
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Yow et al. BMC Health Services Research          (2024) 24:897 
https://doi.org/10.1186/s12913-024-11341-0

BMC Health Services Research

†Hui Yin Yow and Jason Siau Ee Loo contributed equally to this work.

*Correspondence:
Nusaibah Abdul Rahim
nusaibah.abdulrahim@um.edu.my

Full list of author information is available at the end of the article

Abstract
Background The management of non-communicable diseases (NCDs) has benefited from telehealth services. As 
these services which include teleconsultation services and e-prescriptions are relatively new in Malaysia, the data 
generated provide an unprecedented opportunity to study medication use patterns for the management of NCDs 
in the country. We analyze e-prescriptions from a local telehealth service to identify medication use patterns and 
potential areas to optimize medication use in relation to clinical practice guidelines.

Methods A cross sectional observational study was conducted by retrieving e-prescription records retrospectively 
from a telehealth service. 739,482 records from January 2019 to December 2021 were extracted using a designated 
data collection form. Data cleaning, standardization and data analysis were performed using Python version 3.11. 
The diagnoses were classified according to the International Classification of Disease 10 (ICD-10), while medications 
were classified using the Anatomical Therapeutic Chemical (ATC) system. Diagnoses, frequency of use for medication 
classes and individual medications were analyzed and compared to clinical practice guidelines.

Results The top five NCD diagnoses utilized by the service were hypertension (37.7%), diabetes mellitus (25.1%), 
ischemic heart disease (24.3%), asthma (14.4%), and dyslipidemia (11.7%). Medications were prescribed mostly in 
accordance with guideline recommendations. However, angiotensin receptor blockers (ARBs) were significantly more 
frequently prescribed compared to angiotensin converting enzyme inhibitors (ACEIs). Several medication classes 
appeared underutilized, including ACEIs in hypertensive patients with diabetes or ischemic heart disease, sodium 
glucose cotransporter 2 inhibitors in diabetic patients with ischemic heart disease, and metformin in patients with 
diabetes.

Conclusions Telehealth services are currently being utilized for the management of NCDs. Medication use for the 
management of NCDs through these services are mostly in accordance with guideline recommendations, but there 
exist areas that would warrant further investigation to ensure optimal clinical and economic outcomes are achieved.
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Introduction
Non-communicable diseases (NCDs), also known as 
chronic diseases, result from a combination of genetic, 
environmental and behavioural factors and typically 
require lifelong management [1]. The most common 
NCDs include cardiovascular diseases, chronic respira-
tory diseases, and metabolic diseases such as diabetes, 
which are prevalent worldwide [2]. Taken together, these 
NCDs persist as an escalating clinical and economic 
burden on healthcare systems around the world due to 
their increased prevalence in ageing societies and their 
propensity, culminating in more serious and acute con-
ditions that result in greater morbidity and mortality 
[3, 4]. Malaysia has been no exception to this phenom-
enon, as NCDs continue to see relatively high prevalence 
according to recent surveillance studies, and therefore 
continue to receive commensurate attention from health-
care workers and policymakers [5]. The chronic nature 
of NCDs necessitates that their medical management is 
approached holistically, including proper prescribing, 
routine follow up, good patient adherence, and corre-
sponding lifestyle changes [6–8]. Proper evidence-based 
prescribing helps optimize both clinical outcomes and 
cost-effectiveness, thereby increasing the efficiency of 
the healthcare system as a whole, while routine follow-
up ensures that prescribers can monitor and respond 
accordingly to the dynamic clinical status of the patient 
[9, 10]. However, consistent follow-up by patients suffer-
ing from NCDs remains a major challenge in many coun-
tries, with accessibility and cost being primary barriers. 
Patients might have difficulty accessing healthcare facili-
ties due to long waiting times and transportation issues 
[11], while the healthcare costs such as consultation fees 
and medications might discourage some patients from 
seeking their regular medical care [12, 13].

