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Abstract
Background Sickle cell disease (SCD) is a complex genetic disorder that manifests in infancy and progresses throughout life in 
the form of acute and chronic complications. As the upfront costs of potentially curative, genetic therapies will likely be high, an 
assessment and comprehensive characterization of the medical and non-medical cost burden will inform future decision making.
Objective We sought to systematically summarize the existing literature surrounding SCD medical and non-medical costs.
Methods We searched MEDLINE and EMBASE (2008–2020) and identified US-based studies that detailed medical or 
non-medical costs. Eligible studies provided empirical estimates about any aspect of cost or SCD individuals of all ages 
and their caregivers. Study quality was assessed using the Newcastle–Ottawa Scale, and costs were adjusted to 2019 US$.
Results Search queries returned 479 studies, with 342 from medical burden searches and 137 from non-medical burden 
searches, respectively. Herein, we report the results of the 40 studies that contained relevant cost information: 39 detailed 
medical costs and 1 detailed non-medical costs. Costs were higher for SCD patients when compared with non-SCD individu-
als (cost difference range: $6636–$63,436 annually). The highest medical cost component for SCD patients was inpatient 
($11,978–$59,851 annually), followed by outpatient and then pharmacy. No studies characterized the cost burden throughout 
the lifetime disease trajectory of an SCD individual, and no studies captured caregiver or productivity costs.
Conclusion Our results reveal an incomplete characterization of medical and non-medical costs within SCD. A deeper under-
standing of the medical and non-medical cost burden requires completion of additional studies that capture the burden across 
the patient’s lifetime, in addition to expression of the impact of existing and emergent health technologies on disease trajectory.
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Key Points for Decision Makers 

This review highlights several gaps within the existing 
literature for both medical and non-medical costs. Medi-
cal costs should include a lifetime horizon and explore 
insurance type in greater detail. Non-medical cost literature 
is completely lacking outside of a caregiver burden proxy 
(lifetime income).

The available cost literature for sickle cell disease (SCD) 
is heterogenous in study design, data sources, popula-
tion, and analysis methods. These differences all contrib-
ute to difficulty in conducting meta-analyses for further 
synthesis beyond what we present.

Future US cost research should give more detailed atten-
tion to medical and non-medical costs to fairly evaluate 
new and existing health technologies for SCD patients, 
referring to the Second Panel on Cost Effectiveness in 
Health and Medicine to gain insight on important cost 
measurements necessary for value considerations.

http://orcid.org/0000-0001-9945-6099
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1 Introduction

Sickle cell disease (SCD) refers to a group of single-gene, 
autosomal recessive disorders characterized by the pres-
ence of at least one β-globin allele with a sickle mutation, 
and a second, pathogenic variant permissive for abnormal 
hemoglobin polymerization. Excessive polymerization leads 
to red blood cell (RBC) membrane changes and fragility, 
which trigger a complex array of pathophysiologic path-
ways, resulting in occlusion of the microvasculature, dys-
regulation of nitric oxide, and inflammation, all of which 
contribute to pain and progressive organ damage over the 
individual’s lifetime. As such, SCD is associated with sig-
nificant morbidity and an overall increased risk of mortality, 
as seen by up to 50% of individuals surviving past their fifth 
decade of life [1–3], translating to a reduced lifetime income 
of approximately $695,000 [4]. An estimated 100,000 indi-
viduals in the US are affected, with prevalence highest in 
African Americans [5].

Due to the progressive damage leading to both acute and 
chronic complications, individuals frequently visit acute 
and ambulatory healthcare settings to receive treatment, 
both of which contribute to the cost of care. Complications 
include acute events such as vaso-occlusive crises (VOC), 
infarctions, and acute chest syndrome. Similarly, chronic 
complications include cardiovascular disease, renal dis-
ease, neurodegenerative decline, and bone destruction. The 
armamentarium of treatment options is limited. Hydroxyu-
rea is recommended for all patients with the most severe 
forms and has proven efficacy for the reduction in VOC 
and hospitalizations, but the drug is underprescribed and 
often not taken regularly [6, 7]. Blood transfusions have 
also documented efficacy [8], however they can lead to 
alloimmunization and result in iron overload over time 
[9, 10]. Three new agents have recently received US FDA 
approval: l-glutamine, voxelotor, and crizanlizumab, 
although their optimal use is still being established [11]. 
As these agents impact different pathophysiologic path-
ways, they offer the potential for multidrug therapy. Cura-
tive therapies such as hematopoietic stem cell transplant 
(HSCT) are available, although graft-versus-host disease 
may pose a significant concern, depending on the genetic 
match between donor and recipient as well as the source of 
donor cells. Lastly, the efficacy and safety of genetic thera-
pies, aimed at modifying a patient’s own red cells so they 
are no longer sickle, are currently being investigated [12].

