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Abstract

Purpose As treatment options for children with sickle cell anemia (SCA) continue to expand survival, evaluation of fac-
tors associated with health-related quality of life (HRQoL) is becoming an important aspect for further improving clinical
management. Although the general features of SCA are similar, factors influencing HRQoL within a country may differ
from those of other countries, therefore this study aimed to explore factors affecting HRQoL in children with SCA living
in the Sultanate of Oman.

Methods This was a cross-sectional study in which the PedsQL™ Sickle Cell Disease Module was used to evaluate the
overall HRQoL in children with SCA. The socio-demographic data, clinical, and treatment outcomes were collected. Uni-
variate and multivariate linear regression analyses were used to identify predictors of HRQoL.

Results A total of 123 children with SCA, aged from 2 to 16 years were enrolled. The mean total HRQoL score was 52+ 15%
(9-94), where Worry II scale recorded the highest score. The multiple regression analysis revealed that the only predictors
of total HRQoL score were hemoglobin F (B=0.64, 95% confidence interval [CI] 0.149-1.118, P=0.009) and to a lesser
degree white blood cell count (B=-0.99, 95% CI —1.761 to —0.198, P=0.01), independently of other study parameters
such as age, gender, spleen status, and hydroxyurea therapy.

Conclusions Collectively, these findings indicated that hemoglobin F out-weighted white blood cell count in predicting
HRQoL in Omani children with SCA. Recognition of these factors could help health professionals to develop effective
strategies to improve the overall HRQoL in these young patients.
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Introduction

Since its initial description, major advances have been made
in understanding the pathogenesis of sickle cell disease
(SCD). Indeed, the introduction of pneumococcal vaccines,
implementation of newborn screening programs, use of

< Mohamed-Rachid Boulassel
boulassel @squ.edu.om

Department of Allied Health Sciences, College of Medicine

and Health Sciences, Sultan Qaboos University, Muscat,
Oman

Department of Haematology, College of Medicine
and Health Sciences, Sultan Qaboos University, Muscat,
Oman

Department of Child Health, College of Medicine and Health
Sciences, Sultan Qaboos University, Muscat, Oman

Pediatric Department, Faculty of Medicine, Alexandria
University, Alexandria, Egypt

Department of Allied Health Sciences, College of Medicine
and Health Sciences, Sultan Qaboos University, Room
No. 2112, P. O. Box 35, 123 Al-Khoudh, Muscat, Oman

hematopoietic stem cell transplantation (HSCT), and devel-
opment of disease-modifying agents such as hydroxyurea,
has extended life expectancy of patients with SCD [1-3].
However, despite these encouraging measures, patients with
SCD continue to develop higher rates of certain disease-
related complications that profoundly alter their health-
related quality of life (HRQoL). As a consequence, there has
been growing interest in incorporating HRQoL assessments
in routine healthcare practices for improving long-term sur-
vival and functional outcomes of patients with SCD [4].
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Over the past few years, several studies have evalu-
ated the overall HRQoL in children and adolescents with
SCD following specific interventions and treatments
[5-7]. Overall, the findings of these studies revealed that
HRQoL of patients with SCD is generally poor but specific
treatments such as regular blood transfusion, hydroxyu-
rea, physical therapy, or HSCT may improve the overall
HRQoL [8-11]. This improvement effect was mainly
noticed in the physical functioning domains of HRQoL,
which assessed the impact of pain on well-being and func-
tioning. In addition to the medical consequences of the
disease burden, some studies have reported the potential
detrimental effects of family income and social crisis
on HRQoL, while others have demonstrated that paren-
tal stress and family functioning negatively impact on
HRQOoL of patients with SCD [12—16]. The conclusions
drawn from the aforementioned studies support a model in
which multiple potential etiologies are contributing to the
decreased HRQoL, and therefore highlighting the need to
identify key factors that may help formulate a set of man-
agement strategies and measures in order to improve treat-
ment outcomes, and thus the overall HRQoL in patients
with SCD.

The overall HRQoL could be influenced by several
determinants including cultural background, educational
systems, religious and geographical variations as well as
different perceptions by children and parents from diverse
populations [7, 17, 18]. Thus, factors influencing HRQoL
within a country may differ from those of other countries,
although the general features of SCD are similar. Identify-
ing these specific factors is crucial for developing effective
counseling plans to improve or maintain a good HRQoL
in patients with SCD living in different geographical
areas. Therefore, this study aimed to elucidate the level
of HRQoL and determine factors related to HRQoL in
children with sickle cell anemia (SCA) living in the Sul-
tanate of Oman. Considering the variety of factors affect-
ing HRQoL in SCD, this study raised the hypothesis of
whether the disease-modifying determinants could predict
HRQoL in children with SCA.

