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Introduction
Sickle cell disease (SCD) is an autosomal recessive disease 

characterized by production of hemoglobin (Hb) S which is poorly 
soluble and becomes polymerized when deoxygenated [1]. Hb S 
results from a point mutation in β-globin chain of human Hb (Glu 6 
Val) where the sixth amino acid, glutamine, is substituted by valine [1-
3]. This genetic mutation causes red blood cells (RBCs) to acquire a 
sickle shape under conditions of hypoxia resulting in a wide range of 
complications such as veno-occlusive crises, hemolytic episodes, stroke, 
acute chest syndrome and susceptibility to various infections [3].

Hydroxyurea is the most commonly used targeted therapy that 
increases Hb F production in patients with SCD [2,4,5]. Indications 
for using hydroxyurea in patients with SCD include: (1) frequent 
painful crises (2) recurrent chest syndrome or other severe veno-
occlusive events, (3) severe, symptomatic and chronic anemia, and 
(4) reduction of pain, dactylitis, acute chest syndrome and anemia in
children and adolescents [6,7]. The use of hydroxyurea in patients with
SCD has the following beneficial effects: (1) increased production of
Hb F with a concomitant reduction in the intracellular concentration
of Hb S that can lead to an increase in total Hb concentration and
decreased hemolysis with the release of free Hb, (2) reduction in
white blood cell (WBC) count and reduction in the expression of cell
adhesion molecules that contribute to diminution of veno-occusive
crises and other complications, (3) reduction in the rate of infectious
complications, and (4) significant reductions in the frequencies of
hospitalization and blood transfusion as well as in the costs of medical
care [4,6-9]. These beneficial effects have translated into reduction in
the severity of SCD, decreased mortality and improved survival as well
as quality of life [4,6-9]. 

Subjects and Methods 
The study design

A quantitative, observational, cross-sectional study was performed 
at King Khalid University Hospital (KKUH) in Riyadh between 
January 01 and March 31, 2014. The study included 140 patients 
with SCD attending the hematology out-patient clinics. Sixty of these 
patients fulfilled the criteria of the study as they were having regular 
follow up and they were on hydroxyurea treatment. These patients 
were interviewed and they were requested to answer specific questions 
included in a questionnaire. Their medical records and their laboratory 
data were reviewed. In order to obtain all the necessary details, the 
patients and their families were contacted by phone.

Hospital and institutional approval

KKUH is a tertiary care center comprising 984 beds with several 
medical as well as surgical specialities and sub-specialities that 
include hematology, oncology in addition to intensive care and high 
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dependency units. The study was initially approved by the department 
of family and community medicine and other concerned departments. 
The patients participating in the study received enough explanations 
and knowledge about the study and informed consents were taken from 
them. Subsequently, the study was approved by the institutional review 

board (IRB) at the college of medicine, King Saud University in Riyadh 
and was given this number: E-14-1325.

Patients and data collection

Out of the patients with SCD who had regular follow up at the 
hematology out-patient clinics at KKUH, the records of 140 patients 
were randomly selected. The selected patients were contacted by phone 
and they were requested to participate in the study. They were given 
a questionnaire and they were requested to answer the questions 
included in that questionnaire. Seventy seven (55%) of these patients 
responded and answered the questionnaire. Seventeen of these patients 
were excluded from the study as they were not on hydroxyurea 
therapy. So, data belonging to 60 patients were finally included the 
study analysis. The data sheet and questionnaire included a long list 
of items including: (1) demographic information such as age, gender, 
occupation and original area of residence, (2) details of SCD including: 
date of diagnosis, severity of disease as reflected by the frequency of 
hospital admissions and sickling crises per year, the frequency of blood 
transfusions per year and iron overload, and (3) details of hydroxyurea 
therapy including: duration, dose, adverse effects encountered, 
adherence level and follow-up of HbF and mean corpuscular volume 
(MCV) levels to judge the level of adherence to therapy. Modified 
Morisky Medication Adherence Scale (MMMAS) was used to assess 
adherence of patients to hydroxyurea [10]. Patients who scored ≥ 4 on 
MMMAS were considered to have high adherence and those scoring < 
4 were considered to have low adherence. 

Statistics

Descriptive statistics were calculated for all variables using the 
Statistical Package for the Social Sciences, version 20 (SPSS Inc., 
Chicago, IL, USA. A P-value of ≤ 0.5 was considered statistically 
significant. For the number of hospital admissions, blood transfusions 
and sickling crises, student t-test was used to detect statistically 
significant difference between the two means (high adherence and low 
adherence groups of patients). 

