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ABSTRACT 
 
 

Introduction Antimicrobial resistance (AMR) is a major global health threat, driven partly 
by inappropriate antibiotic prescribing. In Malaysia, evidence indicates 
substantial inappropriate prescribing in primary care (PC), yet information on 
doctors’ AMR knowledge remains limited. Identifying this gap is important to 
inform training and policy efforts to reduce AMR. This study assessed AMR 
knowledge among Malaysian PC doctors and its associated factors. 

Methods A cross-sectional online survey was conducted among Malaysian PC doctors 
using a validated 12-item questionnaire. Data were collected from December 
2024 to February 2025. Bivariate and multiple linear regression (MLR) 
analyses were performed to identify factors associated with AMR knowledge. 

Results Responses from 256 participants showed a mean knowledge score of 9.9 (SD 
= 1.69). Overall knowledge was good, but awareness of antibiotic use in 
agriculture and the economic impact of AMR was lower. In MLR, working 
experience was the only factor significantly associated with knowledge (B = 
0.049, 95% CI = 0.009–0.089, p = 0.015), reflecting a modest increase in 
knowledge with increasing years of practice. 

Conclusions The association between working experience and knowledge suggests that 
clinical exposure contributes to better understanding of AMR. The lack of 
association with other factors, including prior training and AMS programmes, 
should be interpreted cautiously and may reflect variability in content, 
implementation or how knowledge was assessed. Although AMR knowledge 
was generally good, gaps remain in key areas. Addressing these gaps through 
targeted educational and policy strategies that incorporate practical approaches 
may help promote judicious antibiotic use and reduce AMR. 
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INTRODUCTION 
Antimicrobial resistance (AMR) has been declared 
as one of the major global public health threats by 
the World Health Organization (WHO) since 2019.  
The development of antibiotics marked a 
revolutionary milestone in modern medicine, 
allowing the effective treatment of infections. Yet, 
the rise of AMR has compromised these 
advancements, as bacteria, viruses, fungi, and 
parasites develop resistance to antimicrobial drugs, 
rendering these treatments ineffective. This has 
transformed once-treatable infections into serious 
health conditions, leading to higher morbidity and 
mortality rates. AMR also imposes a significant 
economic burden, with increased healthcare 
expenditures and reduced workforce productivity 
contributing to a loss in national gross domestic 
product. 1 

The rapid progression of AMR is driven by 
various factors including the misuse and overuse of 
antibiotics in various sectors, poor infection control, 
lack of new antibiotics being developed and lack of 
regulations on antimicrobial usage.1,2 A significant 
proportion (72%) of antibiotic consumption in 
human health is from primary care, followed by 
hospital inpatients (13%) and outpatients (6.5%).3 In 
Malaysia, antibiotic prescription rates in primary 
care ranged from 16.8% to 92.7% for acute upper 
respiratory tract infections with notable 
discrepancies between government-funded and 
private clinics. 4–6 

Increased antibiotics use in primary care is 
due to inappropriate prescribing for self-limiting 
viral illness, limitations to diagnostic testing, low 
public awareness leading to demand for antibiotics 
and suboptimal AMR knowledge among healthcare 
providers. 1,7 A study in Malaysian primary care 
clinics found that antibiotic prescription for acute 
pharyngitis was 58% when 95% of the throat swabs 
had viral infections isolated. Additionally, only 2% 
of the throat swabs isolated specific bacterial 
infections that necessitated antibiotics.4 Similarly, 
another study reported that only about half of the 
prescriptions adhered to the Malaysian National 
Antimicrobial Guidelines (NAG).8 