In this regard, telehealth services provide an emerging 
avenue to improve accessibility to chronic medications 
of patients with NCDs. Telehealth services are defined as 
communication technologies that utilize data, audio, and 
video to connect healthcare professionals and patients 
over a distance, allowing the exchange of medical infor-
mation [14]. Telehealth typically encompasses a wide 
range of services including real-time teleconsultations, 
remote patient monitoring, storage and forwarding of 
medical records, and electronic prescribing [14]. There 
are numerous potential benefits to improving adoption 
of telehealth services, including improving connectiv-
ity between healthcare professionals and patients [15], 
reducing overall healthcare costs [16], providing better 
assessments of patient’s disease management at home 
[17], and preventing unnecessary exposure to infec-
tious pathogens [18]. The use of telehealth services has 
seen increased growth over the past two decades, in 
tandem with improved technologies, increased internet 

accessibility, and increased smartphone access [19]. In 
Malaysia, while adoption of telehealth services by all 
stakeholders had previously been slow, it has been accel-
erated by the Covid-19 pandemic which necessitated 
a transition towards telehealth to reduce transmission 
risk [20], as well as national-level initiatives such as the 
recently launched National Digital Economy Blueprint 
[21]. In particular, the equally robust private healthcare 
sector (where healthcare is funded out-of-pocket or by 
insurance) has seen numerous local health technology 
startups which have sought to fill a gap in the provision 
of healthcare services by leveraging digital infrastruc-
ture, offering services ranging from teleconsultations to 
e-prescriptions, the latter of which has been bolstered by 
new regulations defining the standards for e-prescription 
issuance [22].

The use of telehealth services and the corresponding 
e-prescribing allow insight into prescription patterns for 
NCDs and upon review could potentially improve pre-
scribing practices, due to the large amounts of prescrib-
ing data generated through these services. The study of 
e-prescribing data in other countries with established 
systems has been common, allowing for convenient 
monitoring of guideline recommendations and identi-
fying areas for improving prescribing for NCDs such as 
hypertension, diabetes, and dyslipidemia [23–25]. In con-
trast, previous studies including an analysis of prescrib-
ing patterns in Malaysia, such as the National Medical 
Care Survey, were comprehensive in nature and covered 
both the public and private sector but was extremely 
labour-intensive due to the use of manual prescriptions 
and records in most sampled healthcare institutions [26]. 
More recently, the use of electronic health insurance 
claims from primary care have also served as a proxy for 
prescribing data, but primarily involved the treatment of 
acute minor ailments rather than NCDs [27]. As such, 
the recent availability of electronic prescribing data from 
local telehealth services represents a unique opportu-
nity to investigate recent prescribing patterns for NCDs 
in the country. Therefore, in this study, a retrospective 
analysis of e-prescriptions extracted from a telehealth 
services database was conducted. We analyzed the com-
mon NCDs managed through these services, identified 
prescribing trends for these NCDs, and compared these 
trends to recommendations from established clinical 
practice guidelines.

Materials and methods
Study design and setting
This study was a cross sectional study using data 
extracted retrospectively from a local health technol-
ogy company that provided various telehealth services in 
community pharmacies, serving the private healthcare 
sector. Among the services offered include consultations 



Page 3 of 13Yow et al. BMC Health Services Research          (2024) 24:897 

between patients and physicians, which are typically 
assisted by community pharmacists. These assisted con-
sultations involve the pharmacists aiding users to consult 
qualified physicians through the telehealth platform by 
submitting relevant clinical information such as medi-
cal histories and updated clinical data including blood 
pressure and blood glucose readings measured at the 
pharmacy. Upon review, the physician may then choose 
to issue a corresponding e-prescription through the plat-
form (i.e. approval) or reject the request and request for 
additional information, or require the patient to attend a 
physical consultation, following guidelines provided by 
the service provider which defines conditions that may 
be managed and medicines that may be prescribed (i.e. 
rejection). Any issued e-prescription may then be filled 
by the corresponding pharmacist assisting in the con-
sultation. Due to the nature of this service, it is typically 
utilized for users (i.e. patients) with NCDs requiring con-
tinued supply of their chronic medications, where the 
patient’s condition is stable and well-managed.