Taken together, ongoing vascular and organ damage, 
underutilization of hydroxyurea, and known adverse effects 
of effective therapies contribute to healthcare resource use 
(HCRU). HCRU increases are reflected by increases in 
economic burden, which we define as the combination of 
both medical and non-medical costs. Medical costs are 

those that originate in the formal healthcare sector as out-
lined by the Second Panel on Cost-Effectiveness in Health 
and Medicine, including areas such as drug, diagnostic, 
laboratory, and inpatient costs, to name a few [13]. Non-
medical costs are those that then occur outside of the for-
mal healthcare sector, including productivity, patient time, 
and education costs. One published systematic literature 
review captures the impact of SCD on health-related qual-
ity of life and HCRU [14]. This study reports on hospital 
length of stay, emergency department (ED) visits, rehospi-
talizations, and several other outcomes related to resource 
use; however, the authors do not extend resource use to a 
cost calculation and thus did not explicitly evaluate the 
economic burden. Given the recent expansion in treat-
ment options within the US and the emergence of gene 
therapies, the need arises to properly assess their value in 
terms of what healthcare spending can expect to gain in 
health outcomes; therefore, a comprehensive and up-to-
date summarization of medical and non-medical costs is 
warranted [15]. Our objective was to summarize the exist-
ing literature that describes both medical and non-medical 
costs associated with SCD, categorizing these costs into 
those that describe general burden, acute or chronic com-
plications, treatment, and treatment complications. We 
undertook this work as part of the National Heart Lung 
and Blood Institute Cure Sickle Cell Initiative. We are 
members of the Clinical and Economic Impact Analysis 
group (https:// cures ickle. org).

2  Methods

2.1  Search Methods and Sources

We conducted a systematic review and landscape analy-
sis following methods of the Cochrane Collaboration 
and the Agency for Healthcare Research and Quality 
(AHRQ) guides for systematic reviews, and adopted the 
population, intervention, comparator, outcomes, tim-
ing and setting/study design (PICOTS) framework to 
establish eligibility criteria (Appendix Table A1) [16, 
17]. The adopted PICOTS framework reflects delibera-
tions and decisions made over a 3-month period in late 
2019 by an expert panel that included molecular biolo-
gists, clinicians who care for patients with SCD, health 
economists, evidence synthesis scientists, librarians, 
and patients with SCD. These stakeholders represent 
academia, clinical practice, the federal government, 
and the SCD population. This framework was then exe-
cuted as multiple search strategies in the MEDLINE and 
EMBASE databases by an experienced health sciences 
librarian with expertise in evidence synthesis; see the 

https://curesickle.org
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electronic supplementary material for details on terms 
specifically related to the individual searches (Appen-
dix List A1). These searches were run again in October 
2020 to update the body of literature. Duplicates were 
removed and returned studies were screened for eligi-
bility. For those that met the inclusion criteria, relevant 
data were extracted and synthesized. The content of this 
report aligns with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) state-
ment for reporting of systematic reviews (see Appen-
dix C for PRISMA checklists) [18].

2.2  Eligibility Criteria

We included US-based, English-language articles pub-
lished in peer-reviewed journals from January 2008 to 
September 2020 and white papers from January 2018 to 
September 2020, reasoning that information provided 
in older white papers would not reflect current research 
findings. Eligible studies included those from the medi-
cal and non-medical cost searches that reported any 
costs related to SCD generally, acute or chronic compli-
cations, treatments, or treatment complications (Appen-
dix List A1). Studies that simulated costs due to SCD 
were outside the scope of this work because we sought 
to summarize empirical cost estimates for our synthesis. 
Costs could be either the primary or secondary outcome. 
Included treatments were standard care therapies such 
as hydroxyurea and RBC transfusion, curative therapies 
(HSCT) with all matching types (matched unrelated 
donor, matched sibling, human leukocyte antigen identi-
cal sibling, or allogeneic) under both myeloablative and 
non-myeloablative regimens, and newer disease-mod-
ifying therapies (l-glutamine, voxelotor, and crizanli-
zumab). Individuals with sickle cell trait were excluded 
from our analysis as their β-hemoglobin gene carries 
one allele for the sickled cell mutation and one nor-
mal allele; these individuals commonly do not express 
the symptoms of SCD [19] and therefore have different 
implications for resource use.

2.3  Study Selection

Records identified through the databases and in consulta-
tion with experts were merged into the systematic review 
software—Distiller SR™ (Evidence Partners, V2.30.6). 
After duplicates were removed, one reviewer (ZB for the 
medical search, BJ for the non-medical search) indepen-
dently screened the titles and abstracts of all the references, 

excluded those that did not meet the defined criteria, and 
assessed the full text of the remaining studies for eligibility.

2.4  Data Collection

One reviewer (ZB for the medical search, BJ for the non-
medical search) extracted the main characteristics of studies 
into  Microsoft® Excel (Microsoft Corporation, Redmond, 
WA, USA), including primary author, publication date, 
study design, sample size, population, age, data source, 
cost components (defined as inpatient, outpatient, pharmacy, 
ED, productivity, caregiver, patient time, and other), unit of 
analysis (per patient or per admission), cost year, adjusted 
and unadjusted dollar costs, and study-specific adjustment 
factors (such as age, sex, disease status, and medication use 
status). For studies that included figure-based costs without 
an accompanying table, WebPlotDigitizer© (automeris.io/
WebPlotDigitizer) was used. A second reviewer (EC) then 
randomly sampled 50% of the included texts and validated 
the data extracted. Discrepancies were resolved between 
reviewers, and a third reviewer arbitrated (BJ or BD), when 
necessary. Studies were separated into four groups based 
on the economic burden reported: burden between SCD 
and non-SCD patients; and, within SCD, the burden associ-
ated with acute or chronic complications, treatments, and 
treatment complications. We did not preferentially extract 
selected dollar amounts but rather we reported all costs 
reported in the studies.

