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Abstract

Introduction: Increased life expectancy due to recent medical advances has increased the need to understand more fully the quality of life (QoL)
in patients with sickle cell disease (SCD) and factors predicting disease adaptation .The objectives of this study were to assess the impairment of
health related quality of life (HRQoL) domains in a sample of Saudi Arabian adolescents with SCD. Methods: A non-probability sample composed
of Saudi adolescents with SCD (n=180) aged 14-18 years and comparable age and gender matched healthy controls (n=202). Socio-demographics
and disease related data were obtained through personal interview with parents/legal guardians and reviewing patients' medical records. Self-
administered 'Short Form-36' questionnaire was used to assess HRQoL of the included groups. Results: HRQoL showed significant deterioration in
adolescents with SCD especially in role physical, general health, and bodily pain domains irrespective of the gender, while female adolescents with
SCD demonstrated significant deterioration in emotional wellbeing. Those with SCD-complications showed worse scores along the physical, general
health, and emotional wellbeing domains. HRQol scores were negatively associated with increasing age, female gender, rural residence, low family
income, presence of disease-related complications and frequent hospital admissions as revealed by multivariate regression analysis. Conclusion:
Saudi adolescents with SCD experience deterioration along all domains of HRQoL especially the physical. Disease related complications and socio-
demographic correlates are significant determinants to worse HRQoL among the included adolescents with SCD.
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Introduction

Sickle cell disease (SCD) is a group of inherited red blood cell disorders characterized by the presence of abnormal hemoglobin. The clinical
manifestations are diverse and may include vaso-occlusive, hematological and infectious crises [1,2]. SCD is present throughout Saudi Arabia;
particularly common in the eastern and southern provinces: Qatif (eastern region) 17.0 %, Gizan (southern region), 10.3%, Ula (Northern region)
8.1 % and Mecca (western region) 2.5 % [3]. Increased life expectancy due to recent medical advances has increased the need to understand
more fully the quality of life (QoL) in patients with SCD and factors predicting disease adaptation [4,5]. QoL measures are used not only to assess
the psychosocial impact of the disease but also in evaluating the efficacy of medical care [6-9] and it is the goal of health care providers to
enhance treatment outcome and restore comfort and well-being of their patients [10]. In particular, health related quality of life (HRQoL)
assessments in adolescents with chronic disease condition facilitate doctor—patient communication, they point to areas where patients may
experience serious problems, they can be used as diagnostic tools for problem-oriented follow—up care, and the data are strong predictors of
survival [11].

Previous research indicated that patients with SCD experienced a lower HRQoL compared to the general adult's population [12] Dampier et al [13]
found that children with SCD as well as their parents scored significantly lower on several HRQoL domains including; general physical, motor and
independent daily functioning. Trzepacz et al [14] identified deteriorations in social and school competence for children with SCD, compared to
healthy peers, but they did not find an association with disease severity as measured by sickle cell genotype. A number of disease-related factors
have been found to affect HRQoL in pediatric SCD. Several studies that examined the influence of various determinants including the role of socio-
demographics, disease severity and the presence of complications on HRQoL in SCD patients were carried out in the developed countries
[12,13,15,16] while in the developing countries similar studies do not exist. Furthermore, adolescent health is a relatively unexplored component of
public health in many developing countries [17,18].

Researches on chronic diseases have indicated that HRQoL varies according to socio-demographic characteristics such as income level, educational
status, ethnicity, occupational status, age, and gender, with the disadvantaged groups typically reporting lower HRQoL. This association has been
reported for many chronic conditions including cancer [19], HIV infection [20], renal disease [21], and sickle cell disease [15]. Also, studies
involving healthy populations have indicated that there is an inverse association between children’s HRQoL and family variables such as low
parental education, socio-economic status (SES) [22-24] with low family income contributing to caregiver distress in families of children with
chronic conditions [25]. Also, Simon et al [26] reported that HRQoL is poorest for children and youth in lower socioeconomic status groups, those
with access barriers, adolescents compared with children, and individuals with medical conditions.

Studies on the relationship of socio-economic variables and the HRQoL in patients with SCD revealed conflicting results. Van den Tweel et al [27]
indicated that children of parents with low educational level perceived a significantly better HRQoL. This phenomenon is difficult to explain, since
previous research mainly pointed out that high quality of life scores were related to high parental education, or that education had no effect at all
[11,28]. Also, previous research has shown that children with low socioeconomic status (SES) functioned worse than children from middle SES
backgrounds [29].

Limitations in HRQoL have been documented consistently for youth with SCD, [15,30,31] particularly as children move into adolescence and young
adulthood [32,33]. Sickle cell pain, a common manifestation that is recurrent, acute, and unpredictable, may be the most important disease
complication associated with deterioration in physical and psychosocial domains of HRQoL [15,34,35]. Palermo et al [32] reported that sickle cell
complications (including pain), in addition to child age and gender, are central to physical but not psychosocial HRQoL in their sample of
adolescents with SCD. Yet, Panepinto and colleagues [36] found that only pain, no other SCD complications, was associated with the deterioration
in the physical domain of HRQoL but not the psychosocial.

