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ABSTRACT 

Sickle cell disease (SCD) is one of the most common genetic diseases in Saudi 

Arabia, possibly due to the high rates of intrafamily marriages. This blood disease is 

recessive; a child can develop SCD only if the two parents carry the abnormal gene. 

However, carriers are typically asymptomatic, so most do not know their carrier status, 

which poses potentially serious health implications for future children. A possible 

preventive measure is early carrier screening for adolescents to help families arrange their 

marriages. However, little is known about how Saudi families would perceive such a 

program. A two-phase, mixed-methods approach was used to examine how adolescents 

and parents would perceive early SCD carrier screening and factors that facilitate or 

impede their participation. Exploratory focus groups were conducted with parents and 

adolescents (N = 31) to gain a more contextualized understanding of their decision-

making processes towards participation. Themes derived from this phase were used to 

inform the development of a quantitative perceptual mapping survey to understand 

participants’ conceptualizations of the relative importance of factors considered during 

the decision-making process (N= 3,080). These two phases were guided by Health Belief 

Model and the Social Ecological Model. Further, mediation analyses estimated the 

impact of religiosity on intention to participate in early screening. Results suggest that 

parents and adolescents reported similar supportive attitudes towards SCD and early 

screening. Also, the perceptual maps showed that both groups may benefit from similar 

message strategies. Finally, religiosity significantly influenced intention to participate in 

early screening. These findings could guide the development of health campaigns. 
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To every individual fighting sickle cell disease – 
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CHAPTER 1 

INTRODUCTION 

Overview of the Research 

The World Health Organization and the United Nations recognize sickle cell 

disease (SCD) as a global public health problem, especially in Africa and the Middle East 

(Odame, Atrash, Amendah, Piel, & Williams, 2011; Piel, Hay, Gupta, Weatherall, & 

Williams, 2013). Individuals with the disease suffer from frequent vaso-occlusion and 

chronic anemia depriving vital body organs from necessary oxygen due to the short 

lifespan of sickle-shaped red blood cells (DeWitt et al., 2016). SCD greatly diminishes 

quality of life and is associated with substantial morbidity and mortality, especially in 

developing countries where complications leading to death in early childhood are 

common (Al-Suliman et al., 2006; McGann, 2014). Moreover, SCD is one of the most 

common genetic diseases in Saudi Arabia; approximately 2.6% of the total population 

have the disease and additional 27% carry the sickle cell trait, one of the highest rates 

compared to surrounding countries (Al Arrayed & Al Hajeri, 2012; Al-Balushi & Al-

Hinai, 2018; Al Sulaiman, Suliman, Al Mishari, Al Sawadi, & Owaidah, 2008; Jastaniah, 

2011). SCD is particularly common in the eastern region of Saudi Arabia, which has 

more than a 5-fold higher annual prevalence of SCD compared to other regions in the 

country, possibly due to the high rates of arranged consanguineous marriages (i.e., 

marriage of close relatives) (Memish & Saeedi, 2011). Specifically, the eastern 

governorates of Alqatif and Alahsa have the highest gene frequency for sickle 
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hemoglobin (HbS), the genetic variant causing the most severe form of SCD (Al-Suwaid 

et al., 2015). 

When a number of family members carry the SCD gene trait, the mutated gene 

can be passed without health consequences to the carrier. However, if two carriers marry, 

the likelihood of their children having the disease is increased (Polin, Abman, Rowitch, 

Benitz, & Fox, 2017). But most do not know their carrier status and have poor knowledge 

of the disease etiology and inheritance pattern, posing serious health implications for 

future children if married to another carrier (Harrison, Walcott, & Warner, 2017). Given 

the lack of an accessible cure, preventing the incidence of SCD should be a priority 

(McGann, 2014). But despite efforts to control the disease, such as mandatory premarital 

screening, the rate of SCD in Saudi Arabia remains relatively constant (Alotaibi, 2017). 

One promising approach that has had success in other cultures is carrier screening 

for adolescents. These programs screen adolescents for genetic traits prior to them 

engaging in serious relationships or marriage discussions. This model has been used 

within some Orthodox Jewish communities with great success (Kalfoglou & Broder, 

2011; Schneider et al., 2009; Vallance & Ford, 2003). Screening during adolescence is 

superior to conventional premarital screening in that it gives individuals sufficient time to 

comprehend their results and the health implications before any emotional and familial 

commitment (Al Arrayed, Hafadh, Amin, Al-Mukhareq, & Sanad, 2003; Alfadhel et al., 

2017; Ibrahim et al., 2013). However, some demographic and psychosocial factors, such 

as stigma and religiosity, might compromise similar screening programs in Saudi Arabia. 
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Little is known about how Saudi adolescents and parents would perceive such a program 

and whether it would be seen as acceptable by this society. 

Objective of the Research 

To begin to address this gap in the literature, the objective of this study was to 

understand the perceptions and attitudes of Saudi families towards SCD carrier screening 

for adolescents and how it could impact potential marriage plans. Specifically, 

exploratory research was conducted to obtain further insight into identifying and 

understanding the cognitive, psychosocial, and emotional influences that may affect the 

uptake and use of this program.   

The cultural issues related to the historical use of consanguineous marriage in 

Saudi Arabia have potentially significant public health effects. This research is the first 

study to assess the role of demographic and psychosocial factors on perceptions and 

uptake of an autosomal recessive disease carrier screening for adolescents in any Arabic 

country. Findings from this study will be used in future interventions aimed at 

implementing culturally acceptable strategies to impact SCD. 

Research Questions (RQ) and Rationale 

The study has two primary aims: 

Aim 1: The goal of Aim 1 was to gain an in-depth understanding of the 

perceptions and attitudes towards a SCD carrier screening program for adolescents 

through focus groups. The qualitative findings then informed the development of a 

quantitative survey. 
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• RQ 1: What factors do adolescents and parents report are important when 

considering SCD carrier screening for adolescents? And how do those factors 

impact their support to implement this program?  

While there is a plethora of literature on perceptions of genetic screening, most of 

the research has been conducted on American or European samples or it pertains to 

different diseases (for systematic reviews see: Chen & Goodson, 2007; Heshka, Palleschi, 

Howley, Wilson, & Wells, 2008). Little information is known about the factors shaping 

Saudi parents’ and adolescents’ perceptions regarding carrier screening during 

adolescence for autosomal recessive diseases, such as SCD.  

The tribal culture in Saudi Arabia is heavily paternalistic (mostly patriarchal), in 

exchange for the continuous support children receive throughout their lives, even in 

adulthood. This culturally-inherent contract renders the family the most fundamental 

social institution and the primary basis of one’s identity and status (Metz, 1993). As such, 

marriage in the Saudi culture is not a mere union of two individuals, nor is it a personal 

choice confined within the prospective couple. Rather, marriage is a declaration of family 

pride and a confirmation of its traditions, giving family a great influence on the entire 

marriage process, including spouse selection (Al Sulaiman et al., 2010). It is, therefore, 

essential to investigate parents’ perspectives in most issues pertaining to familial 

traditions and values. That said, intergenerational differences and contemporary cultural 

shifts are expected to widen the attitudinal and perceptual gaps between parents and their 

children, potentially giving the latter more freedom in managing their affairs, including 

marriage plans (Al Sulaiman et al., 2010; Alkuraya, 2013). Identifying how parents and 
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adolescents perceive the proposed SCD carrier screening is key in developing any 

effective public health guidelines or communication interventions. Therefore, this 

exploratory research question seeks to gain a more accurate and complete understanding 

of the issue. 

Aim 2: The goal of Aim 2 was to utilize perceptual mapping and mediation 

analysis in order to develop highly targeted messages to promote early carrier screening 

programs for SCD. 

• RQ 2: Can perceptual mapping be used to strengthen the understanding of the 

factors that provoke and dissuade adolescents and parents from participating 

in early SCD carrier screening, such as stigma and belief in fatalism? How do 

the perceptual maps of parents compare to those of adolescents? 

• RQ 3: Using mediation analysis, does religiosity impact the intention to 

participate in early carrier screening for SCD either directly or indirectly 

through shaping perceptions? 

Studies conducted to date on perceptions of carrier screening have mostly focused 

on a narrow group of populations – American and European populations. To our 

knowledge, there is no study assessing the role of demographic and psychosocial factors 

on perceptions and uptake of an autosomal recessive disease carrier screening for 

adolescents in any Arabic country. Of special interest is the role of religiosity in shaping 

perceptions and affecting consequential health-related decisions. Saudi Arabia is the 

birthplace of Islam and is one of the most religious countries in the world (Al Ahwal, Al 

Zaben, Sehlo, Khalifa, & Koenig, 2016). Folklore explanations of health and illness, such 
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as fatalistic attitudes, are embedded in the culture and inextricably connected to religion. 

The significant force of religion has been shown to influence treatment options and 

adoption of preventive measures. For example, a study on the attitudes of Saudi families 

affected with hemoglobinopathies towards prenatal screening and abortion and the 

influence of religious ruling reveals that despite the degree of suffering in the families, 

religious beliefs prohibit some from accepting genetic testing. Such reasoning stems from 

the principle of interfering with God’s plan. The rejection of genetic testing persists even 

when a fatwa is provided, a ruling on issues under Islamic law given by a recognized 

authority (Alkuraya & Kilani, 2001). Another study on Muslim women reveals that they 

were less likely to participate in clinical breast exams, compared to their Jewish 

counterparts, possibly due to their fatalistic attitudes toward cancer (Azaiza & Cohen, 

2006). An overview of the effect of religiosity on medical genetics in the US concludes 

that, “religion and spirituality are important for many people – both patients and those 

who care for them – who confront genetics. These constructs frame the way people 

understand genetic information and represent commitments that shape their responses” 

(Fanning & Clayton, 2009, p.6). Alternatively, Islamic tenets preach the principle that 

human lives are a gift from God that must be protected against all harms. Such a belief 

should theoretically encourage Muslims to care for their mental and physical health, 

including uptake of preventive screening programs and protecting one’s life. Indeed, 

religiosity has been associated with a myriad of positive health outcomes and health 

behaviors among Muslims (Koenig & Shohaib, 2014). But little is known about how 

religiosity might affect perceptions towards the uptake of carrier screening in Saudi 
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Arabia. Understanding the direction and the strength of this effect can help health 

interventionists design and target their messaging. 

Additionally, other psychosocial factors can influence public views on genetic 

testing. Informed by years of experience as genetic counselors in Saudi Arabia, Balobaid 

and colleagues (2016) point out the impact of stigmatization on carrier mothers for 

autosomal recessive diseases. Specifically, perceived stigma provokes mothers to not 

inform their at-risk daughters about the availability of genetic testing, fearing for their 

daughters’ future and their chances of marriage. Stigmatization in close-knit societies, 

such as Saudi Arabia where family reputation is an asset, can be a significant deterrent to 

the success of carrier screening programs. Many families have expressed their concerns 

over being socially labeled by the name of the disease that runs in the family (a director 

of a genomic laboratory in Alahsa, personal communication, November 7, 2018). 

Interviews with members of the Ashkenazi community in Israel, where carrier screening 

for Tay-Sachs disease has been integrated into the matchmaking process, highlight how 

such a program reinforces the continuing stigmatization of presumed carriers (Raz & 

Vizner, 2008). Understandably, the WHO (2010b) recognizes “genetic stigmatization” as 

one of the unintended consequences of carrier testing, which can lead to significant social 

and psychological implications, especially in countries where there are low levels of 

genetic knowledge. It is, therefore, important to investigate the potential impact of 

stigmatization and other psychosocial factors on societal acceptance of early SCD carrier 

screening. 
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Significance of this Research 

Years after the implementation of the mandatory premarital screening program 

(PMS) in Saudi Arabia, rates of SCD remain constant and the highest in the region 

(Jastaniah, 2011; Memish & Saeedi, 2011). Success of the PMS is burdened with many 

social and cultural obstacles. Several follow-up studies of PMS archives revealed that 

49%–98% of at-risk couples ignored the screening results and proceeded with their 

marriage plans (Al Sulaiman et al., 2010; Alswaidi et al., 2012; Ibrahim et al., 2013; 

Memish & Saeedi, 2011). The most commonly cited explanation for discounting the 

results is the lateness of the screening in the traditional marriage process. Usually, most 

couples and families, especially relatives, will have finalized wedding plans and are 

emotionally/romantically attached by the time of screening, which becomes then a 

bureaucratic procedure to obtain the marriage license (Al-Balushi & Al-Hinai, 2018; Al 

Sulaiman et al., 2010; Alswaidi et al., 2012; Memish & Saeedi, 2011). The deep-rooted 

beliefs about consanguineous marriages exert significant family pressure on couples to 

advance their risky marriages, eclipsing the impact of PMS and thwarting governmental 

efforts to reduce the prevalence of SCD. 

Challenging cultural traditions or amending societal values to discourage 

consanguinity tend to be a difficult route to addressing the issue of genetic disorders 

(Warsy et al., 2014). Isolated awareness campaigns to demote consanguinity have been 

tried in the Middle East and in the United Kingdom but had no considerable impact on 

marriage choices. In fact, media campaigns targeting consanguinity stirred negative 

public reactions mainly due to two major flaws: firstly, the misattribution of genetic 

disorders to consanguinity as a practice and not to the carrier status of the couples; and 
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secondly, the assumption that communication of overall population risk is sufficient to 

motivate individual behaviors (Darr et al., 2016). Appreciating the cultural importance of 

consanguinity, the Eastern Mediterranean Regional Office of the WHO has 

recommended against discouraging consanguineous marriages at the population level as 

that might cause a rift between the medical community and the public. Instead, WHO 

experts advocate for concerted efforts to identify families at increased risk and provide 

them with carrier screening when feasible (WHO, 1997). 

Changing the contextual factors, mainly the time of the premarital test, could 

provide a more efficient approach to confront autosomal recessive disorders. One of the 

promising strategies is to conduct carrier screening during late adolescence or early 

adulthood (between 17-18 years of age), before the formation of family marriage plans or 

emotional attachment with a potential mate. This approach would give affected 

individuals, carrier or diseased, sufficient time to understand and appreciate the 

implications of their status and would guide them through their search for a future spouse 

(Al-Balushi & Al-Hinai, 2018; Al Arrayed et al., 2003) . Research on Saudi patients have 

found that properly informed individuals are capable of acting responsibly on their carrier 

status by encouraging their future mates to be tested (Alkuraya, 2013). Experience in a 

western culture has also shown that most individuals will choose carrier screening for 

serious autosomal recessive conditions (Vallance & Ford, 2003). 

Notably, screening for SCD during late adolescence might be more effective than 

newborn screening as the latter would introduce high likelihood of false-negative results 

arising from the presence of fetal hemoglobin in infants under six months of age (Al-
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Balushi & Al-Hinai, 2018; Center for Disease Control and Prevention [CDC], 2017). The 

molecular blood test used in the US to screen newborns for SCD is logistically 

unattainable in the Saudi healthcare system (Z. Alsharida, the Director of the Healthy 

Marriage Center in Alahsa, personal communication, January 13, 2020) and perhaps that 

explains the discontinuation of the SCD newborn screening in 1993. In addition, a study 

on African American youth, who have a high prevalence of SCD, demonstrates that 

participants who were screened for SCD at birth were unable to confirm their carrier 

status during early adulthood. It is suggested that salience for this information decays 

from the time of discovery at infancy, insofar that parents or healthcare providers might 

fail to communicate the information to the individual, or perhaps the information itself 

gets lost (Harrison et al., 2017). Furthermore, a study of Brazilian patients shows that 

mortality rate among children with SCD born during 2009–2011 was not significantly 

different from that for children born during 1999–2001 (6.2% vs. 5.8%), suggesting that 

the country’s newborn screening alone is not enough to reduce the mortality rate 

(Sabarense et al., 2015). 

Additionally and as many experts have indicated, carrier screening during 

adolescence is expected to yield far more effective outcomes than regular premarital 

screening programs (Al Arrayed et al., 2003; Alfadhel et al., 2017) and remains the best 

preventive approach to reduce incidence of SCD with significant economic and health 

savings (Al Arrayed et al., 2003; Ibrahim et al., 2013). Given the lack of curative 

treatments for genetic blood disorders, effective screening can liberate health resources, 

preventing up to 95% of affected births (WHO, 2006) and saving millions of treatment 
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dollars as the cost of carrier screening is significantly cheaper (≈ $200 per test, covered 

by the government in Saudi Arabia) (Z. Alsharida, the Director of the Healthy Marriage 

Center in Alahsa, personal communication, January 13, 2020). 

The overarching aim of this research is to identify the important elements that 

shape Saudi parents’ and adolescents’ perceptions and attitudes towards SCD carrier 

screening for adolescents. Understanding these influential factors within the sociocultural 

context can facilitate the development of effective public health interventions to confront 

this potentially lethal disease. A WHO (2011) report emphasizes that “the services 

required for the prevention and care of genetic diseases includes … the sensitization to 

ethical, legal, and social issues which are of key concern in the context of genetic 

diseases” (p. iv). Indeed, efforts to impede the prevalence of hereditary diseases are 

destined to fail, if not backfire, when cultural norms and societal values do not inform the 

planning and the implementation of such programs (Darr et al., 2016). In addition, results 

from this investigation can inform policymakers to formulate more effective SCD carrier 

screening programs, potentially amending the existing premarital screening into a 

community-based program for adolescents, a model that has shown feasibility and 

effectiveness in several countries (Al Arrayed, 2011; Housten, Abel, Lindsey, & King, 

2016; Kalfoglou & Broder, 2011; Vallance & Ford, 2003). Based on the remarkable 

success of screening programs in similar culturally homogenous societies, our 

empirically confirmed approach may be a viable option to reduce birth incidence of SCD 

in Saudi Arabia, by increasing the likelihood of preventing high-risk marriages. In 

addition, the overwhelming public support for the existing premarital screening (Al-
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Aama, 2010; Al Sulaiman et al., 2010; AlQahtani et al., 2018; Ibrahim et al., 2013) and 

for the newborn screening for metabolic diseases (Al-Sulaiman et al., 2015) in Saudi 

Arabia motivates the pursuit of early carrier screening programs for SCD. 

This study hopes to answer the urgent calls from the UN and WHO to confront 

sickle cell disease as they declared it “a global public health problem” (Odame et al., 

2011; Piel et al., 2013), a challenge that can be effectively addressed by “carrier detection 

for hemoglobinopathies in countries where these conditions are a significant burden to 

public health” (WHO, 2011, p. 28), and by “developing ethical and legal guidelines … in 

line with local culture, social and religious norms” (p. 24). 

Definition of Terms 

Genetic mutation is a permanent alteration in the DNA sequence that makes up a gene. 

This alteration can be inherited from a parent or acquired during a person’s life (NIH, 

2020). For the present study, we are mainly concerned about hereditary mutations.  

Hemoglobinopathies is a medical term used to describe a group of blood disorders and 

diseases that affect red blood cells. These disorders include both sickle cell disease and 

thalassemia (CDC, 2019). 

Sickle cell disease is a group of inherited red blood disorders in which the red blood cells 

become rigid and sticky, which can distort these cells into a crescent or sickle shape 

(CDC, 2019). Due to genetic mutations, people who have sickle cell disease have an 

abnormal hemoglobin, called hemoglobin S or sickle hemoglobin, in their red blood cells. 
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Hemoglobin is the protein responsible for transporting oxygen to body organs (Rees, 

Williams, & Gladwin, 2010). 

Sickle cell anemia is the most common type of sickle cell disease, when a person 

inherites two hemoglobin S genes (HbSS) (Rees et al., 2010). People with other types of 

sickle cell disease have only one HbS along with another type of hemoglobin mutations, 

such as hemoglobin D or E (i.e., HbSD or HbSE, respectively). The focus of this study is 

on sickle cell anemia (HbSS) as it is the most common and severe type of SCD. 

Hereafter, both terms might be used interchangeably. 

Autosomal recessive disease is a group of hereditary diseases caused by a genetic 

mutation located in the autosome (i.e., the non-sex chromosomes 1-22). This means 

males and females are equally affected. “Recessive” means that two mutated copies of 

the gene must be inherited, one inherited from each parent, in order for the individual to 

have the disease (Rees et al., 2010).  

Carrier is an individual who inherits only one mutated gene while the other copy is 

normal. Carriers are usually healthy in that regard and typically do not know they carry 

the mutated gene; however, they can potentially pass the mutated gene on to their 

children (Rees et al., 2010). 

Carrier screening is a type of genetic test that determines if a healthy person carries the 

mutated gene for a recessive genetic disease (Centogene, 2020). Carrier status never 

changes, and it provides information about an individual’s chances of having a child with 

a genetic disease. In the present study, early carrier screening means having this 

procedure done proactively during adolescence and not for immediate marriage plans. 
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Premarital screening is a procedure where couples who are planning to get married test 

for common genetic diseases to help them plan for healthy children (AlHamdan, 

AlMazrou, AlSwaidi, & Choudhry, 2007). 

Risky marriages/incompatible marriages refer to marriages where both partners being 

carriers of an autosomal recessive disease or when one partner is a carrier and the other is 

diagnosed with disease. The offspring of such marriages are at increased risk of 

developing the disease. 

Naming is a traditional marriage practice where parents designate (i.e., match or name) a 

potential spouse for their child at an early age, usually a close cousin.  
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Sickle Cell Disease: A Global Challenge 

Hemoglobinopathies, including sickle cell disease (SCD) and thalassemia, are the 

most common genetic disorders around the world where approximately 7% of the human 

population carry the contributing sickle gene (Chatterjee, Chakravarty, & Chakravarty, 

2015; Kohne, 2011). Globally, each year around 312,000 infants are born with sickle cell 

anemia, the most common and severe form of SCD, and this number is expected to rise to 

400,000 by 2050 (Piel et al., 2013). Because the sickle cell trait provides selective 

protective advantage against severe malaria, SCD is more common among people whose 

ancestry can be traced to regions where malaria is or was endemic, including sub-Saharan 

Africa, the Mediterranean basin, and the Middle East (Harrison et al., 2017). However, 

because of slave trading and global migration, the distribution of SCD has spread far 

beyond its origins (Piel, Steinberg, & Rees, 2017). 

The hallmark of SCD is the abnormal sickle shape of the red blood cells, which 

shortens the lifespan of these cells in the bloodstream and causes vaso-occlusion, 

depriving vital body organs such as the brain and kidneys from the necessary oxygen, 

leading to progressive damage (DeWitt et al., 2016). The disease greatly diminishes 

quality of life and causes substantial decrement in lifespan, especially in developing 

countries where death in early childhood is usual (Al-Suliman et al., 2006; McGann, 

2014). Correspondingly, the international health community has given significant 

attention to SCD due to the increased mortality among affected individuals (Weatherall, 
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2011). In 2006, the World Health Organization (WHO) recognized the disease as a global 

public health problem (Piel et al., 2013). A United Nation resolution in 2008 declared 

“sickle cell anemia as a public health problem,” urging Member States and organizations 

to raise awareness of the disease (Odame et al., 2011). This global attention culminated in 

the inclusion of SCD in the resolution of the prevention and management of birth defects 

at the World Health Assembly (WHO, 2010a). Unfortunately, despite these concerted 

efforts, the global burden of the disease is increasing in high- and low-income countries, 

underscoring the need for more effective medical and public health interventions (Piel et 

al., 2013). 

Sickle Cell Disease in Saudi Arabia 

The biased global distribution of hemoglobinopathies presents unique challenges 

to specific parts of the world. Saudi Arabia is a relevant example of countries where SCD 

has been a significant public health menace. The prevalence rate of the disease in Saudi 

Arabia is one of the highest compared to surrounding countries (up to 2.6% of total 

population compared to 0.4% in Bahrain and 0.2% in Oman), while the reported 

prevalence for the sickle cell trait ranges from 2% to 27% in some regions of the country 

(Al Arrayed & Al Hajeri, 2012; Al-Balushi & Al-Hinai, 2018; Jastaniah, 2011). A 

national study that examined more than 1.5 million Saudi men and women between 2004 

and 2009 showed that 4.5% were carriers or cases of SCD (Memish & Saeedi, 2011). 

Accordingly, SCD is considered one of the most common genetic diseases in Saudi 

Arabia (Al Sulaiman et al., 2008). 
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Cases of SCD in Saudi Arabia were first reported in 1963 in the Eastern Province. 

It is believed that the sickle gene mutation originated in the northwestern region of South 

Asia and was later distributed to the eastern region of the Arabian Peninsula through gene 

flow (Jastaniah, 2011). Epidemiological studies have continually shown significant 

regional variation of SCD prevalence in Saudi Arabia, with the highest rate found in the 

Eastern Province followed by the southwestern provinces (145 cases/10,000 and 24 cases 

/10,000, respectively) (Al-Qurashi, El-Mouzan, Al-Herbish, Al-Salloum, & Al-Omar, 

2008; Al-Suwaid, Darwish, & Sabra, 2015; Alsaeed et al., 2018; Jastaniah, 2011). 

Compared to other regions of the country, the eastern region has more than a 5-fold 

higher annual prevalence of SCD (Memish & Saeedi, 2011). Specifically, the eastern 

governorates of Alqatif and Alahsa have the highest gene frequency for sickle 

hemoglobin (HbS), the genetic variant causing the common form of SCD (Al-Suwaid et 

al., 2015). It has been estimated that SCD is responsible for 15.7% to 21.1% of hospital 

admissions to pediatric and medicine wards in the province (Al-Dabbous, 2002). While 

there is a dearth of trend studies in Saudi Arabia, the rate of SCD remained relatively 

constant between 2004 - 2009 (Memish & Saeedi, 2011). Decades after the first incident 

report of SCD in the Eastern Province, and despite the high prevalence of the disease, a 

recent survey in the eastern region revealed that more than half of respondents had poor 

knowledge about the disease, with lower knowledge among carriers compared to those 

with the disease (Al-Suwaid et al., 2015). SCD is still pervasive in eastern Saudi Arabia, 

suggesting that current efforts to control the disease remain insufficient (Alotaibi, 2017). 
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Pathology of SCD 

SCD is an autosomal recessive single-gene disease. Single gene diseases are those 

in which the phenotype (i.e. physical expression) is manifested as a result of a single gene 

mutation with little contribution from other genes. Because they are caused by a single-

gene defect, these diseases follow the Mendelian patterns of inheritance, which dictate 

the probabilities of disease transmission through the pedigree based on family history 

(Omoto & Lurquin, 2004; Polin et al., 2017). The inheritance of single-gene diseases 

depends usually on two factors: the location of the gene in the chromosome (i.e. the 

autosomes versus sex chromosome) and whether one or two normal copies of the gene 

are needed for the disease phenotype to manifest (Omoto & Lurquin, 2004). SCD is an 

autosomal recessive disease, meaning that it is caused by a genetic mutation located in 

the autosome (i.e., non-sex chromosomes 1-22). This means males and females are 

equally affected. Also, in SCD, one copy of the abnormal gene must be inherited from 

each parent in order for the individual to have the disease (i.e., homozygous genotype, or 

two identical alleles). When individuals inherit only one mutated gene while the other 

copy is normal, they are said to have sickle cell trait (SCT) or to be a carrier of the 

disease and able to potentially pass the trait on to their children (Rees et al., 2010). 

According to Mendelian patterns of inheritance for recessive diseases, if both parents are 

carriers, there is a 25% chance that their children will have the disease and a 50% chance 

of passing the defective gene to their children with each pregnancy (Polin et al., 2017). 

Carriers are mostly healthy and do not have any symptoms of SCD. Because of this 

asymptomatic presentation of the trait, these individuals are often uncertain of their 
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carrier status and display poor knowledge and understanding of SCT and its genetic 

transmission, which could have serious reproductive and health implications for future 

children (Harrison et al., 2017). 

Sickle cell disease was the first disease for which an underlying molecular cause 

was identified (Ferrone, 1993). The term SCD refers to a collection of genotypes (i.e., 

genetic structures) that cause a characteristic clinical syndrome in which the blood’s 

ability to transport oxygen is impaired. Specifically, sickle cell anemia is the most 

common form of SCD and is a result of dual inheritance of the sickle hemoglobin (HbS) 

allele from both parents (Rees et al., 2010). Although the molecular abnormality is 

similar in all ten genotypes of SCD, there is a wide variation in the clinical manifestations 

and severity of the associated disease (Jastaniah, 2011), with sickle cell anemia being the 

most severe form of SCD (Rees et al., 2010). HbS is the most common pathological 

hemoglobin mutation worldwide (Weatherall, Akinyanju, Fucharoen, Olivieri, & 

Musgrove, 2006), and as referenced earlier, it is highly prevalent in the Eastern Province 

of Saudi Arabia (Al-Suwaid et al., 2015). 

SCD is caused by a single amino acid variation in the seventh codon of the gene 

encoding ß-globin, one of the two protein families that make up the major adult form of 

hemoglobin (HbA), the protein in the red blood cells (RBCs) responsible for transporting 

oxygen to body organs (Rees et al., 2010). Normally, RBCs are flexible and round, 

moving smoothly through blood vessels. However, in individuals with SCD, 

deoxygenated molecules of the defective hemoglobin (now HbS) stick to one another 

(i.e., polymerization) and form long, rod-like structures. These structures cause the RBCs 
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to become rigid, assuming a sickle or crescent shape. The deformed RBCs cannot pass 

readily through the vascular system, leading to vaso-occlusion and preventing the normal 

transport of oxygen to body organs (i.e. ischemia) (Figure 1) (National Human Genome 

Research Institute, 2016). Deprived from necessary oxygen, vital organs such as the 

brain, lung, and kidneys experience progressive damages (DeWitt et al., 2016). Clinical 

manifestations of SCD also include chronic anemia (i.e., shortage of healthy RBCs due to 

hemolysis or cellular destruction) and severe pain as sickle-shaped RBCs block normal 

blood flow to the chest, abdomen, and joints (Mayo Clinic, 2018). Causes of death among 

individuals with SCD across the United States (US) as shown in death certificates during 

1999 – 2009 were cardiac disease (31.6%), respiratory (28.1%), renal (16.4%), infectious 

(14.4%), neurologic (11.9%), and gastrointestinal and hepatobiliary diseases (9.2%) 

(Hamideh & Alvarez, 2013). It is assumed similar causes of death due to SCD occur in 

Saudi Arabia.  

Diagnosis of SCD 

Diagnosis of SCD is based on an analysis of HbS through a simple blood test. If 

the screening test shows positive results (i.e., the sickle cell gene is present), a blood test 

is conducted to check for a low count of RBCs. To confirm the diagnosis, a sample of 

blood is examined under a microscope to check for large numbers of sickled RBCs. In 

addition, prenatal diagnosis of SCD for unborn babies is also possible by sampling some 

of the amniotic fluid surrounding the mother’s womb, an invasive and more advance 

procedure (Mayo Clinic, 2018; National Human Genome Research Institute, 2016). 
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Prognosis of SCD 

Individuals with SCD start to experience signs of the disease during the first year 

of life, usually around five months of age. The reason that infants do not show symptoms 

at birth is because fetal hemoglobin (HbF) protects the red blood cells from sickling. 

Figure 1. Sickle cell disease causes vaso-occlusion due to polymerization of sickle-shaped 

red blood cells. (Source: National Heart, Lung, and Blood Institute; National Institute of 

Health; U.S. Department of Health and Human Services. CC BY-NC-ND.) 
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When the infant is around four to five months of age, HbF is replaced by sickle 

hemoglobin (HbS) and the cells begin to deform into the sickle shape (CDC, 2017). 

In the US and Europe, which together comprise only 2% of annual SCD births 

worldwide (McGann, 2014), the early mortality typically associated with the disease has 

drastically reduced mainly due to comprehensive preventive care, such as effective 

vaccinations against Haemophilus influenzae type b and Streptococcus pneumoniae, 

prophylactic penicillin, and newborn screening. These antibiotics and vaccinations are 

important to prevent early mortality from infections as SCD can damage the spleen, 

leaving affected individuals more vulnerable to communicable diseases. It has been 

estimated that most individuals with SCD in developed countries will survive childhood 

well into their 50s (McGann, 2014; Quinn et al., 2010). Survival estimates for individuals 

with SCD in the US have experienced constant improvement from 14.3 years in the 

1970s to 58 years (Elmariah et al., 2014); however, their life expectancy is still shortened 

by more than two decades compared to the general population (Gardner et al., 2016). 

These preventive strategies, however, are not always available in developing 

countries. In Africa, which has an estimated 230,000 annual SCD births, 50% – 90% of 

patients die before the age of 5 years (McGann, 2014). Furthermore, hospital-based 

studies from the Eastern Province of Saudi Arabia show that 73% of deaths among SCD 

patients occur under the age of 30, with acute chest syndrome (including chest pain, 

fever, and breathing problems caused by vaso-occlusion) followed by infection as the 

major cause of deaths (Al-Suliman et al., 2006). Such alarming statistics stress the need 

to develop a better approach to address the prevalence of SCD. 



 
  

23 

Treatments for SCD 

There is no efficient curative treatment for SCD (McGann, 2014). Hematopoietic 

stem-cell transplantation, which involves replacing the damaged bone marrow to produce 

new and healthy blood cells, offers the only potential cure for the disease; however, its 

use is restricted by high costs, toxicity, and limited availability of suitable donors (Piel et 

al., 2017). Alternatively, the efforts to manage the disease are aimed at ameliorating the 

symptoms and reducing the complications (Mayo Clinic, 2018). Few treatment 

interventions are supported by strong evidence, however, including penicillin prophylaxis 

in children, primary stroke prevention with the use of transcranial Doppler screening, 

regular blood transfusions, and hydroxyurea (a medication to help stop the formation of 

sickle cells) to prevent acute pain and acute chest syndrome as well as primary stroke 

(Piel et al., 2017). 