Data extraction and analysis
The prescribing data which is exclusively owned by the 
telehealth service provider was extracted and provided 
by the telehealth service provider in an anonymized for-
mat. To ensure confidentiality, the data provided was 
kept secure in a password-protected file and on approved 
devices that was only accessible to researchers directly 
involved in the data analysis. The data included assisted 
consultations for a period of 3 years between 1st January 
2019 and 31st December 2021, which was analyzed from 
August 2023 to December 2023 at Taylor’s University, 
Malaysia. The raw data extracted consisted of a unique ID 
for the assisted consultation (with no personal identifi-
able information), community pharmacy name, location, 
patient details such as gender, age, medical history, medi-
cation history, and current clinical data including blood 
pressure, random blood sugar, heart rate, diagnoses, and 
any associated e-prescription details, for example medi-
cations prescribed, dosage, route, frequency, duration 
and the supplied amount. A record represented a single 
request by the user for the service.

Data cleaning and analysis was performed using 
Python 3.11 with the Pandas, NumPy, and Matplotlib 
libraries [28, 29]. Both diagnoses, medical history, and 
medications included free text (i.e., prescribers were 
not restricted from using non-standard terminolo-
gies, abbreviations, or adding remarks), and therefore 
diagnoses were classified using the International Clas-
sification of Diseases (ICD-10) [30], while drugs were 
classified according to the Anatomical Therapeutic 
Chemical (ATC) classification system [31], where appro-
priate. The data were then analyzed and descriptive sta-
tistics were used to identify the five most common NCDs 

diagnosed within the dataset. For these NCDs, both the 
most common medication classes and individual medica-
tions prescribed were then analyzed to identify prescrib-
ing trends, which were then also compared to current 
local clinical practice guidelines to identify potential 
areas where improvements in prescribing practices could 
be made.

Results
A total of 739,482 records involving 148,238 patients 
were extracted from the database. Each record consisted 
of a single assisted teleconsultation session, along with 
the relevant clinical data and associated e-prescription 
(if available), which itself could include multiple medi-
cations. After excluding records with a “Rejected” sta-
tus, 542,668 e-prescriptions with an “Approved” status 
remained. In terms of demographics of the patients 
included in the records, the mean age of the telehealth 
users was 51 ± 21 years, which consisted primarily of 
adults aged between 18 and 59 years (66.5%), with a 
smaller proportion of older adults aged 60 years and 
above (29.3%) and adolescents aged between 13 and 17 
years (4.2%). In terms of gender, the majority of patients 
were females (61.0%).

The top five most common diagnoses represented 
in the dataset and their prevalence are shown in Fig.  1, 
where hypertension, diabetes mellitus and ischemic heart 
disease were most prevalent. The remaining diagnoses 
comprised of 174 other conditions, which included both 
NCDs (such as gastro-esophageal reflux disease, cardiac 
arrhythmia, benign prostatic hyperplasia and dermati-
tis) and other minor ailments, with the vast majority of 
these diagnoses occurring at a frequency of below 3% (S1 
Table).

The most common medication classes and individual 
medications prescribed for the top five diagnoses are 
shown in Figs.  2, 3, 4, 5 and 6, whereas the most com-
mon combination medications prescribed are shown 
in Table 1. For hypertension, the most common antihy-
pertensives prescribed on an individual basis, in order 
of decreasing frequency, were calcium channel block-
ers (CCBs) (n = 26,036, 35.3%), beta blockers (n = 11,521, 
15.6%), angiotensin II receptor blockers (ARBs) (n = 9240, 
12.5%), angiotensin converting enzyme inhibitors 
(ACEIs) (n = 6865, 9.3%), and diuretics (n = 3357, 4.5%) 
(Fig.  2). However, when also considering the compo-
nents of single-pill combination medications which made 
up a significant proportion of prescriptions, CCBs were 
still the most frequently prescribed (48.8%), followed by 
ARBs (29.9%), beta blockers (15.5%), ACEIs (12.8%), and 
diuretics (11.7%).

