(3) 13 (5)
Sickle cell retinopathy, % (n) 25 (5) 55(11) 40 (16)
History of acute chest syndrome/pneumonia, % (n) 85 (17) 65 (13) 75 (30)
Pulmonary hypertension, % (n) 0(0) 25 (5) 13 (5)
Spleen removed, % (n) 35(7) 25 (5) 30(12)
Chronic kidney disease, % (n) 10 (2) 45 (9) 28(11)
Cholecystectomy, % (n) 45 (9) 70 (14) 58(23)
[ron overload, % (n) 25 (5) 20 (4) 23 (9)
Avascular necrosis of any joint, % (n) 40 (8) 80 (16) 60 (24)
Joint Surgery, % (n) 30 (6) 30 (6) 30(12)
Leg ulcers, % (n) 5(1) 15(3) 10 (4)
Hypertension, % (n) 0(0) 35(7) 18 (7)
Diabetes, % (n) 0(0) 5(1) 3(1)
Hearing (fair or poor), % (n) 0(0) 25 (5) 13 (5)
Healthcare Utilization
Hospitalized for pain in last year, % (n) 60 (12) 45 (9) 5321
Visited the ED in the last year, % (n) 70 (14) 65 (13) 68 (27)
Visited Sickle Cell Day Hospital in last year, % (n) 35(7) 47 (9) 41 (16)
> 4 hospitalizations in the last year, % (n) 0(0) 10(2) 50)
*Severe pain crisis at home without hospitalization in last 6 70 (14) 75 (15) 73 (29)
months, % (n)
Sickle cell disease medications and therapies
Hydroxyurea use, % (n) 65 (13) 55(11) 60 (24)
Chronic transfusion therapy, % (n) 20 (4) 15 (3) 18 (7)
Iron Chelation Therapy, % (n) 25 (5) 15(3) 20 (8)
Long-acting opiates, % (n) 20 (4) 35(7) 28(11)
Short-acting opiates, % (n) 75 (15) 85(17) 80 (32)
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Assessed for eligibility (n=55) Declined to participate (n=8)
Reasons:

Older adults (n=4)

- “a lot going on”

- “hip hurts, having surgery soon”

- Altercation with front desk

- Frequently “feeling sick”

Young Adults (n=4)

- Far Distance/Transportation Issues
- Not interest in participating in research
- Newborn at home

- Work

3 agreed by phone but
not consented (delayed
by COVID-19 pandemic)

Enrolled (n=44)

Removed by investigator (n=4) due to multiple missed study visits
Completed SCD-GFA n=40 (n=20 age 2 50 and n=20 age 18-49)

Analyzed (n=40) for Outcomes and Adverse Events

Fig. 1 Consort diagram. We approached 55 participants for the study, consented 44, removed 4 due to multiple missed study visits, and performed
the Sickle Cell Disease Functional Assessment in 20 younger adults and 20 older adults. Reasons participants gave for declining to participate are
listed

Table 3 Results of physical performance measures for younger adults (age 18-49, mean age 30; N = 20) and older adults (age > 50,
mean age 57; N = 20)

Actual scores Mean + SD Performance for healthy norms Equivalent

by age and gender functional age
(years)
Gait speed [26] (m/s) Age 18-49 Male: 1.12 £0.23 Males: 1.46 £+ 0.9 Males: 80-89
Female: 1.09 £ 0.23 Female: 142+ 13 Females: 80-89
Age >50 Male: 1.09 £ 0.14 Males: 1.36 & 2.1 Males: 80-89
Female: 1.19 £ 0.15 Female: 1.30 & 2.1 Females: 80-89
Timed Up Go [22, 27] (s) Age 18-49 Male: 89+ 1.6 Males: 86 £ 1.2 Males: 70-79
Female: 95+ 28 Females: 8.6 + 1.2 Females: 70-79
Age >50 Male: 10.7 £ 2.0 Males: 8.0 £ 2 Males: 80-89
Female: 9.5 £ 1.1 Females: 8.0 2 Females: 80-89
30-second chair stand [28] (#) Age 18-49 Male: 15 £ 5 Males: N/A Males: 65-69
Female: 13 £5 Females: N/A Females: 65-69
Age >50 Male: 10 £ 4 Males: 16 £+ 4.3 Males: 85-89
Female: 12 £ 3 Females: 15 + 4.0 Females: 75-79
6-min walk [22, 29] (m) Age 18-49 Male: 585 £+ 104 Male: 638 + 44 Males: 60-69
Female: 498 + 118 Female: 593 £ 57 Female: 60-69
Age > 50 Male: 465 + 73 Male: 572 + 92 Males: 80-84
Female: 499 + 64 Female: 538 + 92 Female: 70-74

