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Abstract 

Purpose: To assess the patterns of statin therapy prescribing among hospitalized patients with type 2 
diabetes mellitus (T2DM) in two Malaysian tertiary healthcare institutions and to determine compliance 
with Malaysian treatment guidelines. 
Methods: A cross-sectional study was conducted from September to December 2016. The study 
involved hospitalized T2DM patients aged between 40 to 75 years recruited from the medical wards of 
two tertiary hospitals in the state of Pahang, Malaysia. Evaluation of statin prescribing was classified as 
appropriate (statin therapy was prescribed with no concurrent drug interactions) or inappropriate (not 
receiving any statins, although no contraindications), or potentially inappropriate (drug interactions 
detected or renal dose adjustment needed). 
Results: Among the 393 medical records screened, 65 % had a statin therapy prescription. The 
evaluation of statins prescribing showed that approximately 35 % of patients were not prescribed 
statins, contrary to national treatment guidelines. Twenty-six percent of the study cases were given 
drugs that interacted with statins. Renal dose adjustment of the given statin was needed in 5 % of 
patients. Finally, only one-third of the patients were prescribed appropriate statin doses.  
Conclusion: A significant portion of T2DM hospitalized patients did not receive their recommended 
statin therapy for cardiovascular disease prophylaxis. Closer monitoring and further dose adjustments 
are warranted to optimize statin therapy prescribing. Further interventions to improve statin prescribing 
should be considered. 
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INTRODUCTION 
 
Cardiovascular disease (CVD)  is recognized as 
a major contributor to morbidity and mortality 
among patients with type 2 diabetes mellitus [1]. 

Statin therapy has been proven to have a 
principal role in decreasing the CVD risk through 
their favorable impact on low-density lipoprotein 
cholesterol (LDL-C) [2]. The reduction in LDL-C 
levels by the use of statin therapy is expected to 
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proportionally reduce the risk of the main 
vascular events in patients at risk, irrespective of 
their baseline cholesterol levels [3]. 
 
The majority of clinical practice guidelines (CPG) 
recommend statin therapy to patients with T2DM 
[4,5]. The Malaysian CPG is no exception. 
According to the Malaysian CPG, patients with 
T2DM over the age of 40, even without any CVD 
history should be prescribed with statins 
regardless of their presenting LDL-C values [6]. 
Despite the guidelines’ clear recommendations, 
the statin therapy is regarded to be underutilized 
in the Malaysian healthcare setting [7]. 
 
The suboptimal utilization of statin therapy can 
be attributed to many different factors [8]. Some 
factors are patient-related such as the commonly 
reported non-adherence and abrupt 
discontinuation of statin treatment [9]. The 
nonadherence to statin therapy is related to 
adverse treatment effects, e.g., statin-associated 
muscle symptoms (SAMS), that may 
occasionally lead to  statin intolerance [10]. In 
these instances, management strategies based 
on statin rechallenge or intermittent dosing have 
been discussed [11]. 
 
Other reasons for the suboptimal utilization of 
statin therap are related to the prescribers. It has 
been reported  that not all statin-eligible patients 
are prescribed with a statin  in the real practice 
[12,13].  Moreover, the mass media coverage of 
statin-related safety issues has been reported to 
affect the degree of statin persistence negatively 
and in some cases lead to discontinuation rate of 
up to 10% among patients receiving statin 
treatment [14]. To our knowledge, there has 
been no study assessing the appropriateness of 
statin prescribing among hospitalized Malaysian 
patients with T2DM. 
 
The objective of this study was to determine the 
patterns of statin prescribing among hospitalized 
patients with T2DM and to ascretain if they 
comply with Malaysian clinical practice 
guidelines. 
 
