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ABSTRACT

Background Sickle cell disease (SCD) is associated with
significant mortality and morbidity, especially in low- and
middle-income countries.

Objectives We determined the indications for
hospitalisation and predictors of 30-day re-admission
among patients with SCD in Northern and Central
Uganda.

Design Retrospective chart review.

Setting Mulago National Referral Hospital in Kampala, St.
Mary’s Hospital Lacor in Gulu and Gulu Regional Referral
Hospital in Gulu, Uganda.

Participants Patients with confirmed SCD admitted
between January 2020 and January 2025 were
included.

Outcomes Primary outcome: indication for hospitalisation.
Secondary outcomes: rate and predictors of 30-day
hospital re-admission. Socio-demographic, clinical history
and hospitalisation data were extracted using a pretested
data extraction tool.

Results We enrolled 505 patients, accounting for 714
hospital admissions, with a mean age of 8.1+6.2 years.
Most participants (=489, 96.8%) had less than four
admissions per year, with a median of 1 admission (IQR:
0-2). The most common indications for hospitalisation
were infection (n=375, 52.5%), painful crisis (n=366,
51.3%) and anaemia (n=186, 26.1%). Malaria was the
most prevalent infection (=244, 65%). The median
length of hospital stay was 4 days (IQR: 3-6), with a 30-
day re-admission rate of 6.9% (n=49). Admission with
painful crisis (adjusted OR (AOR): 0.45, 95% CI: 0.23 to
0.89, p=0.021), receiving a blood product (AOR: 0.32,
95% Cl: 0.16 to 0.66, p=0.002) and having four or more
admissions per year (AOR: 0.84, 95%Cl: 0.04 t0 0.17,
p<0.001) were inversely associated with re-admission
within 30 days of last admission.

Conclusions Infections, especially malaria, and painful
crises were the leading causes of hospitalisation among
Ugandan patients with SCD. Frequent admissions, painful
crises and blood transfusions were associated with lower
30-day re-admission risk. There is an urgent need to
strengthen malaria prevention strategies and optimise
access to disease-modifying therapy, such as hydroxyurea,
to improve patient outcomes.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This was a multicentre study, with data from three
major hospitals in Uganda providing a broad per-
spective on hospitalisation trends among patients
with sickle cell disease in Uganda.

= The retrospective study design restricts the ability to
establish causal relationships between risk factors
and 30-day re-admission.

= Reliance on medical record reviews is limited by
factors, such as poor documentation and data in-
accuracies, particularly in tracking re-admissions.

= The study design limited assessment of important
factors, such as socio-economic status, medication
adherence and social support systems, which could
have influenced the observed outcomes.

INTRODUCTION

Sickle cell disease (SCD) is a common hered-
itary haematological disorder associated with
significant mortality and morbidity, particu-
larly among children aged under 5 years in
sub-Saharan Africa.' Globally, an estimated
5% of the population carries the defective
genes associated with SCD, and over 300000
infants with severe haemoglobinopathies
are born yearly, predominantly in low- and
middle-income countries (LMICs).>™ The
global burden of SCD in children aged
under 5 years is projected to rise to 404200
newborns annually by 2050.” By 2021, approx-
imately 7.74million individuals were living
with SCD worldwide, with 75% residing in
sub-Saharan Africa.' Uganda bears a signif-
icant burden of SCD, with the overall preva-
lence estimated to range between 0.7% and
1.6%, varying across different regions of the
country.’ ! Despite the recent recognition
and implementation of neonatal screening
for SCD, the majority of children with SCD
are tested and diagnosed between 5 and 9
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months of age, which coincides with the onset of SCD
signs and symptoms.®

SCD affects nearly all organs in the body as a result of
vaso-occlusion within vascular beds, causing ischaemic
tissue injury coupled with increased susceptibility to
infections, especially from encapsulated organisms, such
as Haemophilus influenzae, Neisseria meningitidis and Strepto-
coccus pneumoniae.8 ? Early mortality in SCD is attributed
to factors such as poor nutrition, infectious comorbidi-
ties, including HIV and malaria, and inadequate health
infrastructure for comprehensive care in LMICs.” ' !
Acute complications of SCD, such as vaso-occlusive crisis,
including acute chest syndrome, along with chronic
complications, such as non-immune haemolytic anaemia
and avascular necrosis, are highly associated with recur-
rent hospitalisations and poor quality of life.'*™"*

SCD is a chronic condition, and hospitalisation and
inpatient care remain a critical part of management, with
common indications for admission ranging from acute
phenomena, such as acute painful crisis, severe infections
and other SCD-related complications.w_]7 Acute painful
crisis has been reported as the most common cause of
hospital admissions among patients with SCD."™ The
average hospital stay duration has been reported to range
between 3 and 20 days, with clinical outcomes differing
by region and mortality rates ranging from 1.9% to 5.5%
among hospitalised patients with SCD."*'”'**" The use of
hydroxyurea has been shown to reduce infection rates,
thereby decreasing hospitalisations among patients with
SCD.*

While advances in SCD care, including the use of
disease-modifying agents such as hydroxyurea, antimicro-
bial prophylaxis against infection and safe red blood cell
transfusion, have shown a significant impact, there is a
scarcity of data on the hospitalisation patterns of patients
with SCD admitted to hospitals in Uganda. However, eval-
uating such patterns will provide baseline information for
targeted interventions in addition to neonatal screening
to improve the quality of care among patients with SCD in
Uganda and globally.** Therefore, in this study, we deter-
mined the indications for hospitalisation and predic-
tors of 30-day re-admission among patients with SCD in
Northern and Central Uganda.

