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Abstract 
Cancer is the second leading cause of death worldwide, with attributable mortality expected to continue increasing over 
time. High school students are often targeted to enhance awareness of cancer risk factors and symptoms and promote early 
medical help-seeking behaviors. This study aimed to evaluate the effectiveness of a cancer education program among Omani 
adolescents. A total of 12 public schools were randomly selected from three governorates and assigned to either the inter-
vention or control group. Students attending grades 10 and 11 at the selected schools were targeted. The Cancer Awareness 
Measure tool was used to evaluate knowledge of cancer risk factors and symptoms, perceived barriers to seeking medical 
help, and anticipated time to consult a doctor for cancer warning symptoms at baseline (T0) and after 4 weeks (T1). After T0, 
the intervention group participated in a 1-h cancer education program involving a slideshow presentation and group discus-
sion; they also received a leaflet and online access to program materials and videos. A total of 1716 students were enrolled 
in the study, including 886 (51.6%) assigned to the control group and 830 (48.4%) to the intervention group. Recognition of 
cancer risk factors (Z = 24.86; p ˂ 0.001) and cancer symptoms (Z = 24.91; p ˂ 0.001) significantly improved in the interven-
tion group between T0 and T1, and compared to the control group at T1 (U = 33.28; p ˂ 0.001, and U = 34.55; p ˂ 0.001, 
respectively). In addition, anticipated time to help-seeking (Z = 20.15; p ˂ 0.001) and barriers to help-seeking (Z = 10.33; 
p < 0.001) decreased significantly between T0 and T1, and compared to the control group at T1 (U = 19.00; p ˂ 0.001, and 
U = 3.58; p < 0.001, respectively). The intervention effectively increased knowledge of cancer risk factors and symptoms 
and promoted early medical help-seeking behaviors among school-aged Omani adolescents. Integration of cancer educa-
tion within high school curricula can aid cancer prevention and early intervention efforts. However, additional follow-up is 
required to confirm the long-term effectiveness of such programs.
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Introduction 

Cancer remains a leading cause of death globally, responsible 
for approximately 10 million deaths in 2020 [1]. Despite the 
lower incidence of cancer in low- and middle-income countries 
(LMICs), the burden of total cancer-related deaths is signifi-
cantly greater (~ 5 million per year), primarily due to increase in 
cancer risk factors, the lack of access to healthcare, unavailability 

of cancer screening programs, and delays in cancer diagnosis 
[2]. While early diagnosis is known to improve cancer survival 
rates and outcomes, this relies heavily on recognition of cancer 
warning symptoms and prompt medical help-seeking behaviors 
on the part of affected patients [3]. Poor knowledge of cancer 
symptoms and negative beliefs and attitudes to seeking early 
medical help are considered one of the main reasons for delays 
in presentation and diagnosis, thereby leading to poor outcomes 
[4]. The patient interval period (i.e., the time between symptom 
recognition and seeking medical help) has been found to repre-
sent the lengthiest interval of time between symptom recognition 
and the start of treatment within the cancer care pathway [5].

Patients diagnosed earlier with cancer were more likely 
to survive, have lower treatment morbidity, and experienced 
better care and good quality of life compared with those 
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diagnosed late [1, 6]. Thus, cancer education programs that 
raise awareness of specific risk factors and symptoms and 
promote healthy lifestyles are fundamental initiatives in 
primary cancer prevention [7]. High school students (i.e., 
those between 12 and 19 years of age) are often deemed a 
suitable target for cancer education interventions to increase 
cancer-related knowledge and improve attitudes toward can-
cer prevention [8]. Various studies have shown that increased 
knowledge of cancer at this stage helps to encourage preven-
tative daily habits and help-seeking behaviors and increase 
positive health-related attitudes in later life, which is par-
ticularly important as cancer risk increases with age and as 
a result of modifiable risk factors [9]. A recent systematic 
review concluded that interventional education programs are 
important to increase cancer knowledge among adolescent 
students and that decision-makers should consider and sup-
port cancer education within high school curricula as part of 
their long-term cancer prevention efforts [8].