METHODS 
 
Study design  
 
This is a cross-sectional study conducted from 
September to December 2016, examining the 
medical records from wards in two tertiary 
referral hospitals in the state of Pahang, 
Malaysia. The inclusion criteria were hospitalized 
T2DM patients aged between 40 to 75 years 
without any contraindications to receiving statin 
therapy, who have been admitted to the medical 

ward for not less than 48 hours, with or without 
overt CVD. These are eligible candidates for 
statin therapy regardless of baseline LDL 
cholesterol levels according to the latest 
Malaysian CPG. Conversely, patients are 
excluded from the study if they are > 75 years of 
age, admitted to emergency or critical care units, 
or known to have active liver disease. 
 
The data collection form was designed to capture 
patient’s demographics, relevant laboratory 
values, underlying diseases, concurrent 
medications and history of lipid-lowering therapy 
use patterns. Specifically, data collected included 
patient characteristics (age, gender, race, and 
the onset of DM),  clinical indication for receiving 
statin therapy (primary or secondary CVD 
prophylaxis), glycemic and lipid laboratory profile 
(fasting/random blood glucose, HBA1c, LDL-C), 
concomitant diseases (hypertension, coronary 
heart disease, chronic kidney disease), 
prescribed medications, and the duration of 
previous statin therapy use before 
hospitalization. 
 
Outcome measures 
 
The primary outcome was the prevalence of 
statin therapy under-prescribing among 
hospitalized T2DM patients. The assessment of 
statin therapy prescribing was principally 
referring to the recommendations of the 
Malaysian CPG that endorses statin therapy for 
all T2DM patients between 40 and 75 years [6]. 
The output of the evaluation process was 
categorized as appropriate, inappropriate, or 
potentially inappropriate. Appropriate statin 
prescribing refers to those patients who received 
their recommended statin therapy without 
significant drug interactions with the concurrent 
medications. Inappropriate prescribing refers to 
those patients who did not receive statin therapy 
or received non-statin lipid-lowering treatment 
while there was no contraindication to being 
prescribed with statin therapy. Potentially 
inappropriate prescribing applies to patients 
receiving concomitant drugs that significantly 
interact with statin therapy or patients who had  
end-stage renal failure and was prescribed with a 
statin that needed  renal dose adjustment. 
Potentially inappropriate prescribing is also 
referring to  those patients with the very high-risk 
profile of recent diagnosis of CVD but prescribed 
with a low-intensity statin, in contrast to present 
guidelines on the use of high-dose statins. 
 
The secondary outcome was the identification of 
the pattern changes in the statin therapy before 
and after hospitalization (e.g., discontinuation, 
initiation, switching between different lipid-
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lowering therapies). Comparing the received 
treatment before and during admission was 
performed to evaluate the potential role of the 
hospital caregivers in optimizing statin therapy 
prescribing among patients with T2DM. 
 
Ethics approval 
 
This study protocol received ethical approval 
from National Medical Research Register (no. 
NMRR-16-713-29691 IIR) and followed the 
principles and guidelines of Declaration of 
Helsinki [15]. 
 
Statistical analysis 
 
A descriptive analysis of the patients’ 
characteristics (e.g., indication, comorbidities), 
their prescribed statin therapy and of the co-
prescribed medications was performed. 
Categorical variables were expressed as counts 
and percentage frequencies. Data were analyzed 
using SPSS v.22 software. (IBM SPSS Statistics, 
NC, USA). 
 
RESULTS 
 
Key features of study population 
 
The total number of patients’ records 
investigated was 401. Eight data collection forms 
were excluded due to incomplete data or not 
fulfilling the inclusion criteria. 393 cases were 
included for analysis. An overview of the main 
characteristics of the study sample regarding the 
indication for statin prescription, the intensity of 
the prescribed statin, and co-morbidities are 
shown in Table 1. 
 
Characteristics of statin therapy prescript-
tions 
 
The most commonly prescribed statin therapy 
was simvastatin 40 mg (n=137, 34.9 %), followed 
by simvastatin 20 mg (n=62, 16 %). About 32 
(8.1 %) of study cases were prescribed with 
atorvastatin 40 mg. A total of 138 study cases 
(35.1 %) were not receiving statin therapy, of 
these two cases were receiving gemfibrozil 300 
mg monotherapy as the main lipid-lowering 
treatment. Other lipid-lowering therapies (LLT) 
were prescribed together with statins in nine 
cases only. The complete description of 
prescribed LLT regimens is shown in Table 2. 
 