METHODS

Study design and setting

This was a retrospective chart review of medical records
of patients with confirmed SCD hospitalised between
January 2020 and January 2025. This study was conducted
at three hospitals located in two major cities in Uganda:
Kampala and Gulu. The selected facilities were St. Mary’s
Hospital Lacor and Gulu Regional Referral Hospital
(GRRH) in Gulu, and Mulago National Referral Hospital
(MNRH) in Kampala. These hospitals were chosen to
represent different levels of care and hospital ownership
(public and private) in Uganda.

MNRH, located in the capital city of Kampala, is Ugan-
da’s largest public hospital and serves as the national
referral and teaching hospital for the Makerere Univer-
sity School of Medicine. The hospital is divided into two
main sections: Lower Mulago, with a bed capacity of 900,
and Upper Mulago, with 700 beds, totalling 1600 beds.
St. Mary’s Hospital Lacor, located 6 km west of Gulu town
along the highway to South Sudan, is the largest private
non-profit Catholic-based institution in Uganda. It has
a bed capacity of 554, including 482 beds in the main
hospital and 24 beds each in three lowerlevel health
centres. GRRH is in Gulu city, northern Uganda, approx-
imately 332 km north of MNRH, with a bed capacity of
370. Both St. Mary’s Hospital Lacor and GRRH serve as
teaching hospitals for the Gulu University School of Medi-
cine. All three facilities offer outpatient and inpatient
care for patients with SCD, with the haematology wards
managed by haematologists, supported by medical offi-
cers and registered nurses. In all the selected study sites,
patients with SCD are admitted and stabilised through the
emergency unit before being transferred to the respective
haematology ward.

Sample size and participants

Using the Kish formula,23 with an estimated 30-day re-ad-
mission prevalence of 50%, a precision of 5% and a two-
tailed Z-statistic of 1.96 at 95% CI, a sample size of 384
participants was required. We enrolled patients of all
ages with a confirmed diagnosis of SCD, verified through
haemoglobin electrophoresis, who were admitted to the
haematology wards across the three study sites during
the byear period from 1 January 2020 to 1 January 2025.
Patient charts were identified from the medical records
offices of both adult and paediatric haematology wards
at the study sites. Only patients with complete medical
records documenting the primary reason for admission,
associated comorbidities and clinical outcomes were
eligible. Patients with incomplete medical records were
excluded (figure 1). We used convenience sampling,

(Patients with confirmed sickle cell disease)

(n=516)

Excluded (missing data)
(n=11)

Patients included
(n=505)

[ Patient charts reviewed (Jan 2020 — Jan 2025) J

[ Hospital admissions recorded

(n=714)
Favorable outcomes Unfavorable outcomes
(clinical improvement) (n=27, 3.8%)
(n=687, 96.2%) 13 self-discharged
9 referred to another unit
3 deceased
2 discharged against medical advice
Figure 1 Flowchart showing the recruitment and inclusion

process for the study participants. n, number of participants.
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including all accessible patient charts that met the eligi-
bility criteria.

Data collection

Data were collected using a semistructured data collec-
tion tool uploaded to KoboCollect and classified into
three categories: socio-demographic characteristics (age,
sex, tribe and residence); clinical information (comorbid-
ities, duration since SCD diagnosis, current medications
for SCD and vaccination history) and hospitalisation data
(number of admissions over 5 years, primary indication
for hospitalisation, duration of admission, medications
and haematological products received during admission,
clinical outcomes and history of intensive care unit (ICU)
admission). Data were collected by two trained research
assistants under the supervision of the principal investi-
gator (WK).

Notably, in Uganda, blood transfusion in patients with
SCD is guided by national clinical protocols. Indications
include acute exacerbation of baseline anaemia (haemo-
globin drop=>20g/dL), hyperhaemolysis, aplastic crisis,
splenic or hepatic sequestration, severe vaso-occlusive
events, such as stroke, acute chest syndrome and multi-
organ failure, and preparation for surgical procedures
and general anaesthesia.”*

Outcomes

The primary outcome was the indication for hospi-
talisation. The secondary outcomes were the rate of
30-day hospital re-admission and predictors of 30-day
re-admission.

Operational definitions

1. Indication for hospitalisation was defined as the prima-
ry clinical reason that led to the patient’s admission to
the hospital as documented by the attending clinician
on the admission record.

2. A favourable outcome was defined as clinical improve-
ment, meaning the patient showed significant recovery
or resolution of the acute condition that led to hospi-
talisation.

3. An unfavourable outcome was defined as any of the
following: discharge against medical advice, self-
discharge, death during hospitalisation and referral to
another unit or healthcare facility due to the severity of
the condition or need for specialised care.

4. 30-day re-admission was defined as a hospital admis-
sion occurring within 30 days of discharge from the
initial admission (the first admission during the study
period).”

