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Abstract
Background The life expectancy for people with sickle cell disease (SCD) has improved tremendously
over the last 50 years. This population experiences hemolysis and vaso-occlusion in multiple organs that
lead to complications such as cardiopulmonary disease, strokes, and avascular necrosis. These
complications can limit mobility and aerobic endurance, similar to limitations that often occur in geriatric
populations. These sickle-cell and age-related events lead to frequent hospitalization, which further
increases the risk of functional decline. We have few tools to measure functional decline in people with
SCD. The purpose of this paper is to describe a protocol to evaluate the feasibility of sickle cell disease
geriatric assessment (SCD-GA).

Methods/Design Forty adults with SCD (20 age 18–49 years and 20 age ≥ 50 years) will be enrolled in a
prospective cohort study to assess the feasibility of SCD-GA. We used a validated oncology geriatric
assessment and enriched with additional physical and cognitive measures. The SCD-GA will be
performed at the �rst study visit, 10 to 20 days after hospitalization, and at after 12-months (exit visit).
With input from a multidisciplinary team of sickle cell specialists, geriatricians, and experts in physical
function and physical activity, we selected assessments across 7 domains: functional status (11
measures), comorbid medical conditions (1 measure), psychological state (1 measure), social support (2
measures), weight status (2 measures), cognition (3 measures), and medications (1 measure). We will
measure the proportion completing the assessment with feasibility as the primary outcome. Secondary
outcomes include the proportion consenting and completing all study visits, duration of the assessment,
acceptability, and adverse events.

Discussion We present the protocol and rationale for selection of the measures included in SCD-GA. We
also outline the methods to determine feasibility and subsequently to optimize the SCD-GA in preparation
for a larger multicenter validation study of the SCD-GA.

Background
Sickle cell disease (SCD) is a severe inherited hemoglobinopathy that affects approximately 100,000
people in the United States [1]. Survival has substantially improved over the last 50 years with median
survival increasing from 14 years (Diggs, 1973), to approximately 40 to 45 years in population-based
studies and 61 years in contemporary cohorts recruited at comprehensive programs [2–4]. Individuals
with SCD experience a lifetime of sickling and microvascular occlusion that has an effect on every organ
of the body [5]. Adults with SCD experience frequent hospitalizations. Based on data from the Agency for
Healthcare Research and Quality, individuals with SCD have 1.23 hospitalizations per patient per year for
individuals age 46–64 and 0.72 hospitalizations per patient per year for individuals age ≥ 65 years [6].
This is substantially more hospitalizations compared to the general non-SCD population, which is 0.11
hospitalizations per patient per year for individuals age 45–64 and 0.35 per patient per year for
individuals age ≥ 65 [7].
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Aging is de�ned as a deterioration in physiological function that occurs over time [8]. Individuals with
similar chronological age often vary in their functional age [9]. Adults with SCD demonstrate substantial
and early deterioration of multiple organ systems that leads to complications seen frequently in geriatric
populations, such as cardiopulmonary complications, sensory de�cits, and a decline in physical and
cognitive function [10–12]. They are particularly at increased risk of lower extremity functional decline
due to complications such as avascular necrosis of the hips often requiring surgical intervention [13].

SCD providers often use SCD complications, chronological age, laboratory data, healthcare utilization,
and subjective measures of performance status to assess overall health and risk of adverse outcomes. In
one of the few studies with multiple direct measures of physical function, adults with SCD had lower
pulmonary function, grip strength, and functional capacity measured by six-minute walk test (6MWT)
compared to predicted norms for age and gender [14]. The 6MWT is the only physical functional
assessment routinely used to assess patients with SCD. The Adult Sickle Cell Quality of Life
Measurement System, ASCQ-Me℠, and Patient-Reported Outcome Measurement Information System,
PROMIS®, are subjective measures that have been used to assess health and function in individuals with
SCD [15]. These measures are useful in that they do provide patient-reported data about important areas
of health in adults with SCD such as sleep, pain, fatigue, and mental health. However, as individuals with
SCD age, the current condition-speci�c assessment tools available are limited in their ability to capture
both the SCD and age-related areas, such as objective measures of physical function, frailty, dependency,
and polypharmacy.

There is a need for more comprehensive and objective measures of health and function that are tailored
to the speci�c needs of older adults with SCD. These measures should be simple and brief enough to be
easily integrated into a clinical setting. When selecting measures to include in an assessment, SCD-
speci�c factors, such as acute and chronic pain, avascular necrosis (AVN) of the joints, early-onset of
silent and overt strokes, pulmonary hypertension, and cultural differences require careful consideration.
Assessment tools used for non-SCD older populations, like geriatric assessment are useful in assessing
age-related conditions and functional decline; however, these measures have not been validated in adults
with SCD. There is a need for validated assessment tools to evaluate aging adults with SCD in order to
properly identify and address the unique issues in this population.

Geriatric assessment has been used to identify capabilities and vulnerabilities of older individuals by
measuring physical function, cognitive function, psychological state, nutritional status, social support,
comorbidities, and medications [16]. Geriatric assessment is not only routinely used by geriatricians, but it
has been widely used by oncologist to assess risk of toxicity and mortality related to chemotherapy.
Interventions based on geriatric assessment have been shown to improve survival, preserve
independence, and restore mobility [17, 18].

Our goal is to develop the �rst geriatric assessment for older adults with sickle cell disease (SCD-GA). Our
rationale for developing SCD-GA is to create a standard method for assessing risk of adverse outcomes,
address the unique needs of this growing population of older adults with SCD, and identify modi�able
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de�cits to guide development of interventions to improve function and quality of life. We hope these
interventions will reduce frailty and mortality. The measures included in this pilot study for the SCD-GA
differ from the oncology geriatric assessment in that the oncology geriatric assessment only includes the
Timed-Up-And-Go (TUG) and The Blessed-Orientation-Memory-Concentration (BOMC) Test as the only
physical and cognitive measures [16]. For the SCD-GA we included additional physical and cognitive
functional measures to evaluate the early physical and cognitive decline that occurs in the SCD
population [14, 19]. We also included several SCD-speci�c questions on healthcare utilization and SCD
complications.

We found that it is best to use a multidisciplinary approach when selecting measures for the SCD-GA [20].
The investigators are adult SCD clinicians collaborating with exercise experts and geriatricians from a
Pepper Older Americans Independence Center (OAIC). This collaboration between SCD and geriatric
specialists is a novel concept. SCD has historically been a disease of children and young adults until
modern-day initiatives, such as penicillin prophylaxis reduced deaths from pneumococcal sepsis,
newborn screening, and disease-modifying therapies, such as hydroxyurea improved survival. Now some
individuals with SCD even becoming octogenarians [21, 22]. With the life expectancy for SCD improving
and the rise in number of approved disease-modifying therapies, this collaboration will become
increasingly vital for the care of aging adults with SCD.

Study aims and objectives
The aim of this study is to assess the feasibility of SCD-GA, by the proportion completing the assessment
and consent, duration of the assessment, acceptability and adverse events. Our aim is also to assess the
feasibility of repeat measures at different time points by performing the SCD-GA at steady state, post-
hospitalization, and 12-months after the initial assessment. The results of this pilot study will be used to
select measures to be included in the revised SCD-GA and to optimize the design of a multicenter
validation study of this revised assessment. We also will develop interventions based on de�cits
identi�ed by the SCD-GA.