Although pain and other sickle cell complications show an association with decrements in engagement in physical activities and in physical domains
of HRQoL, documentation of a significant association of pain with psychosocial domains of HRQoL are not consistent [37]. Recently, Brandow et al.
[38] examined HRQoL in children with SCD specifically in relation to painful events at presentation to the emergency room and seven days post-
discharge. They found that painful events diminished all domains of HRQoL and that these domains improve after the pain resolves. If these
variables (socio-demographic and disease related complications) are crucial in determining HRQoL among adolescent patients with SCD, by
controlling of these factors, we may better support them with successful transition to adulthood and with less burden on healthcare services [39].
We specifically hypothesized that adolescents with SCD would have decreased mean scores along the different subscales of the HRQoL measure
compared to adolescents without SCD. We also predicted that certain demographic factors (increasing age, gender, low socio-economic status)
would be related to HRQoL with males and adolescents from lower SES backgrounds reporting lower quality of life. Additionally, we predicted that
adolescents with SCD who experienced disease-related complications, frequent pain episodes, and greater health care utilization would report
lower quality of life than adolescents with SCD who did not report these factors. The objective of this study were to assess the impairment of the
different domains of HRQoL among Saudi adolescents with SCD compared to healthy peers and to define the relationship between socio-
demographic variables, the presence of diseases related complications with the degree of impairment in HRQoL.

Methods

Settings
This study was carried out in Hematology clinics of two general hospitals; King Fahd Hospital in Hofuf and Al Qatif General Hospital in Al Qatif city,

Eastern Province, Saudi Arabia. Both hospitals provide secondary level of care and serve about one and half million populations. Adolescents with
SCD and their counterparts were selected from these hospitals.
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Patients

Adolescents with SCD were recruited out of those attending Hematology clinics at both hospitals attending for routine assessment, follow-up and
management. Inclusion criteria for adolescents with SCD included: Both genders with age ranged from 14 to 18 years of indigenous Saudi
nationality and free form acute or chronic illnesses, handicapping conditions, and cognitive problems (Data were affirmed through the hematology
consultants at the clinics and review of medical records). A total of 285 adolescents with SCD were eligible from both hospitals (King Fahd n=132)
and Al Qatif (n=153) of which 188 were males and 97 females.

Personal contact and phone calls were used to approach patients' parents/legal guardians to recruit the eligible SCD adolescents. Out of those
approached; parents/guardians of 136 males and 44 females agreed to participate. There was no significant difference in relation to the
socioeconomic and disease status of those refused to participate compared to the rest of the sample as revealed from reviewing of available
hospital records. Higher refusal was recorded among parents of females with SCD, as the response rate was 45.4% compared to males (72.3%).

Adolescents without SCD: Following the selection of SCD patients, we employed a non-probability sampling method to recruit healthy adolescents
for the sake of comparison. Attendees from the two hospitals within the same age range, nationality, and gender and accompanying their relatives
at various outpatients clinics.

Exclusion criteria included: Having any chronic physical illnesses or cognitive problems, diagnosed with any hemoglobinopathies or having a
positive family history of hemolytic blood diseases and with positive history of acute, chronic illnesses or health related problems within the last
four weeks of data collection.

Out of 361 (253 males and 108 females) subjects approached, parents' (guardians) of 202 adolescents (152 males and 50 females) agreed to
participate. The existence of a significant difference in relation to the socio-demographic (other than age and gender) of this group was not
confirmed due to lack of information.

Permissions were obtained from hospitals' authorities as well as our institution after approval of the proposal and data collection tools. Prior
orientation of parents/legal guardians was carried out before obtaining of an informed consent form with emphasis on the right of the subject of
non-participation. Assents forms were obtained from adolescents after receiving proper orientation. Data confidentiality was maintained all through
the study.

Measurements

Socio-demographic data were collected through a personal interview with parents/legal guardians of adolescents with SCD and the comparison
group using a structured questionnaire to elicit information regarding socio-demographic characteristics including age in years, residence,
educational status of parents and subjects and monthly family income in Saudi Riyals. The interviews were carried out on the same day of
attending the clinics in the afternoon in a separate room away from the busy clinics by trained interviewers (medical graduates) under the
supervision of the investigators.

Disease related data SCD were obtained through available medical records and confirmed by the attending hematology consultants, including:
disease genotype, percentage of fetal hemoglobin, SCD related complications and their nature, frequency of painful episodes in the last month,
and frequency of emergency hospital admissions in the last year.

Health Related Quality of Life: Following parents/guardians interview, HRQoL was assessed through self-reporting of the Short-Form (SF-36)
‘version 2.0' [40]. All participants were asked to fill the questionnaire; assistance was provided when necessary for those with reading and/or
writing difficulties.

The SF-36 is one of the most common, generic measures of HRQoL and has been employed in humerous studies involving chronic illnesses. The
SF-36 questionnaire was designed in the 80s to provide a generic measure of HRQoL of those aged 14 years and older [41]. The translated Arabic
version of the SF-36 [42] which has shown reliability with Arabic-speaking population was employed to evaluate HRQoL.

SF-36 is made up of eight subscales, each evaluating a different domain of HRQoL; physical functioning, physical role functioning, bodily pain,
general health, vitality and energy, social functioning, role emotional and mental (emotional) health. Subscale scores are calculated from 35 out of
the 36 items (one item about self-reported health transition is not included in the scores). SF-36 yielding score values from 0 to 100, higher scores
indicate better quality of life. Alpha coefficients were calculated to estimate the internal consistency reliability of each SF-36 subscale. Alpha
coefficients were high in the domains of physical functioning, role physical and role emotional among both groups of adolescents. Bodily pain,
vitality, emotional well-being and social functioning showed a coefficient of less than .8 while, general health showed the least reliability coefficient
among adolescents with SCD.

Data analysis

With inclusion of 131 subjects in each group we had more than 90% [43] power to detect 8.0 [12,16], standard deviations difference with
precision of £3.0 along the eight subscales of HRQoL between adolescents with SCD and their comparable group of adolescents without SCD at an
alpha level of 0.05 (two sided). Considering a potential refusal rate of 30%, the total sample size would be 170 subjects in each group.

Data were processed and analyzed using SPSS version 16.0 (SPSS Inc. Chicago IL). Analysis was carried out along the SF-36 scoring protocol.