Statistical analysis

Data were downloaded from KoboCollect and exported
to Microsoft Excel for cleaning and analysis in Stata
V.18.0 (College Station, Texas, USA). Categorical vari-
ables were expressed as frequencies and percentages.
Parametric data were summarised as mean+=SD, and
non-parametric data as median and IQR. Associations
between socio-demographic and clinical characteristics

with 30-day re-admissions were assessed using y’square
or Fisher’s exact tests for categorical variables and inde-
pendent samples t-tests or Mann-Whitney U tests for
continuous variables. A multivariable logistic regres-
sion model was used to assess the independent predic-
tors of key outcomes. All variables with a p value<0.2, as
determined by the bivariable analysis, were fitted into
the multivariate logistic regression model, adjusting for
potential confounders. The adjusted OR (AOR) and 95%
CI were used to report the strength of association. Statis-
tical significance was set at p<0.05.

Patient and public involvement

Patients and/or the public were not involved in the
design, conduct, reporting or dissemination plans of this
research.

RESULTS

Recruitment

A total of 516 patient charts of patients with SCD were
reviewed; however, 11 were excluded due to missing data.
A total of 505 patients, accounting for 714 hospital admis-
sions, were included in the final analysis (figure 1).

Socio-demographic and clinical characteristics

The mean age of participants was 8.1 years (SD+6.2,
range: 6 months-32 years). Most participants were aged
5-17 years (n=315, 62.4%), male (n=264, 52.3%) and
Acholi by tribe (n=258, 51.1%). At admission, only 5.2%
(n=26) had comorbidities and complications, the most
common being stroke (n=13, 2.6%). Folic acid was the
most frequently used routine SCD medication (n=433,
85.7%), and only 34.3% (n=173) were on hydroxyurea.
Overall, 7.6% (n=36) had received complete H. influenzae
and pneumococcal vaccinations (table 1).

Hospitalisation details

Nearly all participants (n=489, 96.8%) had less than four
admissions per year, with a median of 1 admission (IQR:
0-2). The most common indications for hospitalisation
were infection (n=375, 52.5%), painful crisis (n=366,
51.8%) and anaemia (n=186, 26.1%). Malaria was the
most prevalent infection (n=244, 65.0%), followed by
septicaemia (n=105, 28.0%), pneumonia (n=27, 7.2%),
upper respiratory tract infections (URTI) (n=19, 5.1%),
gastroenteritis (n=8, 2.1%) and other infections (n=7,
1.9%).

Approximately 92.2% (n=658) of patients received
analgesics, 88.1% (n=629) antibiotics, 35.0% (n=250)
antimalarial treatment and 57.8% (n=413) blood trans-
fusions, with the mean transfusion volume of 231 mL
(SD+130.1mL). None of the participants received an
exchange transfusion. The median length of hospital
stay was 4 days (IQR: 3-6), with most participants (n=687,
96.2%) achieving clinical improvement. There were three
recorded deaths (0.4%). Of these deaths, two patients
were admitted with painful crises, and one with painful
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Table 1

Baseline characteristics of people with SCD
admitted in three selected hospitals in Uganda

Frequency Percentage

Characteristic (n=505) (n) (%)
Study site
MNRH 200 39.6
GRRH 151 29.9
St. Mary’s Hospital Lacor 154 30.5
Age (years), mean +SD;
8.1x6.2years
04 152 30.1
5-17 315 62.4
18-29 33 6.5
30+ 5) 1.0
Gender
Male 264 52.3
Female 241 47.7
Tribe
Acholi 258 51.1
Baganda 153 30.3
Langi 42 8.3
Basoga 17 3.4
Other 35 6.9
Region of birth
Central Uganda 192 38.0
Northern Uganda 304 60.2
Eastern Uganda 5 1.0
Western Uganda 4 0.8
Comorbidities and complications
SCD-related complications
Stroke 13 2.6
Nephropathy 3 0.6
Other comorbidities
Asthma 2 0.4
HIV 2 0.4
Dilated cardiomyopathy 2 0.4
Rheumatic heart disease 2 0.4
Hypertension 2 0.4
Other (congenital heart disease, 3 0.6
pethidine addiction or epilepsy)
Past surgeries (hydrocelectomy, & 0.6
splenectomy or cholecystectomy)
Routine SCD medication
Folic acid 433 85.7
Sulfadoxine-pyrimethamine 408 80.8
Hydroxyurea 173 34.3
Penicillin V 167 331
Not indicated 61 12.1
Vaccination
Continued

Table 1 Continued
Frequency Percentage
Characteristic (n=505) (n) (%)
H. influenzae vaccination 20 4.0
Pneumococcal vaccination 16 3.2

GRRH, Gulu Regional Referral Hospital; H. influenzae,
Haemophilus influenzae; MNRH, Mulago National Referral
Hospital; SCD, sickle cell disease.

crisis, stroke and aspiration pneumonia (table 2). Overall,
there were 3767 bed-days, translating to 10.3 bed-years.

Factors associated with hospital re-admission within 30 days
of last admission

Admission with a painful crisis (AOR: 0.45, 95% CI: 0.23
to 0.89, p=0.021), receiving a blood product (AOR: 0.32,
95% CI: 0.16 to 0.66, p=0.002) and having four or more
admissions per year (AOR: 0.84, 95% CI: 0.04 to 0.17,
p<0.001) were inversely associated with re-admission
within 30 days of last admission (online supplemental
table 1).

