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Purpose: The knowledge of genetics among medical students was assessed to identify and
analyze gaps that serve as bases for the revision of the current genetics curriculum of the
(Bachelor of Medicine, Bachelor of Surgery) MBBS Program of the College of Medicine at
Princess Nourah bint Abdulrahman University (PNU).

Methods: A 65-item multiple-choice (MCQs) test in Genetics was administered to
71 second and fourth-year medical students to assess their knowledge in Genetics. MCQs
were validated and tested for their reliability. Self-assessment of students’ genetics knowl-
edge was also determined by asking them whether their knowledge in genetics is sufficient or
not sufficient for their future clinical practice. Data were analyzed using the Statistical
Package for the Social Sciences (SPSS) version 20.

Results: Forty-one second-year and thirty fourth-year medical students took the Genetic test.
Exam results showed insufficient knowledge of Genetics, with 43.85% among the students
answering the exam correctly. In self-assessment, the majority (83.3% to 87.8%) of the
respondents considered their knowledge of genetics insufficient for future clinical practice.
A higher knowledge level of basic genetics compared with clinically related genetics
concepts was observed. Generally, second-year students significantly scored higher in mole-
cular and cytogenetics (P=0.012), principles of genetic transmission (P=0.022), and inheri-
tance of genetic diseases (P=0.024), compared with the fourth-year medical students who
only scored higher in items related to cancer genetics (P=0.022).

Conclusion: Medical students’ genetics knowledge is insufficient, especially on clinically
oriented concepts like genetic testing and genetic counseling and should be strengthened for
future clinical practice. The fourth-year medical students do not retain the knowledge of
genetics; thus, integrating medical genetics in clinical years is imperative.

Keywords: genetics knowledge, medical genetics, genomic medicine, genetics curriculum,
assessment

Introduction

Even after the discovery of the DNA structure, genetics had a limited role in human
health professions. Still, in the late 1980s, human genetics was not a required
course for students seeking to enter the medical profession.' The revelation of the
genetic susceptibility to prevalent conditions like cancer, cardiovascular disease,
and even psychiatric illness was eventually recognized as a significant contribution
of genetics to medicine. The discovery of rare genetic illnesses and disorders only
added to this.” Indeed, Genetics should be taught at every medical school. However,
the completion of the Human Genome Project (HGP) and breakthroughs in DNA
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sequencing technology have improved our understanding
of rare diseases, allowing for the development of noninva-
sive prenatal screening strategies and precision medicine
treatment.’ Since then, human and medical genetics has
undergone a substantial transition into genomic medicine.

According to the National Human Genome Research
Institute (NHGRI), Genomic medicine is an interdisciplinary
medical specialty including the use of genomic information in
clinical care and health outcomes.” It promises disease preven-
tion and early diagnosis in the context of precision medicine.’
Precision medicine was, in fact, conceptualized on the strength
of genomic sequence analysis.® Indeed, genomic medicine’s
journey from Mendel through next-generation sequencing
(NGS) to HGP opened the way for a paradigm shift toward
using a person’s genetic profile to guide decisions about dis-
ease prevention, diagnosis, and treatment.” The completion of
the HGP has revolutionized clinical approaches to diagnosis.®
Currently, genomic testing is being employed for tumor mole-
cular characterization, preconception carrier screening, prena-
tal and postnatal detection of atypical disorders, and infectious
disease diagnosis.” We now face the prospect of employing
gene-editing technology to not only precisely predict illness
risk and tailor existing treatments based on genetic and non-
genetic factors but also to potentially cure or even eliminate
some diseases.'”

We are currently witnessing a shift in medical genomics,
with an average of ten new genetic testing items being pro-
duced every day, indicating that genomic testing is becoming
more common in clinical practice."’ Genetic services are in
high demand in clinical and direct-to-consumer (DTC) settings
due to advancements in technology, lower testing prices, and
more public awareness.'? However, these advancements raise
the demand for health care clinicians who are competent and
efficient in their use of emerging genomic technologies in
clinical practice.”'? Is there a sufficient number of physicians
and genetics specialists to deliver these transformative
approaches? According to several research studies, physicians
are primarily unprepared to use genetic and genomic data.'* "
It was also noted that the rapid expansion of genomic medicine
created a gap between the need for genetics services and the
workforce capacity needed to increase the number of clinical
geneticists and satisfy the rising patient demands.'®

