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ABSTRACT

Background: The National Antimicrobial Guidelines (NAG) 2014 and NAG2019
in Malaysia targeted rational and judicious use of antimicrobials. In this study,
we assessed the change in antibiotic utilisation and appropriateness due to
the guidelines that were implemented from 2011 to 2019.

Methods: Interrupted time series analyses on rates of antibiotic
appropriateness and utilisation were performed using prescription data from
public primary care clinics in Malaysia between January 2011 and December
2019. Rates of antibiotic utilisation, reported as Defined Daily Dose (DDD) per
1000 patients per day, were stratified by antibiotic classes.

Results: Of the 16,081,492 prescriptions recorded during the study period,
4.98% (n=2800,899) contained antibiotics. NAG2014 resulted in a significant
increase in antibiotic utilisation trend by 0.029 (p <0.0001) while NAG2019
had a substantial impact on antibiotic utilisation, decreasing DDD by 1778
and increasing appropriateness by 54.6% (p<0.0001). Variation in the
number of antibiotic molecules being prescribed also decreased after NAG2019.
Conclusion: Our findings indicate that the introduction of NAG2019 led to a
substantial improvement in antibiotic appropriateness. At the same time,
antibiotic utilisation decreased. Further research is needed to ascertain and
ensure the sustainability of these changes and to establish targeted
improvement strategies focusing on reducing inappropriate and unnecessary
prescribing.
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Background

Antimicrobial resistance (AMR) has become an urgent threat to global health,
with bacterial AMR accounting for an estimated 1.27 million deaths world-
wide in 2019 (Bell et al, 2014). Antibiotic resistance not only impacts
health systems significantly through increased treatment failure and pro-
longed hospital stays, but the need for more expensive and intensive care
adds on to the healthcare costs. Antibiotic use is the primary driver of anti-
biotic resistance (Bell et al., 2014). Report on global antibiotic consumption
rate showed 46% increment between 2000 and 2018, particularly in low-
and middle-income countries (LMICs) which increased by 76% (Browne
et al., 2021). The rising antibiotic consumption is alarming and thus, has
been the target of interventions.

The World Health Organization (WHO) released a global strategy to
contain antimicrobial resistance back in 2001 which include measures to
promote the rational and judicious use of antibiotics (World Health Organiz-
ation, 2001). Among the key strategies recommended was the antimicrobial
stewardship (AMS) programmes, with the creation of antibiotic policy guide-
lines as a central aspect. Additionally, monitoring antibiotic prescribing is
among the research priorities highlighted in the WHO global research
agenda for antimicrobial resistant in human health (World Health Organisa-
tion, 2023).

Patient pressure, limited access to diagnostic tools, and healthcare provi-
der misconceptions can lead to inappropriate antibiotic prescribing in Malay-
sian primary care. Healthcare providers may feel pressured to prescribe
antibiotics to meet patient expectations or due to time constraints during
consultations. Without access to rapid diagnostic tests or clear guidelines,
they may resort to empirical prescribing, leading to overuse and misuse of
antibiotics (Ahmad et al., 2021; H. P. Koh et al, 2021; Shamsuddin et al.,
2016; Teng et al., 2004).

Antibiotic appropriateness in primary care health clinics in Malaysia have
been reported to range between 37.9 and 81.4% (Lim et al., 2021; Shamsud-
din et al., 2016) while physicians agreed that provision of antimicrobial guide-
lines helped reduce unnecessary and inappropriate prescription of
antimicrobials (Akhtar et al., 2020; W. L. Tan et al., 2015). In Malaysia, the
first edition of the National Antibiotic Guideline (NAG) was published in
2008 by the Ministry of Health as the first step toward the promotion of
optimal antibiotic therapy. The document is continuously being reviewed
and updates to the guideline was released in 2014 and 2019 in accordance
to recent evidence and clinical practice (Ministry of Health, 2014, 2019). Fur-
thermore, the Malaysian Action Plan on Antimicrobial Resistance was issued
in 2017 and AMS programme was implemented in health facilities across
Malaysia as part of the strategies to combat AMR (Director General of
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Health Malaysia, 2018; Ministry of Health and Ministry of Agriculture &
Agro-Based Industry Malaysia, 2017).