In a similar manner, for diabetes mellitus, the most 
common oral glucose-lowering drugs (GLDs) pre-
scribed on an individual basis were sodium-glucose 
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co-transporter 2 (SGLT-2) inhibitors, metformin, sulfo-
nylureas and dipeptidyl-peptidase 4 (DPP-4) inhibitors 
(Fig.  3). Only approximately 2% of prescriptions associ-
ated with a diagnosis of diabetes mellitus included insu-
lins. Single-pill combinations were more frequently 
prescribed compared to antihypertensives, making up 
close to half of all GLD prescriptions. As almost all com-
binations prescribed included metformin, and when con-
sidering these combinations metformin became the most 
frequently prescribed GLD (56.4%), followed by DPP-4 
inhibitors (47.1%), SGLT-2 inhibitors (28.9%), and sulfo-
nylureas (13.9%). Injectable GLDs such as glucagon-like 
peptide 1 (GLP-1) receptor agonists were not signifi-
cantly represented in the dataset.

Medications for ischemic heart disease overlapped sig-
nificantly with those for hypertension, and therefore the 
remaining non-antihypertensives primarily consisted 
of antiplatelets (Fig.  4). For dyslipidemia, HMG-CoA 
reductase inhibitors (i.e., statins) were by far the most 
frequently prescribed medications both individually and 
in combination with other agents, making up 91.4% of 
all prescriptions, with the remaining consisting of indi-
vidual prescriptions of fibrates and ezetimibe (Fig.  5). 
Lastly, for asthma, combination inhalers consisting of 
an inhaled corticosteroid (ICS) and a long-acting beta 
agonist (LABA) were much more frequently prescribed 
compared to other individual therapies, making up 72.9% 
of all prescriptions. Of these, combinations including 

formoterol made up 58.9% of inhalers prescribed, while 
a combination of fluticasone and salmeterol accounted 
for the remainder. Of the individual therapies prescribed 
for asthma, ICS monotherapy and relievers such as sal-
butamol accounted for the majority of the prescriptions 
(Fig. 6).

We further analyzed the prescription trends for sev-
eral diseases when patients had relevant co-morbidities 
that were factored into guideline recommendations (S2 
Table). 12,503 prescriptions associated with patients with 
a diagnosis of hypertension also had a concurrent diag-
nosis or past medical history of diabetes mellitus. For 
these prescriptions, when considering combination ther-
apies, most were prescribed CCBs (n = 9001, 45.0%), fol-
lowed by ARBs (n = 7394, 37.0%), beta blockers (n = 3690, 
18.4%), ACEIs (n = 2524, 13.6%), and diuretics (n = 2240, 
11.2%). This is in accordance with the recommendations 
by current clinical practice guideline on hypertension 
[32]. A similar pattern was seen in the 19,004 prescrip-
tions for patients with a diagnosis of hypertension and 
a concurrent diagnosis or past medical history of isch-
emic heart disease, with CCBs (n = 14,231, 52.2%), ARBs 
(n = 7969, 29.2%), beta blockers (n = 5232, 19.2%), and 
ACEIs (n = 3547, 13.0%) being the most prescribed medi-
cations. Lastly, there were 10,001 prescriptions associ-
ated with patients with a diagnosis of diabetes mellitus 
and a concurrent diagnosis or past medical history of 
ischemic heart disease. The GLDs primarily prescribed 

Fig. 1 Prevalence of top five non-communicable diseases for which e-prescriptions were issued through the telehealth service (n = 148,238). Multiple 
diagnoses were possible for a particular patient
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for these patients included metformin (n = 4191, 54.9%), 
DPP-4 inhibitors (n = 3343, 43.8%), SGLT-2 inhibitors 
(n = 2230, 29.2%) and sulfonylureas (n = 1182, 15.5%). 
Table 2 depicts the summary of the prescription patterns 
compared to recommendations from clinical practice 
guidelines.