A sickle cell crisis can occur suddenly and last for several hours to several days, 

causing throbbing, sharp, dull or stabbing pain in the neck, knees, chest or stomach. The 

frequency and severity of these crises vary from person to person and from crisis to crisis. 

Most patients are offered pain medications, including acetaminophen or aspirin for mild 

pain or narcotics like codeine for severe crises (American Academy of Family Physicians 

[AAFP], 2000). It is recommended these medications are taken regularly as prescribed 

rather than waiting for pain to return, until the crisis ends. Abstaining from alcohol and 

smoking, staying warm and hydrated, exercising moderately, and treating infections 

immediately might help to keep a crisis from occurring (AAFP, 2000). In addition, 

hydroxyurea, which stimulates the production of fetal hemoglobin and changes 
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expression of adhesion molecules, might reduce the frequencies of SCD crises (Rees et 

al., 2010).  

Given the lack of an accessible cure, preventing the incidence of SCD seems to be 

the best course of action, especially in developing countries where treatment 

interventions and resources are scarce. One strategy is to use carrier genetic screening 

prior to pregnancy so partners are aware of their status and potential impact on children. 

In cultures like that of Saudi Arabia, this could be framed as a way to encourage healthy 

marriages and children.  

Saudi Arabia: Overview 

To understand the state of health and illness in any society, it is prerequisite to 

position any investigative endeavor within the demographic and socio-economic 

contexts. Known as the cradle of Islam and the Land of The Two Holy Mosques, Saudi 

Arabia (officially, Kingdom of Saudi Arabia) is home to the two holiest places in Islam: 

Makkah, the destination of the annual pilgrimage for all Muslims, and Medina, the burial 

site of Prophet Muhammad. Modern Saudi Arabia was established in 1932 after King 

Abdulaziz Al-Saud announced the unification of the country, encompassing 80% of the 

Arabian Peninsula, making Saudi Arabia the second largest state in the Arab world and 

the 13th largest country in the world with an area of 830,000 mi2 (Nurunnabi, 2017). 

According to the Basic Law of Government (i.e., the constitution), rule of Saudi Arabia is 

confined to the sons and grandsons of the Kingdom’s founder, and the king presides over 

all branches of government, rendering an absolute monarchical form of governance 

(Saudi Const. art. 5, § 1 & 2; Tarazi, 1993). 
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The discovery of abundant oil reserves shortly after the establishment of the kingdom 

has endowed Saudi Arabia with vast revenues, making it one of the leading economies in 

the world (Alkuraya, 2014). Saudi Arabia has the second largest proven crude oil 

reserves, accounting for 18% of the world’s total reserves, and it ranks as the largest oil 

exporter in the world (OPEC, 2018). Despite efforts to diversify the economy, Saudi 

Arabia is still heavily reliant on the oil industry with 87% of the budget revenues and 

90% of the country’s export earnings coming from the petroleum sector, while the rest 

comes from the agriculture and services industries (Central Intelligence Agency [CIA], 

2018). 

According to the latest census, population size of Saudi Arabia is 31.7 million, 

including non-citizens who make a significant proportion (37%). Those inhabitants live 

across thirteen administrative regions, one of which is the Eastern Province, the largest 

province by area and the third most populous (Saudi General Authority for Statistics, 

2017). Thanks to the salient tribal culture emphasizing the role of family in everyday life, 

governmental programs promoting large families, and significant investment in 

healthcare, the country’s fertility rate is well above that found in North America and 

Europe (2.4 compared to 1.8 and 1.6 children born/woman, respectively) (World Bank, 

2018), and its birth rate is 17.2 births/1,000 population (compared to 12.5/1,000 in the US 

and 12.1/1,000 in the United Kingdom) (CIA, 2018; Ministry of Health [MOH], 2017). 

The national death rate is markedly one of the lowest in the world (2.9 deaths/1,000 

population). As a result, Saudi Arabia’s overall rate of population growth is well above 

the world average (2.5% vs. 1.1% annual increase, respectively) (CIA, 2018; MOH, 
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2017). At this rate, the population of Saudi Arabia is expected to reach 40 million by 

2030 (UN, 2017), with roughly half under 30 years old and about one-fourth younger 

than 15. Evidently, Saudi Arabia has an overwhelming young population, with a median 

age of 27.5 years and only 3% of the population aged 65 or older. Life expectancy 

averages about 75.5 years (CIA, 2018). 

In addition to the ethnic Arabs who represent the sweeping majority (90%), there is a 

significant minority of Saudi nationals who mainly descended from waves of immigrants, 

mostly from Asia and Africa, who settled around the holy sites and later assimilated after 

the founding of modern Saudi Arabia (Alkuraya, 2014). Virtually all Saudis declare Islam 

as their religious affiliation (Dalia, 2018), and the majority subscribe to Wahhabism, an 

ultraconservative doctrine of Sunni Islam that became the state creed since the founding 

of the kingdom. Fifteen percent of the population, mostly in the Eastern Province, follow 

Shiism, the other major sect of the religion (Ochsenwald & Teitelbaum, 2018). 

Up until the early 1900s, the inhabitants of the barren desert of the Arabian Peninsula 

were majorly nomadic, but due to the rapid economic growth and urbanization introduced 

by the modern state, almost the entire population has settled and now primarily 

concentrates in three regions. These regions are Riyadh, the capital and the heartland of 

the peninsula, Makkah, the holy site on the west coast, and the Eastern Province where 

most oil reserves were discovered (Ochsenwald & Teitelbaum, 2018). Nevertheless, the 

society in Saudi Arabia is still primarily composed of tribal affiliations that exert great 

influence on shaping customs and traditions. The role of family, although challenged by 
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westernization, is still the most fundamental component of the cultural homogeneity in 

Saudi Arabia (Al-Owain, Al-Zaidan, & Al-Hassnan, 2012). 

Consanguinity 

A concept importantly connected to the prevalence of SCD is consanguineous 

marriages, which are traditionally prevalent in Saudi Arabia and in most communities of 

North Africa, Middle East, and West Asia (Figure 2) (Bittles & Black, 2010). Loosely 

defined as intra-familial unions, consanguineous marriages collectively account for 20–

50+% of all marriages in these geographic regions (Hamamy, 2012). It is estimated that 

10.4% of the global human population live in communities with a preference for 

consanguineous marriage (Bittles & Black, 2010), and 15% of all newborns have 

consanguineous parents (Darr et al., 2016). Consanguinity (kon-sang-gwin-i-tee), is a 

word derived from two Latin words: con meaning ‘shared’ and sanguis meaning’ blood’, 

and it refers to a relationship between two people who share common ancestors (Oxford 

Dictionary, 2018; Warsy, Al-Jaser, Albdass, Al-Daihan, & Alanazi, 2014). In clinical 

genetics, a consanguineous marriage is most commonly defined as a “union between a 

couple related as second cousins or closer, equivalent to a coefficient of inbreeding in 

their progeny of (F) ≥ 0.0156” (Bittles, 2001, p. 89), where (F) represents a measure of 

the proportion of loci at which the offspring of a consanguineous union is expected to 

inherit identical gene copies from both parents (Hamamy, 2012). 
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Many scholars have attributed the predilection for consanguinity in many societies, 

including Saudi Arabia, to several cultural factors: wealth preservation within families, 

maintaining social class (especially among upper-class families), better personal 

compatibility and acquaintance of spouse, simplicity of premarital arrangement (salient in 

conservative societies with arranged marriages), the belief that it strengthens family ties 

and improves the stability of the family, as well as minimizing the financial costs 

associated with marriages (Alnaqeb, Hamamy, Youssef, & Al-Rubeaan, 2018; Shawky, 

Elsayed, Zaki, Nour El-Din, & Kamal, 2013).  

Figure 2. The global prevalence of consanguineous marriages (Bittles & Black, 2010. 

Copyright 2010 by the National Academy of Sciences in the US. Permission to reuse 

is waived for education, noncommercial use). The red dot is added by the author. 
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Consanguinity in the Middle East is ancient and dates back to pre-Islamic era. In fact, 

many members of the Christian and Jewish communities in the region also practice this 

type of marriage, so one must be cautious to draw any causal association between the 

predominance of Islam and consanguinity in the Middle East (Alkuraya, 2013; Bittles & 

Black, 2010). Additionally, attitudes towards consanguinity within Islam are somewhat 

equivocal. There is no specific text in the Quran that could be construed as encouraging 

consanguinity. Indeed, according to one of the controversial narrated statements 

attributed to Prophet Muhammad, cousin marriages were discouraged. The basic Islamic 

principle of doing “no harm and no reciprocated harm” is considered by many scholars a 

discouragement of consanguineous marriages in families who are at risk of genetic 

diseases (Qari, Balobaid, Rawashdeh, & Al-Sayed, 2013). Prophet Muhammad married 

women who were unrelated to him, including one from a Jewish tribe. Conversely, 

however, the Prophet also married his first cousin and married his daughter to his 

paternal first cousin. Thus, it is possible that some Muslims consider cousin marriage as 

following the deeds of the Prophet (Bittles, 2001). While Islam categorically prohibits 

marriages between first- and second- degree relatives, first cousin, second cousin, and 

double first-cousin marriages are all allowed under Islamic jurisprudence (Bittles & 

Black, 2010). 

Notably, Saudi Arabia has one of the highest rates of consanguineous marriages 

among Arab countries (Al-Owain et al., 2012). It is estimated that more than 56% of 

marriages are consanguineous, although rates can exceed 80% in some regions, with a 

strong preference for first-cousin unions (33–40%) (Al-Aama, 2010; El-Hazmi et al., 
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1995; El-Mouzan, Al-Salloum, Al-Herbish, Qurachi, & Al-Omar, 2007; El Mouzan, Al 

Salloum, Al Herbish, Qurachi, & Al Omar, 2008; Warsy et al., 2014). To examine 

whether consanguinity has seen any appreciable decline in Saudi Arabia in response to 

cultural changes, a recent cross-sectional study comparing two generations (married 

women and their parents) have found that consanguinity was significantly higher among 

the younger generation, with first-cousin marriages preferred over second-cousin. 

Further, this study revealed that the Eastern Province had the highest rate of first-cousin 

marriages in the country (40% of the consanguineous marriages) (Warsy et al., 2014). 

Clinical Significance of Consanguinity 

The offspring of consanguineous unions may be at increased risk to genetic disorders 

because of the expression of autosomal recessive gene mutations inherited from a 

common ancestor (WHO, 2011). The closer the biological relationship between parents, 

the greater the probability that their offspring will inherit identical copies of one or more 

detrimental recessive genes. For example, first cousins are predicted to share 12.5% (1/8) 

of their genes (Shawky et al., 2013). When compared to non-consanguineous unions, 

consanguinity is linked to significantly higher rates of morbidity and mortality due to 

genetic defects. In fact, mortality in first-cousin progeny is ≈ 3.5% higher than in 

nonconsanguineous offspring, although different demographic factors can significantly 

influence the outcome (Harpending & Black, 2010). It is estimated that the incidence of 

any congenital anomaly is typically two to three per 100 births among unrelated couples 

compared with five to six per 100 births among first cousin couples (Salway et al., 2019). 
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A search for published genetic diagnoses in Saudi Arabia readily reveals the clear 

bias toward autosomal recessive disorders, such as sickle cell disease (Alkuraya, 2014). 

Consanguinity, large family size (average 6), and older maternal and paternal age are 

common characters of families in Saudi Arabia that increase the likelihood of children 

born with genetic abnormalities (Alkuraya, 2014; Memish & Saeedi, 2011). Numerous 

diagnostic studies on Saudi patients have identified many founder mutations and tribe-

specific single gene disorders (Al-Owain et al., 2012; Bittles & Black, 2010). Founder 

mutation refers to “a genetic alteration observed with high frequency in a group that is or 

was geographically or culturally isolated, in which one or more of the ancestors was a 

carrier of the altered gene” (National Cancer Institute, 2018, p. 1). Research on Saudi 

samples have shown that the following diseases occur at a higher prevalence in 

consanguineous unions: SCD, thalassemia, inflammatory bowel disease, familial multiple 

sclerosis, bronchial asthma, congenital heart disease, hearing impairment, spina bifida, 

and schizophrenia (Warsy et al., 2014). Similarly, there is a strong correlation between 

consanguineous unions and congenital malformation, inborn errors of metabolism, 

intellectual disability, developmental delays, and reproductive malfunctioning (Alnaqeb 

et al., 2018; Ibrahim et al., 2011; Warsy et al., 2014). The persistent popularity of 

consanguinity in Saudi Arabia suggests that consanguinity will remain as a significant 

factor shaping the landscape of genetic disorders in the kingdom (Alkuraya, 2014). 

Overview of the Saudi Healthcare System 

As a paternal, monarchical state with massive oil revenues, Saudi Arabia offers 

generous social welfare arrangements, including education and healthcare services that 
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come at zero cost or taxes. The enduring social contract between the public and the royal 

family entails the government to provide sustenance in exchange for absolute economic 

and political control. According to Article 31 of the constitution, the government, through 

the Ministry of Health (MOH), is responsible for providing full and free access to 

healthcare services at all levels to all Saudi citizens and expatriates working within the 

public sector (Almalki, Fitzgerald, & Clark, 2011). MOH is also responsible for 

formulating health policies and regulations for both public and private sectors (Al-Jedai, 

Qaisi, & Al-Meman, 2016). 

The public health sector is overwhelmingly financed, operated, controlled, 

supervised, and managed by the MOH (Almalki et al., 2011). As of 2017, governmental 

bodies (e.g., MOH, National Guard and specialist hospitals) provide and finance two-

thirds of all health services in Saudi Arabia, with 329 hospitals and 2361 primary 

healthcare centers distributed into 20 regional directorates-general of health affairs across 

the country. The private sector also contributes to the delivery of health services through 

158 hospitals and 2767 polyclinics (MOH, 2017). Furthermore, up until the 1980s, health 

services in Saudi Arabia were primarily curative in nature, but as this model was proven 

financially inefficient, MOH transitioned into a preventative approach, establishing 

hundreds of primary healthcare centers that offer a variety of health promotion and 

disease prevention services (Almalki et al., 2011). According to recent figures, 7.6% of 

the kingdom’s budget is allocated for health expenditure (≈ $18 billion) (MOH, 2018). 

The per capita total expenditure on healthcare has increased substantially, from $200 in 

1995 to $1,004 in 2015, which makes it the sixth highest in the Middle East and African 
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region (Fitch Solutions, 2015). Nonetheless, the physician/population and hospital 

bed/population ratios at 1.3/1,000 and 2.7/1,000, respectively, are below that of many 

developed countries, but newer plans are underway to improve these ratios (CIA, 2018; 

MOH, 2017). Overall, massive spending has dramatically improved the quality and the 

quantity of healthcare services, as reflected by many vital health indices of the 

population. 

Unsurprisingly, the free-of-charge healthcare services is prone to face a myriad of 

challenges. The rapid growth in population, which is estimated to increase by 23% in the 

next two decades (UN, 2017), along with the staggering costs of medical technologies 

exert a great pressure on the existing paradigm (Almalki et al., 2011), especially with the 

advent of alternative energy sources which could destabilize the oil-based economy 

(Mann, 2010). The formidable task of MOH to fund and manage the healthcare system is 

further amplified by the burden on the Saudi government to cater to the health needs of 

millions of pilgrims who visit the holy sites from all around the world each year. During 

the annual hajj season, Saudi Arabia exhausts numerous resources to provide preventative 

and curative healthcare services to all pilgrims regardless of their nationality and 

conditions (Alharbi, 2018). Another pressure lies in the disease pattern in the kingdom 

where prevalence rates of many chronic diseases have been increasing at alarming rates, 

further intensifying the economic burdens (Institute for Health Metrics and Evaluation, 

2018). For instance, approximately 0.9 million people were diagnosed with diabetes in 

1992, but this figure rose to 2.5 million people in 2010, representing a 2.7 times increase 

in the incidence rate in less than two decades (Alotaibi, Perry, Gholizadeh, & Al-Ganmi, 
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2017); the associated expenditures are ten times higher than what expenditures would be 

in the absence of the disease (Alhowaish, 2013). Several reforms are underway to 

alleviate the serious challenges facing the healthcare system in Saudi Arabia, including 

disease prevention and early detections programs, such as premarital and newborn 

screenings. 

Genomic Services 

Due to the high prevalence of genetic diseases, particularly autosomal recessive 

diseases such as SCD, the Saudi government and its affiliated bodies have initiated 

multiple projects to address the challenge. The state-run King Faisal Specialist Hospital 

and Research Center (KFSH&RC) has always been the major referral center for genetic 

diseases in the kingdom, where preconception, prenatal, pediatric, and adult tests are 

performed. The country witnessed the first metabolic clinic in 1985 at KFSH&RC, which 

now houses 11 similar clinics and five genetic counseling clinics (Qari et al., 2013). Four 

years later, the first national newborn screening program was established to screen for 

congenital hypothyroidism (Alkuraya, 2014). Starting in 2005, this newborn screening 

program expanded to test for 16 metabolic disorders in all public and private hospitals. 

Sickle cell disease was included in the screening in 1993 but was terminated six years 

later due to budgetary strains (R. Sonbil, genetic counselor, personal communication, 

October 3, 2018). 

Several structural barriers affect the performance of genomic services in Saudi 

Arabia. According to the most recent published studies, there are only 30 genetic 

counselors in the country and a similar number of board certified clinical geneticists 
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(Alkuraya, 2014; Qari et al., 2013). The shortage of qualified staff is a significant 

obstacle to meeting the high demand, as the average waiting time to see a geneticist is 

often >8 month (Alkuraya, 2014). Until 2012, there was a complete absence of any 

academic graduate program in genetic counseling. Only one master’s program currently 

exists in the whole country (Balobaid, Qari, & Al-Zaidan, 2016). Furthermore, as the 

main referral facility, the KFSH&RC is pressured with patients from all over the country 

and from neighboring countries as well, as they accept a wide spectrum of genetic 

diseases, challenging from both diagnostic and clinical standpoints (Qari et al., 2013). 

Exacerbating the issue is the private sector’s lack of interest and involvement in 

delivering such services due to perceived lack of demand and cost-effectiveness 

(Alkuraya, 2013). 

Saudi Premarital Screening Program 

To reduce the staggering health and financial burdens of some genetic diseases, the 

government of Saudi Arabia in 2005 mandated a compulsory premarital screening (PMS) 

program for SCD and thalassemia, the two most common hemoglobinopathies in the 

kingdom (AlHamdan et al., 2007). The program, named the “Healthy Marriage Program” 

and spearheaded by the Ministry of Health, is based on a simple blood test, followed by 

genetic counseling (if necessary). This initiative provides education about the two blood 

disorders and their clinical behaviors and helps prospective couples in decision making 

on whether to finalize their marriage plans (Al Sulaiman, Saeedi, Al Suliman, & 

Owaidah, 2010). However, while this free screening is mandatory, compliance with the 

results is not. What couples do with the results and counseling recommendations is 
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voluntary. Importantly, the PMS program is not intended to demote consanguineous 

marriages; rather, the vision is to give people the chance to make an informed decision 

regarding their reproductive plans (Al-Balushi & Al-Hinai, 2018). Although this 

promising program has been received with overwhelming popular acceptance (Al-Aama, 

2010; Al Sulaiman et al., 2010; AlQahtani et al., 2018), its effectiveness in reducing the 

incidence of SCD has been limited (Alsaeed et al., 2018; Alswaidi et al., 2012). Southern 

and eastern Saudi Arabia still witness high prevalence of SCD, underscoring the need for 

more radical approaches (Alotaibi, 2017). 

Carrier Screening for Adolescents 

One of the promising approaches to effectively address the issue of autosomal 

recessive diseases is carrier screening programs for adolescents. A bright example of 

such programs began in the early 1980s to combat the spread of Tay-Sachs disease in the 

Ashkenazi Jewish community in Brooklyn, NY. Dor Yeshorim, “the upright generation”, 

is a voluntary screening program that conducts carrier screening for adolescents. Students 

are tested in mass settings, usually in high schools and college campuses, and the test 

results go into a centralized database. When a couple decides to determine whether they 

are genetically compatible, ideally when they are just beginning to date, they can contact 

Dor Yeshorim and are informed of their compatibility (Committe for Prevention of 

Jewish Genetic Diseases, 2018). This program is credited for reducing by 90% the 

number of births of babies with Tay–Sachs disease in the Ashkenazi Jewish community 

in the US, and it has inspired the creation of many carrier screening programs around the 

world (Kalfoglou & Broder, 2011; Schneider et al., 2009; Vallance & Ford, 2003). 
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The Montreal Thalassemia Screening Program, launched in 1979, provides 

additional proof of concept to the idea of high school screening programs. On a voluntary 

basis, the program screens 10th-11th graders, mostly from Mediterranean ethnicity, and 

provides them with educational and counseling resources. Prior to the program, all β-

thalassemia prenatal diagnosis referrals were due to the birth of an affected child. Now, 

virtually all carrier couple referrals for reproductive counseling originate from the 

screening program. The incidence rate of newly diagnosed cases has fallen by 90% since 

the beginning of this initiative (Capua, 1998; Vallance & Ford, 2003). 

Another successful carrier screening program comes from Bahrain, a neighboring 

country to Saudi Arabia that shares similar customs and traditions. In 1999, the National 

Student Screening Project was established to determine the prevalence of SCD and 

thalassemia and to empower students to make informed decisions in planning their future 

families. This simple blood test voluntarily screens 11th-grade students and provides 

“report cards” to each individual along with an information booklet about their disease 

status (Al Arrayed, 2005; Al Arrayed & Al Hajeri, 2012). An evaluative 10-year study 

praises this program for significantly reducing the national prevalence of SCD, and now 

Bahrain could become the first country in the Arabian Gulf region to completely 

eradicate the disease (Al Arrayed, 2011). 

Conclusion 

Sickle cell disease has been a heavy burden on the healthcare system in Saudi Arabia 

with severe physical, emotional, and social consequences. It is one of the most common 

genetic diseases in the kingdom (Al Sulaiman et al., 2008; Jastaniah, 2011). However, 
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SCD remains a preventable disease, and future generations could theoretically, and 

practically, witness the eradication of the disease. Based on the remarkable success of 

some programs in other culturally homogenous societies, our empirically confirmed 

approach may be a viable option to reduce birth incidence of SCD in Saudi Arabia, by 

increasing the likelihood of preventing high-risk marriages. In addition, the 

overwhelming public support for the existing premarital screening (Al-Aama, 2010; Al 

Sulaiman et al., 2010; AlQahtani et al., 2018; Ibrahim et al., 2013) and newborn 

screening (Al-Sulaiman et al., 2015) in Saudi Arabia motivates the pursuit of this study. 

Nonetheless, it is unknown how adolescents and parents would perceive carrier screening 

during adolescence and whether it would be accepted as a feasible way to protect the 

health of future generations. 
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CHAPTER 3 

METHODLOGY 

Overview 

A two-phase, mixed-methods approach was used to examine how Saudi 

adolescents and parents would perceive early SCD carrier screening and factors that 

facilitate or impede their participation. In order to gain a more complete and accurate 

understanding, it was first necessary to conduct formative focus groups to gain a 

contextualized, more comprehensive level of participants’ understanding of carrier 

screening and their decision-making processes. The ideas and themes derived from this 

phase were used to inform the development of a quantitative perceptual mapping survey 

to visually depict and understand the role of the salient factors shaping parents’ and 

adolescents’ attitudes and decisions regarding the proposed carrier screening. This 

research had three primary research questions: 

• RQ 1: What factors do adolescents and parents report are important when 

considering SCD carrier screening for adolescents? And how do those factors 

impact their support to implement this program?  

• RQ 2: Can perceptual mapping be used to strengthen the understanding of the 

factors that provoke and dissuade adolescents and parents from participating 

in early SCD carrier screening, such as stigma and belief in fatalism? How do 

the perceptual maps of parents compare to those of adolescents? 
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• RQ 3: Using mediation analysis, does religiosity impact the intention to 

participate in early carrier screening for SCD either directly or indirectly 

through shaping perceptions? 

Theoretical Foundation 

The Health Belief Model (HBM) and the Social Ecological Model (SEM) were 

used as a guide to inform Phase I focus group questions which investigated parents’ and 

adolescents’ perceptions towards early SCD carrier screening. The constructs of both 

models were also used to develop the survey instrument as Phase II was directly informed 

from findings in Phase I. 

The Health Belief Model 

The HBM is one of the most widely recognized conceptual frameworks to guide 

health programs and research. The model was first developed in the 1950s by 

psychologists of the US Public Health Services to explain people’s avoidance of disease 

prevention programs, primarily the free tuberculosis x-ray screening program (Green & 

Murphy, 2014). Although the model has been successfully used to predict numerous 

health behaviors, the fact that it was originally developed to predict avoidance of 

screening programs (Chen & Goodson, 2007) makes it especially useful and relevant in 

understanding decision-making regarding SCD screening. Subsequently, The model has 

been employed to explain the uptake of screening programs for a myriad of diseases 

(Bosompra et al., 2000; Chen & Goodson, 2007; Cyr et al., 2010; Henneman, 2001; 

Jacobsen et al., 1997; O’Connor & Cappelli, 1999; Welkenhuysen et al., 1996). In 

addition, the HBM has been used to develop many effective health communication 
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interventions by targeting messages at the key constructs to change health behaviors 

(Sohl & Moyer, 2007). Notably, HBM’s effectiveness in explaining health behaviors has 

been well demonstrated in four meta analyses over the last three decades (Jones, Smith, 

& Llewellyn, 2014). 

The HBM proposes that the decision to take a course of action to improve health 

or prevent illness is determined by an interplay of five major cognitive processes (Jones 

et al., 2014): 

• Perceived susceptibility: A person’s perceived risk of acquiring a negative health 

outcome. That is, people are more likely to adopt a preventive health behavior if 

they think they are susceptible to a particular negative health outcome. For 

example, women who believed they were at risk of developing breast cancer were 

more likely to get a mammogram and clinical breast examination (Lee, Stange, & 

Ahluwalia, 2015). 

• Perceived severity: A person’s perception of the seriousness of the health 

outcome. The model argues that the stronger people’s perception of the severity 

of a health outcome, the more motivated they are to avoid it. For instance, 

stronger perceptions of the severity of being a carrier of cystic fibrosis were 

associated with a higher likelihood of accepting carrier testing for the disease 

(Poppelaars et al., 2004). 

• Perceived benefits: A person’s perception of the effectiveness of a target health 

behavior. Specifically, the HBM proposes that people are likely to engage in a 

behavior if they believe it will prevent the negative health outcome. For instance, 
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a study examining intentions to undergo genetic testing for colorectal cancer 

revealed perceived benefits, including affordability and satisfying curiosity, were 

the strongest indicators of intention to undergo the test (Cyr et al., 2010). 

• Perceived barriers: A person’s perception of the negative aspects and subjective 

costs related to adopting a behavior. The model predicts that people will be less 

motivated to participate in a preventive behavior if it is perceived to be associated 

with significant pain, expenses, or challenges. For example, perceived financial 

burdens were negatively associated with willingness-to-pay for genetic testing 

among people at risk of cancer (Matro et al., 2014). Discussion of stigma and 

fatalistic views will be embedded under this theme. 

• Cues to action: Signals that prompt a person to engage in a health behavior. This 

HBM component suggests that people will be more likely to engage in a health 

behavior if they are cued to it, either internally (e.g., by bodily state or symptoms) 

or externally (e.g., by discussion with family). To illustrate, uptake of genetic 

testing among patients or at-risk individuals of hypertrophic cardiomyopathy was 

more likely when testing had been discussed or offered to the participant by their 

provider (Khouzam, Kwan, Baxter, & Bernstein, 2015). 

The HBM also theorizes that modifying factors (i.e. moderators), such as knowledge, 

ethnicity, marital status, number of children, and socioeconomic status (SES), may result 

in some individuals perceiving greater threat from a disease (a product of perceived 

severity of the disease and perceived susceptibility to acquiring the disease) compared to 
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others. This self-perceived threat influences a person’s behavioral intentions and then, 

subsequently, their actual behavior (Figure 3) (Rollins, Ramakrishnan, & Perri, 2014). 

One of the main limitations of the HBM involves its person-centered approach with 

little attention given to other factors known to affect one’s health and decision-making 

process. For example, the model does not consider interpersonal factors (e.g., family 

influence) nor does it take into account political or environmental elements that influence 

one’s decision to adopt a behavior (e.g., laws). Therefore, the Social Ecological Model 

(SEM) was used in combination with the HBM to better understand participants’ attitudes 

and decision-making processes. 

 

Figure 3. The Health Belief Model as applied to medication adherence (from Jones et al., 

2014. Copyright 2014 by Taylor & Francis. Permission to reuse is waived for educational, 

noncommercial use.) 
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The Social Ecological Model 

The SEM was developed in part on notions of the dynamic interplay among 

individuals, groups, and their proximal and distal social environment, a model that was 

inspired by the biological model of interrelations between organisms and their 

environment, in which individuals influence and are influenced by interactions with their 

surroundings (Golden, McLeroy, Green, Earp, & Lieberman, 2015). The SEM proposes 

that behavior modification is expected to be optimal when environments and policies 

support healthful choices, when social norms and social support for these choices are 

robust, and when individuals are motivated and empowered to make those choices 

(Glanz, Rimer, & Viswanath, 2008). All of these factors should be addressed 

simultaneously to effectively create sustainable health changes; however, as this might be 

an impractical goal, interventions should at least focus on two levels (Stokols, 1996). The 

model has been widely used to guide public health research and programs (for a review 

see Golden & Earp, 2012). For example, the Centers for Disease Control and Prevention 

(CDC) utilizes the SEM to implement their National Breast and Cervical Cancer Early 

Detection Program “to maximize synergies of intervention for the greatest impact” (CDC, 

2013). Additionally, Zhong et al (2017) employed the SEM to better understand the 

emerging ethical, social, and cultural issues in genetic testing and counseling in 

developing countries. 

SEM is represented by an atom-like figure of five bands of influence. The core or 

the “nucleus” of the model denotes individual factors, surrounded by interpersonal, 
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organizational, community, and policy bands, respectively (Figure 4) (CDC, 2013; Sallis 

et al., 2006): 

• Individual level: represents individual’s knowledge, attitude, skills, and 

beliefs. 

• Intrapersonal level: represents individual’s close social circle through 

which behavioral change could be facilitated. This includes family, 

friends, healthcare providers, and patient navigators. 

• Organizational level: represents the entities that could indirectly influence 

one’s health. Healthcare system, healthcare plans, local health 

departments, and professional organizations are all examples of such 

interactions. 

• Community level: represents the resources and interactions at the 

community-level institutions which affect one’s health outcomes. This 

may include community advocacy groups and media. 

• Policy level: represents the outermost band which involves laws and 

policies that impact individual’s health, such as insurance mandates and 

state’s guidelines. 

The focus group moderator’s guide (Appendix A) was developed based on the 

HBM and SEM to allow for the inclusion of cognitive factors within the social and 

environmental contexts. This combination should enhance the utility of these theories in 

explaining the attitudes and decision-making processes regarding SCD carrier screening 

for adolescents in Saudi Arabia from the perspectives of both parents and adolescents.  
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Various theoretical frameworks have been used in previous research to explain 

and predict the uptake of predictive genetic screening, however none of them was applied 

for SCD or on Arabic populations. Such frameworks include Protection Motivation 

Theory (Helmes, 2002), the Theory of Engagement (Mcallister, 2002), Transtheoretical 

Model (Jacobsen, Valdimarsdottir, Brown, & Offit, 1997), Self-Regulation Model 

(Bowen et al., 2003), Stress Theory (Baum, Friedman, & Zakowski, 1997), Theory of 

Planned Behavior (Lakeman et al., 2009; Nordin, Björk, & Berglund, 2004; van Elderen 

Figure 4. The Social Ecological Model (from Zhong et al., 2017. Copyright 2017 by 

Springer Nature. Permission to reuse is waived for educational, noncommercial use.) 
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et al., 2010; Widayanti et al., 2011; Wolff, Nordin, Brun, Berglund, & Kvale, 2011), 

Extended Parallel Process Model (Hegwer, Fairley, Charrow, & Ormond, 2006), and 

Health Belief Model (Bosompra et al., 2000; Chen & Goodson, 2007; Cyr, Dunnagan, & 

Haynes, 2010; Henneman, 2001; Jacobsen et al., 1997; O’Connor & Cappelli, 1999; 

Welkenhuysen et al., 1996). The predictive power of these theories varies across studies 

depending on how the key constructs of the theories are operationally defined and the 

populations involved.  

 With the lack of data in Saudi Arabia, people’s attitudes are mainly driven by 

mere perceptions as oppose to facts or concrete education. The HBM has an evidence-

based capability to dissect these perceptions and to provide thorough analyses of 

individual factors (see meta analysis by Jones et al., 2014). It can be properly argued that 

similar theories, such as the Theory of Planned Behavior (TPB), may also be utilized to 

predict individual’s intention. While validated and widely used, the TBP does not account 

for factors that impact behavioral intentions, such as fear or past experiences, variables 

that are included in the HBM (LaMorte, 2016). Similarly, the Social Cognitive Theory 

(SCT) may be used to predict behavior change and intentions. However, the theory 

revolves around the interplay between the person and the environment but lacks focus on 

emotions or motivators (LaMorte, 2016). While the HBM comes with several limitations 

as well, mainly its disregard of social factors, the inclusion of the Social Ecological 

Model should compensate for such shortcomings. 

Additionally, the social fabric in Saudi Arabia is overwhelmingly collective and 

paternalistic in nature, a dynamic that produces immense social and cultural forces on the 
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individuals. Therefore, the SEM is included in this study to account for such elements. 

Together, these empirically supported models should provide valuable insights and 

thorough answers to address the objectives of this study. 