Oman is a developing country in the Arabian Peninsula 
with a total population of 4.5 million (35.7% under 15 years of 
age) [10]. In Oman, cancer remains as one of the most frequent 
causes of death, with cancer patients often presenting at a 
younger age and more advanced stage at the time of diagnosis 
[4, 11]. As with other LMICs, the burden of cancer in Oman is 
expected to increase as a result of rapid socioeconomic devel-
opment and corresponding lifestyle changes [12]. Previous 
studies conducted in Oman have shown that both adults and 
adolescents demonstrate poor knowledge of common cancer 
risk factors and symptoms, with participants reporting various 
physical and emotional barriers that hinder early medical help-
seeking for possible cancer symptoms [4, 13].

The researchers concluded that there is an urgent need for 
a cancer education program to be included in the school cur-
ricula to target adolescent students [4, 13]. Indeed, the school 
system is a privileged place for socialization that has the 
capability and necessary tools to make a positive impact on 
students’ health knowledge [7]. Furthermore, adolescents can 
be easily reached through schools to raise cancer awareness, 
address health misinformation and barriers to medical help-
seeking, and measure the effectiveness of adopted strategies to 
combat these factors [8]. The aim of this study was therefore 
to evaluate the effectiveness of an interventional education 
cancer program to enhance knowledge and awareness of can-
cer risk factors and symptoms and reduce barriers to seeking 
early medical help among Omani adolescent students.

Methods

Study Design and Location

This study was conducted in three governorates of Oman, 
including Muscat, Al-Batinah, and Ad Dakhiliyah. The 

selection of these governorates was based on convenience 
and was also intended to cover a variety of students from 
different geographic areas (i.e., urban, semi-urban, and rural 
areas). Four public schools were selected randomly from 
each governorate, for a total of 12 public schools. Subse-
quently, two schools from each governorate were randomly 
assigned to the control group, with the remaining two 
schools assigned to the intervention group. Different schools 
were selected for the control and intervention groups to 
avoid undue peer influence on the students’ responses. Pri-
vate schools enrolling non-Omani students and schools for 
students with special needs were excluded to avoid potential 
confounders and because the majority of public schools in 
Oman follow a pre-determined national curriculum set by 
the Ministry of Education (MOE).

Sample Size Calculation

The necessary sample size was calculated using PASS soft-
ware (NCSS LLC, East Kaysville, UT). Based on a power 
analysis, data reported from a previous study [9], and an 
expected small effect size (0.14) between the intervention 
and control groups, the minimum sample size for each group 
was calculated to be 800 (N = 1600) in order to achieve 80% 
power at 5% types I error. Considering a 5% drop-out rate, a 
minimum of 846 students were therefore deemed necessary 
per group (N = 1692).

Data Collection Tool

A validated Arabic-language version of the Cancer Aware-
ness Measure (CAM) questionnaire was used to collect data. 
The original English-language CAM questionnaire was 
developed by Cancer Research, King’s College London, and 
University College London in the UK and is a validated, 
standardized tool to measure cancer awareness in the general 
population [14]. The questionnaire is divided into several 
sections to determine awareness of known risk factors for 
common types of cancer, possible cancer symptoms, and 
the perceived barriers to seeking medical help for cancer 
symptoms or warning symptoms. The internal reliability and 
test–retest reliability of the original English-language ver-
sion of the CAM questionnaire is high (Cronbach’s α = 0.77; 
r = 0.81) [14]. Previous researchers in Oman have forward-
translated the original CAM questionnaire into Arabic and 
then back-translated the tool into English and the resulting 
Arabic-language version demonstrated high internal reliabil-
ity (Cronbach’s α = 0.817) [13, 15, 16].

For the purposes of the present study, the Arabic-lan-
guage version of the CAM questionnaire was distributed 
and completed online by students in both groups under 
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direct observation. Three-digit codes were assigned to all 
students to guarantee anonymity. All students completed 
the CAM questionnaire at baseline pre-intervention (T0) 
and at 4 weeks post-intervention (T1). An invitation letter 
that included information regarding the purpose of the study 
was given to each of the students to be passed on to their 
respective parents or guardians. The invitation letter asked 
the parents or guardians to read the information and to sign 
the consent form if they agreed for their children to partici-
pate in the study.