Methods/design

Study Design
This study is a prospective cohort pilot study designed to assess feasibility of a geriatric assessment for
SCD. It includes a combination of patient-reported questionnaires and provider-administered physical and
cognitive assessments. The study has been approved by the Duke Institutional Review Board (Protocol
number: Pro00100358; version 1.11; IRB reference date: 07/18/2019). All participants will provide written
informed consent prior to initiation.

Study population and setting
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There are approximately 650 active adults in our comprehensive sickle cell center located in an academic
medical center in the Southeastern United States. Thirteen percent of the adults with SCD are aged
50 years or older. This study will include adults with SCD at a single comprehensive sickle cell center with
planned enrollment of 40 participants (twenty aged 18–49 and twenty aged ≥ 50 years). Older adults are
de�ned as aged ≥ 50 years based on the life expectancy for SCD [4]. Since this is a pilot study and the
primary outcome is feasibility, power calculations were not used to determine sample size, and the study
is not powered to predict clinical outcomes. The justi�cation for the sample size is based on the number
and frequency of clinic visits for older adults in the sickle cell center and the preference for participants
with varying SCD genotypes and complications to provide a wide range of feedback on acceptability and
feasibility of performing the SCD-GA [23].

Eligibility criteria
To be included in the study, participants have to 1) have a diagnosis of SCD con�rmed by hemoglobin
electrophoresis, High-Performance Liquid Chromatography (HPLC), or genotyping; 2) age greater than or
equal to 18 years of age; and 3) speak �uent English. Subjects will be excluded if they 1) have been
previously diagnosed with moderate to severe cognitive impairment by their usual provider; 2) are unable
to self-consent, or 3) are wheelchair-bound.

Data Collection
We will record demographics, complications from SCD, comorbidities, social history, and steady state lab
values. Study data will be collected and managed using REDCap electronic data capture tools hosted at
Duke University [24, 25]. We will include consensus measures such as demographics, social history, and
SCD complications from the Phenotypes and eXposures (PhenX) Toolkit when available [26]. We will
collect data on last hospitalizations, emergency department visits, and day hospital visits by reviewing
the medical record and verbally con�rming with participants to ensure they are at steady state at the time
of their baseline SCD-GA.

Measures included for the SCD-GA were collaboratively selected by SCD providers, geriatricians, and
exercise specialists from the Center for Aging and Human Development. We included assessment tools
validated in the oncology geriatric assessment and supplemented them with additional physical and
cognitive measures [16, 27]. The measures in the oncology geriatric assessment were originally selected
based on validity, brevity, reliability, and prognostic value [16]. For the SCD-GA we added 5 additional
physical functional assessments to gain a better understanding of which measures would be most
feasible in this population. The SCD investigators attended a physical function assessment in older
adults workshop to learn about commonly used measures. Investigators who were SCD physicians
received guidance on how to properly perform and analyze physical function assessments and had
ongoing training throughout the study to ensure proper and consistent technique.

Timing of Assessments
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All participants will receive a baseline SCD-GA at steady state, which is de�ned as greater than 6 weeks
after their last hospitalization and greater than 2 weeks after their last emergency department or SCD day
hospital visit. If participants are hospitalized during the study period, they will receive an additional
assessment 10–20 days after the hospitalization. Each participant will receive an assessment at least 12
months after the �rst assessment, which will also be at steady state.

Outcome Measures
Feasibility studies play an integral role in improving quality of research by allowing the investigator to
address �aws in the methodological design before conducting a large-scale study [28]. The endpoints of
this study are based on Consolidated Standards of Reporting Trials (CONSORT) extension to pilot and
feasibility trials guidelines [28, 29]. Feasibility will be determined by the proportion completing the initial
SCD-GA as the primary outcome. Secondary feasibility outcomes include proportion completing consent
and all study visits, duration of the assessment, and adverse events. Acceptability will be assessed by a
satisfaction survey that will be completed at the end of each study visit.

Proportion Completing SCD-GA
This is de�ned as the proportion of participants consented that complete the SCD-GA. We will further
characterize this as the proportion of participants who present for all study visits, complete the self-
reported questionnaires, and complete all physical assessments. It will be calculated for the baseline visit,
post-hospital visit (for those who are hospitalized during the study), and at end of study assessment.

Proportion Consenting
This is de�ned as the proportion of patients signing a consent form out of those who were approached to
participate. We will record the reason individuals decide not to participate in the study.

Retention
This is de�ned as the proportion of participants who remain in the study and complete the12-month
follow up visit. The denominator is the total number of participants that are enrolled and complete their
baseline assessment.

Duration of the Assessment
The start and end times for the SCD-GA will be recorded starting with the recording of demographic data
for the initial visit and starting with social history for all subsequent visits. The duration of physical
assessments will not be recorded separately and will be interspersed between patient-reported
questionnaires and scheduled breaks to permit su�cient time for recovery between physical measures.
Demographic data and the reading test will only be completed at the initial visit.

Adverse Events
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Adverse events will be recorded by investigators performing the assessments. We will clarify if adverse
events are related or unrelated to the SCD-GA. A report will be provided to the designated Data and Safety
Monitoring O�cer every 6 months. The Data and Safety Monitoring O�cer is a hematologist familiar
with but not involved in the study.

Acceptability
Acceptability of the SCD-GA will be determined by a satisfaction survey at the end of each study visit. We
will include questions about satisfaction with the time it takes to complete the entire assessment,
whether there are questions that are di�cult to understand, uncomfortable, or upsetting, and suggestions
about measures that should be added or removed. Participants will be asked to elaborate on reasons a
particular measure is not acceptable and provide open-ended feedback on suggestions for improving the
SCD-GA as a whole.

Enrollment and Retention Strategies
Study participants will consist of a convenience sample of patients recruited from a single SCD center.
Participants will be recruited from the investigators’ patient panel. Investigators will also partner with
other providers in the SCD center for enrollment. Investigators will be noti�ed by SCD providers and clinic
nurses when patients meet study criteria. Participants will be approached during routine clinic visits or
while in the SCD day hospital. Prior to enrollment each participant will be screened for inclusion and
exclusion criteria by the investigators. Each participant will provide written informed consent prior to
initiation of assessments. For retention, the electronic medical record will be leveraged to track
hospitalizations and scheduled clinic visits during the study period. Investigators will also be noti�ed by
inpatient SCD service when participants are hospitalized and when they are returning to clinic for a post-
hospital follow-up.