Phase I: Qualitative Research 

• RQ 1: What factors do adolescents and parents report are important when 

considering SCD carrier screening for adolescents? And how do those 

factors impact their support to implement this program?  

Guided by the HBM and SEM, focus groups explored participants’ knowledge, 

attitudes, experiences, and perceptions towards early SCD carrier screening with the goal 

of using these findings to develop the survey instrument for Phase II. Using focus groups 

as a basis for survey development was essential to capture the relevant perceptual 

elements and to ensure the suitability of the survey instrument for the target population. 

This qualitative phase was especially critical in this study as there is very limited 

literature on this topic and population. 

We chose focus groups to explore participants’ perception about early SCD 

carrier screening for their advantageous characteristics over other qualitative methods 

(Morgan & Krueger, 1993). Group interactions, the hallmark of focus groups, creates a 

“cuing” effect whereby participants compare and contrast their views with others and 

become more explicit in expressing their thoughts, allowing for more enriching and 

“personal” discussions. Such vigorous discussions also give researchers a unique 

opportunity to compare various points of view and understand underpinning motivations 

and explanations for complex health behaviors, information that is unlikely to be 
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accessible using one-on-one interviews. In addition, focus groups, when conducted 

properly, create a nonjudgmental and permissive environment for people with limited 

power to openly express their thoughts. Adolescents in Saudi Arabia are often 

marginalized in a patriarchal structure that does not allow for meaningful dialogues 

between parents and their children. In our study, the adolescents-only focus groups 

helped create a sense of community with peers’ similar experiences, which encouraged 

participants to open up about sensitive issues regarding marriage and family values that 

challenged the status quo. Furthermore, the civic and considerate atmosphere of our focus 

groups helped establish genuine human connections between the researcher and the 

participants and between participants themselves as they experienced a unique journey 

together. This friendly setting further inspired participants to share valuable insights that 

are usually kept private. Overall, human interactions distinguish focus groups and make 

them an effective qualitative data collection method. 

The sensitive topic of marriage, the cultural norms of a strict hierarchical system, 

such as Saudi Arabia, and the skewed power dynamic between parents and adolescents 

could cause some tension that squelches free expression. Therefore, separate focus 

groups were conducted for adolescents to allow participants to express their thoughts in a 

conducive atmosphere. In addition, to account for the pronounced gender segregation in 

most aspects of daily life in the ultraconservative Saudi culture, focus groups were further 

separated by gender (i.e., mothers, fathers, girls, and boys). Such an arrangement ensured 

the sample homogeneity recommended in focus groups, which facilitates smoother and 

more transparent discussions (Morgan & Krueger, 1993). 
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Participant Inclusion/Exclusion Criteria 

Focus groups with adolescents and parents from the general population were 

conducted in Phase I to explore perceptions and to inform the development of the survey 

instrument about early SCD carrier screening. To participate in the focus groups, 

participants had to be: 

• Adolescents between 17-18 years-old or parents who had children of any 

age 

• Live in Alahsa, Saudi Arabia 

Participant Recruitment 

A convenience sample of  31 participants was recruited from Alahsa, a 

governorate in the Eastern Province of Saudi Arabia, where the rate of SCD is among the 

highest in the country (Al-Suwaid et al., 2015). Alahsa has two main urban centers 

surrounded by multiple villages. Participants included a wide range of geographical 

locations, ages, and education levels, especially for parents. An eligibility screener 

accompanied the registration form and used a skip logic to automatically filter out 

illegible participants. Recruitment was done through a registration form posted on social 

media (via personal and city-related accounts), via mobile messaging applications (e.g., 

WhatsApp), and through word-of-mouth in the community to ensure inclusion of parents 

and adolescents less inclined to use social media. A brief survey before each focus group 

was conducted to screen for demographics, which provided information about 

participants and guided subsequent recruitment process (Appendix A). Throughout the 

registration process, the author purposively reached out to individuals from 
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underrepresented socioeconomic strata, especially low-income families. Some 

participants came from consanguineous families to provide the perspective of those 

affected and at-risk of genetic diseases. The author reached out to eligible and registered 

participants to arrange logistics and to ensure mutual understanding of expectations. 

Overall, recruitment did not present significant challenges thanks to the general 

willingness to help in these close-knit communities. 

Focus Group Design 

Each group took about 60-90 minutes and had 6-10 participants which allowed 

sufficient time for everyone to share their opinions (Tracy, 2013). Questions were pilot-

tested with colleagues and individuals from the target population to get a sense of their 

appropriateness and to help plan for time allocation and anticipated follow-up probes 

(Krueger & Casey, 2014). The Krueger (1998) framework guided the structure of the 

focus group questions. The focus group began with a brief introduction of the research 

project and a quick assessment of participants’ general knowledge of sickle cell disease 

to prepare them for the subsequent in-depth discussion. Key questions then explored the 

objective of this phase of the research guided by constructs of the Health Belief Model 

and the Social Ecological Model. The same questions were asked for both parents and 

adolescents. Specifically, participants were asked about HBM’s perceived susceptibility 

(i.e., do you have family members who have sickle cell disease? How did that affect your 

attitude about the disease?), perceived barriers (i.e., what are some potential barriers that 

could stop you or others from participating in a SCD carrier screening?), perceived 

facilitators (i.e., what is the single most factor that would make you want to participate in 

the screening?), and cues to action (i.e., if you were responsible for promoting this 
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program in your community, what key points would you emphasize in your campaign?). 

Additionally, the Social Ecological Model was used to get a complete picture of 

influential factors that shape participants’ perceptions (e.g., for policy factors, the 

followings questions were asked: should the government deny marriage license for a 

couple who are both carriers of SCD?). The discussion guide integrated the theoretical 

constructs shown in Table 1. 

Table 1 

Specific Questions in the Focus Groups and Corresponding Constructs of the Health 
Beliefs Model (HBM) and the Social Ecological Model (SEM) 
Specific Question HBM Constructs SEM Levels 
Demographics (asked in the brief 
survey): age, gender, geographic 
location, education, and 
socioeconomic status 
 

Modifying factors 
   Demographic variables 
 

Individual 
 

Knowledge of sickle cell disease 
(SCD) 
- Understanding etiology and 
symptomology 
- Describing carrier versus 
affected 
- Recognizing severity and own 
carrier status 

Modifying factors 
   Structural variables 
Perceived threat 

Individual 

Prior experience with the disease 
- Family history 
- Contact with affected peers 
 

Modifying factors 
   Structural variables 
Perceived threat 

Individual 
Interpersonal 

Attitudes towards early carrier 
screening 

Modifying factors 
   Psychological variables 

Individual 
Organizational 
Policy 
 

Possible barriers 
 
 
 
 
 

Perceived barriers Individual 
Organizational 
Policy 
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Table 1, continued  
Specific Question HBM Constructs SEM Levels 
Possible facilitators  Perceived facilitators Individual 

Organizational 
Policy 
 

Designing awareness campaigns 
- Content 
- Channels 
- Advice for implementation 
 

Cues to action Individual 

Intention to participate in early 
SCD screening 
 

Likelihood of engaging in 
health-promoting behavior 

Individual 

 

According to best practices in qualitative methods, two focus group were 

conducted for parents and for adolescents (a total of four) as most themes are usually 

discoverable within two focus groups (Guest, Namey, & McKenna, 2017). Indeed, given 

the cultural homogeneity attributed to the tribal structure and social conformity in most 

Saudi communities, theoretical saturation was evident after two sessions whereby no 

additional data emerged (Glaser & Strauss, 1967). All focus groups were moderated in-

person by the author in a private room at a community center and were recorded through 

two recorders with the participants’ permission. Participants were given a small 

honorarium (150 SAR ≈ $40) for their time. Participants signed a consent form before 

starting the focus group session. 

Qualitative Analysis 

          SPSS version 26.0 (IBM Corp, 2019) was used to run descriptive analyses on all 

the sociodemographic items to obtain a description of the sample. 
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All focus groups were fully transcribed in Arabic. Professional interpreters then 

translated the transcripts to English. The author, who conducted the focus groups and 

who is fluent in both languages, reviewed the Arabic and English versions to ensure 

accuracy and to include non-textual cues in the transcripts (e.g., nodding and facial 

expressions). The transcripts, then, were analyzed independently by two coders, including 

the author, using Dedoose version 8.3.19, an online qualitative analysis software 

(Sociocultural Research Consultants, LLC, 2019). 

The analysis of the data was guided by Krueger’s (1998) Critical Ingredients and 

Principles of Qualitative Analysis, which emphasize the following: 

Analysis must be systematic. The analysis followed a prescribed, sequential process. 

The analytical steps are not arbitrary or spontaneous but deliberate and planned. In this 

study, the author and his assistant followed Krueger’s systematic protocol, where: 

• The questions sequence in the moderator’s guide allowed participants to 

first become familiar with the topic before exploring key questions. Final 

summary questions then concluded each session. 

• Data was electronically recorded with additional memos and notes. 

• The qualitative data were broken down into smaller components. These 

components were labeled and given codes to allow for comparison 

between the groups. Common themes found across participants were 

assigned the same code, and new themes were given a new code until the 

data were exhausted (Krueger & Casey, 2014). The codebook was 

developed in collaboration with an expert qualitative researcher. Since this 
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is an exploratory study, some deductive codes anticipated from the 

research questions were added to the codebook. However, most codes 

were inductively discovered in line with recommended process (Bernard 

& Ryan, 1998). The codes were revised in an iterative process in order to 

reach a finalized unified codebook for both parents and adolescents with 

example statements for each code. 

Analysis is a process of comparison. As a result of the coding process, thematic 

patterns between groups (i.e., parents and adolescents) were compared for similarities and 

differences. The author then summarized the content for each code category to discern 

conceptual similarities between the two groups. 

Analysis should seek to enlighten. Analysts should examine the data with no 

prespecified conclusions to prove. The author probed participants for new information 

and encouraged diverse points of view to reach a higher level of understanding about the 

topic. This openness guided the analysis process. 

The objectives of the study should guide the analysis. Not all questions were 

analyzed at the same level. Primary attention was placed on the key questions to address 

the research questions, the backbone of the study. 

Inter-coder Reliability 

The choice to include a second analyst was intended to increase the reliability of the 

coding process, as intra-coding is often insufficient to establish reliability since “it cannot 

respond to individually stable idiosyncrasies, prejudices, ideological commitments, 

closed-mindedness, or consistent misinterpretations” (Krippendorff, 2004, p. 227). Inter-

coder reliability was assessed by comparing coding agreement between the two analysts 
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and calculating percent-agreement (MacQueen, McLellan-Lemal, Bartholow, & Milstein, 

2008). Codes were considered as reliable if both analysts use the same code for the same 

segment. Coding disagreement occurred if one analyst left off a code or assigned a 

different code (Bernard & Ryan, 1998). Any coding discrepancies were resolved by 

thorough discussions and further refinement of the codebook. The author’s coded 

transcripts served as the master copies against which the other codes were compared. The 

extensive line-by-line analysis of all transcripts should have theoretically discovered 

participants’ attitudes and perceptions influencing decision making regarding early SCD 

carrier screening.  

 Phase II: Quantitative Research 

• RQ 2: Can perceptual mapping be used to strengthen the understanding of the 

factors that provoke and dissuade adolescents and parents from participating 

in early SCD carrier screening, such as stigma and belief in fatalism? How do 

the perceptual maps of parents compare to those of adolescents? 

• RQ 3: Using mediation analysis, does religiosity impact the intention to 

participate in early carrier screening for SCD either directly or indirectly 

through shaping perceptions? 

  To further examine adolescents’ and parents’ perception of early SCD carrier 

screening, information obtained in Phase I provided the insight required to structure the 

quantitative questionnaire for Phase II that created the subsequent perceptual maps to 

visualize the main factors shaping perceptions of early SCD carrier screening (RQ 2) and 
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assessed the impact of religiosity on perceptions and uptake of such a screening through 

mediation analysis (RQ 3).  

Survey Design 

Constructs from the Health Belief Model and the Socioecological Model were 

integrated into the survey according to findings from the focus groups, which were 

guided by these two theories (see Table 2). As such, specific items used in the survey 

were identified as the qualitative analyses progressed. In addition, inputs from healthcare 

providers, community workers, researchers, and laypersons from the target population 

were solicited to ensure clarity and inclusion of relevant content. The survey instrument 

was iteratively and thoroughly revised to produce the clearest and most accurate version 

possible, which had 87 total items. 

Perceptual Mapping Questions 

Five themes emerged from the focus groups, which included 32 total perceptual 

items. They were: 1) beliefs around sickle cell disease (7 items); 2) beliefs around 

marriage traditions and culture (6 items); 3) attitudes towards early screening for SCD (7 

items); 4) perceived barriers to early screening (6 items); and 5) perceived facilitators to 

early screening (6 items). (See Appendix B for the full survey.) 

Additional Questions in the Survey 

Sociodemographic questions (e.g., education, socioeconomic status, etc.), 

knowledge of SCD, family history of sickle cell disease, health literacy, family 

arrangements, trust of health information, and SCD carrier status were assessed to allow 
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for descriptive analysis of the sample (Table 2). A religiosity scale was also developed to 

address RQ 3. More details about this scale are discussed below. 

The questions were divided into sections based on similarity or theoretical 

constructs (e.g., perceived barriers) to facilitate better readability. To avoid ambiguity, a 

fully labeled numerical scale with word labels, including the midpoint, and an 

interpretation of the score ranges were presented at the beginning of each section. Once 

finalized, the survey was pilot tested for clarity and suitability (N = 5 parents, and N = 5 

adolescents). In addition, local experts in premarital screening and hereditary blood 

disorders (N = 5) reviewed the survey and provided their input to ensure face and content 

validity. Both adolescents and parents had the same survey, with slight changes in 

wording whenever applicable.  

Table 2 

Question Sections and Corresponding Constructs of the Health Beliefs Model (HBM) 
and the Social Ecological Model (SEM) 
Question Section HBM Constructs SEM Levels 
Demographics and family 
history 

Modifying factors 
Perceived susceptibility 
Cues to action 
 

Individual 
Interpersonal 

Knowledge of sickle cell disease Modifying factors 
Perceived susceptibility 
Perceived severity 
 

Individual 

Beliefs around sickle cell disease 
 
 
 
 
 
 
 
 

Modifying factors 
Perceived severity 
 

Individual 
Interpersonal 
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Table 2, continued 
Question Section HBM Constructs SEM Levels 
Beliefs around marriage  
 

Perceived susceptibility 
 

Individual 
Interpersonal 
Community 
Policy 
 

Attitudes towards early carrier 
screening 
 

Modifying factors Individual 
Policy 

Possible barriers Perceived barriers Individual 
Interpersonal 
 

Possible facilitators  Perceived facilitators Individual 
Organizational 
Policy 
 

Health information 
 

Cues to action Individual 

Religiosity 
 

Modifying factors Individual 

Intention to participate in early 
screening for sickle cell disease 
 

Likelihood of engaging in 
health-promoting behavior 

Individual 

 

Participants Inclusion/Exclusion Criteria 

In order to quantitatively assess adolescents’ and parents’ perceptions of early 

SCD carrier screening in Saudi Arabia, themes and concepts discovered in the focus 

groups were used to develop a perceptual mapping survey. By including findings from 

Phase I, it was ensured that relevant concepts and elements are captured in the survey. 

The data derived from the survey then informed the development of visual perceptual 

maps. 

A convenient sample of 2,317 parents and 763 adolescents participated in the 

survey based on the following eligibility criteria: 
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• Adolescents must be between 17-18 years-old 

• Adolescents must be single, not engaged, and never married 

• Parents must be at least18 year-old and have at least one child of any age 

• All participants must be from Alahsa, Saudi Arabia 

Participant Recruitment 

A more representative sample was desired for this quantitative phase to be able to 

generalize the study findings. Participants were recruited via a link posted in social 

media, mainly Twitter, and through the popular messaging application WhatsApp. Saudi 

Arabia has one of the highest percentages of Internet users who are active in Twitter, with 

43% of its population being active users (Statista, 2020). Users of these platforms come 

from all demographic groups and are not confined to younger generations (Hayman, 

2017). Similarly, according to international survey data, Saudi Arabia has the highest 

percentage of WhatsApp users, with 73% of the population using the application 

(Statista, 2018). Recruiting through these popular platforms provides easy access to a 

diverse sample. Furthermore, Qualtrics was used to administer the survey to increase 

participants’ access to the survey and ensure a greater degree of privacy compared to 

paper surveys. From the pilot test, the survey would take about 10-15 minutes in average 

to gain a sufficient depth of information without leading to participant burnout. 

Participants were first presented with a description of the study as well as the inclusion 

criteria for participation. Also, an electronic consent form and an eligibility screener were 

presented before participants could proceed to the survey questions. The survey used skip 

patterns that did not allow for missing responses for all questions; therefore, all 
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participants completed 100% of the survey, and only those responses were considered 

“approved” and used in data analysis. There were no incentives for participation; Saudi 

culture sees participation in research as a community responsibility and incentives are not 

normally needed. 

Perceptual Mapping 

• RQ 2: Can perceptual mapping be used to strengthen the understanding of the 

factors that provoke and dissuade adolescents and parents from participating 

in early SCD carrier screening, such as stigma and belief in fatalism? How do 

the perceptual maps of parents compare to those of adolescents? 

The perceptual mapping survey technique allows researchers to identify how 

participants perceive relationships among factors that are part of the perceptions and the 

decision-making process as discovered from the focus groups. Using multidimensional 

scaling, perceptual mapping positions the evaluated factors, such as stigma and fatalism, 

as objects relative to each other within a multidimensional attitude space (Barnett & 

Woelfel, 1988; Larson et al., 2009; Woelfel & Fink, 1980). The output is a graphic three-

dimensional map of how participants perceive the relationships among the factors, 

allowing an assessment of participants’ perceptions of facilitators and barriers and how 

these contribute to the decision-making process.   

         Perceptual maps can be constructed for all participants (adolescents vs. parents) as 

well as for sub-groups, such as by genders, since perceptual mapping does not require a 

minimum sample size (Woelfel & Fink, 1980). These maps highlight how the 

relationship between factors may vary based on sub-groups; that is, they provide a 
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nuanced understanding of variations in the perception of facilitators and barriers related 

to SCD carrier screening. Ultimately, the maps provide a snapshot of the participants’ 

conceptualizations of the situation and reveal the relative importance of different 

elements for the entire sample or sub-groups (Bass et al., 2011, 2018). 

           The mapping method uses survey instruments that require participants to rate the 

extent to which they associate specific elements with each other (based on similarities 

and differences or perceived associations). For this study, adolescents and parents 

answered a series of questions that asked them to rate factors found in Phase I that 

influenced their attitudes towards early SCD carrier screening, using a scale of 0 to 10. 

For instance, participants were asked, “On a scale of 0 to 10, where 0 means strongly 

disagree and 10 means strongly agree, please rate how much do you agree or disagree 

with the following statement, “I believe marriages between those who have incompatible 

screening results for SCD should be legally banned.” The statements were placed into 

similar groupings in order to enhance the readability of the survey. For example, all 

statements related to marriage beliefs were grouped together. 

         Unlike other mental mapping procedures that require the respondent to make 

complex overall judgments, perceptual mapping only requires participants to judge the 

individual component associations (e.g. facilitators, barriers); the software then puts these 

components together as a whole model, making the instrument easy for participants to 

use. 

          To construct the perceptual maps, this study used a multi-dimensional (MDS) 

software created by researchers at the Risk Communication Lab at Temple University. 

MDS is a group of methods for visualizing proximity data. These data consist of 
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similarity or, equivalently, dissimilarity information for a group of objects (Buja, 

Swayne, Littman, Dean, & Hofmann, 2004). Kruskal procedure forms the basis of the 

mathematical steps behind MDS, which uses the minimization of a cost function called 

“Stress”, a measure of lack of fit between dissimilarities Di,j and distances ||xi-xj|| 

(Kruskal, 1964). In the simplest form, Stress is a residual sum of squares: 

Stress D (x1, …., xN) = (Σi≠j=1..N (Di,j - ||xi-xj||)2)1/2 

where the outer square root is merely used to give greater spread to small values. For a 

given dissimilarity matrix D = (Di;j), MDS minimizes Stress over all point configurations 

(x1,…. xN), thought of as k x N-dimensional hypervectors of unknown parameters, where 

k is the chosen number for dimension (Buja et al., 2004). 

Temple’s MSD program converts the scaled judgments into distances used in the 

mapping. Input associations for all perception items are derived from the inter-item 

correlations of all factors, where the absolute values of the Pearson product-moment 

correlations are converted to a 0 to 10 scale base. Thus, all distance matrix input data are 

on this same scale. Input values are also “reflected” so the more important factors appear 

closer to “self,” the group mean, while those judged less important are farther away (Bass 

et al., 2011, 2013, 2018; Bass, Gordon, Ruzek, & Hausman, 2008; Bass, Gordon, et al., 

2016; Bass, Wolak, et al., 2016; Bass, Muñiz, Gordon, Maurer, & Patterson, 2016; 

Ruggieri, Bass, Alhajji, & Gordon, 2018). 

          The software performs a metric multidimensional scaling analysis and produces 

graphic arrays of the distances among the factors. The percentage of variance accounted 

for by the analysis, r2, is provided with an explanatory value for each map to measure the 
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accuracy of placement of variables on the maps. The resulting maps display the 

perception items relative to each other, and to the “self.” 

In the last step of the process, perceptual mapping methods use vector modeling 

to identify the factors most influential in “moving” a group towards a desired decision 

(e.g., intention to participate in early screening) (Bass, Wolak, et al., 2016). Through 

mathematical modeling and correlations between concepts, vector analyses can identify 

the strongest associations between concepts in these maps that are the most likely to 

result in concept/behavior movement within the perceptual space (Bass, Wolak, et al., 

2016). The vector modeling process begins by identifying the concept that is to be moved 

within the space, and what the desired new location of the concept is to be (Bass, Gordon, 

et al., 2016). The trajectory from the concept’s original position to the desired position is 

the “target vector”. Next, the number of concepts to be included in the message must be 

stipulated. Generally, the fewer the concepts, the clearer and more cohesive the message. 

The resolution that logically incorporates concepts together (and has conceptual 

consistency and practicality) and moves the initial concept closest to the desired location 

is the best message combination. Those concepts should then be integrated together into 

health messages. 

This process helps to develop message “parsimony,” by only concentrating on 

those variables most salient to the desired change rather than using the “shotgun” method 

of intervention development, which may attempt to get all statistically significant 

findings into a message. Just like marketers focus on what will persuade someone to buy 

a product, this method focuses on the optimum motivators for change. While the process 



 
  

65 

of creating public health messages and interventions remains subjective, perceptual 

mapping provides an empirical foundation to emphasize elements that are most likely to 

improve outcomes (Bass, Wolak, et al., 2016) (See Figure 5 for an example.)  

This approach has been applied to explore various health related decisions and 

interventions, such as assessing methadone patients’ attitudes about HCV treatment 

(Bass et al., 2018), minority HIV patients' perceptions of barriers and facilitators to 

participation in clinical research (Bass, Wolak, et al., 2016), college students’ perceptions 

of organ donation (Marshall & Feeley, 2006), help-seeking intentions in military cadets 

(Bass, Muñiz, et al., 2016), and perceptions of BMI “report cards” (Ruggieri et al., 2018). 

 

Figure 5.  A perceptual map produced to visualize the important factors regarding 

school-based BMI-screening among parents (Ruggieri et al., 2018. Copyright 2018 by 

SAGE Publications. Permission to reuse is waived for educational, noncommercial use.) 
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RAND Corporation praised this approach in a government-commissioned report 

(Larson et al., 2009), stating that it is the social science approach most likely to provide 

an “end-to-end” solution for planning, conducting, and assessing the impact of 

communications on attitudes and behaviors (p. 19). To our knowledge, this study is the 

first to utilize perceptual mapping to assess perceptions of genetic carrier screening. 

Mediation Analysis 

• RQ 3: Using mediation analysis, does religiosity impact the intention to 

participate in early carrier screening for SCD either directly or indirectly 

through shaping perceptions? (Figure 6)  

 

Predictor: Religiosity 

To address RQ 3, a specific measure of religiosity was developed. Religiosity is 

defined as “the degree of and commitment to religious faith” (Koenig & Shohaib, 2014, 

p. 27). Although there are many validated measures of religiosity for Muslim and non-

Muslim populations, these measures have several limitations rendering them 

inappropriate for our study. For example, the Islamic Doctrinal Orthodoxy and Religious 

Orientation Scale was developed and validated using university students in Jakarta, 

Indonesia (Ji & Ibrahim, 2007). While the main Islamic tenants are somewhat universal, 

Religiosity (X) 

Perceptions (M) 

Intentions (Y) 

Figure 6. A conceptual diagram of the mediation model. 
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there exist substantial cultural and sectarian differences within Islamic populations. Thus, 

a survey developed to assess Islamic religiosity in one culture or sectarian group might 

not be suitable in others. Another survey for Islamic religiosity was developed and 

validated using Saudi participants (Albelaikhi, 1997), however this 88-item Muslim 

Religiosity Scale is too cumbersome and impractically lengthy for our study, considering 

the other perception items already developed from Phase I. Moreover, the Islamic 

Religiosity Scale by Tiliouine and colleagues (2009), developed using an Algerian 

sample, assesses religiosity in two dimensions only and “is far from covering all salient 

Islamic teaching” (p. 70). Additionally, the Muslim Daily Religiosity Assessment Scale 

(Olufadi, 2017) measures religiosity with questions inappropriate for our study sample, 

especially adolescents. For example, the scale asks about paying charity and involvement 

in exploitive moneylending (i.e., usury). In the same vein, the scale developed by El-

Menouar (2014) was based on a Muslim sample living in Germany and thus measures 

religiosity using items not germane to the ultra-conservative population in our study, such 

as questions about alcohol consumption and eating halal meat. Mahudin and colleagues 

(2016) offer a literature review of religiosity scales for use by Muslim populations along 

with an in-depth psychometric critique. 

 Based on these findings, it was necessary to develop a population-specific and 

culturally sensitive Islamic religiosity scale that is appropriate for both adolescents and 

adults alike and for both genders, as some Islamic principles are gender-specific (e.g., 

attending prayers in mosques is encouraged for males but discouraged for females). In 

order to develop such a scale, the author conducted a thorough literature review and 

synthesized findings from existing scales to select items that are applicable. In addition, 
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the author gathered inputs through an informal qualitative discussion with more than 

1000 Saudi users in social media who replied to the following question: “What are the 

characteristics of a true Muslim in the Saudi culture?” The author then developed a 13-

item, 5-point Likert scale form the main themes emerging form the formative work which 

covers the multidimensionality of Islamic tenants elucidated by El-Menouar (2014). 

Items include the ritual dimension, such as “I pray the morning prayer on time,” religious 

experience as in “I contemplate and hold myself accountable for all my deeds in fear of 

Allah,” knowledge as in “I commit to what the Prophet said, “the best amongst you is he 

who is the most kind to his family;” that’s, my family is my priority,” beliefs “I have no 

doubt that Islam is the only true religion,” devotion as in “I perform voluntary worships 

(prayers, fasting, and reading the Quran),” and consequences such as “I keep my eyes 

from staring lewdly at the other sex or watching pornography.” Responses for all 

questions ranged from 0 = never to 4 = always. All 13 items in the scale are 

unidirectional and thus the sum score equals the sum of all items, with a maximum score 

of 52 and a minimum score of zero. Higher scores indicate higher religiosity. Clerics and 

laypersons from the target population (N = 10) reviewed the items for face and content 

validity and revisions were made accordingly (See Appendix B for the religiosity scale 

embedded in the perceptual mapping survey). 

Mediator: Attitudes and Perceptions towards SCD Carrier Screening 

This scale is part of the perceptual mapping survey. It is composed of seven items 

that assessed participants’ attitudes around early carrier screening. Similar to all 

perceptual items, each of the seven items is scored from 0 to 10, where 0 indicates most 

negative perception (strongly disagree), and 10 reflects most favorable perception 
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(strongly agree). Since all items are unidirectional, the sum score of this scale is 

calculated by adding all individual scores, with a possible score range between 0 and 70. 

The constituent items were initially informed by findings from the qualitative phase, and 

the content and face validity have been established in a methodical process through pilot 

testing with target population and experts in social sciences and healthcare (N = 10). The 

final version can be seen in Appendix B in the perceptual mapping survey. 

Outcome: The Intention to Participate in the Screening 

Parents were asked, “On a scale of 0 to 10, where 0 means least likely and 10 

means very likely, please rate the following statement, “If your child is offered the sickle 

cell carrier screening in high school, how likely would you agree for him/her to 

participate in it?” Similarly, adolescents responded to the following question, “If you are 

offered the sickle cell carrier screening in high school, how likely would you agree to 

participate in it?” 

Quantitative Analysis 

SPSS v. 26.0 and a perceptual mapping software were used to analyze the 

quantitative data. All survey data was entered into SPSS. Descriptive statistics were then 

generated for all demographic variables. 

For RQ 2, perceptual items were compared between parents and adolescents using 

t-tests to initially determine if creating perceptual maps based on that variable was 

meaningful and appropriate. SPSS was used to determine inter-item correlations between 

the mapping items. Once inter-item correlations had been determined and data was 
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converted to distances in 0-10 scale, the software was used to generate the perceptual 

maps for each group. (See above for more detail on perceptional mapping analysis.) 

To answer RQ 3, mediation analysis was conducted using the PROCESS macro in 

SPSS (Hayes, 2013). Direct and indirect effects of religiosity were estimated, and a bias-

corrected bootstrap method was employed to empirically approximate the sampling 

distribution of the indirect effects. The mediation analysis demonstrated the potential 

impact of religiosity on perceptions and intention for the total sample. 

Ethical Approval 

All procedures performed in this study that involved human participants were 

approved by Temple University’s IRB (#25722) and King Fahad Medical City’s IRB in 

Saudi Arabia (#19-173E). The study procedures followed the guidelines of the 1964 

Helsinki declaration and its later amendments or comparable ethical standards. 

Conclusion 

Focus groups in the qualitative phase (Phase I) were used to contextualize our 

understanding of how Saudi adolescents and parents perceive SCD and early carrier 

screening and to help inform the development of a perceptual mapping survey for Phase 

II. The survey then assessed participants’ perceptions according to the perceptual 

mapping methods to visualize the most salient cognitive elements. Mediation analysis 

was also utilized to estimate the effect of religiosity on intention to participate in early 

screening, either directly or indirectly through perceptions. The Health Belief Model and 

the Social Ecological Model guided the development of both phases of the study. 
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CHAPTER 4 

PHASE I: QUALITTIVE RESULTS 

Restatement of the Study Purpose and Research Question 

The main purpose of this study was to understand the perceptions and attitudes of 

Saudi parents and adolescents towards sickle cell diseases (SCD) carrier screening for 

adolescents and how it could impact potential marriage plans. Specifically, exploratory 

focus groups were conducted to obtain contextualized understanding of how adolescents 

and parents think of the preemptive carrier screening. The qualitative findings then 

informed the development of a quantitative survey and mediation analyses.  

This chapter describes the outcomes of the analyses conducted in Phase I of this 

study to answer RQ 1: 

• RQ 1: What factors do adolescents and parents report are important when 

considering SCD carrier screening for adolescents? And how do those factors 

impact their support to implement this program?  

This chapter also describes the demographic compositions of the participants in 

the focus groups. Themes found in this qualitative phase are used to address RQ 1. 

Adolescents Qualitative Results 

Participant Profile 

Recruited through a registration form circulated in social media, 16 adolescents 

between the ages of 17-18 years participated in two focus groups. Adolescents came from 

the general population, but they must have been from Alahsa to participate. No other 
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inclusion criteria regarding disease/carrier status or family composition were required. Of 

the 16 participants, more males (62%) than females attended the sessions. Most students 

(81%) were in high school at the time of the focus groups. Only half of adolescent 

participants had or knew someone close who had SCD. More than one-third did not know 

or were unsure of the difference between being a carrier of SCD versus having the 

disease, and two-thirds were unsure about future marriage plans whether they would 

marry a first cousin (see Table 3 for more demographic information.) 

Table 3 

Demographics of the Adolescent Sample in the Focus Groups 

Demographic Attributes N = 16 
n (%) 

Gender 
 Males 

 Females 

 
10 (62) 

6 (38) 
Socioeconomic status 

 Poor 
 Good 

 Very good 
 Excellent 

 Unsure 

 

… 
4 (25) 

7 (44) 
3 (19) 

2 (12) 
Education 

 Middle school 
 High school 

 Vocational/College 

 

2 (12) 
13 (81) 

1 (6) 
Know someone who has sickle cell disease (SCD) 

Yes, I have SCD or one close to me has it 
 No 

 

8 (50) 
8 (50) 
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Table 3, continued 

Demographic Attributes N = 16 
n (%) 

Know the difference between having SCD and 
being a carrier of SCD 

 Yes 
 No 

 Unsure 

 
 

10 (63) 
1 (6) 

5 (31) 
Parents are first cousins (i.e., direct cousins) 

 Yes 
 No 

 Unsure 

 

9 (56) 
6 (37) 

1 (6) 
Plan to marry a first cousin (i.e., direct cousins) 

 Yes 
 No 

 Unsure 

 

2 (12) 
4 (25) 

10 (62) 

 

Themes 

The focus groups aimed to explore adolescents’ understanding and decision-

making processes around early carrier screening for sickle cell disease (SCD) and how 

their perceptions might affect future marriage arrangements. Adolescent participants 

came from different family backgrounds, some from consanguineous families, with 

different degrees of familiarity with SCD. Nonetheless, the participants shared 

compatible views on most of the topics discussed. Together, they provided thoughtful 

insights to help explore adolescents’ attitudes and perceptions around SCD and the 

preemptive carrier screening program. 
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Questions to adolescents in these focus groups were guided by the theoretical 

constructs detailed in Chapter 3. Participants’ responses were then summarized into 

overall themes. These themes included 1) knowledge of SCD; 2) familiarity with SCD; 3) 

the culture of marriage and its role in perpetuating the disease; 4) attitudes towards early 

carrier screening; 5) perceived barriers to participation in early carrier screening; 6) 

perceived facilitators to participation in early carrier screening; and 7) the practical 

aspects of the suggested early carrier screening program. Sample quotes are provided for 

each section, and further quotes are provided in Table 4. 