Despite the high rate of inappropriate 
antibiotic prescriptions, little is known about the 
knowledge of AMR among primary care doctors in 
Malaysia. Globally, studies reveal variability in 
AMR knowledge levels among primary care 
doctors, 9–12 but the Malaysian context is still scarce. 
Variations in undergraduate medical training on 
AMR may affect how well doctors understand 
antibiotic prescribing.13 According to Fisher’s 
Information-Motivation-Behavioural Skills (IMB) 
model, knowledge of behaviour contributes towards 
personal and social motivation and subsequently 
influences behaviour.14 Thus, doctors equipped with 
adequate knowledge on AMR, are more likely to 

make thoughtful, evidence-based decisions on 
antibiotic prescribing. This understanding also 
supports their confidence in following clinical 
guidelines and in managing patient expectations, 
even in situations where the diagnosis is uncertain.15 

This knowledge gap poses a challenge to 
implement effective interventions to improve 
antibiotic prescribing practices and combat AMR in 
Malaysia. This study aims to address this gap by 
assessing the AMR knowledge among primary care 
doctors in Malaysia and identifying factors that 
influence their knowledge. The findings are hoped 
to inform the development of targeted educational 
initiatives and policy interventions to reduce 
inappropriate antibiotic prescribing and mitigate the 
health and economic consequences of AMR in 
Malaysia.  
 
METHODS 
Study Design 
This was a cross-sectional study using convenience 
sampling conducted among primary care doctors in 
Malaysia. The inclusion criteria were registered 
medical doctors working in government-funded 
primary care clinics (under the Ministry of Health 
and the Ministry of Higher Education) or private 
general practice clinics in Malaysia. Doctors 
involved exclusively in administrative or non-
clinical roles were excluded from the study.  
 
Research Instrument 
A study team comprising of two Family Medicine 
Specialists (FMS) and two FMS postgraduate 
students, developed a self-administered 
questionnaire based on the previous research 9,10,12 
and relevant published literatures.16,17,18 Existing 
questionnaires from other researchers were 
reviewed, and relevant questions were adapted to 
suit the Malaysian primary care context. Additional 
items that were deemed important were created 
based on published literature.  

The questionnaire underwent content 
validation by an Infectious Disease Consultant to 
ensure the accuracy and relevance of the questions. 
It also underwent face validation with ten primary 
care doctors to evaluate its comprehensibility, 
clarity and the time required to complete. 
Amendments were made based on their feedback 
and further discussions with the study team. 

A pilot study was conducted with 26 
participants from a primary care clinic to assess the 
feasibility of the questionnaire. Internal validity was 
evaluated using pilot data. Items with item-total 
correlation values below 0.1 or showing negative 
correlations were removed. The split-half reliability 
method was employed, resulting in a final 12-item 
knowledge questionnaire with a Spearman-Brown 
coefficient of 0.738, indicating good reliability. 
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The final questionnaire was divided into 
two sections. Section A contained 12 items on 
respondents’ socio-demographic details, clinic 
information, prior AMR teachings and trainings, 
presence of antimicrobial stewardship (AMS) in 
their clinic and awareness of Malaysian NAG. 
Section B consisted of 12 statements assessing 
knowledge regarding AMR in 4 domains, which 
were “AMR in Primary Care” (1 statement), 
“Factors Contributing to AMR” (6 statements), 
“Impact of AMR” (2 statements), and “Prevention 
of AMR” (3 statements). Each statement was 
followed by three responses of True, False, and 
Unsure. A correct response scored 1 point, while 
both incorrect and “unsure” responses scored 0, 
which made the highest total knowledge score 12. A 
higher score reflected a greater level of knowledge. 
 
Sample size 
The sample size was calculated using the population 
mean formula with a finite population adjustment. 
The total number of primary care doctors in 
Malaysia was 13,379.19 Based on a margin of error 
of 0.25, a 95% confidence interval, and a population 
variance of 3.62 derived from pilot study results, the 
recommended sample size was determined to be 262 
after considering a 20% of non-response rate.   
 
