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Abstract

Background: The discovery of antihyperlipidemic drugs, particularly statins, has led to significant progress in both
primary and secondary prevention of coronary artery disease. Optimal pharmaceutical usage is critical for achieving
excellent healthcare outcomes for patients and mitigating the financial burden.

Aim: The main objective of this study is to assess the prescribing and utilization patterns of statins in the outpatient
department of Ibrahim Malik Teaching Hospital in Khartoum, Sudan.

Methods: Three-month observational research was conducted to evaluate statin prescription practices at a university
hospital in Sudan. We monitored three different types of statins that were accessible at the hospital. A total of 204
prescriptions from the hospital's outpatient department were included, and the prescribing patterns were subjected to
statistical analysis.

Results: The study findings indicated that the majority of consumers were male (52.9%) and had reached the age of 60
(53.4%). Atorvastatin was the most often prescribed statin for hyperlipidemia, with a total of 153 patients receiving it.
The initial dose of 20 mg was given to 113 patients, and 115 patients had their dosage adjusted. Statins are
administered for disorders other than the ones mentioned.

Conclusion: Despite being aware of the medication's adverse effects, the prescribers at the Sudan teaching hospital
were seen to follow the recommended guidelines while prescribing the prescription, demonstrating sound clinical
judgement and adherence.

Keywords: Hyperlipidemia, statins, clinical judgment, prescribers

1. Introduction particu.la.rly in Fhe Western Hemisphere but a}so globally.

Hyperlipidaemia can be defined more objectively as
Hyperlipidemia is a medical disorder characterized by having levels of low-density lipoprotein (LDL), total
abnormally high amounts of lipids in the body. It  cholesterol, triglycerides, or lipoproteins that are higher
encompasses a range of inherited and acquired (han the 90th percentile compared to the general
conditions. Hyperlipidemia is a highly prevalent condition, population. It can also be defined as having a high-density
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lipoprotein (HDL) level that is lower than the 10th
percentile compared to the general population. Lipids
often encompass cholesterol levels, lipoproteins,
chylomicrons, VLDL, LDL, apolipoproteins, and HDL [1].
Statins are a pharmacological class of medications that
lower blood cholesterol levels by inhibiting the liver's
cholesterol synthesis. Statins inhibit the liver enzyme 3-
hydroxy-3-methylglutaryl-coenzyme A reductase, which
is involved in cholesterol synthesis. Statins encompass
widely recognized medications, including atorvastatin,
simvastatin, lovastatin, pravastatin, rosuvastatin,
Fluvastatin, and other others. In large-scale clinical trials,
the effectiveness of statins in reducing cardiovascular
disease in individuals without diabetes has been
extensively documented. HMG-CoA reductase inhibitors'
positive effects are typically attributed to their ability to
decrease cholesterol production within the body by
competitively blocking the primary enzyme responsible
[2]. According to the most recent Progress Surveillance
report by the World Health Organization (WHO) in 2017,
non-communicable diseases (NCDs) are responsible for
the highest number of deaths globally, accounting for
70% of all mortality. Non-communicable diseases
primarily affect 40% of the adult population under the
age of 70. These conditions, especially hyperlipidemia,
obesity, and hypertension (cardio-metabolic disorders),
are prevalent. Diseases are correlated with risk factors
related to an unhealthy lifestyle in the population, such as
alcohol intake, smoking, consumption of fatty foods, and
insufficient physical activity [3]. Dyslipidemia has had a
long-standing impact on numerous developed countries.
In 2011, a study conducted by the Centers for Disease
Control and Prevention found that over 33% of
individuals in the United States had high levels of LDL-C.
The incidence of dyslipidemia varied between 34% and
50% in Spain, 45.5% in Brazil, and 64.5% in Italy [4].
Multiple investigations and experiments have
demonstrated that elevated levels of LDL cholesterol
significantly raise the likelihood of developing
atherosclerotic plaques and consequent vascular disease.
On the other hand, high-density lipoprotein (HDL) plays a
role in maintaining cholesterol levels to avoid an
imbalance that could raise the likelihood of
atherosclerosis in vascular disease. The LDL cholesterol
target for each patient is determined by their overall
cardiovascular risk. Medical treatment should be
customized to suit the specific needs of each patient [1, 5,
6, 7]. The study results will enable Ibrahim Malik
Teaching Hospital (IMTH) to assess their prescribing
trends and make necessary adjustments to their
prescribing guide and clinical practice. This, in turn,
would enhance treatment outcomes. This study is
noteworthy because there has been little research
conducted in Sudan to evaluate statin prescribing trends.