By implementing evidence-based interventions tailored to the specific
challenges and trends in Malaysian public primary care settings, it is possible
to improve antibiotic prescription practices, mitigate antibiotic resistance,
and promote rational antibiotic use for better patient outcomes. Despite
the issuance and dissemination of the guidelines, little is known as to
whether it has had any impact on the antibiotic utilisation in the population.
Furthermore, studies have reported prevalence of inappropriate antibiotic
use of varying magnitudes, which plays a substantial role in the emergence
of antibiotic resistance (Sulis et al, 2020). Evaluations of the impact of
these guidelines can help policy makers and healthcare providers make
more informed decisions about antibiotic use, leading to better patient out-
comes and reduced antibiotic resistance rates. As such, this study aimed to
address this gap by assessing antibiotic prescriptions in public primary care
clinics in Malaysia between 2011 and 2019 and evaluate the effects of imple-
menting the antibiotic guideline on the trend in utilisation and appropriate-
ness of antibiotic prescriptions.

Methods

This study was reported in accordance to the STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE) checklist (Supplemental
Table S1).

Data source

The prescription data was obtained from the Teleprimary Care (TPC) database,
Ministry of Health (MOH) Malaysia. TPC is a health clinic information system
that has been implemented in public primary care clinics under the MOH
since 2007. In 2019, there were 93 public primary care clinics across Malaysia
that used TPC. The database includes information on clinic visits with details
on patient demographic characteristics, diagnoses, treatments, procedures,
and prescriptions. Drugs were coded according to the Anatomical Therapeutic
Chemical (ATC) classification system and diagnoses were recorded using the
International Classification of Diseases 10th Revision (ICD-10) (WHO Collabor-
ating Centre for Drug Statistics Methodology, 2023). All prescriptions were
anonymised before data extraction to ensure patient confidentiality.

Study design and population

This study was a retrospective analysis of antibiotic prescriptions for the
period of 1 January 2011 until 31 December 2019. All patients aged 12


https://doi.org/10.1080/20523211.2024.2355666
https://doi.org/10.1080/20523211.2024.2355666

4 A.H.LIMET AL.

years and above who received a prescription for an antibiotic during the
study period were included. We excluded data from clinics with incomplete
data for all nine years of the study period. Based on these criteria, data
from 66 clinics from seven states in Malaysia were available for analysis.
Additionally, we included a control group of patients with a prescription of
amlodipine from the same clinics. Amlodipine was used as a negative
control series because its utilisation is unaffected by the issuance of and
updates to the National Antibiotic Guidelines over the study period.

Antibiotics

All JO1 coded drugs (antibiotics for systemic use) were included before aggre-
gation into antibiotic classes. Streptomycin prescriptions were excluded as it
is used specifically for treatment of tuberculosis.

Interventions: national antibiotic guidelines 2014 & national
antimicrobial guidelines 2019

Between 2011 and 2019, two versions of national antibiotic guidelines were
published in Malaysia to guide clinical management and antimicrobial
therapy. The National Antibiotic Guidelines 2014 (NAG2014) was released
in December 2014, which was an update from the first edition dated 2008.
This guideline focuses on recommendations that are not only evidence-
based, but also pertinent to the local situation and realities. NAG2014 was
made available in both hard copies and online versions, available for down-
load (Ministry of Health, 2014). Subsequently, the third edition of the guide-
line (National Antimicrobial Guidelines 2019, NAG2019) was made available
online in March 2019, along with the Clinical Pathways 2019 (CP2019).
CP2019 is a collection of flowcharts for the diagnosis and prescription of anti-
biotics for infective conditions most seen in primary care: acute bronchitis
and pneumonia, acute otitis media, acute pharyngitis, acute rhinosinusitis,
skin and soft tissue infections (impetigo, cellulitis, and abcess), urinary tract
infection, and acute gastroenteritis (Ministry of Health, 2019). These
flowcharts were then printed and displayed in consultation rooms as part
of the implementation process. NAG2019 was implemented with the AMS
programme for primary care along with training workshops, structural and
clinical audits, and patient education/awareness campaigns. The training
workshops were conducted in stages over various regions of the country in
March 2019 with full implementation of the guidelines and programme in
April 2019 (Director General of Health Malaysia, 2018).