Results
The 60 patients with SCD included in the study were on hydroxyurea 

therapy and they were having regular follow up at KKUH. Out of these 
60 patients 32 were males and 28 were females. Their ages ranged 
between 11 and 42 years with a median age of 19 years. Seventy percent 
of our patients were originally from the southern region and two thirds 
of them had family history of sickle cell disorders ie trait or disease. 
The level of adherence to hydroxyurea treatment was low or poor in 22 
patients (36.7%) and was high or good in 38 patients (63.3%) (Table 1). 
Patients belonging to the age group 15-30 years had the highest level of 
poor adherence to therapy and hence they suffered more complications 
related to their SCD. The frequencies of sickling crises and hospital 
admissions were significantly higher in patients having low adherence 
levels. However, no statistical difference between the two groups of 
patients was found in relation to the frequency of blood transfusions 
(Tables 2, 3 and Figure 1). 

The reasons for poor adherence to therapy were mainly: forgetting 
to take the prescribed therapy, carelessness from the side of the patient, 
lack of knowledge about the beneficial effects of hydroxyurea on 
SCD and having exaggerated information about the adverse effects 
of the drug particularly those related to fertility, teratogenicity and 
carcinogenesis (Table 1). Adherence to hydroxyurea was confirmed in 
the laboratory by having low MCV and HbF levels in patients with poor 

     Item Details
      Number of patients 60

Gender 32 males and 28 females
Age               Range:11-42 years; median:19 years

Original residence
-- Southern province: 42 patients (70%)
-- Eastern province: 6 patients (10%)    
-- Other regions: 12 patients (20%)

           Family history of 
          sickle cell disorders 40 patients (66.7%)

Adherence to 
drug therapy

-- Low: 22 patients (36.7%) 
-- High: 38 patients (63.3%)

Reason for low 
     adherence to therapy

-- Forgetting drug and carelessness: 
              16 patients (73%)

-- Lack of knowledge about the drug:
              7 patients (32%)

Table 1: Shows demographic and other basic data related to the study patients.

Age in years 11 to ˂ 15 15 to 30 > 30 
Number of patients               21                       30                        9                                     

Males               13                       16                         3                                  
Females             8                         14                             6                                   

Low adherence                33%                    43%                      22%                             
High adherence          67%                   57%                      78%                              

Table 2: Shows adherence to hydroxyurea therapy in the study patients belonging 
to different age groups.

Variable per 
year

Level of 
adherence

Number of 
episodes Mean (standard deviation) P value

   Sickle
 cell  crises

High 22 2.4839 (1.56)
0.001

Low 31 3.9091 (1.4) 

  Hospital 
admissions

High  22 2.1935 (1.37)
0.004

Low 31  3.3182 (1.32)

     Blood 
transfusions

Low 22    2.3684 
 0.136

High 38   3.0455

Table 3: Shows sickle cell disease consequences as reflected by adherence to 
hydroxyurea.
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Figure 1: Shows complications of sickle cell disease according to their level 
of adherence to hydroxyurea therapy.
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or low adherence and by having high MCV and HbF levels in patients 
with high adherence to the prescribed medication (Table 4). 

Discussion
Patients with SCD are at risk of developing a number of life-threating 

crises and the disease may be complicated by adverse consequences 
that may involve any body organ [1-3,11-13]. Therefore, care of 
patients with SCD is a difficult task that requires a multidisciplinary 
approach [1,2,13]. Management of patients with SCD can be divided 
into: (1) general measures, such as analgesia and blood transfusions, 
that can serve as long-term care as well as crisis intervention, (2) 
specific and targeted therapies, such as hydroxyurea, that are aimed at 
prevention and management of complications, (3) potentially curative 
treatments such as gene replacement therapy as well as various forms 
of hematopoietic stem cell transplantation, and (4) preventive measures 
such as family and genetic counselling [1,2,14-16].

The use of hydroxyurea has been associated with systemic adverse 
effects, but these side effects are not usually severe [17-21]. A three 
year follow up of patients with SCD treated with hydroxyurea showed 
no major short or medium-term toxicity and a 9 year follow up study 
showed that no serious adverse effects were encountered on long-term 
use of the drug [9,18]. Predictors of response to hydroxyurea therapy 
include: (1) reduction in the number of veno-occlusive crises and 
complications of SCD, (2) increase in normal Hb level, Hb F level, 
MCV, mean corpuscular hemoglobin (MCH), mean reticulocyte 
volume and percentage of F-cells, and (3) increase in the urinary level of 
hydroxyurea as measured by mass spectrometry [22-26]. In our study, 
patients with high adherence to hydroxyurea therapy had comparatively 
higher MCV and Hb F values than those with low adherence levels.

The use of hydroxyurea in children with SCD is significantly 
associated with: (1) sickle genotype, (2) better parental knowledge 
about the major therapeutic effects of the drug, and (3) institution of 
this therapy by hematologists and provision of the drug to symptomatic 
patients [5].