Cancer Education Intervention

The program included a slideshow presentation as well as a 
group discussion focusing on general knowledge of cancer, 
the incidence of cancer both globally and in Oman, various 
cancer risk factors and warning symptoms, cancer preven-
tion strategies, and the importance of seeking timely medical 
help. In addition, a leaflet summarizing important informa-
tion about cancer was distributed and students were encour-
aged to ask questions and discuss their thoughts. Students 
were advised to visit a webpage (https://​sites.​google.​com/​
stude​nt.​squ.​edu.​om/​cance​reduc​ation) created by the research 
team at which they could access the program materials as 
well as an informational video about cancer. In contrast, 
students in the control group did not participate in the cancer 
education program, received no educational material, and 
were not advised to visit any website.

Data Analysis

Descriptive statistics (e.g., means, standard deviations) were 
used to describe the demographic characteristics of each 
group. A chi-squared test was used to determine if there 
were any significant demographic differences between the 
groups to ensure homogeneity. The CAM scores were not 
normally distributed, so a Wilcoxon signed-rank test was 
used to compare scores between T0 and T1 for each group, 
while a Mann–Whitney U test was used to compare scores 
between groups at T0 and T1. For variables with binary out-
comes (i.e., yes/no or agree/disagree responses), McNemar 
test was used to examine within-group differences at T0 and 
T1, while a chi-squared test was used to examine between-
group differences at T0 and T1. All statistical analyses were 
conducted using the IBM SPSS v26 (IBM Corp., Armonk, 
NY) and test significance was set at p < 0.05.

Ethical Considerations

The study was approved by the local medical research ethics 
committee of the College of Medicine & Health Sciences, 
Sultan Qaboos University, Muscat, Oman (MREC#2440). In 

addition, permission to conduct the study was obtained from 
the MOE, the respective principals of each of the selected 
schools, and each student’s respective parents and/or legal 
guardians.

Results

Sociodemographic Characteristics 
of the Participants

A total of 1716 students attending grades 10 and 11 of the 
selected schools agreed to participate in the study, of which 
50.8% were male and 40.5% were aged 15 years. Overall, 
there were 886 students (51.6%) in the control group and 
830 students (48.4%) in the intervention group. There were 
slightly more female students in the control group (51.4%) 
compared to the intervention group (47.0%). A total of 149 
students (16.8%) in the control group and 137 (16.5%) in 
the intervention group declared that they had health-related 
issues, while 195 (22.0%) and 176 (21.2%) reported having 
relatives with cancer, respectively. No significant differences 
between the intervention and control group were observed in 
terms of sociodemographic characteristics (Table 1).

Recognition of Cancer Risk Factors

In the control group, mean total CAM scores for the recogni-
tion of cancer risk factors did not change significantly between 
T0 and T1 (4.03 ± 2.0 versus 4.02 ± 2.0; Z = 5.88; p = 0.556). In 
contrast, the mean total CAM scores in the intervention group 
increased from 4.21 ± 2.0 at T0 to 8.61 ± 1.4 at T1, thereby 
indicating a significant improvement following participation in 
the cancer education program (Z = 24.86; p ˂  0.001). Moreover, 
recognition of all 11 specific cancer risk factor increased signifi-
cantly between T0 and T1 (p < 0.001) for the intervention group. 
Furthermore, students in the intervention group demonstrated 
a significant improvement at T1 compared to the control group 
in terms of both their overall recognition of cancer risk factors 
(U = 33.28; p ˂ 0.001), and for 11 specific risk factors: smoking 
(χ2 = 9.21; p ˂  0.001), exposure to smoke (χ2 = 12.62; p ˂  0.001), 
alcohol consumption (χ2 = 10.57; p ˂  0.001), eating insufficient 
fruit (χ2 = 22.57; p ˂  0.001), eating processed meat (χ2 = 25.59; 
p ˂ 0.001), being overweight (χ2 = 20.30; p ˂ 0.001), sunburn 
(χ2 = 19.97; p ˂ 0.001), being over 70 years old (χ2 = 18.05; p 
˂ 0.001), having a relative with cancer (χ2 = 17.66; p ˂ 0.001), 
HPV infection (χ2 = 19.48; p ˂  0.001), and insufficient physical 
activity (χ2 = 20.34; p ˂ 0.001) (Table 2).