SCD-GA Measures and rationale for selection
The following are the measures selected for the SCD-GA and the rationale for including each measure
(Table 1). This assessment focuses on key areas at the cross-section of SCD and geriatrics. We included
all measures that were previously validated in the oncology geriatric assessment and added additional
physical and cognitive functional measures. There are 7 domains total: functional status (5 surveys and
6 physical assessments), comorbid medical conditions (1 patient checklist), psychological state (1
mental health measure), social support (2 surveys), weight status (body mass index and patient-reported
weight loss), cognition (2 assessments), medications (patient-reported list). The additional physical
functional assessments include usual gait speed, 6MWT with heart rate recovery, seated grip strength, 30-
second chair stand, and dual-task performance. We also added the Montreal Cognitive Assessment
(MoCA) as an additional cognitive measure and a subtest of the Wide Range Achievement Test 5th
Edition (WRAT-5) as a reading skills test to account for differences in academic achievement beyond
stated education level.
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Table 1
Focused Geriatric Assessment Domains and Measurements

Domains Assessment Tools in Each Domain

Functional Status • ADL and IADL (subscales of the OARS)

• MOS Physical Functioning Scale

• Karnofsky performance status (KPS) - self and physician

• Number of falls in last 6 months

• Timed Up and Go (TUG)

• Usual Gait Speed

• Dual-Task Performance

• Six-Minute Walk Test

• Grip Strength

• 30-second Chair Stand

Comorbid Medical Conditions • Patient-reported Comorbidity checklist and chart extraction

Psychological State • Mental Health Inventory-18

Social Support • MOS Social Support Survey

• MOS social activities

Nutritional Status • Body Mass Index

• Unintentional Weight Loss

Cognition • The Blessed Orientation-Memory-Concentration Test

• Montreal Cognitive Assessment (MOCA)

• Wide Range Achievement Test-5 (WRAT-5)

Medications • Comprehensive list of medications

Functional Status
We will assess physical function using a combination of previously validated self-administered surveys
and provider-administered physical function assessments [16, 27]. The results of each physical function
assessment will be compared to normative values based on age and gender where such data are
available [30].

Activities of Daily Living and Instrumental Activities of Daily
Living
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Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL) are subscales of the
Older American Resources and Services Multidimensional Functional Assessment Questionnaire
(OMFAQ) developed to assess the extent to which elderly individuals are able to function independently
and to assess service utilization [31]. The responses are on a 3-point Likert scale ranging from “without
help” (2 points) to “completely unable” (0 points). This is of particular interest in the older SCD population
since there is no data regarding level of dependence and types of services required as they age, such as
the types of home safety modi�cations to implement and the need for skilled nursing facilities.

MOS Physical Functioning Scale
The Physical Functioning Scale is a component of the Medical Outcome Study (MOS) 36-item Short
Form (SF-36), which is a compilation of patient self-reported quality of life measures used to monitor
healthcare outcomes in well and chronically ill adults [32]. The Physical Functioning Scale is a 10-item 3-
point Likert scale with a higher score indicating better physical function. It is an appropriate measure for
adults with SCD, who are assumed to be more independent than typical geriatric populations, since it
goes beyond limitations in daily self-care.

Number of Falls
Falls pose a substantial threat to the independence of older adults and is associated with risk factors
such as sedative use, acute illness, cognitive impairment, and environmental hazards [33]. Participants in
this study were asked to report the number of falls in the last 6 months at each visit. Many older adults
with SCD are treated with opioids, antidepressants, and other medications that historically have increased
the risk of falls in the elderly [34].

Karnofsky Performance Status
Karnofsky Performance Status (KPS) is a subjective measure of an individual’s global physical ability
[35]. Responses are on an 11-point scale that correlates with a percentage that increases by increments
of 10 ranging from “dead” (0%) to “normal, no evidence of disease” (100%). In this study both provider-
and patient-reported KPS are being collected. The KPS is not well studied in patients with SCD.

Usual Gait Speed
Usual gait speed is a widely used physical performance functional measure that alone can predict
functional decline and mortality. Participants in this study were timed walking at their usual pace on a 3-
meter (10ft) course with a 1-meter acceleration zone before the starting the 3-meter walking course for 2
trials. The best time used in the analysis. There is a large body of data that has established the reliability
and validity of usual gait speed as a measure of physical function and as a predictor of healthcare
utilization and mortality [36] [37].

Timed Up and Go
The TUG test assesses physical mobility and measures the time it takes to rise from a standard height
chair (46 cm), walk a distance of 10 ft (3 meters), turn, walk back to the chair, and sit down again. It is
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often included as a component of physical assessments because it requires no special equipment. It is
the only provider-administered physical function assessment in the oncology geriatric assessment [16]. A
TUG test > 12 seconds indicates an increased risk of falls.

Six-Minute Walk Test
The 6MWT is a test of aerobic endurance that has been well validated in both geriatric and SCD
populations; however, there are no data in older adults with SCD [14, 38, 39]. It is used in screening for
pulmonary hypertension, a complication more common in older adults with SCD and is associated with
increased mortality [10, 40]. During the 6MWT, the participant is instructed to “cover as much ground as
possible” by walking for 6 minutes on a 20-meter walking course up-and-back and around 2 cones at
each end of a quiet hallway in adult sickle cell clinic. We will record both 6-minute and 2-minute walking
distances[30]. We also will record heart rate recovery at 1 and 2 minutes. Children with sickle cell anemia
have poor heart rate recovery [41]. Attenuated heart rate recovery is associated with an increased risk of
cardiovascular events and all-cause mortality in the general population [42].

Seated Grip Strength
Seated grip strength is a measure of upper body strength and is highly correlated with mobility, physical
activity, and quality of life [43]. We used the Jamar Technologies Hydraulic Hand Dynamometer to
measure grip strength in triplicate for both hands while participants remained seated in a standard height
chair (46 cm) with feet �at on the �oor and elbow snug against the body. The maximal strength (in
kilograms of force) of the dominant hand, determined by the dynamometer, is compared to normative
values based on age and gender [44]. Individuals in the general population with lower grip strength have
an increased risk of all-cause mortality and mortality from cardiovascular and respiratory disease[45]. A
study of young adults with SCD showed that grip strength correlated with pulmonary function [14].

30-Second Chair Stand Test
The 30-second chair stand test is a measure of lower body strength. It is performed by having the
participant sit in the middle of a standard height chair (46 cm) without arms. The participant is instructed
to stand up and sit back down with arms across their chest as many times as possible in 30 seconds.
Results are compared to normative values based on age and sex [46]. The 30-second chair stand test has
been validated in various elderly populations and is a marker of functional independence [47]; however,
there is no data on how it performs in individuals with SCD. Older adults with SCD are at increased risk of
lower extremity functional decline due to complications such as avascular necrosis of the hips [13].

Dual-Task Performance
Dual-task performance assesses the effects on mobility of simultaneously performing two tasks, which is
typically a cognitive and motor task. We had the participant walk at their usual gait speed for 1 minute
and perform a verbal �uency task (generate as many words beginning with a single letter in one minute).
F, A, and S are the most commonly used letters for verbal �uency and are all classi�ed as “easy” letters
[48]. Each task is done once individually, then simultaneously twice using a different letter on each
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attempt. The dual-task effect is measured by assessing the relative change in performance during single-
and dual-tasking. The results are plotted as a percentage to determine if there is cognitive or motor
interference or facilitation [49]. The utility of this test in individuals with stroke [50] is of particular interest
since nearly 40% of individuals with sickle cell anemia have silent strokes by age 14 and 24% have an
overt stroke by age 45 [51–53].

Comorbid Medical Conditions
As individuals get older, the number of comorbid medical conditions increases. Comorbidities such as
cardiovascular disease, cerebrovascular disease, cancer, and diabetes are predictive of mortality [54]. We
will record comorbidities using the OARS Physical Health questionnaire; in which, participants select
comorbidities from a list of conditions and the degree to which the condition interferes with their daily
activities on a 3-point scale of “not at all” to “a great deal.” They will also select from a list of SCD
complications. Individuals with SCD are at increased risk for retinopathy and sensorineural hearing loss
so they will also rate their vision and hearing [55] [56].

