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Abstract

Background

Despite ~90% of sickle cell disease (SCD) occurring in low-and middle-income countries
(LMICs), the vast majority of people are not receiving evidence-based interventions (EBIs)
to reduce SCD-related adverse outcomes and mortality, and data on implementation
research outcomes (IROs) and SCD is limited. This study aims to synthesize available data
on EBIs for SCD and assess IROs.

Methods

We conducted a systematic review of RCTs reporting on EBIs for SCD management imple-
mented in LMICs. We identified articles from PubMed/Medline, Global Health, PubMed
Central, Embase, Web of Science medical subject heading (MeSH and Emtree) and key-
words, published from inception through February 23, 2020, and conducted an updated
search through December 24, 2020. We provide intervention characteristics for each study,
EBI impact on SCD, and evidence of reporting on IROs.

Main results

29 RCTs were analyzed. EBIs identified included disease modifying agents, supportive care
agents/analgesics, anti-malarials, systemic treatments, patient/ provider education, and
nutritional supplements. Studies using disease modifying agents, nutritional supplements,
and anti-malarials reported improvements in pain crisis, hospitalization, children’s growth
and reduction in severity and prevalence of malaria. Two studies reported on the
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sustainability of supplementary arginine, citrulline, and daily chloroquine and hydroxyurea
for SCD patients. Only 13 studies (44.8%) provided descriptions that captured at least three
of the eight IROs. There was limited reporting of acceptability, feasibility, fidelity, cost and
sustainability.

Conclusion

EBls are effective for SCD management in LMICs; however, measurement of IROs is
scarce. Future research should focus on penetration of EBIs to inform evidence-based prac-
tice and sustainability in the context of LMICs.

Clinical trial registration
This review is registered in PROSPERO #CRD42020167289.

Introduction

Sickle cell disease (SCD), a progressively debilitating and chronic multi-organ genetic blood
disorder characterized by anemia, severe pain and other vasoocclusive complications, and
early mortality significantly impacts populations in low-and middle-income countries
(LMICs). Globally, over 300,000 individuals are affected with SCD, with an estimated 90%
occurring in LMICs [1]. Findings from a recent systematic review assessing SCD incidence
and mortality globally suggest that Sub-Saharan Africa (SSA) bears the greatest mortality bur-
den [1]. SCD contributes to 30-50% incidence of disability and unemployment, and is the
leading cause of stroke in children and adolescents [2]. Comprehensive clinical care programs
have reduced premature childhood deaths related to SCD by 70% in the United States of
America (USA) [3]. In sharp contrast, it is estimated that 50-90% of children with SCD born
in SSA die before the age of 5 [4, 5].

Despite the documented burden of SCD and proven therapies [1, 6, 7], the vast majority of
people in LMICs are not receiving evidence-based health care (e.g., newborn screening, health
education, prophylaxis for infection, optimal nutrition and hydration, blood transfusions,
transcranial Doppler (TCD) screening, and hydroxyurea therapy), to reduce SC related
adverse effects (i.e., reductions in pain crisis, acute chest syndrome, and hospitalizations) and
mortality [7-10]. Effectiveness studies have documented patient, provider, and system level
barriers including unavailability and unaffordable therapies and associated laboratory moni-
toring. Further, lack of provider knowledge and training, patient health belief, cost of therapy,
patients or caregivers fears of side effects, providers” uncertainty about safety of existing thera-
pies, and regional differences in treatment guidelines are significant barriers to the use of evi-
dence-based intervention (EBI). EBI is defined as treatments or interventions that have been
shown to be effective through outcome evaluations such as randomized controlled trials
(RCTs) or other rigorous methods, to address SCD in LMICs [11-18].

Our group has advocated for the utilization of implementation research to evaluate the
delivery of these EBI for SCD in LMICs. Implementation research outcomes are “the effects of
deliberate and purposive actions to implement new treatments, practices, and services” and
have been described by Proctor and colleagues to include; acceptability, adoption, appropriate-
ness, costs, feasibility, fidelity, penetration, and sustainability [19, 20]. Implementation research
outcomes, outline how methods to promote the systematic uptake of research findings and
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other evidence-based practice into routine practice are assessed [21], and has the potential to
identify the factors, processes, and methods that can successfully embed EBIs for SCD into pol-
icy and clinical practice [22]. Implementation outcome measures [20] are not well defined in
the existing literature for SCD interventions in low-resource settings. Moreover, within the
field of SCD research, an implementation research lens has yet to be applied to the delivery
and evaluation of these interventions in LMICs in comparison to HICs [23, 24].