DISCUSSION

In this study, we determined the indications for hospi-
talisation and predictors of 30-day re-admission among
patients with SCD in Northern and Central Uganda.
We found that the most common indications for hospi-
talisation were infection (52.5%), painful crisis (51.3%)
and anaemia (26.1%), with malaria being the most prev-
alent infection (65%). Our findings are consistent with
results from several studies conducted in sub-Saharan
Africa, where vaso-occlusive crisis and infections have
been reported as leading causes of hospitalisation among
patients with SCD. For instance, studies from Kenya,
Tanzania and Nigeria found that painful vaso-occlusive
crisis accounted for 38.3%, 68% and 80.6% of admis-
sions, respectively, followed by infection (28.14%, 55.3%
and 51.9%, respectively), with malaria being the predom-
inant infection.?®® However, studies from non-African
settings, including India, Saudi Arabia, Iraq, Portugal
and the USA, reported painful vaso-occlusive crisis as the
leading cause of hospitalisation, with rates estimated at
63%, 64.9%, 73.8%, 36.8% and 96%, respectively.'” '* 2!
These differences could be attributed to the variations in
study design, geographical setting, environmental factors,
data collection methods and advancements in SCD care
across regions.

The prominence of malaria as a cause of hospitalisation
in our study is not unexpected since this disease is highly
endemic in sub-Saharan Africa, a region that accounts
for over 94% of global malaria cases.” Uganda is among
the highest-burden countries, ranking third globally,
with an estimated malaria prevalence of 5.1%,” with the
Northern-Central region, particularly the Acholi sub-
region, bearing the highest burden.” ** This aligns with
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Table 2 Hospitalisation details of patients with SCD
admitted from January 2020 to January 2025

Frequency Percentage

Characteristic (n=714) (n) (%)

Number of admissions per year

(median (IQR): 1 (0-2))
<4 489 96.8
>4 16 3.2

Indications for admission
Infection 375 52.5
Painful crisis 366 51.3
Anaemia 186 26.1
Acute chest syndrome 86 12.0
Splenic sequestration 24 3.4
Hyperhaemolytic crisis 22 3.1
Other indication 48 6.7

Medications used during hospital

stay

Painkillers 658 92.2
Paracetamol 384 53.8
Morphine 192 26.9
Diclofenac 47 6.6
Ibuprofen 33 4.6
Tramadol 1 0.1

Antibiotics 629 88.1
Ceftriaxone 479 76.2
Azithromycin 49 7.8
Ampicillin-based 26 4.1
Amoxicillin-based 19 3.0
Gentamicin 16 2.5
Metronidazole 9 1.4
Fluoroquinolones 9 1.4
Others 22 3.5

Antimalarial medication 250 35.0

Bisacodyl 147 20.6

Mebendazole 48 6.7

Oxygen therapy 84 11.8

Had blood transfusion 413 57.8
Packed red blood cells 393 55.0
Platelets 2 0.3
Whole blood 26 3.6

Duration of hospitalisation

median (IQR): 4 (3-6), days

In-hospital complications 8 1.1
Transfusion reaction 2 25.0
Morphine toxicity 1 12.512.5
Stroke 1 12.5
Severe anaemia 1 12.5
Bilateral pleural effusion 1 12.5

Continued

Table 2 Continued

Frequency Percentage
Characteristic (n=714) (n) (%)
Priapism 1 12.5
Outcome
Clinical improvement 687 96.2
Referred to another facility/unit 9 1.8
Discharged against medical 2 0.3
advice
Self-discharged 13 1.8
Deceased ) 0.4
Re-admission within 30 days
Yes 49 6.9

Amoxicillin-based regimens, amoxicillin alone or in combination
with clavulanic acid (Augmentin); Ampicillin-based regimens,
ampicillin alone or in combination with cloxacillin; SCD, sickle
cell disease.

our predominantly Northern Ugandan study population,
likely contributing to the high rate of malaria-related
hospitalisations among patients with SCD. In addition,
the overlapping epidemiology of SCD and malaria exac-
erbates the risk of malaria in this population. Despite the
proven effectiveness of malaria chemoprophylaxis, partic-
ularly sulfadoxine-pyrimethamine, used in Uganda,** *
patients with SCD remain highly vulnerable, frequently
experiencing severe malaria episodes requiring hospital-
isation and, in some cases, resulting in death.**® Further
studies are required to establish effective control strate-
gies for malaria among people with SCD, including prior-
itisation of the malaria vaccination in this population.
Additionally, reinforcing public and patient health educa-
tion on malaria prevention will significantly reduce the
disease burden in this population and improve patient
outcomes.