Psychological State
Mental health is important in every population and is a common complication for individuals with a
chronic illness. We will assess psychological state using the Mental Health Inventory (MHI-18), which has
4 subscales that include anxiety, depression, behavioral control, and positive affect. A total score is
derived from all items and for each subscale ranging from 0-100, with higher scores indicating better
mental health [57] [58]. A third of adults with SCD have depression, which is associated with worse
healthcare utilization and health-related quality of life [59] [60]. Silent strokes, a complication of SCD that
also occurs in non-SCD geriatric populations, are also associated with depression in the elderly [52, 61].
There is no data on mental health in older adults with SCD.

MOS Social Support
Social support is an integral part of a geriatric assessment. Individuals with low quantity and quality of
social relationships have an increased risk of mortality and morbidity [62, 63]. The MOS Social Support
Instrument is a self-administered questionnaire on an individual’s perceived availability of social support
[64]. It includes 18 items that address 4 dimensions of social support (emotional/informational, tangible,
affectionate, and positive social interaction) on a 5-point Likert scale ranging from “none of the time” (1
point) to “all of the time” (5 points). An overall social support index is calculated using the mean of all
items and converted to a 100-point scale.

MOS Social Functioning
The Social Functioning subscale is a component of the MOS. It includes 3 items that measure the extent
that an individual’s physical health interferes with their social activities. It addresses the amount of time
physical health interferes with social activity, change in social activities over time, and social activity
limitations compared to an individual’s peers [32].

Weight status
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We will assess body mass index (BMI) and screen for unintentional weight loss in the last 6 months. BMI
is calculated by dividing the weight in kilograms by height in meters squared. In the elderly, both high and
low extremes of weight and a weight loss of 5% or more are associated with an increased risk of
mortality [65] [66]. Individuals with SCD have historically had low body weight; however, BMIs have
recently been rising, which may increase the risk of obesity-related diseases [67, 68].

Cognition

Blessed Orientation-Memory-Concentration Test
The BOMC Test is a validated 6-item questionnaire to screen for cognitive de�cits[69]. It measures
temporal orientation, short-term memory, and concentration. The BOMC performs similarly to the Mini-
Mental Status Exam; however, some prefer the BOMC for its rapid and completely verbal administration.
A score of greater than 9 is a sensitive screen for cognitive impairment [70].

Montreal Cognitive Assessment
The MoCA is a performance-based cognitive assessment tool that measures the following domains:
visuospatial skills, executive functions, memory, attention, calculation, concentration, language,
abstraction, and orientation. A score of less than 26/30 is the cutoff established for mild cognitive
impairment. The MOCA has a sensitivity and speci�city superior to the Mini-Mental Status Exam [71]. In a
study of 1419 community-dwelling African Americans, 80% met criteria for mild cognitive impairment
with most participants missing the same items (cube drawing, delayed recall, sentence repetition, and
abstraction) [72]. This suggests that the established cut-off of 26 may not be appropriate for African
American populations. In a cross-sectional study of 100 adults with SCD, 46% of participants scored < 26
[19].

Word Reading Subset of Wide Range Achievement Test
Word Reading Subtest of the WRAT-5 measures literacy and reading grade equivalent [73]. Participants
will be asked to slowly and clearly read a series of words aloud. Raw scores are converted to a reading
grade equivalent based on age.

Medications
Polypharmacy, de�ned as being on more than 5 prescribed medications, increases the risk of drug-drug
interaction and adverse drug events, especially in the elderly [74]. We asked participants to record their
medications and compared this to their reported medication list. As individuals with SCD age, they
continue to have pain episodes that are treated with opioids and adjunctive medications [10]. There is no
data on the appropriate age for adults with SCD to start minimizing potentially inappropriate medication
based on the American Geriatric Society (AGS) Beers Criteria [75].

Statistical Analysis
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We will evaluate the feasibility of SCD-GA by computing the feasibility outcome rates, as de�ned above,
overall and by age group using binomial exact methods to calculate point estimates and 95% CI. We will
estimate the proportion of assessments completed and the proportion of participants and individual
measures with missing data with a 95% con�dence interval of +/- 0.23. Satisfaction survey responses
will be described using simple descriptive statistics and qualitative review for recurring themes.

Given that the primary purpose of this study is to evaluate feasibility and acceptability, the remaining
analyses will be exploratory and descriptive in nature. We will use descriptive statistics and visual
displays to summarize the demographic data and unadjusted results of the SCD-GA measures. Tools
with low variability in responses will be identi�ed by evaluating maxima and minima for �oor and ceiling
effects. In addition, we will use correlation matrices to assess for redundancy in the collected data. We
will analyze bivariate relationships between age and performance on the proposed SCD-GA component
measures using regression models to compare the older and younger participants and compare study
participants to age and sex-matched normative data. Outcomes for statistical models will be computed
separately for baseline, approximate 12-month follow-up, and change in outcome. Change in outcomes
will not be adjusted for baseline values. The modeling strategy will be expanded to include gender as a
covariate in adjusted models. Statistical models will be visually explored by interactively taking sections
of �tted models co-presented with data at or nearby in the data space. As in most feasibility pilot studies,
results will not be interpreted as de�nitive in size or direction, or causal in their effect. Analyses will be
conducted in R Statistical Software (Foundation for Statistical Computing, Vienna, Austria) and Stata
(StataCorp, College Station, TX).

Optimization Plan
After completion of the study, we will revise the SCD-GA to create a focused geriatric assessment.
Comparing SCD-GA baseline results in adults across a wide age range will inform clinicians as to the
appropriate age to initiate the SCD-GA. We will determine the feasibility and acceptability of repeated
assessments and the sensitivity of these measures to change by assessing post-hospitalization follow-
up, 12-month follow-up, and change from baseline compared by age group. We will eliminate measures
that perform poorly (di�cult to complete, limited variability), and modify the assessment to enhance
usability and cultural appropriateness. We will keep measures that provide adequate representation from
each domain. We will also prioritize measures that identify modi�able risk factors and intervenable areas.
We will keep measures previously validated in the SCD literature, such as the 6MWT, and measures
validated in the geriatric literature that predict important functional outcomes. We will use analytic results
to limit redundancy and avoid �oor and ceiling effects. We will also prioritize keeping tools that are
shorter in length, time, and lower in complexity. Complexity will be determined by the amount of
equipment and training required to administer the tool. We will prioritize keeping measures that take no
more than two 1-hour sessions for a provider or research assistant to learn how to administer. We will
also eliminate tools that are high in burden on providers and/or patients based on results of satisfaction
survey and experience of investigators administering the assessment. We will remove measures if greater
than 25% of subjects failed to answer at least one item or if greater than 20% report that the measure is
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upsetting or di�cult to understand. The goal after optimization will be to have an SCD-GA that has a
median time to completion less than 45 minutes.

