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Abstract

Background and Objectives: Blood transfusion is a key component of sickle cell disease (SCD)
management, and ABO and Rh compatibility is essential to minimize transfusion-related
complications. This study investigated factors associated with blood transfusion history
and examined the relationships of ABO and Rh blood groups with clinical and laboratory
markers of disease severity. Materials and Methods: A cross-sectional study was conducted
among 309 patients attending a hematology outpatient clinic in Saudi Arabia between
October and December 2025. Clinical data were collected through patient interviews, and
laboratory results were obtained from medical records. Results: Overall, 89.9% of patients
had a history of blood transfusion. Older age, chronic disease, higher platelet count, MCV,
MCH, and HbA2 levels were associated with blood transfusion history. In contrast, higher
hemoglobin and HbF levels were associated with fewer transfusions. Patients with blood
group O had lower odds of transfusion than those with non-O blood groups (OR = 0.340,
95% CI: 0.135–0.856; p = 0.022). Hydroxyurea use was associated with lower LDH levels,
while G6PD deficiency and higher MCV were independently associated with higher LDH
levels. ABO and Rh blood groups were not associated with acute chest syndrome or LDH
levels. Conclusions: Blood transfusion history in SCD was associated with several clinical
and hematological factors. These findings support further investigation of G6PD status
and reinforce the known benefits of hydroxyurea. Further studies are needed to clarify the
role of ABO and Rh blood groups in disease progression and transfusion practices.

Keywords: sickle cell disease; blood transfusion; ABO blood group; Rh blood group;
hydroxyurea

1. Introduction
Sickle Cell Disease (SCD) is an inherited hematological disorder that represents an

increasing global health burden, affecting approximately 300,000 births annually, with
higher prevalence in sub-Saharan Africa, South Asia, the Middle East, and the Mediter-
ranean regions [1,2]. In Saudi Arabia, the disease is particularly common, affecting around
20,000 individuals per 100,000 population, with the highest rates reported in the Eastern
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and Southern Provinces [3,4]. It results from a mutation in the beta-globin subunit of
hemoglobin, leading to the production of abnormal hemoglobin S (HbS), which tends to
polymerize under hypoxic conditions [2,5].

Clinically, SCD manifests with a wide range of complications, including stroke, acute
chest syndrome (ACS), splenic sequestration crises, and multi-organ dysfunction [6].
The two core features of the disease are chronic hemolytic anemia and recurrent vaso-
occlusive crises (VOC), while ACS remains the leading cause of mortality among affected
patients [7,8]. The clinical presentation of SCD is highly diverse and heterogeneous, making
the assessment and prediction of disease severity particularly challenging [9].

Previous studies have identified several genetic, hematological, and environmental
factors that influence disease severity. Genetically, patients with HbSS and HbS/β0 tha-
lassemia genotypes generally experience more severe manifestations than those with other
genotypes, while co-inheritance of alpha thalassemia and higher fetal hemoglobin levels
can significantly modify disease severity [5,10].

Additionally, the influence of the ABO blood group system on the clinical course
of SCD has gained increasing interest because of its role in vascular and coagulation
processes [11–14]. Individuals with non-O blood groups typically exhibit higher circulating
levels of von Willebrand factor (vWF) and factor VIII than those with blood group O,
which may promote a prothrombotic state and influence vascular function [11,12,14]. These
biological mechanisms provide a plausible basis for investigating the potential association
between ABO blood groups and disease severity in patients with SCD [13].

Furthermore, G6PD deficiency frequently coexists with SCD in regions where both
disorders are highly prevalent [15,16]. While SCD is characterized by chronic oxidative
stress and hemolysis, the added impact of G6PD deficiency impairs the erythrocyte’s
ability to manage oxidative damage, which may contribute to increased hemolysis and
potentially more severe clinical manifestations [15–17]. Despite this biological rationale,
clinical findings on the impact of G6PD deficiency in SCD remain inconsistent [18,19].

In addition, hematological parameters such as hemoglobin level, white blood cell count
(WBC), and platelet count have been strongly associated with SCD-related complications,
including ACS and VOC, both of which are considered important indicators of more severe
disease progression [9,20]. Socioeconomic factors, particularly access to healthcare, may
also influence disease severity and clinical outcomes in patients with SCD [21].

A variety of therapeutic approaches are available for the management of SCD, aiming
to improve quality of life, reduce complications, and potentially enhance survival [6,22].
Nevertheless, red blood cell transfusion, whether administered as simple or exchange
transfusion, remains a cornerstone in the management of SCD and plays a critical role in
preventing and treating severe disease-related complications [23,24]. However, the factors
associated with increased blood transfusion in patients with SCD remain incompletely
understood. Therefore, this study aimed to identify predictors of blood transfusion history
among patients with SCD and to evaluate the associations of ABO and Rh blood groups
with blood transfusion history and clinical and laboratory markers of disease severity.

2. Materials and Methods
2.1. Study Population

A cross-sectional study was conducted among patients at a hematology outpatient
clinic in Saudi Arabia between October and December 2025. Eligible participants were
adults aged 18 years or older with a confirmed diagnosis of SCD who provided informed
consent. Patients with incomplete medical records that prevented assessment of key study
variables and those who declined participation were excluded. Consecutive sampling was
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used, and all eligible patients attending the center during the study period were invited to
participate until the target sample size was reached.

2.2. Data Collection

Data were collected by trained research team members through direct patient inter-
views using a structured questionnaire. The questionnaire consisted of three main sections.
The first section included sociodemographic information such as age, sex, and history of
chronic diseases. The second section addressed clinical characteristics of SCD, including
annual frequency of VOC, history of ACS, self-reported lifetime number of transfusion
episodes, hydroxyurea use, and previous surgical interventions. The third section in-
cluded laboratory parameters obtained from patients’ medical records, including WBC,
hemoglobin level, platelet count, mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), HbA, HbA2, HbF, HbS, ABO blood group, Rh D status and lactate
dehydrogenase (LDH) levels.

2.3. Outcome Definitions

The study outcomes included clinical complications and markers of disease severity in
patients with SCD. These comprised a history of blood transfusion (yes/no), self-reported
lifetime number of transfusion episodes, a history of ACS, annual frequency of VOC, and
LDH levels.

A history of blood transfusion was defined as any self-reported lifetime history of
receiving a blood transfusion, regardless of whether it was administered for an acute indi-
cation or as part of chronic transfusion therapy. The lifetime number of blood transfusion
episodes was also self-reported. A history of ACS was based on participants’ self-report
(yes/no). Annual VOC frequency was defined as the self-reported number of VOC episodes
experienced during the preceding 12 months. LDH values were obtained from routine labo-
ratory investigations recorded in the patients’ electronic medical records during outpatient
follow-up visits and represented the most recent outpatient measurement available during
the study period.

