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Background: Genetics is a well-known determinant of brain function, behavior, and disease susceptibility. However, epigenetics,
which involves environmentally responsive gene regulation (e.g. DNA methylation), remains underappreciated in health sciences
education, despite its role in brain development and disease risk. This study assessed the awareness and knowledge of Saudi health
sciences students regarding epigenetics and its impact on the brain and behavior. Additionally, knowledge levels were compared across
various health science colleges, and gender-based differences were analyzed.

Methods: A cross-sectional questionnaire study was conducted among 419 students from four colleges (Medicine, Applied Medical
Sciences, Nursing, Science and Health Professions) at King Saud bin Abdulaziz University for Health Sciences, Jeddah, between
September 2024 and 2025. Non-probability quota sampling was used. The survey evaluated demographic data, general epigenetic
knowledge, and the links between epigenetics, brain, and behaviour. Data were analyzed using descriptive and inferential statistics
(Chi-square/Fisher’s exact tests; p<0.05).

Results: Females demonstrated greater awareness of “epigenetics” than males (p = 0.001). Males more often believed epigenetic changes
were irreversible (p = 0.003) and doubted their heritability (p = 0.046). College of Medicine (COM) students demonstrated the highest level
of epigenetic knowledge (p < 0.001), with 39% recognizing its role in gene expression and disease. COM students also identified DNA
methylation as a key mechanism (p = 0.004) and agreed that social environments shape brain development (39.6%, p = 0.048). In contrast,
College of Science and Health Professions (COSHP) students often disagreed that life experiences affect gene expression (50%). Gender
and college-based disparities were evident in perceptions of parenting’s epigenetic effects (p = 0.032) and twin studies (p < 0.001).
Conclusion: There are notable gaps in epigenetic knowledge among health sciences students, with variations based on gender and
college level. Female students demonstrated a greater awareness of epigenetic mechanisms, while male students focused more on the
role of research in understanding the social determinants of health. Curriculum reforms should incorporate epigenetics into health
sciences programs to address these disparities.
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Introduction

Heredity, which means the passing of genetic material from biological parents to their offspring, has been accepted as
a genuine concept for centuries. The genetic material passed down is called the genome, which comprises DNA and
proteins. DNA is mainly found in the nucleus and a small portion in the cell’s mitochondria. Each DNA has multiple
coding regions called genes, where gene expression occurs. Gene expression transcribes DNA (the genotype) into mRNA
and then translates the mRNA into functional proteins that result in the phenotype.' All the cells in an individual have the
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same genome, but every cell type looks and acts differently by controlling gene expression.” Epigenetic mechanisms
mainly control the process of gene expression. As the term indicates (epigenetics), meaning above the genes, epigenetic
mechanisms are reversible processes that affect gene expression without affecting the underlying DNA sequence.” In
other words, epigenetic mechanisms control which gene is turned on (expressed) and off (unexpressed). Although
epigenetics is not encoded in the genome, many studies strongly confirm that epigenetics are heritable through
generations.”* One of the most common epigenetic mechanisms is DNA methylation, which is adding CH3 on 5'-C
phosphate-G-3' (CpGQG) repeats, that is, cytosine base followed by guanine base, by the enzyme family DNA methyl-
transferases (DNMTS); as a result, it will inhibit transcription of specific genes. Studies have reported that epigenetic
modifications contribute to developing some diseases and disease susceptibility.>° The English Victorian philosopher
Francis Galton originally used the expression “Nature vs. Nurture” in the mid-1800s. The phrase debated the balance
between two main factors, genetics (nature) and environment (nurture). In addition, the debate talked about which has
more influence on humans, genetics or the environment? However, this question remained unresolved because it is
difficult to determine accurately which has more effect on human traits. However, we know that genetics and environ-
ment have a powerful impact on human characteristics and life, especially brain development, behaviour, and cognitive
ability.” Numerous studies support the idea that environmental factors and life experiences impact how the brain develops
physically and functionally and how behaviour is altered early in life through epigenetic mechanisms.>’ For instance,
diet, exercise, stress, behavior, environmental exposure, and early experiences significantly impact epigenetic changes.
Exposure to these factors can improve or deteriorate brain development and contribute to an increase or decrease in the
risk of psychopathology and neuropathology in individuals. Moreover, the effect of these factors can be long-lasting if
they are exposed severely during prenatal and early postnatal life.>* Recent research has suggested that epigenetic
modifications can significantly affect the brain and behaviour. These modifications can alter the expression of genes
involved in various neural processes, such as synaptic plasticity, learning, and memory. Epigenetic changes have also
been linked to multiple behavioural and neurological disorders, including depression, anxiety, autism, and
schizophrenia.®* '" The effects of epigenetic modifications on the brain and behaviour have significant implications for
healthcare professionals.

Understanding the role of epigenetics in the development and progression of psychiatric and neurological disorders is
crucial for healthcare professionals seeking to create more effective treatment strategies. Providers must also consider the
ongoing “nature versus nurture” debate when treating patients and assessing the development of neurological conditions.
Therefore, it is essential for university students pursuing health sciences to gain an early understanding of epigenetics.
While many studies have explored epigenetic mechanisms, a significant gap remains in the literature regarding the
assessment of health sciences students’ knowledge and understanding of epigenetics, particularly its influence on brain
function and behaviour. Additionally, Greicke and McEwen emphasized the underrepresentation of epigenetics in
secondary education, proposing ways to integrate epigenetics into curricula. Furthermore, they emphasize the importance
of viewing epigenetics through the lens of “nature versus nurture” and health-related examples.'? Some of the challenges
described in integrating epigenetics include the fixed idea that genes determine traits and are unchanging. Also, teachers
worry that students might view the dynamic nature of epigenetic mechanisms to be too complex and confusing,
especially when they are traditionally taught Mendelian inheritance and view genes as fixed trait outcomes.'?