2.Motheds

Study design
The study was a descriptive, cross-sectional,
hospital-based study done at the IMTH in Khartoum,

Sudan, Outpatient Department for three months. During
this period, prescription screening took place.

Sampling Size

The study was carried out in the Internal Medicine
outpatient department of Ibrahim Malik Teaching
Hospital, situated in the Khartoum locality, where it offers
healthcare services to individuals of all age groups. The
study included individuals from Khartoum, Sudan, who
had hyperlipidemia and were treated with several types
of statins.

Sampling technique and Sample size calculation

The data was acquired using a rigorous random sampling
procedure. Following verbal consent from patients who
visited the outpatient department, the prescriptions were
recorded. Currently, there are no prevalence statistics for
the prescription of statins in Sudan. Statin utilization is
determined by analyzing diverse prevalence data from
Asian populations, revealing an approximate rate of 5%
among patients with any medical issues. The sample size
is determined using a formula that takes into account a
5% prevalence rate, a 95% confidence interval, and a 5%
margin of error.

n=22%P(1-P)/d?

where n = sample size

Z = Z statistic for a level of confidence = 1.96 (CI = 95%)

P = expected prevalence or proportion = 5% = 0.05 d =
precision = 0.05 (margin of error = 5%).[8].

A total of 1400 prescriptions were evaluated, and the
sample size was determined to be 204 using the formula
mentioned above. Hence, the total sample size collected
for analysis amounted to 204. Determine the appropriate
sample size to assess the prevalence of statin usage in the
IMTH. The calculations were made using the Raosoft
sample calculator. According to the provided formula, the
sample size is 73. Nevertheless, the sample size is
duplicated for data collection, resulting in a 30%
improvement in the study's precision. 40% of the sample
was gathered in surplus to mitigate the risk of missing
data. Hence, the total sample size collected for analysis
amounted to 204. According to IMTH's Statistics
Department, the outpatient department is expected to
have a maximum estimated patient population of 10,000
per month.

Data Collection

A total of 1400 prescriptions underwent screening for
various medications, such as statins, antidiabetic
medications, antihypertensive drugs, and others. We
assessed all categories of prescribed statins while
excluding other types of lipid-lowering drugs (such as
fibrates) due to their unavailability and lack of relevance
to our objectives. We specifically examined the specific
type of statin, the process of up-titration or equivalent
dose, and the daily dosage in milligrams per day. As per
the 2017 ACC/AHA guideline, statins were categorized
into three levels of dose intensity according to their
effectiveness in reducing LDL (low-intensity, moderate-
intensity, and high-intensity statins). (1) Low-intensity
statins include atorvastatin at a dosage of less than 10 mg
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per day, rosuvastatin at a dosage of less than 5 mg per
day, simvastatin at a dosage of less than 20 mg per day,
and lovastatin at a dosage of less than 40 mg per day. (2)
Statins with moderate intensity include atorvastatin at a
daily dose between 10 mg and less than 40 mg,
rosuvastatin at a daily dose between 5 mg and less than
20 mg, simvastatin at a daily dose between 20 mg and
less than 80 mg, and lovastatin at a daily dose of 40 mg or
more. (3) High-intensity statins include atorvastatin at a
daily dose of 40 mg or higher, rosuvastatin at a daily dose
of 20 mg or higher, and simvastatin at a daily dose of 80
mg or higher. The prescriptions were looked at to see
things like disease patterns, the specific hypolipidemic
drugs prescribed for those diseases, the daily dosage at
which the drugs were prescribed (PDD), and the ratio of
the drugs' PDD to their defined daily dosage (DDD). The
World Health Organization has established the
Anatomical Therapeutic Chemical (ATC) classification
and the daily defined dosage (DDD) for hypolipidemic
medicines. In adults, the daily defined dose (DDD) refers
to the average dose of a medication that is typically used
for its main purpose. On the other hand, the prescribing
daily dose (PDD) represents the average dose given based
on the number of prescriptions filled, indicating the
quantity of medication supplied. The prescription
included many doses of hypolipidemic medications, and
the PDD (Prescribed Daily Dose) was calculated as the
average of the daily doses for these medications. The
PDD/DDD ratio was calculated to assess the
appropriateness of the dosage [9].