Results obtained from HRQoL domains were expressed in mean and standard deviation. Both descriptive and inferential statistics were applied as
appropriate.
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Statistical tests of significance including t-test for continuous variables, Chi-square and Fisher Exact were used for categorical data to detect
difference between groups. Effect sizes in the form of Cohen's d [44] were calculated as the difference between the means, divided by standard
deviation of either group when the variances of the two groups are homogeneous, in our case we employed the pooled standard deviation to
calculate the effect size (equals to the root mean square of the two standard deviations for adolescents with and without SCD).

The interpretation based on the average percentile standing of the average of adolescents without SCD relative to the average of adolescents with
SCD. Multivariate linear regression models were generated to define the association between socio-demographics and SCD related variables
(independent) to the mean scores along HRQoL domains (dependent), standardized B coefficients and P value were reported for each model. P
value of < 0.05 was applied as a level of significance.

Results

Socio-demographics

Adolescents with SCD (n=180, 136 males and 44 females) and a comparable group of adolescents without SCD (n=202, 152 males and 50
females) their age ranged from 14 to 18 years with a mean of 16.9+ 2.5 years, the mean age of adolescents with SCD was 16.8+3.6 years and
the age of their counterpart was 16.9+1.7 years.

Adolescents with SCD have a lower socio-demographic profile in terms of parental educational status and family income compared to adolescents
without SCD but without statistical difference (Table 1).

Adolescents with SCD showed a significant educational delay in terms of excessive failing and school retention while adolescents without SCD was
significantly better; 15.0% of adolescents with SCD demonstrated delay (excessively retained in relation to their comparable peers) in the primary
(elementary=up to grade 6) education compared to only 2.0% among adolescents without SCD, and 71/81 (87.7%) of adolescents with SCD in the
preparatory stage (intermediate= up to grade 9) were delayed compared to 8/39 (21.1%) among adolescents without SCD. This delay was
attributed by the parents due to excessive absenteeism from schools in response to frequent hospitalization, emergency admissions, and
appointments for checkups.

Genotypes and disease-related complications

Table 1 displays the encountered SCD genotypes and SCD related complications among the included adolescent with SCD. Painful episodes in the
last month were recorded in 56.7 % of cases, and the need for emergency hospital admission during the last year was found in 25.5% of cases. All
SCD patients were on Hydroxyurea (HU) therapy, recorded fetal hemoglobin level (in 167/180 cases) had a mean of 13.1+6.4 % (median of
12.5%) with an interquartile range of 19.0%.

Health Related Quality Of Life

Domains of HRQoL were significantly deteriorated in adolescents with SCD (Table 2). The mean scores of adolescents without SCD were above the
93 percentiles of adolescents with SCD in role physical and general health domains, above the 97" percentiles in the domain of bodily pain,
higher than 79™ percentiles of adolescents with SCD in physical functioning, and 76" percentile in the social functioning domain.

Male adolescents with SCD scored significantly worse than males without SCD in all domains of HRQoL (Table 3). Male adolescents without SCD
demonstrated mean scores above the 96™ percentiles of adolescents with SCD in role physical and bodily pain domains, above the 93 percentiles
in general health, above the 79™ percentiles of physical functioning domains. Role emotional and emotional well-being domains showed less effect
sizes, the mean scores among adolescents without SCD were above the 58" and 66" percentiles of the mean of adolescents with SCD
respectively.

Adolescent females with SCD achieved lower scores than females without SCD in role emotional, vitality, emotional well-being and social
functioning domains but without statistical significance. Adolescent females without SCD had mean scores in the physical functioning and bodily
pain above the 95" percentiles of females with SCD, general health scores was above the 90™ percentiles and role physical mean scores was above
76" percentiles of adolescents with SCD.

Adolescent females with SCD scored higher than females without SCD in role emotional and vitality, adolescent females with SCD achieved mean
scores above the 58 percentiles of females without SCD in both domains (Table 3).

Male adolescents with SCD achieved higher scores in the domains of physical functioning, bodily pains and social functioning compared to female
patients but without statistical difference. Emotional well-being scores were significantly higher among male adolescents with SCD compared to
female patients (Table 3).

The mean scores of male adolescents with SCD in emotional well-being domain were above the 66™ percentiles for females with SCD. Female

adolescents with SCD had higher scores in role physical and role emotional domains compared to males with SCD but without significant
difference.
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Adolescents without SCD complications had mean scores above the 69™ percentiles of those with complications in the domains of role physical and
role emotional, above the 62™ percentiles in physical functioning, general health, and emotional well-being domains of the average scores for
those with SCD complications (Table 4).

Multivariate linear regression models showed that all domains of HRQoL were negatively associated with increasing of age of the adolescent with
SCD especially in domains of energy, emotional wellbeing, social function and general health (Table 5).

Female gender was negatively associated with scores in the domain of emotional wellbeing. Urban residence was positively associated with higher

vitality score and higher family income was associated with increase in scores of physical functioning domain. Frequent hospital emergency
admissions were associated with lower scores in almost all subscales especially physical, role physical and emotional well-being domains.

Discussion

To the authors' knowledge, this is the first study to assess HRQoL in adolescent patients with SCD in an Arabic community. The data reported here
showed that adolescents with SCD experiencing impairment in HRQoL when compared with their healthy peers. The smallest differences between
adolescent controls and SCD group were evident in the role emotional and emotional wellbeing domains. Similar to our findings, McClish et al [12]
reported that young adult with SCD experienced a poor HRQoL except for mental health. Patel and Palham [45] reported that Indian children with
SCD experienced a poor HRQoL along physical, psychosocial and cognitive domains.

It has been suggested that people with chronic diseases may report good psychological well-being as a result of increased social support,
religiousness, lack of other stressors, or due to the presence of a "response shift" associated with coping and managing of their illness [46].