2.5  Quality Assessment

One reviewer (ZB) assessed the quality of included stud-
ies using the Newcastle–Ottawa Scale (NOS), as it was the 
most applicable scale given that the study sample consisted 
solely of non-randomized studies [20]. The NOS is adapt-
able to cross-sectional, cohort, and case-control studies. 
Assessment dimensions fall into three categories: selection, 
comparability, and outcome. These three categories address 
factors that can lead to biased study results, which would 
in turn affect study quality. We then weighted the scores 
within each dimension and applied the AHRQ standards of 
good, fair, or poor for assessment of overall study quality. 
We report both NOS dimension-specific and AHRQ ratings, 
as converted. As costs were sometimes a secondary outcome 
within a study, study authors did not always adjust their esti-
mated costs by relevant covariates; we downrated these qual-
ity scores. A second reviewer (EC) quality-rated a random 
sample of 50% of the included articles. Discrepancies were 
resolved between reviewers and brought to a third reviewer 
(BJ or BD) to arbitrate, if necessary.
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2.6  Synthesis of Results

Medical cost results were sorted by unit of analysis, either 
per patient or per admission. Patient-related costs were annu-
alized when possible and adjusted to 2019 US$ using the 
Consumer Price Index (CPI) (https:// www. usinfl atio ncalc 
ulator. com/). The CPI was chosen for the adjustment index 
as our search sought non-medical costs in addition to medi-
cal costs, therefore purely adjusting off a medical-specific 
index would improperly adjust non-medical costs. Per 
admission costs were also adjusted for inflation, although 
these were not annualized as they represent a more transient 
economic burden to the healthcare system. Hospital charges 
were adjusted to reflect actual costs using a nationalized 
cost-to-charge ratio (CCR) of 0.37, which was derived from 
the 2017 Medicare Hospital Cost Report [21]. Due to high 
methodological heterogeneity among the included studies, 
it was not feasible to conduct a meta-analysis on costs from 
either a categorical or unit of analysis perspective; rather, we 
qualitatively synthesized the evidence by clinically meaning-
ful categories and present these as the ranges (minimums 
and maximums) of the costs reported, further breaking them 
down by unit of analysis (per patient and per admission). We 
present these ranges across studies and most often report 
mean costs, unless otherwise specified. Incremental costs 
represent the difference associated with specific compari-
sons within studies, as expressed by the different population 
arms. We collapsed the underutilizing population (defined 
as medication possession ratio < 80% [22, 23] or by lowest 
tertile [24]) with the population that did not use any medica-
tion, to better capture the impact of interventions on resource 
utilization under ideal circumstances. We made no adjust-
ments beyond those reported by the authors of individual 
studies. The first category for reported results is for studies 
that compare costs for patients with SCD versus those with-
out SCD. For studies comparing costs within SCD patients, 
we report costs across the four original categories, with one 
additional category: general disease burden, acute or chronic 
complications, treatments, and treatment complications, and 
payer type. The additional category of payer type was agreed 
upon based on clinical importance after discussion among 
the authors and expert panel. Detailed descriptions of the 
initial reported dollar amounts are included in the evidence 
tables in Appendix B.

3  Results

3.1  Study Demographics

In total, we retrieved 479 sources from the literature; 342 for 
medical costs and 137 for non-medical costs. For medical 
costs, after removal of duplicates, we screened 313 abstracts; 

a full-text assessment was conducted on 151 articles, and 39 
studies that met our inclusion criteria were evaluated. After 
removal of the 137 results returned from the non-medical 
cost search, we screened 108 abstracts and conducted a 
full-text assessment for 10 of these. One of these studies 
met our inclusion criteria and was included in our analysis. 
Herein, we report on the 40 studies (Fig. 1) [22–61]. The 
majority of studies (80%) were retrospective cohort studies 
[22–24, 26–29, 31–35, 37–44, 46–50, 53, 54, 56, 58–61], 
with a similar proportion of studies that explored patients 
of all ages (40%) [22, 23, 31, 32, 34, 35, 37, 38, 41, 43, 43, 
52, 58–61] and under 18 years of age (37%) [33, 36, 39, 
40, 44–46, 49–51, 53–55, 57]. Data sources were varied. 
Thirty percent of studies used information from Medicaid 
administrative claims data [22–24, 29, 31, 32, 35, 44, 47, 48, 
59, 61]. Data for 25% of the studies were sourced from the 
Healthcare Cost and Utilization (HCUP) databases hosted 
by the AHRQ [25–28, 34, 36–38, 40, 50]. The HCUP data-
bases provide the largest collection of longitudinal hospital 
care data in the US. Medical records [39, 51–53, 56, 57] 
and commercial claims databases [41–43, 47, 58, 60] each 
contributed data to 15% of the studies. Smaller proportions 
of studies were conducted using medical registries (7%) [30, 
54, 55], the Pediatric Health Information System (7%) [33, 
46, 55], and post hoc analysis of RCT data (5%) [45, 49].