Statin-drug interactions 
 
Following the screening of statin therapy 
prescriptions (n = 255) for potential drug interact- 

Table 1: Overview of the key features of statin therapy 
prescribing among the study population 
 
Characteristic Frequency 

(N) 
Percentage 

(%) 
 

Statin indication 
Primary prophylaxis 255 64.9  
Secondary 
Prophylaxis 

138 35.1  

Total 393 100  
Statin intensity during hospitalization 
No statin therapy 136 34.6  
Low intensity 4 1  
Moderate intensity 210 53.4  
High intensity 41 10.4  
Non-statin LLT* 2 0.5  
Total 393 100  
Hypertension 
Yes 331 84.2  
No 62 15.8  
Total 393 100  
Chronic kidney disease 
Yes 134 34.1  
No 259 65.9  
Total 393 100  
*LLT - lipid-lowering therapy 
 
Table 2: Overview of the prescribed lipid-lowering 
therapies (LLT) among hospitalized T2DM patients 
 
Prescribed LLT Frequency 

(N) 
Percentage 

(%) 
No statin therapy 136 34.6 
Lovastatin 20 mg 1 0.3 
Simvastatin 10 mg 2 0.5 
Simvastatin 20 mg 62 15.8 
Simvastatin 40 mg 137 34.9 
Atorvastatin 10 mg 1 0.3 
Atorvastatin 20 mg 7 1.8 
Atorvastatin 40 mg 32 8.1 
Gemfibrozil 300 mg 2 0.5 
Atorvastatin 20 mg + 
Gemfibrozil 300 

2 0.5 

Atorvastatin 80 mg 2 0.5 
Rosuvastatin 10 mg 1 0.3 
Atorvastatin 40 mg + 
Gemfibrozil 300 mg 

2 0.5 

Atorvastatin 80 mg + 
Ezetimibe 10 mg 

1 0.3 

Atorvastatin 80 mg + 
Fenofibrate 145 mg 

2 0.5 

Atorvastatin 80 mg + 
Gemfibrozil 300 mg 

1 0.3 

Rosuvastatin 20 mg + 
Ezetimibe 10 mg 

1 0.3 

Pravastatin 20 mg 1 0.3 
Total 393 100 
 
ions with the concurrently administered 
medications, the incidence of drug interactions 
was 40 % (n = 102). The most common drug 
interaction was involving amlodipine in patients 
receiving simvastatin 40 mg (n = 30, 11.8 %). 
Other drug interactions were also noted in 
patients receiving colchicine, verapamil, warfarin,  
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Table 3: Change in pattern of prescribed lipid-lowering therapy (LLT) after hospitalization 
 
Probable change of the prescribed LLT Frequency Percentage (%) 
No LLT changes 174 44.3 
Dose intensification (Continuation of the prescribed statin with increasing 
dose of ≥25%) 

11 2.8 

Dose reduction (Continuation of the prescribed statin with decreasing 
dose of ≥25%) 

7 1.8 

Discontinuation (Cessation of all types of LLT for three months or more) 44 11.2 
Accretion (Continuation of  the prescribed LLT with addition of a new 
non-statin or statin) 

2 0.5 

Subtraction (Change LLT from combination therapy to monotherapy) 3 0.8 
Switch from/to statin (Convert one statin  to another statin or non-statin 
or Convert non-statin to statin) 

10 2.5 

Initiation (initiate statins for those were not receiving any LLT) 49 12.5 
No LLT 93 23.7 
Total 393 100 
 
        Table 4: Evaluation of lipid-lowering therapy prescribing during hospitalization 
 

Evaluation of lipid-lowering therapy (LLT) regimen Frequency (N) Percentage (%) 
Appropriate (proper intensity statin regimen and no DDI) 131 33.3 
Inappropriate (no statins or non-statin use in eligible patients) 138 35.1 
Potentially inappropriate (drug interactions) 102 26 
Potentially inappropriate (renal dosing adjustment) 20 5.1 
Potentially inappropriate  (statin Intensity) 2 0.5 
Total 393 100 

 
prednisolone, azole antifungals and macrolide 
antibiotics. 
 