Discussion
There is a need for appropriate assessment tools and interventions that will improve function, quality of
life, and mortality for adults living with SCD. As knowledge and treatment options for individuals with
SCD improve, the life expectancy will likely continue to improve. Aging with SCD has not previously been
a widely studied area given the historically shorter life expectancy for individuals with SCD relative to the
general population. Older adults with SCD are unique in that they are faced with issues at the intersection
of geriatrics and SCD. Many complications overlap, such as cognitive impairment, strokes, increased
venous thromboembolism risk, depression, and vision loss (Fig. 1). However, they still face SCD speci�c
complications, such as recurrent vaso-occlusive pain crises, avascular necrosis, and pulmonary
hypertension that sometimes worsen with age (Fig. 1). Addressing both their age- and SCD-related issues
requires speci�c knowledge. In addition, many of these complications occur earlier in life due to
premature functional aging caused by repetitive vaso-occlusion in every organ [10]. We need longitudinal
data to determine the appropriate age to initiate geriatric assessments in adults with SCD. This will permit
early detection of functional decline and optimal timing of interventions to address de�cits identi�ed by
the SCD-GA.

Identifying and addressing functional de�cits may improve the longevity and quality of life for people
with SCD. For many individuals, longevity becomes less important if the quality of life is poor. Multiple
studies have shown that interventions based on the GA improve not only survival for older adults in the
general population, but improve patient-important outcomes such as mobility, endurance, and strength
[76, 77]. GA has been shown to preserve independence when implemented in hospitalized older adults
[78]. This is of interest for older adults with SCD who are frequently hospitalized and often become frail
after a prolonged hospitalization.

The SCD-GA may be of particular bene�t to individuals with SCD receiving new pharmacologic therapies
and curative options that require conditioning with chemotherapy. The GA for oncology has been shown
to improve chemotherapy tolerance and reduce toxicity [79]. The outcomes of the SCD-GA can be used to
assess risk of poor outcomes in response to therapies and can serve as useful clinical endpoints to
demonstrate how new SCD therapies impact function.

When analyzing the results of the SCD-GA careful consideration will need to be given to ethnic and racial
differences in the outcomes. The majority of individuals with SCD living in the United States are of
African descent. Many of these measures used in the geriatric assessment have not been validated in
African Americans. There may be cultural differences in the language used in the questionnaires that can
affect the validity of the results. The MoCA is of particular concern since it was originally developed and
validated in the French-speaking city of Montreal that has a demographic very different from the
Southern United States. Previous studies have shown that African Americans have lower MoCA scores
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compared to U.S. whites. Quality of education has been shown to impact the results, and the cultural
appropriateness of the measure remains unclear. In addition, when analyzing the results of the ADLs and
IADLs, it may not be adequate to simply compare results of older adults with SCD to normative values in
the general, predominantly white U.S. population. One will have to take into account that community-
dwelling older African Americans have higher rates of self-reported disability compared to older
whites[80]. Older African Americans in the general population also have lower physical performance
scores, such as slower gait speed, compared to older whites [80, 81]. These racial disparities should be
considered when making comparisons with normative data. Validation studies will be required to
determine the appropriate cutpoints for adults with SCD at different ages.

There are many challenges to implementing a geriatric assessment for adults with SCD. Individuals with
SCD experience cardiopulmonary complications, excruciating pain, and decreased mobility secondary to
avascular necrosis of the joints. Many of these complications increase with age [10]. These
complications may limit their ability to complete portions of the physical assessment, especially during or
after hospitalization. Secondly, clinics may have limited time and infrastructure to implement the SCD-
GA. A multidisciplinary approach is optimal. After validation of a streamlined SCD-GA, we will need to
assess the feasibility of implementation of the assessment into a variety of outpatient clinic settings.
Finally, there are challenges to implementing interventions to address the de�cits identi�ed by geriatric
assessments. Interventions for impaired physical function have the most evidence and are the easiest to
measure outcomes. However, interventions have to be individualized to the disability of the participant.
For some participants, the geriatric assessment may serve as an intervention by making the individual
aware of de�cits, thus promoting lifestyle changes.

Future Directions

After completion of the study and optimization of the SCD-GA, we plan to perform a larger multi-
institutional study to determine validity and describe trajectories of function. We will assess the content
and predictive validity to ensure measures are truly representative of all 7 domains and determine if the
measures can predict patient-important outcomes such as Health-Related Quality of Life, mobility,
hospitalizations, and mortality. We will subsequently develop an exercise intervention to improve physical
function based on de�cits identi�ed by the SCD-GA.

Abbreviations
SCD
Sickle cell disease
SCD-GA
Sickle Cell Disease Geriatric Assessment
6MWT
Six-minute walk test
AVN



Page 16/24

Avascular necrosis
TUG
Timed-Up-And-Go
BOMC
Blessed-Orientation-Memory-Concentration
OAIC
Older Americans Independence Center
HPLC
High-performance liquid chromatography
PhenX
Phenotypes and eXposures
CONSORT
Consolidated Standards of Reporting Trials
MoCA
Montreal Cognitive Assessment
WRAT-5
Wide Range Achievement Test 5th Edition
ADL
Activities of Daily Living
IADL
Instrumental Activities of Daily Living
OAFQ
Older American Resources and Services Multidimensional Functional Assessment Questionnaire
MOS
Medical Outcome Study
SF-36
36-item Short Form
KPS
Karnofsky Performance Status
MHI-18
18-item Mental Health Inventory
BMI
Body Mass Index
AGS
American Geriatric Society

Declarations

Ethics approval and consent to participate



Page 17/24

This study was approved by the Duke University Internal Review Board (IRB). All participants provided
written consent.

Consent for Publication

Not applicable

Availability of Data and Materials

The datasets used and analyzed during the current study are available from the corresponding author on
reasonable request.

Competing interests

CO, AL, KH, and MM have no competing interests. JS serves as site PI for a clinical trial of ADAMTS13 for
the treatment of sickle cell disease (Takeda).

Funding
This study was funded by the Duke Pepper Older Americans Independence Center (NIA P30AG028716)
and the American Society of Hematology Research Training Award for Fellows.

Authors' contributions
All authors have contributed to the research design, implementation, and manuscript writing and editing.

Acknowledgments
We would like to acknowledge the contribution of the patients who participated in this study, the Duke
Pepper Older Americans Independence Center, and the American Society of Hematology

References
1. Brousseau DC, Panepinto JA, Nimmer M, Hoffmann RG. The number of people with sickle-cell

disease in the United States: national and state estimates. Am J Hematol. 2010;85(1):77–8.

2. Diggs LMAH, Bertles JF, Wethers DL. Anatomic lesions in sickle cell disease. In: Sickle Cell Disease:
Diagnosis, Management, Education, and Research. edn. St. Louis: C.V. Mosby; 1973.

3. Platt OS, Brambilla DJ, Rosse WF, Milner PF, Castro O, Steinberg MH, Klug PP. Mortality In Sickle Cell
Disease -- Life Expectancy and Risk Factors for Early Death. N Engl J Med. 1994;330(23):1639–44.

4. Elmariah H, Garrett ME, De Castro LM, Jonassaint JC, Ataga KI, Eckman JR, Ashley-Koch AE, Telen
MJ. Factors associated with survival in a contemporary adult sickle cell disease cohort. Am J



Page 18/24

Hematol. 2014;89(5):530–5.