The objective of this study was to synthesize data for available EBI therapies implemented
in LMICs for SCD management and identify whether implementation research outcomes
were reported in published RCTs. A comprehensive understanding of uptake of effective SCD
management therapies and resultant patient and implementation research outcomes will
inform the complexities in treatment within underserved and vulnerable populations in
LMIC:s. Evidence from this review will highlight the degree to which EBIs for SCD manage-
ment are effective at reducing adverse outcomes in LMIC context, and the use and monitoring
of implementation outcomes (e.g. adoption, etc.) to inform evidence-based practice in these
settings.

Methods

The review protocol is published in PROSPERO-(#CRD42020167289), Available from:
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020167289

Search strategy

We developed a comprehensive search strategy to identify published trials that met predefined
inclusion criteria using the standard Cochrane Collaboration systematic review technique [25]
and the Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) [26]
and the World Bank criteria [27] were used to define LMICs. The following databases were
searched: PubMed/Medline, Global Health, PubMed Central, Embase, Web of Science, Scien-
tific Electronic Library Online (SCIELO), UNdata Online Library, Wiley Cochrane Library,
and World DataBank. We searched grey literature in Google Scholar, ResearchGate, the New
York Academy of Medicine (New York AM) Grey Literature database, and references of
recently published systematic reviews on integrated chronic disease care. The article search
was conducted on February 23, 2020 and was updated December 24, 2020. The full search
strategy is provided in Appendix A (S1 File).

Inclusion and exclusion criteria

Studies were included if they met the following inclusion criteria: 1) were published RCT's
implemented in LMICs, 2) reported on various EBIs therapies for managing SCD within
LMICs, and 3) were published in English. No limitation was placed on publication year and
non-randomized studies, protocols, commentaries, and reviews (systematic, narrative, scop-
ing, etc.) were excluded.

Data extraction

All citations were downloaded to Covidence for title and abstract screening. Titles and
abstracts of all articles were independently screened and rated by at least two reviewers to
determine if they met the inclusion criteria. Discrepancies regarding eligibility of studies were
resolved by discussion between raters. We then conducted full-text article review and extracted
relevant information. Specifically, the following study characteristics were retrieved and
coded: intervention type, duration, intervention setting, country, sample size, EBI therapies
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(e.g., disease modifying agents, supportive care agents analgesics, antibiotics, pertinent vaccines
systemic treatments, iron chelators, patient/carer/population education and nutritional supple-
ments including folate supplementation) recommended by the USA National Heart, Lung,
Blood Institute [28] and World Health Organization (WHO) SCD management guidelines
[29, 30] and statements inferring each implementation outcome as recommended by Proctor
[20] were retrieved. We applied the definition of each implementation outcome to identify rel-
evant information from the eligible articles. Reviewers used a standardized Google Form to
extract relevant study data to address the research questions. Discrepancies were resolved by
consensus or by additional reviewers. Data were imported to Excel and analyzed with SPSS sta-
tistical software version 27.

Quality assessment

Risk of bias and quality of studies were assessed using the Cochrane Handbook for Systematic
Review of Interventions, Version 5.1.0 [25] and the Cochrane risk-of-bias tool. Biases assessed
included random sequence generation (selection bias), allocation concealment (selection bias),
blinding of participants and personnel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition bias), and selective reporting (reporting
bias). Quality of all trials was categorized as low/high/unclear risk of bias for each item men-
tioned above individually. Low risk of bias indicated that the item was well described and
accounted for in the study; high risk of bias indicated the item was not sufficiently described in
the study; and unclear risk of bias indicated that there was no information provided in the arti-
cle to enable determination of the specific item of bias. All data were analyzed in Review Man-
ager (RevMan 5.3).