Based on this, the study period was divided into the following segments
for evaluation of the impact of guidelines on antibiotic utilisation, Segment
1: January 2011 to December 2014 - This period was before NAG2014 was
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introduced; Segment 2: January 2015 to March 2019 - NAG2014 was
disseminated the month prior to this period; Segment 3: April 2019 to
December 2019 - NAG2019 was implemented along with the AMS programme
in the month prior to this period. For evaluation of the impact of guidelines on
antibiotic appropriateness, the segments were the same except for the first
which began later in January 2013 as mandatory input of diagnosis with
every prescription order in the clinic system was not enforced until then.

Outcomes

The main outcome was antibiotic utilisation rate. The volume of antibiotic
utilisation was calculated based on total number of antibiotics prescribed
and its defined daily dose (DDD) as defined by the WHO (World Health Organ-
ization, 2023). Antibiotic utilisation rates were reported as DDD per 1000
patients per day, stratified by antibiotic classes: cephalosporins, macrolides,
penicillins, sulfonamides, tetracyclines, and others. The calculation for DDD
per 1000 patients was based on patient attendance at the included clinics.
Diagnoses for antibiotic prescriptions were aggregated by ICD-10 codes
(Supplemental Table S2).

We also assessed the appropriateness of antibiotic prescriptions for
specific diagnoses. Antibiotic appropriateness was determined based on
drug, dose, frequency, and duration for all the diagnoses included in
CP2019 except for abscesses. Antibiotic appropriateness was not evaluated
for abscesses as culture and sensitivity testing is required prior to antibiotic
initiation and patients are referred to hospitals should culture and sensitivity
testing be required. Prescriptions were deemed inappropriate once the drug
of choice did not match guidelines for the time period. Appropriateness of
antibiotic dose, frequency, and duration were only evaluated in cases of
appropriate drugs. Proportions of inappropriate drug, dose, frequency, and
duration were tabulated by study segments.

Statistical analysis

Descriptive analysis was performed to describe patient characteristics, anti-
biotic utilisation rate, and appropriate antibiotic prescriptions by diagnoses.
Two monthly time series were constructed. The first series on antibiotic util-
isation was constructed using the DDD per 1000 patients from January 2011
to December 2019. The second series on antibiotic appropriateness deter-
mine the trend in percentage of appropriate antibiotic prescriptions only
for the period from January 2013 to December 2019.

To investigate the effects of both guidelines, we employed interrupted
time series analysis (ITSA) with segmented regression analysis. ITSA is a
quasi-experimental research design that allows us to evaluate the
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longitudinal effects of interventions or incidents. One advantage of using
ITSA with observational data to assess the impact of policy changes is its
ability to account for the influence of long-term trends in the outcome
measures over time. When employed with an appropriate control series,
ITSA is a powerful study design to evaluate population health interventions.
By using the ITSA design and segmented regression, we can assess both the
immediate change (i.e. change in the intercept) and the change in the trend
(i.e. change in the slope) associated with the intervention or policy change
while controlling for the overall pattern in the outcome rate of interest.

A total of 48 points were used in the first segment (24 points for antibiotic
appropriateness), 51 points were used in the second segment, and 9 points
were used in the third segment. Our study satisfies and surpasses the
minimum number of points required for analysis as a minimum of nine
points are required pre- and post-interventions in ITSA (Jandoc et al., 2015).
An ITSA regression model was fitted for the outcome measure (antibiotic util-
isation) with the following equation:

Yt = BO + B1Tt + Bth + B3XtTt + B4Z + B5ZTt + B6ZXt + B7ZXtTt + &¢ (1)

Here, Y, is the DDD level of antibiotics measured monthly; T, is the number of
months since January 2011; X, is a dummy indicator representing the impact
of the guideline (pre-intervention: 0, post-intervention 1); Z is a dummy vari-
able to denote the cohort assignment (antibiotic or control), while X;T,, ZT,
ZX,, and ZXT are all interaction terms among previously described variables.
Bo to Bs, represent the control group, and the coefficients of the upper line, B4
to B, represent values of the antibiotic group. Specifically, 34 represents the
DDD level (intercept) difference between the antibiotic and control group
prior to the intervention, s indicates the DDD trend difference between
the antibiotic and control group prior to the intervention, ¢ refers to the
DDD level difference between the antibiotic and control group immediately
following introduction of the intervention, and B, represents the difference in
DDD trends between the antibiotic and control groups after initiation of the
intervention compared with preintervention. The term g, denoting the error
at time t, encompasses the random fluctuations that the model is unable to
account for (Turner et al., 2021).