There was an equal split in the pattern for reported 
units of analysis, with per patient (47%) [22–24, 29, 31, 
32, 35, 42, 43, 47–49, 54–56, 58–61] and per hospital 
admission (50%) [25–28, 30, 33, 34, 36–42, 44, 46, 50, 
51, 53, 57] as the most frequently reported units. Inpatient 
costs [22, 23, 25–43, 46–61] were the most frequently 
reported cost component, followed by outpatient [23, 24, 
31, 32, 35, 39, 42–44, 47, 48, 51, 54, 56, 58–61], phar-
macy [22–24, 31, 32, 35, 42, 43, 47, 48, 56, 58–61], and 
ED costs [22, 23, 29, 31, 35, 36, 43, 44, 47, 48, 59–61]. 
The remaining cost components seen were classified as 
other and consisted of home health [39, 60], hospice [48], 
laboratory [48, 56, 60], surgery [48], physician [22], 
chelation [60], transfusion [60], office [48, 60], and other 
[35, 48, 60]. Only one study captured the income differ-
ence between SCD households [45]. No studies reported 
on productivity or caregiver burden associated with SCD 
individuals (Table 1).

The number of studies that we rated as good (n = 21) 
or poor (n = 18) quality were similar, with the remaining 
study given a fair rating (Table 2, Appendix Table B5). 
The low ratings in all studies that were rated poor were 
driven by a low NOS score in the comparability domain 
due to a lack of rigorous statistical adjustment for con-
founders on the cost result reported (Appendix Table B5).

https://www.usinflationcalculator.com/
https://www.usinflationcalculator.com/
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3.2  Sickle Cell Disease (SCD) Versus Non‑SCD

Five studies compared costs for those with versus those 
without SCD (Table 3, Appendix Table B1). Inpatient costs 
were the major driver for total medical cost burden in both 
cohorts, with 84–96% of total costs for SCD due to inpa-
tient costs, compared with 81–84% for non-SCD (Appendix 
Table B1) [29]. Mean differences in general inpatient costs 
between SCD and non-SCD individuals ranged from $6636 
to $63,436 per patient annually (Table 3). With respect to 
specific admission procedures, SCD individuals experienced 
a higher economic burden than non-SCD individuals dur-
ing post-partum recovery [26], appendectomy, cholecys-
tectomy, and hysterectomy [27]. In a study that explored 

cholecystectomy, authors reported that during admission for 
either an elective or acute procedure, the incremental costs 
due to SCD were $406 and $6510, respectively [28]. There 
was no significant difference in mean admission costs for 
ischemic bowel disease, although the magnitude of inpa-
tient costs was $1072 greater for SCD individuals (Appendix 
Table B1) [25]. Cost differences for complications cited with 
high incidence in SCD populations (for example, stroke or 
acute kidney injury) were not explored in comparison with 
the general non-SCD population. No studies explored the 
differences in non-medical costs between SCD and non-SCD 
individuals.

Fig. 1  PRISMA flow diagram. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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3.3  SCD Burden

3.3.1  General SCD Burden

Eight studies explored costs within a general SCD set-
ting (Table 4, Appendix Table B2). The annual aggregate 
economic burden for SCD across all ages in the US was cited 
as $864 million for inpatient admissions [34], while aggre-
gate costs for SCD individuals under 18 years of age ranged 
from $164 million to $189 million (Appendix Table B2) [34, 
36]. Within the general SCD population, total annual costs 
per patient ranged from $14,012 to $80,842 [31, 35, 47, 
48]; inpatient costs were again frequently cited as the high-
est contributor to overall economic burden (Table 4). Per 
admission inpatient costs ranged from $5956 to $17,024 
[30, 33, 37, 48]. One study found that mental health, when 
categorized by Short Form-12 scores, was not associated 
with significant differences in admission costs [30].

For studies that captured the general economic burden of 
SCD, age over or under 18 years was a frequently noticed 
cut-point among reported costs when using three different 
units of analysis: per individual admission, aggregate admis-
sion, and per patient [31, 33–35]. Across those three units 
of analysis, individuals over 18 years of age incurred higher 
costs. Inpatient costs led for both age groups, followed by 
pharmacy and outpatient costs. Cumulative estimates of 
lifetime healthcare costs for a 45-year-old with SCD were 
$1.2 million undiscounted and $602,000 when discounted 
3% annually [35]. Age-specific annual contributions to this 
total rose after 18 years of age and peaked at approximately 
30–39 years of age [34, 35]. The magnitude of medical cost 
burden was greater for patients ensured by Medicaid when 
compared with those insured by Medicare or commercial 
plans [47]. No studies explored non-medical costs in the 
general SCD population.

Table 1  Study demographics

Data are expressed as n (%) unless otherwise specified
HCUP Healthcare and Cost Utilization Project, PHIS Pediatric 
Health Information System, RCT  randomized controlled trial
a The sum of data sources is higher than the total study count because 
some studies merged more than one database together
b Studies could capture more than one cost component
c Other cost components included home health, behavioral health, 
indirect, long-term care, hospice, laboratory, surgery, physician, med-
ication, chelation, transfusion, office, and other

Total N = 40 studies (100%)
Publication date, years (range) 2008–2020
Fiscal years, years (range) 2003–2018
Study design
 Retrospective cohort
 Case-series
 Cross-sectional
 Case–control

32 (80)
4 (10)
3 (7)
1 (2)

Population age
 All ages
 < 18 years
 ≥ 18 years

16 (40)
15 (37)
9 (22)