Results

We retrieved 2085 articles and screened 2066 articles, after removing duplicates. Full-text
review was conducted for 247 articles that initially met the inclusion criteria: study location in
LMICs, reported on a therapy for SCD management, and published in English (Fig 1). After
further review, we excluded 217 articles for the following reasons: articles reported on non-
randomized controlled trial studies, studies that were not conducted in a LMIC, studies that
did not report on an evidence-based SCD intervention, articles reporting on study protocols
without reporting any trial results, articles reporting on systematic reviews, studies not pub-
lished in English, and articles reporting only study abstracts whose full-text versions could not
be located. Only 29 RCT's were included in this systematic review. The characteristics of the
studies included are provided in Table 1.

The review included 30 papers that reported on 29 RCTs conducted in 14 LMICs. Heeney
etal. [31] and Inusa et al. [17] were two papers reporting on the same study. Seven studies
were conducted each in Nigeria and Brazil, 5 studies each in Jamaica and Uganda, 2 studies
each in Ghana, Egypt and Lebanon, and 1 study each in Iran, Kenya, Sudan, Senegal, Turkey,
Colombia, Tanzania and India. Five studies were conducted at multiple sites; Hankins et al.
[32] and Kutlar et al. [47] conducted studies in Jamaica, US, and Brazil; Inusa et al. [17] and
Heeney et al. [31] conducted studies in Ghana, Kenya, Belgium, UK, Italy, Canada, US, Brazil,
Saudi Arabia, Egypt, Oman, Lebanon, Turkey; Kutlar et al. [46] conducted studies in Lebanon,
Egypt, Jamaica; Misra et al. [16] conducted studies in Panama and Colombia. Of these LMICs,
18 studies were conducted in Africa—Nigeria (n = 7), Uganda (n = 5), Egypt (n = 1), Tanzania
(n=1), Ghana (n = 1), Sudan (n = 1), Senegal (n = 1), Kenya (n = 1); 8 studies were conducted
in Latin America—Brazil (n = 7) and Colombia (n = 1); 5 were conducted in the Caribbean-
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https://doi.org/10.1371/journal.pone.0246700.9001

Jamaica (n = 5); 2 were conducted in the Middle East—Iran (n = 1) and Lebanon (n = 1) and 2
studies were conducted in Europe and Asia—India (n = 1) and Turkey (n = 1).

Majority of the studies were conducted in a hospital/clinic setting, with only one study con-
ducted in a University setting. Studies lasted between 7 days and 87.6 months with a mean
study duration of 16.1 months (SD: 20.26 months); study participants ranged from 32 to 341
participants with a mean sample size of 125 participants (SD: 94.11) and inclusion of 14 to 173
female participants, with a mean sample size of 65 (SD: 48.33).

Eight studies reported a combination of children and adults as the target population; 15
studies targeted children only and 6 studies solely targeted adults. Reported participant follow-
up for 24 studies ranged from 2 days to 47.4 months [57], with most intervention completion
rates being higher than 83% (n = 15); with exception of one study with the lowest completion
rates for both intervention (76.7%) and control (66.7%) [52]. Fourteen studies did not report
follow-up completion rates. Sixteen studies reported statistically significant difference between
the intervention and control groups for the primary outcome with either a p-value <0.05 or a
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Fig 2. Classification of evidence-based interventions used in selected studies.

https://doi.org/10.1371/journal.pone.0246700.9002

95% CI outside of 0 (absolute value) or 1 (relative value) while 4 studies reported lack of
desired primary intervention outcome with a p>0.05 or a 95% CI that includes 0 (absolute
value) or 1 (relative value).

The studies utilized evidence based interventions in one of the following categories: Disease
Modifying Agents (n = 15), Supportive Care Agents Analgesics (n = 3), Anti-Malarials (n = 6),
Systemic Treatments (n = 4), Patient/Carer/Population Education (n = 1), and Nutritional
Supplements (n = 3) (Table 1, Fig 2). Three studies utilized multiple evidence-based
interventions.