To address this gap, the present research project aims to evaluate the awareness and knowledge of epigenetic factors
affecting the brain and behavior among health sciences students at King Saud bin Abdulaziz University for Health
Sciences (KSAU-HS) in Jeddah, Kingdom of Saudi Arabia. Moreover, the study analyzes and compares the knowledge
levels of Saudi students across different colleges. It also investigates gender differences in the understanding of
epigenetics and its influence on brain function and behavior.

Methods

This cross-sectional questionnaire study involved diverse groups of health sciences students from multiple colleges at
King Saud bin Abdulaziz University for Health Sciences (KSAU-HS) in Jeddah, Saudi Arabia. Participants included both
male and female students from the College of Science and Health Professions (COSHP), the College of Medicine
(COM), the College of Applied Medical Sciences (COAMS), and the College of Nursing (CON). The study was
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conducted over a period of one year, from September 2024 to September 2025. The survey was accessible to participants
online from November 2024 until January 2025.

Sampling Technique and Sample Size

The study utilized a non-probability quota sampling technique to include all participants who were available, accessible,
and willing to engage in the study. The sample size was calculated using Raosoft’s sample size calculator.'* The total
number of students enrolled in KSAU-HS, Jeddah, during the study period was 2635. The required sample size was
estimated at a 95% confidence level, based on an estimated response distribution of 67.1% and a margin of error of +£5%.
The required minimum sample size was initially determined to be 301 but was subsequently increased to 362,
considering a non-response rate of 20%. However, the study enrolled 419 students from all colleges in KSAU-HS.
The students from the colleges, as mentioned previously, share some common courses; however, there are subtle
differences between them regarding genetics and epigenetics. COSHP offers a single course that incorporates epigenetics
for second-year medical students only. While COM includes aspects of epigenetics and more complex topics throughout
its various courses, it does not offer a dedicated course specifically on genetics or epigenetics. Neither COAMS nor CON
offer further education on epigenetics as part of their curricula. All students enrolled at COM or COAMS complete 2
years at COSHP, while CON students are enrolled in college courses from the time of admission.

Validity and Reliability of the Questionnaire

The study used a self-administered, validated survey instrument (available in the Appendix). To ensure content validity,
A group of independent subject experts appraised the questions, and concurrently, a group of professionals in the medical
education field evaluated the questionnaire’s face validity. A pilot study was conducted with 35 students to assess the
reliability of the questionnaire. The reliability coefficient, Cronbach’s alpha, was computed to be (a0 = 0.90) after
analyzing the pilot study responses. The participants who took part in the pilot study were excluded from the final
analysis of the main study to maintain data integrity.

The questionnaire was administered to students via a QR code after obtaining informed consent from each participant.
The questionnaire incorporated a blend of positively and negatively phrased questions to reduce the risk of acquiescence
bias. The negatively worded questions were scored in reverse, a strategy to ensure respondents’ focus on each question’s
content rather than repeatedly selecting the same answer. After the data collection phase, the analysis involved adjusting
the scores for reverse-scored items to align with the scoring system used for the rest of the questionnaire. Moreover,
before presenting the questionnaire to the participants, a concise introductory paragraph was provided to explain the
study’s aim and objectives, ensuring that the students understood the study.

Data Collection Methods, Instruments Used, and Measurements

The questionnaire had four sections. Section 1 included four questions related to demographic characteristics. Section 2
contained 10 questions that assessed students’ general awareness and knowledge of “Epigenetics”. Section 3 consisted of
13 questions that assessed participants’ knowledge of epigenetics and its relationship to the brain and behavior. Section 4
was an optional section where respondents could write their opinions about the survey. Sections 1 and 2 consisted of
closed-ended questions. All the responses in section 2 were categorised as “yes” or “no”. Section 3 applied a five-point
Likert scale, structured from “strongly agree” to “strongly disagree”.

Ethical Considerations

The Institutional Review Board (IRB) of the King Abdullah International Medical Research Centre (KAIMRC) approved
the research proposal, validated the self-administered questionnaire, and approved the informed consent forms under
reference number NRJ24/015/5 dated August 15, 2024. All participants provided informed consent for the study before
commencing the survey, and no personal data were collected, thereby ensuring the privacy of participants’ responses.
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Data Collection/Management

Data were collected using a structured questionnaire disseminated through a Google Form. The survey link was shared
via WhatsApp, and QR codes were displayed on college notice boards to enhance accessibility. Participation was
voluntary, and all participants who agreed to complete the survey gave written consent. The study assessed health
sciences students’ knowledge and awareness of epigenetics, which were treated as dependent variables. Independent
variables included gender, age, academic year, and college affiliation.

Data Analysis
The responses from Google Forms were recorded in an Excel spreadsheet. Data were analyzed using the Statistical
Package for the Social Sciences (SPSS) for Windows, Version 20.0. Descriptive analysis was performed by calculating
the frequency and percentage of categorical variables, including gender, college, and responses to questions assessing
awareness and knowledge. Continuous variables, like age, were presented as means and standard deviations.

For inferential statistics, the Chi-square test or Fisher’s exact test was utilized to compare two categorical variables,
depending on the appropriateness and frequency of the variables, such as “yes” and “no” responses or Likert scale
variables. A significance level of p < 0.05 was considered statistically significant for this study.

Results

A total of 419 participants were included in the study, with a mean age of 20.29 years (SD = 1.62). The sample was
nearly gender-balanced, consisting of 47.0% males and 53.0% females. Participants were recruited from various colleges,
with the highest number coming from the COM at 36.8%, followed by the COSHP at 33.9%. A smaller proportion of
participants were from the CON (20.5%) and the COAMS (8.8%).