The PDD/DDD ratio is used to assess the disparities
between the recommended dose and the defined daily
dose. This ratio directly reflects the difference between
these two doses, as well as the magnitude of the ratio.

Ethical Considerations

The project has received approval from the medical
director of Ibrahim Malik Teaching Hospital (IMTH) in
Khartoum, Sudan. The study obtained approval from the
ethical committee of the Ministry of Health, Sudan
(approval code: 02-02-2021) before being conducted at
IMTH.

Statistical analysis

The data analysis was conducted using the Statistical
Package for Social Sciences (SPSS) version 25.0. An
analysis was conducted that involved describing and
examining one variable at a time. All statistical tests were
conducted at a significance level of 5%. We used discrete
data sets that have no relationship or dependence on
each other. The T-test was employed to compare the
average values among different groups, while Pearson's
chi-squared test was utilized to examine the proportions
between groups. In cases where any of the cells had an
anticipated frequency of five or below, Fisher's exact test
was used. Variable categories with low frequencies were
merged accordingly. To analyze the association between
the study variables and the prescription of statins, logistic
regression was employed. The criteria for inclusion

In the logistic regression model, a significance level of
p<0.20, or established clinical importance, was used.

3. Results
A total of 204 prescriptions were included.
Hypolipidemic = medications were predominantly

administered to individuals with dyslipidemia, regardless
of their specific lipid profile, likely reflecting primary and
secondary prevention strategies for cardiovascular
problems. Most patients prescribed hypolipidemics had
hyperlipidemia with additional comorbidities.

Patient Demographics

Among the 204 prescriptions, 52.9% of patients were
male and 47.1% female. Table 1 show the age distribution.
Most patients (53.4%) were aged 260 years, followed by
41.2% aged 40-59 years. Only 11 prescriptions were for
patients aged 30-39 years.

Table 1: Patient age groups

30-39 | 4049 | 50-59 | 60-69 | Above
Age group

years years years years 70 years
Number of | 38 46 41 68
patients

Types of Statins Prescribed

Three statins were prescribed: atorvastatin,
simvastatin, and rosuvastatin (Table 2). Atorvastatin was
most frequent, accounting for 75% (n=153) of screened
statins, followed by simvastatin (19.6%, n=40) and
rosuvastatin (5.4%, n=11).

Table 2: Type of Statins used by participants

Statin Type Frequency | Percentage (%) Cumulative (%)
Atorvastatin 153 75.0 75.0

Simvastatin 40 19.6 94.6
Rosuvastatin 11 5.4 100.0

Total 204 100.0

Diagnosis of Hyperlipidemia

Table 3 shows that 98.5% of prescriptions (n=201)
were for treating hyperlipidemia. Only three
prescriptions were for non-hyperlipidemia diagnoses:
one atorvastatin and two simvastatin prescriptions.