1) Knowledge of SCD. The participants spoke about their knowledge and 

understanding of sickle cell disease. They reflected an accurate grasp of the 

symptomology and etiology of the disease, especially the Mendelian patterns of 

inheritance. Adolescents were able to articulate the main difference between having the 

disease and being a carrier, which is captured in the notion that, “the carrier won't feel the 

disease but will pass it.” In addition, the physical toll sickle cell disease has on its patients 

was poignantly present in students’ perceptions, as this female student reflected on her 

classmate who had SCD, “in school, we had a student where she would be in constant 

pain every day during the winter, and as a result she could not complete a full day at 

school.” This sense of high “perceived severity” was evident from all participants. 

Nonetheless, adolescents were uncertain about their carrier status and how they have 

identified it in the first place. The level of one’s knowledge is an important structural 

variable that could modify one’s attitudes towards a health problem, as explained by the 

Health Belief Model. 
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2) Familiarity with SCD. Consistent with the high prevalence rate of sickle cell 

disease in Alahsa, adolescents in this community were well aware of the illness 

experience and the consequences of the disease. Many adolescents either have the disease 

or someone in their family has it, which should theoretically heighten their “perceived 

susceptibly” to SCD according to the Health Belief Model. Additionally, the disease is 

visibly present in the society that adolescents could offer detailed accounts of anemic 

episodes peers have suffered, as this student recalled, 

I know an affected person with very severe anemia. The problem of sickle 
cell anemia is that it occurs suddenly. The affected person will be totally 
normal, then the episode will reoccur, and as they said, it’s hard seeing 
them in this situation, and even if we tried to carry the patient, he wouldn't 
be able to walk. 
 
For this group, such intimate familiarity with the disease serves as a deterrence 

against engaging in risky “incompatible” marriages. From the constructs of the Health 

Belief Mode, this illustrates the group’s “perceived severity” and “perceived 

susceptibility”, which together constitute their “perceived threat”. 

3) Role of Marriage. It was palpable from the discussion that adolescents 

perceived marriage traditions in their community as a culprit of the perpetuation of sickle 

cell disease. Consanguineous marriages were considered inherently risky and therefore 

families and the culture are to blame for all the suffering caused by such arrangements. 

One participant emphasized that, “I’m not going to marry from my family, but anyway 

my mother will never do her plan if it’s risky, and she will change it. But there are other 

families who will not change their plans.” In addition to intrafamily marriages, the 

naming culture, where parents designate (i.e., match or name) a potential spouse for their 

child at an early age, was thought of as a cultural force that intensifies the prevalence of 
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the disease in the community. Adolescents believed that if children grow up with a 

person already in their mind as a spouse, the mounting emotional attachment will render 

useless any premarital screening. This notion is articulated clearly by one student, “Ali is 

marrying Sarah and Sarah is marrying Ali; it’s a done deal. The idea will be attached to 

the minds of both the boy and the girl, disregarding test results, no matter what.” From 

the Social Ecological Model, these concerns are beyond the individual control and pertain 

mostly to the interpersonal and community levels. 

4) Attitudes towards early screening. In addition, adolescents spoke about their 

attitudes towards the proposed early carrier screening for sickle cell disease. While 

participants showed overwhelming support for such an intervention, they cast doubts over 

their peers’ acceptance. Compared to themselves, adolescents perceived their peers as 

less proactive and might not welcome early screening as explained by several students, 

“some may see that the test is early, and the need for it only comes at the time of 

marriage.” These perceptions reflect the psychosocial variables in the Health Belief 

Model, which could modify one’s intent to adhere to healthy behaviors. As such, 

participants unequivocally affirmed that their marriage plans would be contingent upon 

the results of their SCD carrier screening to ensure a healthy marriage, even if they are 

named or promised to relatives. This clear intention reveals adolescents’ broader 

proactive approach towards health, in which they wish to do early screening even well 

before high school years and for all other health conditions, as this student explained, 

From my point of view, before I even think of marriage, I’ll do 
comprehensive tests about sickle cell disease, infertility, and everything 
else, so later after the engagement or marriage, I won't regret my decision. 
I will do it before engagement. 
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5) Barriers to early screening. Participants also discussed perceived barriers that 

could impede the successful uptake and implementation of early carrier screening. 

Congruent with the Social Ecological Model (SEM), those perceived barriers can be 

categorized into individual-centered barriers and ones that pertain to the community’s 

customs and traditions. At the individual level, adolescents emphasized that ignorance 

and lack of awareness about SCD may frustrate the efforts towards a successful screening 

program. Prior emotional attachment, procrastination, and fear of finding out the results 

are other examples indicated by participants. One participant illustrated the complexity of 

emotional attachment,  

I know one of the girls who loved her cousin, and she stood for her 
decision to marry him, although everyone tried to educate her about the 
consequences, but unfortunately she resisted, and now she and her 
husband feel remorseful, with constant blame to each other and endless 
problems. 
 
Further, adolescents blamed marriage traditions, especially arranged 

consanguineous marriages, for possible low uptake of any screening program as families 

would proceed with their plans regardless of the carrier status of the prospective couples. 

Notably, there was no reference or allusion to organizational or political barriers in this 

discussion, which are the distal levels of the SEM. 

6) Facilitators to early screening. Participants spent a considerable portion of the 

discussion addressing perceived facilitators and motivators to participation in an early 

carrier screening. Three concepts residing at different SEM levels emerged from this 

conversation. First, educational preparation is a must for the success of this program, as 

described by one student, “I think that girls will accept it if it was preceded by awareness 

campaigns in schools.” Further, adolescents emphasized that the health of their future 
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children is the highest priority and greatest motivation to participate in early screening. 

The young participants were also cognizant of the potential social impact of early 

screening in eradicating or reducing the prevalence of sickle cell disease in their 

community. In response to a question on how he would convince his peers to participate 

in early screening, one student replied, “I’ll advise him to be one of the collaborators to 

carry out the test and eradicate genetic diseases.” 

7) Practicality. Cues to action and logistic elements for a successful 

implementation of the early carrier screening program were explored thoroughly in this 

phase of the study. Participants almost unanimously reported that patient testimony and 

emotional messages would be the most effective tool to convince people to participate. 

One participant suggested, “I will emphasize the emotional aspect. How are the affected 

suffering? How they feel the pain. How their children will suffer if they had a 

mismatched marriage.” There was also a shared belief that audience segmentation and 

using a multimedia approach would yield the optimal effectiveness for communication. 

Responding to content delivery, a student indicated, “one word only: the method of 

display, presentation, and how to address the target audience, these things are all 

important factors.” 

These themes along with more examples of how they were articulated by the 

adolescents are detailed in Table 4. 
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Table 4 

Themes from the Focus Groups with Adolescents 

Themes Example Quotes 

1) Adolescent demonstrate considerable knowledge of sickle cell disease (SCD) 

Adolescents understand the biological 
nature of SCD 

 

“It’s a hereditary disease that affects the blood 
and causes a great danger on children if the 
blood test was missed. Also, it is considered 
as a serious disease that could lead to death. 
There are different levels of severity with 
different percentages. It’s not all the same.” 
 

There is a pattern of inheritance for 
sickle cell disease 
 

“A woman should be totally healthy if she 
marries an affected person, in order for their 
children to be healthy as well.” 
“The carrier doesn't show symptoms but can’t 
marry a carrier nor an affected, for them to 
have healthy children....” 

Adolescents can identify differences 
between having the disease and 
carrying the trait  

“The carrier usually doesn’t suffer from 
symptoms, and doesn’t feel the pain, or the 
pain would be less, unlike the affected who is 
suffering from the symptoms.” 
“The carrier won't feel the disease but will 
pass it” 

There is wide recognition that the 
disease is severe and causes much pain 
 

 
 

 
 

“The school had us visit the center to learn 
about anemia, and when we entered the 
center, we heard loud screams, they told us 
that these were screams of those suffering 
from sickle cells anemia.” 
“I know a woman who had to travel abroad 
for treatment, because she had high-severity 
anemia. Her condition ached my heart. Even 
movement, she did not walk normally.” 

Not all adolescents are certain about 
their carrier status 

 
 

 

“As for me, my family used to tell me that 
I’m a carrier. But two years ago, I did the test 
and it showed that I’m affected. I really don’t 
know which one is the accurate test, the first 
or the second?” 
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Table 4, continued  

Themes Example Quotes 

 
2) The majority of adolescents are familiar with SCD and its experience 
 
Many adolescents are personally 
affected by the disease  

 
 

“From my father's side, they suffer from 
sickle cells. For that, I have witnessed many 
children who broke my heart and who were 
hospitalized because of this disease; the case 
is very painful if you have confronted it 
yourself with the most cherished people in 
your life.” 
 
“My father is a carrier, and my sister has the 
disease. I also have SCD. I get hospitalized 
more than her, though, and I’m older than 
her.” 
 

Contact is common with patients and 
peers who suffer from sickle cell 
disease 

“At school, we had a student where she would 
be in constant pain every day during the 
winter, and as a result she could not complete 
a full day.” 
 

Familiarity with the suffering from 
SCD seems to deter risky marriages 
among adolescents 

“As for me, I’ve experienced the pain from 
sickle cell, and I will never let my children 
suffer from the same pain.” 
 

3) The marriage culture perpetuates SCD 
 
Consanguineous marriages are to 
blame for SCD 

 
 

 
 
 

 
 

 

“I know a family here in my village. They’re 
known for sickle cell anemia, and they marry 
their sons and daughters at a young age; only 
so that they wouldn’t let them marry from 
outside the family, regardless of their disease 
status.” 
 
“I also know a family who I have a close 
relation to, in their traditions the girl weds 
only from her cousins, and it is prohibited for 
her to marry other than her cousins. As for 
unmatched test results (risky marriages); it 
will be ignored. Only if no relative proposes, 
she can marry from outside the family.” 
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Table 4, continued 

Themes Example Quotes 

The naming culture is a culprit of SCD “The society puts marital arrangements into 
children’s mind at an early age, by declaring 
"this person is to marry this person" The idea 
sticks in the child's mind, and as a result they 
will grow feelings for each other.” 
 

4) Attitudes towards early carrier screening for SCD 
 
Adolescents are unequivocally 
supportive of early carrier screening 

“It will be excellent if we have to do it during 
high school. Well before the time of 
marriage.”  
 
 “I’d do it while I’m in school and before the 
time of marriage.” 
 
“Nothing at all will stop me from doing the 
early screening if it’s offered in school.” 
 

Adolescent have doubts over peers’ 
support to early screening 

“Those in our age don’t know what the 
premarital screening is, so they simply say we 
don’t need it.” 
 
“Unfortunately, we see in our school, when 
medical staff comes in for awareness and 
starts talking about risks and health, we notice 
that girls will get bored, start mocking, and 
joking. We’ve had this experience ourselves.” 
 

Marriage plans are contingent upon 
screening results 
 

“For sure I wouldn’t marry her, because 
feelings of love are temporary, and they will 
fade away after a certain time. But the 
decision will haunt my future, and it will 
affect my children and grandchildren.” 
 
“If he is a carrier, my plans will surely 
change. I’d easily reject him. Why would I 
bring a sick gene and torture my children in 
hospitals!?! but if he is healthy, my plan 
would stay the same. If he is a carrier, I will 
certainly not marry him.” 
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Table 4, continued  
Themes Example Quotes 

Adolescents are proactive to know their 
sickle cell carrier status and about their 
health in general 
 
 
 

“I already wanted to do the test to know about 
my health conditions… beside sickle cell, I 
want to know everything about my health 
conditions.” 
 
“I did the test before thinking about marriage, 
and it completely changed my marriage plans. 
I am taking it more seriously now. It’s no 
game.” 
 

5) Perceived barriers to participation in early screening for SCD 
 
Individual-centered barriers, including 
lack of awareness and prior emotional 
attachment 

“There are some girls who still do not know 
the importance of the test, and as a result they 
will refuse to do the it.” 
 
“If a girl likes a guy, she will do anything to 
marry him, even if she knows she is affected 
with the disease.” 
 

Sociocultural barriers pertinent to 
marriage traditions 

 
 

 
 

 
 

 
 

 
Stack absence of any structural, 
organizational, or policy-level barriers 

“It’s obsession with the family and kinship, 
meaning a man may only marry his cousin 
and that’s already arranged.” 
 
“When the person refuses to marry from 
outside the family, despite the fact that the 
family could be affected.” 
 
“There’s rejection, for example, when the 
family refuses to marry their daughter to a 
certain family, or if there’s prior decision for 
marriage between two, then the test results 
won’t make any difference since these two 
will marry regardless.” 
 
 
N/A 
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Table 4, continued  
Themes Example Quotes 

6) Perceived facilitators & motivators to participation in early screening 

The success of this program hinges on 
education and awareness efforts  
 

 
 

 
 

 

“The first thing is that there should be an 
awareness campaign that proceeds the test, so 
that everyone will have an idea about the test.  
True, I would say the same.” 
 
“First thing is understanding the symptoms 
and the consequences for not doing the test... 
The second thing is to acknowledge the 
positive aspects and to have general 
knowledge about the disease.” 
 
 

Screening guides marriage arrangement 
to ensure the health of future children  
 

 
 

 
 

“If you were proposing for marriage, for 
example I’m an affected and I don't want to 
pass it to anyone. For That, I would tell my 
mother when she arranges my marriage, I 
would know if I’m an affected or a carrier.” 
 
“For me, my children are the most important 
thing in my life and knowing that they will be 
healthy is the biggest motive.” 

 
Beneficence and helping the 
community overcome SCD 
 

 

 
“I’ll say to him; if we implement and launch 
this idea, you’ll be among the people who’ve 
joined hands and helped eradicating the 
disease… If you’ve helped in ending the 
disease, you’ll first get reward and blessing 
from Allah, because it’s one of the common 
diseases especially here in Alahsa, and as a 
result it won’t spread.” 
 

7) Practical aspects of early screening program 
 
Patient testimony and negatively 
framed emotional content would 
convince adolescents to participate 
 

“The best ambassador for this program is a 
person who is suffering from the disease 
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Table 4, continued  

Themes Example Quotes 

 (anemic); because it will be out of a real 
experience.” 

“Since it's a disease, I will focus on the 
negative aspects. That means I will show 
them photos and stories about the lives of the 
affected people. Hopefully they’ll have a 
guilty conscience, and that will encourage 
them to do the test.” 
 
“For me, one of the most important things that 
can affect the community here, or the society 
in general, is the emotional aspect, so I will 
try to ask them, and make them see the 
affected while they’re suffering, not when 
they’re asymptomatic, and remind them that 
Allah (God) will trust you with these children, 
and the onus is on you to protect them not on 
anyone else. Reminding them about this may 
motivate them to learn and be aware.” 
 

Communication should be delivered in 
different forms and through different 
platforms 
 

“Since it’s for the public that means it’s not 
limited to one or two persons. Whether the 
person is a doctor or a sheikh or a teacher. 
They should join hands. Maybe the doctor 
and the teacher wouldn’t be able to influence 
me, but rather a dear person to me could 
convince me.” 
 

 

Parents Qualitative Results 

Participant Profile 

Additional focus groups were conducted to understand parents’ perspectives of 

early sickle cell carrier screening for adolescents. Parents, non-dyads, must have self-

reported that they lived in Alahsa and that they had at least one child at the time of the 
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focus group. Similar to the adolescent group, parents were recruited through self-referral 

in response to an invitation posted on different social media platforms. Some participants 

from limited income or lower education background were purposefully recruited in order 

to capture a wider range of perspectives. Of the 15 participating parents, more mothers 

(60%) than fathers (40%) attended these focus groups. More than two-thirds reported 

very good or excellent socioeconomic status, and the majority were between 33-45 years 

of age. Most parents (93%) had close experience with SCD and knew the difference 

between being a carrier and having the disease. Additionally, one-third of the participants 

were married to a first cousin. See Table 5 for complete demographics.  

Table 5 

Demographics of the Parents Sample in the Focus Groups 

Demographic Attributes N = 15 

n (%) 

Gender 
 Males 

 Females 

 
6 (40) 

9 (60) 
Socioeconomic status 

 Poor  
 Good 

 Very good 
 Excellent 

 

2 (13) 
2 (13) 

10 (67) 
1 (7) 

Education 
Less than high school 

 High school 
 Vocational/Some college  

College graduate 

Graduate degree 

 
2 (13) 

4 (27) 
2 (13) 
5 (33) 

2 (13) 
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Table 5, continued  

Demographic Attributes N = 15 
n (%) 

Age (in years) 
 19 - 24 

 25 - 32 
 33 - 45 

 > 45 

 
… 

4 (27) 
9 (60) 

2 (13) 
Know someone who has sickle cell disease (SCD) 

 Yes, I have SCD or one close to me has it 
No 

 

14 (93) 
1 (7) 

Know the difference between having SCD and 
being a carrier of SCD 

 Yes 
 No 

 Unsure 

 
 

14 (93) 
… 

1 (7) 
Parents are first cousins (e.g., direct cousins) 

 Yes 
 No 

 

8 (53) 
7 (47) 

Married to a first cousin (e.g., direct cousins) 
 Yes 

 No 

 
5 (33) 

10 (67) 
Married one of own children to a first cousin (e.g., 
direct cousins) 
 Yes 

 No 
Not applicable 

 

1 (6) 
1 (6) 

13 (87) 
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Themes 

Exploring any topic related to marriage in Saudi Arabia must include parents in 

the discussion for the leverage they have over their children’s life plans and decisions. 

Thus, it is essential to investigate how parents perceive sickle cell carrier screening for 

their children and how the outcomes of such a preemptive step might impact future 

marriage arrangements. All but two participants had not married their children, so this 

discussion was well-timed to explore perceptions of screening and marriage arrangement. 

The participant pool was divided between those who came from consanguineous families 

and those who came from a different family composition. Jointly, parents provided 

illuminating insights to help us address the objectives of the study. 

Congruent with the theoretical framework that guided this qualitative phase, and 

similar to those in the adolescents group, the following overall themes emerged from the 

discussion: 1) knowledge of SCD; 2) familiarity with SCD; 3) blame and contempt; 4) 

the culture of marriage and its role in perpetuating the disease; 5) attitudes towards early 

screening; 6) perceived barriers to participation in early screening; 7) perceived 

facilitators to participation in early screening; and 8) the practical aspects for successful 

implementation of the program. The following sections dissect these themes into more 

details, and more representative quotes are shown in Table 6. 

1) Knowledge of SCD. Parents demonstrate broad knowledge of sickle cell 

disease. The pathology of the disease and its physiological manifestation is well 

understood. Parents were also aware of the recessive nature of SCD and the notion that 

carriers are asymptomatic but can pass the mutation to future children if married to 

another carrier or one with the disease. A mother illustrated her understanding of the 
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disease, “on what differentiates the carrier from the affected, if a girl is carrier, it’s not 

suggested she marries another carrier; and of course, not a chance with an affected!” 

Additionally, parents did recognize that there is no accessible cure for SCD, and patients 

can only resort to painkillers when they experience an anemic episode. These revelations, 

or structural variables as explained by the Health Belief Model, are crucial in modifying 

one’s attitudes towards a health behavior. 

2) Familiarity with SCD. The experience of sickle cell disease and its physical 

and social consequences are salient to most parents in this community. That is, the 

participants understand the “high severity” of SCD and had a sense of their “high 

susceptibility” to it. Some participants shared accounts of their own suffering, 

I have had blood transfusion twice during my lifetime, and it was for 
unknown reasons. I’m not suffering from malnutrition, I have an ideal 
weight, and my hemoglobin level before the episode would be excellent. 
But then it will start dropping again due to the severe pain. 

 
Others expressed their agony of raising a child with the disease, as one father put 

it, “seeing him in front of me suffering from the pain, I feel totally helpless. I collapse 

especially when they give him the needle.” Many also recounted family anecdotes about 

the disease and its excruciating pain. 

3) Blame. Discussion with parents about the social backdrop of SCD spurred 

feelings of censure and condemnation. Participants blamed “stubborn” couples who 

proceed with their marriages knowing their future children would be at heightened risk 

for SCD. A participant, speaking about a child he frequently sees at the hospital where he 

works, indicated, “you’ll always look at him knowing that the only reason he’s here and 
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suffering is because of his parents.” Further, some reproached the healthcare system for 

its failure to ensure the accuracy of the test, which produces false results and thus causes 

risky marriages. A father of a child with SCD shared his negative experience with the 

premarital screening he did with his then fiancée in the early years of the program,  

I'm married from outside the family, even from outside my town, from a 
family we don’t have any relationships with. When I did the premarital 
screening, it was more like a routine thing to do [not serious]. I did it, and 
it was healthy [compatible]. Then, I paid the costs! 

 
Parents also extended their criticism to the society which implicitly and explicitly 

exerts immeasurable pressure on families to uphold marriage arrangements regardless of 

genetic incompatibility, as one parent said, “you will find yourself under a terrible social 

pressure, and I don’t think that everyone has the courage to bear the reaction of the 

society.” These concerns are good examples of the proximal and distal levels of the 

Social Ecological Model (SEM), which could explain health trends in a society. 

4) Role of marriage. In the same vein and at the community level of SEM, 

participants perceived SCD as a cultural disease as much as it is biological and held 

marriage traditions responsible for propagating risky marriages. In particular, parents 

spoke about the determinantal role of consanguinity and naming, as one participant 

condemned the marriage culture, 

There is a lot of things that we really hope they don’t exist, but 
unfortunately, they exist even among those who are well-educated. 
Academic degrees or scientific knowledge are irrelevant. Rather, it’s more 
related to the issue of naming, when the father or the mother says that they 
promised their son/daughter to someone... Sometimes it will reach to the 
point where parents shun their son/daughter if they disobey them, “I’m no 
longer your parent, and you’re no longer my son.”  
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Accordingly, parents put the onus on families to change this culture, as one father 

suggested, “if someone proposes to your daughter, then ask for the screening before you 

give your approval.” 

5) Attitudes towards early screening. In their response to the idea of early 

screening, parents articulated their perceptions in a supportive tone. While they 

considered such an intervention as a necessity, participants commented on the timing of 

the screening, and some suggested the screening be offered earlier in life, well before 

adolescence. A mother suggested, “currently, one of the school entry requirements for 

children is to complete all their vaccines. What if they added sickle cell screening to the 

requirements since accurate diagnosis for sickle cell can be detected at this age?” 

Similarly, parents voiced their disapproval of the timing of the current premarital 

screening program, indicating that it is too late in the marriage process that it may be 

useless. These policy-related factors reside at the highest level of the SEM. A participant 

who works at a local blood clinic commented, “we need to give the marriage officiant a 

piece of paper, so he’ll approve the marriage finally, after all the formalities, and after all 

the involvements, and after all the things we did…...It’s difficult to walk away then.” 

Additionally, parents in the focus groups stressed that their marriage arrangements for 

their children are contingent upon the screening results, and that the health of their 

children and grandchildren is a priority before any family plans. 

6) Barriers to participation. While they appreciated early screening for sickle cell 

disease, parents did acknowledge the challenges this program might need to overcome for 

a successful implementation. Some of these barriers act at the individual level, such as 
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low health literacy and emotional attachment due to prior arrangement, while other 

impediments pertain to the sociocultural background of the community. Stigma is an 

example of the latter where families might be reluctant to participate in early screening to 

shield their reputation, as this participant said, “many [parents tell their children], we 

don’t want anyone to know about your sickle cell disease... We hear this a lot, or some 

say, I don’t want anyone to know that my daughter is affected with sickle cell disease.” 

According to some parents, the naming culture may also dissuade some families from 

participation as the results of the screening would be secondary to prior marriage 

arrangements. Notably, parents did not discuss any organizational or political barriers in 

this conversation. 

7) Facilitators to participation. On the other hand, parents deliberated on possible 

motivators and facilitators that can encourage public acceptance and participation in early 

screening. Unsurprisingly, public education and awareness are considered essential for 

the success of this program. Parents in the focus groups highly appreciated the value of 

early screening as a planning tool that can guide their marriage arrangements for their 

children. As one father explained, “having information early on allows me to plan for the 

future.” And another added, “I agree with the idea of the program in order to know in 

advance if the guy is healthy or not, before giving him the approval to marry my 

daughter.” Besides personal gains and benefits, parents also reflected on the impact this 

disease has on the community and spoke about how a preemptive screening program can 

eradicate sickle cell disease for a better future for all. Table 6 shows quotes about the idea 
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of beneficence, but the following is a quote from a mother who had been suffering from 

SCD all her life: 

I wouldn’t like for anyone in my community to suffer the way I do so I’d 
like to reduce the number of people who suffer. Besides, the disease 
causes the country enormous costs for painkillers and healthcare. It’s 
known about the disease that it reduces the life expectancy of the affected 
person, and that is something very hard for anyone to accept. 
 
8) Practicality. Parents offered their suggestions for ways to implement and 

promote early screening. There was a consensus that patients would be the ideal 

representative to effectively increase societal acceptability. Additionally, communication 

content and cues to actions should be diversified into different platforms to reach 

different segments of the society, as one participant suggested, “I have this idea about 

targeting specific age groups. The younger generation nowadays is attached to social 

media and games, so put some ads in those games or Snapchat.” The legislative aspect of 

the program was also discussed, reflecting the policy level of the Social Ecological 

Model. Participants vehemently believed that early screening should be mandatory, and 

risky marriages should be banned. A mother hoped that “a law is issued for this screening 

to make it mandatory for those 15 years of age and younger.” 

Table 6 

Themes from the Focus Groups with Parents 

Themes Example Quotes 

1) Parents’ knowledge of sickle cell disease (SCD) 

Parents understand the pathology of 
SCD 

 
 

“It is a defect in the factory -bone marrow- 
which is responsible of producing the blood 
cells. As a result, those cells will be sick, 
taking a sickle shape.” 
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Table 6, continued  

Themes Example Quotes 

There is a pattern of inheritance for 
sickle cell disease 
 
 

“The real question is whether the matching 
will be between a carrier and a carrier, or an 
affected with another affected. So, it isn’t 
about relatedness.” 
“I see that the carrier is physically healthier, 
with no symptoms, except that he/she will 
pass the disease. With the affected, however, 
the symptoms will appear and be visible.” 

There is no accessible cure for SCD, 
only treatment available 
 

“The only possible solution is giving him 
painkillers.” 
“However, there’s possible cure, which is 
bone marrow transplant, but the success rate 
of it is not high. Also, most of the available 
drugs are, either pain relievers or ones that 
fight hemoglobin to not transform into the 
sickle shape.” 

2) Parents’ personal and family experience with SCD 
 
Parents speak about their own suffering 
with SCD 
 
 
 

“The episode reoccurs and immediately the 
doctors would give me strong painkillers, then  
I would be hospitalized for a week or two 
weeks after that.” 

Parents narrate family stories with SCD 
 

“Some children, especially those in middle 
and high school, they stand up to their parents 
and ask them, "Why did you get married?!! 
You troubled me”, a sentence I’ve heard more 
than once, and it hurts.” 
 
“I have two anemic brothers; you can't see 
them because of the pain, and hospitals 
wouldn’t accept them!” 
 
“I have a little cousin who has sickle cells. He 
tells his mother, “Cut my hand, I can’t bear 
the pain.” 
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Table 6, continued  
Themes Example Quotes 

3) Parents express blame and contempt 
 
Blaming adamant couples for getting 
married regardless of carrier status 
 

 
 

 
 

 

“I would blame and take out all of my anger 
on the parents who were occupied by their 
arrogance/pride and married while they knew  
what would be coming. They didn’t take it 
seriously as they were supposed to.” 
 
“You’ll always look at him [the sick child] 
knowing that the only reason he’s here [at the 
hospital] and suffering is because of his 
parents.” 

Blaming inaccuracy and misdiagnosis 
of premarital screening which allowed 
for risky marriages 

“Then we need to draw attention to the test 
accuracy. We all noticed what the inaccuracy 
of this test has led to. We discover that there 
are affected people while we don’t know.” 
 

Blaming the culture for the social 
pressure on families to sustain marriage 
arrangements regardless of results 

“I’m one of those who hold the community 
accountable for the exitance of these sick or 
affected people. Because if there were couples 
who their screening didn’t match, they would 
face tremendous social pressure to marry 
despite the results.” 
 
“Totally, you’ll find yourself under immense 
social pressure, and I don’t think that 
everyone has the courage to bear the reaction 
of the society.” 
 

4) The marriage culture perpetuates SCD 
 
Consanguineous marriages are to 
blame for SCD 
 

“True, just like my aunt, her children are 
sickle cell affected and are forced to marry 
their cousins who are also sickle cell affected. 
So, the father and the mother are affected, and 
all their children also have the disease.” 
 
“My brother had married our cousin without 
knowing that they were carriers of the 
disease. Now they’re suffering and regretting 
their decision.” 



 
  

95 

Table 6, continued  

Themes Example Quotes 
The naming culture, 
designating/naming couples at early 
ages, is a culprit in SCD 

 
 

 
 

“There must be a high voice. We should be 
screaming to the society. Until when it’ll 
continue like this?? We’re sacrificing a whole 
generation, even ourselves. For what? Just 
because of some promises were given by my  
father, or your grandfather... I strongly and 
absolutely refuse this naming culture.” 
 
“It’s more related to the issue of naming, 
when the father or the mother says that they 
promised their son/daughter to someone... 
Sometimes it will reach to the point where 
parents shun their son/daughter if they 
disobey them, “I’m no longer your parent.” 
 

Families have responsibility to change 
traditions and prevent risky marriages 

“It’s the family’s responsibility....... If 
someone proposes to your daughter, then ask 
for the test before you give your approval.” 
 
“The most recent occurrence just happened to 
my brother when he proposed to a girl, and he 
asked for the “lawful look” (a practice done 
before the official proposal where the 
prospective fiancé can sit down with his 
fiancée). They asked him to do the screening 
first, and if there is a match, then he can come 
for the look.... That’s the woman’s right and 
the man’s.” 
 

4) Attitudes towards early carrier screening for SCD 
 
Parents are supportive but suggest 
earlier timing 
 

 

“If it was up to me, I want them to do it in 
middle school because of traditions and 
customs most families would marry their 
children at an early age.” 
 
“If you’re mainly talking about sickle cell, 
then I would suggest including it with the 
newborn screening, to be with THS and the 
41 diseases they check here in Saudi Arabia, 
which are done on every child. I’m with 
adding sickle cell screening.” 
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Table 6, continued  

Themes Example Quotes 
The exiting premarital mandate is too 
late and needs to be amended 
 

 

“So, where is the problem? The problem is 
when you ask for the test after the marriage 
proposal.” 
 
“After the approval from the family, and the 
two parties, they will do the test, and that’s 
what we’re facing at work…” 
 

Marriage plans are contingent upon 
screening results 
 

“If my nephew proposes to marry my 
daughter, but they’re both carriers, I’d say to 
his dad, my brother, I’m sorry...” 
 
“I will fight with my family... I’m ready to 
fight this and to cancel all plans.” 
 

Parents are proactive about the health 
of their children 

 
 

 

“I hope that we have this tradition. I have two 
healthy sons and one daughter. The first 
minute they were born, we’d go to the 
pediatrician to run some blood tests about 
genetic diseases and other tests as well. Once 
he would give us the results, I would later 
share the results with the whole family.” 
 

5) Perceived barriers to participation in early screening for SCD 
 
Individual-centered barriers, such as 
lack of awareness and prior emotional 
attachment  
 

 
 

 
 

 
 
 
 

“If we take this matter relatively, more than 
90% of people will agree, and 10% will 
reject. The reason is ignorance, and their 
ignorance doesn’t mean that they are 
backward. But they are ignorant of the results. 
Although the mediums of awareness have 
varied!” 
 
“In the normal situation, no one will disagree. 
even the elders will approve the idea. 
Everyone is supportive of this idea and has no 
problem with it. Where is the problem then? 
The problem is with relationships  
(romantic commitment), as this relationship 
could lead to problems….” 
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Table 6, continued  

Themes Example Quotes 
Sociocultural barriers, such as stigma 
and marriage traditions 
 

 
 

 
 

 
 

 
 
 
 

“First thing we should target in this project is 
to normalize anemia and anemic patients; that 
s/he is a normal human, living a normal 
situation. This is our reality.” 
 
“But there are still ignorant minds, especially, 
fathers. Some say, I don’t want anyone to 
know that my daughter is affected with sickle 
cell disease." 
 
“Also, as you’ve mentioned before, maybe 
you tell me don’t propose for any girl from 
this family, since that most of them are 
carriers or affected of diseases. And this is the 
stigmatization that we talked about, where we 
label families as carriers or affected.” 
 
“I believe the “naming” culture has a great 
influence such as saying, the girl is named for 
her cousin, which will make them attached to 
each other.” 

  
Stark absence of any structural, 
organizational, or policy-level barriers 

N/A 

6) Perceived facilitators & motivators to participation in early screening 

The success of this program hinges on 
education and awareness efforts  

“I believe it’s an absolute solution if we 
invest in enlightening the youth.” 
 
“As what we’ve mentioned earlier. What did 
we say? Awareness, and awareness, and 
awareness.” 
 