Recognition of Cancer Symptoms

As with recognition of cancer risk factors, the control group 
demonstrated no significant change between T0 and T1 with 

https://sites.google.com/student.squ.edu.om/cancereducation
https://sites.google.com/student.squ.edu.om/cancereducation
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regard to their mean total CAM scores for the recognition 
of cancer symptoms (2.53 ± 1.9 versus 2.71 ± 2.01; Z = 7.04; 
p = 0.071). However, mean total CAM scores in the inter-
vention group increased significantly from 2.69 ± 1.9 at T0 
to 7.91 ± 1.04 at T1 (Z = 24.91; p ˂ 0.001). In addition, the 
intervention group showed a significant (p < 0.001) improve-
ment between T0 and T1 for all 9 symptoms. A comparison of 
mean total CAM scores between groups at T1 indicated that 
the intervention group had significantly higher scores for the 
recognition of cancer symptoms compared to the control group 
(U = 34.55; p ˂ 0.001). Moreover, students in the intervention 
group were significantly more able to correctly identify specific 
symptoms at T1 compared to the control group: lump or swell-
ing (χ2 = 17.24; p ˂ 0.001), unexplained pain (χ2 = 26.66; p ˂ 
0.001), unexplained bleeding (χ2 = 26.94; p ˂ 0.001), cough 
or hoarseness (χ2 = 27.28; p ˂ 0.001), change in bowel habits 
(χ2 = 27.87; p ˂ 0.001), difficulty in swallowing (χ2 = 27.31; p 
˂ 0.001), change in mole appearance (χ2 = 19.90; p ˂ 0.001), a 
sore that does not heal (χ2 = 21.83; p ˂  0.001), and unexplained 
weight loss (χ2 = 20.22; p ˂ 0.001) (Table 2).

Barriers to Seeking Medical Help for Cancer 
Symptoms

There was no significant change between T0 and T1 for 
the control group in terms of their mean total CAM scores 
relating to perceived barriers to seeking medical help for 
cancer symptoms (5.10 ± 2.3 versus 5.01 ± 2.2; Z = 1.66; 
p = 0.097). In contrast, students in the intervention 
group demonstrated a significant reduction in their mean 
scores between T0 and T1 (5.13 ± 2.1 versus 4.66 ± 2.1; 
Z = 10.33; p < 0.001). Moreover, they reported significant 
reductions between T0 and T1 with regard to the report-
ing of several specific barriers, including emotional bar-
riers such as feeling embarrassed (χ2 = 5.12; p ˂ 0.001) 
and not feeling confident enough talking about their 
symptoms (χ2 = 5.07; p ˂ 0.001), practical barriers like 
having other things to worry about (χ2 = 6.40; p ˂ 0.001), 
being too busy (χ2 = 5.75; p ˂ 0.001), and having diffi-
culty arranging transport (χ2 = 3.73; p ˂ 0.001), and the 
service-related barrier of being worried about wasting the 

Table 1   Sociodemographic 
characteristics of the 
participants (N = 1716)

* Percentages calculated out of the number of students who reported having health issues; percentages do 
not add up to 100% as the students may have had more than one health condition. ^Percentages calculated 
out of the number of students who reported having a relative with cancer

Characteristic Control 
group 
(n = 886)

Interven-
tion group 
(n = 830)

χ2 (p value)

n (%) n (%)

Gender Male 431 (48.6) 440 (53.0) 3.269 (0.710)
Female 455 (51.4) 390 (47.0)

Age (years) 15 379 (42.8) 316 (38.1) 7.607 (0.220)
16 337 (38.0) 312 (37.6)
17 170 (19.2) 202 (24.3)

Health issues No 737 (83.2) 693 (83.5) 0.030 (0.863)
Yes 149 (16.8) 137 (16.5)

Reported health conditions* Obesity 57 (38.3) 61 (44.5) 6.971 (0.137)
Respiratory disease 23 (15.4) 14 (10.2)
Blood disease 57 (38.3) 46 (33.6)
Diabetes 13 (8.7) 4 (2.9)
Other 35 (23.5) 22 (16.1)

Relative with cancer No 521 (58.8) 474 (57.1) 1.650 (0.438)
Unsure 170 (19.2) 180 (21.7)
Yes 195 (22.0) 176 (21.2)