Most participants were in their second year of college (39.6%), followed by 18.6% who were third-year students and
17.4% who were fourth-year students. First-year students accounted for 11.2% of the sample, while upper-year students
(fifth, sixth, and those in internship programs) comprised 13.2% (Table 1).

Most participants recognised the term “epigenetics,” with 63.5% being familiar with the concept. Additionally, 66.3%
understood that epigenetic changes can influence gene expression. A significant majority, 85.7%, acknowledged that

Table | Demographic Characteristics of Study Participants (N = 419)

Mean SD
Age 20.29 1.624
n=419 %

Gender

Male 197 47.0

Female 222 53.0
College

College of Science and Health Professions 142 339
(COSHP)

College of Medicine (COM) 154 36.8

College of Applied Medical Sciences (COAMS) 37 8.8

College of Nursing (CON) 86 20.5
Current Academic Year

I'st year 47 11.2

2nd year 166 39.6

3rd year 78 18.6

4th year 73 17.4

5th year 20 4.8

6th year 22 53

Internship year 13 3.1
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these changes might play a crucial role in developing diseases such as cancer and diabetes, while 74.0% agreed that stress
could influence epigenetic processes.

Furthermore, 83.5% of respondents recognized the inheritance of epigenetic changes, indicating a strong awareness of
intergenerational epigenetic transmission. However, the understanding of the impact of epigenetics on mental health was
relatively low, with only 36.8% of participants being familiar with its significance. When asked about the potential effect
of epigenetics on future medical developments, an impressive 85.7% expressed confidence that research in this area
would lead to the development of personalized medicine.

While 75.2% correctly identified DNA methylation as a common epigenetic process, some misconceptions remained.
For example, 58.2% of participants mistakenly believed that epigenetic mechanisms create permanent changes to the
DNA sequence, and 57.8% thought that epigenetics affects the genotype without impacting the phenotype (see Table 2).

Participants demonstrated a profound understanding of the environmental and social influences on brain development.
A large majority (86.8%) agreed or strongly agreed that a socially active childhood helps shape a child’s brain, while
77.5% admitted that life experiences and environmental factors influence gene expression. Similarly, 81.9% agreed that
childhood events increase the likelihood of acquiring psychopathology in adulthood. The importance of lifestyle choices
in gene regulation was widely acknowledged, with 71.3% of respondents believing that regular exercise can activate

Table 2 General Awareness and Knowledge of Epigenetics Among Participants

n =419 %

I. Have you heard of the term ‘“Epigenetics”?

No 153 36.5

Yes 266 63.5
2. Are you familiar with the idea that epigenetic changes affect how genes are expressed?

No 141 337

Yes 278 66.3
3. Do you believe that epigenetic alterations could play a role in the development of diseases like cancer and diabetes?

No 60 14.3

Yes 359 85.7
4. Do you think stress can influence epigenetic processes?

No 109 26.0

Yes 310 74.0
5. Do you think that epigenetic changes can be passed down from one generation to the next?

No 69 16.5

Yes 350 83.5

6. Have you learned about how epigenetics plays a part in the development of mental health disorders?

No
Yes

265
154

63.2
36.8

7. Do you think that progress in epigenetics research will eventually lead to advancements in personalized medicine?

No 60 14.3

Yes 359 85.7
8. Epigenetic mechanisms are permanent changes that alter the DNA sequence.

No 175 41.8

Yes 244 582

(Continued)
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Table 2 (Continued).

n =419 %

9. DNA methylation is one of the common epigenetic mechanisms.

No 104 24.8
Yes 315 75.2

10. Epigenetics changes the genotype without changing the phenotype.

No 242 57.8
Yes 177 422

beneficial genes and lower susceptibility to stress and anxiety. On the contrary, attitudes were mixed regarding the effects
of paternal factors, as only 62.8% agreed or strongly agreed that parenting affects the epigenetic structure of the brain,
while 29.6% were neutral. On certain concepts, misconceptions were evident. A significant number of participants
(25.0%) believed that identical twins, despite being brought up in separate environments, would have identical
personalities due to sharing the same genome. In comparison, the remaining 21.0% were neutral. Furthermore, 19.6%
of respondents reported that a socially active environment does not promote brain development, while 25.0% believed
that adult brain volume is unaffected by introversion or social isolation. Understanding epigenetics in addiction
susceptibility was less conclusive, with 40.8% of the participants remaining neutral. Nevertheless, the majority
(71.8%) felt that increasing awareness of epigenetics would be helpful. Additionally, 58.7% reported that it should be
included in the curriculum, and 76.1% agreed that epigenetic research improves comprehension of social aspects in
disease risk and prevention. Despite the highly accepted importance of understanding epigenetic concepts, only 44.2% of
respondents reported that their medical education had adequately prepared them to comprehend the significance of

epigenetics in human health (Table 3).

Table 3 Participants’ Perceptions of Epigenetics in Brain and Behavior

n =419

%

I 1. Growing up in an environment characterized by social activity affects the development of a child’s brain.

Strongly Disagree 3 0.7
Disagree 5 1.2
Neutral 47 1.2
Agree 112 26.7
Strongly Agree 252 60.1

12. The development of a child’s brain is influenced by life experiences and environmental factors, which affect gene expression.

Strongly Disagree | 0.2
Disagree 10 24
Neutral 83 19.8
Agree 138 329
Strongly Agree 187 44.6

psychopathology in adulthood.

13. The life experiences, events, and environments of childhood play a role in either raising or lowering the risk of

Disagree 7 1.7
Neutral 69 16.5
Agree 124 29.6
Strongly Agree 219 52.3

(Continued)
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Table 3 (Continued).

n =419

%

depressive disorders such as anxiety and stress.