Because genomic medicine is not fully addressed in the
most existing medical curriculum, medical students and edu-
cators recognize the need for training in genomic
medicine.'*!"'® More importantly, medical students’ knowl-
edge of genetics is critical for their future clinical practice. The
American Society of Human Genetics (ASHG) and the

Association of Professors of Human and Medical Genetics
(APHMQG) both stressed the need of every physician to have
athorough understanding of human genetics concepts and their
application to a wide range of clinical problems.'® Medical
School Core Curriculum was developed to guide medical
schools regarding medical genetics knowledge, skills, and
behaviors that future physicians require. The structure and
function of genes and the general organization of the human
genome are among the genetic knowledge requirements pro-
posed by ASHG and APHMG. Other topics include genes and
diseases, chromosomes and their abnormalities, population
genetics, and the application of genetics in medical practice.
Future physicians must be trained in applying basic genetic
principles and genomic technologies to diverse fields of
medicine."”

The Kingdom of Saudi Arabia (KSA) has large family
sizes and high rates of consanguinity”®*' when compared to
other populations. Genetic diseases have become a burden for
the kingdom due to increasing autosomal recessive disorders.**
Because of the high prevalence of genetic abnormalities in the
population, the Saudi government has made premarital genetic
disease testing mandatory.®® There are approximately 40 qua-
lified Saudi clinical geneticists and 14 certified Saudi genetic
counselors in practice, with several more in training both
locally and overseas.”' Given the scarcity of clinical geneticists
and counselors and the increased demand for genetic services,
medical graduates should be equipped with the needed genet-
ics knowledge and skills. These medical graduates can do
initial genetic screening and counseling for common familial
inherited disorders. The 2030 vision of the Saudi government
has a positive impact on genetic services within the kingdom
like clinical diagnostic, therapeutic facilities, prevention pro-
grams such as neonatal screening, premarital screening, and
preimplantation genetic diagnosis. The Saudi Human Genome
Program is the largest genome initiative in the Middle East,
which aims to reduce and prevent genetic diseases. Saudi
geneticists with advanced training are so critical to the estab-
lishment and continuity of genetic services in KSA. Clinical
diagnostic, therapeutic, and preventative programs such as
neonatal screening, premarital screening, and preimplantation
genetic diagnosis are currently accessible in Saudi Arabia.’

In this study, the current Genetics Curriculum of the
Bachelor of Medicine, Bachelor of Surgery (MBBS)
Program of PNU is presented and evaluated in regards to
the genetics knowledge requirements that future physicians
should manifest as proposed by the ASHG and the APHMG.
The Genetics knowledge of the second-year and fourth-year
medical students was assessed through the Multiple Choice
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Questions (MCQs) test and self-assessment survey question-
naire. Results were used to identify the gaps in students’
knowledge of genetics that served as bases for the revision
improvement of the current Genetics curriculum of the
MBBS Program of the College of Medicine at Princess
Nourah bint Abdulrahman University (PNU).

Materials and Methods

Study Setting

The Bachelor of Medicine and Surgery Program of the College
of Medicine at PNU in Saudi Arabia has followed a unique
Problem-based hybrid curriculum from its inception in 2012.
The program begins with a two-year pre-clinical basic sciences
course that is delivered in a block system. These include the
Block,
Respiratory, and Renal Blocks for first-year students. Blocks

Foundation Musculoskeletal, — Cardiovascular,
for second-year students include the Central Nervous System,

Endocrine,  Gastrointestinal and  Hematology, and
Reproduction.

Following the weekly themes, basic science courses
such as anatomy, physiology, biochemistry, genetics,
pathology, microbiology, and pharmacology are integrated
into each block. Within each block, there are lectures,
practical or laboratory sessions in various subjects, learn-
ing skills, medical professionalism, self-directed learning

(SDL), an introduction to clinical skills sessions such as

intramuscular injection (IM) and cardiopulmonary resusci-
tation (CPR), and problem-based learning (PBL). In their
third and fourth years, medical students attend clinical
courses with integrated Hospital rotations.?*

Since the commencement of the MBBS program in 2012,
the genetics curriculum of PNU’s MBBS program has under-
gone substantial changes. Limited topics like Human
Chromosomes; Genotypes and Phenotypes; Chromosome
Anomalies; Patterns of Inheritance; Genetic Counseling
Exercise; and Genetics of Breast and Ovarian Cancers were
covered originally in Genetics lectures. These lectures lasted 7
hours and were given during the Foundation and Reproduction
Blocks. Since then, various medical genetics and biochemistry
topics have been added to the various blocks, totaling 29
contact hours, as indicated in Table 1. The Foundation Block
covers the vast majority of genetics topics (48.3%).