Patients and methods
Ethical considerations

This study was performed according to the Declaration of
Helsinki and approved by the Institutional Research Ethic
Committee of the Sultan Qaboos University (SQU), Sul-
tanate of Oman. Further approval was obtained from the
hospital management before accessing the medical records
of patients.
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Study design and subjects

This was a cross-sectional study conducted at the SQU
Hospital (SQUH) over a period of 6 months from January
1, 2016 to July 31, 2016. Data were collected from chil-
dren with SCA attending the Hematology clinics at SQUH,
which provides a free-of-cost medical care to all Omanis.
All patients with SCA were included from age 2 to 16 years
coming for their regular follow-up visits. Consents, verbal
and written, were taken from guardians and parents. Patients
who had SCD-related acute or chronic complications were
included. Whereas patients who had other medical condi-
tions that can affect the cognition were excluded.

Medical information and data collection

A special case report form was used to extract the data from
the SQUH electronic database. For each participant, the
socio-demographic characteristics, clinical and laboratory
data, treatment details, and outcomes were abstracted. The
spleen status, frequency of vaso-occlusive crisis (VOC), and
number of transfusions were recovered over the last year. All
completed data collection forms were examined for clarity
and consistency by two independent investigators.

Health quality of life measures

The HRQoL of participants was assessed by the PedsQL™
4.0 SCD Module Scale as previously reported [19]. This
questionnaire was recently used in children with thalas-
semia major by our group [20]. Given that all parents and
children spoke Arabic, the validated Arabic version of this
questionnaire was used throughout the study period. Of note,
no changes in the number of items or in the administration
instructions were made. In brief, the questionnaire consists
of nine scales including pain and hurt scale, pain impact
scale, pain management scale, worry I scale, worry II scale,
emotion scale, treatment scale, communication I scale, and
communication II scale. During the administration of the
questionnaire, children were asked to assess each problem
based on their experience in the previous month. Participants
aged more than 7 years were asked to complete the question-
naire by themselves. However, investigators administered
the questionnaire to children aged between 5 and 7 years,
and parent—proxy report was used for patients aged from 2
to 4 years.

Statistical analysis

The Statistical Package for Social Sciences program version
23 was used for statistical analysis IBM, SPSS, USA). Data
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were summarized using mean, standard deviation (SD), and
range. Group differences in patient characteristics were eval-
uated using student’s ¢ test. To further evaluate study param-
eters, continuous variables were dichotomized according to
their median values to form high and low groups, which
were then compared. Associations among total HRQoL
score and study variables were assessed by univariate lin-
ear regression. Multivariable linear regression analysis was
used to identify predictors of HRQoL. In order to control
for confounding, all variables were tested regardless of their
significance in the multivariate models. A P value <0.05
was considered as significant.

Results
Demographic and clinical data

A total of 127 children with SCA were consecutively
recruited in this study. Four children were excluded for
having double heterozygote sickling disorders, leaving
123 children in the final analysis. At diagnosis, hemo-
globin level ranged from 5.8 to 11.8 g/dL with a mean of
8.9+ 1.4 g/dL and white blood cell and platelet counts
were 10.5+4.1x 10°/L (3.5-22.8) and 336+ 13 x 10°/L
(108-695), respectively. The mean hemoglobin S level was
79+5.8% (72.1-93.3) while the mean values of hemoglobin
A2 and F levels were 3.8+0.7% (0.5-4.9) and 13.2 +6.6%
(1.7-24.9), respectively, at the diagnosis. The clinical and
demographic characteristics of study population at the time
of the administration of questionnaire are summarized in
Table 1. Overall, the study population had equal gender pro-
portions and all children were native Omanis. Of note, 24
(19.5%) children were aged less than 4 years and 6 (5%) had
also glucose-6-phosphate dehydrogenase deficiency. None of
the patients was infected with hepatitis C or human immuno-
deficiency virus, while five children (4%) were infected with
hepatitis B virus (HBV), as confirmed by the HBV polymer-
ase chain reaction test. The mean duration of hydroxyurea
therapy among the 66 patients enrolled was 1549 + 140 days
(42-3564). Acute splenic sequestration was the main indi-
cation of splenectomy, which was performed in 15% of the
study cohort, followed by hypersplenism.