Discussion
In this study, we have analyzed the most common diag-
noses and corresponding medications prescribed from 
the utilization of an assisted teleconsultation service. 
While our results indicated that these services were 
used for a range of conditions including minor ailments, 
the vast majority of cases still involved common NCDs 
such as hypertension, diabetes mellitus, ischemic heart 

disease, dyslipidemia, and asthma. Their relative frequen-
cies were also consistent with the prevalence of NCDs 
reported in national surveillance studies [34]. These find-
ings support the notion that in practice, teleconsultations 
services are suitable for the management of NCDs where 
patients’ conditions are stable and only require routine 
follow up with minor adjustments or continuation of 
their medications [35, 36].

Analysis of the e-prescriptions issued through the ser-
vice provided some insights into the prescription patterns 
for these NCDs along with areas which may warrant 
deeper study due to differences from clinical practice 
guideline recommendations. These findings are summa-
rized in Table  2. We observed that there was a signifi-
cantly larger proportion of patients who were prescribed 

Fig. 2 The most common medication classes and individual medications prescribed for hypertension. ACEIs: Angiotensin-converting enzyme inhibitors; 
ARBs: Angiotensin receptor blockers
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ARBs compared to ACEIs, despite ARBs being recom-
mended primarily if ACEIs are not tolerated (primarily 
due to adverse drug reactions such as dry cough) [32]. 
Studies have shown that the clinical outcomes of both 
classes of drugs are similar due to their similar action of 
inhibition on the renin-angiotensin system, and there-
fore the more cost-effective option of ACEIs are rec-
ommended to be used [37]. In addition, most clinical 
trials involved patients initiating treatment with ACEIs 
rather than ARBs based on a multinational cohort study 
[38]. There are several factors which could explain the 
increased propensity of ARB prescribing. Preference in 
prescribing ARBs over ACEIs could be due to its better 
safety profile [38]. Furthermore, in view of the nature 
of the dataset which comprised of private healthcare 
patients that pay out-of-pocket or through insurance 

claims, cost to this segment of the health system over-
all was not considered [39], especially when there is an 
added element of perceived safety and the availability of 
more popular combination pills which include ARBs.

Related to these findings were the relative lower num-
ber of ACEIs and ARBs in hypertensive patients with 
diabetes, with 49.4% of patients in this population not 
being prescribed either medication class, with other 
classes such as CCBs, particularly amlodipine, being sig-
nificantly more popular. Due to extensive data confirm-
ing their benefits in reducing cardiovascular risk and 
reno-protective effects [32, 40], both ACEIs and ARBs 
are recommended in this patient population. While there 
are numerous reasons a patient may be on an alternative 
medication, for example if their hypertension was cur-
rently well-controlled on a CCB prior to the diagnosis 

Fig. 3 The most common medication classes and individual medications prescribed for diabetes mellitus. DPP-4: Dipeptidyl-peptidase 4; SGLT-2: Sodi-
um-glucose transport protein 2
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of diabetes mellitus, this observation could warrant a 
more thorough study. In a similar manner, hypertensive 
patients with ischemic heart disease are also recom-
mended to be initiated on beta blockers, ACEIs, or ARBs 
to further reduce cardiovascular risk [32, 41], but our 
findings showed a consistent pattern of CCBs being more 
prevalent compared to these recommended medication 
classes. It should however be noted that CCBs do confer 
clinical benefit in this patient population, although the 
level of evidence for this is slightly lower [32]. Overall, the 
prescribing patterns involving antihypertensive agents 
seem to suggest that certain medication classes may be 
under-prescribed in specific patient populations that may 
benefit from their use, although the caveat that the data 
does not provide sufficient clinical context for individual 
cases should be considered in this interpretation.