Adherence to hydroxyurea can be measured by: (1) pharmacy 
refills, (2) MMMAS, and (3) visual analogue scale [27]. Pharmacy 
refills and MMMAS may be helpful in identifying children at risk 
of poor response due to non-adherence and children with good 
adherence but having poor response due to biologic factors such as 
pharmacodynamics [27]. Studies have shown that close adherence to 
prescribed hydroxyurea therapy is necessary to maximize the efficacy 
of the drug and that adherence to treatment improves health-related 
quality of life [28,29]. In a large retrospective study that was conducted 
in North Carolina, USA and that included 312 patients with sickle 
cell anemia (SCA) treated with hydroxyurea, the following results 
were obtained: (1) adherence to treatment was generally suboptimal, 
as nearly two thirds of the study population were classified as non-
adherent to therapy, and (2) adherence to hydroxyurea was associated 
with: reduced risk of hospitalization, reduction in the number of 
visits to the emergency room, reduction in the frequency of veno-
occlusive crises and reduction in health care costs [30]. In our study, 

high adherence level was encountered in 63.3% of patients and this was 
mainly seen in children and in adults, whilst low adherence level was 
found in 36.7% of patients and it was most frequently encountered in 
adolescents and young adult i.e. patients belonging to the age group 15 
to 30 years (Tables 1 and 2). The following are possible explanations of 
our findings: children are usually supervised by their parents to take 
their medications, patients >30 years of age are mature enough to take 
their treatment without supervision, whilst teenagers and young adults 
might not accept direct supervision to take prescribed drugs as they 
like to be independent. Having rather exaggerated ideas about the side 
effects of the drug and not having adequate information on the safety 
profile of hydroxyurea could have contributed to the low adherence 
to therapy. Infertility, teratogenicity and cancinogenesis issues related 
to the use of hydroxyurea were the main concerns of patients and 
consequently they were the reasons of poor adherence to therapy.

In a multicenter, double-blinded, placebo-controlled study on the 
efficacy of hydroxyurea therapy in SCA patients that included 150 
patients treated with hydroxyurea and that was performed in USA 
in 1995, the results of follow up for 2 years showed: (1) half of the 
hydroxyurea-assigned patients had long-term increment in Hb F, and 
(2) bone marrow reserve or ability to withstand hydroxyurea therapy 
was important for sustained Hb F increase during treatment with 
hydroxyurea [31]. Extended follow up of patients for 17.5 years showed 
significant reduction in mortality and safety of the drug on long-term 
use [32]. Barriers to adherence to hydroxyurea treatment include: high 
frequency and length of clinic visits, disruption of school and work and 
lack of resources [33]. Facilitators of adherence include: health benefits 
of therapy, social support systems, medication reminders and positive 
clinic experiences [33]. In addition to health education, the following 
methods have been shown to improve compliance with treatment: 
(1) multimedia communication for hospitalized patients with their 
teachers and work colleagues, (2) integration of interactive web-based 
technology to assess adherence to therapy, (3) electronic DOT, and (4) 
coaching very young children for swallowing hydroxyurea capsules 
[33-37].

Over the last 30 years, substantial experience has accumulated 
regarding the safety and efficacy of hydroxyurea in patients with SCD 
and strong evidence supports its efficacy in reducing the frequency 
of veno-occlusive crises, acute chest syndrome, hospitalizations and 
blood transfusions in patients with SCD [38-41]. Thus, hydroxyurea is 
considered as an important advance in the treatment of SCD as it is 
the only widely used drug that modifies the pathogenesis of the disease 
[38,40]. Although questions remain regarding its long-term risks and 
benefits, current evidence suggests that many young patients with SCD 
should receive hydroxyurea [38-41]. 

We acknowledge that our study has few limitations including 
being a cross-sectional, observational study and that the number of 
patients included in the study was rather low. However, more efforts are 
needed to improve adherence to hydroxyurea in order to decrease the 
complications of SCD.

Level of 
Adherence 

Number of 
patients

MCV values Hb F values
Evaluable patients Range fL Median fL Evaluable patients Range % Median %  

High adherence 38 38 90-115 105 38 5-15      10
Low adherence  22 20 70-95 81 14 0.0-5.0    2

Normal range of MVC [mean corpuscular volume]: 80-100 femtoliters (fL)
Normal range of Hb F [hemoglobin F level]: 0.8-2.0%

Table 4: Shows MCV and Hb F levels in the study patients divided according to adherence level.
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Conclusions and Recommendations
Hydroxyurea therapy has proven to be effective in reducing the 

complications in patients with SCD and it has significantly improved 
the quality of life of these patients. As poor adherence to therapy was 
most frequently encountered in adolescents and young adults with SCD, 
particular attention should be given to this group of patients. Health 
education about: complications of the disease, available therapeutic 
modalities, the role of hydroxyurea and other targeted therapies 
in reducing the complications of SCD as well as the importance of 
adherence to treatment should be given enough attention. 
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