Change in prescribing pattern of lipid-
lowering therapy after hospitalization 
 
We have documented the given LLT before and 
after hospitalization. The aim was to examine the 
effect of hospital admission on the prescribing 
pattern of LLT. It has been found that nearly 44.3 
% of the study cases did not exhibit any change 
in their prescribed LLT upon admission to the two 
hospitals. About 12.5% had statins initiated in-
hospital. Conversely, 11.2 % of patients who 
were receiving LLT before hospital admission, 
had them stopped during their hospitalization for 
unclear reasons. The description and frequency 
of LLT pattern changes are displayed in Table 3. 
 
Prescribing practice of LLT during hospita-
lization 
 
We have classified the overall assessment of the 
prescribed LLT into three broad categories. 
Appropriate, inappropriate, and potentially 
inappropriate. We have divided the “potentially 
inappropriate” category further according to the 
proposed adjustment needed to be done 
regarding drug-drug interactions (DDI), renal 
impairment and intensity of the given statin. The 
least frequent proposed change was related to 
the concentration of the given statin. Only 2 
cases have been given low-intensity statin 
although they had a history of CVD for which at 
least moderate-intensity one may better achieve 

a higher LDL-C reduction.  A complete definition 
and frequency of each evaluation category are 
displayed in Table 4. 
 
DISCUSSION 
 
This study outlines real clinical practice-based 
assessment of statin prescribing.  
 
It also provides insights on how the CPG 
recommendations affect prescribers’ behavior. 
The percentage of cases eligible to receive statin 
therapy because of T2DM was twice than those 
being offered treatment because of previous 
CVD. It is clear that statin prescribing for primary 
prevention of CVD is not at the required level 
among our study cases despite many guideline 
recommendations. This could be  due to the 
debate  surrounding the net benefit of statin 
treatment [16]. Furthermore, we have found that 
simvastatin by its available concentrations, is the 
most commonly prescribed statin. This finding is 
not consistent with the latest national drug 
formulary review of statins that recommends 
atorvastatin as  the first-line statin therapy for 
dyslipidemia [17]. More than half of the study 
population received a prescription with moderate-
intensity statin therapy. The frequent prescribing 
of moderate intensity statins  complies to most 
clinical guidelines regarding statins for primary 
prevention of CVD among T2DM patients [5]. 
 
A significant portion of patients on statin therapy 
has at least one potential drug interaction. The 
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overall percentage of drug interaction incidence 
is considered to be high. This warrants the need 
for more intensive screening of statin 
prescriptions to prevent potential interactions 
with concurrent medications. A list of common 
drug interactions with statins has been 
highlighted  in the literature [18]. Five patients 
were given gemfibrozil as a combination therapy 
with a statin, which is not recommended as it 
does not confer any additional CVD protection 
benefit [5]. Therefore, there is a need for revising 
the current practice on the appropriate non-statin 
therapy to be offered as a combination therapy. 
On the other hand, only two patients were 
prescribed with ezetimibe although it is endorsed 
as a recognized and effective add-on therapy to 
statin treatment if a combination therapy is 
needed to enhance CVD risk reduction [18]. 
 
We have identified a list of pattern changes to 
the statin therapy before, and after 
hospitalization in the light of the definitions 
proposed earlier in a study conducted by Quek et 
al [19]. About half of the patients exhibit no 
changes in their prescribed lipid-lowering therapy 
after admission. Initiation of statin therapy to 
patients who did not previously receive any LLT 
was noted in 50 cases, which highlights the role 
and importance of the hospital team in optimizing 
diabetes care. However, a relatively significant 
portion (11.2 %) of our sample has had their 
statins discontinued upon admission for no valid 
reasons. This discontinuation percentage is 
larger than what has been previously highlighted 
in the Picker report in which 5 % of patients were 
stopped from taking statins [20].  
 