We found that 6.9% of participants experienced re-ad-
mission within 30 days of their last hospital discharge,
similar to the 10.3% re-admission rate reported in
Cameroon.” However, this rate is substantially lower
than those reported in other regions, such as the USA
(26.9%-33.5%), Iraq (23.1%), Senegal (38.4%) and
Saudi Arabia (67.5%).% 2313710 Oyr study also found
that patients admitted with painful vaso-occlusive crisis,
those who received blood transfusions and those who
had four or more hospital admissions per year were
less likely to be admitted within 30 days compared with
their counterparts. This is comparable to findings from
studies in the USA, where blood transfusion was associ-
ated with reduced odds of early hospitalisation.”' ** Red
blood cell transfusion has been shown to improve health
outcomes and health-related quality of life in patients, as
well as to reduce the risk of SCD-related complications
by decreasing the amount of sickle haemoglobin.**
This enhances the oxygen-carrying capacity of red blood
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cells, reduces stasis in blood vessels and improves tissue
perfusion.**™*

Furthermore, patients admitted with painful vaso-
occlusive crisis being less prone to early re-admissions
may be attributed to several inter-related factors, such
as optimal in-patient and home pain management and
exposure to fewer subsequent pain-triggering events,
although this could not be confirmed in our study.*® This
is in contrast to the findings from studies in the USA,
where three or more annual admissions and painful crises
were associated with an increased risk of 30-day re-ad-
mission.”” * Frequent hospital admissions often indicate
severe disease, chronic complications or a high burden
of comorbidities, which collectively increase vulnera-
bility to early rehospitalisation.” *” * Whereas hydroxy-
urea is a well-established disease-modifying therapy for
SCD and has been associated with reduced complica-
tions and hospitalisations in previous studies,” ***" our
analysis did not find a statistically significant association
between hydroxyurea use and 30-day re-admission. This
could be attributed to limitations, such as underuse, as
reflected in our results, where only 34.3% of participants
used hydroxyurea, which suggests a need for further
evaluation in prospective studies. The observed differ-
ences in re-admission rates and associated factors across
studies may be attributed to variations in healthcare
systems, access to specialised SCD care and differences
in disease management strategies, including outpa-
tient follow-up.”’ However, lower re-admission rates in
settings like ours could be influenced by gaps in medical
documentation, where re-admissions may be incorrectly
recorded as new admissions due to lost medical charts,
fragmented record keeping or patients seeking care at
different facilities.

The study had some limitations. The retrospective
design of the study limits the ability to establish causal
relationships between risk factors and 30-day re-admis-
sion. In addition, reliance on medical record reviews is
limited by factors such as poor documentation and data
inaccuracies, particularly in tracking re-admissions. It is
also possible that some patient files, particularly for those
who died, were not included in the review if they were
archived separately or missing from the main records. Due
to insufficient documentation in several cases, we were
unable to determine the specific diagnostic approaches
used, such as distinguishing between pneumonia and
ACS or confirming diagnoses like sepsis. Furthermore,
the study design limited assessment of important factors
such as socio-economic status, medication adherence and
social support systems, which could have influenced the
observed outcomes. However, this is a large multicentric
study that narrows the existing knowledge gap on main
reasons and outcomes of hospitalisation and readmissions
among people with SCD in Uganda. The study findings
are generalisable to both private and public facilities in
Uganda and directly inform clinical practice and guide-
lines for the management of SCD in Uganda and similar
low-resource settings across sub-Saharan Africa.

CONCLUSIONS

Our study highlights infections and painful vaso-occlusive
crises as leading causes of hospitalisation among patients
with SCD in Uganda, with malaria being the most preva-
lent infectious disease despite the availability of malaria
chemoprophylaxis and other preventive measures.
Therefore, there is an urgent need to strengthen malaria
prevention strategies through improved access to chemo-
prophylaxis, prioritisation of this population in malaria
vaccination programmes and expanded access to disease-
modifying therapies such as hydroxyurea. In addition,
frequent hospital admissions, painful crises and blood
transfusions were inversely associated with 30-day re-ad-
mission. This highlights the need for further investigation
into the contextual factors influencing this association
and emphasises the importance of optimising compre-
hensive care strategies that extend beyond the hospital
setting, including home-based pain management and
follow-up.

Author affiliations

'Department of Medical Microbiology and Immunology, Gulu University, Gulu,
Uganda

%Department of Internal Medicine, Mbarara University of Science and Technology,
Mbarara, Uganda

®Department of Medicine, Makerere University College of Health Sciences, Kampala,
Uganda

4Department of Medical Microbiology and Immunology, Gulu University Faculty of
Medicine, Gulu, Uganda

SMakerere University School of Medicine, Kampala, Uganda

®Department of Paediatrics and Child health, Makerere University, Kampala, Uganda
"Department of HIV, Lacor Hospital, Gulu, Northern Region, Uganda

8Department of Global Health, Boston University School of Public Health, Boston,
Massachusetts, USA

°Department of Medicine, Boston University Chobanian and Avedisian School of
Medicine, Boston, Massachusetts, USA

Acknowledgements The authors acknowledge the administration of St Mary’s
Hospital Lacor, Gulu Regional Referral Hospital and Mulago National Referral
Hospital, the study sites, as well as the research assistants and study participants.

Contributors WK, FB, CM and DH contributed to the conceptualisation,
methodology, data curation, investigation, project administration, validation,
visualisation and both drafting and revising the manuscript. SS, MAN, EQ and PK
contributed to the investigation, methodology, validation and manuscript review. All
authors approved the final version and are accountable for all aspects of the work.
WK is the guarantor of the overall content.

Funding Research reported in this publication was supported by the Fogarty
International Center of the National Institutes of Health under Award Number D43
TWO010543. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of Health.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval The study protocol was approved by the Gulu University
Research Ethics Committee (GUREC-2024-922) and registered with the Uganda
National Council for Science and Technology (UNCST) (UNCST registration number
HS5859ES), with additional administrative approvals obtained from St. Mary’s
Hospital Lacor, Gulu Regional Referral Hospital and Mulago National Referral
Hospital. A waiver of informed consent was obtained for patients enrolled in the
study. No direct interaction with patients was made. Confidentiality was strictly
maintained throughout the study. Personal identifiers were replaced with unique
identification codes, and all data were securely stored with access restricted to the
principal investigator only.