For patients with a diagnosis of diabetes mellitus, 
we observed that while a majority of patients were pre-
scribed metformin either individually or as part of a com-
bination pill, there was still a significantly proportion of 
patients (45.1%) who were not on metformin. Although 

metformin is recommended as part of the oral GLD 
regimen for all Type 2 diabetes patients due extensive 
clinical evidence to its benefit, weight loss effect, lack of 
hypoglycemia, and relatively low cost [33, 42], there may 
be two reasons for this observation. Firstly, in Malaysia 
metformin does not require a prescription (Pharmacy 
Medicine). Secondly, metformin may not have been pre-
scribed for that particular prescription or refill, since a 
prescription does not necessarily constitute a full medi-
cation history. Of the other oral GLDs, DPP-4 inhibitors 
and SGLT-2 inhibitors were more frequently prescribed 
compared to older classes such as sulfonylureas, likely 
due to their favorable side effect profiles [43]. SGLT-2 
inhibitors in particular have seen increasing popular-
ity in recent years due to clinical trials demonstrating 
significant benefits in reducing cardiovascular risk and 
are even indicated for reduction of cardiovascular risk 
in patients without diabetes [44–46]. However, here we 
observed that of diabetic patients with a concurrent diag-
nosis or past medical history of ischemic heart disease, 
who would benefit most from being prescribed SGLT-2 

Fig. 4 The most common medication classes and individual medications prescribed for ischemic heart disease
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inhibitors, only 29.2% had prescriptions including this 
class of drugs, suggesting that there exists a population 
of patients who may potentially benefit from a review 
or switch of GLDs. Nevertheless, the switch of GLDs to 
SGLTs inhibitors have been low in Asia-Pacific countries 
due to several barriers, including unfamiliarity with its 
organ protective role and clinical indications, its poten-
tial adverse effects and safety profile in elderly patients 
[47].

Prescriptions for patients with a diagnosis of dyslipid-
emia mostly consisted of the various statins, ezetimibe, 
and a small proportion of fibrates for hypertriglyceride-
mia. Interestingly, a small number of patients were still 
being prescribed the combination of statins and gemfi-
brozil, which has since been contraindicated by the US 
FDA due to increased risk of myositis [48], but over-
all prescribing patterns for dyslipidemia were largely 
as expected. Similarly, prescriptions for medications 

specific for ischemic heart disease consisted primarily 
of antiplatelets and reflected current practice, although 
it was notable that clopidogrel was found to be more 
frequently prescribed compared to aspirin, the latter of 
which has a large body of evidence for secondary pre-
vention of cardiovascular events [49]. This differed from 
previous observations [50] and could be due to recent 
evidence favoring clopidogrel over aspirin monotherapy 
[51], or perhaps due to aspirin being a non-prescription 
item. We also observed a small number of patients still 
prescribed ticlopidine, which has fallen out of favor due 
to less convenient dosing and risk of neutropenia and 
thrombocytopenic purpura [52]; this was likely due to 
legacy prescribing or patient intolerance of conventional 
antiplatelets.

Prescriptions for asthma showed that combination 
inhalers were highly prescribed, with the majority con-
sisting of ICS-LABA combinations. Of the combination 

Fig. 5 The most common medication classes and individual medications prescribed for dyslipidemia
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inhalers, 58.8% consisted of ICS-formoterol combina-
tions, which when coupled with relatively lower rates of 
individual salbutamol prescriptions. This may indicate 
that new guideline recommendations recommending 
ICS-formoterol combinations as both maintenance and 
reliever therapy (MART) have increased prescribing of 
these combinations due to the favorable clinical and cost 
implications [53, 54]. However, it was worth noting that 
41.0% of combination inhalers still included salmeterol-
fluticasone, which is currently not indicated for MART 
[53, 54]. Lastly, we still observed a small number of the-
ophylline prescriptions, which is no longer recommended 

due to poor benefit-risk ratio [55]. These may be due to 
legacy prescribing and may warrant closer review.