In Saudi culture, several factors may explain the process of psychological coping among adolescents with SCD. First, the extended family pattern in
Saudi Arabia; family provide people suffering from anxiety the presence of “safe persons” around them and hide active symptoms of anxiety,
maintaining them functional in a compensatory behavior [47]. Adolescence is typically a period of rapid physical, cognitive and psychosocial change
that takes place in the context of shifting relationships and roles within the family [48]. The Family Adjustment and Adaptation Response (FAAR)
model highlights how adaptation to chronic childhood illness is explained in the balance of family demands (stressors from individual, family, and
community sources) as well as family resources such as positive parent-child relationships, family functioning, and active coping and positive
beliefs/attitudes [49]. Second, the health care management policy in Saudi Arabia, where the services are free of charge and all SCD patients
received Hydroxyurea (HU) which can improve some domains of HRQoL including social function, general health perception and pain recall [34].
Finally, recorded fetal hemoglobin level in this study had a mean of 13.1+£6.4 % (median of 12.5%) with an interquartile range of 19.0%, higher
than that reported in patients with African haplotypes [50]. Pearson [51] and Perrine et al. [50] found that serious complications (i.e. jaundice,
splenectomy, and hematuria) occurred in only 6% to 25% of Saudi patients compared to North American Blacks.

Despite the increased attention paid to determine factors that affect QoL in SCD [13,45,52] fewer studies addressed the influence of gender. In
our study, female participants was less and we speculated that this may be due to the disease associated stigma and fear of disclosure as many
females with SCD preferred to receive disease management in private health facilities where more confidentiality is provided.

Despite increased attention being paid to determine factors that affect the quality of life in SCD, there are few studies that address the influence of
gender. Some studies suggested that females have a poorer quality of life than their male counterparts [29] while, others did not reveal gender
difference [30]. There is also suggestion that gender may influence the way adolescents' perceiving of health [31].

Among our adolescents with SCD, gender differences in HRQoL existed between males and females. Adolescent girls with SCD achieved
significantly lower scores in physical functioning, role physical, bodily pain and general health domains. Ironically, they have higher score along
social function and emotional well-being compared to their healthy controls.

Studies dealt with behavior adjustment in children with chronic diseases showed conflicting results in relation to the effect of gender. Zandieh et al
[53] found that QoL in Iranian boys with bronchial asthma were more deteriorated than females.

While in Swedish study, Hanberger et al. [54] reported lower Generic HRQoL and Diabetes-specific HRQoL mean scores in adolescent girls with
type 1 diabetes mellitus than boys. HRQoL did not show a significant relationship with SCD genotype. The relationship between SCD genotype,
disease severity and HRQoL may have been mediated by other variables, particularly disease-related complications. In addition, some of HRQoL
subscales were significantly deteriorated with increasing hospitalization frequency. Anie et al [52] found a relationship between pain and some
HRQoL domains 'physical, social functions, mental and general health' while others [12] found no significant association with health care utilization
measures.

In this study nearly all domains of HRQoL were negatively associated with increasing age of adolescent with SCD especially energy, emotional well-
being, social functioning and general health domain. Baskin et al. [31] found that there was an interactive effect between age and disease
adjustment which become more problematic as SCD patient mature with additional difficulties as the disease worsens in severity (e.g., increase in
vaso-oclusive episodes). Furthermore, physical manifestations of SCD notably in the form of abnormal sexual and physical development, as
evidenced by delayed growth and puberty, priapism and short stature may add more difficulties to the growing patient.

Adolescents with SCD in our study reported significant educational delay due to frequent hospitalization, emergency admissions, and appointments

for checkup. This is consistent with other studies reported that adolescents with SCD commonly experience role limitation due to emotional
problems with subsequent educational problems [45,55].
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Rural residence was a significant negative predictor for vitality and pain of HRQoL subscales. There are limited studies on rural/ urban differences
in QoL among patients with SCD. Telfair et al [55] have shown that rural patients had lower health service access and utilization with lower
physical functioning. Future researches should investigate the role the differential levels of social support, coping styles, and perceptions of illness
in urban-rural differences in QoL among SCD patients.

Another risk factor for lower HRQoL among our patients was the low family income. Saudi youth with lower socioeconomic standard were more
likely to have lowered physical functioning scores. Children living under poorer economic conditions are more prone to anxiety, depression and
negative thinking with potential exaggeration with adolescents with SCD through increasing exposure to stressful experiences and decreasing
psychological and social coping resources [56]. Panepinto et al [57] have found a significant negative effect of poverty and disease severity on the
HRQoL among pediatric patients and it was chiefly affecting the physical functions of the included children with SCD.

Health care providers have limited ability to improve the poverty status of the affected patients but improvement of disease status and prevention
of disease complications may help in improvement of their well-being especially physical wellbeing [2].

The combined effects of SCD-related pain and low socioeconomic status [56] on school attendance may limit opportunities for physical education
with subsequent reduction of physical HRQoL.

Socio-demographic variables were found to adversely affect the HRQoL in patients with chronic conditions as reveled by several cross-sectional
studies, yet prospective studies are required to better elucidate the predictive value of family variables. Barakat et al [57] found that family
resources were not significant predictors for QoL among patients with childhood cancer. Furthermore, they stated that the potential negative
impact of lower family education, income, employment, and function may be indirect and dynamic over time.

Study limitations

The contributions of this investigation must be considered within the following limitations: Low participation of female adolescents with SCD could
be explained while considering the socio-cultural and the disease associated stigma that may force females to refrain from participation due to fear
from disclosure. In addition most adolescent females with SCD seeking care at other facilities 'private sector' where confidentiality is maintained.
We drew our population especially the control group, from a non-probability sample, which may have biased our results with subsequent impact on
their generalizability.