Interestingly, claims of statin-related adverse 
effects were given as the reason for the high 
discontinuation percentage [14]. The unexplained 
LLT discontinuation upon admission underpins 
the need for healthcare practitioners to 
emphasize evidence-based practice regarding 
discontinuation of previous medications for 
patients with chronic diseases. Although our 
study has only documented the interruption 
imposed by prescribers, it is also recognized that 
the patient’s non-adherence is one of the most 
critical challenges towards enhancing clinical 
outcomes following statin treatment. In this 
regard, the development of promising 
implements such as tailored medicine inventory 
tool could improve patient’s adherence behavior 
towards their prescribed medications [21]. 
 
Concerning the overall evaluation of the 
prescribed statin therapy, this study showed that 
only 65% of prime candidates for statins were 
prescribed with them. Of these patients, about 40 
% were receiving statin that interacts with at least 

one of their co-administered medications. 
Furthermore, about 20 patients required a renal 
dose adjustment to their prescribed statin. Less 
than 40 % of our study sample received statin 
treatment without any risk of drug interactions 
which we termed as “appropriate” prescribing. 
The overall percentage of 65 % is certainly 
laudable when compared against the findings of 
a prior US study that found only 52 % of patients 
with diabetes were receiving a statin therapy 
[13]. Moreover, our study’s prescribing 
percentage is similar to what has been reported 
previously by Yusuf et al. which looked at the 
percentage of statin users in high-income 
countries, and higher than the percentage of 
statin receivers in middle and low-income 
countries reported in the same study [22]. 
 
Approximately one-third of our study patients (35 
%) did not receive any statin therapy either alone 
or in the form of a combination therapy at the 
time of data collection. This portion of eligible 
patients who were not offered statin therapy is 
relatively smaller than what has been revealed 
previously by Fu, et al. wherein more than one-
third of diabetic patients were not on statin 
treatment [23]. The primary finding of this study 
in which statins were under-prescribed 
contradicts the results of previous research that 
reported the overprescribing of lipid-lowering 
agents [24]. UK researchers have highlighted the 
impact of not offering statin therapy to patients at 
risk. They have estimated that statin under-
prescribing may result in a high number of 
possibly avoidable CVD-related events [25]. 
 
Although there is an ongoing debate in the 
literature about the extent of statin efficacy 
particularly for primary prevention [26], our study 
highlights that not all eligible patients have been 
prescribed with a statin. Therefore, it will be hard 
to draw clinical practice-based recommendations 
on statin’s efficacy when a significant proportion 
of eligible candidates are not even receiving their 
suggested statin treatment. 
 
Limitations of the study 
 
The study has several limitations. First, it was 
performed in only two tertiary hospitals in the 
state of Pahang. Therefore, it may not reflect the 
practice of statin therapy prescribing in other 
tertiary hospitals in Malaysia. Second, following a 
cross-sectional design and due to time 
constrains, no follow-up was planned to track 
changes in the pattern of statin therapy utilization 
following discharge of the patients from the 
hospitals. 
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CONCLUSION 
 
The findings of this study indicate suboptimal 
management of diabetic dyslipidemia in a 
Malaysian hospital setting where a considerable 
portion of T2DM hospitalized patients did not 
receive a statin as part of the recommended 
medications for CVD prophylaxis. Closer 
monitoring and further dose adjustments are also 
warranted to ensure optimal statin therapy 
prescribing without significant drug interactions. 
Therefore, efforts to further improve statin 
prescribing should be considered. Prescribing 
interventions should focus on hospital healthcare 
professionals who are in a position to optimize 
medications for CVD prophylaxis among patients 
with T2DM. 
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