Outcome measures

All children completed the PedsQL™ SCD Module with a
response rate of 100%. The overall HRQoL score is depicted
in Fig. 1. Scores in each scale ranged from 0 to 100, where
0 and 100 reflected the poorest and perfect HRQoL, respec-
tively. The mean total HRQoL score was 52+ 15% (9-94).
As expected, the pain impact scale recorded the lowest score
with a mean of 41 +21% (2.5-100), indicating that pain is

Table 1 Socio-demographic and clinical characteristics of study par-
ticipants

Characteristics Study population
(n=123)

Age (years) 9+4 (2-16)

Male [ (%)] 67 (55)

9+1.2(6.3-11.7)
10+4.3 (2.6-24.3)
359+16 (108-854)
11.9+6.6 (1.2-27.6)

Hemoglobin (g/dL)

White blood cells (x 10%/L)

Platelet counts (x 10°/L)

Hemoglobin F (%)

Frequency of VOC over the last year [n (%)]

Frequent VOC (>3 admissions) 5 (4%)
Infrequent VOC (<2 admissions) 118 (96%)
Number of transfusion over the last year [n 4+1(0-9)
(%)]
Hydroxyurea therapy [ (%)]
Yes 66 (54)
No 57 (46)
Spleen status [n (%)]
Splenectomized 19 (15)
Non-splenectomized 104 (85)

Data are shown as mean + SD and (range)
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Fig. 1 Health-related quality of life scores in children with sickle cell
anemia. The minimum, maximum, and median values for each box-
plot are shown. The cross indicates the mean

negatively affecting HRQoL. In contrast to pain impact
scale, Worry II scale recorded the highest score with a mean
of 70 +£28% (12.5-100) followed by the treatment score and
communication 1 score.

To further examine the influence of study variables on
the total HRQoL score, the data were categorized into two
groups according to the median values of each study vari-
able. A significant difference was found in total HRQoL
score between children with hemoglobin F<10% [49 + 13%,
(9-83)] and those with hemoglobin F> 10% [55 + 15%,
(18-93), P=0.03]. Similarly, a significant difference was
noticed in total HRQoL score between children with white
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blood cell (WBC) count <10% [55 + 16%, (9-93)] and those
with WBC count>10% [48 +11%, (27-83), P=0.04]. In
contrast, no difference between the two groups for the total
HRQoL score was evidenced in children taking or not taking
hydroxyurea therapy (Fig. 2). Likewise, for other study vari-
ables including gender, age, total hemoglobin, platelet count,
mean cell volume, spleen status, frequency of VOC, number
of transfusions, and duration of hydroxyurea therapy, no dif-
ferences were evidenced between the two groups for total
HRQoL score.

Factors associated with HRQoL

In order to evaluate factors that may predict HRQoL, uni-
variate and multivariate regression analyses were per-
formed. All study variables regardless of their statistical
significance in the comparison analyses were tested. In

P=0.03 = . P=0.04 ,
1004 \_P=031
°® o ° o®
80- ° [ ] .. .: ... .:.. °
[ o o
: o2° ote oe o2 28 b
2 601 °got, adi% ot Ae ol o0t
e e R Y Ao
: -:-:Tft < .5. ..... ..z.. S 1
L
S 40{ Jdais STEI frml e AN s,
~ .- ee® [ 4 o L] o...
:: LS o ° o °
207 ° ° °
L L L
0 T T T T T T
<10 >10 Yes No <10 >10
Hemoglobin F Hydroxyurea White blood cell
(%) therapy count

Fig.2 Associations among hemoglobin F, hydroxyurea therapy,
white blood cell counts, and the overall health-related quality of life
scores in children with sickle cell anemia. The P values for each
study parameter are shown. Bars indicate the mean

univariate analysis, hemoglobin F levels and white blood
cell counts were the only variables significantly associated
with total HRQoL score, with beta coefficient values of 0.29
(P=0.002) and —0.24 (P=0.01), respectively (Table 2).
Interestingly, both variables remained significantly associ-
ated with total HRQoL score in multivariate analysis. Of
importance, hemoglobin F levels were found to be posi-
tively associated while white blood cell counts. None of
the remaining variables were associated with total HRQoL
score, except hemoglobin levels but did not reach statistical
significance (P =0.06).