Conclusions

Adolescents with SCD experience health related quality of life worse along several domains of HRQOL including physical functioning, role physical,
bodily pain and general health compared to their comparison group of apparently healthy adolescents. Socio-demographics including older age of
the adolescents with SCD, female gender, rural residence, low family income and the occurrence of disease-related complications were associated
mainly with deterioration of physical rather than mental health of our sample of adolescents with SCD.

Controlling of possible modifiable determinants, e.g., disease-related complications and some socio-demographics that affect the HRQoL among
adolescents with SCD might improve these patients' outcome with smooth transition to adulthood. HRQoL assessments in adolescents with SCD
facilitate doctor—patient communication, point to areas where patients may experience serious problems during this transitory phase, can be used
as diagnostic tools for follow—up care, and assessing the efficiency of different treatment modalities.
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Tables

Table 1: Sample characteristics of the included adolescents with sickle cell disease (SCD) and their comparable healthy adolescents
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Table 2: Comparison of Health related quality of life "SF-36 subscales” between adolescents with sickle cell disease (SCD) and the comparison

group

Table 3: Health related quality of life domains (mean £SD) among the included adolescents in relation to presence of sickle cell disease (SCD) and

gender

Table 4: Health related quality of life scores (mean £SD) in relation to presence of disease-related complications among adolescents with sickle cell

disease

Table 5: Linear regression analysis models between mean scores of SF-36 domains and socio-demographic and disease-related characteristics in
adolescents with sickle cell disease (N=180)

References

1. El-Hazmi Mohsen. Clinical and hematological diversity of sickle cell disease in Saudi children. Journal of Trop Pediatr. 1992; 38:106-112

2. Panepinto Julie, Pajewski Nicholas, Foerster Lisa, Sabnis Svapna, Hoffmann Raymond. Impact of family income and sickle cell disease on
the health-related quality of life. Qual Life Res. 2009;18:5-13. This article on PubMed

3. El-Hazmi Mohsen. Heterogeneity and variation of clinical and hematological expression of hemoglobin S in Saudi Arabs. Acta Haematolo.
1992; 88:67-71

4. Armstrong Daniel, Lemanek Kathleen, Pegelow Charles, Gonzalez Juan, Martinez Alfonso. Impact of Lifestyle Disruption on Parent and
Child Coping, Knowledge, and Parental Discipline in Children with Sickle Cell Anemia. Children's Health Care. 1993; 22 (3 ):189-203

5. Burlew Kathleen, Telfair Joseph, Colangelo Linda, Wright Elizabeth. Factors that influence adolescent adaptation to sickle cell disease. ]
Pediatr Psychol. 2000; 25:287-299. This article on PubMed

6. Wood-Dauphinee Sharon. Assessing quality of life in clinical research: from where have we come and where are we going? J Clin
Epidemiol. 1999 Apr;52(4):355-63. This article on PubMed

7. Sanjuas Benito C. Measuring quality of life: generic or specific questionnaires? Arch Bronconeumol. 2005 Mar;41(3):107-9. . This article
on PubMed

8. Riesenberg Don, Glass Richard. The Medical outcomes study. JAMA. 1989; 262:943. This article on PubMed

9. Roisman Glenn, Masten Ann, Coatsworth Douglas, Tellegen Auke. A salient and emerging developmental task in the transition to
adulthood. Child Development. 2004; 75(1):123-33. This article on PubMed

10. Ferrell Betty, Wisdom Cheryl, Wenzl Carol. Quality of life as an outcome variable in the management of cancer pain. Cancer. 1989;
63:2321-2327. This article on PubMed

11. Sherman Elisabeth, Griffiths Stephanie, Akdag Sare, Connolly, Slick Mary Daniel, Wiebe Samuel. Sociodemographic correlates of health-
related quality of life in pediatric epilepsy. Epilepsy Behav. 2008; 12:96-101. This article on PubMed

12. McClish Donna, Penberthy Lynne , Bovbjerg Victor, Roberts John , Aisiku John , Levenson James, Roseff Susan, Smith Wally. Health
related quality of life in sickle cell patients: The PiSCES project. Health Qual Life Outcomes. 2005;3:50. This article on PubMed

13. Dampier Carlton , Lieff Susan, LeBeau Petra, Rhee Seungshin, McMurray Marsha, Rogers Zora, Smith-Whitley Kim, Wang Winfred.
Health-related quality of life in children with sickle cell disease: A report from the Comprehensive Sickle Cell Centers Clinical Trial
Consortium. Pediatr Blood Cancer. 2010; 55(3):485-94. This article on PubMed

14. Trzepacz Angie, Vannatta Kathryn, Gerhardt Cynthia, Ramey Christina, Noll Robert. Emotional, social, and behavioral functioning of
children with sickle cell disease and comparison peers. J Pediatr Hematol Oncol. 2004 Oct;26(10):642-8. This article on PubMed

15. Panepinto Julie, O'Mahar Kerry, DeBaun Michael, Loberiza Fausto Loberiza, Scott JP. Health-related quality of life in children with sickle
cell disease: child and parent perception. Br J Haematol. 2005 Aug;130(3):437-44. This article on PubMed

16. Lamia Barakat, Chavis Patterson, Reem Tarazi, Elizabeth Ely. Disease-related parenting stress in two sickle cell disease caregiver
samples: Preschool and adolescent. Families, Systems, and Health. 2007; 25:147-161

17. Lesile Spieth , Carole Harris. Assessment of health related quality of life in children and adolescents: an integrative review. J Pediatr

Psychol. 1996 Apr;21(2):175-93 . This article on PubMed

Page number not for citation purposes 7



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

WHOQoL Group. The World Health Organization Quality of Life assessment (WHOQOL): position paper from the World Health
Organization. Soc Sci Med. 1995 Nov;41(10):1403-9. This article on PubMed