Data Collection 
Data collection took place in three months from 
December 2024 to February 2025. An invitation 
poster was created and distributed across various 
personal social media platforms (WhatsApp, 
Instagram, and Facebook) owned by study team 
members. The poster contained the study objective, 
inclusion and exclusion criteria, ethical registration 
number, and a link to access the questionnaire. The 
link directed the participants to the Participation 
Information Sheet and Consent Form. The inclusion 
and exclusion criteria were reminded again, and 
participants who fulfilled the criteria proceeded to 
answer the questionnaire on their own devices. After 
completion of the questionnaire, participants were 
encouraged to share the link and poster on their own 
social media platforms and their primary care 
colleagues. The next participant is likewise 
encouraged to forward the link to any primary care 
doctors in their network, facilitating further 
dissemination of the survey.  

To further aid participation, the 
questionnaire was also distributed via the Family 
Medicine Specialists Association (FMSA) 
WhatsApp and Facebook pages. FMSA is a national 
association comprising FMS from the public, private 
and academic sectors in Malaysia. Permission to 
circulate the invitation poster was obtained from the 
group administrator. 
 

Data Analysis 
Data from Google Forms were exported into 
Microsoft Excel for cleaning and preparation. 
Statistical analysis was conducted using the 
Statistical Package for Social Sciences (SPSS) 
version 29 (SPSS Inc., Chicago, IL, USA). 

Descriptive analysis summarised 
participants' demographic details, clinic 
information, the presence of AMS, prior training and 
teaching on AMR, and their AMR knowledge 
scores. Categorical data were presented as 
frequencies (n) and percentages (%). Numerical data 
were reported as means with standard deviations 
(SD) for normally distributed variables or medians 
with interquartile ranges (IQR) for skewed 
variables. 

Bivariate analysis was performed to 
examine relationships between independent 
variables and AMR knowledge. Independent t-tests, 
Mann-Whitney test, one-way ANOVA and 
Spearman’s correlation tests were used. Statistical 
significance was set at a p-value of <0.05. Variables 
with p-values <0.25 were selected for multiple linear 
regression (MLR) analysis. MLR was performed 
using five initial variables via the Enter Method. The 
model output was assessed to ensure that MLR 
assumptions were met. The final model included 
four independent variables. 
 
Ethical Consideration 
The study was registered with the National Medical 
Research Registry (NMRR-23-03492-NJR) under 
the Ministry of Health (MoH), Malaysia, and 
received ethical approval from the Medical Research 
and Ethics Committee of MoH as well as the 
Research and Ethical Committee of Universiti 
Kebangsaan Malaysia (UKM). Participation in the 
study was voluntary, with informed consent 
obtained from all participants. To ensure anonymity, 
participants were not required to provide identifying 
information or log in to their emails to complete the 
questionnaire, and confidentiality was maintained 
throughout the study. 
 
RESULTS 
A total of 256 responses were collected. Table 1 
presented the demographic characteristics of the 
participants. The participants were a median age of 
36 years (IQR = 6) and working experience of 10 
years (IQR = 6). Most were working in government-
funded clinics (77.7%) and were aware of the NAG 
(95.7%). However, less than half (44.9%) had 
received AMR teaching during medical school and 
half (50.4%) had no prior AMR training throughout 
their career. 
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Table 1 Demographic characteristics, clinic information, prior teaching and training on antimicrobial resistance 
(AMR) and awareness of National Antimicrobial Guidelines (NAG) among study participants (N=256). 
 

Variables Frequency (n) Percentage (%) 
Age (years)   

≤ 30  15 5.9 
31 to 40  200 78.1 
≥ to 41 41 16.0 

Highest medical qualification    
Medical Officer 213 83.2 
Family Medicine Specialist 43 16.8 

Working experience, (years) n=254    
≤ 5  30 11.8 
6 to 10  108 42.5 
≥ 11 116 45.7 

Monthly income, (RM)   
≤ 5000 25 9.8 
5001 to 10000 167 65.2 
≥ 10001 64 25.0 

Type of clinic   
Government-funded 199 77.7 
Private  57 22.3 

Presence of AMS in clinic   
Yes 192 75.0 
No 52 20.3 
Unsure 12 4.7 

Received AMR training throughout career     
No prior training 129 50.4 
Last training for more than 2 years 60 23.4 
Last training within 2 years 67 26.2 