reported that their social activity was limited compared
to their others their age because of their health. On the
18-item Mental Health Inventory (MHI-18), the mean

score for all participants was 78 (SD = 14) with a range
of 27-100 on a scale of 0-100 (with higher scores indi-
cating better mental health). Younger adults had a mean
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mental health score of 77 (SD = 16) with a range 27-100,
and older adults had a mean score of 79 (SD = 12) with a
range 43-97. On the anxiety subscale of the MHI-18, 60%
of younger adults and 20% of older adults had a score
<75. On the depression subscale of the MHI-18, 30% of
younger adults and 20% of older adults had a score <75.

Floor and ceiling effects and burden

We assessed each measure for floor and ceiling effects
and assessed burden based on results of the patient
acceptability survey and length of each measure. In
Table 4, we described the mean scores for each patient-
reported measure, range of participant scores, the upper
and lower limit scores of each measure for reference,
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and percent of participants with floor or ceiling effects.
If >15% of participants had floor or ceiling effects, we
considered this as clinically significant. We described
the action taken to either keep or remove the measure
based on floor and ceiling effects and/or respondent and
administrative burden.

Discussion
The results of this study show that the SCD-FA is feasible,
acceptable, and safe in adults with SCD. The participants
found the length to be acceptable and even had sugges-
tions for additional measures to add.

SCD-FA is a multidimensional assessment tool
that includes validated measures adapted from a

Table 4 Floor and ceiling effects of patient-reported outcome measures in the Sickle Cell Disease Functional Assessment (N = 40)

Mean + SD Range of
participant
scores

Measure

Lower and upper
limits of measure with floor

% (n) % (n) with
ceiling

effect*

Action taken

effect*

OARS ADL/IADL 2814 20-28

Physical Functioning Subscale 77 £20 25-100 0-100

of SF-36

KPS - patient reported 89+ 11 60-100 0-100

KPS — physician reported 92+9 60-100

Falls/6 months 02+06 1-3 >0

MHI-18 78 £14 27-100

70+ 21
32436

7-93
0-14

0-100
0-28

MOS Social Support Survey

BOMC Test
MoCA

26+3 19-30

0 (0%) 88% (35)* Will keep measure since it has

low respondent burden and is an
important marker of functional
dependence in older adults in the
general population. Will reas-

sess floor and ceiling effects and
validity in a larger sample of adults

with SCD

0% (0) 10% (4) Keep measure

0% (0) 38% (15)* Remove measure due to ceiling
effect and redundancy with other
measures in the functional status

domain

0% (0) 50% (20)* Remove measure due to ceiling
effect and redundancy with other
measures in the functional status

domain

88% (35)* N/A Keep measure despite floor effect
given low respondent burden. Will
need to assess the incidence of

falls and validity of the measure in

a larger sample of adults with SCD

0% (0) 3% (1) Remove due to issues with length
and interpretability. Replace with
PHQ-9 and GAD-7 for shorter
length, familiarity with use in
adults with SCD, and better inter-

pretability
0% (0)
40% (16)*

0% (0)
0% (0)

Keep measure

Remove measure due to floor
effect

0% (0) 7.5% (3) Remove measure due to respond-
ent and administrative burden.