Juan Dapueto , Liliana Servente , Carla Francolino, Elizabeth Hahn. Determinants of quality of life in patients with cancer. Cancer. 2005
Mar 1;103(5):1072-81 . This article on PubMed

Stephen Crystal, Ayse Akincigil, Usha Sambamoorthi, Neil Wenger, John Fleishman, Davies Zigmond et al. The diverse older HIV-positive
population: a national profile of economic circumstances, social support and quality of life. J Acquir Immune Defic Syndr. 2003 Jun 1;33
Suppl 2:576-83 . This article on PubMed

Kimmel Paul, Emont Seth, Newmann John, Danko Helen, Moss Alvin. ESRD patient quality of life: symptoms, spiritual beliefs,
psychosocial factors, and ethnicity. Am J Kidney Dis. 2003 Oct;42(4):713-21 . This article on PubMed

Burstrom Kirstina, Johannesson Magnus, Diderichsen Finn. Swedish population health-related quality of life results using the EQ-5D. Qual
Life Res. 2001;10(7):621-35 . This article on PubMed

Chen Ddith, Martin Andrew, Matthews Karen. Understanding health disparities: the role of race and socio-economic status in children’s
health.Am J Public Health. 2006 Apr;96(4):702-8 . This article on PubMed

Von Rueden Ursula, Gosch Angela, Rajmil Luis, Bisegger Corinna, Ravens-Sieberer Ulrike, the European KIDSCREEN group.
Socioeconomic determinants of health related quality of life in childhood and adolescence: results from a European study. J Epidemiol
Community Health. 2006 Feb;60(2):130-5. This article on PubMed

Shi Leiyu, Stevens Gregory. Vulnerability and unmet health care needs: the influence of multiple risk factors. J Gen Intern Med. 2005
Feb;20(2):148-54 . This article on PubMed

Simon Alan, Chan Kitty, Forrest Christopher. Assessment of Children's Health Related Quality of Life in the United States with a
Multidimensional Index. Pediatrics. 2008 Jan;121(1):e118-26. This article on PubMed

van den Tweel Xandra , Hatzmann Janneke, Ensink Elske, van der Lee Johanna , Peters Marjolein, Fijnvandraat Karin, Grootenhuis
Martha. Quality of life of female caregivers of children with sickle cell disease: a survey. Haematologica. 2008; 93(4):588-93. This
article on PubMed

Kulkarni Abhava, Cochrane Douglas, McNeely Daniel, Shams Iffat. Medical, Social, and Economic Factors Associated with Health-Related
Quality of Life in Canadian Children with Hydrocephalus.] Pediatr. 2008 Nov;153(5):689-95.. This article on PubMed

Varni James, Burwinkle Tasha, Seid Michael. The PedsQL 4 0 as a school population health measure: feasibility, reliability, and validity.
Qual Life Res. 2006; 15:203-215 . This article on PubMed

P Fuggle, PA Shand, U Gill, SC Davies. Pain, quality of life, and coping in sickle cell disease.Arch Dis Child. 1996 Sep;75(3):199-203 .
This article on PubMed

Baskin Monica, Collins Marietta, Brown Fontina, Griffith Jeana, Samuels Denisse, Thompson Martha, Eckman James, Kaslow Nadine.
Psychosocial Considerations in Sickle Cell Disease (SCD): The Transition from Adolescence to Young Adulthood. J Clin Psychol Med S.
1988; 05(3):315-341

Palermo Tonya, Schwartz Lisa, Drotar Dennis, McGowan Kathryn. Parental report of health-related quality of life in children with sickle
cell disease. J Behav Med. 2002 Jun;25(3):269-83. This article on PubMed

Thomas V], Taylor L. The psychosocial experience of people with sickle cell disease and its impact on quality of life: Qualitative findings
from focus groups. Br J Health Psychol. 2002;7(3):345-363. This article on PubMed

Ballas Samir, Barton Franca, Waclawiw Myron, Swerdlow Paul, Eckman James, Koshy Mabel et al. Hydroxyurea and sickle cell anemia:
effect on quality of life. Health Qual Life Outcomes. 2006 Aug 31;4:59. This article on PubMed

Maikler Virginia, Broome Marion, Bailey Patricia, Lea Gwen. Children's and adolescents' use of diaries for sickle cell pain. J Soc Pediatr
Nurs. 2001; 6(4):161-169. This article on PubMed

Panepinto Julie, Pajewski Nicholas, Foerster Lisa, Sabnis Svapna, Hoffmann Raymond. Impact of family income and sickle cell disease on
the health-related quality of life. Qual Life Res. 2009 Feb;18(1):5-13 . This article on PubMed

Hoff Ahna , Palermo Tonya, Schluchter Mark, Zebracki Kathy , Drotar Dennis. Longitudinal relationships of depressive symptoms to pain
intensity and functional disability among children with disease-related pain. J Pediatr Psychol. 2006; 31(10):1046-1056. This article on
PubMed

Brandow Amanda, Brousseau Dvid, Pajewski Nicholas, Panepinto Julie. Vaso-Occlusive Painful Events in Sickle Cell Disease: Impact on
Child Well-Being. Pediatr Blood Cancer. 2010 Jan;54(1):92-7. This article on PubMed

Page number not for citation purposes 8



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Anie Kofi, Telfair Joseph. Multi-site study of transition in adolescents with sickle cell disease in the United Kingdom and the United
States. Int J Adolesc Med Health. 2005 Apr-Jun;17(2):169-78. This article on PubMed

Medical outcome study: 36 item short form survey. http://rand.org/health/surveys_tools/mos/mos_core_36item.html (Accessed 20
December 2009)