All included studies were assessed on the following implementation outcomes measures:
Adoption, Appropriateness, Acceptability, Cost, Feasibility, Fidelity, Penetration and Sustain-
ability. Of the studies reviewed, 16 reported on adoption, 19 on appropriateness, 10 on accept-
ability, 7 on cost, 12 on feasibility, 8 on fidelity, and 2 on sustainability (Table 2). There was
insufficient information to determine penetration (level of institutionalization /spread) from
any of the studies. Thirteen (44.8%) of the 29 studies reported on 3 or more implementation
outcomes.

Adoption was reported as optimal adherence/compliance to the trial protocol by both pro-
viders and patients [35, 36, 38], participants showing up for most or all of the scheduled inter-
vention visits [33, 34, 44, 45], or successful enrollment into the study [53]. Likely non-
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Table 2. Implementation outcomes inferred from studies.

Implementation outcomes and general definitions

Author (year) /
Country

Adoption

Appropriateness

Acceptability

Cost

Feasibility

Fidelity

Sustainability

(uptake,
utilization,
intention to

try)

(perceived fit,
relevance,
compatibility,
suitability, usefulness,
practicability)

(satisfaction with
evidence-based
intervention)

(cost, cost-
effectiveness,
cost-benefit)

(actual fit or
utility,
practicability for

the population or

setting)

(delivered as
intended,
adherence,
integrity, quality
of program
delivery)

(maintenance or
sustained use of the
intervention post initial
implementation)

Adjei et al.
(2014) [33]
Ghana

Alebouyeh et al.
(2004) [34] Iran

Arruda et al.
(2012) [35]
Brazil

Cox et al. (2018)
[36] Tanzania

Daak et al.
(2013) [37]
Sudan

Dawam et al.
(2016) [38]
Nigeria

Dhabangi et al.
(2015) [39]
Uganda

Dhabangi et al.
(2017) [40]
Uganda

Diop et al.
(2011) [41]
Senegal

Eke et al. (2003)
[42] Nigeria

Eleuterio et al.
(2019) [43]
Brazil

Farber, M.
(1991) [44]
Jamaica

Galadanci et al.
(2017) [45]
Nigeria

Hankins et al.
(2015) [32]
Jamaica, US,
Brazil

Heeney et al.
(2016) [31]
Kenya

Inusa et al.
(2019) [17]
Kenya

Jain et al. (2012)
[15] India

(Continued)
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Table 2. (Continued)

Implementation outcomes and general definitions

Author (year) / Adoption

Appropriateness

Acceptability

Cost

Feasibility

Fidelity

Sustainability

Country (uptake,

utilization,
intention to

try)

(perceived fit,
relevance,
compatibility,
suitability, usefulness,
practicability)

(satisfaction with
evidence-based
intervention)

(cost, cost-
effectiveness,
cost-benefit)

(actual fit or
utility,

practicability for
the population or

setting)

(delivered as
intended,
adherence,
integrity, quality
of program
delivery)

(maintenance or
sustained use of the
intervention post initial
implementation)

Kutlar et al.
(2013) [46]
Lebanon, Egypt,
Jamaica

X

Kutlar et al.
(2018) [47]
Brazil, Jamaica,
Us

La Grenade X
etal. (1993) [48]
Jamaica

Manrique et al. X
(1987) [49]
Brazil

Martin et al.
(2009) [50]
Brazil

Misra et al.
(2017) [16]
Colombia

Nakibuuka et al.
(2009) [51]
Uganda

Olaosebikan X
etal. (2015) [52]
Nigeria

Olupot-Olupot X
etal. (2014) [53]
Uganda

Opoka et al. X
(2017) [54]
Uganda

Uke et al. (2000)
[58] Nigeria

*Wambebe
(2001)#1 [55]
Nigeria

*Wambebe
(2001) #2 [56]
Nigeria

* Wambebe (2001)#1 [55] assessed the efficacy and tolerability of niprisan in the management of patients with sickle cell disease, this is a secondary study of the main
clinical trial reported in Wambebe (2001)#2 [56].

https://doi.org/10.1371/journal.pone.0246700.t002

adoption of an intervention was reported as the difficulty of patients to comply with daily or
weekly use of medications (prophylaxis) [52, 54] or slow patient accrual and administrative
delays [32].
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Appropriateness, understood as perceived fit of an intervention can be inferred from trials
that attained desired outcomes, specifically outcomes assessing safety and effectiveness of such
intervention [39, 51]. Inappropriate interventions are reported as lack of evidence to support
the desired intervention outcome of optimal survival of patients [53] or not recommended for
the study participants [35].