Degree of relationship with relative^ First 28 (14.4) 27 (15.3) 4.911 (0.178)
Second 104 (53.3) 109 (61.9)
Third 36 (18.5) 26 (14.8)
Other 27 (13.8) 14 (8.0)

Type of cancer of relative^ Breast 43 (22.1) 35 (19.9) 2.571 (0.632)
Lung 18 (9.2) 13 (7.4)
Colon 22 (11.3) 26 (14.8)
Other 31 (15.9) 36 (20.5)
Unsure 81 (41.5) 66 (37.5)
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doctor’s time (χ2 = 5.00; p ˂ 0.001). Overall, the interven-
tion group reported significantly lower mean total CAM 
scores at T1 compared to the control group (4.66 ± 2.1 
versus 5.01 ± 2.2; U = 3.58; p < 0.001). There were also 
significant differences between the two groups at the T1 
stage with regard to the reporting of several specific barri-
ers, including feeling embarrassed (χ2 = 2.24; p = 0.025), 
not feeling confident talking about symptoms (χ2 = 2.17; 
p = 0.030), having other things to worry about (χ2 = 2.04; 
p = 0.042), being too busy (χ2 = 2.28; p = 0.023), facing 
difficulty arranging transport (χ2 = 2.33; p = 0.020), and 
being worried about wasting the doctor’s time (χ2 = 2.56; 
p = 0.011) (Table 3).

Anticipated Time to Seeking Medical Help 
for Recognized Cancer Symptoms

In terms of seeking medical help for recognized can-
cer symptoms within 1 week, no significant change was 
observed between T0 and T1 for the control group with 
regard to their mean total CAM scores (35.47 ± 9.0 versus 
35.64 ± 9.1; Z = 3.23; p = 0.103). Conversely, students in 
the intervention group demonstrated a significant increase 
in mean total CAM scores for this aspect between T0 and 
T1 (35.8 ± 9.3 versus 42.27 ± 3.1; Z = 20.15; p ˂ 0.001). 
Students in the intervention group demonstrated significant 
increases between T0 and T1 when it came to promptly 
consulting a doctor for all 9 specific cancer symptoms 
(p < 0.001). In addition, there was a significant difference 
between the intervention and control groups with regard 
to their mean total CAM scores at T1 (42.27 ± 3.1 versus 
35.64 ± 9.1; U = 19.00; p ˂ 0.001). In addition, compared 
to the control group, students in the intervention group at 
T1 were significantly more likely to report that they would 
rapidly consult a doctor for each specific cancer symptom: 
unexplained lump (U = 10.00; p ˂ 0.001), unexplained pain 
(U = 8.27; p ˂ 0.001), unexplained bleeding (U = 7.90; p 
˂ 0.001), persistent cough (U = 11.67; p ˂ 0.001), change 
in bowel habits (U = 13.37; p ˂ 0.001), difficulty in swal-
lowing (U = 10.14; p ˂ 0.001), change in mole appearance 
(U = 13.20; p ˂ 0.001), a sore that does not heal (U = 12.76; 
p ˂ 0.001), and unexplained weight loss (U = 17.36; p ˂ 
0.001) (Table 3).

Discussion

To the best of the authors’ knowledge, this is the first 
interventional study conducted in Oman to evaluate the 
effectiveness of a cancer education program on enhanc-
ing awareness of cancer risk factors and symptoms and 
reducing barriers to medical help-seeking among Omani 

adolescent students. Previous research has reported a posi-
tive association between knowledge and health behaviors, 
when the source of such information stems from school-
based educational programs [8]. Studies conducted in 
Oman have also recommended the integration of can-
cer education within the national curriculum in order to 
increase general cancer knowledge and promote early 
medical help-seeking practices [4, 13, 15].

The current study provides evidence that implementing 
a cancer education program in public high schools is an 
effective method of increasing recognition of cancer risk 
factors and symptoms and reducing barriers to seeking 
medical help following recognition of cancer symptoms. 
Previous studies conducted in the USA, Germany, and 
South Korea have reported similar findings which support 
the effectiveness of cancer education programs in increas-
ing knowledge of cancer risk factors and symptoms, as 
well as in bolstering self-efficacy and positive behavioral 
intentions to seek medical help [8, 17, 18].