“I will explain how easy the process of the 
test is and its usefulness.” 
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Table 6, continued  

Themes Example Quotes 
Early screening guides marriage 
arrangement 
 

 
 

 
 

 
 

 
 

 

“It may be for future when I know the status 
of the person proposing to my daughter and 
about his health conditions just from his 
disease and symptoms, I will then know the 
decision (of the marriage) …. It is my right to  
choose a healthy sound husband for my 
daughter.” 
 
“Having information early on allows me to 
plan for the future […] When I marry my 
daughter to an affected person… It needs 
special arrangements. Are you ready for such 
arrangement or not…?” 
 
“I usually test my children before they 
complete their first year. Even though I am 
healthy and so is their mother, but it may be 
like what I said before: If anyone proposes to 
our daughters in the future, either from my 
family or my wife’s family, -because there are 
some affected cases of anemia in her family 
and carrying cases in my family.” 
 

Perceived social impact motivates 
parents to participate 

 
 

 

“That we would establish a healthy happy 
community that is free from diseases, which 
put huge burdens on the country's budget, 
depleting the energy of its youth, and the 
energy of the families, which we need the 
most to be more productive.” 
 
“The goal is to create a base of healthy 
children in a healthy society” 
 

7) Practical aspects of early screening program 
 
Patient testimony would convince 
people to participate 
 

 
 

“I would ask an affected person to help me 
because if he were with me when I speak to 
convey his suffering, then I would have the 
strength to attract others.” 
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Table 6, continued  

Themes Example Quotes 
Communication should be delivered in 
different forms and through different 
platforms 

“Promoting the idea may differ, it could be 
visual advertisement or written one… it could 
be in schools or face to face.” 
 

The legislation of screening programs “I stand with enforcing strict laws. Most 
recent practices, regulations, and decisions 
were totally far from our society, but laws 
changed all these believes.” 
 
“Like what he proposed, to utilize the power 
of law. When a person postpones the 
screening or refuse it at an early age, marriage 
license or associated loans would be 
postponed too.” 
 

 

Gender Differences in Qualitative Results 

 Ancillary analysis was conducted to explore potential differences by gender. 

Overall, both groups were similar in their support to early screening for SCD. In 

particular, males and females voiced their condemnation of the marriage culture in Saudi 

Arabia and perceived it as the major cause for the high rates of SCD in the country. Both 

groups stressed the need for more educational and awareness interventions, especially 

using patient testimony to effectively increase public’s perceived threat and consequently 

increase engagement with prevention programs. Noticeably, participants from both 

genders reported an equally proactive approach towards health. Prevention through early 

carrier screening was evident in all focus groups.  

Although similar in many themes, minor differences emerged between males and 

females. Females spent more time describing anecdotal experiences with SCD and the 

pain associated with it. The mothers and girls in the focus groups highlighted the need for 
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emotional framing of future communication interventions, which they suggested would 

be more effective if delivered through multimedia formats (videos, images etc) as 

opposed to using only one method. On the other hand, the male participants expressed 

stronger blame and condemnation of those couples who engage in risky marriages. 

Further, boys and fathers reflected on the ineffectiveness of the current Premarital 

Screening, as it occurs too late in the marriage process. Overall, male and female 

participants demonstrated similar beliefs but also showed minor differences. 

Conclusion 

Collectively, findings from adolescents and parents answer RQ 1 by providing a 

comprehensive view of how people in Alahsa feel about sickle cell disease, early 

screening, and the implications of screening on marriage arrangements. Themes in both 

demographic groups are remarkably comparable, with varying emphasis and intensity at 

times. Participants demonstrated clear understanding that marriage between two carriers 

is the modifiable cause of SCD. Both Adolescents and parents considered themselves 

highly susceptible to the disease, and most shared either direct or indirect experiences 

with SCD, which engendered perceptions of high disease severity. Further, there was a 

consensus around the detrimental role of marriage traditions in perpetuating SCD and 

around the importance of early carrier screening. Therefore, participants showed great 

interest in early screening to guide marriage arrangements and to ensure the wellbeing of 

future generations. Both groups emphasized that health education is essential for the 

success of any screening intervention, while believing that patient testimony would be the 

most effective tool to motivate public participation. These themes were similar when 

examined by gender. The results will be discussed in Chapter 6 along with implications.  
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CHAPTER 5 

PHASE II: QUANTITATIVE RESULTS 

Restatement of the Study Purpose and Research Questions 

The main purpose of this study was to understand the perceptions and attitudes of 

Saudi parents and adolescents towards sickle cell diseases (SCD) carrier screening for 

adolescents and how it could impact potential marriage plans. Specifically, exploratory 

focus groups were conducted to obtain contextualized understanding of how adolescents 

and parents think of preemptive carrier screening. The qualitative findings then informed 

the development of a quantitative survey to visualize perceptions and to enable mediation 

analysis. 

This chapter describes the results of the quantitative survey conducted in Phase II 

of this research: 

• RQ 2: Can perceptual mapping be used to strengthen the understanding of the 

factors that provoke and dissuade adolescents and parents from participating 

in early SCD carrier screening, such as stigma and belief in fatalism? How do 

the perceptual maps of parents compare to those of adolescents? 

• RQ 3: Using mediation analysis, does religiosity impact the intention to 

participate in early carrier screening for SCD either directly or indirectly 

through shaping perceptions? 

This chapter will also describe the demographics of the surveyed sample and their 

reported religiosity. The data collected in this phase is used to answer RQ 2 to visualize 
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the perceptual maps for adolescents and parents and to examine perceptual differences 

between the two groups for possible communication interventions in the future. A 

mediation analysis model will answer RQ 3 to assess the direct and indirect effect of 

religiosity on intentions to participate in early screening. 

Dataset Quality Control Process 

Survey responses were collected through Qualtrics, an online survey tool, from 

August 7, 2019 to September 11, 2019. In total 6,925 records were obtained (2,512 

adolescents and 4,413 parents). However, not all of these records were used in analysis. 

A total of 3,080 eligible responses were used in analysis (763 adolescents and 2,317 

parents). The decision to exclude cases was based on the following criteria: 

• The inclusion/exclusion recruitment criteria. 

o For adolescents, records were excluded if participants indicated any of 

the following: 

§ They were not from Alahsa; 

§ Were not 17 or 18 years of age; 

§ Were married or officially engaged; or 

§ Did not respond to the last question of the survey, which asked 

about the main outcome of the study: intention to participate in 

early screening for SCD. 

• Based on these exclusions, 1,739 records were 

eliminated. 



 
  

103 

o For parents, records were excluded if participants indicated any of the 

following: 

§ They were not from Alahsa; 

§ Did not have any children; or 

§ Did not respond to the last question of the survey, which asked 

about the main outcome of the study: intention to allow their 

children to participate in early screening for SCD. 

• Based on these exclusions, 2,090 records were 

eliminated. 

• Duplicates. Since the survey was widely circulated in social media for an 

audience from a close-knit community, where almost everyone has a cell 

phone with Internet services, and because it targeted both parents and 

adolescents, it was possible that several individuals from the same household 

participated. This precluded removal of cases with an identical IP address as 

users who access their Internet network using a common home router would 

share the same IP. To examine this issue, cases were sorted by their IPs. It was 

found that among the parents group, 78 identical IPs were reported, most of 

which produced two survey submissions. This might suggest that the mother 

and the father in that household both participated in the study. This accounted 

for 177 responses (7.6% of total eligible cases among parents, or 177 / 2,317.) 

For the adolescents group, only 21 identical IPs existed, all of which produced 

two survey submissions, which might imply that two adolescents in the same 
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household participated in the study. This made up 44 responses (5.7% of total 

eligible cases among adolescents, or 44 / 763.) To sum, all survey submissions 

which came from similar IPs accounted for 221 responses only out of the 

3,080 total eligible cases, or 7%. Important to mention that there was no 

compensation or gift cards given for completing the survey, a statement that 

was clearly presented along the registration link on social media and at the 

beginning of the survey; therefore, it is unlikely that participants would submit 

multiple submissions. For these reasons, cases with identical IPs were not 

excluded for the analysis. 

• Survey administration times. The 87-item survey was pilot tested (N = 10) and 

the approximate administration time was between 10-15 minutes. After further 

examination of the eligible responses, the median and mode response times 

were 15 minutes and 11 minutes, respectively. Thus, it was determined that 

surveys completed under seven minutes would not have allowed sufficient 

time for adequate understanding and meaningful participation. Consequently, 

16 surveys (10 adolescents and 6 parents) were eliminated from the analysis. 

As mentioned, participants were not offered any monetary reward to 

participate, and the survey was offered electronically with optimal choice, 

convenience, and privacy; therefore, it was unlikely that participants would 

have felt any force or desire to complete the survey with falsified responses. 

• Missing responses. The survey was designed in Qualtrics with skip patterns 

and forced-response settings. Screener questions at the beginning of the 
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survey redirected users to the end of the survey if they did not meet all of the 

inclusion criteria. Also, all survey items must have been answered in order for 

the survey to proceed. Respondents always had the option to choose “decline 

to answer”, “not applicable”, or “unsure” whenever applicable. This setting 

ensured that all submissions were, in fact, complete. (See Figure 7.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2,512 adolescents 

773 adolescents 

763 adolescents 

4,413 parents 

2,323 parents 

2,317 parents 

6,925 surveys 

3,080 surveys 
for analysis 

1,739 ineligible respondents 
based on inclusion criteria  

2,090 ineligible respondents 
based on inclusion criteria  

10 took less than 7 minutes  6 took less than 7 minutes  

• No duplicates assumed 
• No incomplete surveys 
•  

Figure 7. Decision criteria for final data file. 
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A total of 3,080 surveys were included in Phase II of the study, comprised of 763 

adolescents and 2,317 parents. The demographic questions included biographical items 

(years lived in Alahsa, age, gender, education, socioeconomic status, health literacy, 

marital status, and number of children for parents) as well as questions about personal 

situation with sickle cell disease (consanguineous parents, consanguineous couples, 

married to a carrier, marrying children to a cousin, knowing a close person who has SCD, 

and sickle cell own carrier status) (Appendix B). 

Adolescent Participants Profile 

The 763 adolescents in this survey were an average of 16.3 years (SD = 3.5). 

Congruent with the inclusion criteria, all eligible participants were either 17- (53.3%) or 

18- (46.7%) year-old, with more female participants than males, (71% and 29%, 

respectively). The overwhelming majority came from a good or higher socioeconomic 

status (SES), with only 3.9% self-reported their perceived SES as poor. Adolescents were 

either attending high school at the time of the survey (60.4%) or had just graduated from 

grade school (39.6%), with the majority reporting high health literacy, as 83.1% of 

respondents rarely or never needed help reading health information. 

To describe the family background of our participants, questions about marriage 

and consanguinity were asked. Whereas about half of the surveyed adolescents (48.6%) 

were born in a consanguineous family (i.e., parents are first cousins), only 12.1% 

intended to marry a first cousin (Figure 8). Most participants (92.1%) reported their 

marital status as single and not named (i.e., named as an intended spouse.) For the 
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remaining 7.9% of our participants (n = 60) who reported being single and named, 25% 

(n = 15) were unsure whether their prospective partner was a carrier for SCD. 

SCD status and familiarity with the disease were also recorded. The 

overwhelming majority (71.7%) responded “yes” to knowing someone close suffering 

from SCD. Regarding SCD status, 3.7% of adolescents reported having the disease, while 

11.4% reported they were carriers. Almost one quarter of the participants (23.3%) were 

unsure about their carrier status (Figure 9). Table 7 shows more demographic details. 

Figure 9. Adolescents’ reported SCD status. 

Have SCD
4%

Carrier
11%

Neither carrier or have SCD
62%

Unsure
23%

Yes
12%

No
48%

Unsure
40%

Figure 8. Percentages of adolescents who intended to marry a first cousin. 
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Table 7 

Demographics of the Survey Respondents (Adolescents) 

Demographic Attributes  N = 763 
  Mean (SD) min - max 

Years lived in Alahsa  16.3 (3.5) 1 - 18 

  n (%) 

Age (in years) 
 17 

 18 

 
 

407 (53.3) 

356 (46.7) 
Gender 

 Males 
 Females 

 
 

 

221 (29.0) 
542 (71.0) 

Socioeconomic status 
 Poor 

 Good 
 Very good 

 Excellent 

 
 

 
30 (3.9) 

245 (32.1) 
342 (44.8) 

146 (19.1) 
Education 

 Currently in high school 
 Graduated from high school 

 

 

 

461 (60.4) 
302 (39.6) 

How often you need help from someone to 
read health information 

 Never 
 Rarely 

 Sometimes 
 Mostly 

 Always 

 
 

 

 
 

462 (60.6) 
172 (22.5) 

113 (14.8) 
14 (1.8) 

2 (0.3) 
Parents are first cousins 

 Yes 
 No 

 

 

 

371 (48.6) 
330 (43.3) 
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Table 7, continued   

Demographic Attributes  n (%) 

 Don’t know  62 (8.1) 

Marital status 
 Single but named 

 Single and not named 

 
 

 
60 (7.9) 

703 (92.1) 
If you’re named, is your future partner a 
carrier for sickle cell disease (SCD) 
 Yes 

 No 
 Unsure 

 

 

               n = 60 (%) 
5 (8.3) 

40 (66.7) 
15 (25) 

Intend to marry a first cousin 
 Yes 

 No 
 Unsure 

 

 

N = 763 (%) 
92 (12.1) 

368 (48.2) 
303 (39.7) 

Know someone close with SCD 
 Yes 

 No 

 
 

 

 
547 (71.7) 

216 (28.3) 
Own SCD status 

 I have SCD 
 I am a carrier 

 Neither affected nor carrier 
 Unsure 

 
 

 

 

28 (3.7) 
87 (11.4) 

470 (61.6) 
178 (23.3) 

Notes: SD, standard deviation; min, minimum value; max: maximum value 

 

Parent Participants Profile 

The 2,317 parent participants in this study lived in Alahsa, on average, for 32.7 

years (SD = 9.9), with a range between 10 and 67 years. Respondents ranged in age from 

18 to 70 years, with a mean age of 36.2 (SD = 9.0). These parents had an average of 3.2 
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children (SD = 2.0) and ranged from 1 to 16 children. Slightly more males than females 

participated in the survey (50.3% and 49.7%, respectively.) While the overwhelming 

majority self-reported a good or higher SES, 3.9% reported coming from a poor 

socioeconomic background. Additionally, more than half (55.7%) of respondents 

graduated from college, while 5.9% continued their education and had a graduate degree. 

Regarding health literacy, 90% never or rarely needed help to read health information. 

 To characterize our sample, responses about marriage and family composition 

were collected. Slightly over half of surveyed parents (53.2%) came from 

consanguineous families (Figure 10), and 42.6% of them maintained that tradition and 

married a first cousin (Figure 11). The vast majority of participants were married (98.1%) 

at the time of the survey. Regarding their own children, 14.7% married one of their 

children to a first cousin, while 35.5% never did so and did not prefer this arrangement 

either (Figure 12).  

 

 

 

 

 

Figure 10. Parents who reported their parents were first cousins. 

Yes
53%

No
44%

Unsure
3%
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Figure 11. Parents who married a first cousin. 

 

Yes
43%

No
57%

Yes
15%

No, don't prefer
36%

No, but prefer
18%

Unsure
32%

Figure 12. Parents who married own children to first cousins. 
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Parents were asked about their familiarity with SCD and their carrier status. The 

majority (84.6%) knew someone close to them with SCD. Regarding their own family, 

17.4% were married to a carrier, 3.7% have SCD, and 22.6% were carriers. Five percent 

of surveyed parents were uncertain about their spouse’s carrier status, and 5.5% were 

unsure of their own SCD status. However, the majority (68.2%) reported they we were 

not affected or carriers. More demographic characterization of parents can be found in 

Table 8. 

Table 8 

Demographics of the Survey Respondents (Parents) 

Demographic Attributes 
 

Parents 
N = 2,137 

  Mean (SD) min - max 

Years lived in Alahsa  32.7 (9.9) 10 - 67 

Age (in years)  36.2 (9.0) 18 - 70 
Number of children  3.2 (2.0) 1 - 16 

  n (%) 

Gender 

 Males 
 Females 

 
 

 

1,166 (50.3) 
1,151 (49.7) 

Socioeconomic status 
 Poor 

 Good 
 Very good 

 Excellent 

 
 

 
91 (3.9) 

935 (40.4) 
1,035 (44.7) 

256 (11.0) 
Education 

 Never attended school 
 Less than high school 

 
 

 

2 (0.1) 
93 (4.0) 
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Table 8, continued   

Demographic Attributes  n (%) 

 High school 

 Vocational/Some college 
 College graduate 

 Graduate degree 

 

399 (17.2) 

374 (16.1) 
1,290 (55.7) 

159 (5.9) 
How often you need help from 
someone to read health information 
 Never 

 Rarely 
 Sometimes 

 Mostly 
 Always 

 

 
 

 

 
1,784 (77.0) 

306 (13.2) 
202 (8.7) 

14 (0.6) 
11 (0.5) 

Parents are first cousins 
 Yes 

 No 
 Don’t know 

 

 

 
1,232 (53.2) 

1,022 (44.1) 
63 (2.7) 

Marital status 
 Married 

 Divorced 
 Widowed 

 

 

 
2,274 (98.1) 

31 (1.3) 
12 (0.5) 

Married to a first cousin 
 Yes 

 No 

 
 

987 (42.6) 

1,330 (57.4) 
Married to a SCD carrier 

 Yes 
 No 

 Unsure 
 

 
 

 

 403 (17.4) 
1,787 (77.1) 

127 (5.5) 
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Table 8, continued   

Demographic Attributes  n (%) 

Married own child to a first cousin 

 Yes  
 No, and I don’t prefer to 

 No, but I would prefer to 
 Unsure 

 
 

 

 

341 (14.7) 
822 (35.5) 

407 (17.6) 
747 (32.2) 

Know someone close with SCD 
 Yes 

 No 

 
 

 

 
1,960 (84.6) 

357 (15.4) 
Own SCD status 

 I have SCD 
 I’m a carrier 

 Neither affected nor carrier 
 Unsure 

 
 

 

 

85 (3.7) 
523 (22.6) 

1,581 (68.2) 
128 (5.5) 

Notes: SD, standard deviation; min, minimum value; max: maximum value 

 

Since participants reported their own sickle cell status as well as their spouses’, it 

was possible to estimate the percentage of risky marriages in this sample. Table 9 shows 

the results of this analysis. A total of 195 participants (8.4% of the total sample) were or 

might have been involved in risky marriages. Important to mention, missing from the 

survey was a question about whether one’s spouse had SCD. The question only asked 

about the carrier status of the spouse. This might have underestimated the percentages of 

risky marriages. 
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Table 9 

Estimates of Risky Marriages in Study Sample 

Spouse’s disease status 
Parent own disease status 

Affected Carrier Unsure 

Carrier 11 122 8 

Unsure 2 18 34 

Note: Only risky marriages were included in this table. Scenarios with definitive healthy outcomes based 
on the inheritance pattern of recessive diseases were omitted (e.g., a parent with SCD who reported a 
healthy spouse.) 

 

Results Corresponding to Research Questions: 

Research Question 2 

Can perceptual mapping be used to strengthen the understanding of the factors 

that provoke and dissuade adolescents and parents from participating in early SCD 

carrier screening, such as stigma and belief in fatalism? How do the perceptual maps of 

parents compare to those of adolescents? 

Participants responded to the 32 perceptual items using a 0 to 10 score based on 

their level of agreement to each statement, with zero indicating “strongly disagree” and 

10 indicating “strongly agree.” A multi-dimensional software then converted the scaled 

judgments into distances used in the mapping to illustrate how the various elements 

influence the decision-making process and interact with each other. The more important 

factors appear closer to “self,” the group mean, while those judged less important are 

farther away from “self” (Bass et al., 2011). The software produced graphic maps of the 

distances among the factors for visual inspection and interpretation. In the last step, 
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vector modeling is used to determine which concepts should be targeted in messaging to 

move parents and adolescents to participating in early screening. The total variance 

explained by the maps is shown following the figures illustrating each block of questions. 

Additional Statistical Analysis 

 Independent-samples t-tests were conducted to assess the significance of mean 

differences in perceptions in each block between parents and adolescents, with two-tail 

alpha = 0.05. Cohen’s d was used to calculate the effect size of the standardized 

difference between the means, with d = 0.2, d = 0.5 and d > 0.8 denoting small, medium, 

and large effect sizes, respectively (Cohen, 1988). All analyses were performed using 

SPSS version 26.0 (IBM Corp, 2019).  

Results 

Block 1: Beliefs and attitudes around sickle cell disease. These seven questions 

probed participants for their perspectives around SCD and how they feel about its 

consequences on families and society. Table 10 shows the descriptive analysis for both 

groups as well as the results from the t-tests and Cohen’s d to estimate the statistical 

significance and the effect sizes between the mean differences, respectively. 

Parents and adolescents reported statistically significant mean differences in all 

beliefs around SCD, with a large effect size in some items. While parents strongly 

disagreed (M = 2.3, SD = 3.2) to the notion that “it is Allah’s (God’s) will if a child has 

sickle cell disease,” adolescents felt neutral towards that belief (M = 5.0, SD = 3.6), 

showing a large effect size of d = 0.8, t(1180.0) = 18.7, p < .001. Conversely, parents felt 
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more neutral about the belief that experience of SCD would generate some rewarding 

feelings, such as divine rewards for their sacrifice and caring, (M = 4.3, SD = 3.7), 

compared to adolescents who strongly disagreed with that belief (M = 2.3, SD = 2.7), 

t(1196.5) = -10.0, p < .001, d = 0.7. Similarly, parents strongly agreed with the following 

statement, “suffering from sickle cell disease goes beyond just the affected child and 

impacts the whole family,” (M = 8.4, SD = 2.6), while adolescents only slightly agreed 

(M = 6.6, SD = 3.0), t(1156.9) = -14.5, p < .001, d = 0.7. Both groups agreed about the 

importance of knowing SCD carrier status for themselves and for their family, and they 

felt that parents of affected children are to blame for their children’s disease. Parents and 

adolescents were somewhat neutral towards the belief that “the social consequences of 

having an affected daughter with sickle cell disease are more serious than having an 

affected son.” Table 10 shows these differences with more details for all items. 

Table 10 

Block 1: Beliefs around Sickle Cell Disease  

Statement Group   

 Adolescents  Parents  Cohen’s 
 M SD N  M SD N t d 

1- I think it is Allah’s 
will if a child has 
sickle cell disease. 

5.0 3.6 763  2.3 3.2 2317 18.7* 0.8 

 

 
2- The parents of 
children with sickle 
cell disease are to 
blame for their 
child’s illness. 
 

6.4 3.3 763  7.75 3.0 2317 -10.0* 0.4 
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Table 10, continued          

Statement Group   
 Adolescents  Parents  Cohen’s 

 M SD N  M SD N t d 

3- Raising a child 
with sickle cell 
disease would be 
rewarding for me. 
 

2.3 2.7 763  4.3 3.7 2317 -16.0* 0.7 

4- Suffering from 
sickle cell disease 
goes beyond just the 
affected child and 
impacts the whole 
family. 

6.6 3.0 763  8.4 2.6 2317 -14.5* 0.7 

          
5- The social 
consequences of 
having an affected 
daughter with sickle 
cell disease are more 
serious than having 
an affected son. 

5.0 3.4 763  6.6 3.4 2317 -11.2* 0.5 

 
6- Knowing if my 
child is carrier of 
sickle cell disease is 
my duty to society. 

7.9 3.0 763  8.8 2.5 2317 -7.4* 0.3 

 
7- Knowing if my 
child is carrier of 
sickle cell disease is 
my duty to them. 

9.4 1.6 763  9.3 2.0 2317 2.2** 0.1 

Note: * p < .001; ** p < .03; M, mean; SD, standard deviation 
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To compare adolescents’ and parents’ decision-making processes and to find what 

elements or beliefs resonate highly with them in shaping their beliefs around SCD, 

separate maps for each group were run. Both groups show similar perceptual maps, 

which indicates adolescents and parents have similar conceptualization regarding what 

shapes their perspectives around SCD. For both samples, the belief that “parents are to 

blame for their children’s SCD” is the only item situated close to “Self” and thus has 

higher salience than all other beliefs. In addition, adolescents and parents perceived the 

beliefs that knowing carrier status is one’s duty to own children as well as to society as 

conceptually related beliefs, signified by their close proximity to each other. Participants 

also considered these two concepts as conceptually related, “social impact of having an 

affected girl is more serious than having an affected son,” and that “SCD impacts the 

whole family and not just the individual patient.” The remaining two items appear to 

have less salience in shaping attitudes around SCD for both groups, as indicated by their 

distal locations from “Self”, which is the group average. 

However, slightly different messaging strategies should be developed for the two 

groups. To move parents to the vector target, intention to participate in early screening, 

messages should emphasize the belief that the impact of SCD goes beyond the patient to 

affect the whole family and that knowing carrier status of one’s child is a duty to society, 

while also respecting the belief that it is Allah’s will if a child is affected with SCD. To 

move adolescent to participate in early screening, the same beliefs should be emphasized 

with the addition of blaming the parents for their child’s SCD. Figure 13 compares both 

maps for this question block, and Table 11 displays the total variance explained by each 

map. Hereinafter, in all maps, the group "Self" variable is shown as a yellow star. This 
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variable represents all the participants’ responses in that group. Pink squares represent 

specific variables from the statement blocks that are closest to “Self”. These items 

indicate items thought important to the group. Items farther away from “Self” are not 

considered as important by the group. Also, concepts clustered together have the same 

colored pentagon, which means they are conceptualized similarly. The arrows represent 

the potential elements to focus on in message development and the dotted arrow shows 

where you would want self to “go” towards the intention (in this case, willingness to do 

adolescent carrier screening).A perceptual map therefore visually represents how those 

respondents in each group relate to perceived items pertaining to early screening, as well 

as how participants perceive the items related to one another. 
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Table 11 

Variance Explained by Perceptual Maps of Beliefs around Sickle Cell Disease  
Demographic Group 

              Adolescents                               Parents 
r2 61.7 66.5 

r2 = the proportion of variance of the scaled data that can be accounted for by the map (i.e., validity). 

Block 2: Beliefs and attitudes around marriage traditions. These questions 

investigated participants’ perceptions around the prevailing marriage culture in their 

community. Table 12 shows the mean differences as well as the statistical significance 

and effect sizes for the six items in this block. 

Figure 13. Beliefs around sickle cell disease. 
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Five of the six questions showed statistically significant differences between 

adolescents and parents in their beliefs around marriage, with varying effect sizes. 

Parents disagreed strongly to the idea that society and family pressure them in making 

decisions about marriage (M = 2.6, SD = 3.2) compared to adolescents who reported a 

neutral response (M = 4.9, SD = 3.6), t(1178.1) = 15.5, p < .001, d = 0.7. Although there 

was not a statistically significant difference, both groups strongly disagreed with these 

statements, “I would marry my child/myself to someone with incompatible screening 

results because they/we can use reproductive technologies to have healthy children” (p = 

.09). Parents and adolescents strongly disagreed with the statement, “I would maintain 

the naming of my child/myself to a relative regardless of the incompatible screening 

results” (M = 0.7, SD = 1.9; M = 0.9, SD = 2.1, respectively, t(1214.0) = 2.2, p = .03, d = 

0.1), as well as with this statement, “I would approve of a mismatched marriage between 

my child/myself and a partner if they/we are in love” (M = 1.2, SD = 2.3; M = 2.5, SD = 

3.3, respectively, t(1023.7) = 10.1, p < 0.001, d = 0.5). Further, participants strongly 

supported banning incompatible marriages (parents: M = 8.2, SD = 3.2; adolescents: M = 

7.9, SD = 3.2, t(3078) = -2.6, p = .009, d = 0.1). Table 12 shows the results of these 

analyses in more depth. 
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Table 12 

Block 2: Beliefs around Marriage Traditions  

Statement Group   
 Adolescents  Parents  Cohen’s 

 M SD N  M SD N t d 

1- I would marry my 
child to someone with 
incompatible 
screening results 
because they can use 
reproductive 
technologies. 

1.3 2.5 763  1.2 2.6 2317 1.7 

 
 

0.1 
 

 

 
2- I believe marriages 
between those who 
have incompatible 
screening results 
should be legally 
banned. 

7.9 3.2 763  8.2 3.2 2317 -2.6** 0.1 

 
3- Naming is still a 
common practice in 
most families. 
 

6.0 3.2 763  4.5 3.1 2317 11.4* 0.5 

4- In general, societal 
and family pressure 
might influence my 
decisions about my 
children’s marriage 
arrangements. 

4.9 3.6 763  2.6 3.2 2317 15.5* 0.7 

          
5- I would maintain 
the naming of my 
child to a relative 
regardless of the 
incompatible 
screening results. 

0.9 2.1 763  0.7 1.9 2317 2.2** 0.1 
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Table 12, continued          

Statement Group   
 Adolescents  Parents  Cohen’s 

 M SD N  M SD N t d 

6- I would approve of 
a mismatched 
marriage between my 
child and a partner if 
they’re in love. 

2.5 3.3 763  1.2 2.3 2317 10.1* 0.5 

Note: * p < .001; p < .03; M, mean; SD, standard deviation 

 

Despite statistical differences in the t-tests between adolescents and parents, their 

perceptual maps depict similar visualization and thus similar conceptualizing of their 

attitudes towards the culture of marriage. None of the six beliefs is situated near “Self”, 

which implies there is not a single belief that shapes participants’ perspectives around 

marriage more than the others. Nonetheless, both groups perceive the three following 

beliefs as conceptually connected as they are clustered together in the map: “I would 

marry my child/myself to someone with incompatible screening results because they/we 

can use reproductive technologies to have healthy children,” “I would maintain the 

naming of my child/myself to a relative regardless of the incompatible screening results,” 

and “I would approve of a mismatched marriage between my child/myself and a partner 

if they/we are in love.” The remaining concepts are scattered; thus, participants did not 

perceive them to be conceptually similar. To move both groups towards participating in 

early screening, messages should emphasize the belief that naming practice is still 

common in the community. Figure 14 shows both maps, and Table 13 displays the 

variance explained by each map. 
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 Figure 14. Beliefs around marriage. 
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Table 13 

Variance Explained by Perceptual Maps of Beliefs around Marriage  
Demographic Group 

              Adolescents                               Parents 
r2 75.3 73.8 

r2 = the proportion of variance of the scaled data that can be accounted for by the map (i.e., validity). 

Block 3: Attitudes towards early screening for SCD. This set of seven questions 

assessed participants’ attitudes and acceptability towards early screening for SCD. 

Descriptive analysis and t-tests results with effect sizes are displayed on Table 14. 

Parents and adolescents show similar trends in their support of early carrier 

screening, with small and moderate effect sizes in differences between the two samples. 

Participants reported high mean scores for most items in this block. For instance, parents 

agreed more strongly with the statement, “carrier screening for common hereditary 

diseases like sickle cell disease should be mandatory for all high school students” 

(M = 8.6, SD = 2.4), compared to M = 7.7 (SD = 2.8) for adolescents, t(1146.6) = -7.4, p 

< .001, d = 0.3. Similarly, parents reported a higher mean score (M = 8.3, SD = 2.6) 

compared to adolescents’ (M = 7.2, SD = 3.0) in their response to the statement that “I 

would do carrier screening for common hereditary diseases like sickle cell disease for my 

children even if it costs me money,” t(1148.2) = -9.4, p < .001, d = 0.4. The statement 

that “having a sickle cell screening in high school would save considerable treatment 

costs to care for future children,” is the only one in which adolescents scored a higher 

mean (M = 8.9, SD = 2.3, versus M = 8.2, SD = 2.8 for parents; t(1599.0) = 6.9, p < .001, 

d = 0.3). Parents’ mean score for the belief that “having my child screened for sickle cell 

disease in high school is the right thing to do” was 7.9 (SD = 3.1), while adolescents had 
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a mean of 7.7 (SD = 2.7), the only nonsignificant difference in this block (p = .15). 

Overall, the total sample showed favorable attitudes to early screening for SCD, with 

parents reporting slightly higher agreement and interest in the program. Table 14 shows 

all items with their t-test values and significance. 

Table 14 

Block 3: Attitudes towards Early Carrier Screening 

Statement Group   
 Adolescents  Parents  Cohen’s 

 M SD N  M SD N t d 

1- I think having my 
child screened for 
sickle cell disease 
(SCD) in high school 
is the right thing to do. 

7.7 2.7 763  7.9 3.1 2317 -1.4 
 

0.1 

 

 
2- Carrier screening 
for hereditary diseases 
like SCD should be 
mandatory for all high 
school students. 

7.7 2.8 763  8.6 2.4 2317 -7.4* 0.3 

 
3- Children should be 
screened for SCD as 
early as possible. 

8.7 2.1 763  9.3 1.9 2317 -6.3* 0.3 

 
4- I would do carrier 
screening even if it 
costs me money. 

 

7.2 3.0 763  8.3 2.6 2317 -10.2* 0.4 

5- Having a sickle cell 
screening in high 
school would help 
have a healthy family. 

8.8 2.3 763  9.1 1.9 2317 -3.4* 0.2 
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Table 14, continued          

Statement Group   
 Adolescents  Parents  Cohen’s 

 M SD N  M SD N t d 

          
6- Having a sickle cell 
screening in high 
school would save 
considerable treatment 
costs to care for future 
children. 

8.9 2.3 763  8.2 2.8 2317 6.9* 0.3 

 
7- Having a sickle cell 
screening in high 
school would help 
eradicate the disease 
in the society. 