14. Engaging in regular exercise activates beneficial genes and suppresses harmful ones; as a result, it reduces susceptibility to

Strongly Disagree 6 1.4
Disagree 22 53
Neutral 92 22.0
Agree 135 322
Strongly Agree 164 39.1
15. How parents raise their children influences the epigenetic configuration of the brain.
Strongly Disagree 3 0.7
Disagree 29 6.9
Neutral 124 29.6
Agree 139 332
Strongly Agree 124 29.6

personality, as they have the same genome.

16. If identical twins were separated at birth and then reunited after years, they would have the exact way of thinking and

Strongly Disagree 84 20.0
Disagree 142 339
Neutral 88 21.0
Agree 63 15.0
Strongly Agree 42 10.0
17. A socially active environment does not play a role in the brain development of the growing child.
Strongly Disagree 130 31.0
Disagree 146 348
Neutral 6l 14.6
Agree 36 8.6
Strongly Agree 46 11.0
18. Isolation from others or introverted tendencies do not affect the brain volume of adults.
Strongly Disagree 78 18.6
Disagree 140 334
Neutral 96 229
Agree 68 16.2
Strongly Agree 37 8.8
19. Epigenetic factors contribute to an individual’s susceptibility to addiction.
Strongly Disagree 4 1.0
Disagree 32 7.6
Neutral 171 40.8
Agree 133 31.7
Strongly Agree 79 18.9
20. The public would benefit from increased awareness of the role of epigenetics in human health.
Strongly Disagree 2 0.5
Disagree 10 24
Neutral 99 23.6
Agree 139 332
Strongly Agree 169 40.3

(Continued)
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Table 3 (Continued).

n =419

%

21. | believe that including epigenetics in medical

school curriculum should be mandatory.

Strongly Disagree 7 1.7
Disagree 20 4.8
Neutral 146 348
Agree 132 315
Strongly Agree 114 27.2

22. Epigenetic research can assist us in gaining a deeper understanding of how social factors impact the risk and prevention of

diseases.

Strongly Disagree | 0.2
Disagree 9 2.1

Neutral 90 21.5
Agree 150 35.8
Strongly Agree 169 40.3

human health.

23. The education | received in medical school has sufficiently prepared me to understand

the importance of epigenetics in

Strongly Disagree 25 6.0
Disagree 54 12.9
Neutral 155 37.0
Agree 105 25.1
Strongly Agree 80 19.1

Males were substantially less likely than females to be familiar with “epigenetics” (p = 0.001), implying a gap in their
exposure or interest in the topic. Additionally, males were more likely to report that epigenetic mechanisms include
irreversible changes to the DNA sequence (p = 0.003), indicating a higher frequency of misconception in the group.
Additionally, males (58.0%) expressed greater uncertainty than females (42.0%) when asked about the heritability of
epigenetic changes, which is a significant difference between the two groups (p = 0.046). However, there were no
significant differences in knowledge on the role of epigenetics in disease development (p = 0.825) or mental health
disorders (p = 0.489). Additionally, although a trend suggested that males were more skeptical about the impact of stress
on epigenetic processes (p = 0.051), the difference between the two groups was insignificant. There were no significant
gender differences in understanding typical epigenetic mechanisms, such as DNA methylation (p = 0.667) or recognizing
the impact of epigenetics on gene expression (p = 0.495). Similarly, males and females held similar attitudes regarding
the potential of epigenetics to enhance personalized medicine (p = 0.106) and the relationship between genotype and
phenotype (p = 0.403) (Table 4).

Males are more inclined to disagree with the notion that parenting can alter the epigenetic structure of the genome
than females (p = 0.032). Additionally, males were significantly more likely to oppose the idea that epigenetic research
can help us understand how social factors influence illness risk and prevention (p = 0.021). These findings suggest
possible gender differences in recognising epigenetics’ environmental and social elements. While most participants
agreed on the importance of social and environmental factors in brain development, no significant gender differences
were noted in the effects of life experiences on gene expression (p = 0.968) or the influence of social engagement on
a child’s brain development (p = 0.710). Similarly, no significant differences were observed in beliefs regarding the role
of epigenetics in addiction (p = 0.393) or the importance of incorporating epigenetics into medical education (p = 0.553).
There was no significant gender difference in public awareness of epigenetics (p = 0.561). While males reported feeling
adequately taught about epigenetics in medical school more confidently than females (p = 0.142), the difference was not

statistically significant (Table 5).
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Table 4 Gender Differences in Epigenetic Knowledge and Misconceptions

Total Male Female P

n=197 % n =222 %

I. Have you heard of the term ‘“Epigenetics”?

No 153 56 (36.6) 97 (634) 0.001
Yes 266 141 (53.0) 125 (47.0)

2. Are you familiar with the idea that epigenetic changes affect how genes are expressed?

No 141 63 (44.7) 78 (55.3) 0.495
Yes 278 134 (48.2) 144 (51.8)
3. Do you believe that epigenetic alterations could play a role in the development of diseases like cancer and diabetes?
No 60 29 (48.3) 31 (51.7) 0.825
Yes 359 168 (46.8) 191 (532)

4. Do you think stress can influence epigenetic processes?

No 109 60 (55.0) 49 (45.0) 0.051
Yes 310 137 (44.2) 173 (55.8)

5. Do you think that epigenetic changes can be passed down from one generation to the next?
No 69 40 (58.0) 29 (42.0) 0.046
Yes 350 157 (44.9) 193 (55.1)

6. Have you learned about how epigenetics plays a part in the development of mental health disorders?

No 265 128 (48.3) 137 (51.7) 0.489
Yes 154 69 (44.8) 85 (55.2)

7. Do you think that progress in epigenetics research will eventually lead to advancements in personalized medicine?

No 60 34 (56.7) 26 (43.3) 0.106
Yes 359 163 (45.4) 196 (54.6)