Omani adolescent students who participated in the 
intervention were significantly more likely to recognize 
common cancer risk factors and symptoms 4 weeks later 
compared to their findings at baseline, as well as post-
intervention in comparison to students who did not par-
ticipate in the program. Identifying cancer symptoms at an 
early stage can improve the survival rate and quality of life 
of cancer patients compared to those who are diagnosed 
at more advanced stages [19]. Moreover, the current study 
showed significant findings with regard to medical help-
seeking behaviors in the intervention group; students who 
had taken part in the intervention were significantly more 
likely to rapidly consult a doctor for recognized cancer 
symptoms compared to their findings at baseline as well as 
compared to the control group post-intervention. Students 
who are involved in a direct teaching–learning process 
are more likely to start and maintain healthy behavioral 
changes, even after the completion of such educational 
programs [20]. Thus, making students aware of cancer 
symptoms at this stage could promote crucial help-seeking 
behaviors, such as promptly visiting a physician to discuss 
potential cancer symptoms or attending cancer screening 
to detect cancers before they become symptomatic [8]. 
Although a significant proportion of cancers in LMCs are 
diagnosed at advanced stages (~ 30–50%), certain types 
of cancer (e.g., breast and colorectal cancers) have a rela-
tively high chance of being cured and treated if they are 
diagnosed sufficiently early [1]. Thus, increased public 
knowledge of cancer symptoms and modifiable risk fac-
tors—as well as addressing emotional barriers to seeking 
early medical help—should help to enhance timely diagno-
ses and improve patient outcomes [6]. Nonetheless, several 
administered stages are needed in Oman for implement-
ing cancer education programs in the schools. Curriculum 
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changes mainly depend on the collaboration between 
policy makers and teachers. Therefore, more research is 
needed to investigate the possibility of policy makers and 
teachers incorporating cancer education programs into the 
school curriculum in Oman.

The present study found that the cancer education inter-
vention significantly reduced perceived help-seeking barriers 
among Omani school-aged adolescents, including specific 

emotional barriers such as feelings of embarrassment or a 
lack of confidence in talking about symptoms with a doc-
tor. These findings were significant both when comparing 
baseline measurements of the intervention group with those 
reported 4 weeks post-intervention, as well as when compar-
ing the findings of the intervention and control groups after 
4 weeks. Although some cancer patients might be aware of 
the importance of an early diagnosis, most do not prioritize 

Table 3   Perceived barriers to seeking medical help for and anticipated time to consult a doctor for recognized cancer warning symptoms* 
among the participants at baseline (T0) and 4 weeks post-intervention (T1) (N = 1716)

* Using a validated Arabic-language version of the Cancer Awareness Measure questionnaire [23]. ^Counting those who selected “yes” to each 
barrier. #Total score, with a score of 1 given to each barrier selected (range: 0–10). aMcNemar’s test. bχ2 test. cWilcoxon signed-rank test. 
dMann-Whitney U test; T0, baseline/pre-intervention; T1, 4 weeks post-intervention; ^^Each warning sign was scored from 1 to 5. ~ Total scores 
ranged from 9 to 45; SD, standard deviation

Barriers Control group (n = 886) Intervention group (n = 830) Control vs. intervention group

T0 T1 T0 vs. T1 T0 T1 T0 vs. T1 T0 T1

n0 (%) n1 (%) Test (p value) n0 (%) n1 (%) Test (p value) Test (p value) Test (p value)

Emotional barriers^
Embarrassed 497 (56.1) 495 (55.9) 0.21a (0.835) 499 (60.1) 419 (50.5) 5.12a (< 0.001) 1.69b (0.091) 2.24b (0.025)
Scared 558 (63.0) 556 (62.8) 0.22a (0.829) 501 (60.4) 486 (58.6) 1.12a (0.263) 1.08b (0.279) 1.78b (0.075)
Worried about what the 

doctor might find
506 (57.1) 484 (54.6) 1.80a (0.072) 481 (58.0) 471 (56.7) 0.83a (0.408) 0.35b (0.725) 0.88b (0.377)