Discussion

As treatment options for patients with SCD continued to
expand survival, HRQoL is becoming an important aspect
of care for further improving clinical outcomes and manage-
ment of the disease. To date, several studies have contrib-
uted to the broad understanding of HRQoL in children with
SCD [7, 21-24], but still many questions are only partially
answered especially those related to factors associated with
HRQoL, which may vary considerably across countries. To
the best of our knowledge, little is known about determinants
of HRQoL in children with SCA living in Oman, where SCD
is the most common hemoglobinopathy, with a prevalence
of 0.3% [25].

So far, there is no consensus regarding the best perform-
ing instruments for evaluating HRQoL outcomes. While
some instruments perform better in certain specific disease
areas, others are preferred for their practical capacity and
easy administration [4]. In the present study, the PedsQL™
SCD Module was used to assess the HRQoL of children
with SCA, as this instrument has shown high level of reli-
ability, and was validated in Arabic in children suffering
from hemoglobinopathies with a wide age range [19, 20,
26]. Regardless of HRQoL domains, previous studies have

Table 2 Univariate and multivariate analyses of prognostic factors for the overall health-related quality of life in children with sickle cell anemia

Characteristics Univariate analysis Multivariate analysis

95% confidence interval 95% confidence interval

B Pvalues  Lowerbound  Upperbound B Pvalues  Lower bound  Upper bound
Age -037 0.28 —1.066 0.314 -0.14 0.71 —0.625 0.925
Sex 132 0.63 —-4.241 6.888 074  0.79 —6.610 4.665
Hemoglobin (g/dL) 052 0.64 —2.736 1.689 231  0.06 —4.588 0.176
White blood cells (x 10°%L)  —0.81  0.01 —1.439 —-0.191 -0.99 0.01 —1.761 —0.198
Platelet counts (x 10%/L) 0.009 0.29 —0.025 0.008 0.01 033 —0.011 0.030
Hemoglobin F (%) 0.63  0.002 0.231 1.038 0.64  0.009 0.149 1.118
Spleen status -344 038 -11.171 4.275 -223 0.1 —11.084 6.023
Hydroxyurea therapy 281 032 —2.781 8.408 298 033 —3.137 9.067
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reported that children with SCD exhibited a wide range of
HRQoL mean scores, which were lower compared to their
counterparts in general population [7, 26]. The results of
this study confirm and extend those findings by showing a
reduced HRQoL score in children with SCA. Interestingly,
total HRQoL mean score gathered from the cohorts in this
study appeared to be quite low than previously reported in
children with SCD and therefore showed HRQoL to be more
impaired and worse comparatively to other pediatric patients
with SCD [7]. In addition to cultural differences, a num-
ber of methodological reasons could explain these findings,
including type of instrument used for assessing HRQoL, age
of study population, SCD genotype, and haplotypes as well
as the total population under study. On the other end of the
spectrum, these differences highlight that meaningful change
in HRQoL values may vary according to the population and
context, thus the HRQoL scores should be obtained from the
specific populations that share the same cultural, and ethnic
characteristics, as well as socioeconomic status, rather than
external-reported HRQoL values.

The current exploratory analysis also extends on the
impact of the disease-modifying agent, hydroxyurea, on
HRQoL in children with SCA. In fact, subdividing the study
cohort into groups of children taking or not taking hydroxyu-
rea did not reveal interesting differences in overall HRQoL
scores. Moreover, the duration of hydroxyurea therapy did
not affect HRQoL scores in the current study population,
regardless of adherence level. These findings are similar to
those reported by Thornburng et al. who did not observe
improved HRQoL over 2-year treatment period with hydrox-
yurea in children with SCA [27]. Conversely, other studies
have demonstrated that children and adolescents with SCD
taking hydroxyurea exhibited significantly better HRQoL
than those not taking hydroxyurea, particularly in the physi-
cal health domain [8, 9]. Collectively, these findings high-
light the need for further prospective large studies to address
the effectiveness of hydroxyurea in improving HRQoL in
children with SCA. In addition to the impact of hydroxyu-
rea, the effect of HbF on overall HRQoL scores was also
explored. HbF is known to play a key role in modulating the
phenotype of SCA. Interestingly, when a cut-off of 10% was
applied a significantly reduced HRQoL scores was found
in children with HbF levels less than 10%, suggesting that
higher HbF levels are associated with better overall HRQoL.
This result may be related to better coping with SCA as chil-
dren with high HbF levels showed few clinical events [28].
Although it was expected HbF and hydroxyurea therapy to
be positively correlated, no statistically significant relation-
ship between HbF levels and length of time on hydroxyurea
in the subgroup of children with SCA was found. A possible
explanation is that despite clinical response to hydroxyurea,
children with SCD may deal with a chronic disease on daily
basis, which may affect their well-being, hence impacting