6

Kibone W, et al. BMJ Open 2025;15:104303. doi:10.1136/bmjopen-2025-104303

'saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
“1sanb Aq 520z ‘6 1snbBny uo jwoo fwg uadolwq//:dny wouy papeojumoq ‘520z IsnbBny 8 uo £0sy0T-G202-uadolwa/9eTT 0T Se paysiignd 1siy :uado NG


http://bmjopen.bmj.com/

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data are
available on reasonable request. If you wish to reuse any or all of this article, data
are available on reasonable request from the first author.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Winnie Kibone http://orcid.org/0000-0001-8837-1954
Felix Bongomin http://orcid.org/0000-0003-4515-8517
D Hamer http://orcid.org/0000-0002-4700-1495

REFERENCES

1 Thomson AM, McHugh TA, Oron AP, et al. Global, regional, and
national prevalence and mortality burden of sickle cell disease,
2000-2021: a systematic analysis from the Global Burden of Disease
Study 2021. Lancet Haematol 2023;10:€585-99.

2 Africa RCf. Sickle-Cell Disease in the African Region: Current
Situation and the Way Forward Report of the Regional Director.
WHO. Regional Office for Africa, 2006.

3 Modell B, Darlison M. Global epidemiology of haemoglobin
disorders and derived service indicators. Bull World Health Organ
2008;86:480-7.

4 Piel FB, Patil AP, Howes RE, et al. Global epidemiology of sickle
haemoglobin in neonates: a contemporary geostatistical model-
based map and population estimates. Lancet 2013;381:142-51.

5 Piel FB, Hay SI, Gupta S, et al. Global burden of sickle cell
anaemia in children under five, 2010-2050: modelling based on
demographics, excess mortality, and interventions. PLoS Med
2013;10:e1001484.

6 Hernandez AG, Kiyaga C, Howard TA, et al. Trends in sickle cell trait
and disease screening in the Republic of Uganda, 2014-2019. Trop
Med Int Health 2021;26:23-32.

7 Ndeezi G, Kiyaga C, Hernandez AG, et al. Burden of sickle cell trait
and disease in the Uganda Sickle Surveillance Study (US3): a cross-
sectional study. Lancet Glob Health 2016;4:e195-200.

8 Jang T, Poplawska M, Cimpeanu E, et al. Vaso-occlusive crisis in
sickle cell disease: a vicious cycle of secondary events. J Trans/ Med
2021;19:397.

9 Scourfield LEA, Nardo-Marino A, Williams TN, et al. Infections in
sickle cell disease. Haematologica 2025;110:546-61.

10 Ware RE. Is Sickle Cell Anemia a Neglected Tropical Disease? PLoS
Negl Trop Dis 2013;7:€2120.

11 Cox SE, Makani J, Fulford AJ, et al. Nutritional status, hospitalization
and mortality among patients with sickle cell anemia in Tanzania.
Haematologica 2011;96:948-53.

12 Hoffman R, Benz E. Haematology: basic principles and practice.
Philadelphia: Elsevier, 2013.

13 Hebbel RP, Vercellotti GM, Nath K. A systems biology consideration
of the vasculopathy of sickle cell anemia: the need for multi-
modality chemo-prophyla id="70b02cc9-8528-4845-b4b2-
3e85df56dd88">Cardiovasc Hematol Disord Drug Targets
2009;9:271-92.

14 Mburu J, Odame I. Sickle cell disease: Reducing the global disease
burden. Int J Lab Hematol 2019;41 Suppl 1:82-8.

15 Wasnik P, Das P, Kumar A, et al. Hospitalization Events Among
Adolescents and Adults With Sickle Cell Disease in a Tertiary Care
Center in Central India. Cureus 2024;16:¢61185.

16 Zakaria OM, Buhalim RA, Al Jabr FA, et al. Reasons for
Hospitalization of Sickle Cell Disease Patients in the Eastern

20

21

22

23

24

25

26

27

28

29

30

31

32
33

34

35

36

37

38

39

40

41

Province of Saudi Arabia: A Single-Center Study. Cureus
2021;13:e19299.

Brown B, Jacob N, Lagunju |, et al. Morbidity and mortality pattern
in hospitalized children with sickle cell disorders at the University
College Hospital, Ibadan, Nigeria. Nig J Paed 2013;40:34-9.

Abd EI-Ghany SM, Tabbakh AT, Nur Kl, et al. Analysis of Causes

of Hospitalization Among Children with Sickle Cell Disease in a
Group of Private Hospitals in Jeddah, Saudi Arabia. J Blood Med
2021;12:733-40.

Sawe HR, Reynolds TA, Mfinanga JA, et al. The clinical presentation,
utilization, and outcome of individuals with sickle cell anaemia
presenting to urban emergency department of a tertiary hospital in
Tanzania. BMC Hematol 2018;18:25.

Adams-Mitchell C, Cohen S, Prosperi M. Analyzing Treatment
Patterns and Clinical Outcomes within the First 24 Hours

of Hospitalization in Patients with Sickle Cell Disease and
Infection: Evidence from a Retrospective Cohort Study. Blood
2023;142:7316.