Acceptability was mainly reported from the participants’ perception of the intervention.
Acceptable interventions were reported as being well tolerated by SCD patients [48] or partici-
pants reporting a better quality of life [41]; unacceptable interventions were reported as not
well tolerated by patients or as interventions from which patients’ experienced adverse out-
comes or side effects [47, 48]or not recommended for use for the target population [59].

Interventions were reported as feasible in summary statements that suggest interventions
should be further replicated [37], confirmation of desired intervention outcome [34, 35, 60]
that interventions were ‘feasible and safe’ to implement [44, 45, 53]. Non-feasible interventions
were those that exhibited side effects that might deter recommendation or use of the interven-
tion [35].

Implementation costs were reported as comparative average cost of purchasing SCD medi-
cations [38, 52] or existing out-of-pocket expenses associated with accessing the intervention
[45]. Other studies reported an SCD intervention as either ‘affordable’[37] or with substantial
cost saving potential, but with need for further research to assess its cost-effectiveness [53].

Fidelity was reported as adherence/compliance to intervention activities by study partici-
pants [35, 46] or study implementers/administrators [39, 51]. Some tools used to assess fidelity
of intervention included diaries of pill counts and self-assessment sessions during follow-up
visits [49].

Sustainability of evidence-based SCD interventions was reported through factors that could
influence sustainability, such as side-effects of long term use of a SCD medication (e.g.
hydroxyurea, side effect on children’s growth and development) [34] or increase in pain-
related adverse events, in spite of a safe and well-tolerated medication like RUSF [36] or the
potential that an intervention will lose its effect over time, given its small effect size in the pres-
ent study [36].

Quality of studies

The Cochrane Risk of Bias tool was used to assess the 29 RCTs included in this review. Ran-
dom sequence generation and allocation concealment together represent selection bias. More
than 75% of the studies had a low risk of selection bias due to random sequence generation
[15-17, 31-44, 46-48, 51-56, 58]; about 62.5% of the studies also had a low risk of selection
bias due to allocation concealment [15, 17, 33, 35-42, 47, 51-54, 56, 61]. Less than 50% of stud-
ies had a low risk of performance bias due to blinding of participants and personnel [15, 32,
35-39, 42, 43, 47, 51-54, 56]; about 40% of studies had a low risk of detection bias due to blind-
ing of outcome assessment [32, 33, 36, 39, 40, 47, 51-53, 56, 61, 62]; more than 75% of the
studies had a low risk of attrition bias due to incomplete outcome data [16, 32-42, 44-47, 49,
51-56, 61, 62];and over 50% of the studies had a low risk of reporting bias due to selective
reporting [32, 33, 40, 44-47, 49, 51-56, 63] (Fig 3 and S1 Table).

Discussion

We identified the various recommended EBIs including hydroxyurea, anti-malarials, transfu-
sion and alternative management [7, 64] implemented in LMICs for SCD management and
evaluated implementation outcomes inferred by statements provided by the authors. Effective
medications such as hydroxyurea-the only approved drug therapy by the USA Food and Drug
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bhias)

Other bias

0% 26% 50% 75%  100%

| . Low risk of hias

[:]Unclearrisk of hias .High risk of bias

Fig 3. Risk of bias graph: Review authors’ judgements about each risk of bias item presented as percentages across all included studies.

https://doi.org/10.1371/journal.pone.0246700.9003

Administration which modifies the disease pathogenesis and increases fetal hemoglobin, has
“... transformed SCD from a life-threatening disease for children to chronic diseases for
adults” [65]. Hydroxyurea is the disease modifying drug of choice used by most studies
reviewed (Table 1). However, it is important to acknowledge other alternative methods that
SCD patients use to manage pain crisis within LMICs. These may include traditional herbal
medications and prayer [66, 67]. Also, patients’ perception of medication(s) should be consid-
ered including fear of side effects from western medication and limited knowledge of potential
risk and benefits of the therapy. Patients in these settings often lack informed knowledge about
therapies [68] and therefore are more likely to be noncompliant.