Two-sided significance level of 5% was applied in all tests. Test for statio-
narity, a key assumption in time series analysis, was conducted using the
augmented Dickey-Fuller (ADF) unit-root test. The null hypothesis of ADF
test is that there is a unit root in a time series sample, which implies that
the data series is not stationary (Jalil & Rao, 2019). Autocorrelation was also
tested using the Durbin Watson D test, which depends upon two quantities;
the number of observations and the number of parameters to test. R soft-
ware, version 4.1.0 (http://www.R-project.org) and STATA version 15.1
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were used to perform all data processing and analysis, including data clean-

ing (StataCorp, 2017).

Results

Of the 16,081,492 prescriptions recorded from 54,547,253 patients in TPC
during the study period, 4.98% (n=800,899) contained antibiotics. Table 1
shows characteristics of patients with antibiotic prescriptions who were
included in the analysis. Approximately half of the patients aged between
21 and 50 years. Most patients were female (53.4%) and of Malay ethnicity
(59.9%). Diseases of the respiratory system, J00-J99 were the most common

Table 1. Demographics of patients with antibiotic prescriptions from 2011 to 2019.

Characteristics Characteristics
(N =800,899) n Percentage (%) (N =2800,899) n Percentage (%)
Age (years) Year of visit
12-20 152,550 19.05 2011 50,687 6.33
21-30 185,826 23.20 2012 58,162 7.26
31-40 145,215 18.13 2013 61,494 7.68
41-50 102,982 12.86 2014 64,047 8.00
51-60 99,448 12.42 2015 79,934 9.98
61-70 75,676 9.45 2016 117,378 14.66
71-80 31,907 3.98 2017 125,985 15.73
>81 7295 0.91 2018 132,063 16.49
2019 111,149 13.88
Sex
Female 427,718 53.40 State
Male 373,181 46.60 Selangor 342,314 42.74
Johor 201,616 25.17
Race Kuala Lumpur 70,464 8.80
Malay 480,038 59.94 Perlis 68,713 8.58
Indian 119,609 14.93 Sarawak 54,297 6.78
Chinese 98,888 12.35 Pahang 37,121 430
Others 102,344 12.78 Sabah 26,374 3.29
Diagnosis (ICD10 groups)
Diseases of the respiratory system 248,902 31.08
Symptoms, signs and abnormal clinical and laboratory findings, not 61,629 7.69
elsewhere classified
Diseases of the skin and subcutaneous tissue 61,187 7.64
Diseases of the genitourinary system 49,566 6.19
Factors influencing health status and contact with health services 42,336 529
Neoplasms 37,166 4,64
Endocrine, nutritional and metabolic diseases 31,586 3.94
Injury, poisoning and certain other consequences of external causes 23,600 2.95
Diseases of the eye and adnexa 20,787 2.60
Diseases of the musculoskeletal system and connective tissue 19,427 243
Diseases of the ear and mastoid process 7798 0.97
External causes of morbidity 4400 0.55
Pregnancy, childbirth and the puerperium 4333 0.54
Mental, Behavioural and Neurodevelopmental disorders 2289 0.29
Diseases of the nervous system 593 0.07
Congenital malformations, deformations and chromosomal abnormalities 199 0.02
Not Available 57,295 7.15
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diagnoses at 31.1%. One in every 14 prescriptions (7.15%) included in this
study did not include a diagnosis although the proportion decreased over
the years. The number of patients with antibiotic prescriptions showed a
steady increase over the years, from 50,687 in 2011 to 111,149 in 2019.