2.4. Statistical Analysis

Data were entered and analyzed using IBM SPSS Statistics for Windows, version
28.0 (IBM Corp., Armonk, NY, USA). Continuous variables were summarized using
mean ± standard deviation or median (IQR), as appropriate. Categorical variables were
presented as frequencies and percentages.

Normality was assessed using the Shapiro–Wilk test. Associations between study
variables and the study outcomes (blood transfusion history, ACS, annual frequency of
VOC, and LDH level) were assessed using the chi-square test (or Fisher’s exact test) for
categorical variables and the independent t-test or Mann–Whitney U test for continuous
variables, as appropriate. Pearson correlation analysis was performed to examine the
association between LDH levels and continuous predictors.

Univariate logistic regression analyses were performed to identify factors associated
with blood transfusion history and acute chest syndrome (ACS). A multivariable logistic
regression model was performed for ACS only, as a multivariable model was not performed
for blood transfusion history because of the highly imbalanced binary outcome. Univariate
and multivariable linear regression analyses were conducted to identify predictors of LDH
levels. Variables included in the multivariable models were selected based on clinical
relevance, directed acyclic graph (DAG) considerations, a p-value < 0.20 in univariate
analyses, and the absence of significant multicollinearity. Statistical significance was set at
p < 0.05.
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3. Results
3.1. Demographic and SCD Characteristics

A total of 309 patients with SCD were included in the study. The mean age was
33.4 ± 11.7 years, with a median of 32 years (IQR: 25–40; range: 17–88), and more than
half were female (55.3%). Nearly one-quarter (24.9%) had at least one chronic comorbidity,
while G6PD deficiency was present in 6.5% of patients. A history of stroke was reported in
7.4% of the study, and 31.1% had undergone previous surgical procedures. At the time of
assessment, 42.1% were receiving hydroxyurea therapy. A history of VOC was reported in
94.5% of patients, with a median of 3 episodes (IQR: 2–6) and a mean of 5.4 ± 6.5 (range:
1–50). Regarding blood group distribution, blood group O was more common than non-O
blood groups (60.8% vs. 39.2%), and 94.2% of patients were Rh D positive. Among the
309 SCD patients, 278 (89.9%) reported a history of blood transfusion. The median number
of lifetime transfusion episodes was 5 (IQR: 2–11), with a mean of 9.2 ± 11.2 (range: 1–60).
Slightly more than half, 159 (51.5%), had a history of ACS. The mean LDH level was
429.0 ± 231.3 U/L (51.0–2148), while the median was 372 U/L (IQR: 277-496).

Patients with a history of blood transfusion were significantly older than those without
a history of transfusion. Patients with chronic comorbidities were significantly more likely
to report a history of blood transfusion, and those with non-O blood groups also reported a
history of blood transfusion (p < 0.05). These patients also had a higher annual frequency
of VOC (p < 0.001). A history of ACS was significantly associated with G6PD deficiency,
previous history of surgery, current hydroxyurea use, and a higher annual frequency of
VOC. Mean LDH levels were significantly higher in patients with non-O blood groups
compared with those with blood group O (p < 0.05) (Table 1).

Table 1. Differences in blood transfusion history, ACS and LDH levels according to Demographic
and Clinical Characteristics (n = 309).

Characteristic Total n (%)
History of Blood Transfusion
No 31 (9.1%) Yes 278 (89.9%)

p-Value

History of Acute Chest Syndrome
No 150 (48.5%) Yes 159 (51.5%)

p-Value

LDH £

(Mean = 429.01)
p-Value

Age in Years
(Mean ± SD)

33.4 ± 11.7 25.32 ± 7.56 34.31 ± 11.77
<0.001 *

33.13 ± 12.17 33.67 ± 11.31
0.398

R = 0.096
0.091

Gender

Male
Female

138 (44.7)
171 (55.3)

17 (12.3) 121 (87.7)
14 (8.2) 157 (91.8)

0.229

70 (50.7) 68 (49.3)
80 (46.8) 91 (53.2)

0.491

449.1 ± 230.2 (389)
412.8 ± 231.6 (355)

0.121

Chronic Diseases

No
Yes

232 (75.1)
77 (24.9)

28 (12.1) 204 (87.9)
3 (3.9) 74 (96.1)

0.039 *

114 (49.1) 118 (50.9)
36 (46.8) 41 (53.2)

0.717

432.8 ± 242.9 (372)
417.6 ± 193.5 (374)

0.877

G6PD

No
Yes

289 (93.5)
20 (6.5)

30 (10.4) 259 (89.6)
1 (5.0) 15 (95.0)

0.705 &

146 (50.5) 143 (49.5)
4 (20.0) 16 (80.0)

0.008 *

423.3 ± 230.3 (372.0)
512.1 ± 236.9 (441.5)

0.059

Previous History of Surgery

No
Yes

213 (68.9)
96 (31.1)

20 (9.4) 193 (90.6)
11 (11.5) 85 (88.5)

0.575

126 (59.2) 87 (40.8)
24 (25.0) 72 (75.0)

<0.001 *

440.3 ± 245.8 (381)
403.9 ± 194.1 (360)

0.213
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Table 1. Cont.

Characteristic Total n (%)
History of Blood Transfusion
No 31 (9.1%) Yes 278 (89.9%)

p-Value

History of Acute Chest Syndrome
No 150 (48.5%) Yes 159 (51.5%)

p-Value

LDH £

(Mean = 429.01)
p-Value

Current Use of Hydroxyurea

No
Yes

179 (57.9)
130 (42.1)

18 (10.1) 161 (89.9)
13 (10.0) 117 (90.0)

0.987

103 (57.5) 76 (42.5)
47 (36.2) 83 (63.8)

<0.001 *

252.1 ± 261.0 (386)
397.2 ± 178.9 (359)

0.104

History of vaso-occlusive crises (VOC)

No
Yes

17 (5.5)
292 (94.5)

3 (17.6) 14 (82.4)
28 (9.6) 264 (90.4)

0.282

9 (52.9) 8 (47.1)
141 (48.3) 151 (51.7)

0.709

437.3 ± 261.4 (339)
428.5 ± 229.9 (373)

0.694

Number of
VOC

(Mean ± SD)

5.4 ± 6.5 4.8 ± 4.5 5.1 ± 6.6
<0.001 *

3.3 ± 3.2 6.8 ± 8.0
<0.001 *

R = 0.054
0.344

Blood Parameters and ABO Grouping

ABO grouping
Non-O

O
121(39.2)
188 (60.8)

6 (5.0) 115 (95.0)
25 (13.3) 163 (86.7)

0.017 *

55 (45.5) 66 (54.5)
95 (50.5) 93 (49.5)

0.383

453.8 ± 219.3 (395)
413.1 ± 238.1 (359)

0.040 *

Rh D Status
Rh D neg
Rh D pos

18 (5.8)
291(94.2)

2 (11.1) 16 (88.9)
29 (10.0) 262 (90.0)

0.875

12 (66.7) 6 (33.3)
138 (47.4) 153 (52.6)

0.113

380.9 ± 178.2 (332.5)
431.9 ± 234.1 (374.0)

0.291

Abbreviations: SCD, sickle cell disease; LDH, lactate dehydrogenase; G6PD, glucose-6-phosphate dehydrogenase.
& Fisher’s Exact Test used. £ Mann–Whitney test used. * Significant at p < 0.05.