Replaced with Mini-Cog

ADL/IADL Older Americans Resources and Services Activities of Daily Living/Instrumental Activities of Daily Living, SCD sickle cell disease, SF-36 36-item Short Form,
KPS Karnofsky Performance Status, MHI-18 18 Item Mental Health Inventory, MOS medical outcome study, BOMC Blessed Orientation-Memory-Concentration Test,

MoCA Montreal Cognitive Assessment
*Floor and ceiling effects of more than 15% are considered to be significant
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cancer-specific geriatric assessment with additional
measures that focus on health issues at the intersection
of SCD and geriatrics. Similar to the oncology geriatric
assessment developed by Hurria et al,, a large portion of
our participants had no deficits in their ADL/IADL at
baseline [16, 39]. The results of the SF-36 Physical Func-
tioning subscale were highly variable compared to ADL/
IADL scores since it measures a wider variety of physi-
cal demands that individuals of all ages may experience
throughout the day, such as moving heavy objects and
climbing stairs. In addition, our participants had simi-
lar baseline scores on Physical Functioning subscale to
individuals without SCD in the African American Health
Study (77, SD = 20 in our population vs 80.81, SD 25 for
non-SCD) [40]. Both ADL/IADL and the SF-36 Physical
Functioning subscale may have a valuable role in defining
dependence and functional limitations in patients with
SCD since they are a heterogenous population with vary-
ing levels of capabilities depending on their disease state.

The SCD-FA differs from geriatric assessments used
by many other specialties and differs from assessment
tools currently used by SCD providers in that it includes
multiple physical performance measures. Both objective
and subjective measures of physical function play vital
roles in assessing different aspects of physical health and
both have predictive validity in the general population
[10, 41]. The strength of including subjective measures
is that they provide important information about what a
person experiences and their perception of their health.
Objective measures provide observable data on a person’s
capabilities and functional impairments. SCD providers
and patients often have concerns about function and dis-
ability since SCD causes significant musculoskeletal com-
plications and pain that can limit mobility. These issues
often go unrecognized until impairment is advanced,
which makes the SCD-FA a desirable assessment tool
since it includes both patient-reported and objective
measures of function.

When we compared our physical performance results
to the normative values in the general population, we
found that our participants had a physical performance
similar to individuals 20-30 years older than their
chronological age [22, 26-29]. Our participants may
have had poorer performance compared to age and gen-
der matched normative data since most individuals with
SCD have anemia and experience vaso-occlusive events
that affect multiple organ systems. These complications
include avascular necrosis of the joints, pain episodes,
cardiopulmonary disease, and neurologic complication
such as silent and overt strokes [4, 42]. A study in chil-
dren and adolescents with SCD showed that individuals
with SCD have lower levels of physical activity compared
to healthy controls measured by accelerometer [43]. In
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a study of maximal exercise testing in adults with SCD,
older age, female sex, lower hemoglobin, higher BMI, and
lower percent predicted forced expiratory volume in 1
second were independently associated with lower exer-
cise capacity [44]. Another study on 6MWT in children
with SCD showed that low hemoglobin, low fetal hemo-
globin, and low red cell deformability were independent
predictors of low 6MWT performance [45]. The major-
ity of our participants had a usual gait speed slower than
the speed required to safely cross the street at an inter-
section (1.2 m/s), and 25% had a gait speed slower than 1
m/s, which has been associated with increased mortality
in the general population [32, 46]. The majority of par-
ticipants had a TUG >10 s, which has been associated
with fractures in older adults [47, 48]. Ten percent of our
participants had a TUG >12 s, which has been associ-
ated with an increased risk of falls in community-dwell-
ing older adults [49]. Prior studies on the 6MWT and
SCD, which mainly include younger populations, have
participants that also demonstrate functional impair-
ment; however, these studies are limited in that they did
not measure balance, gait speed, and strength [50, 51].
Including additional measures, such as gait speed, TUG,
30-second chair stand, and grip strength may provide
detailed information about a patient’s capabilities, such
as deficits in upper body strength (grip strength), defi-
cits in lower body strength (30-second chair stand), bal-
ance deficits (TUG), and deficits in aerobic endurance
(6MWT). These measures may better guide interventions
to address specific deficits [52, 53].