Antibiotics utilisation

A total of 22 antibiotic molecules from six antibiotic groups were included in
this study. Figure 1 shows monthly antibiotic utilisation rates by classes from
2011 to 2020. Penicillin was the most commonly prescribed class of anti-
biotics over the nine years. This was followed by macrolides, although it
dropped to the third place from 2019 onwards. Use of both cephalosporins
and tetracyclines showed a steady increase over the years, with use of cepha-
losporins surpassing macrolides in 2019. The antibiotics with the highest
usage were amoxycillin, erythromycin ethyl succinate, and cloxacillin
(Supplemental Figure S1). Amoxycillin was mostly used for ICD10: J00-J99
group of diagnosis (diseases of the respiratory system) and ICD10: R00-R99
(symptoms, signs and abnormal clinical and laboratory findings) while cloxa-
cillin was most often prescribed for ICD10: L00-L99 (diseases of the skins and
subcutaneous tissue). A total of 31,588 (3.94%) prescriptions for antibiotics
were for diagnoses under the endocrine, nutritional and metabolic diseases
group (EO0-E89) while 37,167 (4.64%) prescriptions for antibiotics were for
diagnoses under the neoplasms group (C00-D49) (Supplemental Table S3).
Overall, our study had an antibiotic prescription rate of 1.47 per 100
patient attendances.

The segmented linear regression model showed a baseline difference
between antibiotic and amlodipine (control) utilisation of 1.679 (p<
0.0001). There was slight difference in baseline trend of antibiotic and amlo-
dipine use by 0.013 (p = 0-0070). After NAG2014, there was a non-significant
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Figure 1. Trend in monthly antibiotic utilisation rates in defined daily dose per 1000
patients per day (DID), during 2011-2020.
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Table 2. Segmented linear regression model on (a) the change of antibiotic utilisation
rates before and after the National Antibiotic Guidelines 2014 and 2019; (b) the rate of
antibiotic appropriateness before and after the National Antibiotic Guidelines 2014 and
2019.

(a)

Time Period Coefficient 95% Confidence Interval p-value
Baseline difference 1.679 1.457-1.902 <0.0001
Baseline trend difference 0.013 0.004-0.022 0.0070
Difference in level change (NAG2014) 0.384 —0.096 to 0.864 0.12
Difference in trend change (NAG2014) 0.029 0.014-0.044 <0.0001
Difference in level change (NAG2019) -1.778 —2.035 to —1.521 <0.0001
Difference in trend change (NAG2019) 0.032 0.016-0.048 <0.0001
(b)

Time Period Coefficient 95% Confidence Interval p-value
Trend before NAG2014 —0.144 —0.187 to —0.102 <0.0001
Level change after NAG2014 —0.865 —2.442 t0 0.712 0.28
Slope change after NAG2014 0.317 0.217-0.418 <0.0001
Level change after NAG2019 54.603 49.926-59.281 <0.0001
Slope change after NAG2019 0.338 —0.023 to 0.699 0.066
Intercept 7771 7.206-8.337 <0.0001

*NAG - National Antibiotic Guidelines.

level increase in antibiotic utilisation by 0.384 (p = 0-12). This was followed by
a significant increase in antibiotic utilisation trend by 0.029 (p <0-0001).
Although there was a significant decrease in antibiotic utilisation level by
1.778 (p < 0-0001) after the introduction of NAG2019 in segment 3 of the
analysis, it was accompanied by an increase in antibiotic utilisation trend
by 0.032 (p < 0-0001) (Table 2a, Figure 2(a)).

Appropriateness of antibiotics prescription

Results for time series analysis of antibiotic appropriateness are shown in
Table 2(b) and Figure 2(b). During the first segment of the study period
(pre-NAG2014), the percentage of appropriate antibiotic prescriptions was
approximately 7.77%, with a decreasing trend by 0-144 (p <0.0001). Level
change following NAG2014 was not significant but an increase by 0-317 (p
<0.0001) in antibiotic appropriateness trend was observed. The NAG2019
had a substantial impact on antibiotic appropriateness, increasing by
54.60% (p <0.0001) after implementation with a 0-34% (p =0.070) increase
in trend. Model diagnostics did not indicate significant autocorrelation of
residuals while the augmented Dickey-Fuller test showed stationarity in the
data.

Overall antibiotic appropriateness was found to be 17.7%. When stratified
by age groups, antibiotic utilisation and appropriateness was seen to be
decrease as age of patients increased. Adolescents (12-20 year olds) were
seen to be most frequently prescribed antibiotics, ranging from 7.47% to
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Figure 2. Trend in monthly (a) antibiotic utilisation rates in defined daily dose per 1000
patients per day (DID), from 2011 to 2019; (b) percentage of appropriate antibiotic pre-
scriptions from 2013 to 2019. Time series interruption where the 2014 and 2019
National Antibiotic Guidelines (NAG) were introduced is indicated by the vertical line.