Received AMR teaching in medical school   
Yes 115 44.9 
No 87 34.0 
Unsure 54 21.1 

Awareness of the Malaysian NAG    
Yes 245 95.7 
No 5 2.0 
Unsure 6 2.3 

Abbreviations: AMR, antimicrobial resistance; AMS, antimicrobial stewardship; NAG, 
National Antimicrobial Guideline 

 
The mean total knowledge score was 9.9 

(SD = 1.69) out of 12. About one-fifth (22.7%) of 
the respondents answered all 12 questions correctly, 
while a quarter (24.2%) answered less than two-
thirds of the questions correctly.  

Table 2 presented participants' correct 
responses to statements on AMR. High awareness 
was observed for contributing factors towards AMR, 
like suboptimal antibiotic dosing (98.8%) and 
incomplete antibiotic courses (98%). However, 
recognition of antibiotic use in plant agriculture 
(57.4%) and animal farming (55.9%) as contributing 
factors was lower. 
While most participants recognised AMR as a 
problem in primary care (82.8%) and its impact on 

mortality (93.8%), fewer acknowledged its 
economic implications for Malaysia’s GDP 
(72.3%). Preventative measures such as reducing 
unnecessary antibiotic use were well understood 
(98%) but improving general hygiene (78.1%) and 
delaying antibiotic prescription when the diagnosis 
was uncertain (79.3%) as it was less frequently 
noted. 

These results suggested a general good 
knowledge of AMR in the context of human health 
and antibiotic usage but revealed gaps in 
understanding other contributing factors and the 
broader economic impacts. This highlighted the 
need to broaden education on the multifactorial 
nature of AMR and its serious consequences. 
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Table 2 Participants’ responses for each knowledge statement according to domains. 
 
Statement on AMR   Answer 

(True/False) 
Correct 
response (n)  

Percentage  
(%) 

AMR in Primary Care    
 AMR is a problem in primary care True 212 82.8 
Factors contributing to AMR    
 Antimicrobial self-medication by the public  True 231 90.2 
 Consuming suboptimal antibiotic dosages  True 253 98.8 
 Use of broad-spectrum antibiotics True 203 79.3 
 Extensive use of antibiotics in plant agriculture  True 147 57.4 
 Extensive use of antibiotics in animal farming  True 143 55.9 
 Not completing the prescribed antibiotic True 251 98 
Impact of AMR    
 AMR increases mortality  True 240 93.8 
 AMR can affect Malaysia’s GDP True 185 72.3 
Preventing AMR    
 Improving general hygiene  True 200 78.1 
 Delaying antibiotic prescription when the diagnosis is 

uncertain 
True 203 79.3 

 Reducing unnecessary use of antibiotics True 251 98 
Abbreviations: AMR, antimicrobial resistance; GDP, Gross Domestic Product 
 
Table 3 Comparison between mean and median knowledge scores across sociodemographic characteristics, clinic 
information, prior training on AMR, and awareness of NAG. 
 

Variables n Total knowledge score  
Mean (SD)/ Median (IQR) 

Mean difference  
(95% CI) 

p-value 

Highest medical qualification      
Medical Officer  213 9.73 (1.69) -0.81 (-1.36, -0.26) 0.040 
Family Medicine 
Specialist 

43 10.53 (1.52)   
 

Monthly income, (RM) *     
≤ 5000 25 9.28 (1.77)  0.037 
5001 to 10000 167 9.80 (1.66)   
≥ 10001 64 10.25 (1.70)   

Type of clinic      
Government-funded 199 9.87 (1.69) 0.03 (-0.47, 0.53) 0.915 
Private 57 9.84 (1.72)   

AMS in clinic     
Yes 192 9.94 (1.71) 0.32 (-0.16, 0.80) 0.193 
No or unsure 64 9.63 (1.63)   

Received AMR training 
throughout career * 

    

No prior training 129 9.75 (1.72)  0.563 
Last training for more than 
2 years 

60 9.95 (1.87)   