Although this study was not powered to detect differ-
ences in function based on age or correlations between
individual measures, there were notable trends. We
found that older adults had a shorter 6MWT distance,
more cognitive impairment, fewer chair stands, and
more chronic complications such as avascular necrosis
and renal disease compared to younger adults. Younger
adults trended toward having more hospitalizations and
higher anxiety and depression scores on the MHI-18. In
our study population, time to complete the TUG was not
remarkably different between younger and older adults,
and usual gait speed did not significantly decrease with
age as occurs in the general population. This similarity
in performance could possibly be explained by the small
sample size and the fact that in our study, most partici-
pants in the younger and older adult groups had anemia,
pain episodes, and musculoskeletal complications. Both
groups reported having severe vaso-occlusive pain crises
at home in the last 6 months (> 70% in both groups), sev-
eral participants in both groups had pain crises requir-
ing emergency room visits and/or hospitalizations in
the last year (>45%), and the majority of participants in
both groups reported taking short-acting opioids (>75%
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in both groups). There were also high rates of avascular
necrosis of any joint in both groups (40% of young adults
and 80% in older adults) with 30% of younger adults and
30% of older adults requiring joint surgery. Recurrent
acute pain episodes, anemia, and early onset avascular
necrosis may impact mobility, which could explain why
younger adults have similar performance on gait speed
and TUG test as older adults [54]. In addition, there are
differences in survival with only the healthiest adults liv-
ing into their 50s and 60s. Further comparative studies
with larger sample sizes are required to determine fac-
tors that impact physical performance in each age group.
These measures will also need to be evaluated in a larger
study to determine clinically significant cut points for
adults with SCD.

Limitations

There are limitations to this study. First, there may be a
selection bias given that participants are individuals who
come to a SCD clinic in an academic center, were will-
ing to participate in research studies, and able to meet
the inclusion and steady-state criteria. Secondly, pain
and SCD complications that are active at the time of
the assessment may interfere with performance. These
SCD complications can confound the results of meas-
ures, such as physical performance tests and psycho-
social measures. Many SCD complications increase
with age; therefore, with older participants, it becomes
increasingly important to determine how pain and other
specific complications affects results [4]. Lastly, there
are limitations to interpretation of the results based on
normative values available in the literature since many
normative studies include few or no African Americans.
Also, SCD-specific cut points have not been established.
To address this, we have made every effort to compare
results to populations that include a more diverse pop-
ulation. During validation of the SCD-FA, we will set
cutpoints for individuals with SCD at levels that are pre-
dictive of relevant outcomes.

Optimization

Our assessment took three times longer to complete
compared to the oncology geriatric assessment due to
additional performance-based physical and cognitive
measures and SCD-specific questions [16]. Based on
the results of this pilot study, we revised the SCD-FA
to develop a briefer assessment to enhance its usability.
We removed the Blessed Orientation Memory Concen-
tration Test and the KPS due to floor and ceiling effects.
We replaced the MoCA with the Mini-Cog®© due to
high respondent burden based on the length of the
MoCA and difficulties understanding the questions. We
did not remove the ADL/IADL and the question about
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number of falls despite them having floor and ceiling
effects in order to test them further in a larger study.
ADL/IADL and number of falls are both measures with
low respondent burden and in multiple studies have
been shown to be predictive of mortality in older adults
in the general population [55-58]. In the next phases
of this study, we will begin to validate the revised ver-
sion of the SCD-FA, continue to refine measures based
on patient and provider interviews, and determine its
ability to predict important outcomes, such as func-
tional dependence and mortality. Given the paucity of
validated functional assessment tools available to assess
older adults with SCD, we expect that the SCD-FA will
be a valuable tool used to improve management of this
vulnerable population by (1) characterizing the capabili-
ties and physiologic age of individuals with SCD; (2) risk
stratifying patients by determining which individuals
are at highest risk for functional decline, dependence,
and mortality; (3) identifying targets for interventions
that have been successful in geriatrics [52]; and (4) and
assessing response to curative therapies and novel SCD-
specific therapeutics.

Conclusion

In summary, the SCD-FA is feasible, acceptable, and
safe in both older and younger adults with SCD. This
pilot study provides important information to refine
this tool to best suit the needs of adults with SCD. The
SCD-FA will undergo further refinement and valida-
tion in a larger study. In this small sample, the SCD-FA
was able to detect functional impairments in multiple
measures, such as slow gait speed and TUG, which are
measures associated with important health outcomes in
general population and in multiple other chronic disease
states, such as patients with hematologic malignancies
and advanced renal disease. The physical measures of
the SCD-FA also permit the comparison of their physical
performance to specific age groups in the general popula-
tion. Functional assessments serve an important role in
the care of individuals with SCD by providing a frame-
work for identifying and intervening on impairments in
multiple dimensions of health. This supports our goal of
improving the quality in addition to the quantity of life
for people with SCD.
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