 Data  sourcea

 Medicaid administrative claims
 HCUP database
 Medical records
 Commercial claims
 PHIS
 Medical registry (single or multicenter)
 RCT post hoc analysis

12 (30)
10 (25)
6 (15)
6 (15)
3 (7)
3 (7)
2 (5)

Unit of analysis
 Admission
 Patient
 Income

20 (50)
19 (47)
1 (2)

Cost  componentsb

 Inpatient
 Outpatient
 Pharmacy
 Emergency department
 Income
  Otherc

38 (95)
17 (42)
14 (35)
10 (25)
1 (2.5)
17 (45)

Table 2  Newcastle–Ottawa Scale quality assessment

SCD sickle cell disease

Quality rating study counts

Good Fair Poor

SCD vs. non-SCD (n = 5) 3 0 2
SCD burden
 General (n = 8) 3 1 4
 Complications (n = 11) 5 0 6

SCD burden of treatment (n = 12) 6 0 6
SCD burden of transfusion complica-

tions (n = 4)
4 0 0

Table 3  Incremental medical cost differences between SCD and non-
SCD individuals

All costs were adjusted to 2019 US$ using the Consumer Price Index. 
For additional details and study-specific adjustments, see Appendix 
Table B1
ED emergency department, SCD sickle cell disease
a Incremental costs reflect the mean differences within each study

Cost component Per patient  annuala Per  admissiona

Minimum Maximum Minimum Maximum

Inpatient [25, 28, 
29]

$6636 [29] $63,436 [29] $406 [28] $6510 [28]

ED [29] $284 $724 –
Home health 

[29]
$441 $1360 –
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3.3.2  SCD Burden Associated with Acute or Chronic 
Complications

Eleven studies assessed the cost burden of either acute or 
chronic complications within SCD and compared those 
who experienced each with those who did not (Table 5, 
Appendix Table B2). The impact associated with specific 
complications varied widely over organ system involved 
(Table 5). Medical costs for acute complications ranged 
from $2616 [44] to $93,868 [42], represented by depres-
sion- and stroke-related admissions, respectively. Stroke 
cost estimates are reported with a wide range, between 
$56,316 [43] and $93,868 [42] per admission. Myocardial 
infarction admission costs were slightly lower than stroke, 
at $53,458 per visit [42]. VOC was the most frequently 
reported complication, with estimates ranging between 
$5335 [48] and $13,944 [39] per admission. Chronic 
complication costs ranged from $4398 [42] to $230,066 
[43] per year, representing fatigue and stroke-year burden, 
respectively. Chronic VOC-related complication costs per 
patient were subject to variability as they ranged widely 
from $4609 [48] to $45,155 [47] annually per patient, due 
to cited higher frequencies in some individuals, which 
lead to increased hospital visits and healthcare utiliza-
tion. Other complications were infrequently represented, 
many with one or two studies that met the inclusion crite-
ria. Numerous complications expressed in our predefined 

Table 4  General medical 
economic impact within SCD

All costs were adjusted to 2019 US$ using the Consumer Price Index. For additional details and study-
specific adjustments, see Appendix Table B2
ED emergency department, SCD sickle cell disease
a Mean costs

Cost component Per patient  annuala Per  admissiona

Minimum Maximum Minimum Maximum

Total [31, 35, 47, 48] $14,012 [35] $80,842 [31]
 Under 18 years of age $14,012 [35] $45,092 [31]
 Over 18 years of age $28,223 [47] $80,842 [31]

Inpatient [30, 31, 33, 37, 48] $11,978 [31] $59,851 [31] $5666 [33] $17,024 [37]
 Under 18 years of age $11,978 [31] $34,479 [31] $5666 [33] –
 Over 18 years of age $19,244 [48] $59,851 [31] $6246 [33] $12,588 [30]

Outpatient [31, 48] $2392 [31] $7611 [31]
 Under 18 years of age $2392 [31] $5660 [31]
 Over 18 years of age $4291 [31] $7562 [48]

Pharmacy [31, 48] $1548 [31] $7654 [31]
 Under 18 years of age $1548 [31] $4601 [31]
 Over 18 years of age $4278 [48] $7654 [31]

ED [31, 48] $164 [31] $3053 [31]
 Under 18 years of age $164 [31] $896 [31]
 Over 18 years of age $399 [31] $3053 [31]

Table 5  Incremental costs associated with acute and chronic compli-
cations (with vs. without)

All costs were adjusted to 2019 US$ using the Consumer Price Index. 
For additional details and study-specific adjustments, see Appendix 
Table B2
PPPY per patient per year

Cost difference

Minimum Maximum

Acute (per admission)
 Stroke [42, 43]
 Myocardial infarction [42]
 Acute chest syndrome [42]
 Vaso-occlusive crisis [38, 39, 42, 48]
 Acute kidney injury [42]
 Depression [44]

$56,316 [43]
$53,458
$26,299
$5335 [48]
$8205
$2616

$93,868 [42]
–
–
$13,944 [39]
–
–

Chronic (PPPY)
 Stroke year [43]
 End-stage renal disease [43]
 Pulmonary hypertension [42, 43]
 Chronic kidney disease [43]
 Post stroke year [42, 43]
 Vaso-occlusive crisis [47, 48]
 Heart failure [42]
 Nephrotoxicity [42]
 Opioid dependence [42]
 Neurocognitive impairment [42]
 Fatigue [42]

$230,066
$152,033
$19,343 [42]
$77,019
$9807 [42]
$4609 [48]
$32,505
$20,708
$17,345
$11,687
$4398

–
–
$89,930 [43]
–
$68,772 [43]
$45,155 [47]
–
–
–
–
–
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PICOTS framework, and on which we searched, were 
entirely absent from the literature (Appendix B). One 
study found that the household income for SCD fami-
lies with a patient with silent cerebral infarct history was 
$41,469, compared with $54,036 without silent cerebral 
infarcts; this was the only empirical estimate on a proxy 
outcome for caregiver burden and was also the only esti-
mate found related to non-medical costs in our search [45].