8. Epigenetic mechanisms are permanent changes that alter the DNA sequence.

No 175 97 (55.4) 78 (44.6) 0.003
Yes 244 100 (41.0) 144 (59.0)

9. DNA methylation is one of the common epigenetic mechanisms.

No 104 47 (45.2) 57 (54.8) 0.667
Yes 315 150 (47.6) 165 (52.4)

10. Epigenetics changes the genotype without changing the phenotype.

No 242 18 (48.8) 124 (51.2) 0.403
Yes 177 79 (44.6) 98 (55.4)

COM students showed the highest rate (48.5%) of knowing the term “epigenetics”. In contrast, COSHP students had
the highest number of students who were unfamiliar with the term, indicating a significant difference in awareness of the
term “epigenetics” (p < 0.001). Similarly, knowledge of the impact of epigenetic modifications on genetic expression was
considerably different across groups (p = 0.002), with COM students displaying the most significant awareness. Belief in
the relevance of epigenetics in the development of illnesses, such as cancer and diabetes, also differed considerably (p =
0.049), with COM students indicating the highest level of agreement (39%). However, there was no significant difference
in whether stress alters epigenetic processes (p = 0.521) or whether epigenetic changes are inherited (p = 0.475). Many
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Table 5 Gender Differences in Perceptions of Environmental and Social Epigenetic Influences

Total Male Female P
n=197 % n =222 %
1. Growing up in an environment characterized by social activity affects the development of a child’s brain.
Disagree 8 5 (62.5) 3 (37.5) 0.710t
Neutral 47 22 (46.8) 25 (53.2)
Agree 364 170 (46.7) 194 (53.3)

12. The developmen

t of a child’s brain is influenced by life experiences and

environmental factors, which affect

gene expression.

Disagree I 5 (45.5) 6 (54.5) 0.968*
Neutral 83 40 (48.2) 43 (51.8)
Agree 325 152 (46.8) 173 (532)
13. The life experiences, events, and environments of childhood play a role in either raising or lowering the risk of
psychopathology in adulthood.
Disagree 7 4 (57.1) 3 (42.9) 0.884t
Neutral 69 32 (46.4) 37 (53.6)
Agree 343 161 (46.9) 182 (53.1)

depressive disorders such as anxiety and stress.

14. Engaging in regular exercise activates beneficial genes and suppresses harmful ones; as a result, it reduces susceptibility to

Disagree 28 13 (46.4) I5 (53.6) 0.984*
Neutral 92 44 (47.8) 48 (52.2)
Agree 299 140 (46.8) 159 (53.2)

I5. How parents raise their children influences the epigenetic configuration of the brain.
Disagree 32 21 (65.6) I (344) 0.032%*
Neutral 124 63 (50.8) 6l (49.2)
Agree 263 13 (43.0) 150 (57.0)

16. If identical twins

were separated at birth and then reunited after years, they would have the exact way of thinking and

personality, as they have the same genome.

Disagree 226 113 (50.0) 113 (50.0) 0.264*
Neutral 88 35 (39.8) 53 (60.2)
Agree 105 49 (46.7) 56 (53.3)
17. A socially active environment does not play a role in the brain development of the growing child.
Disagree 276 126 (45.7) 150 (54.3) 0.736*
Neutral 6l 30 (49.2) 31 (50.8)
Agree 82 41 (50.0) 41 (50.0)
18. Isolation from others or introverted tendencies do not affect the brain volume of adults.
Disagree 218 94 43.1) 124 (56.9) 0.220%*
Neutral 96 51 (53.1) 45 (46.9)
Agree 105 52 (49.5) 53 (50.5)
19. Epigenetic factors contribute to an individual’s susceptibility to addiction.
Disagree 36 17 47.2) 19 (52.8) 0.393*
Neutral 171 87 (50.9) 84 (49.1)
Agree 212 93 (43.9) 119 (56.1)
(Continued)
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Table 5 (Continued).

Total Male Female P

n=197 % n =222 %

20. The public would benefit from increased awareness of the role of epigenetics in human health.

Disagree 12 4 (33.3) 8 (66.7) 0.561%*
Neutral 99 49 (49.5) 50 (50.5)
Agree 308 144 (46.8) 164 (532)

21. I believe that including epigenetics in medical school curriculum should be mandatory.

Disagree 27 I5 (55.6) 12 (44.4) 0.553*
Neutral 146 65 (44.5) 8l (55.5)
Agree 246 17 (47.6) 129 (52.4)

22. Epigenetic research can assist us in gaining a deeper understanding of how social factors impact the risk and prevention of

diseases.
Disagree 10 9 (90.0) | (10.0) 0.021*
Neutral 90 40 (44.4) 50 (55.6)
Agree 319 148 (46.4) 171 (53.6)

23. The education | received in medical school has sufficiently prepared me to understand the importance of epigenetics in

human health.

Disagree 79 34 (43.0) 45 (57.0) 0.142*
Neutral 155 66 (42.6) 89 (57.4)
Agree 185 97 (52.4) 88 (47.6)

Notes: *p-value calculated using the Chi-square test. +p-value computed using Fisher’s exact test.

respondents reported that epigenetic alterations modify DNA sequences (p = 0.001). Similarly, awareness of DNA
methylation as a common epigenetic mechanism varied across groups (p = 0.004), with COM students demonstrating the
highest level of knowledge (Table 6).