Table 3: Presence of hyperlipidemia diagnosis

Statin Type Nf) Hype.rlipidemia Y.es Hyp.erlipidemia Total
Diagnosis Diagnosis

Atorvastatin | 1 (0.7%) 152 (99.3%) 153

Simvastatin 2 (5.0%) 38 (95.0%) 40

Rosuvastatin | 0 (0.0%) 11 (100.0%) 11

Total 3 (1.5%) 201 (98.5%) 204

Initial and Adjusted Statin Doses

Table 4 displays initial prescribed doses. The most
common was atorvastatin 20 mg (55.4%, n=113). Other
atorvastatin doses included 10 mg (n=14), 30 mg (n=3),
and 40 mg (n=23). Simvastatin was most often prescribed
at 20 mg (11.8%, n=24), followed by 10 mg (5.4%, n=11)
and 40 mg (2.5%, n=5). Rosuvastatin 10 mg (2.9%, n=6)
was used more frequently than 20 mg (2.5%, n=5).
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Table 4: Initial Dose of Statin prescribed

Table 7: Other diagnoses of prescriptions

Dose (mg) Frequency | Percentage (%) | Cumulative (%) Diagnosis Frequency Percent Cumulative
Atorvastatin 10 | 14 6.9 6.9 (%) (%)
Atorvastatin 20 | 113 55.4 62.3 Hypertension 5 2.5 2.5
Atorvastat%n 30 [ 3 1.5 63.7 Cgronary Heart 22 108 13.2
Atorvastatin40 | 23 11.3 75.0 Disease
Simvastatin 10 11 5.4 80.4 Gout 1 0.5 13.7
Simvastatin 20 24 11.8 92.2 Asthma 3 1.5 15.2
Simvastatin 40 5 2.5 94.6 COPD 2 1.0 16.2
Rosuvastatin 10 | 6 2.9 97.5 Peptic ulcer 1 0.5 16.7
Rosuvastatin 20 | 5 2.5 100.0 Arthritis 1 0.5 17.2
Total 204 100.0 Thyroid disorder 4 2.0 19.1
No other diagnosis 165 80.9 100.0
Total 204 100.0

Table 5 shows dose adjustments. Atorvastatin 20 mg
remained the most frequently prescribed adjusted dose
(56.4%, n=115). Simvastatin 20 mg was the most
common adjusted dose for that drug (10.3%, n=21).
Rosuvastatin doses remained unchanged in all
prescriptions, possibly due to cost factors.

Table 5: Changed Dose of Statin prescribed

Dose (mg) Frequency | Percentage (%) | Cumulative (%)
Atorvastatin 10 30 14.7 14.7
Atorvastatin 20 115 56.4 71.1
Atorvastatin 40 8 3.9 75.0
Simvastatin 10 16 7.8 82.8
Simvastatin 20 21 10.3 93.1
Simvastatin 30 1 0.5 93.6
Simvastatin 40 2 1.0 94.6
Rosuvastatin 10 | 6 2.9 97.5
Rosuvastatin 20 | 5 2.5 100.0
Total 204 100.0

Association with Gender

Table 6 show the distribution of statin types by gender.
Among atorvastatin users, 58.8% (n=90) were male and
41.2% (n=63) female. For simvastatin, 65.0% (n=26)
were female. Rosuvastatin was also more frequently
prescribed to females (63.6%, n=7). The p-value of 0.012
indicates a statistically significant association between
statin type and patient gender (p < 0.05). Females were
more likely to be prescribed simvastatin and rosuvastatin,
while males were more likely to receive atorvastatin.

Table 6: Types of Statins prescribed according to
gender (Chi-Square output implied)

Statin Type | Male Female Total
Atorvastatin | 90 (58.8%) 63 (41.2%) | 153 (100.0%)
Simvastatin 14 (35.0%) 26 (65.0%) | 40 (100.0%)
Rosuvastatin | 4 (36.4%) 7 (63.6%) 11 (100.0%)
Total 108 (52.9%) | 96 (47.1%) | 204 (100.0%)

Table 7 shows additional diagnoses alongside
hyperlipidemia. Coronary heart disease (CHD) was the
most common comorbidity (10.8%, n=22). Others
included hypertension (2.5%, n=5), thyroid disorders
(2.0%, n=4), asthma (1.5%, n=3), COPD (1.0%, n=2), and
single cases of gout, peptic ulcer, and arthritis. Most
prescriptions  (80.9%, n=165) were solely for
hyperlipidemia without other diagnoses.