Alison Snyder , Jessica Martinez, R Bay R Cruits, Parsons John, Sauers Eric, Valovich McLeod Tamara. Health-related quality of life differs
between adolescent athletes and adolescent nonathletes. J Sport Rehabil. 2010;19(3):237-48. This article on PubMed

Coons Stephen, Al AbdulMohsin Saud, Draugalis Joliane, Hays Ron. Reliability of an Arabic version of the RAND-36 Health survey and its
equivalence to the US-English version. Med Care. 1998;36(3):428-432 . This article on PubMed

Lubin Jay, Gail Mitchell, Ershow Abby. Sample size and power for case-control studies when exposures are continuous. Stat Med. 1988;
7(3):363-376. This article on PubMed

Jacob Cohen. Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ: Lawrence Earlbaum Associates. 1988

Patel Archana, Habib Pathan. Quality of life in children with sickle cell hemoglobinopathy. Indian J Pediatr. 2005;72(7):567-71. This
article on PubMed

Sprangers Mirjam , Schwarts Carolyn. Integrating response shift into health-related quality of life research: a theoretical model. Soc Sci
Med. 1999; 48:1507-1515. This article on PubMed

Ghubash Rafia, Hamdi Emad, Bebbington P. The Dubai Community Psychiatric Survey 1 Prevalence and scio-demographic correlates. Soc
Psych Psych Epid. 1992;27, 53-61

Rugh Andrea. Within the circle: parents and children in an arab Village. New York: Columbia University Press. 1997

Patterson Joan. Families experiencing stress: I The family adjustment and adaptation response model: II Applying the FAAR model to
health related issues for intervention and research. Family Systems Medicine. 1998; 6: 202-237

Richard Perrine, Pembrey Marcus, John Peter, Perrine Susan, Shoup. Natural history of sickle cell anemia in Saudi Arabs A study of 270
subjects. Ann Intern Med. 1978 Jan;88(1):1-6 . This article on PubMed

Pearson Howard. Reply: Sickle cell disease in the Kingdom of Saudi Arabia: East and West. Ann Saudi Med. 1999 May-Jun;19(3):281-2 .
This article on PubMed

Anie Kofi, Steptoe Andrew, Bevan David. Sickle cell disease: Pain, coping and quality of life in a study of adults in the UK. Br J Health
Psychol. 2002; 7:331-334. This article on PubMed

Zandieh Fariborz, Moin Mostafa , Movahedi Masoud. Assessment of quality of life in Iranian asthmatic children, young adults and their
caregivers. Iran J Allergy Asthma Immunol. 2006;5(2):79-83. This article on PubMed

Hanberger Lena, Ludvigsson Ludvigsson, Nordfeldt Sam. Health-related quality of life in intensively treated young patients with typel
diabetes. Pediatr Diabetes. 2009 Sep;10(6):374-81. This article on PubMed

Telfair Joseph, Haque Akhlaque, Etienne Marc, Tang Shenghui, Strasser Sheryl. Rural/urban differences in access to and utilization of
services among people in Alabama with sickle cell disease. Public Health Rep. 2003; 118: 27-36. This article on PubMed

Brooks-Gunn Jeanny, Duncan Greg. The effects of poverty on children. Future Child. 1997 Summer-Fall;7(2):55-71. This article on
PubMed

Barakat Lamia, Marmer Piage , Schwartz Lisa. Quality of life of adolescents with cancer: family risks and resources. Health Qual Life
Outcomes. 2010 Jun 28;8:63 . This article on PubMed

Page number not for citation purposes 9



Table 1: Sample characteristics of the included adolescents with sickle cell disease (SCD) and their comparable healthy

adolescents

Adolescents with

Adolescents

Total (N=382)

Characteristics SCD (N=180) without SCD No (%) P value ?
No (%) (N=202)
No (%)
Age groups (years)
14-15 68(37.8) 53(26.2) 121(31.7) 0.183
16-17 71(39.4) 81(40.1) 152(39.8)
18 57(31.7) 68(33.7) 125(32.7)
Residence
Urban 132(73.3) 158(78.2) 290(75.9) 0.265
Rural 48(26.7) 44(21.8) 92(24.1)
Educational status
Primary 27(15.0) 4(2.0) 31(8.1) 0.008t
preparatory 81(45.0) 39(19.3) 120(31.4)
Secondary 72(40.0) 159(78.7) 231(60.5)
Father educational status
< Secondary 101(56.1) 94(46.5) 195(51.0) 0.0480
Secondary or higher 78(43.9) 108(53.5) 186(49.0)
Mother educational status
< Secondary 106(58.9) 109(54.0) 215(56.3) 0.332
Secondary or higher 74(41.1) 93(46.0) 167(43.7)
Family income in Riyals
< 2500 26(14.4) 28(13.9) 54(14.1) 0.395
2500- < 6000 97(53.9) 96(47.5) 193(50.5)
> 6000 57(31.7) 78(38.6) 135(35.3)
Genotypes
Hb SS 146(81.1) - -
Sickle-B+ Thalasemia 26(14.4) - -
Sickle-B0 Thalasemia 5(2.8) - -
Hb SC 3(1.7) - -
Disease-related complications
Vaso-occulsive 29(43.3) - -
Infections 24(35.8) - -
Acute chest syndrome 3(4.4) - -
Brain infarction 6(9.0) - -
Cholethiasis 5(7.5) - -
More than one complication 27(40.3) - -
Painful crisis in the last month 46(25.5) - -
Emergency admission last year 46(25.5) - -