Not confident talking 
about symptoms with 
doctor

441 (49.8) 436 (49.2) 0.65a (0.515) 426 (51.3) 365 (44.0) 5.07a (< 0.001) 0.64b (0.521) 2.17b (0.030)

Practical barriers^
Other things to worry 

about
464 (52.4) 462 (52.1) 0.26a (0.793) 452 (54.5) 392 (47.2) 6.40a (< 0.001) 0.87b (0.386) 2.04b (0.042)

Too busy 451 (50.9) 448 (50.6) 0.39a (0.696) 440 (53.0) 374 (45.1) 5.75a (< 0.001) 0.87b (0.382) 2.28b (0.023)
Difficulty arranging 

transport
421 (47.5) 419 (47.3) 0.13a (0.895) 393 (47.3) 346 (41.7) 3.73a (< 0.001) 0.07b (0.945) 2.33b (0.020)

Service-related barriers^
Difficulty making an 

appointment
399 (45.0) 398 (44.9) 0.14a (0.889) 357 (43.0) 351 (42.3) 0.63a (0.527) 0.84b (0.399) 1.10b (0.272)

Worried about wasting 
the doctor’s time

254 (28.7) 238 (26.9) 1.26a (0.209) 248 (29.9) 179 (21.6) 5.00a (< 0.001) 0.55b (0.582) 2.56b (0.011)

Difficulty talking to the 
doctor

507 (57.2) 498 (56.2) 1.62a (0.106) 454 (54.7) 442 (53.3) 1.10a (0.527) 1.05b (0.293) 1.23b (0.219)

Total score# 
(Mean ± SD)

5.10 ± 2.3 5.01 ± 2.2 1.66c (0.097) 5.13 ± 2.1 4.66 ± 2.1 10.33c (< 0.001) 0.30d (0.761) 3.58d (< 0.001)

Warning sign^^ Mean ± SD Mean ± SD Mean ± SD Mean ± SD
Unexplained lump 4.29 ± 1.3 4.32 ± 1.3 1.10c (0.272) 4.35 ± 1.3 4.85 ± 0.5 9.92c (< 0.001) 1.70d (0.089) 10.00d (< 0.001)
Unexplained pain 4.20 ± 1.4 4.21 ± 1.4 0.87c (0.385) 4.18 ± 1.4 4.73 ± 0.7 10.57c (< 0.001) 1.03d (0.975) 8.27d (< 0.001)
Unexplained bleeding 4.29 ± 1.4 4.31 ± 1.4 1.41c (0.157) 4.33 ± 1.3 4.79 ± 0.7 9.57c (< 0.001) 1.01d (0.310) 7.90d (< 0.001)
Persistent cough 3.94 ± 1.4 3.97 ± 1.4 1.62c (0.105) 1.00 ± 1.4 4.66 ± 0.7 11.65c (< 0.001) 1.60d (0.112) 11.67d (< 0.001)
Change in bowel habits 3.86 ± 1.5 3.88 ± 1.5 1.16c (0.246) 3.94 ± 1.5 4.72 ± 0.7 12.56c (< 0.001) 1.77d (0.077) 13.37d (< 0.001)
Difficulty in swallowing 4.06 ± 1.4 4.08 ± 1.4 0.85c (0.397) 3.97 ± 1.5 4.70 ± 0.7 12.10c (< 0.001) 0.70d (0.489) 10.14d (< 0.001)
Change in mole appear-

ance
3.67 ± 1.6 3.68 ± 1.6 0.99c (0.324) 3.74 ± 1.6 4.59 ± 0.9 13.10c (< 0.001) 1.20d (0.232) 13.20d (< 0.001)