Last training within 2 years 67 10 (1.45)   
Received AMR teaching in 
medical school 

    

Yes 115 9.93 (1.88) 0.12 (-0.31, 0.55) 0.567 
No or unsure 141 9.81 (1.52)   

Awareness of NAG𝜶𝜶      
Yes 245 10 (2)  0.439 
No or unsure 11 10 (0)   

All comparisons were done using independent t-test, except where stated. 𝜶𝜶: Mann-Whitney test; *: One-Way 
ANOVA test. Abbreviations: AMR, antimicrobial resistance; AMS, antimicrobial stewardship; NAG, National 
Antimicrobial Guideline; RM, Ringgit Malaysia; SD, standard deviation; IQR, interquartile range; CI, confidence 
interval.  
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Table 4 Predictors for total AMR knowledge score among participants. 
 

Variables  Adjusted b (95% CI) t statistics p-value 
Highest medical qualification 0.498 (-0.114- 1.110) 1.602 0.110 
Working experience, (year) 0.049 (0.009,0.089) 2.442 0.015 
Income, (RM) 0.075 (-0.479,0.629) 0.266 0.791 
Presence of AMS 0.322 (-0.171,0.815) 1.285 0.200 

 
Table 3 compared the mean and median 

knowledge scores across sociodemographic and 
training profiles. Qualification showed a significant 
mean difference (p = 0.040), with Family Medicine 
Specialists scoring higher than Medical Officers. 
This finding may reflect the additional postgraduate 
training and expanded clinical responsibilities of 
Family Medicine Specialists, which may contribute 
to greater knowledge on AMR.  

Similarly, income level showed a 
significant difference (p=0.037) with participants 
earning ≥ RM 10,001 scoring higher than those 
earning ≤ RM 5,000.  As higher income was often 
associated with more senior positions, this may 
indirectly reflect more clinical experience which 
could contribute to improved AMR knowledge. 
However, no significant differences were observed 
in mean or median scores for type of clinics, 
presence of AMS, training and teaching on AMR or 
awareness of NAG. 

A Spearman correlation coefficient was 
calculated to evaluate the relationships between 
knowledge scores with age and working experience. 
The analysis revealed a significant but weak positive 
correlation between age and knowledge score (r = 
0.188, p = 0.003) while the correlation between 
working experience and knowledge score was 
slightly stronger (r = 0.200, p = 0.001). This 
suggested that longer professional experience may 
contribute to a better understanding of AMR-related 
issues.  

Table 4 presented the variables analysed in 
the final MLR model. The model had an R of 0.251, 
R-square of 0.063, and a significant ANOVA test. 
Among the variables analysed, working experience 
was the only one that showed a statistically 
significant association with knowledge. 
Specifically, for every additional year of working 
experience, the knowledge score increased by 0.049 
points, which translated to approximately 0.41% of 
the maximum score of 12 (p = 0.015; 95% CI: 0.08% 
to 0.74%). While the yearly increase might appear 
small, it added up over time, reinforcing the valuable 
role of working experience in understanding AMR. 

Other factors such as qualification and 
income level were significant in bivariate analyses 
but did not show significant effects in MLR. These 
findings suggested that while formal qualifications 
were important, they may not independently 
improve AMR knowledge without clinical practice. 
Real clinical experience, acquired over years of 

practice, played a key role in reinforcing and 
deepening understanding of AMR. 
 
DISCUSSION 
We conducted the first nationwide study to assess 
knowledge of AMR among primary care doctors in 
Malaysia. Our main finding revealed a mean 
knowledge score of 9.9 (SD = 1.69) out of 12, with 
22.7% of respondents answering all questions 
correctly. These findings align with a study 
conducted among South African primary care 
doctors, which reported a median score of 5 out of 
7, and 20% of doctors achieved all correct answers.10 

However, our findings are comparatively lower than 
a study in the United Kingdom that reported 80% of 
doctors answered all seven questions correctly.12 