Namazzi R, Bond C, Conroy AL, et al. Hydroxyurea reduces
infections in children with sickle cell anemia in Uganda. Blood
2024;143:1425-8.

Obaro S. Is integrating sickle cell disease and HIV screening logical?
Lancet Glob Health 2016;4:e144-5.

Kish L. Survey sampling. New York: John Wiley and Sons, Inc, 1965.
Uganda Ministry of Health. Uganda clinical guidelines 2023: national
guidelines for management of common health conditions. 2023.
Frei-Jones MJ, Field JJ, DeBaun MR. Risk factors for hospital
readmission within 30 days: a new quality measure for children with
sickle cell disease. Pediatr Blood Cancer 2009;52:481-5.

Kilungu A, Winchislaus E, Alberto G, et al. Outcomes and
complications of sickle cell disease among hospitalized paediatric
patients; a retrospective study in a tertiary hospital, tanzania.
Hematology [Preprint].

Ighosewe PA, Ajaegbu OC, Okwudinka IO, et al. Pattern of admission
and outcome at a newly established sickle cell center in Nigeria. Int J
Contemp Pedliatr 2024;11:1343-7.

Ogol JaphethO. Ayodo George Hospitalization Events Among Sickle
Cell Anemia Patients at Homabay County Referral Hospital, Western
Kenya. Journal of Health, Medicine and Nursing 2018.

Salman ZA, Hassan MK. Hospitalization Events among Children
and Adolescents with Sickle Cell Disease in Basra, Iraq. Anemia
2015;2015:195469.

Lage J, Monteiro B, Costa A, et al. Acute Complications of Sickle
Cell Disease in Children Under 5 Years at a Level Il Hospital. Glob
Pediatr Health 2022;9:2333794X221141356.

Fingar KR, Owens PL, Reid LD, et al. Characteristics of Inpatient
Hospital Stays Involving Sickle Cell Disease, 2000-2016. Healthcare
Cost and Ultilization Project (HCUP) Statistical Briefs. Rockville (MD):
Agency for Healthcare Research and Quality (US), 2006.

World malaria report 2023. Geneva World Health Organization; 2023.
Zalwango MG, Bulage L, Zalwango JF, et al. Trends and distribution
of severe malaria cases, Uganda, 2017-2021: analysis of health
management information system data. Uganda National Institute of
Public Health Q Epidemiol Bull 2023;8:2.

Nakibuuka V, Ndeezi G, Nakiboneka D, et al. Presumptive treatment
with sulphadoxine-pyrimethamine versus weekly chloroquine for
malaria prophylaxis in children with sickle cell anaemia in Uganda: a
randomized controlled trial. Malar J 2009;8:237.

Frimpong A, Thiam LG, Arko-Boham B, et al. Safety and
effectiveness of antimalarial therapy in sickle cell disease: a
systematic review and network meta-analysis. BMC Infect Dis
2018;18:650.

McAuley CF, Webb C, Makani J, et al. High mortality from
Plasmodium falciparum malaria in children living with sickle cell
anemia on the coast of Kenya. Blood 2010;116:1663-8.

Brodsky MA, Rodeghier M, Sanger M, et al. Risk Factors for 30-
Day Readmission in Adults with Sickle Cell Disease. Am J Med
2017;130:601.

Alshabanat A, Alrabiah M, Bin Zuair A, et al. Predictive Factors for
30-Day Readmission and Increased Healthcare Utilization in Sickle
Cell Disease Patients: A Single-Center Comparative Retrospective
Study. Int J Gen Med 2024;17:2065-75.

Kumar V, Chaudhary N, Achebe MM. Epidemiology and Predictors
of all-cause 30-Day readmission in patients with sickle cell crisis. Sci
Rep 2020;10:2082.

Diallo AB, Seck M, Touré SA, et al. Prevalence and Predictive Factors
of Sickle Cell Emergencies Readmission in the Clinical Hematology
Department of Dakar, Senegal. Anemia 2024;2024:7143716.
Nouraie M, Gordeuk VR. Blood transfusion and 30-day readmission
rate in adult patients hospitalized with sickle cell disease crisis.
Transfusion 2015;55:2331-8.

Kibone W, et al. BMJ Open 2025;15:104303. doi:10.1136/bmjopen-2025-104303

salbojouyoal rejiwis pue ‘Bururesy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
*1sanb Aq 520z ‘6 1snBny uo /wod fwg uadolwg//:diy woiy papeojumoq ‘G20z 1Snbny g uo £0e0T-G20z-uadolwag/9eTT 0T Se paysiignd isiiy :uado rING