Study Participants

The study included 41 second-year and 30 fourth-year
medical students from PNU’s College of Medicine.
Students in the second year have just finished their pre-
clinical, basic science courses, which included genetic
lectures and practical sessions. The fourth year students
are taking clinical courses like surgery, medicine, gynecol-
ogy, and dermatology with integrated hospital rotations.
Because genetics is taught only in the first and second

Table | Topics in Genetics Covered in the Pre-Clinical Years of the MBBS Program

First & Second Years Blocks which Topics Number
Integrate Genetic Lectures of Hours
Foundation Block Nucleic acid structure and function; Regulation of gene expression; Types of 14
Mutation in Genetic Diseases; Human Chromosomes; Genotypes &Phenotype;
Chromosome Anomalies; Patterns of Inheritance; Karyotyping in genetic
(practical); DNA Extraction (practical); Genetic Counseling Exercise
MSK Block Inheritance of Muscular Dystrophy |
Cardio-vascular Block Inheritance of Arrhythmias and Cardiomyopathy |
Respiratory Block Genetics of Cystic Fibrosis |
Renal Block Genetics of Renal Disorders |
Nervous System Block Genetics of Common Hereditary Neurological Disorders |
Gastro-intestinal Block Inherited Disorders of Gastro-intestinal Tract I
Endocrine Block Genetic Basis of Common Thyroid Disorders 2
Inheritance of Polygenic and Monogenic Diabetes
Reproduction Block Genetics of breast and ovarian cancers; Genetic Counselling for Breast Cancer; 7
Introduction to next generation sequencing; Problem-based Learning: Monosomy
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(pre-clinical) years of the MBBS program, fourth-year
students took genetics lectures during their pre-clinical
years. Prior to the start of the study, the students were
asked to participate voluntarily in the self-assessment sur-
vey and in the genetics MCQs test.

Preparation and Administration of
Genetics MCQs

The Genetics MCQs were prepared from different topics in
Genetics in our MBBS curriculum, including molecular and
cytogenetics, biochemical genetics, gene regulation,
Mendelian inheritance, polygenic inheritance, cancer genetics,
and genetic counseling. A test blueprint was prepared to spe-
cify what the test should cover and determine the number of
MCQs to formulate. The researchers prepared 70 MCQs using
the required genetics reference book provided to the students,
from the lectures given, and other references written in each
blocks’ student guide. Two medical genetics experts, one biol-
ogy professor specializing in genetics, and one biochemistry
expert validated the 70 MCQs. The validators recommended
removing four questions because they were “less relevant” to
Genetics and more focused on Biochemistry. For the sake of
clarity, two questions were rephrased. The remaining 66 multi-
ple-choice questions (MCQs) were pilot tested with 15 stu-
dents. The majority of the students indicated that they did not
comprehend one question; thus, it was eliminated. The remain-
ing 65 MCQs were used to test medical students’ genetics
knowledge. The reliability of the exam questions was tested
by calculating the difficulty index and discrimination index,
and MCQs were also tested for internal consistency using
Cronbach alpha. Box 1 shows the examples of the MCQs

given to second and fourth-year medical students.

Self-Assessment of Genetics Knowledge
Second-year and fourth-year medical students were also
asked to self-assess their understanding of essential genet-
ics topics. They were requested to indicate whether their
knowledge of genetics is sufficient or not sufficient in
preparation for future clinical practice.

Data Analysis

The data were reported using descriptive statistics, includ-
ing percentage, mean, and standard deviation (SD). The
MCQs’ difficulty and discrimination index and internal
consistency using Cronbach alpha were analyzed. The
mean exam scores of second-year and fourth-year medical
students in each topic were compared using the #-test, and

p = < 0.05 was considered significant. The Statistical
Package for the Social Sciences (SPSS) version 20 was
used for data analysis.

Results

Genetics Knowledge of Medical Students:
MCQs Test

The Genetics MCQs test and the self-survey questionnaire
were completed by forty-one (41) second-year and thirty
(30) fourth-year medical students. Table 2 summarizes the
results of the genetics exam. In general, results revealed
a lack of knowledge of genetics, with 43.85% of students
correctly answering the exam. The correct responses in six
ranged from 29.2% to 63.1%
among second-year students and 30.8% to 58.5% among

important  topics
fourth-year students. Both groups had low scores on the
“Genetic Testing” test but slightly higher scores on the
“Molecular and Cytogenetics” test.