3.2. Hematological and Biochemical Parameters

Hematological and biochemical parameters are presented in Table 2. The mean
hemoglobin level was 9.36 ± 1.67 g/dL. Hemoglobin electrophoresis showed predomi-
nance of HbS, with mean HbF and HbA2 levels of 14.5 ± 7.4% and 3.1 ± 1.1%, respectively.
A history of blood transfusion was significantly associated with lower hemoglobin levels,
higher platelet counts, increased MCV and MCH values, and lower HbF levels (p < 0.05).
Meanwhile, higher hemoglobin levels, higher platelet counts, higher HbA, HbA2 and
HbS were significantly associated with a history of ACS among SCD patients (p < 0.05).
Regarding LDH, significant positive correlations were observed with WBC count (r = 0.209,
p < 0.001), MCV (r = 0.264, p < 0.001), and MCH (r = 0.237, p < 0.001). In contrast, LDH
levels showed a significant negative correlation with HbA2 (r = −0.128, p = 0.024) (Table 2).

Table 2. Differences in blood transfusion history, ACS and LDH levels according to Hematological
Parameters and Hemoglobin Fractions Among SCD Patients (n = 309).

Blood
Parameters Mean ± SD Median

(IQR 25th–75th)

History of Blood
Transfusion
No 31 (9.1%)

Yes 278 (89.9%)
p-Value

History of Acute
Chest Syndrome
No 150 (48.5%)
Yes 159 (51.5%)

p-Value

LDH
(Mean = 429.01)

p-Value

WBC (×109/L) 9.33 ± 5.59 8.43 (5.5–11.7) 8.44 ± 3.38
9.44 ± 5.76

0.714

9.21 ± 6.09
9.46 ± 5.1089

0.489

R = 0.209
<0.001 *

Haemoglobin
(g/dL)

9.36 ± 1.67 9.40 (8.25–10.50) 10.16 ± 1.78
9.27 ± 1.64

0.005 *

9.12 ± 1.68
9.59 ± 1.64

0.014 *

R = −0.072
0.207
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Table 2. Cont.

Blood
Parameters Mean ± SD Median

(IQR 25th–75th)

History of Blood
Transfusion
No 31 (9.1%)

Yes 278 (89.9%)
p-Value

History of Acute
Chest Syndrome
No 150 (48.5%)
Yes 159 (51.5%)

p-Value

LDH
(Mean = 429.01)

p-Value

Platelet(×109/L) 316.21 ± 186.58 272
(165.0–420.50)

249.84 ± 135.29
323.61 ± 190.21

0.036 *

287.04 ± 172.02
343.73 ± 195.93

0.011 *

R = 0.021
0.711

MCV(fL) 79.46 ± 12.19 78.60
(70.20–87.45)

75.41 ± 9.74
79.91 ± 12.37

0.05 *

79.16 ± 11.86
79.75 ± 12.68

0.670

R = 0.264
<0.001 *

MCH(pg) 27.45 ± 4.73 27.30 (23.90–30.0) 25.83 ± 4.34
27.63 ± 4.74

0.025 *

27.21 ± 4.97
27.68 ± 4.50

0.518

R = 0.237
<0.001*

Hb A (%) 8.72 ± 18.04 0 (0–6.75) 2.45 ± 5.13
9.42 ± 18.81

0.279

11.04 ± 20.15
6.53 ± 15.53

0.002 *

R = 0.042
0.462

Hb A2 (%) 3.10 ± 1.10 2.80 (2.4–3.5) 2.72 ± 0.61
3.14 ± 1.01

0.124

2.93 ± 1.00
3.26 ± 1.17

0.005 *

R = −0128
0.024 *

Hb S (%) 73.62 ± 15.92 77.6 (70.15–82.90) 76.81 ± 6.66
73.27 ± 16.60

0.934

71.46 ± 17.32
75.67 ± 14.21

0.022 *

R = −0.049
0.389

Hb F (%) 14.49 ± 7.43 14.60 (8.55–19.50) 17.59 ± 5.67
14.15 ± 7.53

0.014 *

14.5 ± 57.82
14.43 ± 7.07

0.891

R = 0.001
0.990

Mann–Whitney test is used for all; t test; Pearson correlation for Haemoglobin, MCV, Hb F. * Significant at p < 0.05.

The number of blood transfusion episodes showed significant positive correlations
with WBC count (r = 0.171, p = 0.004), platelet count (r = 0.118, p = 0.050), and hemoglobin
level (r = 0.185, p = 0.002). Conversely, significant negative correlations were observed with
HbA (r = −0.067, p = 0.005) and HbF (r = −0.371, p < 0.001). In addition, the presence of
Rh D antigen was significantly associated with the average number of blood transfusion
episodes (Mann–Whitney Z = −2.140, p = 0.032). No statistically significant differences
were observed between the studied variables and the remaining outcomes, including the
annual number of VOC.

3.3. Factors Associated with Blood Transfusion, ACS and LDH Levels

Table 3 summarizes the results of the univariate logistic and linear regression analyses
examining factors associated with blood transfusion history, ACS and LDH levels.

Older age was associated with higher odds of blood transfusion history (OR = 1.119,
p < 0.001; 95% CI: 1.059–1.184). In addition, patients with chronic diseases were more
likely to have a history of transfusion (OR = 3.386, p = 0.049; 95% CI: 1.000–11.468). ABO
blood group was also associated with transfusion history, as patients with blood group O
had lower odds of transfusion compared with non-O blood groups (OR = 0.340, 95% CI:
0.135–0.856; p = 0.022). Lower hemoglobin levels were associated with a greater likelihood
of transfusion (OR = 0.716, 95% CI: 0.565–0.907; p = 0.006), while higher platelet counts
showed a positive association (OR = 1.003, 95% CI: 1.000–1.005; p = 0.039). Higher MCV
and MCH values were also associated with increased odds of transfusion history. HbA2
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was associated with higher odds of transfusion (OR = 1.587, p = 0.040), whereas higher HbF
levels were associated with lower odds of blood transfusion (OR = 0.941, p = 0.016).

Table 3. Univariate logistic and linear regression analysis of factors associated with Blood Transfusion,
Acute chest syndrome and LDH Level among SCD patients (n = 309).