15.20% of total annual prescriptions with antibiotic utilisation at 0.276-0.635
DDD. However, antibiotic appropriateness was also highest in this age group.
The elderly (71-90 years & 81 years and above) had generally lower rates of
antibiotic utilisation and appropriateness (Supplemental Figure S2).

Table 3 shows the rate of antibiotic appropriateness by diagnoses for each
of the segmented time period. Before the implementation of NAG2019, anti-
biotic prescriptions for impetigo had the highest proportion of appropriate-
ness (63.1% before NAG2014; 77.9% after NAG2014). However, after the
implementation of NAG 2019, antibiotic prescriptions for acute otitis media
had the highest proportion of appropriateness at 91.8%. This was followed
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by prescriptions for acute pharyngitis (90.2%) and acute rhinosinusitis
(86.0%). Proportions of inappropriate drugs, doses, and durations were
similar; only the proportion of prescriptions with inappropriate frequency
was particularly lower than the aforementioned three conditions. The pro-
portion of prescriptions with inappropriate drugs showed a decreasing
trend in all diagnoses except acute rhinosinusitis, cellulitis, impetigo, and
pneumonia. Prescriptions for acute bronchitis, acute otitis media, and acute
pharyngitis showed significantly higher proportions of inappropriate dur-
ations compared to other diagnoses (Table 3). A total of 276 (before
NAG2014), 1717 (before NAG2019) and 217 (after NAG2019) antibiotic pre-
scriptions included acute gastroenteritis as diagnosis.

The types of antibiotics prescribed for the specific diagnoses are described
in Figure 3 for the three segments of the study period. We observed fewer
variation in the number of antibiotic molecules being prescribed after
NAG2019 for almost all diagnoses except for impetigo, which coincidently
had the lowest rate of antibiotic appropriateness then. Upon the introduction
of both guidelines, the proportion of amoxycillin use increased in acute bron-
chitis, acute otitis media, acute pharynagitis, acute rhinosinusitis, cellulitis and
community acquired pneumonia (CAP), while the proportion of cephalexin
use increased in cystitis (Figure 3).

Discussion

To the best of our knowledge, this dataset is the most extensive (comprising
nearly a million data entries) and covers the longest duration of individual
antibiotic prescriptions ever examined to assess both antibiotic usage and
its appropriateness in Malaysia. Our findings indicate that NAG2019 had a
much greater impact on antibiotic utilisation and appropriateness compared
to NAG2014. It is worth noting that despite an increasing trend of antibiotic
utilisation following NAG2019, the rate of antibiotic appropriateness also
improved, albeit non-significant trend.

Our study showed a lower rate of antibiotic prescriptions in primary care
than that in other low- and middle-income countries such as Brazil and
China with studies reporting the proportion of prescriptions containing anti-
biotics ranging from 17.8% to 61.0% (Lima et al., 2017; Zhan et al,, 2019;
Zhang et al., 2017). A Singaporean study reported an antibiotic prescription
rate of 4.33 per 100 patient attendances which was almost three times our
rate of 1.47 per 100 patient attendances (S. W. C. Koh et al., 2023). When com-
pared to another neighbouring country, Indonesia, our rate of antibiotic pre-
scriptions fared well below their reported rates in the range of 23.5-41.0%
(Abdulah et al,, 2019; Yuniar et al.,, 2017). Nevertheless, the methodological
and study population differences between these studies limit a direct com-
parison to our results.
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Figure 3. Types of antibiotics prescribed by diagnosis, stratified by the segmented study
period.

Despite a low proportion of prescriptions contained antibiotics, a substan-
tial proportion were considered inappropriate antibiotic prescriptions prior to
the introduction of NAG2019. This is in line with multiple local studies (both in
primary care and hospitals) which have shown inappropriate use of
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antibiotics. A point prevalence survey conducted in local primary care clinics
in 2019 immediately after introduction of NAG2019 reported an antibiotic
appropriateness rate of 37.9% (Lim et al,, 2021). Tan et al. (2017) found that
40% of prescriptions from a regional secondary hospital were inappropriate.
Another study evaluating antibiotic prescriptions in primary care in Yinchuan,
China reported a rate of overall antibiotic appropriateness at 13.3%, similar to
our 17.7% (Zhao et al., 2022).