3.4  SCD Burden Associated with Treatments

Twelve studies assessed the medical economic burden asso-
ciated with SCD treatments (Table 6, Appendix Table B3). 
Long-term treatment of SCD can decrease total medical 
costs, with the magnitude of decrease varying across the 
treatment options (Table 6). The results of the studies sug-
gested that hydroxyurea may decrease medical costs by up 
to $41,000 annually [24] in patients who are adherent to 
therapy [22–24, 49]. The magnitude of this cost savings was 
greatest with inpatient costs, although some the savings were 
reduced by costs incurred in the outpatient and pharmacy 
settings due to necessary patient monitoring and medication 
resource use [22, 23]. Still, the body of literature suggested 

that any expected costs from hydroxyurea utilization and 
monitoring were offset by the savings in emergency and 
acute healthcare utilization. Under a therapeutic program ini-
tiation in a small cohort, chronic transfusion (once monthly) 
recipients experienced decreased costs of $25,470 during 
the year of treatment compared with hydroxyurea alone, 
although these patients did not receive concurrent chelation 
therapy [51]. This savings was suggested to also arise from 
decreased inpatient costs. HSCT can lead to decreased medi-
cal costs in the years following treatment, although long-
term data on this treatment are lacking [54–56]. One study 
reported costs that were unable to be annualized due to the 
unit of analysis chosen [55]. Initial procedure year costs 
ranged from $135,568 to $785,299, driven by different char-
acteristics in procedure protocol for conditioning regimens 
(myeloablative vs. non-myeloablative), cell donor source 
(bone marrow vs. umbilical cord blood), and extent of the 
haplotype match (haploidentical vs. sibling vs. unrelated). 
None of the studies that met the inclusion criteria captured 
economic burden surrounding L-glutamine, crizanlizumab, 
and voxelotor. No studies explored the impacts that treat-
ment would have on non-medical costs.

3.4.1  SCD Burden Associated with Treatment 
Complications

Iron overload treatment was the only treatment complica-
tion with economic data, although several other treatment 
complications were included in our initial search queries 
for hydroxyurea and HSCT (Appendix Table A1). Four 
studies assessed total medical costs when using iron chela-
tion therapy (ICT) and reported conflicting results (Table 7, 

Table 6  Incremental costs associated with  treatmenta

Costs reflect the differences with treatment as the baseline (with 
treatment minus without treatment). No treatment category includes 
studies that reported results stratified by adherence, and included the 
non-adherent category, defined as MPR <80% or lowest tertile [43]. 
[43–46] Cost savings due to hydroxyurea versus no hydroxyurea. [48] 
Cost savings due to transfusion plus hydroxyurea versus hydroxyurea 
alone. [51, 52] Cost savings pre- versus post-HSCT. [53] Cost savings 
HSCT versus no HSCT. All costs were adjusted to 2019 US$ using 
the Consumer Price Index. For additional details and study-specific 
adjustments, see Appendix Table B3
ED emergency department, HSCT hematopoietic stem cell transplant, 
MPR medication possession ratio
a Treatment category includes studies that reported results stratified 
by adherence, and included the adherent category, defined as MPR 
≥80% or highest tertile [43]

Annual cost difference

Least Greatest

Hydroxyurea (mean)
 Total [22–24, 49]
 Inpatient [22, 23, 49]
 Outpatient [22, 23, 49]
 Pharmacy [22, 23]
 ED [22, 23]

− $2343 [49]
− $2867 [23]
− $60 [23]
$194 [22]
− $59 [23]

− $41,000 [24]
− $6277 [22]
$3098 [22]
$325 [23]
− $722 [22]

Transfusion (mean)
 Total [51] − $25,470 –

HSCT (median)
 Total [54, 56]
 Inpatient [54, 55]
 Outpatient [54]

− $20,833 [56]
− $8033 [54]
$512

− $37,801 [56]
− $25,575 [55]
− $6504

Table 7  Incremental costs associated with treatment  complicationsa

Costs reflect the differences with treatment as the baseline (with 
minus without). All costs were adjusted to 2019 US$ using the Con-
sumer Price Index. For additional details and study-specific adjust-
ments, see Appendix Table B4
ED emergency department, MPR medication possession ratio
a Treatment category includes studies that reported results stratified 
by adherence and included the adherent category, defined as MPR 
≥ 80%
No treatment category includes studies that reported results strati-
fied by adherence and included the non-adherent category, defined as 
MPR < 80%

Cost difference

Least Greatest

Total [58, 59, 61] − $4688 [61] $21,723 [58]
Inpatient [58, 59, 61] $3982 [58] − $26,720 [61]
Outpatient [58, 59, 61] $1212 [61] − $1716 [58]
Medication [58, 59] $10,463 [59] $19,833 [61]
ED [58, 61] − $158 [61] − $1289 [59]
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Appendix Table B4) [58–61]. Total incremental costs asso-
ciated with ICT for prophylactic treatment of transfusion 
complications ranged from − $4688 to $21,723. These stud-
ies suggested that ICT results in higher medication costs, 
with the possible benefit of reduced costs in the inpatient or 
outpatient settings [58–61]. No studies explored how treat-
ment complications may impact non-medical costs.