Notably, the prior study12 did not specify the 
proportion of primary care doctors among their 
respondents, which could have influenced the 
results, as primary care doctors are generally 
reported to have lower awareness of AMR compared 
to hospital doctors.20 

Our analysis identified years of working 
experience as the sole predictor of AMR knowledge 
among primary care doctors, with longer experience 
linked to better understanding. This finding differs 
from prior studies conducted among primary care 
doctors that did not identify working experience as 
a significant factor. 9–12 However, studies conducted 
among healthcare workers in hospital settings 
reported that greater working experience is 
associated with better knowledge on AMR, AMS 
and antibiotic prescribing.21,22,23 This relationship 
may be explained by experiential learning, whereby 
knowledge develops through repeated encounter and 
reflection in real-world settings.24 In primary care, 
where doctors commonly encounter infectious 
conditions requiring the critical decision on 
antibiotic prescription, along with observing 
patients’ clinical progression and treatment 
outcomes, could have reinforced AMS principles 
and AMR knowledge through cumulative years of 
working experience. 

Our multivariate analysis found that AMR 
training and the presence of AMS programmes were 
not significant predictors of AMR knowledge. A 
possible explanation is that the items assessed in our 
questionnaire may not fully reflect the topics 
covered by the AMR training and AMS 
programmes.25 Training conducted in clinical 
settings may emphasise more practical prescribing 
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guidance while our questionnaire assessed more on 
general knowledge of AMR. Another possible 
reason is the variability in the implementation of 
AMR training and AMS programmes. Although the 
protocol for AMS has been published by the 
Ministry of Health, many activities are conducted at 
the individual clinic level, which may lead to 
differences in its implementation at the clinics.25 
Thus, the variability in AMS activities and our 
questionnaire itself may explain the lack of 
association observed.  

Our study revealed good knowledge of 
AMR in certain areas. 98% of participants 
recognised that reducing unnecessary antibiotic use 
can help prevent AMR. This finding aligns with 
global studies where 90-95% of doctors shared 
similar views.9,10,20 A key contributing factor to this 
high level of awareness may be that 95% of 
participants in our study reported awareness of the 
Malaysian NAG. The importance of appropriate 
antibiotic use is strongly emphasised in the NAG, 
which serves as an authoritative reference for 
guiding evidence-based prescribing decisions.8 In 
addition, exposure to AMS activities may have 
reinforced this understanding, as 75% of participants 
reported the presence of an AMS programme in their 
clinic, where appropriate antibiotic use is regularly 
emphasised. 

However, gaps in knowledge were noted in 
other areas. While roughly four out of five 
respondents recognised that the practice of delayed 
prescription plays a crucial role in preventing AMR, 
this remains substantially lower than the near 
universal awareness reported among German 
primary care doctors, where almost all 
acknowledged its importance.11 A Cochrane review 
has demonstrated that delayed antibiotic 
prescription is an effective strategy for reducing 
unnecessary antibiotic use without compromising 
clinical outcomes.26 Yet, this approach is not widely 
known among Malaysian doctors. In view that it is 
not strongly highlighted in the NAG, it is less likely 
to be practiced or taught regularly. Currently, there 
are limited studies on the effectiveness of delayed 
prescription in Malaysia. The differences in 
healthcare settings and logistical challenges may 
account for its limited awareness.27 

Despite high awareness of the clinical 
aspects of AMR, knowledge gaps remain regarding 
its multi-factorial causes. Only half of the doctors 
recognised that antibiotic use in animal farming 
contributes to AMR. This is lower than the roughly 
four in five doctors in Germany and two-thirds of 
those in Ghana who demonstrated awareness of this 
link. 11,28 This limited recognition may reflect the 
insufficient integration of the One Health concept 
into medical education.29,30 The One Health 
approach, which describes the interconnection 
between human, animal and environmental health, is 

essential in understanding broader contributing 
factors of AMR.1 Although Malaysia’s National 
Strategic Plan on AMR has endorsed One Health 
since 2017, 30,31 low awareness among primary care 
doctors may pose a barrier to its implementation. 
Addressing this gap could expand their 
understanding of AMR as a global cross-sectoral 
issue and empower them as advocates in patient 
education, given their close and continuous contact 
with the community. These findings suggest that 
AMR education in Malaysia may need to 
incorporate stronger One Health components, 
enabling primary care doctors to understand the 
broader drivers of AMR beyond clinical prescribing 
alone. 