Characteristic
Blood

Transfusion
OR (p-Value)

Blood
Transfusion

95% CI

Acute Chest
Syndrome

OR
(p-Value)

Acute Chest
Syndrome

95% CI

LDH
B Coefficient

(p-Value)
LDH 95% CI

Age (years) 1.119 (<0.001 *) 1.059–1.184 1.004 (0.686) 0.985–1.023 1.880 (0.095) −0.326–4.086

Gender
(Ref: Male) 1.576 (0.232) 0.747–3.322 1.171 (0.491) 0.747–1.835 −36.37 (0.171) −88.388–15.639

Chronic
Diseases (Ref:

No)
3.386 (0.049 *) 1.000–11.468 1.100 (0.717) 0.657–1.844 38.579 (0.618) −75.157–44.727

G6PD (Ref:
No) 2.201 (0.450) 0.284–17.029 4.084 (0.014 *) 1.333–12.512 88.789 (0.097) −16.161–193.738

VOC (Ref:
No) 2.020 (0.291) 0.547–7.461 1.205 (0.709) 0.452–3.209 −0.009 (0.880) −122.522–104.895

Average
frequency of

VOC
1.010 (0.760) 0.948–1.076 1.165 (<0.001 *) 1.093–1.242 −0.007 (0.906) −4.300–3.814

Previous
History of

Surgery
(Ref: No)

0.801 (0.567) 0.368–1.745 4.345 (<0.001 *) 2.540–7.431 −36.400 (0.201) −92.300–19.500

Current Use of
Hydroxyurea

(Ref: No)
1.006 (0.987) 0.474–2.135 2.393 (<0.001 *) 1.504–3.809 −54.869 (0.039 *) −107.047–−2.691

ABO grouping
(Ref: Non-O) 0.340 (0.022 *) 0.135–0.856 0.618 (0.384) 0.516–1.290 −40.667 (0.132) −93.613–12.274

Rh D antigen
(Ref: Rh D

neg)
1.129 (0.875) 0.247–5.159 2.217 (0.121) 0.810–6.068 51.036 (0.365) −59.557–161.630

WBC 1.041 (0.340) 0.958–1.131 1.008 (0.684) 0.969–1.050 6.381 (0.007 *) 1.770–10.991

Haemoglobin 0.716 (0.006 *) 0.565–0.907 1.187 (0.015 *) 1.034–1.362 −13.454 (0.087) −28.875–1.966

Platelet 1.003 (0.039 *) 1.000–1.005 1.002 (0.008 *) 1.000–1.003 −0.061 (0.386) −0.200–0.078

MCV 1.034 (0.050 *) 1.000–1.007 1.004 (0.669) 0.986–1.023 3.451 (0.001 *) 1.355–5.546

MCH 1.093 (0.049 *) 1.002–1.192 1.021 (0.388) 0.974–1.071 9.123 (<0.001 *) 3.727–14.520

Hb A 1.046 (0.067) 0.997–1.097 0.986 (0.032 *) 0.973–0.999 0.667 (0.362) −0.771–2.106

Hb A2 1.587 (0.040 *) 1.021–2.466 1.358 (0.007 *) 1.087–1.698 −32.125 (0.009 *) −56.096–−8.153

Hb F 0.941 (0.016 *) 0.896–0.989 0.998 (0.891) 0.968–1.028 −1.841 (0.300) −5.330–1.648

Hb S 0.983 (0.244) 0.955–1.012 1.017 (0.022 *) 1.002–1.032 −0.352 (0.672) −1.984–1.280

* Significant at p < 0.05.

For ACS, G6PD deficiency, higher frequency of VOC, history of surgery, and current
use of hydroxyurea were associated with higher odds of ACS. Higher hemoglobin levels and
platelet counts were also associated with increased odds of ACS. In contrast, higher levels
of HbA were associated with lower odds of ACS (OR = 0.986, p = 0.032), whereas higher
HbA2 and HbS levels were significantly associated with higher odds of ACS (OR = 1.358,
p = 0.007 and OR = 1.017, p = 0.022, respectively). Neither ABO blood group nor Rh D
antigen was significantly associated with ACS in the univariate analysis (p > 0.05). Patients
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with the O blood group had similar odds of ACS compared to those with non-O blood
groups (OR = 0.618, 95% CI: 0.516–1.290, p = 0.384). Likewise, the presence of Rh D antigen
was not significantly associated with ACS (OR = 2.217, 95% CI: 0.810–6.068, p = 0.121). For
LDH levels, current hydroxyurea use was associated with lower LDH levels (B = −54.869,
p = 0.039). In contrast, higher WBC count (B = 6.381, p = 0.007; 95% CI: 1.770–10.991),
MCV (B = 3.451, p = 0.001; 95% CI: 1.355–5.546), and MCH (B = 9.123, p < 0.001; 95% CI:
3.727–14.520) were significantly associated with higher LDH levels. Meanwhile, HbA2 was
associated with lower LDH levels (B = −32.125, p = 0.009; 95% CI: −56.096 to −8.153).

In the adjusted multivariable analysis, G6PD deficiency was the strongest independent
predictor of ACS (AOR = 4.56, 95% CI: 1.09–19.13, p = 0.038), followed by prior surgery
(AOR = 3.22, 95% CI: 1.72–6.00, p < 0.001), hydroxyurea use (AOR = 2.23, 95% CI: 1.26–3.94,
p = 0.006), higher frequency of VOC (AOR = 1.17, 95% CI: 1.09–1.26, p < 0.001), and higher
platelet count (AOR = 1.002, 95% CI: 1.000–1.003, p = 0.031). In the adjusted multivariable
linear regression analysis, chronic disease and hydroxyurea use remained significantly
associated with lower LDH levels (B = −73.82, p = 0.033; B = −55.93, p = 0.044, respectively).
Conversely, G6PD deficiency and higher MCV were independently associated with higher
LDH levels (B = 135.85, p = 0.025 and B = 2.80, p = 0.021, respectively).

4. Discussion
Red blood cell transfusion remains a cornerstone in the management of sickle cell dis-

ease (SCD), particularly for the prevention and treatment of acute complications. However,
the cumulative burden of iron overload, alloimmunization, and infection risk remains a
substantial challenge for both clinicians and patients [23,25]. Despite international guide-
lines, transfusion practices vary widely by region [26,27]. Our study highlights the high
prevalence of transfusion history and reinforces the concept that transfusion needs are
multifactorial rather than driven by a single clinical marker.

SCD is a multisystem disorder with a remarkably diverse clinical spectrum. Currently,
there is no universally accepted tool for the objective and reproducible assessment of disease
severity, a gap that complicates efforts to optimize treatment outcomes [22,28]. Notably,
although the mean age of participants in our study was thirty, the lifetime transfusion
rate was lower than the annual rates reported in the previous literature [29]. Furthermore,
our findings suggest that transfusion history increases with age. The observed association
likely reflects cumulative disease exposure, rather than age being an independent predictor.
Younger patients inherently have had fewer years living with SCD and, therefore, fewer
opportunities to receive transfusions.