A significant difference was found between colleges on the concept that growing up in a socially active environment
impacts brain development (p = 0.048), with COM students being more inclined to agree (39.6%). Furthermore, COM

Table 6 College-Based Differences in Epigenetic Knowledge and Awareness

Total COSHP COM COAMS CON P

n =142 % n =154 % n =37 % n =86 %

I. Have you heard of the term ‘“Epigenetics”?

No 153 72 “47.1) 25 (16.3) 8 (5.2) 48 @314) | <0.00l
Yes 266 70 (26.3) 129 (48.5) 29 (10.9) 38 (143)

2. Are you familiar with the idea that epigenetic changes affect how genes are expressed?

No 141 60 (42.6) 35 (24.8) I (78) 35 (24.8) 0.002
Yes 278 82 (29.5) 19 (42.8) 26 (94) 51 (18.3)

3. Do you believe that epigenetic alterations could play a role in the development of diseases like cancer and diabetes?

No 60 2 (36.7) 14 (23.3) 5 (8.3) 19 317 0.049
Yes 359 120 (334) 140 (39.0) 32 (89) 67 (18.7)

(Continued)
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Table 6 (Continued).

Total COSHP COM COAMS CON p

n =142 % n =154 % n =37 % n = 86 %

4. Do you think stress can influence epigenetic processes?

No 109 38 (34.9) 35 @32.1) 9 (83) 27 (24.8) 0.521
Yes 310 104 (33.5) 19 (38.4) 28 (9.0) 59 (19.0)

5. Do you think that epigenetic changes can be passed down from one generation to the next?

No 69 27 (39.1) 27 (39.1) 4 (5.8) I (15.9) 0.475
Yes 350 15 (32.9) 127 (36.3) 33 (9.4) 75 (21.4)

6. Have you learned about how epigenetics plays a part in the development of mental health disorders?

No 265 97 (36.6) 94 (35.5) 23 ®8.7) 51 (19.2) 0478
Yes 154 45 (29.2) 60 (39.0) 14 ©.) 35 (22.7)

7. Do you think that progress in epigenetics research will eventually lead to advancements in personalized medicine?

No 60 24 (40.0) 13 @1.7) 6 (10.0) 17 (283) 0.063
Yes 359 18 (32.9) 141 (39.3) 31 (8.6) 69 (19.2)

8. Epigenetic mechanisms are permanent changes that alter the DNA sequence.

No 175 67 (38.3) 75 (42.9) 8 (4.6) 25 (14.3) 0.001
Yes 244 75 (30.7) 79 (324) 29 (11.9) 6l (25.0)

9. DNA methylation is one of the common epigenetic mechanisms.

No 104 43 (41.3) 24 (23.1) 8 77 29 27.9) 0.004
Yes 315 99 (31.4) 130 (41.3) 29 (92) 57 (18.1)

10. Epigenetics changes the genotype without changing the phenotype.

No 242 79 (32.6) 97 (40.1) 24 9.9) 4 (17.4) 0.135
Yes 177 63 (35.6) 57 (322) 13 (73) 44 (24.9)

students were more likely to agree that life experiences and environmental events influence gene expression (p = 0.007)
than COSHP students, who disagreed more (50.0%). These data show that COM students are more likely to understand
the relationship between environmental influences and gene expression. COM students also reported more strongly
agreeing (39.7%) that childhood events and experiences influence the development of psychopathology in adulthood. On
the other hand, COSHP students (32.1%) did not report similar values. However, there were no significant differences
between the colleges regarding the role of regular exercise in reducing the risk of developing depressive disorders (p =
0.162), with both groups indicating a relatively high degree of agreement (about 40%). Regarding the premise that
parenting affects the epigenetic structure of the brain, no significant differences were found across colleges (p = 0.391),
with the majority agreeing in both groups. The belief that identical twins separated at birth would have identical
personalities showed a significant difference (p < 0.001), with COM students more likely to disagree (49.1%) than
COSHP students (27.0%), indicating a greater recognition of the role of environmental influences. A significant
difference was identified in the view that a socially active environment plays a role in brain development (p = 0.001),
with COM students more inclined to disagree that it has no influence (43.8%). There were no significant differences
across colleges regarding the impact of isolation or introversion on brain volume (p = 0.110), despite disagreement being
typical in both groups. There were no significant differences between the colleges regarding the relevance of epigenetics
in addiction susceptibility (p = 0.676) or the necessity for improved public understanding of epigenetics (p = 0.474), with

both groups broadly agreeing on these issues. Finally, whereas COM students were more inclined to approve adding
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epigenetics to the medical curriculum (36.9%), this change was not statistically significant (p = 0.167). Similarly, no

significant differences were found between the colleges regarding the effectiveness of medical education in preparing

students to understand the importance of epigenetics (p = 0.060) (Table 7).

Table 7 College-Based Differences in Perceptions of Epigenetics in Brain and Behavior

Total COSHP COM COAMS CON p
n =142 % n =154 % n =37 % n =86 %

Il. Growing up in an environment characterized by social activity affects the development of a child’s brain.

Disagree 8 4 (50.0) 2 (25.0) (0.0 2 (25.0) 0.048+
Neutral 47 22 (46.8) 8 (17.0) (10.6) 12 (25.5)
Agree 364 16 31.9) 144 (39.6) 32 (8.8) 72 (19.8)

12. The development of a child’s brain is influenced by life experiences and environmental factors, which affect gene expression.
Disagree I 3 (27.3) 4 (36.4) | 9.1) 3 (27.3) 0.007+
Neutral 83 40 (48.2) 18 (21.7) 4 (4.8) 21 (25.3)

Agree 325 99 (30.5) 132 (40.6) 32 (9-8) 62 (19.1)

13. The life experiences, events, and environments of childhood play a role in either raising or lowering the risk of

psychopathology in adulthood.

Disagree 7 3 (42.9) 0 (0.0) | (14.3) 3 (42.9) 0.0321
Neutral 69 29 (42.0) 18 (26.1) 4 (5.8) 18 (26.1)
Agree 343 110 32.1) 136 (39.7) 32 93) 65 (19.0)

depressive disorders suc

h as anxiety and stress.