A similar gap was observed in recognising 
the economic impact of AMR, with fewer than three 
in four respondents aware that it could affect 
Malaysia’s GDP. This is concerning, as AMR not 
only burdens the healthcare system but also affects 
the economy through prolonged hospitalisations, 
costlier treatments and reduced productivity.1 A 
limited understanding of these broader economic 
consequences among healthcare professionals may 
hinder efforts to prioritise AMR control and the 
allocation of necessary resources. However, the 
modest level of correct responses may also reflect 
limited familiarity with economic terminology, such 
as “GDP,” rather than a true lack of awareness about 
AMR’s economic consequences. Despite 
undergoing content and face validation, the 
questionnaire item may have been misinterpreted by 
some respondents. 
 
Strengths and Limitations 
This nationwide study provides baseline data on 
AMR knowledge among primary care doctors in 
Malaysia, with participation from both government-
funded and private sectors across diverse states. The 
use of multivariate analysis allowed the 
identification of independent predictors, adding 
depth to the findings. 

However, the study does have several 
limitations to consider. Although knowledge of 
judicial antibiotic use was high, actual antibiotic 
prescribing practices in Malaysian primary care 
remain inconsistent, as reported in prior studies.5,6 
The modest R-squared value of our multivariate 
model suggests that other important factors, not 
captured in this study, may be influencing these 
practices. A systematic review identified factors 
such as patient demand, cultural norms and 
healthcare system pressures as significant 
determinants of antibiotic prescribing behaviours, 
emphasising the complexity of antibiotic prescribing 
in primary care.31 This highlights the need for further 
research to better understand and address these 
underlying issues in the Malaysian context. Future 
studies may explore how AMR knowledge interacts 
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with these contextual elements to guide more 
targeted interventions. 

Other limitations should also be 
acknowledged. Convenience sampling using an 
online survey was employed due to time and 
resource constraints. However, this could have 
introduced selection bias which would affect 
generalisability of the findings, as the characteristics 
of non-respondents are not known. Additionally, 
although social media has been shown to be an 
effective recruitment tool, its use may have resulted 
in lower participation among older adults.32 Future 
research could adopt stratified random sampling, 
where respondents are randomly selected based on 
key categories such as clinic type, practice location 
and geographical region to ensure 
representativeness and reduce sampling bias. 

Another limitation relates to the research 
instrument, which did not undergo full psychometric 
testing. Although efforts were made to conduct 
content and face validation, and to assess internal 
reliability, the absence of a complete psychometric 
evaluation may limit the instrument’s validity. 
Future studies may consider conducting a construct 
validation to develop a more robust tool. 
 
CONCLUSION 
This study demonstrates that while primary care 
doctors in Malaysia generally have good knowledge 
on AMR, important gaps remain in delayed 
antibiotic prescribing, the One Health concept and 
the broader economic impact of AMR. To address 
these gaps, AMR education should emphasise these 
areas at both undergraduate and continuing 
professional levels. Educational strategies should 
incorporate practice-based approaches, such as case-
based discussions and mentorship, given that 
working experience was a significant predictor of 
AMR knowledge. 

At the policy level, a coordinated and 
sustained multi agency approach is needed to 
improve awareness in these areas, aligned with the 
Malaysian National Strategic Plan on AMR 2021 to 
2026.30 Standardisation of AMR education and 
AMS activities is also important to ensure consistent 
understanding across primary care settings, 
including private clinics. 

Further research should evaluate the 
effectiveness of these strategies in improving AMR 
knowledge and promoting more judicious antibiotic 
use, thereby supporting efforts to combat AMR. 
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