Historically, elevated fetal hemoglobin (HbF) levels and the coexistence of alpha tha-
lassemia, often reflected by lower mean corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH), have been recognized as important modifiers of SCD severity [30].
In our study, higher HbF levels were associated with lower blood transfusion history
despite lower LDH levels, consistent with the protective role of HbF reported in previous
studies [31,32]. Conversely, coexisting alpha thalassemia is a well-established modifier of
SCD progression. Our findings showed that higher MCV and MCH values were associated
with a history of blood transfusion and higher hemolytic activity; notably, these indices are
typically lower in patients with alpha thalassemia. Furthermore, we observed that higher
HbA2 levels were associated with an increased history of blood transfusion and a higher
incidence of ACS. Interestingly, HbA2 also showed a significant negative correlation with
LDH levels, which may point toward co-inherited beta-thalassemia trait within our patients.
While beta-thalassemia is linked to increased transfusion needs, it often displays an inverse
relationship with hemolytic markers. This suggests the involvement of alternative mech-
anisms of anemia, such as splenic sequestration or hypersplenism secondary to chronic
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splenomegaly [33,34]. It is also possible that elevated MCV related to reticulocytosis may
mask the underlying microcytosis usually associated with alpha or beta thalassemia [35].

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is an X-linked recessive dis-
order that causes hereditary hemolytic anemia, typically triggered by oxidative stress,
although chronic hemolysis may also occur [16,36]. Both G6PD deficiency and sickle
hemoglobin are thought to confer partial protection against malaria, which contributes
to their high prevalence in malaria-endemic regions. Previous studies have shown that
G6PD deficiency may increase transfusion requirements during early childhood in patients
with SCD, although findings in older patients remain inconsistent [18,19]. Our results
indicate that the coexistence of G6PD deficiency and SCD was associated with increased
hemolysis, supporting earlier reports suggesting more severe anemia in patients with both
conditions [19,36]. Although donor G6PD status was not evaluated in our study, emerg-
ing evidence suggests that G6PD-deficient donor red blood cells may affect transfusion
outcomes because of reduced post-transfusion survival and increased susceptibility to
oxidative damage [37].

SCD is also characterized by chronic inflammation involving leukocytes, platelets,
and endothelial activation, along with impaired resolution of inflammation. In our study,
leukocytosis and thrombocytosis were associated not only with increased hemolysis but
also with more blood transfusions. Conversely, patients with higher baseline hemoglobin
levels tended to require fewer transfusions [6,9]. Furthermore, beyond its established
role in preventing acute and long-term complications of SCD, hydroxyurea appeared to
reduce disease severity by decreasing hemolytic activity. This finding is consistent with
the well-established benefits of hydroxyurea in reducing disease severity and transfusion
burden [38,39]. However, the association between hydroxyurea use and ACS should
be interpreted cautiously, as it may reflect confounding by indication. Although VOC
frequency is an important marker of SCD severity, it was significantly associated with ACS
but not with blood transfusion history in our study. This may reflect the multifactorial
nature of transfusion decisions, which depend on several clinical and laboratory factors.

Regarding ABO and Rh blood group systems, we found that blood group O was
the most common type among patients with SCD, which aligns with previous epidemi-
ological reports. This finding is expected, as blood group O and Rh D positive are the
predominant blood groups in the Eastern Province of Saudi Arabia [40,41]. While blood
group variations have increasingly been associated with non-transfusion-related conditions,
such as nephropathy and venous thromboembolism, our data suggest that patients with
non-O blood groups were more likely to have a history of blood transfusion than those
with blood group O [42,43]. This supports the hypothesis that non-O individuals, who
typically exhibit higher circulating levels of von Willebrand factor and factor VIII, may
experience a more complex clinical course [41]. In addition, Rh D positive individuals had
higher transfusion rates than Rh D negative individuals; however, this finding should be
interpreted cautiously because the relatively small number of Rh D negative participants
may have limited the statistical power of the analysis. Importantly, there was no observable
influence of blood group on the incidence of acute chest syndrome and acute painful crisis.

This study underscores the important role of blood transfusion in the management
of SCD, with most patients requiring at least one transfusion during their lifetime. Our
findings suggest that factors such as higher HbF levels and hydroxyurea use may con-
tribute to a lower transfusion burden, which could partly explain the lower transfusion
rates observed in our study compared with previous studies. However, this study is not
without limitations. The cross-sectional design limits conclusions regarding causality, and
the retrospective collection of clinical information may have introduced recall and doc-
umentation bias. The retrospective design also prevented us from determining whether
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ACS occurred before or after hydroxyurea treatment was initiated. Additionally, the high
baseline rate of blood transfusions resulted in a highly skewed outcome distribution, which
statistically limited our ability to perform fully adjusted multivariable logistic regression
models without risking model instability, overfitting, or coefficient inflation. Future studies
may consider penalized logistic regression and assess transfusion burden using objectively
documented transfusion records. Furthermore, genetic testing and measurements of von
Willebrand factor (vWF) and factor VIII were not routinely available, limiting our ability
to assess their potential contribution to disease severity and transfusion requirements.
Future research should examine these markers, include both patient and donor G6PD
status, compare adherence to transfusion guidelines, evaluate restrictive versus liberal
transfusion strategies across different regions, include appropriate control populations for
ABO and Rh D comparisons, and further clarify the role of ABO and Rh blood groups in
SCD progression and transfusion practices.

5. Conclusions
Blood transfusion history in patients with SCD was associated with several clinical

and hematological factors, including age, chronic comorbidities, hemoglobin level, platelet
count, and HbF. Hydroxyurea use was independently associated with lower LDH levels,
while G6PD deficiency was associated with higher LDH levels, highlighting their relation-
ship with hemolysis. These findings reinforce the importance of adherence to hydroxyurea
therapy and suggest a potential role for G6PD screening in the comprehensive manage-
ment of SCD. Patients with non-O blood groups were also more likely to have a history
of blood transfusion than those with blood group O. However, no significant association
was observed between ABO or RhD blood groups and ACS. Further prospective stud-
ies are needed to clarify the role of ABO and Rh blood groups in SCD progression and
transfusion practices.

Author Contributions: Conceptualization, M.A. (Mortadah Alsalman); methodology, M.A. (Mor-
tadah Alsalman), M.S. and Z.A.; validation, M.A. (Mortadah Alsalman) and Z.A.; formal analysis,
M.A. (Mortadah Alsalman), M.S. and Z.A.; investigation, M.A. (Mortadah Alsalman), M.A. (Muthana
AlSahlawi), N.A., K.E., E.A., A.A., H.A.A., M.S. and Z.A.; data curation, M.A. (Mortadah Alsalman),
M.A. (Muthana AlSahlawi), N.A., K.E., E.A., A.A., H.A.A., M.S. and Z.A.; writing—original draft,
M.A. (Mortadah Alsalman); writing—review & editing, M.A. (Muthana AlSahlawi), N.A., K.E., E.A.,
A.A., H.A.A., M.S. and Z.A.; supervision, Z.A.; funding acquisition, M.A. (Mortadah Alsalman),
M.A. (Muthana AlSahlawi), N.A., K.E., E.A., A.A. and Z.A. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the Deanship of Scientific Research, Vice Presidency for Grad-
uate Studies and Scientific Research, King Faisal University, Saudi Arabia [Grant No. KFU262523].