Based on their MCQ test performance, second and
fourth-year medical students were compared in their knowl-
edge of several genetic topics. Table 2 shows that knowledge
of molecular and cytogenetics, principles of genetic trans-
mission, inheritance of hereditary illnesses, and cancer
genetics differs significantly between second and fourth-
year medical students. Second-year students significantly
scored higher in the first three topics mentioned in the
preceding sentence with P=0.012, 0.022, and 0.024, respec-
tively. The fourth-year significantly (P=0.022) scored higher
in the test items related to cancer genetics. No significant
difference was observed between the two groups in genetic
testing and genetic counseling topics.

The Genetics MCQs have a computed difficulty index
ranging from 22.72 to 68.80%. The calculated values show
that most of the questions are within the recommended
difficulty index, with a few more difficult. Item difficulty
is relevant for determining whether students have learned
the concept being tested. Difficulty index (P), which
ranges from 0 to 100%, describes the percentage of stu-
dents who correctly answered the item. The higher the
percentage means, the easier the question is. A difficulty
index of 30 to 70% 1is recommended. Items having
p-values less than 30% and above 70% are considered
difficult and easy items, respectively.”

The discrimination index determines how well the
question can tell the difference between high and low
performers, which usually range from —1.0 to 1.0. It is
the correlation of responses to individual items with the
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Box | Examples of Genetics MCQs

A. Deletion C. Missense

B. Insertion D. Nonsense*

A. Failure of chromosome to replicate
B. Interference during the crossing over
C. Non-disjunction during meiosis

D. Non-disjunction during mitosis*

A Textt C.TT x Tt
B.TexTt*D. TTxTT

likely diagnosis?
A. Angelman syndrome
B. Beckwith-Wiedemann syndrome
C. Prader-Willi syndrome *
D. Silver—Russell syndrome

A. Color blindness C. Edward’s syndrome*
B. Hemophilia D. Muscular dystrophy

A. Autosomal dominant C. New mutation

B. Autosomal recessive D. Reduced penetrance*

A. Carrier test C. Pre-natal test

B. New born screening D. Pre-implantation test*

A. Familial adenomatous polyposis*
B. Attenuated Familial adenomatous polyposis
C. MUTYH-associated polyposis

D. Hereditary Non-polyposis colorectal cancer

I. Which of the following mutations is a point mutation that changes a codon specifying an amino acid into a stop codon?

2. Mosaic individuals who have cells with different numbers of chromosomes are most likely caused by which of the events in cell division?

3. Taysach’s disease is an autosomal recessive disorder which is manifested in a person with homozygous recessive for the trait (tt). A couple who

do not have Taysachs gave birth to a baby with Taysachs. Which of the following are the genotypes of the parents?

4. A 28 year-old mentally retarded patient presents with hypotonia, obesity, short stature with small hands, feet, and mouth as well as impaired

sexual development. His karyotype reveals deletion in the proximal arm of chromosome |5. Which among the following syndromes is the most

5. Karyotyping can be used to diagnose which of the following genetic disorders?

6. A 36-year-old male’s family pedigree showed an inheritance of LQTI| (Romano-Ward Syndrome) and genetic test showed that he is a carrier of
a mutated KCNQI gene but never develops features of the syndrome. Which of the following patterns of inheritance is shown in this case?

7. To reduce the risk of having a child with a genetic disorder, genetic testing can be offered. Which of the following testing methodologies can be
used to detect genetic changes in embryos that were created using in-vitro fertilization?

8. A 20-year-old male presents with more than 100 colorectal polyps and a carrier of APC gene mutation on chromosome 5921 resulting in an
autosomal dominant condition. Which of the given types of CRC is most likely shown in this case?

Note: An asterisk symbol (¥) indicates the correct answer from the given choices.

overall test score. The higher the correlation, the more the
item results are consistent with the test as a whole.
Determination index of 0-0.19 means Poor; 0.2-0.29
0.3-0.39 Good;
Excellent. The calculated discrimination index (D) of the

Acceptable; and more than 0.4 is
Genetics test ranges from 0.27 to 0.66, indicating that
questions included in the test range from acceptable,
good, and excellent.