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8837-1954
http://orcid.org/0000-0003-4515-8517
http://orcid.org/0000-0002-4700-1495
http://dx.doi.org/10.1016/S2352-3026(23)00118-7
http://dx.doi.org/10.2471/blt.06.036673
http://dx.doi.org/10.1016/S0140-6736(12)61229-X
http://dx.doi.org/10.1371/journal.pmed.1001484
http://dx.doi.org/10.1111/tmi.13506
http://dx.doi.org/10.1111/tmi.13506
http://dx.doi.org/10.1016/S2214-109X(15)00288-0
http://dx.doi.org/10.1186/s12967-021-03074-z
http://dx.doi.org/10.3324/haematol.2024.285066
http://dx.doi.org/10.1371/journal.pntd.0002120
http://dx.doi.org/10.1371/journal.pntd.0002120
http://dx.doi.org/10.3324/haematol.2010.028167
http://dx.doi.org/10.1111/ijlh.13023
http://dx.doi.org/10.7759/cureus.61185
http://dx.doi.org/10.7759/cureus.19299
http://dx.doi.org/10.4314/njp.v40i1.6
http://dx.doi.org/10.2147/JBM.S318824
http://dx.doi.org/10.1186/s12878-018-0122-3
http://dx.doi.org/10.1182/blood-2023-187021
http://dx.doi.org/10.1182/blood.2023021575
http://dx.doi.org/10.1016/S2214-109X(15)00298-3
http://dx.doi.org/10.1002/pbc.21854
http://dx.doi.org/10.18203/2349-3291.ijcp20242727
http://dx.doi.org/10.18203/2349-3291.ijcp20242727
http://dx.doi.org/10.1155/2015/195469
http://dx.doi.org/10.1177/2333794X221141356
http://dx.doi.org/10.1177/2333794X221141356
http://dx.doi.org/10.1186/1475-2875-8-237
http://dx.doi.org/10.1186/s12879-018-3556-0
http://dx.doi.org/10.1182/blood-2010-01-265249
http://dx.doi.org/10.1016/j.amjmed.2016.12.010
http://dx.doi.org/10.2147/IJGM.S461778
http://dx.doi.org/10.1038/s41598-020-58934-3
http://dx.doi.org/10.1038/s41598-020-58934-3
http://dx.doi.org/10.1155/anem/7143716
http://dx.doi.org/10.1111/trf.13155
http://bmjopen.bmj.com/

42

43

44

45

46

Sobota A, Graham DA, Neufeld EJ, et al. Thirty-day readmission
rates following hospitalization for pediatric sickle cell crisis at
freestanding children’s hospitals: risk factors and hospital variation.
Pediatr Blood Cancer 2012;58:61-5.

Chou ST, Alsawas M, Fasano RM, et al. American Society of
Hematology 2020 guidelines for sickle cell disease: transfusion
support. Blood Adv 2020;4:327-55.

Fortin PM, Hopewell S, Estcourt LJ. Red blood cell transfusion to
treat or prevent complications in sickle cell disease: an overview of

Cochrane reviews. Cochrane Database Syst Rev 2018;8:CD012082.

Dierick K, Rodriguez-Grande B, Navarro-Aragall A-G, et al. Quality
of life in people with sickle cell disease treated with automated red
blood cell exchange. Vox Sang 2025;120:4-12.

Zouki T, Haroutunian A, Malcolm T, et al. Pain management for the
sickle cell patient. In: ShallikNA, ed. Pain Management in Special
Circumstances. Rijeka: IntechOpen, 2018.

47

48

49

50

51

Carroll CP, Haywood C Jr, Lanzkron S. Prediction of onset and
course of high hospital utilization in sickle cell disease. J Hosp Med
2011;6:248-55.

Kidwell K, Albo C, Pope M, et al. Characteristics of sickle

cell patients with frequent emergency department visits and
hospitalizations. PLoS One 2021;16:e0247324.

Mahadevia H, Ponvilawan B, Madan U, et al. A review on disease
modifying pharmacologic therapies for sickle cell disease. Ann
Hematol 2025;104:881-93.

Quarmyne M-O, Dong W, Theodore R, et al. Hydroxyurea
effectiveness in children and adolescents with sickle cell
anemia: A large retrospective, population-based cohort. Am J
Hematol 2017;92:77-81.

Dang JSDAK. Reducing Hospital Readmissions. StatPearls:
StatPearls Publishing, 2024.

Kibone W, et al. BMJ Open 2025;15:104303. doi:10.1136/bmjopen-2025-104303

salbojouyoal rejiwis pue ‘Bururesy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
*1sanb Aq 520z ‘6 1snBny uo /wod fwg uadolwg//:diy woiy papeojumoq ‘G20z 1Snbny g uo £0e0T-G20z-uadolwag/9eTT 0T Se paysiignd isiiy :uado rING


http://dx.doi.org/10.1002/pbc.23221
http://dx.doi.org/10.1182/bloodadvances.2019001143
http://dx.doi.org/10.1002/14651858.CD012082.pub2
http://dx.doi.org/10.1111/vox.13757
http://dx.doi.org/10.1002/jhm.850
http://dx.doi.org/10.1371/journal.pone.0247324
http://dx.doi.org/10.1007/s00277-025-06216-1
http://dx.doi.org/10.1007/s00277-025-06216-1
http://dx.doi.org/10.1002/ajh.24587
http://dx.doi.org/10.1002/ajh.24587
http://bmjopen.bmj.com/

	Indications for hospitalisation and predictors of 30-­day re-­admission of patients with sickle cell disease in Uganda: a retrospective study
	Abstract
	Introduction﻿﻿
	Methods
	Study design and setting
	Sample size and participants
	Data collection
	Outcomes
	Operational definitions
	Statistical analysis
	Patient and public involvement

	Results
	Recruitment
	Socio-demographic and clinical characteristics
	Hospitalisation details
	Factors associated with hospital re-admission within 30 days of last admission

	Discussion
	Conclusions
	References