The findings of this study should be interpreted in the 
context of several inherent limitations. Firstly, the demo-
graphics represented in this study may not be generaliz-
able to the entire primary care population as urban and 
remote areas in Malaysia have different accessibility of 
services and users with different insurance coverage 
schemes. Furthermore, the distinction between diagno-
sis and past medical history was unclear in the context 
of follow up of NCDs. The use of individual prescription 
data may also not represent full medication histories, 
as patients may be obtaining medicines from outside 

Fig. 6 The most common medication classes and individual medications prescribed for asthma. ICS: Inhaled corticosteroid; SABA; Selective beta-2 adr-
enoreceptor agonists
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the service. Similarly, prescriptions were not linked to 
individual diagnoses, and therefore it was possible for 
patients to receive prescriptions for limited indications 
only. The telehealth service only requires sufficient clini-
cal information for the prescriber to confidently issue a 
repeat prescription. Comprehensive clinical information 
is often obtained during their regular physical follow up 
with their main doctor. In Malaysia, there is a lack of a 
centralized electronic medical records for an individual. 
Manual medical records are still common and may be 
fragmented, as patients may have medical records scat-
tered across various healthcare providers, both in the 
public and private sector. Therefore, the nature of these 

services and the healthcare system may result in some 
data incompleteness. Lastly, without detailed clinical 
profiles it was not possible to determine the true appro-
priateness of individual prescriptions. Thus, while several 
interesting prescribing patterns were observed in this 
study, they warrant more detailed investigations before 
definitive conclusions on prescribing can be made.

Conclusion
In this study, we have analyzed e-prescriptions from an 
assisted teleconsultation service to identify prescription 
patterns for NCDs in Malaysia. Our results indicate that 
common NCDs such as hypertension, diabetes mellitus, 

Table 1 Combination medications prescribed for the top diagnoses
Diagnosis Medication classes Most common medications prescribed
Hypertension n = 16,638, 22.6%

ARB and CCB (n = 8319, 50.0%) Telmisartan and Amlodipine (n = 3482, 41.9%)
Valsartan and Amlodipine (n = 3458, 41.6%)
Losartan and Amlodipine (n = 714, 8.6%)
Olmesartan Medoxomil and Amlodipine (n = 653, 7.8%)
Others (n = 12, < 0.5%)

ARB and Diuretic (n = 4692, 28.2%) Losartan and diuretic (n = 1444, 30.8%)
Telmisartan and diuretic (n = 1168, 24.9%)
Irbesartan and diuretic (n = 897, 19.1%)
Valsartan and diuretic (n = 876, 18.7%)
Candesartan and diuretic (n = 260, 5.5%)
Others (n = 47, 1%)

ACEI and CCB (n = 1999, 12.0%) Perindopril and Amlodipine (n = 1999, 100%)
ACEI and Diuretic (n = 699, 4.2%) Perindopril and diuretic (n = 699, 100%)
Others (n = 929, 5.6%)

Diabetes Mellitus n = 12,648, 49.2%
Biguanide and DPP-4 inhibitor
(n = 8702, 68.8%)

Metformin and Sitagliptin (n = 4280, 49.2%)
Metformin and Vildagliptin (n = 2257, 25.9%)
Metformin and Linagliptin (n = 1721, 19.7%)
Metformin and Saxagliptin (n = 444, 5.1%)

Biguanide and SGLT-2 inhibitor
(n = 2084, 16.5%)

Metformin and Dapagliflozin (n = 1397, 67.0%)
Metformin and Empagliflozin (n = 687, 33.0%)

Biguanide and sulfonylurea (n = 936, 7.4%) Metformin and Sulfonylurea (n = 936, 100%)
DPP-4 inhibitor and SGLT-2 inhibitor (n = 830, 6.7%) Linagliptin and Empagliflozin (n = 830, 100%)
Others (n = 96, 0.8%)