Results show an internal consistency of 0.78 to 0.92.
A measure of the internal consistency of the exam is
expressed in statistics ranging from 0 (no reliability) to
1.0 (perfect reliability). It indicates the extent to which
items on the test measure the same thing. The higher the

value, the better the test is likely to produce consistent
scores. High reliability means that the questions of a test
tended to “pull together.” Students who answered a given
question correctly were more likely to answer other ques-
tions correctly. Low reliability means that the questions
tended to be unrelated to each other in terms of who
answered them correctly. Box 1 shows the examples of
the MCQs included in the test given to the second and
fourth medical students.

Self-Assessment of Genetics Knowledge
Medical students were also asked if they believe their
genetics knowledge is adequate for their future clinical
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Table 2 MCQs Exam Results

Topics Covered % of Mean | SD t P value
Correct
Answers
Molecular and Cytogenetics 2nd Year 63.1 41.06 | 488 [ 1.97 | 0.012*
Nucleic acid structure and function; gene expression; Mutation; Numerical and | 4th Year 58.5 38.10 | 4.11
structural chromosome aberrations; Karyotyping
Principles of Genetic Transmission 2nd Year 60.0 39.20 | 3.86 | 1.99 | 0.022%
Patterns of inheritance; autosomal dominant/recessive; sex-linked; atypical 4th Year 56.9 37.02 | 299
patterns (Mitochondrial; codominance, anticipation, etc.)
Inheritance of Genetic Diseases 2nd Year 554 36.30 | 4.07 | 201 0.024*
Common inherited diseases of the different body Systems: Down Syndrome; 4th Year 523 34.10 | 3.18
Muscular Dystrophy; Cystic Fibrosis; Arrhythmias; Cardiomyopathies
Cancer Genetics 2nd Year 47.7 31.23 | 252 | 1.98 | 0.022%
Breast Cancer, Ovarian cancer; Colorectal cancer; Esophageal cancer 4th Year 50.8 33.15 | 2.17
Genetic Testing 2nd Year 29.2 19.20 | 2.48 | 2.03 0.09
Types of Genetic tests and their uses 4th Year 30.8 20.26 | 2.40
Genetic Counseling 2nd Year 354 23.16 | 1.92 | 2.07 0.13
Pedigree analysis; 4th Year 369 2425 | 3.15
recurrence risk assessment

Note: p = < 0.05 was considered significant. Number of MCQs=65. N= 4| second year and 30 fourth year students. *Indicates a significant P value.

practice. Figure 1 demonstrates that 87.8% of second-year
medical students and 83.3% of fourth-year medical stu-
dents believe their genetics knowledge is insufficient for
their future clinical practice.

Discussion

This study assessed the second and fourth-year medical
students’ genetic knowledge using a multiple-choice ques-
tions test and self-assessment survey questionnaire. The
assessment results were utilized to identify gaps in stu-
dents’ genetics knowledge and served as bases to revise
and improve the genetics curriculum at the PNU College
of Medicine’s MBBS program.

The study’s findings reveal insufficient genetics knowl-
edge among second and fourth-year medical students.
A slightly higher knowledge level of basic genetics con-
cepts was noted when compared with clinically related
genetics concepts. This finding could be attributed to
a strong grasp of biochemical and genetic principles
learned in high school and was reinforced in the
Preparatory Year Program of the Health and Sciences at
PNU, where various biochemical, genetic principles were
studied in Biology and Biochemistry. Clinically oriented
genetic topics, on the other hand, were not given priority.

A thorough examination of the coverage of genetics in
different blocks (Table 1) reveals that clinically-oriented
genetic topics such as genetic testing and genetic counsel-
ing receive less than 20% of the total 29 hours of the
complete genetics curriculum. The information about
genetic testing was included in the lectures on various
inherited diseases, but it was not highlighted. This out-
come is consistent with what has been found in other
studies.”**” In a study on genetics knowledge and skills
of medical students in Clinical Neurogenetics, it was
reported that exam results showed a higher level of knowl-
edge of genetic concepts learned in their basic science
during pre-clinical years when compared with clinical