7.3 2.9 763  8.0 2.9 2317 -5.6* 0.2 

Note: * p < .001; M, mean; SD, standard deviation 

 

The perceptual maps for the attitudes towards early screening reveal some 

differences between the two groups. While the maps appear mainly similar, the beliefs 

that “carrier screening for common hereditary diseases like sickle cell disease should be 

mandatory for all high school students” and “early screening is the right thing to do” are 

closer to “Self” in the adolescents group compared to their locations in the parents’ map, 

indicating that these concepts are slightly more important for adolescents compared to 

parents. Nonetheless, both groups conceptually relate the ideas that early screening would 

“save treatment costs,” “eradicate the disease”, and “help create a healthy family”, 

evident from their close proximity to each other in the map. Further, adolescents and 

parents alike perceptually connect these two beliefs together, that they would do early 
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screening even if it costs money and such screening should be done as early as possible. 

To account for some of the conceptual differences, messages designed for parents should 

stress the benefit of early screening in creating a healthy family in order to move parents 

towards favorable intention to participate. However, adolescents would benefit from 

messages that target the idea of eradicating the disease as well as creating a healthy 

family by participating in early screening.  Figure 15 depicts these results in two maps, 

and Table 15 shows the percentages of variance explained by the maps. 
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Table 15 

Variance Explained by Perceptual Maps of Attitudes Towards Early Screening  
Demographic Group 

              Adolescents                               Parents 
r2 62.0 72.6 

r2 = the proportion of variance of the scaled data that can be accounted for by the map (i.e., validity). 

Block 4: Barriers to participating in early screening for SCD. Questions in this 

block assessed participants’ perceived barriers to participating in early screening for 

SCD. Table 16 lists the six statements along with the descriptive results and the t-tests. 

Figure 15. Attitudes towards early screening. 
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Parents and adolescents reported comparable low mean scores for all the 

statements on perceived barriers, with some statistically significant differences that show 

a small effect size. Neither parents nor adolescents were “skeptical of the screening 

results” (M = 1.5, SD = 2.5; M = 2.3, SD = 3.4, respectively, t(1200.4) = 6.6, p < .001, d 

= 0.3). Both groups strongly rejected the idea that “the screening results would taint 

family’s reputation,” (parents: M = 2.2, SD = 3.1; adolescents: M = 1.1, SD = 2.4, 

t(1693.1) = -10.1, p < .001, d = 0.4). In addition, parents and adolescents strongly 

disagreed with the notion that “there is no need to do a carrier screening because 

marriages are predestined and meant to be,” (M = 0.8, SD = 2.2; M = 1.0, SD = 2.5, 

respectively, t(1178.4) = 2.9, p = .004, d = 0.2). The only statement that did not show a 

statistically significant difference between the two groups was, “I am concerned the 

results will jeopardize chances of getting married,” (p = .09). Overall, the total sample did 

not perceive any of the factors listed in Table 16 as barriers that would dissuade them 

from participating in early carrier screening for SCD.  

Table 16 

Block 4: Barriers to Participating in Early Carrier Screening  

Statement Group   

 Adolescents  Parents  Cohen’s 

 M SD N  M SD N t d 

1- I am skeptical of 
the screening results. 2.3 2.8 763  1.5 2.5 2317 6.6* 0.3 
2- I am afraid of 
finding out my child’s 
sickle cell disease 
status. 

2.9 3.4 763  2.5 3.3 2317 3.4* 0.1 
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Table 16, continued          

Statement Group   
 Adolescents  Parents  Cohen’s 

 M SD N  M SD N t d 

3- I am concerned the 
results will jeopardize 
my children’s’ 
chances of getting 
married. 

3.4 3.5 763  3.1 3.4 2317 1.7 0.1 

4- I am afraid the 
screening results 
would taint my 
family’s reputation. 

1.1 2.4 763  2.2 3.1 2317 -10.2* 0.4 

5- I am afraid the 
screening results may 
cause conflict within 
the family. 

1.1 2.3 763  1.7 2.8 2317 -5.3* 0.2 

6- I think there is no 
need to do a carrier 
screening because 
marriages are 
predestined and meant 
to be. 

1.0 2.5 763  0.8 2.2 2317 2.9* 0.2 

Note: * p < .001; M, mean; SD, standard deviation 

 

The perceptual maps for this block depict identical distributions of the  

potential barriers for both parents and adolescents. In both maps, none of the barriers is 

located near “Self”, indicating that participants did not feel strongly that any of these 

issues were particularity salient. However, participants did perceive the following 

statements as conceptually related to one another: “afraid of finding the screening 

results,” “the results might jeopardize marriage chances,” “results would taint family’s 

reputation,” and “results may cause family conflict.” To move both groups towards 
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participating in early screening, messages should address the concerns of “finding out the 

results” and “results would jeopardize marriage chances.” See Figure 16 and Table 17. 

 

 

 

 

 

 

Figure 16. Perceived barriers to participating in early screening. 
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Table 17 

Variance Explained by Perceptual Maps of Perceived Barriers  
Demographic Group 

              Adolescents                               Parents 
r2 80.1 81.7 

r2 = the proportion of variance of the scaled data that can be accounted for by the map (i.e., validity). 

Block 5: Facilitators to participating in early screening for SCD. This set of 

statements asked participants about perceived facilitators to participating in early 

screening for SCD. Table 18 lists the six facilitators along with their descriptive and t-test 

results.  

Parents and adolescents reported comparable high mean scores that largely 

endorse the listed facilitators, with only half of the items showing statistically significant 

differences, albeit with small effect sizes. For example, parents and adolescents strongly 

agreed that participants would be encouraged to participate in early screening if they see 

or hear patient testimonials (M = 8.8, SD = 2.2; M = 8.5, SD = 2.3, respectively, 

t(1273.9) = -2.6, p = .008, d = 0.1). Also, both groups agreed that if incompatible 

marriages were legally banned, families would be encouraged to participate in early 

screening for SCD (parents: M = 8.3, SD = 2.7; adolescents: M = 7.1, SD = 3.1, t(1162.2) 

= -9.6, p < .001, d = 0.4). Similar results can be seen about the belief that “families would 

be encouraged to participate if sanctions were imposed on those who marry regardless of 

the incompatible screening results,” (parents: M = 8.0, SD = 2.9; adolescents: M = 7.2, 

SD = 3.3, t(1173.4) = -5.6, p < .001, d = 0.2). Both groups did not differ significantly in 

their agreement to the three remaining statements (Table 18). 

 



 
  

135 

Table 18 

Block 5: Facilitators to Participating in Early Carrier Screening  

Statement Group   
 Adolescents  Parents  Cohen’s 

 M SD N  M SD N t d 

1- Families would be 
encouraged to 
participate in the 
screening if 
incompatible 
marriages are legally 
banned. 

7.1 3.1 763  8.3 2.7 2317 -9.6* 0.4 

 
2- Families would be 
encouraged to 
participate if this 
screening became a 
requirement to receive 
services, such as 
college admission. 

 

8.0 

 

3.0 

 

763 
 

 

8.0 

 

2.9 

 

2317 

 

-0.9 

 

0.1 

 
3- Families would be 
encouraged to 
participate if this 
screening can be done 
through a home visit. 

 

7.7 2.8 763  7.7 2.9 2317 0.5 0.1 

4- Families would be 
encouraged to 
participate if there 
were incentives for 
those who do the 
screening (e.g., 
coupons). 

 
 

 

 

 
8.3 

 

 
2.7 

 

 
763 

  

 
8.2 

 

 
2.7 

 

 
2317 

 

 
0.8 

 

 
0.1 
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Table 18, continued          

Statement Group   
 Adolescents  Parents  Cohen’s 

 M SD N  M SD N t d 

          
5- Families would be 
encouraged to 
participate if sanctions 
were imposed on those 
who marry regardless 
of incompatible 
screening results. 
 

7.2 3.3 763  8.0 2.9 2317 -5.6* 0.2 

6- Families would be 
encouraged to 
participate if they saw 
patient testimonials 
and heard stories of 
people whose children 
were born with sickle 
cell anemia. 

8.5 2.3 763  8.8 2.2 2317 -2.6** 0.1 

Note: * p < .001; p < .03; M, mean; SD, standard deviation 

 

The visualization of these facilitators in the perceptual maps is somewhat 

different in both groups. From its close location to “Self”, “hearing stories of patients” is 

the only salient factor for parents, whereas adolescents also believed that “imposing 

sanctions on incompatible marriages” was important to them. Parents, more than 

adolescents, perceived “giving incentives” and “home visits” to be conceptually related, 

as evident by their close proximity to each other in the map. The remaining facilitators 

are dispersed and away from “Self”, indicating low salience and low perceptual 

correlation. Consequently, messaging strategies should target different facilitators. To 
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move parents towards intention to participate in early screening, “giving incentives” and 

“making screening a prerequisite for other services” should be emphasized. The same 

concepts along with “banning incompatible marriages” should move adolescents closer to 

participation. These results can be seen in Figure 17 and Table 19. 
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Table 19 

Variance Explained by Perceptual Maps of Perceived Facilitators  
Demographic Group 

              Adolescents                               Parents 
r2 68.2 72.3 

r2 = the proportion of variance of the scaled data that can be accounted for by the map (i.e., validity). 

Overall, the results of the t-tests and the perceptual maps for all five blocks 

illustrate an overwhelming similarity between the perspectives of both parents and 

adolescents. While there are indeed statistically significant differences in most items, the 

effect size of these differences is mainly small to modest, and the mean scores tend to 

Figure 17. Perceived facilitators to participating in early screening. 
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follow similar trends in both groups. That is, parents and adolescents ascribed to similar 

beliefs around SCD and marriages traditions, reported favorable attitudes towards early 

screening, did not consider the barriers as major issues, and largely supported different 

forms of facilitators to encourage families to participate. The slight differences in the 

conceptual maps necessitate minor tailoring in messaging interventions. These results 

will be discussed further in Chapter 6 along with their implications. 

In addition to answering the primary research question (RQ 2), perceptual maps 

were also analyzed by religiosity and knowledge scores (dichotomized low vs. high) to 

explore any potential differences across the five perceptual domains. None of these maps 

showed specific variations so they were not included, so the focus of this research 

remained on the prespecified research questions. 

Research Question 3 

Using mediation analysis, does religiosity impact the intention to participate in early 

carrier screening for SCD either directly or indirectly through shaping perceptions? 

 This question sought to estimate the effect of religiosity in persuading or 

dissuading participants to enroll in the early screening program for SCD for the total 

sample. As delineated in Chapter 3, the predictor, or causal variable, X, is religiosity 

measured continuously with a score range from 0-52. The mediator variable, M, is 

perceptions towards screening, which it is measured continuously from 0 to 70. The 

outcome variable, Y, is intention to participate in early screening, a one-item question 

measured from 0 to 10. These variables are embedded in the perceptual mapping survey 

(see Appendix B).  
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Using the PROCESS macro (Hayes, 2013) in SPSS version 26.0 (IBM Corp, 

2019), the direct, indirect, and total effects of religiosity on intention were estimated 

(Figure 18). This statistical diagram shows two linear models, one for each consequent 

variable (Perceptions, M, and Intentions, Y for the causal variable Religiosity, X), and 

thus it represents two ordinary least square regression equations: 

M = i1 + aX + eM (Equation 1) 

Y = i2 + c'X + bM + eY (Equation 2) 

Where i1 and i2 are the regression intercepts, eM and eY are errors in the estimation 

of M and Y, respectively, and a, b, and c' are the regression coefficients.  

 

In Equation 1, a quantifies how much two cases that differ by one unit on 

religiosity are estimated to differ on perceptions, where a positive a indicates that the 

case higher on religiosity is estimated to be higher on favorable perceptions. Moreover, 

the b and c' coefficients from Equation 2 have an analogous interpretation, except with 

different antecedent variables. For b, two cases that differ by one unit on perceptions but 

that are equal on religiosity are estimated to differ by b units on intentions. A positive 

sign of b denotes that a case higher on perceptions is estimated to be higher on intentions. 

Religiosity 

Perceptions 

Intentions 

a = .263 b = .033 

c' = .0131 

eM 

eY 

Figure 18. The statistical diagram of the mediation model. 
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The Direct Effect of Religiosity on Intentions 

In Equation 2 and in the statistical figure above, c' estimates the direct effect of 

religiosity on intentions to participate in early screening. The direct effect of reported 

religiosity, c' = 0.0131, is the estimated difference in participation intentions (Y) between 

two people having the same level of perceptions (M) but who differ by one unit in their 

reported religiosity (X). The coefficient is positive, meaning that the person reporting 

more religiosity but who has equal perceptions is estimated to be 0.0131 units higher in 

their reported intention to uptake screening. This direct effect is statistically different 

from zero, with a 95% CI from .0063 to .0198. Notably, this is an example of partial 

mediation, as c' is not reduced to zero after controlling for the mediator (perceptions). 

That is, religiosity in its own still has an effect on the intention to participate even 

without shaping perceptions. (See Table 20 for more details.) 

The Indirect Effect of Religiosity on Intentions 

The indirect effect of religiosity on intentions through perceptions is the product 

of a and b. From Figure 18, a * b (.263 * .033) = .0087. That is, two people who differ by 

one unit in their reported religiosity are estimated to differ by .0087 units in their reported 

intentions to uptake the SCD early screening as a result of the tendency for those 

experiencing more religiosity to feel more favorable perceptions, which in turn translates 

into higher uptake intentions. This indirect effect is statistically different from zero, as 

revealed by a 95% bias-corrected bootstrap confidence interval that is entirely above zero 

(.0060 to .0119) (Table 20). 
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The Total Effect of Religiosity on Intentions 

The total effect of reported religiosity on uptake intention is derived from adding 

the direct and indirect effects (.0087 + .0131 = .0218). That is, two people who differ by 

one unit of reported religiosity are estimated to differ by .0218 units in their reported 

uptake intentions. The positive sign means the person reporting more religiosity is 

estimated to report higher intentions to uptake screening. This effect is statistically 

significant from zero with a 95% CI from .0148 to .0288. 

Table 20 

Model Coefficients for the Mediation Analysis 

Consequent 
  M (Perceptions)  Y (Intention) 

Antecedent  Coeff. SE p  Coeff. SE p 

X (Religiosity) a .263 .03 <.000 c' .0131 .004 <.000 

M (Perceptions)  --- --- --- b .033 .002 <.000 

Constant i1 48.49 1.25 <.000 i2 7.14 .16 <.000 

  
R2 = .02 

F(1, 3078) = 66.49 
p <.000 

 
R2 = .10 

F(2, 3077) = 170.53 
p <.000 

Note: Coeff., Coefficient; SE, standard error 

 

Indeed, these results demonstrate that religiosity affects intention to participate in 

early screening for SCD directly and indirectly through shaping perceptions. It is now 

possible to calculate the effect size of the indirect effect, which equals the indirect effect / 
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the total effect (.0087 / .0218) = .4. In other words, 40% of the effect of religiosity on 

intentions to participate in early screening occurs through shaping perceptions (see 

Hayes, 2013, p. 184 for a further discussion on estimating the effect size in mediation 

analyses.) 

Intention to Participate in Early Screening for SCD 

Both groups demonstrated a strong intention to participate in early screening. 

Parents’ reported a mean score of 9.8 (SD = 1.0), and adolescents had a mean score of 9.0 

(SD = 2.0), t(882.9) = -11.1, p < .001, d = 0.6. 

Perceptual Differences by Religiosity 

Ancillary analysis was conducted to assess whether perceptions differed by 

religiosity. Religiosity was artificially dichotomized around the average score in the total 

sample (mean = 38.4, median = 39, mode = 40). This split participants into a low 

religiosity group (53% of total sample) and a high religiosity group (47% of total 

sample). Independent-samples t-tests were run to compare mean scores between the two 

groups for all the 32 perceptual items, with two-tail alpha = 0.05.  

While participants in the two groups differed significantly in all demographic 

attributes, the distribution of these attributes did not depart much from that of the total 

sample. For example, 45% of the total sample reported “very good” SES, and 43% 

reported the same in the low religiosity group; 46% did so in the high religiosity sample. 

Similar trends can be seen for the gender attribute, where parents made up 70-80% of the 

total sample and the two religiosity groups. Table 21 shows more demographic results. 
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Table 21 
 

The Demographics of the Total Sample by Religiosity 

Demographic 
Attributes 

Total Sample 
N = 3,080 

n (%) 

Low Religiosity 
n = 1,626 

n (%) 

High Religiosity 
n = 1,454 

n (%) 

Age* M = 31.6 

SD = 11.3 

M = 29.1 

SD = 10.1 

M = 34.4 

SD = 11.8 
Group* 

 Adolescents 
 Parents 

 

763 (25) 
2,317 (75) 

 

490 (30) 
1,136 (70) 

 

237 (20) 
1,181 (80) 

Gender* 
 Males 

 Females 

 
1,387 (45) 

1,693 (55) 

 
773 (47.5) 

853 (52.5) 

 
614 (42.2) 

840 (57.8) 
SES* 

 Poor 
 Good 

 Very good 
 Excellent 

 

121 (4) 
1,180 (38) 

1,377 (45) 
402 (13) 

 

65 (4) 
672 (41) 

699 (43) 
190 (12) 

 

56 (4) 
508 (35) 

678 (46) 
212 (15) 

Note: * p < .001; M, mean; SD, standard deviation; SES: socioeconomic status 
 

 Only 19 items showed significant mean differences. Notable, participants in the 

high religiosity group reported higher mean scores for all seven items regrading attitudes 

towards early screening. For instance, the highly religious group had a mean score of 8.6 

(SD = 2.4), while their counterparts had a mean score of 8.1 (SD = 2.6), in the response 

to the statement that, “carrier screening for hereditary diseases like SCD should be 

mandatory for all high school students,” t(3074.58) = -4.8, p < .001. Table 22 lists all 19 

perceptual items that have significant mean differences. 
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Table 22 
 

  

Perceptual Items with Significant Mean Differences by Religiosity 

Statement Group  
 Low Religiosity  High Religiosity  

 M SD N  M SD N t 

- Raising a child with 
SCD would be 
rewarding for me. 

3.5 2.7 1,626  4.3 3.7 1,454 -5.6 

- Knowing the carrier 
status is my duty to 
society. 

8.4 2.7 1,626  8.7 2.6 1,454 -3.0 

- Naming is still a 
common practice. 5.0 3.1 1,626  4.6 3.2 1,454 3.7 

- Societal and family 
pressure might 
influence my 
marriage plans. 

3.6 3.4 1,626  2.7 3.3 1,454 7.0 

- I would approve of 
a mismatched 
marriage if it’s out of 
love. 

1.8 2.7 1,626  1.2 2.6 1,454 5.4 

- I think having my 
child screened for 
SCD in high school is 
the right thing to do. 

7.6 3.1 1,626  8.0 3.9 1,454 -2.9 

- Carrier screening 
for hereditary 
diseases like SCD 
should be mandatory 
for all high school 
students. 

8.1 2.6 1,626  8.6 2.4 1,454 -4.8 

- I think children 
should be screened 
for SCD as early in 
life as possible. 

 

9.0 2.0 1,626  9.2 2.0 1,454 -2.5 
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Table 22, continued   

Statement Group  
 Low Religiosity  High Religiosity  

 M SD N  M SD N t 

- I would do carrier 
screening even if it 
costs me money. 

7.9 2.7 1,626  8.3 2.7 1,454 -3.8 

- Screening early 
helps have a healthy 
family. 

8.9 2.1 1,626  9.2 1.9 1,454 -4.3 

- Screening early 
saves treatment costs. 8.1 2.8 1,626  8.6 2.6 1,454 -4.7 

- Screening early 
helps eradicate SCD. 7.5 2.9 1,626  8.1 2.8 1,454 -5.7 

- I am skeptical of the 
screening results. 1.8 2.6 1,626  1.6 2.6 1,454 2.0 

- Afraid of finding 
out the disease status. 2.7 3.4 1,626  2.5 3.3 1,454 2.1 

- Afraid results may 
cause family conflict. 3.4 3.8 1,626  2.6 3.6 1,454 5.6 

- No need to do a 
carrier screening 
because marriages are 
predestined. 

2.8 4.0 1,626  2.3 3.8 1,454 3.8 

- Families would be 
encouraged if 
incompatible 
marriages are banned. 

8.9 2.7 1,626  8.3 2.7 1,454 -3.5 

- Families would be 
encouraged if 
sanctions were 
imposed on 
incompatible couples. 

6.6 3.2 1,626  7.1 3.2 1,454 -4.8 

- Families would be 
encouraged if they 
saw patient 
testimonials. 

6.5 3.7 1,626  7.5 3.5 1,454 -7.7 

Note: All items significant at p < .001; M, mean; SD, standard deviation; SCD, sickle cell disease 
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Perceptual Differences by Gender 

 Additional ancillary analysis was conducted to explore potential differences in 

perceptual items by gender. t-tests were run to compare mean scores between males (45% 

of total sample) and females for all the 32 perceptual items, with alpha = 0.05.  

 Table 23 shows the demographic distributions by gender. Females had a 

significantly lower average age than their male counterparts (M = 28.4, SD = 10.2, and M 

= 35.5, SD = 11.3, respectively). Although there are significant differences in SES, the 

overall distributions are similar to that of the total sample. For instance, 4% of the total 

sample reported “poor” SES, which is similar in the male and the female groups. 

Table 23 
 

The Demographics of the Total Sample by Gender 

Demographic 
Attributes 

Total Sample 
N = 3,080 

n (%) 

Males 
n = 1,387 

n (%) 

Females 
n = 1,693 

n (%) 

Age* M = 31.6 

SD = 11.3 

M = 35.5 

SD = 11.3 

M = 28.4 

SD = 10.2 
Group* 

 Adolescents 
 Parents 

 

763 (25) 
2,317 (75) 

 

221 (16) 
1,166 (84) 

 

542 (32) 
1,151 (68) 

SES* 
 Poor 

 Good 
 Very good 

 Excellent 

 
121 (4) 

1,180 (38) 
1,377 (45) 

402 (13) 

 
61 (4) 

575 (42) 
602 (43) 

149 (11) 

 
60 (3.5) 

605 (36) 
775 (46) 

253 (15) 
Note: * p < .001; M, mean; SD, standard deviation; SES: socioeconomic status 
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Only 21 items showed significant mean differences, across the five perceptual 

themes. Mainly, differences were shown in all the barrier items, but with an inconsistent 

pattern. For instance, females reported a higher mean score regarding “fear of finding out 

the screening results” (M = 2.7, SD = 3.4), while their male counterparts had a mean of 

2.4 (SD = 3.3), t(3006.63) = -2.4, p < .001. On the other hand, females had a lower mean 

score in several other barriers. No pattern existed by gender across the different themes. 

Table 24 shows all 21 perceptual items that showed significant mean differences. 

Table 24 
 

  

Perceptual Items with Significant Mean Differences by Gender 

Statement Group  
 Males  Females  
 M SD N  M SD N t 

- It is Allah’s will if a 
child has SCD. 2.7 3.9 1,387  3.2 3.5 1,693 -4.0 

- Parents of children 
with SCD are to 
blame for their 
child’s illness. 

7.8 2.9 1,387  7.1 3.2 1,693 7.0 

- Raising a child with 
SCD would be 
rewarding for me. 

4.2 3.7 1,387  3.6 3.4 1,693 4.9 

- Suffering from SCD 
goes beyond just the 
affected child and 
impacts the family. 

8.4 2.6 1,626  7.6 3.0 1,454 7.9 

- The social impact of 
having an affected 
daughter with SCD 
are more serious than 
having an affected 
son. 

6.6 3.3 1,626  5.9 3.6 1,454 5.2 
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Table 24, continued         

Statement Group  
 Males  Females  

 M SD N  M SD N t 

- Knowing the carrier 
status is my duty to 
society. 

8.7 2.6 1,626  8.4 2.7 1,454 2.6 

- Naming is still a 
common practice. 4.5 3.2 1,626  5.1 3.2 1,454 -4.8 

- I would maintain 
the naming of my 
child to a relative 
regardless of the 
incompatible 
screening results. 

0.8 2.1 1,626  0.6 1.9 1,454 2.5 

- I think having my 
child screened for 
SCD in high school is 
the right thing to do. 

7.6 3.2 1,626  8.0 2.9 1,454 -3.4 

- Screening early 
helps have a healthy 
family. 

9.0 2.0 1,626  9.1 2.0 1,454 -2.0 

- Screening early 
saves treatment costs. 8.2 2.8 1,626  8.5 2.6 1,454 -2.8 

- Screening early 
helps eradicate SCD. 8.0 2.9 1,626  7.7 2.9 1,454 2.7 

- I am skeptical of the 
screening results. 1.5 2.6 1,626  1.8 2.7 1,454 -3.2 

- Afraid of finding 
out the disease status. 2.4 3.3 1,626  2.7 3.4 1,454 -2.4 

- I am concerned the 
results will jeopardize 
marriage chances. 

2.9 3.3 1,626  2.4 3.2 1,454 3.6 

- I am afraid the 
screenings results 
would taint my 
family’s reputation. 

2.2 3.1 1,626  1.7 2.9 1,454 4.1 
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Table 24, continued         

Statement Group  
 Males  Females  

 M SD N  M SD N t 

- Afraid results may 
cause family conflict. 2.7 3.5 1,626  3.3 3.8 1,454 -4.2 

- No need to do a 
carrier screening 
because marriages are 
predestined. 

1.9 3.5 1,626  3.1 4.2 1,454 -8.5 

- Families would be 
encouraged to 
participate if this 
screening can be 
done through a home 
visit. 

7.7 2.9 1,626  7.4 3.1 1,454 2.2 

- Families would be 
encouraged if 
sanctions were 
imposed on 
incompatible couples. 

7.1 3.2 1,626  6.7 3.2 1,454 3.0 

- Families would be 
encouraged if they 
saw patient 
testimonials. 

7.8 3.2 1,626  6.4 3.8 1,454 11.0 

Note: All items significant at p < .001; M, mean; SD, standard deviation; SCD, sickle cell disease 

 

Conclusion 

This chapter provides answers to RQ 2 and RQ 3. With some minor exceptions, 

the perceptual maps for adolescents and parents are visually comparable, indicating that 

both groups share similar perceptions and assign equal salience to the different factors 

that shape the cognitive processes around early carrier screening. Though, minor 

differences in communication strategies for each group should be developed to account 
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for the small conceptual differences in the maps. The results also show that religiosity 

directly and indirectly influence the intention to participation in early screening, which 

was rather high in both groups. In addition, there were some perceptual differences by 

religiosity and gender. The implications of these findings will be discussed in the next 

chapter. 
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CHAPTER 6 

DISCUSSION 

Overview 

The purpose of this research was to assess how Saudi parents and adolescents 

perceive early carrier screening for sickle cell disease (SCD). Societal acceptance of such 

a preemptive screening had not been studied in this population, and knowledge of barriers 

and facilitators remained anecdotal. This research used a comprehensive theoretical 

approach to investigate individual, interpersonal, organizational, and political factors that 

can promote or hinder public participation in early carrier screening. The study had two 

primary aims: 1) to gain a contextualized understanding of perceptions towards this issue 

through qualitative methods; and 2) to identify salient factors through quantitative 

analyses to develop targeted public health communication interventions in order to 

encourage participation in early screening for SCD. 

There were a number of important findings in this study: 

1. The qualitative data demonstrated that parents and adolescents ascribed to 

similar beliefs around SCD and early screening. Both groups showed unequivocal 

support of an early intervention to screen adolescents for the sickle cell trait in order to 

guide marriage arrangements and to ensure the wellbeing of future children. Participants 

reported intimate familiarity with the disease physical and emotional consequences. Thus, 

early screening and awareness efforts championed mainly by patients were emphasized 

as a necessity to reduce the incidence of sickle cell disease. 
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2. The perceptual maps of parents and adolescents depicted similar 

conceptualization across different domains, which indicates that both groups share 

comparable perspectives and decision-making processes regarding attitudes around SCD, 

marriage, and early screening. Therefore, parents and adolescents may benefit from 

similar message strategies, with some minor differences. 

3. Mediation analyses showed that religiosity influenced intention to participate in 

early screening through two mechanisms, directly and indirectly through shaping 

perceptions. Such findings may be used to further investigate the role of religiosity on 

health behaviors, especially the uptake of preemptive screening for recessive diseases 

such as SCD. 

This closing chapter presents a restatement of the public health relevance of early 

carrier screening, a summary of the significant findings, and a discussion of the 

implications of the findings in light of the current practices to inform future intervention 

development. It will also address study limitations, recommendations for future research, 

and contributions to the field. 

Public Health Relevance of the Research 

The biased global distribution of SCD presents unique challenges to specific parts 

of the world, especially in Saudi Arabia, where the disease has been a significant public 

health problem. The prevalence rate of the disease in Saudi Arabia is one of the highest 

compared to surrounding countries (up to 2.6% of total population compared to 0.4% in 

Bahrain and 0.2% in Oman), while the reported prevalence for the sickle cell trait ranges 

from 2% to 27% in some regions of the country (Al Arrayed & Al Hajeri, 2012; Al-
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Balushi & Al-Hinai, 2018; Jastaniah, 2011). This blood disease is particularly common in 

the Eastern Province of Saudi Arabia, which has more than a 5-fold higher annual 

prevalence of SCD compared to other regions in the country. Specifically, the eastern 

governorates of Alqatif and Alahsa have the highest gene frequency for sickle 

hemoglobin (HbS), the genetic variant causing the most severe form of SCD (Al-Suwaid 

et al., 2015). SCD has been a major public health challenge since the 1960s when the 

disease was first reported in the eastern region.  

SCD disease greatly diminishes quality of life and is associated with substantial 

morbidity and mortality, especially in developing countries (McGann, 2014). The 

deformed, sickled structure of the red blood cells obstructs cellular movement through 

the vascular system, leading to vaso-occlusion and preventing the normal transport of 

oxygen to body organs. Despite tremendous medical and healthcare improvements, the 

life expectancy of SCD patients is still shortened by more than two decades compared to 

the general population (Gardner et al., 2016). Common causes of death among 

individuals with SCD include cardiac and respiratory diseases (Hamideh & Alvarez, 

2013). Furthermore, hospital-based studies from the Eastern Province of Saudi Arabia 

show that 73% of deaths occur under the age of 30, with acute chest syndrome (including 

chest pain, fever, and breathing problems caused by vaso-occlusion) followed by 

infection as the major causes of deaths (Al-Suliman et al., 2006). Unfortunately, there is 

no efficient cure for this debilitating disease (Mayo Clinic, 2018; Piel et al., 2017). 

Consanguineous marriage arrangement is a concept importantly connected to the 

prevalence of the recessive SCD. The closer the biological relationship between parents, 
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the greater the probability that their offspring will inherit identical copies of one or more 

detrimental recessive genes, which increases the likelihood of diseases such as SCD. 

Notably, Saudi Arabia has one of the highest rates of consanguineous marriages among 

Arab countries (Al-Owain et al., 2012). It is estimated that more than 56% of marriages 

are consanguineous, although rates can exceed 80% in some regions, with a strong 

preference for first-cousin unions (33–40%) (Al-Aama, 2010; El-Hazmi et al., 1995; El-

Mouzan et al., 2007; El Mouzan et al., 2008; Warsy et al., 2014). A study by Warsy and 

colleagues (2014) concluded that Eastern Province had the highest rate of first-cousin 

marriages in the country, accounting for 40% of the region’s consanguineous marriages. 

Consequently, an analysis of genetic diagnoses in Saudi Arabia reveals a clear bias 

toward autosomal recessive disorders, such as SCD (Alkuraya, 2014). Indeed, 

consanguineous marriages shape the landscape of genetic diseases in Saudi Arabia. 

The persistent popularity of consanguinity in Saudi Arabia (Alkuraya, 2014; Warsy et 

al., 2014), the high rates of sickle cell carriers (Jastaniah, 2011), and the lack of 

accessible cure for the disease (Mayo Clinic, 2018) necessiate the development of 

socially sensetive interventions that provide families with solutions to establish healthy 

marriages while respecting cultral norms. One of the promising strategies is to conduct 

carrier screening for adolescents (between 17-18 years of age), before the formation of 

family marriage plans or emotional attachment with a potential mate. This approach 

would give affected individuals, carrier or diseased, sufficient time to understand and 

appreciate the implications of their status and would guide them through their search for a 

future spouse (Al-Balushi & Al-Hinai, 2018; Al Arrayed et al., 2003). Research on Saudi 
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patients have found that properly informed individuals are capable of acting responsibly 

on their carrier status by encouraging their future mates to be tested (Alkuraya, 2013). 

This model has shown tremendous success in similar cultures (Al Arrayed, 2011; 

Kalfoglou & Broder, 2011; Vallance & Ford, 2003).  

However, little is known about how Saudi adolescents and parents would perceive an 

early carrier screening program and whether it would be seen as acceptable by this 

society. Further, demographic and psychosocial factors, such as stigma and religiosity, 

might compromise the success of such programs in Saudi Arabia. The objective of this 

study was to understand the perceptions and attitudes of Saudi parents and adolescents 

towards early SCD carrier screening and how it could impact potential marriage plans. 

Findings from this study can be used in future interventions aimed at implementing 

culturally acceptable messaging strategies to reduce risky marriages and consequently 

decrease the rate of the debilitating sickle cell disease. 