5. Lanzkron S, Carroll CP, Haywood C Jr. Mortality rates and age at death from sickle cell disease: U.S.,
1979–2005. Public Health Rep. 2013;128(2):110–6.

�. Brousseau DC, Owens PL, Mosso AL, Panepinto JA, Steiner CA. Acute Care Utilization and
Rehospitalizations for Sickle Cell Disease. JAMA. 2010;303(13):1288–94.

7. Sun R, Karaca Z, Wong HS. Trends in Hospital Inpatients Stays by Age and Payer, 2000–2015.
Agency for Healthcare Research and Quality. 2018(HCUP Statistical Brief #235).

�. Yashin AI, Arbeev KG, Kulminski A, Akushevich I, Akushevich L, Ukraintseva SV. Health decline, aging
and mortality: how are they related? Biogerontology. 2007;8(3):291–302.

9. Ghosn M, Ibrahim T, El Rassy E, Nassani N, Ghanem S, Assi T. Abridged geriatric assessment is a
better predictor of overall survival than the Karnofsky Performance Scale and Physical Performance
Test in elderly patients with cancer. J Geriatr Oncol. 2017;8(2):128–32.

10. Oyedeji C, Strouse JJ, Crawford RD, Garrett ME, Ashley-Koch AE, Telen MJ. A multi-institutional
comparison of younger and older adults with sickle cell disease. Am J Hematol. 2019;94(4):E115–7.

11. Onakoya PA, Nwaorgu OG, Shokunbi WA. Sensorineural hearing loss in adults with sickle cell
anaemia. Afr J Med Med Sci. 2002;31(1):21–4.

12. Vichinsky EP, Neumayr LD, Gold JI, Weiner MW, Rule RR, Truran D, Kasten J, Eggleston B, Kesler K,
McMahon L, et al. Neuropsychological dysfunction and neuroimaging abnormalities in
neurologically intact adults with sickle cell anemia. JAMA. 2010;303(18):1823–31.

13. Adesina O, Brunson A, Keegan THM, Wun T. Osteonecrosis of the femoral head in sickle cell disease:
prevalence, comorbidities, and surgical outcomes in California. Blood Adv. 2017;1(16):1287–95.

14. Ohara DG, Ruas G, Walsh IA, Castro SS, Jamami M. Lung function and six-minute walk test
performance in individuals with sickle cell disease. Braz J Phys Ther. 2014;18(1):79–87.

15. Keller S, Yang M, Treadwell MJ, Hassell KL. Sensitivity of alternative measures of functioning and
wellbeing for adults with sickle cell disease: comparison of PROMIS® to ASCQ-Meâ„ . Health Qual
Life Outcomes. 2017;15(1):117–7.

1�. Hurria A, Gupta S, Zauderer M, Zuckerman EL, Cohen HJ, Muss H, Rodin M, Panageas KS, Holland
JC, Saltz L, et al. Developing a cancer-speci�c geriatric assessment: a feasibility study. Cancer.
2005;104(9):1998–2005.

17. Frese T, Deutsch T, Keyser M, Sandholzer H. In-home preventive comprehensive geriatric assessment
(CGA) reduces mortality–a randomized controlled trial. Arch Gerontol Geriatr. 2012;55(3):639–44.

1�. Ellis G, Whitehead MA, O'Neill D, Langhorne P, Robinson D. Comprehensive geriatric assessment for
older adults admitted to hospital. Cochrane Database Syst Rev. 2011(7):Cd006211.

19. Cichowitz C, Carroll PC, Strouse JJ, Haywood C Jr, Lanzkron S. Utility of the Montreal Cognitive
Assessment as a Screening Test for Neurocognitive Dysfunction in Adults with Sickle Cell Disease.
South Med J. 2016;109(9):560–5.



Page 19/24

20. Parker SG, McCue P, Phelps K, McCleod A, Arora S, Nockels K, Kennedy S, Roberts H, Conroy S. What
is Comprehensive Geriatric Assessment (CGA)? An umbrella review. Age Ageing. 2018;47(1):149–55.

21. Ballas SK, Pulte ED, Lobo C, Riddick-Burden G. Case series of octogenarians with sickle cell disease.
Blood. 2016;128(19):2367–9.

22. Wailoo K. Sickle Cell Disease — A History of Progress and Peril. N Engl J Med. 2017;376(9):805–7.

23. Billingham SAM, Whitehead AL, Julious SA. An audit of sample sizes for pilot and feasibility trials
being undertaken in the United Kingdom registered in the United Kingdom Clinical Research Network
database. BMC Medical Research Methodology. 2013;13(1):104.

24. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap)--a metadata-driven methodology and work�ow process for providing translational
research informatics support. J Biomed Inform. 2009;42(2):377–81.

25. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, McLeod L, Delacqua G, Delacqua F,
Kirby J, et al. The REDCap consortium: Building an international community of software platform
partners. J Biomed Inform. 2019;95:103208.

2�. Eckman JR, Hassell KL, Huggins W, Werner EM, Klings ES, Adams RJ, Panepinto JA, Hamilton CM.
Standard measures for sickle cell disease research: the PhenX Toolkit sickle cell disease collections.
Blood Adv. 2017;1(27):2703–11.

27. Hurria A, Mohile S, Gajra A, Klepin H, Muss H, Chapman A, Feng T, Smith D, Sun CL, De Glas N, et al.
Validation of a Prediction Tool for Chemotherapy Toxicity in Older Adults With Cancer. J Clin Oncol.
2016;34(20):2366–71.

2�. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, Lancaster GA. CONSORT
2010 statement: extension to randomised pilot and feasibility trials. Pilot Feasibility Stud. 2016;2:64.

29. Lancaster GA, Thabane L. Guidelines for reporting non-randomised pilot and feasibility studies. Pilot
Feasibility Stud. 2019;5(1):114.

30. Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test performance in community-dwelling
elderly people: Six-Minute Walk Test, Berg Balance Scale, Timed Up & Go Test, and gait speeds. Phys
Ther. 2002;82(2):128–37.

31. Fillenbaum GG, Smyer MA. The development, validity, and reliability of the OARS multidimensional
functional assessment questionnaire. J Gerontol. 1981;36(4):428–34.

32. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual
framework and item selection. Med Care. 1992;30(6):473–83.

33. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons living in the
community. N Engl J Med. 1988;319(26):1701–7.

34. de Jong MR, Van der Elst M, Hartholt KA. Drug-related falls in older patients: implicated drugs,
consequences, and possible prevention strategies. Ther Adv Drug Saf. 2013;4(4):147–54.

35. Karnofsky DABJ. The Clinical Evaluation of Chemotherapeutic Agents in Cancer. In: Evaluation of
Chemotherapeutic Agents. edn. New York: Columbia University Press; 1948. pp. 191–205.



Page 20/24

3�. Cesari M, Kritchevsky SB, Penninx BW, Nicklas BJ, Simonsick EM, Newman AB, Tylavsky FA, Brach
JS, Satter�eld S, Bauer DC, et al. Prognostic value of usual gait speed in well-functioning older
people–results from the Health, Aging and Body Composition Study. J Am Geriatr Soc.
2005;53(10):1675–80.

37. Liu MA, DuMontier C, Murillo A, Hshieh T, Bean JF, Soiffer RJ, Stone RM, Abel GA, Driver JA. Gait
speed, grip strength and clinical outcomes in older patients with hematologic malignancies. Blood.
2019:blood.2019000758.