14. Engaging in regular exercise activates beneficial genes and suppresses harmful ones; as a result, it reduces susceptibility to

Disagree 28 10 (35.7) 7 (25.0) 2 7.1) 9 (32.1) 0.162*
Neutral 92 39 (42.4) 26 (28.3) 7 (7.6) 20 (21.7)
Agree 299 93 @311 121 (40.5) 28 9:4) 57 (19.1)
15. How parents raise their children influences the epigenetic configuration of the brain.
Disagree 32 13 (40.6) 12 (37.5) 3 9:4) 4 (12.5) 0.391*
Neutral 124 49 (39.5) 45 (36.3) 7 (5.6) 23 (18.5)
Agree 263 80 (30.4) 97 (36.9) 27 (10.3) 59 (22.4)
16. If identical twins were separated at birth and then reunited after years, they would have the exact way of thinking and
personality, as they have the same genome.
Disagree 226 6l (27.0) 1 (49.1) 21 (9.3) 33 (14.6) <0.001*
Neutral 88 43 (48.9) 17 (19.3) 3 (34) 25 (28.4)
Agree 105 38 (36.2) 26 (24.8) 13 (12.4) 28 (26.7)
17. A socially active environment does not play a role in the brain development of the growing child.
Disagree 276 8l (29.3) 121 (43.8) 25 9.1) 49 (17.8) 0.001*
Neutral 6l 30 (49.2) 13 (21.3) 2 (3.3) 16 (26.2)
Agree 82 31 (37.8) 20 (24.4) 10 (12.2) 21 (25.6)
18. Isolation from others or introverted tendencies do not affect the brain volume of adults.
Disagree 218 70 32.1) 87 (39.9) 17 (7.8) 44 (20.2) 0.110%*
Neutral 96 36 (37.5) 39 (40.6) 6 (6.3) 15 (15.6)
Agree 105 36 (34.3) 28 (26.7) 14 (13.3) 27 (25.7)
(Continued)
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Table 7 (Continued).

Total COSHP COM COAMS CON p

n =142 % n =154 % n =37 % n =86 %

19. Epigenetic factors contribute to an individual’s susceptibility to addiction.

Disagree 36 13 36.1) 10 (27.8) 4 (1.1 9 (25.0) 0.676*
Neutral 171 63 (36.8) 60 (35.1) 12 (7.0) 36 QL.
Agree 212 66 @1.1) 84 (39.6) 2 9.9) 41 (19.3)

20. The public would benefit from increased awareness of the role of epigenetics in human health.

Disagree 12 5 (41.7) 4 (333) [ (83) 2 (16.7) 0.474¢
Neutral 99 39 (39.4) 28 (283) 8 @.1) 24 (242)
Agree 308 98 31.8) 122 (39.6) 28 ©.1) 60 (19.5)

21. | believe that including epigenetics in medical school curriculum should be mandatory.

Disagree 27 7 (25.9) 14 (51.9) 4 (14.8) 2 (7.4) 0.167*
Neutral 146 54 (37.0) 56 (384) 9 (62) 27 (18.5)
Agree 246 8l (32.9) 84 (34.1) 24 9.8) 57 (232)

22. Epigenetic research can assist us in gaining a deeper understanding of how social factors impact the risk and prevention of

diseases.
Disagree 10 7 (70.0) | (10.0) | (10.0) | (10.0) <0.001t
Neutral 90 45 (50.0) 20 (22.2) 4 (4.4) 21 (23.3)
Agree 319 90 (28.2) 133 (41.7) 32 (10.0) 64 (20.1)

23. The education | received in medical school has sufficiently prepared me to understand the importance of epigenetics in

human health.

Disagree 79 19 (24.1) 40 (50.6) 6 (7.6) 14 (17.7) 0.060%
Neutral 155 64 (413) 47 (30.3) 12 77 32 (20.6)
Agree 185 59 (31.9) 67 (36.2) 19 (10.3) 40 (21.6)

Notes: *p-value calculated using the Chi-square test. $p-value computed using Fisher’s exact test.

Discussion

The study revealed several significant findings regarding awareness and perceptions of epigenetics among college
students. Most participants were familiar with the term “epigenetics,” and a considerable proportion recognised its
role in gene expression and disease development. However, misconceptions persisted, particularly regarding the
permanence of epigenetic changes 58.2% and their impact on genotype versus phenotype. Notably, gender and college
affiliation influenced knowledge and attitudes, with female students demonstrating higher awareness than male students,
which can be attributed to CON students, as this college only has female students, and medical students showing better
awareness than other health sciences colleges.

This study revealed that 83.5% of participants believed in the intergenerational transmission of epigenetic changes.
This aligns with Miller et al’s findings, which indicated that most participants thought that fathers’ habits affect their
offspring’s DNA, at a rate of 63.6%."> Although epigenetic intergenerational transmission and inheritance remain
controversial, Skinner’s study shows that external factors can increase disease susceptibility through intergenerational
epigenetics.'®

Mansuy et al note that environmental factors and social events, including stress and living conditions, have
a significant influence on epigenetic mechanisms.” 77.5% of respondents believed life events and environmental factors
influence gene expression.

Our finding that 81.9% of participants associate childhood events with adult psychopathology mirrors another study
that reported clinical evidence showing that adverse childhood experiences exacerbate mental disorder severity.'’
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However, while our cohort acknowledged the psychosocial impact, their limited grasp of epigenetic mechanisms suggests
that 36.8% require a deeper integration of biological and environmental models in mental health education.