Sore that does not heal 3.97 ± 1.5 3.97 ± 1.5 0.19c (0.853) 4.06 ± 1.4 4.75 ± 0.7 12.26c (< 0.001) 1.33d (0.185) 12.76d (< 0.001)
Unexplained weight loss 3.17 ± 1.7 3.21 ± 1.7 1.60c (0.110) 3.24 ± 1.6 4.49 ± 1.0 15.87c (< 0.001) 0.69d (0.493) 17.36d (< 0.001)
Total score ~  35.47 ± 9.0 35.64 ± 9.1 3.23c (0.103) 35.8 ± 9.3 42.27 ± 3.1 20.15c (˂0.001) 1.61d (0.108) 19.00d (˂0.001)
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seeking medical help in a timely manner [4]. The presence 
of emotional, practical, and service-related barriers can all 
play a role in delays in patient consultation and presenta-
tion, thereby potentially leading to delays in diagnosis and 
poor outcomes as patients are more likely to present at a 
more advanced stage [4, 11]. Thus, focusing on address-
ing cultural and emotional barriers to medical help-seeking 
behaviors in the curriculum could have a positive impact to 
promote early help-seeking for cancer symptoms in adult-
hood and, by extension, better prognostic outcomes [9]. Fur-
thermore, research has shown that the information delivered 
to young students can be transferred successfully to parents 
and older generations and induce behavioral changes in these 
individuals as well [21].

Previous studies have indicated that both Omani ado-
lescents and adults report several emotional barriers which 
prevent them from seeking early medical help for possible 
cancer symptoms [4, 12, 13]. Furthermore, other studies 
have shown that cancer patients in Oman are subject to 
several psychosocial stressors which could delay medical 
help-seeking, such as fear of death, anxiety regarding poten-
tial side effects of cancer treatment, social isolation, and 
concerns regarding the impact of the diagnosis on offspring 
and familial responsibilities [4, 22]. In addition, poor doctor-
patient relationships, communication, and lack of access to 
support services could also prevent potential cancer patients 
from seeking early medical help [13]. Critically, the primary 
health care system in Oman, as in most other Arab coun-
tries, does not allow for ongoing doctor-patient relationships 
with a particular physician, a factor which might otherwise 
encourage patients to share sensitive or potentially embar-
rassing information regarding possible cancer symptoms. 
Thus, a continuity of care approach should be supported 
by promoting long-term patient-physician partnerships and 
developing appointment systems which prioritize the book-
ing of non-urgent conditions with a specific physician [23].

Nevertheless, while the current study has shown that the 
education program was successful over a 4-week interval 
in increasing awareness of cancer risk factors and symp-
toms and reducing barriers to medical help-seeking, fur-
ther research is necessary to confirm the long-term effec-
tiveness of the intervention. Indeed, sustained changes in 
behavior do not occur immediately after information acqui-
sition and additional time is required to collect follow-up 
measurements to determine whether the desired effects of 
the program can be sustained over longer periods of time 
[8]. Previous studies conducted in the UK have similarly 
shown a low level of evidence that such programs are able to 
change long-term help-seeking behaviors for cancer symp-
toms, despite these interventions being effective in increas-
ing knowledge of cancer warning symptoms and risk factors 
[8, 9]. While the acquisition of such knowledge at this stage 
could impact decision-making with regard to cancer-related 

behaviors during childhood or adolescence, additional rou-
tine booster sessions would be needed to refresh knowledge 
and to maintain a positive influence on cancer prevention 
behaviors into adulthood [8].

This study is subject to certain limitations. Although 
the sample consisted of students from 12 public schools in 
three governorates representing different geographic areas of 
Oman, future research should consider selecting schools from 
all 11 governorates of Oman in order to recruit a nationally-
representative sample. In addition, we did not involve stu-
dents from private schools, although this should not have a 
considerable impact on our findings as the number of private 
schools in Oman is very low in comparison to public schools. 
Further research is also recommended to determine the long-
term effectiveness of school-based cancer education interven-
tions and their impact on various social and cognitive factors, 
including lifelong cancer prevention behaviors.

In conclusion, the current study provides proof-of-
concept that a school-based cancer education program is 
an effective method of increasing awareness of cancer risk 
factors and symptoms and reducing emotional and physi-
cal barriers to medical help-seeking behavior among Omani 
school-aged adolescents. Such measures are increasingly 
important as a result of the growing incidence of cancer in 
many LMCs, including Oman, and in light of the fact that 
the majority of patients with cancer in this region are diag-
nosed at a later stage and relatively young age. Accordingly, 
healthcare strategic planners and policy-makers should 
allocate additional financial and organizational resources to 
integrate cancer education into the public high school cur-
riculum in Oman, with healthcare professionals assisting in 
the training of teachers to deliver such education to students.
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