3.5  SCD Burden Associated with Insurance Type

Only one study directly characterized the influence that 
payer types (Medicaid, Medicare, and commercial) can 
have on the economic costs incurred due to SCD. Shah et al. 
reported that individuals on Medicaid incurred the highest 
average total costs per year, followed by Medicare and then 
commercial insurance ($42,843, $39,339, and $28,223, 
respectively) [47]. When these costs were stratified based 
on the annual VOC rate (0, 1, or 2), commercial patients 
had higher outpatient costs than both Medicaid and Medi-
care patients, while also generally having lower inpatient 
costs (Appendix Table B2). Indirect comparisons on the 
impact of payer type across the body of literature were only 
made within the category for SCD burden associated with 
ICT (Sect. 4.5), as comparisons across the other aforemen-
tioned groups (Sects. 4.2, 4.3, 4.4) were unreasonable due 
to vastly different study designs and objectives. Within the 
SCD burden associated with ICT, meaningful differences 
for total, pharmacy, and ED-related medical costs were not 
seen between Medicaid and private payers (Table 8). Med-
icaid inpatient costs trended higher than private payer costs 
($20,705 [59] to $49,510 [58] vs. $3696 to $25,516 [60], 

respectively). Outpatient costs were also higher for the Med-
icaid population over the private population.

4  Discussion

This systematic review captured costs from studies that used 
varying study designs, data sources, populations, and time 
horizons. All of these factors can contribute to confounding, 
and thus the body of literature we characterized is heteroge-
neous, which may explain some of the wide ranges for cost 
estimates captured. Nonetheless, the results indicated that 
total annual medical costs for SCD individuals are consider-
ably higher than in the general non-SCD population, with 
inpatient costs as the largest contribution to total costs when 
compared with other treatment settings. The magnitude of 
the difference in medical costs between SCD and non-SCD 
individuals varied widely dependent on the reason for admis-
sion, and are subject to limited generalizability with few esti-
mates available to compare. Many complications frequently 
seen in SCD, such as stroke, myocardial infarction, and end-
stage renal disease, were not characterized from the results 
of our search comparing these two populations. Among stud-
ies focused within the SCD population, total medical costs 
ranged widely from $21,819 to $80,843 per patient per year, 
with the magnitude of this variance reportedly driven by the 
age of the individual, i.e. either less than or greater than 18 
years of age. Although collected evidence suggested that 
costs peak later in life, other studies on healthcare utilization 
pointed toward the highest use of medical services right after 
the transition of care (18 years of age) [62, 63], therefore 
further exploration is needed to clarify this distinction. Simi-
larly, cost research that highlighted the relationship between 
mental illness and SCD’s economic burden suggest there 
is no association, yet this is in contrast to work performed 
previously that had shown significant uptake in HCRU for 
those with mental illness [64]. Results from studies on acute 
and chronic complications associated with SCD suggest that 
the extent of their impact varied widely dependent on the 
organ system involved; from fatigue ($4398) [41] to stroke 
($230,066) [42] per patient per year. The quality ratings for 
literature surrounding complications were equally mixed 
between good and poor, and represent significant room to 
conduct studies that will improve how we understand these 
cost burdens. Studies that detailed treatments in SCD sug-
gest that they may be cost-saving; however, these options 
need further exploration for a better understanding of their 
impact to economic burden. The economic consequences for 
complications from treatment with hydroxyurea have not yet 
been explored, and chronic transfusion therapy eventually 
requires iron-chelation therapy, for which there was con-
flicting evidence surrounding its overall impact on medical 
costs. HSCT is a promising option, with a significant cost 

Table 8  Sickle cell disease burden associated with insurance type

All costs were adjusted to 2019 US$ using the Consumer Price Index

Mean annual cost per patient

Least Greatest

Total
 Medicaid [58, 59, 61] $55,869 [59] $91,900 [58]
 Private [60] $59,508 $93,735

Inpatient
 Medicaid [58, 59, 61] $20,705 [59] $49,510 [58]
 Private [60] $3696 $25,516

Outpatient
 Medicaid [58, 59, 61] $6589 [59] $17,164 [58]
 Private [60] $2651 $3619

Pharmacy
 Medicaid [58, 59, 61] $5412 [59] $51,031 [61]
 Private [60] $26,190 $33,422

Emergency Department
 Medicaid [58, 59, 61] $237 [61] $1974 [59]
 Private [60] $225 $1929
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reduction reported in the short-term [54–57]. However, these 
data contained no information beyond 2 years of receiving 
HSCT and represent a significant unknown for the future 
of HSCT and whether its promise for efficacy and safety 
is sustained. HCRU reduction in SCD may be achieved 
through healthcare system innovation [65], although formal 
cost analyses that evaluate the impact of those innovations 
are unavailable.