The present research provides a comprehensive assessment of the individual and 

interpersonal factors that might encourage or hinder public participation in early carrier 

screening. Structured focus groups contextualized our understanding of this nuanced 

topic, and perceptual mapping visualized the most salient factors that impact people’s 

decision-making processes regarding the uptake of early screening. Finally, mediation 

analysis was utilized to add insights about the role of religiosity on the intention to 

participate in the proposed intervention. 
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Summary of Study Findings 

Comparability between Parents and Adolescents Regarding Early Carrier Screening 

Separate focus groups were conducted in Phase I to qualitatively explore parents’ and 

adolescents’ perspectives around sickle cell disease, the role of marriage traditions, and 

early carrier screening. This formative work was essential for several reasons. First, little 

was known about the complexity of this seemingly biological disease. Given its pattern of 

inheritance, which requires a mutated gene from each parent, sickle cell disease is tied to 

marriage practices. Thus, SCD is a cultural phenomenon as much as it is genetic, and any 

investigation into the prevalence of this disease must consider the local social and 

cultural context, as emphasized by the World Health Organization (1997). Phase I offered 

such contextualized understanding. Second, youth in Saudi Arabia, 24 years of age and 

under, make up 40% of the population (CIA, 2018). They were born and raised in a 

radically different social system compared to their parents, thanks to the technological 

and economic advances of today’s world. Such progression is expected to influence 

youth’s worldviews, including concepts of marriage, wellness, and disease. By 

conducting separate focus groups for parents and adolescents, we were able to examine 

knowledge and attitudinal differences between the two groups. Finally, insights gathered 

from this qualitative phase helped inform the development of a culturally sensitive survey 

to further expand our understanding of early screening in this society.  

The following seven themes emerged from the formative research with adolescents 

(N = 16), which explored attitudes and beliefs around SCD and early screening: 1) 

knowledge of SCD; 2) familiarity with SCD; 3) role of marriage traditions; 4) attitudes 
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towards early screening; 5) barriers to early screening; 6) facilitators to early screening; 

and 7) practical and implementation aspects of early screening. 

From the vantage point of adolescents, early screening can provide critical 

information that can help them navigate the marriage arrangement process and establish 

healthy marriages. Adolescents considered the wellbeing of their future children as the 

highest priority; therefore, most demonstrated a proactive approach to health, including 

screening for SCD. Such a forward-looking perspective stems from the great suffering 

adolescents have directly or indirectly experienced with SCD. This familiarity with SCD 

is not surprising as the Eastern Province, especially Alahsa, has the highest prevalence 

rates of SCD in the kingdom (Al-Suwaid et al., 2015). 

Fifteen parents elucidated their perceptions of sickle cell disease and early screening. 

The following eight themes were identified from this discussion; 1) knowledge of SCD; 

2) familiarity with SCD; 3) blame and contempt; 4) the role of marriage culture; 5) 

attitudes towards early screening; 6) barriers to participation in early screening; 7) 

facilitators to participation in early screening; and 8) practicality and implementation of 

the intervention. 

Parents illustrated thorough understanding of SCD and high support of early 

screening, but they were also more vocal about the social and emotional impacts of the 

disease. Perhaps due to their involvement in family affairs in this close-knit community, 

participants felt the destructive ramifications of risky marriages. This was clear in their 

condemnations of those who marry regardless of the genetic incompatibility concerning 

SCD as well as in their censure of families who maintain designated (i.e., named) couples 
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despite sickle cell status. To parents, SCD is a plague that is caused by the culture, and an 

intervention improving the screening process is key to overcoming this challenge. 

The focus groups revealed remarkable congruence between parents and adolescents 

regarding their perspectives around SCD and early screening. Both groups understood the 

recessive nature of the disease, and thus appreciated well designed social interventions to 

reduce incidence rates by confronting risky marriages. To achieve this cultural shift, 

education and awareness campaigns were perceived as the primary weapon in the battle 

against the disease. Parents and adolescents alike expressed their doubts of their peers’ 

health literacy levels and agreed that real life stories by patients and their families would 

spur enough emotions to encourage people to avoid similar outcomes. 

Further, there was a consensus that the timing of the existing Premarital Screening is 

too late in the marriage process and therefore screening for SCD should be done as early 

as possible in the child’s life. Parents and adolescents expressed unequivocal 

endorsement to early screening and that any marriage arrangement would be contingent 

upon the screening outcomes. This proactive attitude was palpable in all discussions. 

While both groups considered arranged consanguineous marriages as a barrier to a 

successful early screening intervention, there was little to no indication of structural or 

organizational barriers among all participants. The discussion revolved mainly around 

intrapersonal, interpersonal, and societal level barriers, such as social pressure and prior 

emotional attachment between couples due to the naming culture. Overcoming these 

barriers should make participation in early screening more likely. 
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Insights on Decision-Making Related to Early Carrier Screening 

Decision-making is a complex cognitive process that can be dissected with perceptual 

mapping methods to identify the important factors shaping one’s decision. Compared to 

conventional correlation matrices, perceptual mapping displays all variables at once in a 

three-dimensional space to facilitate quicker and more accurate assessment of how 

variables correlate with one another and to the group average, self. The closer the 

variable is to “self”, the more salient it is to the group. The vector modeling then allows 

us to discern which factors should be addressed to drive the desired health behavior. 

Evident from the variance analyses presented in Chapter 5, the perceptual maps 

generated from the Phase II survey had good explanatory power. The cumulative percent 

of total distance accounted for by the maps was either moderate or strong for all of the 

maps. These percentages are a measure of distortions; the greater the cumulative percent 

of total distance accounted for by the maps, the less distortion. That is, the placements of 

the study variables in the generated maps were accurate, with some minor variations. 

Therefore, these maps can be useful in identifying the important factors that shape 

parents’ and adolescents’ perceptions around early screening for SCD. 

The maps reveal important insights about our understanding of how parents and 

adolescent think regarding early screening. Both groups held parents responsible for their 

children’s SCD. This result confirms that people do indeed understand the inheritance 

pattern of the disease in that it requires two carriers for the disease to develop in future 

children. Further, the notion of blaming parents assumes that couples have agency over 

their marriage and reproductive choices. However, while participants in the focus groups 
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expressed similar censure at couples who neglect the screening results, they also raised 

concerns over the forceful social and family pressure couples face should they attempt to 

reconsider their marriage plans. Early screening can offer a viable route for young adults 

to avoid such a challenging dilemma between the inevitable blame and the immense 

social pressure by providing families and individuals with a “matching algorithm” based 

on carrier status, especially for arranged consanguineous marriages. 

Congruent with their belief that early screening is the right thing to do, participants 

strongly approved of making the intervention mandatory. This finding is in line with a 

common thread in the focus groups. Living in the epicenter of the disease, people are 

acutely aware of the negative health complications of SCD, so it is not surprising that 

they would be supportive of a preventive program. While the mandatory Premarital 

Screening, legislated in 2005, has shown some success in reducing the percentage of 

risky marriages (Al Sulaiman et al., 2010; Alswaidi et al., 2012; Ibrahim et al., 2013; 

Memish & Saeedi, 2011), still 30% of incompatible couples proceeded with their 

marriage plans in 2018 alone (Ministry of Health, 2018, Report of the Achievements of 

the Healthy Marriage Program for 2018, unpublished data). According to the same report, 

the Ministry of Health issued 1,487 “certificates of genetic incompatibility” to couples 

who voluntarily rejected the unfavorable results of the premarital screening and the 

subsequent genetic counseling sessions and got married. As demonstrated in the 

qualitative data, people are aware of these risky marriages in their community and of the 

insufficiency of the premarital screening; therefore, it is reasonable to see people strongly 

approving of an early screening mandate as reflected in the maps of both parents and 
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adolescents. In the same vein, adolescents emphasized the importance of doing the 

screening as early as possible in the child’s life. The issue of SCD is pervasive in Saudi 

Arabia, Alahsa particularly; a fact that urges younger and older generations to approve of 

more radical measures to confront the disease. 

The perceptual maps broadened our understanding of the potential barriers to 

participation in early screening. Remarkably, neither parents nor adolescents 

conceptualized any of the barriers to be important to them. Psychosocial factors such as 

stigma, fatalism, and skepticism were far away from the group “self”. This could imply 

that when threatened with SCD, people disregard the psychosocial impediments and 

prioritize screening to avoid the anticipated severe physical consequences of the disease. 

Further, the prevalence of SCD in the community and the wide public awareness of the 

disease might have shaped the social norms, or one’s subjective norm, to be more 

accepting of prevention programs regardless of those barriers. 

Indeed, results of the perceptual maps are in contrast with the revelations from the 

qualitative phase, where participants raised concerns over family conflict and stigma as 

barriers. It could be that at an individual level, these factors do play a role in one’s 

decision to participate in early screening, however, collectively, these factors become 

irrelevant to the wider public. Or, the factors may just not play a big role in the decision 

to screen. Additionally, it could be an issue of temporality; participants in the focus 

groups were speaking retrospectively about situations that have occurred either to them or 

to their relatives, where family conflict and concerns of stigma arose due to issue with 

marriage incompatibility. However, prospective, hypothetical situations, similar to the 
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study survey, might induce people to engage in desirability bias and to present ideal self, 

especially for an adverse problem like this where it could be an aptitude test of one’s 

“common-sense”. 

It is also important to indicate that the barriers listed in the survey did not include 

financial, organizational, or structural obstacles. It is believed that such barriers are 

mainly irrelevant among this population due to the widely available, free healthcare 

access around Alahsa, where people can simply visit the local health center and conduct 

the blood test necessary to find their carrier status, free of charge and without major 

structural or procedural complications. None of these distal barriers were mentioned in 

the exploratory formative work when participants were probed about potential barriers to 

participate in early carrier screening for SCD. Instead, the conversations in the focus 

groups regarding barriers revolved mainly around the psychosocial challenges (e.g., 

stigma and skepticism), so only these barriers were included in the survey. 

The perceptual maps of perceived facilitators and motivators provided insights on the 

most important factors to parents and adolescents regarding early screening for SCD. 

Hearing real-life stories from patients and their families about their morbid journey with 

the disease is the most salient motivator to both groups. This finding aligns with the new 

4-week protocol that is being piolet-tested by the Saudi Ministry of Health. In addition to 

the conventional genetic counseling session (i.e., single one-on-one session), 

incompatible couples now will have to visit local hospitals to witness the disease 

experience of patients with SCD and will also have to meet with the patients’ families to 

learn about the impact of the disease on the family. In addition to these engagements, 
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incompatible couples will have to watch documentaries narrated by patients with SCD 

(The Ministry of Health, 2020, The Educational Program to Prevent Incompatible 

Marriages, unpublished report). Parents and adolescents alike appreciate the power of 

patients’ testimonies to motivate people to participate in early screening for SCD, and the 

state is working on this strategy as well. 

Although providing resources and increasing awareness are crucial in disease 

prevention, this new strategy from the Ministry runs the risk of being perceived as social 

manipulation and emotional blackmail, which might generate emotional distress. The 

literature on abortion is a good example to illustrate this concern, based on policies that 

require a woman seeking an abortion to listen to a heartbeat and have an ultrasound. A 

study assessing the impact of such coercive ultrasound viewing revealed that these 

policies did not substantially impact the percentage of women who proceeded to abortion 

(Kimport, Johns, & Upadhyay, 2018; Updadhyay et al., 2017). As Kimport and 

colleagues suggested (2018), these compulsory laws also reconstructed the meaning of 

ultrasound in abortion care into something women do merely because they feel socially 

compelled to do, which may undermine their individual decisional autonomy and respect. 

Similar outcomes can be reasonably anticipated among incompatible couples should they 

be exposed to intense “anti-marriage” strategies and asked to make sensitive decisions 

about their marriage plans after meeting with families affected by SCD or viewing 

videos. Instead of this threatening, loss-framed approach, the proposed early carrier 

screening provides adolescents with the opportunity to learn from patients’ stories and 

make informed decisions preemptively while they are free from relational commitments 
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and in a less emotional, “cold” cognitive state. Research on decision-making science 

suggests that information processing and reasoning work more efficiently when 

individuals are not at risk (i.e., not in “hot” state) as emotionally arousing situations 

inhibit deliberative reasoning (Markiewicz & Kubińska, 2015). The early approach of 

carrier screening for adolescents could be considered as a preventive measure for new 

cases of risky marriages and SCD, while also offering a time window for individuals to 

deliberate over their decisions safely without immediate pressure and consequences. 

Implications and Message Strategies from Perceptual Mapping and Vector Modeling 

The second important component in the perceptual mapping methods is vector 

modeling, a technique used to identify the factors most influential in “moving” a group 

towards a desired decision (e.g., intention to participate in early screening for SCD). 

Findings from our study suggest that health communication strategies should emphasize 

certain key messages. 

When discussing beliefs around SCD, parents and adolescents would benefit from 

messages that explain the impact of SCD on the whole family and not just the individual 

patients. Content promoting the idea that knowing the carrier status of one’s child is a 

duty to society is also important. Research on the impact of SCD on family dynamics 

show that the presence of a child with SCD is associated with additional emotional strains 

on their families, adverse interpersonal relationships within the family, family conflict 

and disorganization, financial strains, less satisfaction among parents with the extent to 

which their own needs are being met within the family, and parents’ social isolation 

(Adegoke & Kuteyi, 2012; Burlew, Evans, & Oler, 1989; Keane & Defoe, 2016). 
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Messages emphasizing these consequences could be used to highlight the full scope of 

the disease and to encourage people to think beyond the direct physical pain associated 

with it. As Burlew et al. (1989) suggested, parents of children with SCD tend to deny and 

underestimate any impact on the family when asked directly. Messages should be 

developed to increase public awareness and to nudge people towards preventive measures 

such as early carrier screening to avoid the detrimental tangible and intangible effects of 

the SCD on families. 

It is also critical for SCD messages to appreciate and respect the role of faith in most 

communities in Saudi Arabia, especially Alahsa. The vector modeling for beliefs around 

SCD showed that to move parents and adolescents closer to participate in early screening, 

messages should emphasize the belief that “it is Allah’s (God’s) will if a child develops 

SCD.” One of the main tenants of Islam is the belief that Allah is the ultimate creator of 

everything, including health and diseases. “Make use of medical treatment, for Allah has 

not made a disease without creating a remedy for it,” an authenticated statement 

attributed to Prophet Muhammad (Sunan Abi Dawud, n.d.). In this context, early 

screening could be emphasized as a “remedy”. Messages around SCD should highlight 

this concept to promote early screening in this population. 

In addition to these three beliefs which may influence both parents and adolescents, 

the notion that “parents are to blame for their child’s SCD” should be used to motivate 

adolescents towards early screening. Compared to parents who might have married well 

before the implementation of the national Premarital Screening in 2005, adolescents now 

do not perceive any legitimate excuse to engage in risky marriages; therefore, they hold 
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parents of affected children fully responsible for their child’s disease. In communication 

campaigns, this notion could be rephrased into a gain-framed message to encourage 

adolescents to participate in early screening. Although the effectiveness of gain-framed 

messages varies widely based on the target audience, it is believed that such a framing is 

more effective for preventive health behaviors, including exercise and screening 

(Rothman & Salovey, 1997). Messages such as, “screening can ensure that you are not 

causing your child to be born with SCD,” can be incorporated with the aforementioned 

beliefs to bring adolescents closer to participating in early screening. 

 Vector modeling for beliefs around marriage culture among parents and adolescents 

reveals that messages should underscore that naming culture is still common in the 

community. As Saudi Arabia is undergoing vast economic and social changes, it is 

tempting to perceive that modernization has already swept away old marriage traditions, 

such as naming one’s child to a close cousin for marriage. While such an assumption 

might be true in larger urban cities in the kingdom, the rural, conservative culture in 

Alahsa is still visibly present and dominating. Public health messages to control SCD 

should stress the need for early screening by emphasizing the unwavering relevance of 

naming culture and its standing in the culture of the community. 

In the same vein, respecting the culture is an important factor that is associated with 

enhanced effectiveness of health communication programs and interventions (Institute of 

Medicine, 2002). There is a general consensus that “by understanding the cultural 

characteristics of a given group, public health and health communication programs and 

services can be customized to better meet the needs of its members” (Kreuter & McClure, 



 
  

168 

2003, p. 439). The need to recognize cultural norms should be emphasized when dealing 

with longstanding practices, such as marriage. Therefore, findings from this study should 

be catered in a culturally sensitive approach to achieve the desired health outcomes. 

In addition, gain-framed messages should also be employed as evident from the 

vector modeling on attitudes towards screening. “Early screening helps create a healthy 

family” is a statement that can encourage parents and adolescent to participate in such an 

intervention. As discussed earlier, SCD has a detrimental impact on the whole family, 

emotionally, socially, and financially. Thus, it is important to highlight how early 

screening could provide a peace of mind and help individuals create a stable, healthy 

family. Further, the satisfying and rewarding feeling gained from one’s contribution in 

“eradicating the disease” could be a driving force to promote early screening among the 

younger generation. A meta-analysis of 93 studies has shown that gain-framed messages 

are most persuasive for disease prevention behaviors that have clear outcomes, such as 

dental hygiene (O'Keefe & Jensen, 2007). This finding can be extrapolated to include 

early screening for SCD. The classical Mendelian patterns of inheritance dictate that for 

autosomal recessive diseases, such as SCD, there is a defined likelihood of 25% in each 

pregnancy that a child of two carriers will develop the disease (Omoto & Lurquin, 2004; 

Polin et al., 2017). That is, the disease prenvention behavior of early screening comes 

with predictable and clear outcomes, a scenario that could benefit greatly from gain-

framed messages. 

In addition, two barriers should be addressed to help parents and adolescents 

overcome their concerns and elect to participate in early screening. Messages should 
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alleviate “fears of finding out about screening results” and should offer culturally 

sensitive responses to the concern that such results might “jeopardize one’s chances of 

marriage.” Regarding the former, communication strategies can preemptively clarify the 

differences between carriers and patients. Carriers of recessive diseases are typically 

healthy and do not suffer from physical complications associated with the disease (Rees 

et al., 2010). The goal of early screening is not to detect cases of SCD, but to guide the 

marriage process and prevent future cases. This is connected to the later concern as well. 

Indeed, carriers of sickle cell can still get married and have healthy children in that 

regard; the only criterion for such marriages is selecting a non-carrier as a spouse. This 

possibility is also relevant for those who wish to maintain their consanguineous marriage 

tradition, albeit risks for other recessive diseases remain present and additional genetic 

panel tests might be necessary based on family history. The goal of the early screening 

program is not to confront cultural traditions, but to improve the marriage process by 

matching couples based on carrier status. 

 Messages on facilitators and motivators to participate in early screening should be 

supplemental to legislative actions on the ground. Participation from parents and 

adolescents would be more likely if early screening became “a prerequisite for other 

services, such as driving license or college admission” and if “there were tangible 

incentives to participate, like marriage loans or coupons.” For adolescents, these elements 

also need to be coupled with a legislation that would “ban incompatible marriages.” Once 

such provisions are enacted, campaigns targeting these concepts should promote higher 

public participation in early screening. It is important to mention that campaigns are 
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seldom successful at changing behaviors; their main outcome is change in attitude or 

increasing knowledge, which are attainable goals in the case of early carrier screening 

(Wakefield, Loken, & Hornik, 2010). Getting parents and adolescents to actually do the 

screening may involve more than a campaign, including some of the aforementioned 

legislations, as evident from the results. 

The Role of Religiosity on Early Screening 

Islam plays a monumental role in shaping the cultural landscape in Saudi Arabia, 

as it is one of the most religious countries in the world (Al Ahwal et al., 2016). The 

concept of worship in Islam goes beyond traditional ritualistic acts, such as prayers or 

charity, and includes a comprehensive definition that encompasses “all external and 

internal sayings and actions of a person” (Muhaimin, 2006, p. 83), which influences 

health attitudes and behaviors (Koenig & Shohaib, 2014). This basis provided the 

rationale for the research question that asked if one’s religiosity might shape their 

attitudes about early SCD screening and impact their intention to participate in such a 

preemptive behavior. 

 Findings from this study confirmed the direct and indirect effect of religiosity on 

intention to participate in early screening. Results from the mediation analyses show that 

a person who reports higher religiosity is estimated to report higher intention towards 

early screening, while holding attitudes constant (i.e., direct effect). Further, higher 

religiosity causes higher intention as a result of the tendency for those experiencing more 

religiosity to feel more favorable attitudes (i.e., indirect effect). This conclusion was 

confirmed using ancillary t-test to compare the mean scores of perceptions by religiosity. 
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 Such findings add to our understanding of the impact of religion on health 

attitudes and behaviors. A study on Muslim women reported that religious beliefs shape 

decisions to pursue mammography across diverse ethnic/racial backgrounds. Beliefs 

about duty to God and the stewardship of one’s body appear to enhance mammography 

intention (Padela et al., 2016). However, a study on a small Saudi sample of families with 

blood diseases revealed that despite the degree of suffering in these families, religious 

beliefs, such as interfering with God’s plans, prohibit some from accepting prenatal 

screening and abortion (Alkuraya & Kilani, 2001). In the same vein, moral prohibition in 

Islam against abortion makes early carrier screening more relevant and important to the 

Saudi population as Muslims typically reject abortions “even when significant fetal 

abnormalities are present as a result of consanguineous marriages” (Koenig & Shohaib, 

2014, p. 306). Early carrier screening for SCD would help families avoid such dilemmas 

by guiding arranged marriages to ensure healthy offspring. The effect of religion on 

health is complex, but thoughtful use of religious teaching may prove helpful. 

 The direct and indirect roles of religiosity suggest that health messages and health 

campaigns could benefit from engaging clergy and from utilizing religious-based content 

that promotes prevention and help-seeking behaviors. The persuasive use of religious 

rhetoric has been documented in many domains, including health communication and 

psychology (Baesler & Ladd, 2009). A study on Muslim women’s perspectives on 

designing mosque-based women’s health interventions revealed overall support to such 

interventions. Participants believed that sermons were effective modalities that could 

reach a larger proportion of the community. Participants also encouraged the use of 
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scriptural sources to convey importance of women’s health (Vu, Muhammad, Peek, & 

Padela, 2018). Similar approaches could prove viable to promote early screening for SCD 

in the highly religious community of Alahsa. The Islamic literature is abundant with 

scriptural text from the Holy Quran and from sayings of Prophet Muhammad on disease 

prevention and health promotion; these could be applied to messaging related to what the 

vector modeling indicates is important to move the public towards intention to screen. 

Comparability with Existing Literature 

There is a paucity of research on Saudis’ attitudes towards genetic testing or early 

carrier screening. Al-Aama (2010) examined the attitudes of university students (aged 18-

29) regarding the national Premarital Screening program in Saudi Arabia. While the 

majority were in favor of the program, there were some concerns regarding mandating 

the testing and interference with individual decision making. Findings from the 

qualitative and quantitative data in the current study show similar majority support to 

early screening; however, in contrast to Al-Aama’s finding, parents and adolescents 

strongly advocated making early carrier screening mandatory. This discrepancy could be 

attributed to two reasons. First, Al-Aama’s study was conducted in Jeddah, a 

metropolitan coastal city on the opposite side of Saudi Arabia, where the prevalence rate 

of SCD is much lower than it is in Alahsa (Jastaniah, 2011). This lower distribution 

might have assuaged public concerns over the disease, giving priority to individual rights. 

Second, the study was conducted in 2010, only five years after the implemention of the 

national Premarital Screening. It is possible that people had not yet truly appreciated the 

value or witnessed the outcomes of this relatively new policy. This is evident by the 
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higher percentage of voluntrary risky-marriages compared to recent numbers (Al 

Sulaiman et al., 2010; Ministry of Health, 2018, Report of the Achievements of the 

Healthy Marriage Program for 2018, unpublished data). Finally, 89% of the sample in Al-

Aama’s study were college students who were single and never married, whereas our 

sample was composed of 75% parents and 25% adolescents. It is likely that family affairs 

and children’s wellbeing hold much more weight among parents compared to single 

college students. This could explain the attitudinal discrepancy regarding the screening 

mandate. 

A more recent study by AlQahtani and colleagues (2018) assessed community 

responses to the Premarital Screening (PMS) in Almadinah, another metropolitian city on 

the west coast of Saudi Arabia. The overhwleming majority in this study agreed to 

undergo elective PMS, said they would not marry a carrier if themselves have the trait, 

and agreed on the importance of media and education campaigns to promote the 

screening. These findings are relatively consistent with findings from Phases I and II. 

Participants emphasized the role of education and awareness campaigns to increase 

societal acceptability of early carrier screening. Similarily, themes from the qualitative 

data suggest that marriage arrangement would be contingent upon the results of early 

screening. This was true for both parents and adolescents. However, despite the 

comparable study findings, couples who are incompatible continue to marry under the 

PMS (Al Sulaiman et al., 2010; Alswaidi et al., 2012; Ibrahim et al., 2013; Memish & 

Saeedi, 2011). The early carrier screening may provide a more radical public health 

solution to eliminate the issue of risky marriages, as suggested by the qualitative results 
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in this study and from previous literature (Al-Balushi & Al-Hinai, 2018; Al Arrayed et 

al., 2003). 

Another relevant study is the investigation by Al-Sulaiman and colleagues (2015) 

that assessed attitudes towards the national newborn screening program among Saudi 

women. This program screens newborns for 16 known metabolic and endocrine genetic 

disorders, but it does not screen for SCD. The majority supported the screening program 

and appreciated its importance and usefulness. However, participants reported several 

concerns including need for communication and education materials. Similar results were 

found in two other studies regarding attitudes towards newborn screening (Al Sulaiman et 

al., 2010; Ibrahim et al., 2013). Findings from the qualitative phase in this study show 

that some parents proactively screened their newborns for SCD, out of concerns based on 

family history, but they accused the test of producing incorrect results and of failing to 

detect their children’s SCD. While it is impossible to confirm such claims, it is 

recognized that newborn screening for SCD might not be accurate due to the presence of 

fetal hemoglobin which protects against the sickling until it recedes to lower level and is 

replaced by the sickle hemoglobin around four to five months of age (CDC, 2017). 

Overall, the reported favorable attitudes towards newborn screening are comparable to 

those found in this study regarding early screening for SCD. However, the proposed 

intervention might be superior in its accuracy and effectiveness to detect SCD (Al 

Arrayed et al., 2003; Alfadhel et al., 2017; Ibrahim et al., 2013). And similar to calls from 

previous research, participants in Alahsa emphasized the role of antecedent educational 
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campaigns and communication interventions through different channels to increase 

public acceptance to early carrier screening.  

Study Limitations 

This research project has a number of limitations. The self-referral convenience 

sampling method used may limit the generalizability of the findings. For both phases of 

the study, participants mainly reflect the middle and upper class of the society. However, 

the sample’s skewed demographic distribution, especially in SES and education, could be 

reflective of the true population distribution. Overall, Saudis enjoy comfortable living 

standards thanks to the abundant oil production and to the generous governmental welfare 

programs. According to international data, Saudi Arabia has the second most valuable 

natural resources in the world (Migiro, 2018), and its Purchasing Power Parity ranks 17th 

in the world. This later measure takes into account the gross domestic product as well as 

the relative cost of living; the higher ranks reflect better livability (International Monetary 

Fund, 2019). Further, education through college is provided at no cost for all Saudi 

citizens. In fact, college students in the 37 higher-education institutions across the 

country receive monthly stipends to support their living expenses. As such, Saudi Arabia 

ranks 8th in the world for the percentage of adults who attained a bachelor’s or equivalent 

tertiary education degree (OECD, 2019). In sum, it is likely that the study sample 

provides a reasonable representation of the population, especially regarding SES and 

education.  

To remedy any potential bias, purposeful sampling was used to recruit individuals 

from lower socioeconomic status (SES) to participate in the focus groups. This effort was 
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partially successful, and the author was able to elicit qualitative responses from an 

economically diverse group, including individuals from lower SES. Additionally, to 

overcome sampling bias in the quantitative phase, the survey link was circulated 

extensively beyond the author’s main social media platforms. As indicated in the 

Methods, the chatting app WhatsApp, where the survey link was mainly circulated by 

other parties and individuals, has a high penetration rate in Saudi Arabia across all social 

and economic strata (Statista, 2018). Links to the survey were distributed across 

numerous local WhatsApp groups which have become the primary channel of 

communication and community engagement in the kingdom. To respond to concerns over 

using online surveys and reachability, Saudi Arabia has one of the highest users of 

mobile phones in the world, with usage reaching 97% among those 15 and older (Saudi 

General Authority for Statistics, 2019). Therefore, online recruitment in the kingdom 

should be considered a viable method. 

However, efforts to optimize the generalizability of the study finding might be 

challenged by two factors. First, the main author of this study is a prominent public 

figure, especially among the study population. To meet IRB instructions, the identity of 

the investigators and their contact information were shared along with the survey 

registration forms. This might have attracted certain people who felt favorably towards 

the author. Therefore, the study sample might be skewed towards certain traits and 

characteristics similar to the author’s background and their audience in social media. 

Efforts to conceal or “deemphasize” the author’s identity were followed to the most 

feasible and possible extent, yet given how close-knit and connected this community is, 
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such protective measures might have had little impact. Second, since sampling was done 

through self-selection, it could be argued that only those who felt strongly about the topic 

elected to participate and finish the survey. However, given how prevalent sickle cell 

disease is in Alahsa, it is likely that this research project was perceived to be relevant and 

important to most people in the community. The high response rate and the wide 

spontaneous circulation of the study announcement could be partially explained by the 

community’s genuine interest in the topic. 

Findings of this study should be considered along with the limitations of self-

reported, cross-sectional surveys. Respondents might have experienced social-desirability 

bias and provided desirable answers as opposed to true attitudes and behaviors. This issue 

is expected to be more relevant for certain sensitive topics, such as religiosity (Grimm, 

2010). To help mitigate this bias, respondents were presented with a statement at the 

beginning of the survey and again before the religiosity questions that assured them of the 

privacy, confidentiality, and anonymity of the data as well as of the scientific and 

community value of their honest responses. Given that this study was completed online at 

the participant’s convenience and that no single identifying information was collected, 

threat of social desirability bias was minimized. 

Further, the cross-sectional design of this study precluded any causal 

interpretation of the results. Therefore, associations between the study variables can be 

construed as correlational and not causal. The three criteria often described as necessary 

to establish causations are: covariation, temporal ordering, and the elimination of 

competing explanation (Hayes, 2013). At best, this research study, including the 
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mediation analyses, establishes only covariation between variables, and that is valuable in 

and of itself. Establishing causality requires “endless philosophical spiral of 

reductionism… We have never really explained an association entirely, no matter how 

many intervening variables we propose and account for… This does not mean that it is 

not worth thinking deeply about what cause means” (Hayes, 2013, p. 18). Experimental 

and longitudinal research offer more advantages in approaching causal associations. 

Finally, in addition to the previous limitations, the survey tool used in this study 

has not undergone the process of establishing construct or criterion-related validity. 

However, all of the survey items and scales have come from prior qualitative 

investigation and passed the process of face and content validity from experts and 

individuals from the target population. The religiosity scale was the only one that could 

have been replaced with a validated scale from the literature. However, as discussed 

thoroughly in the Methods, all of the published religiosity scales suffered severe flaws. 

Recommended Directions for Future Research 

 Findings from the current research shed light on several directions for future 

studies. A possible direction for this research is to compare findings with those of other 

towns in the kingdom, which have similar SCD issues. A rural, conservative, and oil-

abundant city, Alahsa is expected to have unique demographic characterizations 

compared to other cities with similar SCD rates, such as Jazan, which is located on the far 

southwest region of Saudi Arabia (Jastaniah, 2011). It will be illuminating to assess the 

attitudinal differences between the two populations and to assess any potential need for 

tailored communication for parents and adolescents in both regions. Although there is no 
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official regional breakdown for illiteracy in the kingdom, media reports frequently claim 

that Jazan has the highest level of illiteracy and one of the highest rates of poverty in 

Saudi Arabia. Compared to the oil-rich, highly educated Alahsa, significant demographic 

and attitudinal differences may be expected regarding early carrier screening for SCD. 

Evident of the need for such a comparison between these two particular cities, the Saudi 

Healthy Marriage program recently conducted field work and focus groups in Alahsa and 

Jazan to assess the conditions of the existing Premarital Screening program and how 

genetically incompatible couples compare in their engagement to genetic counseling (N. 

Alhomaid, the Director of the Health Nudge Unit at the Ministry of Health, personal 

communication, 2019). Expanding this research by repeating the survey measure and 

perceptual mapping analysis could potentially discover different strategies for 

communication about a carrier screening program. 

Additionally, now that we have a good understanding of public attitudes and of 

the different barrier and facilitators to participating in early carrier screening for SCD, 

and we have identified through vector modeling the most salient factors to move people 

towards participation, the next steps should include the development of health 

communication campaigns. This might include both media and social media as well as 

community-based programs, such as interventions through collaborations with religious 

leaders. Once these messages are developed, concept testing can be done to further 

improve the interventions prior to deployment. Assessment studies then could be used to 

measure the impact of health messages and of the content developed based on findings. 

The hypothesis is that such campaigns will improve preparedness and intention to 
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participate in early carrier screening for sickle cell by reducing decisional conflict. Once 

proved effective, such interventions can be distributed widely to families, health 

practitioners, clerics, social workers, and school administrations to promote voluntary 

participation in early screening and to reduce risky marriages. 

 Further, validating the religiosity measure would be a valuable addition to the 

literature. Of all the existing religiosity measures, only one scale was conducted and 

validated on a sample from the Arabic Gulf countries, which share unique sociocultural 

and political identity compared to the rest of the Middle Eastern and Muslim states 

(Potter, 2009). This region includes Saudi Arabia, Bahrain, Qatar, Kuwait, United Arab 

Emirate, and Oman. The only religiosity measure by Albelaikhi (1997) was the product 

of a doctoral dissertation in psychology, which likely lends support to its rigor and 

validity. However, the 88-item survey would be impractically lengthy for most studies, 

especially those studying religiosity in relation to other variables. Once validated and 

tested for reliability, the current study’s 13-item religiosity scale could be an efficient tool 

for researchers to utilize in their research endeavors conducted in the Gulf. 

 Finally, it will be valuable to conduct an economic assessment study comparing 

the proposed early carrier screening versus the existing Premarital Screening program. 