%6 The students have a strong

Neurogenetics concepts.
grasp of the fundamental concepts as well as the clinical
presentation of the major genetic diseases, but they strug-
gle to connect the clinical implications of the genetic
abnormality.*® Similarly, results from cohort research con-
ducted in Cameroon among medical students and physi-
cians reveal a lack of knowledge about genetics,
particularly concerning genetic testing.”’ There has been
little research on medical students’ genetics knowledge
and skills, but multiple studies have been on physicians’
genetic literacy.® Findings from these studies reveal a lack
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Students' Perception Whether or Not They Have
Enough Genetics Knowledge

100

80
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Percentage

20

Second Year Medical Students

Enough Genetics Knowledge

Figure | Students’ perception of their genetics knowledge.

of genetics knowledge, making it unable to adequately
respond to patients’ questions regarding medical genetics,
genetic tests, and new developments in the field of geno-
mic medicine.®'*!1>*%2% Thus, improving the undergradu-
ate medical genomics curriculum should be addressed to
improve physician genomic literacy. Undergraduate medi-
cal students must have a strong foundation in genetics and
genomics to apply for genomic medicine across a range of
specialties.”

Our findings also show that second-year MCQs test
scores in molecular and cytogenetics, principles of genetic
transmission, and inheritance of genetic illness are much
higher than fourth-year MCQs exam scores. The fourth-
year students, on the other hand, scored much higher in
cancer genetics. These findings could indicate that fourth-
year students have already forgotten basic genetics/medi-
cal genetic concepts learned two years back during their
pre-clinical years. In our current genetics curriculum,
genetics is not taught during the clinical years. Students’
better performance in cancer genetics could be attributed
to their clinical exposure to varied cancer cases in various
hospitals, which may have given them the opportunity to
strengthen their understanding of this subject.

Similarly, a study examined whether third-year medical
students retained specific knowledge and abilities taught
during their first-year genetics course. The findings
revealed that medical genetics knowledge and skills
learned in the first year of medical school are not retained
by third-year medical students. It was recommended that
medical schools the curriculum

integrate genetics

Fourth Year Medical Students

B Not Enough Genetics Knowledge

throughout the four years of medical school.*® Another
study on medical students nearing graduation revealed
a deficient knowledge of genetics that is important to
daily medical practice.*’ Medical students lacked genetics
knowledge to respond adequately to changes of relevance
to genetics in medicine. Thus, changes in the basic med-
ical curriculum should be considered.®! As a result, it is
critical to incorporate clinical genetics into the clerkship
years and emphasize teaching more genetic skills in the
clinical curriculum.”®

The Genetics curriculum has been changed at PNU
since the commencement of the MBBS program in 2012
to enhance the students’ genetics knowledge. Initially,
genetic concepts were taught in seven lectures over
seven contact hours, but now, additional medical genetic
concepts and skills are taught over 29 contact hours.
Despite the improvements made to the curriculum, we
recognize that we must continue to improve our genetics
curriculum. Four (4) relevant aspects of our Medical
Genetics Curriculum must be addressed as a result of the
current study’s findings: 1) strengthening the curriculum
content; 2) increasing the number of contact hours for
lectures and skill development; 3) incorporating medical
genetics throughout the four years of the medical curricu-
lum, and 4) designing and implementing appropriate
teaching and assessment strategies.

Inclusion of important topics not covered in our genet-
ics curriculum, such as population genetics, contemporary
topics like personalized medicine, direct-to-consumer test-
ing, and ethical challenges surrounding clinical genetic
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and genomic testing, will help strengthen our existing
genetics curriculum content. Also, essential subtopics
should be added to some of the current topics. For exam-
ple, in Genetic Counseling lectures, we only cover
Pedigree Analysis and Recurrence Risk Assessment, and
due to the limited contact hours, these topics are not
addressed in depth. Ordering genetic tests, interpreting
genetic test findings, and communicating with patients
are all essential clinical sub-topics that should be intro-
duced or integrated into the existing related lectures. It is
worth noting that in strengthening the content of the
genetics curriculum, it is recommended to look into the
Core Curriculum for Medical School Genetics Education
developed by APHMG.*> This proposed curriculum
ensures that medical education reflects the current under-
standing of genetics/genomics and its impact on medical
practice. Medical students should be provided with
a thorough understanding of the genetics and genomics
principles, starting from the basic science to clinical
application.’”> They should be taught the basic principles
of genetics and genomic technologies and their application
to various areas of medicine to prepare and train them to
practice medicine in the age of genomics.'® The APHMG-
recommended genetics core curriculum was built around
the six competencies defined by the Accreditation Council
for Graduate Medical Education (ACGME) and the
American Board of Medical Specialties for residency
training in the United States (ABMS). The six competen-
cies include medical knowledge, patient care, interpersonal
and communication skills, practice-based learning and
improvement, professionalism, and systems-based prac-
tice, respectively.’® Table 3 shows the Core Curriculum
for Medical School Genetics Education established by the
APHMG parallel with the first and second competencies,
Medical Knowledge and Patient Care.