A study that evaluated the impact of over-the-counter restrictions on anti-
biotic consumption in Brazil and Mexico showed that despite the different
overall usage patterns of antibiotics in these countries, the restrictions on
sale of over the counter antibiotics had decreased the overall antibiotics con-
sumption in these two countries by 1.35 and 1.17 DDD per 1000 inhabitants,
respectively (Santa-Ana-Tellez et al, 2013). In our study, the impact of
NAG2019 in reducing antibiotic consumption was greater than this over-
the-counter restrictions by approximately 31% and 51%, respectively.
Another study in France found that a nationwide campaign reduced unwar-
ranted antibiotic prescriptions by 45%, especially in children, and provided an
effective approach for evaluating public health strategies aimed to reduce
antibiotic use (Sabuncu et al, 2009). This was similar to the effect of
NAG2019 and AMS programmes which reduced antibiotic consumption by
35%.

Antibiotic prescriptions for two upper respiratory tract infections, acute
pharyngitis and acute rhinosinusitis, were evaluated in this study. Prior to
the implementation of NAG2014, antibiotic appropriateness was 2.91% for
these two diagnoses. This increased slightly to 5.46% from the first to
second segment, and reached 89.77% after the implementation of
NAG2019. The level of antibiotic appropriateness was much higher than
that of a study from Ecuador which reported a level of 9.8%. A cross-sectional
study of antibiotics prescribed for acute sinusitis cases in primary care
showed that only half of the cases met antibiotic prescribing criteria while
Shively, et al. found that no antibiotic was indicated in 49.7% of cases in
primary care clinics within a veteran affairs health care system (Shively
et al,, 2018; Truitt et al., 2020).

Although a large proportion of prescriptions for cellulitis prior to NAG2019
were for cloxacillin, these were deemed inappropriate as cloxacillin was only
recommended for inpatient treatment (to be given intravenously) in the
guidelines then. In this case, route of administration is crucial as it also
affects bioavailability, hence efficacy of the drug, ultimately affecting the
risk of antibiotic resistance. We also observed a reduction in the use of cefur-
oxime for treatment of cystitis after NAG2019. This is beneficial in reducing
the risk of extended-spectrum beta-lactamases (ESBL) related infections
(Shaikh et al., 2015). Use of bacampicillin in the treatment of CAP also
decreased after NAG2019, in line with treatment guidelines (Ministry of
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Health, 2019). However, there were still antibiotics prescribed for acute gas-
troenteritis despite guidelines specifying antibiotics were not recommended
in these cases (Ministry of Health, 2014, 2019). The lower variation in anti-
biotics used in most diagnoses is a positive outcome as less prescriptions con-
tained the wrong choice of drug, which in turn, decreased risk of antibiotic
resistance.

AMS programmes endeavours crafted to enhance the utilisation of antimi-
crobial agents, encompassing antibiotics, within medical environments.
These initiatives strive to enhance patient outcomes, diminish the develop-
ment of antimicrobial resistance, and decrease the negative repercussions
linked to unwarranted antimicrobial usage. The effectiveness of strategies
to address antimicrobial consumption and appropriateness can vary based
on several factors related to their implementation. Our results indicate the
difference in effectiveness of two sets of guidelines and the possible
reasons behind this difference.

The difference in the impact of NAG2014 and NAG2019 is postulated to be
due to the difference in deployment of the guidelines. The implementation of
NAG2014 faced challenges since it was the first version produced and there
were limited resources available to promote and disseminate, as well as guide-
line complexity and difficulty with practice integration. Subsequently, when
NAG2019 was made available, the implementation process was refined and
it was introduced together with structural and clinical audits as part of the
AMS programme, to provide feedback to prescribers regarding their antibiotic
use practices and increase accountability (Director General of Health Malaysia,
2018). Budgets were allocated for provision of training for healthcare provi-
ders while the AMS programme involved collaboration amongst various
healthcare professionals, including infectious disease specialists, family medi-
cine specialists, clinical pharmacists, microbiologists, and infection control
personnel, providing a comprehensive approach to optimising antibiotic
use and ensuring appropriate prescribing practices. This multidisciplinary
approach as well as clearer guidelines and protocols proved to be a more
structured approach to improve adherence to guidelines.