4. Discussion

The findings demonstrate that atorvastatin 20 mg was
consistently recommended more frequently than other
statins (55.4% of prescriptions). This prescribing pattern
aligns significantly with American College of Cardiology
(ACC) and American Heart Association (AHA) guidelines
[10]. While simvastatin was most commonly prescribed
in Hong Kong (2004-2015), our results show atorvastatin
as most frequent at IMTH. Similarly, atorvastatin had the
highest prescription rates among new statin users in
Taiwan (2002-2011). Atorvastatin, simvastatin, and
rosuvastatin were also the most commonly prescribed
statins in other Asian countries and Norway, closely
matching our statistical findings [11-13]. Atorvastatin 20
mg was also the most frequently selected statin for dose
adjustment at IMTH. A 2010 analysis by the Institute of
Healthcare Informatics revealed atorvastatin as the top-
selling medicine in the United States, with $7.2 billion in
sales [14, 15].

Comparing our Sudanese results with a study from
Ethiopia (n=323), where 55.7% received statins for
primary CVD prevention, the most prescribed statins
were simvastatin (37.2%), atorvastatin (32.8%), and
rosuvastatin (15.6%). In our study, atorvastatin was most
common, followed by simvastatin, with a smaller
difference between the two. The primary indication in
both studies was CVD prevention. In the Ethiopian study,
statin prescriptions were 27.8% low-dose, 46.1%
moderate-dose, and 26.1% high-intensity, with 60.6%
achieving target cholesterol levels. These findings align
with our analysis, confirming that hyperlipidemia
treatment and CVD prevention are the main reasons for
statin prescribing at IMTH [16].

Most studies on determinants of prescribing behavior
have been conducted in Western countries, where doctor-
patient communication often emphasizes fairness. In
Sudan, prescribing is primarily doctor-driven, though
patients may influence decisions. In Southeast Asia,
paternalistic communication (doctor-dominant) is more
common, reflecting cultural norms that maintain
interpersonal space. Our study results are consistent with
10-year statin utilization trends from Taiwan's National
Health Insurance Research Database (over 10,000
patients), which concluded that atorvastatin was the most
commonly  prescribed agent  (28.4-36.7%  of
prescriptions). At IMTH, atorvastatin comprised up to
75% of screened statin prescriptions. Patients with a
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history of CVD were more likely to receive higher-
intensity statins compared to those without CVD [17, 18].

5. Conclusions

This study describes statin use at IMTH in Sudan,
showing that despite ongoing debates about primary
prevention, statins remain the preferred treatment for
hyperlipidemia. Physicians demonstrate good adherence
to guideline-recommended dosages and statin types.
However, widespread statin use drives high
pharmaceutical spending and raises sustainability
concerns. The benefit-risk balance varies by patient
group, highlighting the need for ongoing analysis of real-
world prescribing patterns to inform the debate.

Recommendations

Based on the study findings, it is recommended that a
locally adapted prescribing guideline, consistent with
American Heart Association/American College of
Cardiology standards, be developed and implemented;
that pharmacist-led patient education and adherence
programs be launched; that periodic prescription audits
be conducted using WHO drug use indicators; that the
underlying causes of the observed gender differences in
statin prescribing be investigated; that multicenter
studies be conducted across Sudan to obtain nationally
representative data; that cost and availability barriers be
addressed, particularly for rosuvastatin; and that long-
term cardiovascular outcomes be monitored to assess the
effectiveness of current outpatient prescribing practices.
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