Moreover, although EBIs are cost effective because of the resultant reduction in hospital vis-
its, admission rates, frequency of pain crisis and other SCD related morbidities which makes
up for the relative expense of the EBIs, it may pose undue economic burden to patients and
their families in low resource settings. For example, since hydroxyurea is taken orally, once a
day in the form of a pill, obtaining sufficient amount of medication coupled with the cost asso-
ciated with regular laboratory monitoring may be challenging and thus the medication is likely
to be underutilized in low-resource settings [69-71]. Furthermore, blood transfusions may be
unsafe, costly, and unaffordable in LMICs. Also, although gene therapy may show promise of
alleviating SCD in higher-income countries [72, 73], this therapy is inaccessible to individuals
in LMICs.

Findings from this review illuminate the scant use of disease modifying agents, supportive
care agents, analgesics, anti-malarials, systemic treatments, nutritional supplements, and
patient/carer/population education in LMICs. Only one study imparted health education to
patients and care givers. Moreover, there was limited reporting of implementation outcomes,
specifically acceptability, feasibility, fidelity, cost and sustainability. Although implementation
outcomes were not the primary outcomes of the studies reviewed, reporting pertinent infor-
mation such as sustainability, as done for two evidence-based SCD therapies, namely hydroxy-
urea and supplementary arginine, citrulline, and daily chloroquine, is important to ensure that
future SCD patients can benefit from these treatments.
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Furthermore, it is important to acknowledge the unique challenge of limited resources such
as unavailable and costly medications and laboratory monitoring relative to average income
and the fact that health expenditure is out of pocket with no health insurance options in most
LMICs compared to higher-income countries, when introducing new therapies for SCD care.
EBIs targeted at SCD management must address patient, provider, and system-level barriers of
care delivery, as findings from a recent Cochrane systematic review indicates that effective
strategies for implementation of EBI in LMICs are those that involve a multi-level approach,
and are tailored to the context of the built-environment [74]. Building capacity at multiple lev-
els will improve EBI adoption for SCD management in LMICs. At the systems level, availabil-
ity of therapy at a low cost will ensure that patients are able to afford the medication. At the
provider-level, training physicians (including non-hematologist) and other healthcare provid-
ers (e.g., nurses) in the appropriate use and management of side effects of therapies may
improve prescription practices [75, 76] and also ensure that some aspects of SCD management
such as health maintenance can be carried out at the primary care level by educating the staff
at that level via task strengthening. Moreover, SCD is a multisystemic disease requiring the
involvement of many specialists in the management process. At the patient-level, involvement
of caregivers, newborn screening and early intervention, provision of health education about
therapeutic management for SCD, and knowledge on when families should seek referral for
care may ensure timely care and improve patients condition [77].

Upon updating our search in December 2020, 62 additional articles were retrieved. Of the
62, seven were selected for full-text review based on the title and abstract screening [70, 78—
83]. However, after thorough review, all of the studies were excluded for reasons including not
conducted in LMICs, reviews, and or commentaries.

Strengths and limitations

This study used a rigorous search strategy based on a pre-specified inclusion and exclusion cri-
teria to retrieve articles across multiple databases. No restriction was placed on article publica-
tion date in order to capture all relevant articles. The limitations include the assessment of
RCT articles published in English only. Evidence from non-English studies and studies using
other design strategies (i.e., pre/post) may have been missed. However, non-RCT studies may
not provide strong evidence to observe a sustained intervention effect of the EBIs used. Also,
the heterogeneity in terms of the various therapies did not allow for a meta-analysis to be
conducted.

Conclusion

To reduce SCD related morbidity and mortality, the therapies discussed in this review should
be implemented in synergy with ensuring the uptake and sustainability of resource intensive
EBIs [84-86]. Future studies undertaken in LMICs that face suboptimal infrastructure and
resources, must employ implementation research methodology whilst engaging key stakehold-
ers (providers and patients) and integrate findings from implementation outcome assessment
into evidence-based practice for SCD management.
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