Furthermore, the inclusion of flowcharts within the CP2019 with NAG2019
provided clearer evidence-based guidelines for clinical decision-making to
help ensure consistent and appropriate antibiotic use in addition to improved
workflow integration. This knowledge is essential to policymakers in con-
sideration of resources for the implementation of various strategies for chan-
ging antimicrobial prescribing behaviour. These approaches comprise
educating prescribers on appropriate antimicrobial utilisation, establishing
an antimicrobial formulary that limits the prescription of specific agents,
and evaluating antimicrobial prescription patterns while providing feedback
to the prescribers (Drew, 2009). More importantly, prescribers do not receive
incentives for prescribing antibiotics as per guidelines. Therefore, the
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guidelines and/or interventions have to be relevant and practical to make it
more feasible to be adopted in the clinical practice more naturally.

Our study provides valuable insights into the effectiveness and implemen-
tation challenges of existing antibiotic guidelines in Malaysia. Study findings
will contribute as guidance policy-makers in future revisions and updates of
the existing guidelines. The evaluation findings also serve as a foundation for
designing and improving targeted AMS initiatives. By leveraging the evi-
dence generated by the evaluation, stakeholders can prioritise and tailor
interventions to address specific challenges identified in the local context.
Moreover, the insights gained here can contribute to global efforts to
combat antimicrobial resistance by knowledge sharing to facilitate the adap-
tation of successful strategies and interventions to diverse healthcare settings
worldwide, ultimately contributing to a more coordinated and effective
global response to antimicrobial resistance.

Our study was not without limitations. First, we were unable to evaluate
the sustainability of NAG2019's impact due to possible changes in antibiotic
prescribing patterns caused by the COVID-19 pandemic. It would be ideal to
measure the sustainability of these changes observed once the antibiotic pre-
scribing patterns have stabilised. Second, our findings were also limited by
the lack of a recorded diagnosis for a sizeable proportion of the antibiotic pre-
scriptions. Efforts to improve the quality of documentation should therefore
be encouraged. Third, the data included in this study were from 66 public
clinics (approximately 6% of all public primary care clinics in Malaysia).
While we are confident that the findings described the practice within
public health clinics in Malaysia to certain levels, it may not represent the
primary care practice in Malaysia as a whole since the practice may differ in
the private primary care setting.. The study dataset, however, remains one
of the largest prescription-level data for antibiotic utilisation and appropriate-
ness with samples throughout the country in Malaysia.

Furthermore, there was no specific variable to indicate pregnancy status in
the database used for this study; therefore, some cystitis diagnoses occurring
in pregnancy may have been incorrectly analysed as cystitis if they used the
incorrect ICD-10 code. Consequently, the appropriate choice of drug may not
have been correctly identified. In this study, whether an antibiotic is required,
or antibiotic necessity, was not evaluated. Given the particular diagnosis
recorded in the database, the antibiotic appropriateness evaluated in this
study focuses on whether the prescribed antibiotic and its use are suitable
and effective for the specific case; while antibiotic necessity addresses
whether antibiotics are required for a given medical condition by considering
whether the underlying infection is caused by bacteria that can be effectively
treated with antibiotics.

Although the public sector is performing relatively well following
NAG2019, antibiotic consumption and appropriateness in the private sector
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remain as gaps to be addressed in future research. Additional efforts are still
needed to gather further evidence on formulating suitable and efficient
policy directions to decrease inappropriate antibiotic usage within the frame-
work of healthcare system reforms in Malaysia despite the relative success of
NAG2019. Strategies to promote the appropriate use of antibiotics in the
community are also important to ensure ideal antibiotic consumption. The
effectiveness of AMS programmes and interventions targeting antibiotic
use depends on a combination of factors, including interdisciplinary collabor-
ation, evidence-based guidelines, education, data-driven decision-making,
and continuous improvement. By addressing these aspects thoughtfully
and tailoring the programme to the local context, healthcare facilities can
enhance their ability to optimise antimicrobial use, improve patient care,
and combat the growing threat of antimicrobial resistance.

Conclusion

Our findings indicate that the introduction of a national antimicrobial guide-
line (namely the NAG2019) alongside the AMS programme, led to a substan-
tial improvement in antibiotic appropriateness across public primary care
clinics in Malaysia. At the same time, antibiotic utilisation decreased.
Further research is needed to ascertain and ensure the sustainability of
these changes, to explore factors influencing inappropriate and unnecessary
prescribing, as well as to identify measures to address these issues.
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