negatively on the overall HRQoL. Another explanation is
that in some patients receiving hydroxyurea with a good
clinical response, no detectable rise in HbF has been noticed,
indirectly reflecting the lack of association between HbF and
hydroxyurea therapy [29]. An additional explanation is that
the coexisting of hereditary persistence of fetal hemoglobin
may ameliorate the course of SCD, thereby improving the
overall HRQoL, without requiring hydroxyurea therapy [30].

The findings of this study revealed that the key factors
associated with HRQoL were HbF and WBC. Notably, the
most important factor in both univariate and multivariate
linear regression analyses was HbF followed by WBC, while
demographic characteristics and treatment outcomes were
not significantly associated with HRQoL. These findings of
the study cohorts underscore the importance of HbF as a sig-
nificant predictor of HRQoL, which is consistent with early
studies showing that HbF level is a crucial determinant of
clinical expression of SCD [31]. It has been shown that HbF
levels predict the severity of disease by decreasing the clini-
cal complications, which in turn influences the overall clini-
cal picture leading to better HRQoL in patients with SCD
[28]. In addition to HbF, the second factor associated with
HRQoL in this study was WBC count. Of interest, HRQoL
was negatively linked with WBC, suggesting that children
with SCA who have high WBC counts are more likely to
be at risk of poor HRQoL. This was reflected further in
this study by the results showing a significant difference in
overall HRQoL score between children with high and low
WBC counts. Also, consistent with these findings are studies
demonstrating that high WBC count predisposes to severe
SCD, and reducing the number of WBC ameliorates the
clinical manifestations that untimely leads to better HRQoL
in patients with SCD [32, 33]. Compared to HbF and WBC,
total hemoglobin contributed less to the overall HRQoL in
this study, similarly to age, gender, and other study param-
eters, which were not associated with HRQoL. Conflicting
findings have been reported regarding the effects of age and
gender as well as other clinical parameters, on HRQoL in
children and adolescents with SCD. While some studies
revealed that demographic characteristics are significant
predictors, others showed the opposite or no associations at
all with HRQoL [7]. Whether these are truly insignificant
associations among these factors and the overall HRQoL
scores require further studies.

This study is subjected to some limitations that deserve
to be mentioned. In addition to its cross-sectional study
design, participants were recruited in one single institution.
This may generate a bias toward enrolling children who
were committed to their clinical visits or having less severe
disease. However, children were enrolled from out-patient
clinics over a period of 6 months, which gave opportunity
for children who were infrequently seen to participate in the
study. Also, this study was limited to one geographic area;
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therefore, the results may not be generalized to other Omani
regions. However, this may also be unlikely because children
with SCD attending SQUH are coming from all over the
country, with a disease burden equitably similar across all
regions, and thus the sample used in this study is at least
moderately representative of SCA in Oman. Additionally,
only those factors available in current clinical setting were
considered in the present analysis. Therefore, assessments
did not include other measures that may affect HRQoL,
especially socioeconomic factors and SCD haplotypes. Fur-
thermore, the psychological aspect was not evaluated in the
present study. The psychological support is critical in the
patient—doctor relationship, which may affect indirectly the
overall HRQoL, as reported in several conditions includ-
ing kidney disease where patients experiencing chronic pain
similar to patients with SCD [34, 35]. Thus, the results of
this study cannot be generalized at the moment since further
research and studies have to be done to reduce the limitations
and better understand the effects of other factors, in addition
to taking a larger population sample from different health
centers and regions in Oman.

In conclusion, HRQoL score is low in children with SCA,
regardless of treatment outcomes. Two factors mainly HbF
and to lesser degree, WBC have shown strong associations
with HRQoL score in our study population. Collectively, the
findings suggest that these two factors could capture, even
partially, the impact of the disease burden on HRQoL in
children with SCA and hence they could be embedded into
the routine care and research studies for further validation to
improve the overall HRQoL in these young patients.
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