The additional number of contact hours for lectures to
cover crucial medical genomics concepts and skills devel-
opment is another aspect of our curriculum that needs to
be addressed. This is challenging since our MBS curricu-
lum is already overburdened with many topics to cover in
order to meet the Intended Learning Outcomes (ILOs) of
the MBBS program. One option for addressing this issue is
to strengthen self-directed learning (SDL) in our curricu-
lum to help students become more independent in their
learning.

The integration of medical genetics across the medical
curriculum, from pre-clinical, basic sciences to clinical
years, is another part of our genetics curriculum that

Table 3 Medical Genetics Curriculum Content Under Medical
Knowledge and Patient Care (APHMG and ACGME)

Genetics/Genomics Genetics/Genomics

Knowledge Under Medical Knowledge and Skills Under

Knowledge Competency Patient Care Competency

Genetic variation Medical genetics and inheritance

Population genetics Genetic testing
Inheritance Genetic counselling
Cytogenetics and molecular Cancer genetics
genetics Reproductive and pre-natal
Biochemical genetics genetics
Cancer genetics Treatment and management of

genetic disorders

should be addressed. This would ensure that medical stu-
dents maintain and improve their genetic knowledge
throughout their clinical years, strengthening the applica-
tion of medical genetics during clinical rotations. During
the clinical years, case-based learning may also be used.
This will connect basic science with clinical application
and enhance information transfer, resulting in improved
diagnostic abilities and long-term retention>~*
Furthermore, appropriate instructional strategies and
assessments must be designed and implemented to meet
the overburdened medical curriculum. Currently, we use
the lecture method with self-directed learning (SDL) dur-
ing the pre-clinical years, but we are gradually introducing
problem-based learning (PBL) as part of our genetics
instruction. In fact, in the Reproduction Block, we have
already begun integrating PBL cases on numerical and
structural chromosomal abnormalities. It is possible to
implement non-lecture-based teaching methodologies that
emphasize the application of genetic and genomics princi-
ples to clinical care. Team-based learning (TBL), problem-
based learning (PBL), case-based learning (CBL), flipped
class activities, and patient simulation are examples of
strategies that demonstrate a shift toward learner-
centered, competency-based education with an emphasis
on active learning.*>?® Active learning, as opposed to
traditional lectures, focuses on the application of knowl-
edge and has been found to increase student involvement
and possibly performance.’”*® It is also important to note
the use of standardized patient (SPs) to enable medical
students to improve their skills in assessing genetic risks
and communicating genetic information to patients.
According to another study, the effective use of SPs in
medical genetics instruction may improve medical stu-
dents’ self-confidence in their clinical genetics skills.>
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The findings of our study pose a challenge on how to
incorporate the breadth of knowledge and skills required to
achieve the competencies outlined by APHMG and
ACGME during this time of genomic and precision med-
icine. However, these do not provide us with specific
information about the demands and challenges that our
medical students have when it comes to the content and
implementation of our genetics curriculum. As a result,
there is an ongoing effort to collect feedback from our
medical students and genetics educators on the difficulties
they have faced to address these issues. Furthermore, there
is a current endeavor in developing and implementing
genomics content through active learning strategies that
emphasize clinical application across pre-clinical and clin-
ical years of our undergraduate medical curriculum.

We also look forward to having linkage and update
with the researches related to genomic medicine and dif-
ferent genetic services within the kingdom like the Saudi
Human Genome Program (SHGP) which is the largest
genome initiative in the Middle East. The SHGP aims to
reduce and prevent genetic diseases.

Conclusion
Medical students’ genetics knowledge is insufficient, par-
ticularly in clinically relevant concepts such as genetic
testing and genetic counseling, and should be reinforced
in preparation for future clinical practice. Fourth-year
medical students do not retain genetics knowledge.
Integrating medical genetics into clinical years is cri-
tical for retaining and strengthening medical students’
knowledge of genetics. ASHG and APHMG have stated
that every physician must have an in-depth knowledge of
genetic principles and their application to a wide range of
clinical conditions.
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