There exist substantial methodological differences in 
terms of study population, objectives, and analysis methods, 
making it difficult to conduct any meaningful meta-analysis 
across this body of literature. All medical costs are reported 
from a payer or institutional perspective, therefore there is 
no representation of the out-of-pocket costs or additional 
costs that patients experience as a result of the impact of 
SCD on their lives (e.g. ability to work). Many studies that 
evaluate treatment-specific interventions do not capture the 
impact on cost from specific complications. Across all SCD 
cost categories discussed (non-SCD vs. SCD, general SCD, 
complications, treatments, treatment complications, payer 
type), their respective impacts are largely explored within 
more common medical cost components such as inpatient, 
outpatient, pharmacy, and ED care. Thus, representation 
of SCD’s relative impact on economic costs outside of the 
formal healthcare sector is lacking for well-documented 
non-medical cost burdens of interest, such as patient [66] 
and caregiver time [67], transportation [66], productivity 
[68], education [69], and supportive/social services [70]. 
Therefore, the available economic estimates within SCD are 
incomplete and are not generalizable, as there exists signifi-
cant gaps in the available medical cost literature as well as a 
lack of non-medical cost information. Thus, we endorse that 
future research describing costs in SCD should follow the 
Second Panel’s recommendations for capturing and catego-
rizing costs [13], which are listed as (1) changes in HCRU; 
(2) changes in non-HCRU; (3) changes in use of caregiver 
time; (4) changes in use of patient time; and (5) productivity 
gains due to changes in health status.

Our review has several strengths, primarily being that it is 
the first of its kind within SCD to systematically summarize 
and evaluate the literature surrounding SCD costs within 
the US. We provide a comprehensive synthesis of medical 
costs in this systematic review and are able to highlight the 
relevant gaps in the literature surrounding informal aspects 
of healthcare. Future work should focus on the capture of 
non-medical costs, especially productivity and patient time 
impacts, to enhance how we understand SCD’s societal bur-
den. A potential way to capture both medical and non-med-
ical costs of SCD would be a national surveillance system 
that follows the individual throughout their lifetime, which 
would enable longitudinal explorations on their disease bur-
den. Lastly, this work is part of a larger effort championed by 
National Heart, Lung, and Blood Institute (NHLBI) to bring 

greater attention to SCD [71], which we support through 
landscape characterization on the economic burden of SCD 
[72].

Our study also has limitations. The primary objective 
of this review was to assess cost data. If a study did not 
carry out a statistical adjustment on dollar costs reported, 
we assessed that evidence as lower quality; therefore, 
aggregate quality assessment may not reflect true study 
quality, but rather applicability to our research aims. A sec-
ond limitation is that adjusted and unadjusted source costs 
were pooled together and thus may contribute to the poten-
tial for imprecise ranges of estimates. Adjusted costs with 
statistical methods to control for confounders are the gold 
standard for cost estimates, although if we restricted our 
analysis to only include adjusted costs we would have had 
much less data to explore. Methods for the collection of 
information on individuals living with SCD in large datasets 
has well-documented challenges with respect to sensitivity 
and specificity [73]. Furthermore, we did not appraise the 
included studies on their SCD sampling method, and thus 
this may add more uncertainty around the range of estimates 
reported on. Lastly, when we conducted the synthesis for 
excess costs associated with treatment use, we collapsed 
underutilizing patients and those with no medication use, 
which could underestimate the cost difference that should 
be seen. This underestimation would arise if patients with 
imperfect adherence could still derive some modest clini-
cal benefit, and therefore experience lower medical costs. 
Overall, interpretation of the costs synthesized in this report 
should occur alongside appreciation of methodological het-
erogeneity among the studies included.

Future directions around cost literature generation in SCD 
should be devoted to several things: medical and non-med-
ical costs with layering comorbidities, complications, and 
treatment effects; longitudinal age-related burden and payer 
status on all costs; long-term cost data on curative therapies; 
and exploration in aspects outside of direct medical care. 
With these facets of economic burden explored in greater 
detail, the value of future medical technologies can be better 
characterized from both a healthcare sector and a societal 
perspective. A better understanding of the value a treatment 
can provide will enable healthcare decision makers to bet-
ter allocate resources to individuals significantly impacted 
by this disease, optimize their therapy, and improve patient 
and caregiver quality of life. Finally, with greater societal 
consideration of SCD’s economic burden, policy develop-
ment will be more informed moving forward and will drive 
progress toward better health equity for this seriously bur-
dened population.
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5  Conclusion

Although the studies summarized in this review partially 
characterize the economic toll SCD exerts on healthcare 
resources, gaps in the evidence remain. The literature sug-
gests that inpatient costs contribute the greatest to overall 
medical costs, followed by outpatient and emergency costs; 
these medical costs vary substantially among acute and 
chronic complications. Little evidence exists to describe 
non-medical costs such as productivity and caregiver bur-
den. Additional cost characterizations by payer type and age 
of the individual will help to increase understanding of the 
burden of SCD on individuals, healthcare systems, and soci-
ety. To fairly estimate the value of emerging therapies, better 
estimates will be needed for both medical and non-medical 
cost dimensions to comprehensively capture costs across the 
lifetime disease trajectory, as some treatment impacts are not 
fully captured in the current body of literature.
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