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Research Ethics Committee of King Faisal University (protocol code
KFU-REC-2025-OCT- ETHICS3610, date of approval 5 October 2025).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data supporting the findings of this study are included in the
manuscript. De-identified data may be available from the corresponding author upon reasonable
request, subject to institutional and ethical approval.

Conflicts of Interest: The authors declare no conflicts of interest.

https://doi.org/10.3390/medicina62081449

https://doi.org/10.3390/medicina62081449


Medicina 2026, 62, 1449 11 of 12

References
1. Piel, F.B.; Patil, A.P.; Howes, R.E.; Nyangiri, O.A.; Gething, P.W.; Dewi, M.; Temperley, W.H.; Williams, T.N.; Weatherall, D.J.; Hay,

S.I. Global epidemiology of sickle haemoglobin in neonates: A contemporary geostatistical model-based map and population
estimates. Lancet 2013, 381, 142–151. [CrossRef] [PubMed]

2. Alhawiti, N.M.; Shubair, M.M.; Alharthy, A.; Al-Khateeb, B.F.; Aldahash, R.; Aleissa, B.; Angawi, K.; AlJumah, M.; Almutairi, A.;
Almutairi, M.N.; et al. The prevalence and predictors of sickle cell anemia in the Saudi Arabia general population: Findings from
a cross-sectional study. Healthcare 2025, 13, 1117. [CrossRef] [PubMed]

3. Hamed, N.F.; Alatawi, Y.D.A.; AlKabbani, D.M.Z. Prevalence, risk factors, and complications of sickle cell disease in Saudi Arabia:
A systematic review. Cureus 2024, 16, e65263. [CrossRef] [PubMed]

4. Ahmed, A.E.; Alaskar, A.S.; Al-Suliman, A.M.; Jazieh, A.-R.; McClish, D.K.; Al Salamah, M.; Ali, Y.Z.; Malhan, H.; Mendoza, M.A.;
Gorashi, A.O.; et al. Health-related quality of life in patients with sickle cell disease in Saudi Arabia. Health Qual. Life Outcomes
2015, 13, 183. [CrossRef] [PubMed]

5. Da Guarda, C.C.; Yahouédéhou, S.; Santiago, R.P.; Neres, J.S.D.S.; Fernandes, C.F.D.L.; Aleluia, M.M.; Figueiredo, C.V.B.; Fiuza,
L.M.; Carvalho, S.P.; De Oliveira, R.M.; et al. Sickle cell disease: A distinction of two most frequent genotypes (HbSS and HbSC).
PLoS ONE 2020, 15, e0228399. [CrossRef] [PubMed]

6. Alsalman, M.; Alsalman, Z.; Alkhalifa, H.A.; Alfaraj, A.N.; Alkhalifah, A.; Almulihi, Q. Predictors of intensive care admission
among adult patients with sickle cell disease in Eastern Province of Saudi Arabia. J. Blood Med. 2023, 14, 671–680. [CrossRef]
[PubMed]

7. Zayed, A.M.; Almohaimeed, S.; Alotaibi, T.; Aldosari, H.; Alotaibi, T.; Ahmed, B.; Abdullah, K.; Awadallah, Y.; Ancheta, S.J.;
Arulantham, Z.J.; et al. Splenic sequestration crisis in children with sickle cell disease in the Eastern region of Saudi Arabia. BMC
Pediatr. 2025, 25, 574. [CrossRef] [PubMed]

8. Vichinsky, E.P.; Neumayr, L.D.; Earles, A.N.; Williams, R.; Lennette, E.T.; Dean, D.; Nickerson, B.; Orringer, E.; McKie, V.; Bellevue,
R.; et al. Causes and outcomes of the acute chest syndrome in sickle cell disease. N. Engl. J. Med. 2000, 342, 1855–1865. [CrossRef]
[PubMed]

9. Alsalman, M. Laboratory predictors of sickle cell disease severity: A cross-sectional study. J. Med. Life 2024, 17, 63–66. [CrossRef]
[PubMed]

10. Saraf, S.L.; Molokie, R.E.; Nouraie, M.; Sable, C.A.; Luchtman-Jones, L.; Ensing, G.J.; Campbell, A.D.; Rana, S.R.; Niu, X.M.;
Machado, R.F.; et al. Differences in the clinical and genotypic presentation of sickle cell disease around the world. Paediatr. Respir.
Rev. 2014, 15, 4–12. [CrossRef] [PubMed]

11. O’Donnell, J.; Laffan, M.A. The relationship between ABO histo-blood group, factor VIII and von Willebrand factor. Transfus.
Med. 2001, 11, 343–351. [CrossRef] [PubMed]

12. Franchini, M.; Liumbruno, G.M. ABO blood group: Old dogma, new perspectives. Clin. Chem. Lab. Med. 2013, 51, 1545–1553.
[CrossRef] [PubMed]

13. Rees, D.C.; Williams, T.N.; Gladwin, M.T. Sickle-cell disease. Lancet 2010, 376, 2018–2031. [CrossRef] [PubMed]
14. Agrawal, N.; Pahuja, S.; Sharma, S. Von Willebrand factor levels in healthy blood donors and their association with blood group:

A tertiary care hospital-based study. Asian J. Transfus. Sci. 2023, 17, 28–33. [CrossRef] [PubMed]
15. Piel, F.B.; Steinberg, M.H.; Rees, D.C. Sickle cell disease. N. Engl. J. Med. 2017, 376, 1561–1573. [CrossRef] [PubMed]
16. Luzzatto, L.; Ally, M.; Notaro, R. Glucose-6-phosphate dehydrogenase deficiency. Blood 2020, 136, 1225–1240. [CrossRef]

[PubMed]
17. Reiter, C.D.; Wang, X.; Tanus-Santos, J.E.; Hogg, N.; Cannon, R.O., III; Schechter, A.N.; Gladwin, M.T. Cell-free hemoglobin limits

nitric oxide bioavailability in sickle-cell disease. Nat. Med. 2002, 8, 1383–1389. [CrossRef]
18. Benkerrou, M.; Alberti, C.; Couque, N.; Haouari, Z.; Ba, A.; Missud, F.; Boizeau, P.; Holvoet, L.; Ithier, G.; Elion, J.; et al. Impact of

glucose-6-phosphate dehydrogenase deficiency on sickle cell anaemia expression in infancy and early childhood: A prospective
study. Br. J. Haematol. 2013, 163, 646–654. [CrossRef] [PubMed]