Most participants believed that healthy lifestyle adjustments, such as exercise, can activate beneficial genes and
reduce stress, aligning with recent research that demonstrates regular physical activity buffers against depression and
stress.'®

This study found that most participants recognized parenting’s influence on brain development aligns with
a neuroimaging study, which reported that parental emotion expression correlates with adolescent brain structure,
particularly in the hippocampus.'®

Despite different environments in the case of identical twins, 25% of respondents believed they could have similar
characteristics and personalities because of their identical genomes. 25.0% believed adult brain volume does not change
with social isolation or introversion, and 19.6% thought a socially active environment does not promote brain
development.

Knowledge Per-Gender Assessment
Females were significantly more familiar with epigenetics (p = 0.001) and less likely to hold misconceptions about
irreversible DNA changes (p = 0.003), which may be related to the CON’S female-only admissions policy.

This could reflect differences in educational exposure, interest, or communication styles between genders. Although
understanding epigenetics varied, both genders showed a clear understanding of disease development and the role of
epigenetics (p = 0.825). Additionally, there were no significant gender differences in understanding epigenetic modifica-
tion methods, such as DNA methylation. No gender differences were noted regarding the effect of social inclusion (p =
0.710) and life experiences (p = 0.968) on brain development and gene expression.

Evaluation Based on Colleges
COSHP students exhibited the least awareness of “Epigenetics,” while COM students had the highest at 48.5%, likely
due to their curriculum. The variations in awareness can be justified by the advanced lectures in genetics at COM,
whereas COSHP, CON, and CAMS are similar in terms of the number of lectures in genetics. Among COM students,
39% recognized the link between gene expression, disease progression, and epigenetics. There were no significant
differences in perceptions of generational transmission of epigenetic changes (p = 0.521 and p = 0.475). However, COM
students had greater awareness of Methylation as an epigenetic mechanism (p = 0.004) and agreed that social inclusion
affects brain development (39.6%, p = 0.048). In contrast, 50% of COSHP students disagreed that life experiences
influence gene expression, while COM students generally agreed (p = 0.007). Additionally, 39.7% of COM students
believed that past events affect adult psychopathology. There were no significant differences between colleges regarding
the role of exercise in depressive disorders (p = 0.162) or the impact of parenting on epigenetics (p = 0.391). Notably,
a significant difference emerged regarding the belief that identical twins separated at birth share identical personalities (p
< 0.001), with more COM students disagreeing (49.1%) than COSHP students.

The results of our study are consistent with a medical education study from Mexico, which found that medical
students outperformed their non-medical peers in genetics knowledge due to the integration of basic science training.?’

To improve awareness and understanding of epigenetics among students, it is recommended that basic epigenetics
concepts be integrated into existing curricula through elective or mandatory modules. Incorporating case-based learning
and highlighting modern research findings on life experiences, exercise, and mental health will foster a deeper under-
standing. Encouraging critical thinking through discussions on the nature versus nurture debate, particularly in the
context of twin studies, can help address common misconceptions. Additionally, health science students can effectively
bridge the knowledge gap by fostering intercollege collaboration through joint activities and peer learning opportunities.

Enhancing Epigenetic Awareness in Health Sciences Education

Enhancing epigenetic literacy among future healthcare professionals is crucial for addressing the growing prevalence of
non-communicable diseases. A recent report on Saudi Arabian Vision 2030 highlights the widespread occurrence of
conditions such as type 2 diabetes, obesity, and mental health disorders.?'
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Understanding epigenetics is essential for unravelling how environmental and lifestyle factors influence health and
disease, paving the way for innovative therapies and personalised medicine.”>** By integrating epigenetic concepts into
health sciences education, future practitioners can gain a deeper understanding of the complex interplay between genes
and the environment. This will contribute to more effective public health strategies and interventions tailored to regional
health challenges.

Limitations

The study has several limitations that impact the generalizability of its findings. Firstly, its focus on a single institution
restricts the applicability of results to other institutions and regions. Additionally, the use of a non-probability sampling
method, specifically quota sampling, may introduce selection bias, affecting the representativeness of the sample.

Relying on self-reported data from questionnaires poses risks, including recall bias, social desirability bias, and
variations in how participants interpret the questions. Furthermore, the study’s cross-sectional design limits our ability to
track changes in epigenetic awareness over time. The assessment also lacked depth in exploring advanced epigenetic
mechanisms and discipline-specific applications.

The study did not account for confounding variables, such as prior coursework and personal interest in genetics.
Although an effort was made to achieve gender balance, a notable imbalance in college representation remained.
Additionally, the study’s cultural and regional focus may limit its relevance beyond Saudi Arabia. The limited use of
the open-ended section also restricted the collection of qualitative insights.

Future research should involve multiple institutions across various geographic locations to enhance the general-
izability of the findings. Mixed methods designs, which incorporate interviews, could be used to explore the reasons
behind knowledge gaps. Longitudinal studies are necessary to evaluate changes in epigenetic literacy over time, and
research should also assess the impact of targeted curriculum interventions. Implementing these recommendations will
deepen our understanding of epigenetic awareness and inform educational strategies designed to enhance literacy in this
field.

Conclusion

This study highlights critical gaps in the knowledge and perceptions of health sciences students regarding epigenetics and
its profound impact on brain development, behavior, and disease susceptibility. Gender and college-based disparities
were evident, with females and medical students demonstrating higher awareness levels than their peers. Misconceptions
about epigenetic mechanisms and the influence of environmental factors persist, underscoring the urgent need for
curriculum reform. Integrating comprehensive epigenetic education across health sciences programs is crucial for
preparing future healthcare professionals for personalized, preventive, and holistic patient care. By bridging these
knowledge gaps, universities can empower graduates to address emerging health challenges more effectively, ultimately
supporting public health goals aligned with Saudi Arabia’s Vision 2030. Future research should expand nationally to
evaluate and enhance epigenetic literacy among health sciences students across the country.
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