3�. Enright PL, Sherrill DL. Reference equations for the six-minute walk in healthy adults. Am J Respir
Crit Care Med. 1998;158(5 Pt 1):1384–7.

39. Casanova C, Celli BR, Barria P, Casas A, Cote C, de Torres JP, Jardim J, Lopez MV, Marin JM, Montes
de Oca M, et al. The 6-min walk distance in healthy subjects: reference standards from seven
countries. Eur Respir J. 2011;37(1):150–6.

40. Demir R, Kucukoglu MS. Six-minute walk test in pulmonary arterial hypertension. Anatol J Cardiol.
2015;15(3):249–54.

41. Alvarado AM, Ward KM, Muntz DS, Thompson AA, Rodeghier M, Fernhall B, Liem RI. Heart rate
recovery is impaired after maximal exercise testing in children with sickle cell anemia. J Pediatr.
2015;166(2):389–93.e381.

42. Qiu S, Cai X, Sun Z, Li L, Zuegel M, Steinacker JM, Schumann U. Heart Rate Recovery and Risk of
Cardiovascular Events and All-Cause Mortality: A Meta-Analysis of Prospective Cohort Studies. J Am
Heart Assoc. 2017;6(5):e005505.

43. Jakobsen LH, Rask IK, Kondrup J. Validation of handgrip strength and endurance as a measure of
physical function and quality of life in healthy subjects and patients. Nutrition. 2010;26(5):542–50.

44. Desrosiers J, Bravo G, Hebert R, Dutil E. Normative data for grip strength of elderly men and women.
Am J Occup Ther. 1995;49(7):637–44.

45. Celis-Morales CA, Welsh P, Lyall DM, Steell L, Petermann F, Anderson J, Iliodromiti S, Sillars A,
Graham N, Mackay DF, et al. Associations of grip strength with cardiovascular, respiratory, and
cancer outcomes and all cause mortality: prospective cohort study of half a million UK Biobank
participants. BMJ. 2018;361:k1651.

4�. Rikli RE, Jones CJ. Development and validation of criterion-referenced clinically relevant �tness
standards for maintaining physical independence in later years. Gerontologist. 2013;53(2):255–67.

47. Millor N, Lecumberri P, Gómez M, Martínez-Ramírez A, Izquierdo M. An evaluation of the 30-s chair
stand test in older adults: frailty detection based on kinematic parameters from a single inertial unit.
J Neuroeng Rehabil. 2013;10:86–6.

4�. Tombaugh TN, Kozak J, Rees L. Normative data strati�ed by age and education for two measures of
verbal �uency: FAS and animal naming. Arch Clin Neuropsychol. 1999;14(2):167–77.

49. Kelly VE, Janke AA, Shumway-Cook A. Effects of instructed focus and task di�culty on concurrent
walking and cognitive task performance in healthy young adults. Exp Brain Res. 2010;207(1–2):65–
73.



Page 21/24

50. Plummer P, Eskes G. Measuring treatment effects on dual-task performance: a framework for
research and clinical practice. Front Hum Neurosci. 2015;9:225.

51. Verduzco LA, Nathan DG. Sickle cell disease and stroke. Blood. 2009;114(25):5117–25.

52. Steen RG, Emudianughe T, Hankins GM, Wynn LW, Wang WC, Xiong X, Helton KJ. Brain imaging
�ndings in pediatric patients with sickle cell disease. Radiology. 2003;228(1):216–25.

53. DeBaun MR, Schatz J, Siegel MJ, Koby M, Craft S, Resar L, Chu JY, Launius G, Dadash-Zadeh M, Lee
RB, et al. Cognitive screening examinations for silent cerebral infarcts in sickle cell disease.
Neurology. 1998;50(6):1678–82.

54. Fillenbaum GG, Pieper CF, Cohen HJ, Cornoni-Huntley JC, Guralnik JM. Comorbidity of �ve chronic
health conditions in elderly community residents: determinants and impact on mortality. J Gerontol A
Biol Sci Med Sci. 2000;55(2):M84–9.

55. Downes SM, Hambleton IR, Chuang EL, Lois N, Serjeant GR, Bird AC. Incidence and Natural History of
Proliferative Sickle Cell Retinopathy: Observations from a Cohort Study. Ophthalmology.
2005;112(11):1869–75.

5�. Desai P, Dejoie-Brewer M, Ballas SK. Deafness and sickle cell disease: three case reports and review
of the literature. J Clin Med Res. 2015;7(3):189–92.

57. Veit CT, Ware JE Jr. The structure of psychological distress and well-being in general populations. J
Consult Clin Psychol. 1983;51(5):730–42.

5�. Kelly MJ, Dunstan FD, Lloyd K, Fone DL. Evaluating cutpoints for the MHI-5 and MCS using the GHQ-
12: a comparison of �ve different methods. BMC Psychiatry. 2008;8:10.

59. Adam SS, Flahiff CM, Kamble S, Telen MJ, Reed SD, De Castro LM. Depression, quality of life, and
medical resource utilization in sickle cell disease. Blood Adv. 2017;1(23):1983–92.

�0. Hasan SP, Hashmi S, Alhassen M, Lawson W, Castro O. Depression in sickle cell disease. J Natl Med
Assoc. 2003;95(7):533–7.

�1. Schmidt WP, Roesler A, Kretzschmar K, Ladwig KH, Junker R, Berger K. Functional and cognitive
consequences of silent stroke discovered using brain magnetic resonance imaging in an elderly
population. J Am Geriatr Soc. 2004;52(7):1045–50.

�2. House JS, Landis KR, Umberson D. Social relationships and health. Science. 1988;241(4865):540–5.

�3. Reblin M, Uchino BN. Social and emotional support and its implication for health. Curr Opin
Psychiatry. 2008;21(2):201–5.

�4. Sherbourne CD, Stewart AL. The MOS social support survey. Soc Sci Med. 1991;32(6):705–14.

�5. Kvamme J-M, Holmen J, Wilsgaard T, Florholmen J, Midthjell K, Jacobsen BK. Body mass index and
mortality in elderly men and women: the Tromso and HUNT studies. J Epidemiol Community Health.
2012;66(7):611–7.

��. Newman AB, Yanez D, Harris T, Duxbury A, Enright PL, Fried LP. Weight change in old age and its
association with mortality. J Am Geriatr Soc. 2001;49(10):1309–18.



Page 22/24

�7. Chawla A, Sprinz PG, Welch J, Heeney M, Usmani N, Pashankar F, Kavanagh P. Weight status of
children with sickle cell disease. Pediatrics. 2013;131(4):e1168–73.

��. Ballas SK. The Sixth Vital Sign: Body Mass Index in Patients With Sickle Cell Disease. J Clin Med
Res. 2017;9(10):889–90.

�9. Katzman R, Brown T, Fuld P, Peck A, Schechter R, Schimmel H. Validation of a short Orientation-
Memory-Concentration Test of cognitive impairment. Am J Psychiatry. 1983;140(6):734–9.

70. O'Sullivan D, O'Regan NA, Timmons S. Validity and Reliability of the 6-Item Cognitive Impairment
Test for Screening Cognitive Impairment: A Review. Dementia Geriatric Cognitive Disorders.
2016;42(1–2):42–9.

71. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I, Cummings JL, Chertkow
H. The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. J
Am Geriatr Soc. 2005;53(4):695–9.

72. Rossetti HC, Lacritz LH, Hynan LS, Cullum CM, Van Wright A, Weiner MF. Montreal Cognitive
Assessment Performance among Community-Dwelling African Americans. Arch Clin Neuropsychol.
2017;32(2):238–44.

73. Sayegh P, Arentoft A, Thaler NS, Dean AC, Thames AD. Quality of education predicts performance on
the Wide Range Achievement Test-4th Edition Word Reading subtest. Arch Clin Neuropsychol.
2014;29(8):731–6.

74. Golchin N, Frank SH, Vince A, Isham L, Meropol SB. Polypharmacy in the elderly. J Res Pharm Pract.
2015;4(2):85–8.

75. Panel BtAGSBCUE: American Geriatrics Society. 2019 Updated AGS Beers Criteria® for Potentially
Inappropriate Medication Use in Older Adults. J Am Geriatr Soc. 2019;67(4):674–94.

7�. Ahlund K, Back M, Oberg B, Ekerstad N. Effects of comprehensive geriatric assessment on physical
�tness in an acute medical setting for frail elderly patients. Clin Interv Aging. 2017;12:1929–39.

77. Stuck AE, Siu AL, Wieland GD, Adams J, Rubenstein LZ. Comprehensive geriatric assessment: a
meta-analysis of controlled trials. Lancet. 1993;342(8878):1032–6.

7�. Ellis G, Whitehead MA, Robinson D, O’Neill D, Langhorne P. Comprehensive geriatric assessment for
older adults admitted to hospital: meta-analysis of randomised controlled trials. BMJ.
2011;343:d6553.

79. Kalsi T, Babic-Illman G, Ross PJ, Maisey NR, Hughes S, Fields P, Martin FC, Wang Y, Harari D. The
impact of comprehensive geriatric assessment interventions on tolerance to chemotherapy in older
people. Br J Cancer. 2015;112(9):1435–44.

�0. Mendes de Leon CF, Barnes LL, Bienias JL, Skarupski KA, Evans DA. Racial disparities in disability:
recent evidence from self-reported and performance-based disability measures in a population-based
study of older adults. J Gerontol B Psychol Sci Soc Sci. 2005;60(5):263–71.

�1. Mangione KK, Craik RL, McCormick AA, Blevins HL, White MB, Sullivan-Marx EM, Tomlinson JD.
Detectable Changes in Physical Performance Measures in Elderly African Americans. Phys Ther.
2010;90(6):921–7.



Page 23/24

�2. Almeida A, Roberts I. Bone involvement in sickle cell disease. Br J Haematol. 2005;129(4):482–90.

�3. Paneni F, Diaz Cañestro C, Libby P, Lüscher TF, Camici GG. The Aging Cardiovascular System.
Understanding It at the Cellular Clinical Levels. 2017;69(15):1952–67.

�4. Gladwin MT, Sachdev V. Cardiovascular Abnormalities in Sickle Cell Disease. J Am Coll Cardiol.
2012;59(13):1123–33.

�5. Brunson A, Keegan THM, Bang H, Mahajan A, Paulukonis S, Wun T. Increased risk of leukemia
among sickle cell disease patients in California. Blood. 2017;130(13):1597–9.

��. Oyedeji CI, Pieper C, Hall K, Morey M, Whitson H, Strouse JJ. Assessing Feasibility of a Focused
Geriatric Assessment in Older Adults with Sickle Cell Disease to Address Functional Risk Factors for
Morbidity and Mortality. Blood. 2019;134(Supplement_1):518–8.

�7. Scott AW. Ophthalmic Manifestations of Sickle Cell Disease. South Med J. 2016;109(9):542–8.

��. Maharani A, Dawes P, Nazroo J, Tampubolon G, Pendleton N. Visual and hearing impairments are
associated with cognitive decline in older people. Age Ageing. 2018;47(4):575–81.

�9. Jakob F, Seefried L, Schwab M. [Age and osteoporosis. Effects of aging on osteoporosis, the
diagnostics and therapy]. Internist (Berl). 2014;55(7):755–61.

90. Mallappallil M, Friedman EA, Delano BG, McFarlane SI, Salifu MO. Chronic kidney disease in the
elderly: evaluation and management. Clin Pract (Lond). 2014;11(5):525–35.

91. Reid MC, Eccleston C, Pillemer K. Management of chronic pain in older adults. BMJ (Clinical research
ed.). 2015;350:h532–2.

92. Dores GM, Devesa SS, Curtis RE, Linet MS, Morton LM. Acute leukemia incidence and patient survival
among children and adults in the United States, 2001–2007. Blood. 2012;119(1):34–43.

93. Byers AL, Yaffe K, Covinsky KE, Friedman MB, Bruce ML. High occurrence of mood and anxiety
disorders among older adults: The National Comorbidity Survey Replication. Arch Gen Psychiatry.
2010;67(5):489–96.

94. Naik RP, Streiff MB, Haywood C Jr, Nelson JA, Lanzkron S. Venous thromboembolism in adults with
sickle cell disease: a serious and under-recognized complication. Am J Med. 2013;126(5):443–9.

95. Tritschler T, Aujesky D. Venous thromboembolism in the elderly: A narrative review. Thromb Res.
2017;155:140–7.

9�. Zimmer Z, Rubin S. Life Expectancy With and Without Pain in the U.S. Elderly Population. The
Journals of Gerontology: Series A. 2016;71(9):1171–6.

97. Loeser RF. Age-related changes in the musculoskeletal system and the development of osteoarthritis.
Clin Geriatr Med. 2010;26(3):371–86.

9�. Pilleron S, Sarfati D, Janssen-Heijnen M, Vignat J, Ferlay J, Bray F, Soerjomataram I. Global cancer
incidence in older adults, 2012 and 2035: A population-based study. Int J Cancer. 2019;144(1):49–
58.

Figures



Page 24/24

Figure 1

Comparison of characteristics and complications of Sickle Cell Disease vs. Geriatrics Legend *Individuals
with SCD have a shorter life expectancy [3, 4], avascular necrosis of the bone [82], vaso-occlusive pain
crises [10, 83], , asplenic/splenectomy [10], increased pulmonary hypertension [84], leg ulcer [10], lower
risk of solid tumors [85], more likely to have younger children that are still dependents, and there are few
validated functional assessment tools for this population [86]. †Both geriatric populations and
individuals with SCD have functional decline/disability, cognitive impairment [19, 61], silent cerebral
ischemia [52, 61], vision loss [87, 88], hearing loss [11, 88], osteoporosis [82, 89], vitamin D de�ciency [82,
89], joint replacement [10], renal disease [10, 90], heart failure [83, 84], chronic pain [10, 91], a higher risk
of myeloid malignancies compared to the general population [85, 92], high rates of depression [59, 93],
and increased VTE risk [94, 95] ††Geriatric populations life expectancy 70-80 years [96], osteoarthritis
[97], institutionalization, polypharmacy [74], experience falls [33], coronary artery disease [83], increased
risk of solid tumor [98], have older children (non-dependents), multiple functional assessment tools [20]