19. Kambale-Kombi, P.; Djang’eIng’a, R.M.; Opara, J.-P.A.; Minon, J.-M.; Bokele, C.A.; Bours, V.; Azerad, M.-A.; Tonen-Wolyec, S.;
Tshilumba, C.K.; Batina-Agasa, S. Does glucose-6-phosphate dehydrogenase deficiency worsen the clinical features of sickle cell
disease? A multi-hospital-based cross-sectional study. Hematology 2022, 27, 590–595. [CrossRef] [PubMed]

20. Curtis, S.A.; Danda, N.; Etzion, Z.; Cohen, H.W.; Billett, H.H. Elevated steady-state WBC and platelet counts are associated with
frequent emergency room use in adults with sickle cell anemia. PLoS ONE 2015, 10, e0133116. [CrossRef] [PubMed]

21. Piel, F.B.; Hay, S.I.; Gupta, S.; Weatherall, D.J.; Williams, T.N. 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. [CrossRef]
[PubMed]

22. Jones, R.J.; Kassim, A.A.; Brodsky, R.A.; DeBaun, M.R. Is allogeneic transplantation for sickle cell disease still relevant in the era
of gene therapy? Blood Adv. 2025, 9, 877–883. [CrossRef] [PubMed]

https://doi.org/10.3390/medicina62081449

https://doi.org/10.1016/S0140-6736(12)61229-X
https://www.ncbi.nlm.nih.gov/pubmed/23103089
https://doi.org/10.3390/healthcare13101117
https://www.ncbi.nlm.nih.gov/pubmed/40427954
https://doi.org/10.7759/cureus.65263
https://www.ncbi.nlm.nih.gov/pubmed/39184654
https://doi.org/10.1186/s12955-015-0380-8
https://www.ncbi.nlm.nih.gov/pubmed/26573908
https://doi.org/10.1371/journal.pone.0228399
https://www.ncbi.nlm.nih.gov/pubmed/31995624
https://doi.org/10.2147/JBM.S435861
https://www.ncbi.nlm.nih.gov/pubmed/38162949
https://doi.org/10.1186/s12887-025-06020-w
https://www.ncbi.nlm.nih.gov/pubmed/40887585
https://doi.org/10.1056/NEJM200006223422502
https://www.ncbi.nlm.nih.gov/pubmed/10861320
https://doi.org/10.25122/jml-2023-0397
https://www.ncbi.nlm.nih.gov/pubmed/38737665
https://doi.org/10.1016/j.prrv.2013.11.003
https://www.ncbi.nlm.nih.gov/pubmed/24361300
https://doi.org/10.1046/j.1365-3148.2001.00315.x
https://www.ncbi.nlm.nih.gov/pubmed/11532189
https://doi.org/10.1515/cclm-2013-0168
https://www.ncbi.nlm.nih.gov/pubmed/23648637
https://doi.org/10.1016/S0140-6736(10)61029-X
https://www.ncbi.nlm.nih.gov/pubmed/21131035
https://doi.org/10.4103/ajts.AJTS_107_20
https://www.ncbi.nlm.nih.gov/pubmed/37188021
https://doi.org/10.1056/NEJMra1510865
https://www.ncbi.nlm.nih.gov/pubmed/28423290
https://doi.org/10.1182/blood.2019000944
https://www.ncbi.nlm.nih.gov/pubmed/32702756
https://doi.org/10.1038/nm799
https://doi.org/10.1111/bjh.12590
https://www.ncbi.nlm.nih.gov/pubmed/24117340
https://doi.org/10.1080/16078454.2022.2074715
https://www.ncbi.nlm.nih.gov/pubmed/35617172
https://doi.org/10.1371/journal.pone.0133116
https://www.ncbi.nlm.nih.gov/pubmed/26248283
https://doi.org/10.1371/journal.pmed.1001484
https://www.ncbi.nlm.nih.gov/pubmed/23874164
https://doi.org/10.1182/bloodadvances.2024013693
https://www.ncbi.nlm.nih.gov/pubmed/39602668
https://doi.org/10.3390/medicina62081449


Medicina 2026, 62, 1449 12 of 12

23. Inusa, B.P.D.; Atoyebi, W.; Andemariam, B.; Hourani, J.N.; Omert, L. Global burden of transfusion in sickle cell disease. Transfus.
Apher. Sci. 2023, 62, 103764. [CrossRef] [PubMed]

24. Chou, S.T.; Hendrickson, J.E. How I treat challenging transfusion cases in sickle cell disease. Blood 2025, 145, 2257–2265. [CrossRef]
[PubMed]

25. AlHumaidan, H.; Al Zayed, A.; Al Bahrani, A.; Alsughayir, A.H.; Algadeeb, K.B.; Al Mozain, N.; Kashari, O.; Bin Ali, T.A.M.;
Malhan, H. Position paper on the management of sickle cell disease in Saudi Arabia: Understanding disease landscape, identifying
challenges, and exploring opportunities in transfusion therapies. J. Clin. Med. 2025, 14, 3494. [CrossRef] [PubMed]

26. Davis, B.A.; Allard, S.; Qureshi, A.; Porter, J.B.; Pancham, S.; Win, N.; Cho, G.; Ryan, K.; Haematology, T.B.S.F. Guidelines on red
cell transfusion in sickle cell disease. Part II: Indications for transfusion. Br. J. Haematol. 2017, 176, 192–209. [CrossRef] [PubMed]

27. Chou, S.T.; Alsawas, M.; Fasano, R.M.; Field, J.J.; Hendrickson, J.E.; Howard, J.; Kameka, M.; Kwiatkowski, J.L.; Pirenne, F.; Shi,
P.A.; et al. American Society of Hematology 2020 guidelines for sickle cell disease: Transfusion support. Blood Adv. 2020, 4,
327–355. [CrossRef] [PubMed]

28. Shah, N.; Bhor, M.; Xie, L.; Beenhouwer, D.; Broder, M.S.; Bronte-Hall, L.; De Castro, L.M.; Gibbs, S.N.; Gordeuk, V.R.; Kanter, J.;
et al. Development of a severity classification system for sickle cell disease. Clin. Outcomes Res. 2020, 12, 625–633. [CrossRef]
[PubMed]

29. Udeze, C.; Jerry, M.; Evans, K.A.; Li, N.; Jain, S.; Andemariam, B. Clinical and economic burden of managing patients with sickle
cell disease receiving frequent red blood cell transfusions in the United States. Clin. Outcomes Res. 2025, 17, 303–313. [CrossRef]
[PubMed]

30. Steinberg, M.H.; Sebastiani, P. Genetic modifiers of sickle cell disease. Am. J. Hematol. 2012, 87, 795–803. [CrossRef] [PubMed]
31. Barcellini, W.; Fattizzo, B. Clinical Applications of Hemolytic Markers in the Differential Diagnosis and Management of Hemolytic