Ischemic Heart Disease n = 406, 7.3%
Platelet aggregation inhibitors Aspirin and Clopidogrel (n = 406, 100%)

Dyslipidemia n = 684, 3.0%
Statin and Ezetimibe (n = 564, 82.4%) Simvastatin and Ezetimibe (n = 284, 50.4%)

Atorvastatin and Ezetimibe (n = 280, 49.6%)
Statin and Fibrate (n = 6, 0.9%) Simvastatin and Fenofibrate (n = 6, 100%)
Others (n = 114, 16.7%) Atorvastatin and Amlodipine (n = 114, 100%)

Asthma n = 3135, 72.8%
LABA and ICS
(n = 3135, 100%)

Formoterol and Budesonide (n = 1676, 53.4%)
Salmeterol and Fluticasone (n = 1288, 41.0%)
Formoterol and Beclometasone (n = 120, 3.8%)
Formoterol and Fluticasone (n = 51, 1.6%)

ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; CCB: Calcium channel blocker; DPP-4: Dipeptidyl-peptidase 4; ICS: Inhaled 
corticosteroid; LABA: Long-acting beta agonist; SGLT-2: sodium-glucose co-transporter 2
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ischemic heart disease, dyslipidemias, and asthma indeed 
form the majority of e-prescriptions associated with the 
service, supporting the suitability of such services for 
the management of chronic diseases. Prescribing for the 
aforementioned NCDs were mostly in accordance with 
best practices, and areas where prescribing may not be 
entirely appropriate were highlighted. These included 
prescribing that may not be cost-effective such as the 
preference for ARBs over ACEIs. Other findings were 
primarily in specific patient populations where a propor-
tion of prescriptions did not include drugs that currently 
demonstrate the greatest clinical evidence of benefit, 
although these may be due to legacy prescribing, and 
clinical appropriateness at the individual prescription 
level could not be ascertained. Nevertheless, the findings 
of this study provide a broad overview of prescription 
patterns in private sector primary care. Further detailed 
studies investigating the individual areas identified may 
aid the causes of these observations, providing specific 
recommendations to improve prescribing for NCDs and 
their long-term management in primary care.
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Table 2 Summary of relevant findings compared to clinical practice guideline recommendations
Non-communicable 
disease

Clinical practice guideline recommendations* Findings from e-prescriptions

Hypertension ARBs should be considered when ACE inhibitors are not 
tolerated [32].

ARBs are significantly more commonly prescribed compared to 
ACE inhibitors.

Hypertension and 
diabetes

ACE inhibitors or ARBs should be initiated in hypertensive 
patients with diabetes with or without proteinuria [32].

A significant proportion of hypertensive patients with diabetes 
were prescribed other medication classes instead, which were 
CCBs.

Hypertension and isch-
emic heart disease

Beta blockers, ACE inhibitors or ARBs should be initiated 
in hypertensive patients with ischemic heart disease [32].

A significant proportion of hypertensive patients with ischemic 
heart disease were prescribed other medication classes instead, 
which were CCBs.

Diabetes mellitus Metformin is the first-line choice of oral GLD and is 
recommended as part of any combination therapy, if 
tolerated and if no contraindications [33].

A significant proportion of diabetic patients were prescribed 
medication classes other than metformin, which included DPP-4 
inhibitors, SGLT-2 inhibitors, and sulfonylureas.

Diabetes mellitus and 
ischemic heart disease

SGLT-2 inhibitors have shown to reduce cardiovascular 
risk in patients with ischemic heart disease [33].

A significant proportion of diabetic patients with concurrent 
ischemic heart disease were not prescribed SGLT-2 inhibitors. The 
GLDs primarily prescribed were metformin and DPP-4 inhibitors.

*Malaysia’s Clinical Practice Guidelines
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