Insights from such analyses would likely strengthen the case of the preemptive screening 

interventions. It is hoped that the reported overwhelming public support to early 

screening motivates interdisciplinary research to tackle this issue and leads to policy 

changes. 
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Contribution of the Study to the Field 

To our knowledge, this is the first study that has been conducted to evaluate 

decision making and societal acceptance for early carrier screening programs for 

recessive diseases. As the first study, the research project was designed to be exploratory 

and foundational to understand the driving forces beyond the public’s potential decision-

making process regarding early screening for SCD. The use of a mixed-methods design 

in this study adds both depth and breadth to our understanding of the issue, which enables 

the development of parsimonious health communication content. 

Further, this is the first study that utilized perceptual mapping in the context of 

genetic screening. Applying this marketing method provides a unique and novel 

perspective to investigating public health issues. Genetic screening is a complex 

phenomenon that interweaves an array of sociocultural, moral, and medical factors. 

Perceptual maps help disentangle such complexity into a visual three-dimensional space 

that allows for comprehensive assessments and prioritized rankings of the contributing 

factors based on importance to the study population. These findings have specific 

implications for future communication content for interventions and can inform policy 

development to enact carrier screening. 

This study also has implications beyond Saudi Arabia. The concept of early 

carrier screening for autosomal recessive disease exists worldwide. However, to the best 

of our knowledge, no studies have been published that have assessed the barriers and 

facilitators of public participation. Some of these programs are mandatory, such as the 

high school screening program in Bahrain (Al Arrayed & Al Hajeri, 2012), while 
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participation in the Ashkanazi community’s Upright Generation program and the 

Montreal thalassemia screening program remains volunary (Kalfoglou & Broder, 2011; 

Vallance & Ford, 2003). Understanding what hinders or facilitates participation can help 

design communication interventions or help modify existing protocls to improve soceital 

acceptance and increase the numbers of people who volunarily select to screen. Although 

our study was conducted on a Saudi sample, intellectual, practical, and methodolgoical 

lessons can be learned and translated to other settings around the world. 

Overall, this study was designed to explore societal acceptance of early carrier 

screening for sickle cell disease, especially among parents and adolescents in Saudi 

Arabia. The mixed-methods approach contexualized our understanding of the issue and 

offered interesting and important lessons about this major public health issue. The novel 

use of perceptual mapping visualized how this population in particular perceives the 

different factors that shape the decision making processes. As religion is fundemental and 

seen as a “way of life” for millions of people, its role on shaping attitudes and impacting 

intention to participate in early screening was also an important finding that can be 

applied to future public health interventions. Overall, insights from this study can guide 

the development of health communication messages that both respect the culture and 

encourage public participation in early screening to reduce the incidence of risky 

marriages and put an end to SCD. 

Final Thought 

 In April 25 of 2016, the Saudi government announced Vision 2030, a 

comphernsive plan to revitalize the Saudi economy and improve public services (Vision 
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2030, 2020). This ambitious vision is guided by three transformative pillars, one of which 

is “creating a vibrant soceity” through “strengthening prevention against health threats.” 

The proposed early carrier screening is an answer to this call as it has the potential of 

preventing one of the most common genetic disorders in the kingdom, the deblitating 

sickle cell disease.  
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APPENDIX A 

PHASE I MATERIALS 

Focus Group Moderator’s Guide (Parents) 

SCD carrier test for adolescents 

 

Focus group number:        Date: 

 

A.  INTRODUCTION AND WARM-UP    

A1.  Staff introductions.  Introduce self and any assistant in the room. 

A2.  Welcome: The purpose of this study is to get your thoughts on screening adolescents 

for sickle cell disease and how that impact marriage plans. We’d like to first thank you all 

for taking the time to meet with me today. We appreciate your willingness to share your 

experiences and thoughts with me. 

We have provided you with information about our study -- we are trying to 

understand more about what parents think of screening their children for sickle cell 

disease early in life and how they would use the test results to plan future marriages for 

their children. It’s ok if you don’t much about sickle cell disease or the procedure of the 

screening, or don’t know a lot about these things.  We will explain it to you and give you 

some information before we discuss it. We hope you will be frank about your thoughts 

and reactions - this will help us to better understand what would encourage or discourage 

parents to allow this screening, so we can eventually promote this idea and provide 

necessary information to the publics.  
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[NAME] is sitting over there taking notes so that I don’t forget the important things you 

tell me. We will also be recording the session with this digital recorder [point to it] so we 

don’t miss any of your important comments.  When we go back and listen to the 

recording, we will be typing up what everyone has to say but we will not include any 

names in the transcript.  

To make sure everyone understands what we will be doing, let’s go through this consent 

together.   

[Go over informed consent.  Have all participants sign and hand in.]   

A3.  Ground rules: 

Now I want to go over a few guidelines for the group discussion. 

1. What we say in the group should stay here – keep it confidential. 

2. One person talks at a time. Because we would like to hear from everyone, I might call 

on you if you’re not saying much or ask you to give others a chance if you have talked a 

lot. 

3. Feel free to respond to another group member, not just to my questions. You can 

follow up on what someone has said, agree or disagree, or give an example.  Please speak 

for yourself using “I” statements and avoid attacking or putting someone else’s ideas 

down. 

4. There might be some sensitive topics that will be brought up. It’s OK to talk about 

anything at all here. We really want to hear from you.  
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5. We want to hear a lot of different perspectives, so as a group we have to respect 

everyone’s point of view. Everyone won’t agree, but we want to hear from everybody. 

There are no wrong answers! We want to ensure a safe environment where individuals 

speak openly so remember that everyone’s opinion and experience is valuable. 

6. To protect everyone’s privacy, please use only the first names that we use to introduce 

ourselves. 

7. Please take a moment now to turn off all cell phones or place them on silent. (Give 

them a moment now to do this.) 

Are there any ground rules that we should add to these? (Give them a moment to 

discuss.) 

Okay, let’s begin.  I will turn on the digital recorders now.  

(TURN ON DIGITAL RECORDERS.) 

A4.  Respondent introductions: Just so we all know each other, let’s have everyone say 

their first name, where they live, and a memorable gift they received. 

B. General Knowledge 

Great, thanks.  And again, thanks for taking part. To begin our conversation, we are going 

to talk just for a few minutes about sickle cell disease (SCD).  

1.  Tell me a little about what you know about sickle cell disease.  

2. What do you immediately think of when you hear a person is diagnosed with sickle 

cell disease? 
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B1. Susceptibility and Severity (Threat) 

3.  What is your experience with people who have sickle cell disease?  

[PROBES:  Do you have friends or family members that have it? How did that 

affect your attitude about the disease?] 

4. Tell me your understanding of the causes of the disease. 

[PROBES:  Does the idea of cousin marriage come to mind at all? Do you feel 

you know enough information about the disease?] 

5. What do you know about the differences between having the disease or being a 

“carrier”? 

[PROBES:  Describe to me a person who is carrier? Would she have symptoms of sickle 

cell?] 

6. Do you know if you or some of your family are a carrier? 

[PROBES:  If yes, how did you find about it? If no, would you want to know?] 

7. What do you think about the premarital screening program? 

[PROBES:  Do you think it should remain mandatory? Do you think prospective 

couples should be bound by the results? 

C.  SCD Carrier Test for Adolescents 

Now let’s talk about a sickle cell carrier test that is offered for adolescents. It’s similar to 

the premarital screening but done early in high school. So that everyone understands what 

this is, it is a simple blood test that tells you if you are a carrier of sickle cell disease, so 
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you plan your marriage accordingly to avoid getting married to another carrier and 

potentially have children with the disease. (Hand out the pattern of inheritance for more 

information) 

I want to talk a little about your first impressions and what you think the main reasons are 

that people may or may not want to get this test done. 

8. What do you think of the program? 

C1. Barriers 

9. Take a piece of paper and write down and rank three important things that 

would stop you or other parents from getting this test done for their children during high 

school years. [Follow-Up: religion (fate and trust on God), stigma, reputational damage, 

cost, access and appointment (logistics), fear of knowing, family, effect on potential 

marriage, lack of knowledge & information about the disease, emotional distress to 

inform other family members as that might mean they are carriers too?] 

10. if your child tested now and found out he/she carried the sickle trait; How 

would you use the result in arranging your child’s marriage? 

[PROBES:  Do you think your attitude about the results would be different in 

comparison to your spouse? Would these attitudes and reactions differ if the 

carrier was your daughter vs. son? 

11. What is one thing about the screening program that would absolutely stop you 

from allowing your child to do it? 
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C2. Facilitators & Cues to Action 

12.  Again, let’s take a piece of paper and write down and rank three important 

things that would encourage you or other parents to allow their children to get tested. 

[Follow-Up: Certainty about their health, health of their future children, better 

arrangement of marriage, easy access and test procedure, free or low cost, knowing more 

about the disease, privacy] 

13. What single thing could happen that might make you want your child to get 

tested? 

14. if you were responsible for promoting this program in your community, what 

key points would you stress in the campaign? 

15. suppose you were trying to encourage a friend or a family member to do the 

carrier test, what would you say? 

16. who would convince you the most to have your children tested? 

[Follow-up:  friends and family, spouse, influencers in social media, doctors, 

clerics, officials, people in your community] 

17. tell me your thoughts about making this test mandatory instead of the 

premarital? 

[PROBES:  should government deny marriage license for those incompatible?] 

 

 



 
  

210 

D. Closing 

18.  is there anything that we should have talked about regarding this potential 

program but didn’t? 

19. What advice do you have for us if we want to introduce this new program for 

adolescents and families? 

 

We’d really like to thank you for taking your time and sharing your thoughts. We 

hope the results of what we learn can help provide a better understanding of what some of 

the barriers are for families and adolescents around doing the carrier testing in high 

school so that we can provide the type of information in a way that makes sense. 
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DEMOGRAPHIC QUESTIONNAIRE – Focus Groups 

 

First are a few questions to help us understand who is participating in the focus 
groups.  Please mark the box that best describes you.  Thanks! 

 

1. How old are you? (Select one.) 

q _________ years old (1) 
q Don’t Know (98)  
q Decline to Answer (99) 

 

2. What is your gender? (Select one.) 

q Male (1) 
q Female (2)  
q Other or Decline to Answer (99) 

 

3.  Where are you from in Alahsa (i.e., name of your village/town)? 
_________________ 

 

4. What is the highest level of education you finished? (Select one.) 

q Below 10th grade (1) 
q 10th grade (2) 
q 11th grade (3) 
q 12th grade (4) 
q Some college or post-secondary (5) 
q College (6) 
q Grad school (7) 
q None at all (8) 
q Don’t Know (99) 

 

5. How would you describe your family socioeconomic status? (Select one.) 

q Lower (1) 
q Lower middle (2) 
q Middle (3) 
q Upper middle (4) 
q Upper (5) 
q Don’t Know (98) 

 



 
  

212 

6. Do you or some family members have sickle cell disease? (Select one.) 

q Yes, I have the disease myself (1) 
q Some of my immediate family has it (e.g., parents, siblings, nieces, nephews) (2) 
q Some of my extended family has it (e.g., 2nd or 3rd cousins) (3) 
q No, none (4) 
q Don’t Know (5) 
q Decline to Answer (99) 

 

7. To the best of your knowledge, people who are carriers of sickle cell disease show 
symptoms and their health is affected by the disease (Select one.) 

q True (1) 
q False (2) 
q Not sure (3) 
 

8.  Are your parents first or second cousins? (Select one.) 

q Yes (1) 
q No, they are not related at all (2) 
q They are distant cousins (not first or second cousins) (3) 
q Don’t know (98) 

 

For parents only: 

9.  Are/were you married to a first or second cousin? (Select one.) 

q Yes (1) 
q No, my spouse is/was not related to me at all (2) 
q My spouse is/was a distant cousin (not a first or second cousin) (3) 
q Don’t know (98) 

 

10.  Have you married one of your children to a first or second cousin? (Select one.) 

q Yes, one or more (1) 
q No, my child married someone who is not related at all (2) 
q My child married a distant cousin (not a first or second cousin) (3) 
q Not applicable (98) 
q Don’t know (99) 

 
11.  How old is your youngest child? 

_________ years old 
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APPENDIX B 

PHASE II MATERIALS 

Perceptual Mapping Survey 

 

Parents: Perceptions of Sickle Cell Screening Program for Adolescents  ID: --------- 

Thank you for agreeing to take our survey! Please let us know if you have any questions. 
 
Before we begin the survey, we’d like to ask you a little bit about yourself.  

1- Approximately, how many years have you lived in Alahsa?  

2- How old are you?  

3- What is your sex?  1- Male 

2- Female 

4- What is the highest level of education you have completed 
to date? 

1- No schooling 

2- Less than high 
school 

3- High school 

4- Vocational 
diploma 

5- College 

6- Graduate degree 

5- In general, how would you describe your family’s 
economic status?  

1- Poor 

2- Fair 

3- Good 

4- Excellent 

6- I need someone to help me read instructions, pamphlets, or 
other written material from my doctor or pharmacy. 

1- Never 

2- Rarely 

3- Sometimes 
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4- Often 

5- Always 

7- Are your parents first or second cousins (have the same 
grandfather or great-grandfather)? 

1- Yes 

2- No  

8- What is your marital status? 1- Married 

2- Divorced 

3- Widowed 

9- Are/were you married to a first or second cousin? 1- Yes 

2- No 

10- Are/were you married to a carrier of sickle cell disease? 1- Yes 

2- No 

3- Unsure 

11- How many children do you have?  

12- Have you married one of your children to a first or 
second cousin or would you do so? 

1- Yes 

2- No, and I don’t 
prefer that 

3- No, but I would 
prefer that 

4- Unsure 

13- Is there anyone close to you who has sickle cell disease 
(e.g., family or friends)? 

1- Yes 

2- No 

14- Do you know your sickle cell disease status? 1- I am affected/have 
the disease 

2- I am a carrier  

3- Neither 

4- Unsure 
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      14a- If you are a carrier, how did you first find out? 1- Family told me 

2- From the 
premarital screening 

3- Accidentally (e.g., 
visiting hospitals for 
other conditions, job 
screenings, blood 
donations) 

4- I just assume that I 
am a carrier 

5- Unsure 

6- If other, write here:  

 

      14b- If you are a carrier, when did you first find out about 
your carrier status?  

1- During childhood 

2- In adolescence or 
early adulthood 

3- During the 
marriage process 

4- Unsure 

 
 
These statements are about your general knowledge about sickle cell disease. If you 
don’t know, choose which you think is the best answer.   

1- Sickle cell disease is a hereditary blood disease. 1- True 

2- False 

2- A person can be a carrier of a sickle cell disease without a history 
of the disease in the family. 

1- True 

2- False 

3- Someone who is a carrier of sickle cell disease may not know they 
are a carrier. 

1- True 

2- False 

4- Only one parent needs to be either a carrier or have sickle cell 
disease for their child to have the disease. 

1- True 

2- False 
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5- A child can have sickle cell disease only if their parents are related 
(e.g., cousins). 

1- True 

2- False 

6- Carriers of sickle cell disease usually show the symptoms of the 
disease. 

1- True 

2- False 

7- A child of two carrier parents has a 25% chance of having sickle 
cell disease. 

1- True 

2- False 

8- Sickle cell disease is caused by cold weather and other 
environmental factors. 

1- True 

2- False 

9- Sickle cell disease is an infectious disease that can spread from one 
person to another. 

1- True 

2- False 

10- Sickle cell disease is the same as the “fava sickle cell” (G6PD ). 1- True 

2- False 

11- Sickle cell screening should be repeated as results may vary over 
one’s lifetime. 

1- True 

2- False 

12- Sickle cell disease can disappear with age. 1- True 

2- False 

13- Healthy lifestyle, like healthy diet and exercise, can cure sickle 
cell disease. 

1- True 

2- False 

14- There is a medical cure for sickle cell disease. 1- True 

2- False 

15- In general, people with sickle cell disease have a normal life 
expectancy (70-80 years). 

1- True 

2- False 
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¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨ 

0          1         2         3          4         5         6         7          8        9        10 

         Strongly Disagree                                                                              Strongly Agree       

 

 

These are statements about your general beliefs about marriage. Using the 0-10 scale, 
where zero is strongly disagree and 10 is strongly agree, rate how much you 
DISAGREE OR AGREE with each statement. 

1- I would marry my child to someone with incompatible screening 
results because they can use reproductive technologies to have healthy 
children. 

 

2- I believe marriages between those who have incompatible screening 
results should be legally banned. 

 

3- Naming is still a common practice in most families.  

4- In general, societal and family pressure might influence my 
decisions about my children’s marriage arrangements. 

 

The following are statements about beliefs around sickle cell disease. Using the 0-10 
scale, where zero is strongly disagree and 10 is strongly agree, rate how much you 
DISAGREE OR AGREE with each statement. 

1- I think it is Allah’s will if a child has sickle cell disease.  

2- The parents of children with sickle cell disease are to blame for 
their child’s illness. 

 

3- Raising a child with sickle cell disease would be rewarding for me.  

4- Suffering from sickle cell disease goes beyond just the affected 
child and impacts the whole family. 

 

5- The social consequences of having an affected daughter with sickle 
cell disease are more serious than having an affected son. 

 

6- Knowing if my child is carrier of sickle cell disease is my duty to 
society. 

 

7- Knowing if my child is carrier of sickle cell disease is my duty to 
them. 
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5- I would maintain the naming of my child to a relative regardless of 
the incompatible screening results. 

 

6- I would approve of a mismatched marriage between my child and a 
partner if they’re in love. 

 

 

Brief Background about the sickle cell screening? 

What is it? 
Screening for sickle cell means testing a person’s blood for abnormal types of 
hemoglobin, which is a substance inside the red blood cell that delivers oxygen to all 
organs in the body.  
How is it done? 
A healthcare provider takes a sample of blood by inserting a needle into a vein in your 
arm and send it for lab analysis. The results will tell you if you are healthy, have the 
disease, or if you’re a carrier. Currently this test is mandatory only for those applying for 
marriage certificates. The current proposal here suggests conducting the screening in high 
schools. 
 
For more information: 
Click here for Arabic (from the Saudi Arabian National Guard Health Affairs) 
Click here for English (from the CDC) 

 
The next set of questions are about your attitudes towards carrier screening. Using 
the 0-10 scale, where zero is strongly disagree and 10 is strongly agree, rate how much 
you DISAGREE OR AGREE with each statement. 

1- I think having my child screened for sickle cell disease in high school is 
the right thing to do. 

 

2- Carrier screening for common hereditary diseases like sickle cell disease 
should be mandatory for all high school students. 

 

3- I think children should be screened for sickle cell disease as early in life 
as possible. 

 

4- I would do carrier screening for common hereditary diseases like sickle 
cell disease for my children even if it costs me money. 

 

5- Having a sickle cell screening in high school would help my children 
have a healthy family. 

 

6- Having a sickle cell screening in high school would save considerable 
treatment costs to care for future children. 
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7- Having a sickle cell screening in high school would help eradicate the 
disease in the society. 

 

 

These are statements about barriers to participate in the high school screening 
program for sickle cell disease. Using the 0-10 scale, where zero is strongly disagree 
and 10 is strongly agree, rate how much you DISAGREE OR AGREE with each 
statement. 

1- I am skeptical of the screening results.  

2- I am afraid of finding out my child’s sickle cell disease status.  

3- I am concerned the results will jeopardize my son’s chances of getting 
married. 

 

4- I am concerned the results will jeopardize my daughter’s chances of 
getting married. 

 

5- I am afraid the screenings results would taint my family’s reputation.  

6- I am afraid the screenings results may cause conflict within the family.  

7- I think there is no need to do a carrier screening because marriages are 
destined and meant to be. 
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The next set of questions are about health information.  

How much would you trust health information from the following sources: 

1- Patients and their families? 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

2- Social media influencers and 
celebrities who are not experts? 

 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

The following are statements about possible facilitators to participate in the high 
school screening program for sickle cell disease.  Using the 0-10 scale, where zero is 
strongly disagree and 10 is strongly agree, rate how much you DISAGREE OR 
AGREE with each statement. 

1- Families would be encouraged to participate in the screening if 
incompatible marriages are legally banned. 

 

2- Families would be encouraged to participate if this screening became a 
requirement to receive services, such as college admission and driver’s 
license. 

 

3- Families would be encouraged to participate if this screening can be 
done through a home visit. 

 

4- Families would be encouraged to participate if there were incentives for 
those who do the screening (e.g., marriage loans, coupons). 

 

5- Families would be encouraged to participate if sanctions were imposed 
on those who marry regardless of the incompatible screening results. 

 

6- Families would be encouraged to participate if I saw patient testimonials 
and heard stories of people whose children were born with sickle cell 
disease. 
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3- Doctors and healthcare 
providers? 

 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

4- Sheikhs? 

 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

5- Government officials such as the 
Ministry of Health? 

 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

6- Friends and family? 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

Which of the following message would you think would be most persuasive in getting 
you to agree to carrier testing? 

1- “If I don’t have my children screened, I will be responsible if my grandchildren are 
born with sickle cell disease.” 

2- “We can ensure a healthy generation free from sickle cell disease if we have our 
children screened early.” 

3- “Carrier screening can reveal who is at risk of having children with sickle cell 
disease.” 
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4- “Without carrier screening, innocent children will be born with an incurable, 
painful disease.” 

 

These statements are about your religiosity.  

This survey is completely private, confidential, and anonymous. Your honest response 
will help us better address the study questions to reduce risky marriages. 

1- I pray the morning prayer on time. 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

2- I perform voluntary worships (prayers, fasting, and reading 
the Quran). 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

3- I visit my relatives to maintain the warmth between us. 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

4- I commit to what the Prophet said, “The best amongst you 
is he who is the most kind to his family”; that’s, my family is 
my priority. 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

5- In my daily life, I commit to what the Prophet said, 
“religion is in the treatment of others”, especially when 
treating the subordinates such as housemaids. 

1- Never 

2- Rarely 
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 3- Sometimes 

4- Often 

5- Always 

6- I consult the provisions of Islamic jurisprudence to handle 
my daily affairs (e.g., work, traveling, or banking issues). 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

7- I command what is right and forbid what is wrong. 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

8- I keep my eyes from staring lewdly at the other sex or 
watching pornography. 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

9- I keep my tongue from lying, backbiting, and calumny 
(talking maliciously about people in their absence). 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

10- I refrain from engaging in romantic or lustful 
relationships outside of the realm of marriage, in real life and 
on the internet. 

1- I strongly disagree 

2- Disagree 

3- Unsure 

4- Agree 

5- Strongly agree 
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11- I refrain from listening to music. 1- I strongly disagree 

2- Disagree 

3- Unsure 

4- Agree 

5- Strongly agree 

12- I contemplate and hold myself accountable for all my 
deeds in fear of Allah. 

1- I strongly disagree 

2- Disagree 

3- Unsure 

4- Agree 

5- Strongly agree 

13- I have no doubt that Islam is the only true religion. 1- I strongly disagree 

2- Disagree 

3- Unsure 

4- Agree 

5- Strongly agree 

 

Intent to take. Using the 0-10 scale: 

If your child is offered the sickle cell screening in high school, how likely would you 
agree for him/her to participate in it? 

¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨ 

0          1         2         3          4         5         6         7          8        9        10 

             Least Likely                                                                                         Very Likely         
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Adolescents: Perceptions of Sickle Cell Screening Program for Adolescent   ID: ---------- 

Thank you for agreeing to take our survey! Please let us know if you have any questions. 
 
Before we begin the survey, we’d like to ask you a little bit about yourself.  

1- Approximately, how many years have you lived 
in Alahsa? 

 

2- How old are you?  

3- What is your sex?  1- Male 

2- Female 

4- What is your education level? 1- Less than high school 

2- Currently in high school 

3- Graduated from high 
school 

5- In general, how would you describe your family’s 
economic status?  

1- Poor 

2- Fair 

3- Good 

4- Excellent 

6- I need someone to help me read instructions, 
pamphlets, or other written material from my doctor 
or pharmacy. 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

7- Are your parents first or second cousins (have the 
same grandfather or great-grandfather)? 

1- Yes 

2- No  

8- What is your marital status? 1- Single, and not named to 
someone 

2- Single, but named to 
someone 

      8a- If you’re named, is your partner a carrier of 
sickle cell disease? 

1- Yes 
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2- No 

3- Unsure 

9- Do you intend to marry a first or second cousins? 1- Yes 

2- No 

3- Unsure 

10- Is there anyone close to you who has sickle cell 
disease (e.g., family or friends)? 

1- Yes 

2- No 

11- Do you know your sickle cell disease status? 1- I am affected/have the 
disease 

2- I am a carrier  

3- Neither 

4- Unsure 

      12a- If you are a carrier, how did you first find 
out? 

1- Family told me 

2- Accidentally (e.g., visiting 
hospitals for other conditions, 
driver’s license, blood 
donations) 

3- I just assume that I am a 
carrier 

4- Unsure 

5- If other, write here:  

 

      12b- If you are a carrier, when did you first find 
out about your carrier status?  

1- During childhood 

2- During middle or high 
school years 

3- Unsure 

 
These statements are about your general knowledge about sickle cell disease. If you 
don’t know, choose which you think is the best answer.   

1- Sickle cell disease is a hereditary blood disease. 1- True 
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2- False 

2- A person can be a carrier of a sickle cell disease without a history 
of the disease in the family. 

1- True 

2- False 

3- Someone who is a carrier of sickle cell disease may not know they 
are a carrier. 

1- True 

2- False 

4- Only one parent needs to be either a carrier or have sickle cell 
disease for their child to have the disease. 

1- True 

2- False 

5- A child can have sickle cell disease only if their parents are related 
(e.g., cousins). 

1- True 

2- False 

6- Carriers of sickle cell disease usually show the symptoms of the 
disease. 

1- True 

2- False 

7- A child of two carrier parents has a 25% chance of having sickle 
cell disease. 

1- True 

2- False 

8- Sickle cell disease is caused by cold weather and other 
environmental factors. 

1- True 

2- False 

9- Sickle cell disease is an infectious disease that can spread from one 
person to another. 

1- True 

2- False 

10- Sickle cell disease is the same as the “fava sickle cell” (G6PD). 1- True 

2- False 

11- Sickle cell screening should be repeated as results may vary over 
one’s lifetime. 

1- True 

2- False 

12- Sickle cell disease can disappear with age. 1- True 

2- False 

13- Healthy lifestyle, like healthy diet and exercise, can cure sickle 
cell disease. 

1- True 

2- False 

14- There is a medical cure for sickle cell disease. 1- True 

2- False 
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15- In general, people with sickle cell disease have a normal life 
expectancy (70-80 years). 

1- True 

2- False 

 

¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨ 

0          1         2         3          4         5         6         7          8        9        10 

         Strongly Disagree                                                                                Strongly Agree          

 

These are statements about your general beliefs about marriage. Using the 0-10 
scale, where zero is strongly disagree and 10 is strongly agree, rate how much you 
DISAGREE OR AGREE with each statement. 

1- I would marry someone with incompatible screening results because we can 
use reproductive technologies to have healthy children. 

 

2- I believe marriages between those who have incompatible screening results 
should be legally banned. 

 

3- Naming is still a common practice in most families.  

The following are statements about beliefs around sickle cell disease. Using the 0-10 
scale, where zero is strongly disagree and 10 is strongly agree, rate how much you 
DISAGREE OR AGREE with each statement. 

1- I think it is Allah’s will if a child has sickle cell disease.  

2- The parents of children with sickle cell disease are to blame for their 
child’s illness. 

 

3- Having sickle cell disease would be rewarding for me for the attention and 
care I get. 

 

4- Suffering from sickle cell disease goes beyond just the affected child and 
impacts the whole family. 

 

5- The social consequences of having an affected daughter with sickle cell 
disease are more serious than having an affected son. 

 

6- Knowing if you are a carrier of sickle cell disease is your duty to society.  

7- Knowing if you are carrier of sickle cell disease is your duty to your future 
children. 
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4- In general, societal and family pressure might influence my decisions about 
my marriage. 

 

5- I would maintain my named arrangement to a relative regardless of the 
incompatible screening results. 

 

6- I would marry the love of my life regardless of the incompatible screening 
results. 

 

 

Brief Background about the sickle cell screening? 

What is it? 
Screening for sickle cell means testing a person’s blood for abnormal types of 
hemoglobin, which is a substance inside the red blood cell that delivers oxygen to all 
organs in the body.  
How is it done? 
A healthcare provider takes a sample of blood by inserting a needle into a vein in your 
arm and send it for lab analysis. The results will tell you if you are healthy, have the 
disease, or if you’re a carrier. Currently this test is mandatory only for those applying for 
marriage certificates. The current proposal here suggests conducting the screening in high 
schools. 
 
For more information: 
Click here for Arabic (from the Saudi Arabian National Guard Health Affairs) 
Click here for English (from the CDC) 

 
The next set of questions are about your attitudes towards carrier screening. Using 
the 0-10 scale, where zero is strongly disagree and 10 is strongly agree, rate how much 
you DISAGREE OR AGREE with each statement. 

1- I think being screened for sickle cell disease in high school is the right 
thing to do. 

 

2- Carrier screening for common hereditary diseases like sickle cell disease 
should be mandatory for all high school students. 

 

3- I think children should be screened for sickle cell disease as early in life as 
possible. 

 

4- I would do carrier screening for common hereditary diseases like sickle 
cell disease even if it costs me and my family some money. 

 

5- Having a sickle cell screening in high school would help me have a 
healthy family. 
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6- Having a sickle cell screening in high school would save considerable 
treatment costs to care for my future children. 

 

7- Having a sickle cell screening in high school would help eradicate the 
disease in the society. 

 

 

These are statements about barriers to participate in the high school screening 
program for sickle cell disease. Using the 0-10 scale, where zero is strongly disagree 
and 10 is strongly agree, rate how much you DISAGREE OR AGREE with each 
statement. 

1- I am skeptical of the screening results.  

2- I’m afraid of finding out my sickle cell disease status.  

3- I am concerned the results will jeopardize my chances of getting married.  

4- I’m afraid the screenings results would taint my family’s reputation.  

5- I’m afraid the screenings results may cause conflict within the family.  

6- I think there is no need to do a carrier screening because marriages are 
destined and meant to be. 
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The next set of questions are about health information.  

How much would you trust health information from the following sources: 

1- Patients and their families? 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

2- Social media influencers and 
celebrities who are not experts? 

 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

The following are statements about possible facilitators to participate in the high 
school screening program for sickle cell disease. Using the 0-10 scale, where zero is 
strongly disagree and 10 is strongly agree, rate how much you DISAGREE OR 
AGREE with each statement. 

1- Students would be encouraged to participate in the screening if 
incompatible marriages are legally banned. 

 

2- Students would be encouraged to participate if this screening became a 
requirement to receive services, such as college admission and driver’s 
license. 

 

3- Students would be encouraged to participate if this screening can be done 
at school. 

 

4- Students would be encouraged to participate if there were incentives for 
those who do the screening (e.g., marriage loans, coupons). 

 

5- Students would be encouraged to participate if sanctions were imposed on 
those who marry regardless of the incompatible screening results. 

 

6- Students would be encouraged to participate if I saw patient testimonials 
and heard stories of people whose children were born with sickle cell disease. 
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3- Doctors and healthcare providers? 

 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

4- Sheikhs? 

 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

5- Government officials such as the 
Ministry of Health? 

 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

6- Friends and family? 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

Which of the following message would you think would be most persuasive in getting 
you to agree to carrier testing? 

1- “If I don’t do the screening, I will be responsible if my children are born with sickle 
cell disease.” 

2- “We can ensure a healthy generation free from sickle cell disease if we screen early.” 

3- “Carrier screening can reveal who is at risk of having children with sickle cell 
disease.” 

4- “Without carrier screening, innocent children will be born with an incurable, painful 
disease.” 
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These statements are about your religiosity. 

This survey is completely private, confidential, and anonymous. Your honest response 
will help us better address the study questions to reduce risky marriages. 

1- I pray the morning prayer on time. 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

2- I perform voluntary worships (prayers, fasting, and 
reading the Quran). 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

3- I visit my relatives to maintain the warmth between us. 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

4- I commit to what the Prophet said, “The best amongst 
you is he who is the most kind to his family”; that’s, my 
family is my priority. 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

5- In my daily life, I commit to what the Prophet said, 
“religion is in the treatment of others”, especially when 
treating the subordinates such as housemaids. 

 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 
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5- Always 

6- I consult the provisions of Islamic jurisprudence to 
handle my daily affairs (e.g., traveling or personal 
relationships). 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

7- I command what is right and forbid what is wrong. 1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

8- I keep my eyes from staring lewdly at the other sex or 
watching pornography. 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

9- I keep my tongue from lying, backbiting, and calumny 
(talking maliciously about people in their absence). 

1- Never 

2- Rarely 

3- Sometimes 

4- Often 

5- Always 

10- I refrain from engaging in romantic or lustful 
relationships outside of the realm of marriage, in real life 
and on the internet. 

1- I strongly disagree 

2- Disagree 

3- Unsure 

4- Agree 

5- Strongly agree 

11- I refrain from listening to music. 1- I strongly disagree 

2- Disagree 
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3- Unsure 

4- Agree 

5- Strongly agree 

12- I contemplate and hold myself accountable for all my 
deeds in fear of Allah. 

1- I strongly disagree 

2- Disagree 

3- Unsure 

4- Agree 

5- Strongly agree 

13- I have no doubt that Islam is the only true religion. 1- I strongly disagree 

2- Disagree 

3- Unsure 

4- Agree 

5- Strongly agree 

 

Intent to take. Using the 0-10 scale: 

If you are offered the sickle cell screening in high school, how likely would you 
participate in it? 

¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨        ¨ 

0          1         2         3          4         5         6         7          8        9        10 

             Least Likely                                                                                          Very Likely 