Anemia. Dis. Markers 2015, 2015, 635670. [CrossRef] [PubMed]
32. Haji, H.M.; Urio, F.; Nkya, S.; Chamba, C.; Nasser, A.; Lyimo, M.; Ally, M.; Mawalla, W.; Jonathan, A.; Kidenya, B.; et al. Utilization

of Fetal Hemoglobin Parameters in Predicting Clinical Severity of Sickle Cell Disease: A Retrospective Study from a Tanzanian
Cohort. J. Blood Med. 2025, 16, 321–330. [CrossRef] [PubMed]

33. Dahal, S.; Dahal, S.; Ghimire, D.K.C.; Ur Rahman, E.; Sharma, E. Sickle Cell Beta-Plus Thalassemia with Subcapsular Hematoma
of the Spleen. Case Rep. Hematol. 2017, 2017, 3819457. [CrossRef] [PubMed]

34. Asnani, M.R.; Williams, A.; Reid, M. Splenic Enlargement in Adults with Homozygous Sickle Cell Disease: The Jamaican
Experience. Hematology 2013, 18, 46–49. [CrossRef] [PubMed]

35. Nagao, T.; Hirokawa, M. Diagnosis and Treatment of Macrocytic Anemias in Adults. J. Gen. Fam. Med. 2017, 18, 200–204.
[CrossRef] [PubMed]

36. Antwi-Baffour, S.; Adjei, J.K.; Forson, P.O.; Akakpo, S.; Kyeremeh, R.; Seidu, M.A. Comorbidity of Glucose-6-Phosphate
Dehydrogenase Deficiency and Sickle Cell Disease Exerts Significant Effect on RBC Indices. Anemia 2019, 2019, 3179173.
[CrossRef] [PubMed]

37. Sagiv, E.; Fasano, R.M.; Luban, N.L.C.; Josephson, C.D.; Stowell, S.R.; Roback, J.D.; Francis, R.O.; Yee, M.E.M. Glucose-6-Phosphate
Dehydrogenase Deficient Red Blood Cell Units Are Associated with Decreased Post-Transfusion Red Blood Cell Survival in
Children with Sickle Cell Disease. Am. J. Hematol. 2018, 93, 630–634. [CrossRef] [PubMed]

38. Nica, M.A.; Pellan-Sayegh, A.; Mercier-Ross, J.; Pastore, Y.; Lemay, A.-S.; Mercure-Corriveau, N.; Rioux-Massé, B.; Forte, S.
Systematic Intensification of Red Cell Exchange with Hydroxyurea Decreased the Transfusion Burden in Patients with Sickle Cell
Disease: A Single-Center Retrospective Cohort Study. Blood 2025, 146, 2961. [CrossRef]

39. Nickel, R.S.; Margulies, S.; Panchapakesan, K.; Chorvinsky, E.; Nino, G.; Gierdalski, M.; Bost, J.; Luban, N.L.C.; Webb, J. Adding
Hydroxyurea to Chronic Transfusion Therapy for Sickle Cell Anemia Reduces Transfusion Burden. Transfusion 2025, 65, 38–49.
[CrossRef] [PubMed]

40. Bashwari, L.A.; Al-Mulhim, A.A.; Ahmad, M.S.; Ahmed, M.A. Frequency of ABO Blood Groups in the Eastern Region of Saudi
Arabia. Saudi Med. J. 2001, 22, 1008–1012. [CrossRef]

41. Sharma, A.; Dahiya, A.; Alavi, A.; Woldie, I.; Sharma, A.; Karson, J.; Singh, V. Patterns of Blood Transfusion in Sickle Cell Disease
Hospitalizations. Hemato 2024, 5, 26–34. [CrossRef]

42. Englisch, C.; Moik, F.; Nopp, S.; Raderer, M.; Pabinger, I.; Ay, C. ABO Blood Group Type and Risk of Venous Thromboembolism
in Patients with Cancer. Blood Adv. 2022, 6, 6274–6281. [CrossRef] [PubMed]

43. Sacomboio, E.N.M. ABO/Rh Blood Groups and Chronic Diseases in Angolan Patients. Am. J. Biomed. Sci. Res. 2021, 13, 68–72.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/medicina62081449

https://doi.org/10.1016/j.transci.2023.103764
https://www.ncbi.nlm.nih.gov/pubmed/37541800
https://doi.org/10.1182/blood.2023023648
https://www.ncbi.nlm.nih.gov/pubmed/38728382
https://doi.org/10.3390/jcm14103494
https://www.ncbi.nlm.nih.gov/pubmed/40429488
https://doi.org/10.1111/bjh.14383
https://www.ncbi.nlm.nih.gov/pubmed/27858994
https://doi.org/10.1182/bloodadvances.2019001143
https://www.ncbi.nlm.nih.gov/pubmed/31985807
https://doi.org/10.2147/CEOR.S276121
https://www.ncbi.nlm.nih.gov/pubmed/33149635
https://doi.org/10.2147/CEOR.S511996
https://www.ncbi.nlm.nih.gov/pubmed/40236792
https://doi.org/10.1002/ajh.23232
https://www.ncbi.nlm.nih.gov/pubmed/22641398
https://doi.org/10.1155/2015/635670
https://www.ncbi.nlm.nih.gov/pubmed/26819490
https://doi.org/10.2147/JBM.S493425
https://www.ncbi.nlm.nih.gov/pubmed/40703609
https://doi.org/10.1155/2017/3819457
https://www.ncbi.nlm.nih.gov/pubmed/29387499
https://doi.org/10.1179/1607845412Y.0000000036
https://www.ncbi.nlm.nih.gov/pubmed/23321548
https://doi.org/10.1002/jgf2.31
https://www.ncbi.nlm.nih.gov/pubmed/29264027
https://doi.org/10.1155/2019/3179173
https://www.ncbi.nlm.nih.gov/pubmed/31016042
https://doi.org/10.1002/ajh.25051
https://www.ncbi.nlm.nih.gov/pubmed/29377292
https://doi.org/10.1182/blood-2025-2961
https://doi.org/10.1111/trf.18073
https://www.ncbi.nlm.nih.gov/pubmed/39580793
https://doi.org/10.15537/1658-3175.1545
https://doi.org/10.3390/hemato5010004
https://doi.org/10.1182/bloodadvances.2021006283
https://www.ncbi.nlm.nih.gov/pubmed/35416922
https://doi.org/10.34297/AJBSR.2021.13.001834
https://doi.org/10.3390/medicina62081449

	Introduction 
	Materials and Methods 
	Study Population 
	Data Collection 
	Outcome Definitions 
	Statistical Analysis 

	Results 
	Demographic and SCD Characteristics 
	Hematological and Biochemical Parameters 
	Factors Associated with Blood Transfusion, ACS and LDH Levels 

	Discussion 
	Conclusions 
	References