@ Chi Square
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Table 2: Comparison of Health related quality of life "SF-36 subscales” between adolescents with sickle cell disease (SCD) and the comparison

group
Adolescents with SCD Adolescents without SCD

(N=180) (N=202) Effect size P value
SF-36 subscales Mean + SD Alpha® Mean + SD Alpha Cohen's d
Physical functioning 58.34+20.76 0.849 80.25+23.45 0.901 0.988 0.001
Role physical 23.10+33.70 0.852 76.36+33.85 0.801 -1.570 0.001
Role emotional 43.04+41.43 0.870 51.32+41.27 0.803 -0.200 0.051
Bodily pain 33.74+27.23 0.731 81.26+20.30 0.783 -1.978 0.001
Vitality 46.51+18.03 0.714 54.73+17.60 0.812 -0.461 0.001
General health 37.58+22.04 0.694 66.81+14.65 0.781 -1.562 0.001
Emotional well-being 53.89+18.32 0.740 61.19+18.32 0.801 -0.398 0.001
Social functioning 44.73+£24.75 0.710 62.31+20.77 0.721 -0.769 0.001

SD=Standard Deviation, *Chronbach's alpha correlation coefficient
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Table 3 Health related quality of life domains (mean £SD) among the included adolescents in relation to presence of sickle cell disease (SCD) and gender

SF-36 subscales

Males (N=288)

Females (N=94)

Adolescents with Adolescents Effect size P value Adolescents adolescents Effect size
SCD (N=136) without SCD Cohen's d with SCD without SCD Cohen's d P value
(N=152) (N=44) (N=50)
Physical functioning 59.96+21.23 79.48+24.27 -0.856 0.001 53.41+18.58 84.67+£17.95 -1.711 0.001
Role physical 20.65+£32.94 79.10+31.84 -1.804 0.001 30.68+35.30 60.83+40.83 -0.789 0.001
Role emotional 43.72+42.77 55.23+40.69 -0.275 0.061 48.82+12.93 42.89+27.90 0.273 0.199
Bodily pain 35.33+£28.66 82.97+19.00 -1.959 0.001 28.75+21.72 71.50+£24.68 -1.838 0.001
Vitality 46.59+18.86 57.12+16.12 -0.600 0.001 46.25+15.33 41.00£19.63 0.289 0.201
General health 39.02+22.96 68.72+13.67 -1.571 0.001 33.07+£18.37 55.83+15.49 -1.339 0.001
Emotional well-being 55.51+18.62 63.33+£17.35 -0.435 0.001 48.81+12.93 48.93+19.19 -0.007 0.975
Social functioning 45.10+£25.75 64.84+18.13 -0.435 0.001 43.69+21.55 47.83+23.83 -0.182 0.449
SD= Standard Deviation
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Table 4: Health related quality of life scores (mean +SD) in relation to presence of disease-related complications among

adolescents with sickle cell disease.

Sickle cell disease-related complications? Effect size

SF 36 subscales Yes (N=67) No (N=113) Cohen's d P value
-0.325

Physical functioning 56.06+21.21 62.69+19.51 0.041
-0.539

Role physical 16.95+31.33 34.92+35.22 0.001
-0.519

Role emotional 35.88+41.61 56.61+38.16 0.001
-0.145

Bodily pain 32.41+24.44 36.55+31.94 0.333
-0.261

Vitality 44.87+17.64 49.60+18.63 0.094
-0.337

General health 35.04+21.54 42.46+22.47 0.031
-0.371

Emotional well-being 51.69+17.42 58.16+17.43 0.019

Social functioning 43.39+24.84 47.62+24.53 -0.171 0.275

SD= Standard Deviation, ? Includes; vaso-occlusive crises, infections, acute chest syndrome, brain infarction, cholethiasis and

others
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Table 5: Linear regression analysis models between mean scores of SF-36 domains and socio-demographic and disease-related characteristics in adolescents with sickle cell

disease (N=180)

Independent SF-36 domains, Standardized B coefficients and (P value)
variables Physical Role physical Role emotional Energy and Emotional Pain Social General
functioning vitality functioning
Age -.136(0.771) -.146(0.157) -.136(0.190) -.175(0.026) -.162(0.038) -.198(0.011) -.303(0.001) -.250(0.016)
Gender .118(0.105) -.141(0.144) -.058(0.550) .021(0.780) -.168(0.024) -.112(0.127) .051(0.482) .092(0.340)
Residence .088(0.224) .130(0.137) -.029(0.763) .151(0.042) .043(0.556) .216(0.003) -.077(0.107) .020(0.638)
Educational status .047(0.539) .050(0.748) .192(0.030) .112(0.145) .043(0.655) .041(0.674) .023(0.685) .047(0.683)
Family income .147(0.041) .137(0.121) .081(0.831) .051(0.873) .126(0.091) .025(0.831) .093(0.481) .143(0.098)
Hospital admissions -.159(0.012) -.150(0.040) -.023(0.631) -.087(0.739) -.182(0.033) .152(0.033) -.126(0.461) -.167(0.041)
Genotype -.121(0.214) -.121(0.206) -.095(0.323) -.075(0.444) -.024(0.801) .052(0.577) -.141(0.361) -.090(0.672)
Complications -.162(0.011) -.234(0.008) -.271(0.004) -.100(0.177) -.141(0.052) -.101(0.132) -.095(0.300) -.182(0.043)
R? .201 .235 132 0.099 129 171 .190 137
F test 6.441 5.680 4.407 2.760 2.547 3.543 4.039 2.732
Constant 67.7 58.168 97.76 63.32 85.65 77.38 110.98 90.77

Age and frequency of hospital admissions were entered as continuous variables. Gender (0=female, 1=male), residence (O=rural, 1=urban), educational status (0=primary,

1=intermediate, 2=secondary).Family income (0= < 6000, 1= 6000 or more Saudi Riyals), genotype (0=SS, 1=others), complications (0=no 1=yes).
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