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Background: Diabetes mellitus (DM) increases cardiovascular disease (CVD) incidence and mortality. While guidelines endorse 
statin use in type 2 DM (T2DM) to mitigate cardiovascular risks and mortality, challenges like statin initiation and prompt treatment 
adjustments affect patient outcomes. This study aimed to assess the appropriateness of indications for and dose intensification of statin 
therapy among T2DM patients at Tikur Anbessa Specialized Hospital (TASH).
Methodology: A hospital-based cross-sectional study was conducted from April 1 to June 30 2020. In total, 405 T2DM patients were 
selected using a systematic random sampling technique. The data were analyzed using SPSS version 26.0. An adjusted odds ratio (OR) 
was used and a 95% confidence interval (CI) and p-values of <0.05 were utilized to determine statistical significance.
Results: Of the total 405 participants, 346 (85.4%) started taking statins for primary or secondary prevention purposes. Indication for statin use 
was appropriate in 96.2% patients, while for 216 (62.4%) patients their doses were appropriately intensified. Predictors of the inappropriateness 
of statin use were an atherosclerotic cardiovascular disease (ASCVD) score of ≥7.5% (AOR=0.28; 95% CI: 0.102–0.738, p=0.01), the presence 
of dyslipidemia (AOR=4.48; 95% CI: 1.85–10.84; p=0.001), initiation of aspirin therapy (AOR=3.7; 95% CI: 1.522–9.144; p=0.004), and an 
LDL-cholesterol level of 70–189 mg/dL (AOR=0.124; 95% CI: 0.042–0.365; p=0.001). DM duration of ≥10 years (AOR=2.51; 95% CI: 1.35– 
4.66, p=0.004), male gender (AOR=2.04; 95% CI: 1.16–3.58, p=0.013), age ≥65 years (AOR=2.15; 95% CI: 1.23–3.75, p=0.007) and 
uncontrolled blood pressure (AOR=2.09; 95% CI: 1.07–4.08, p=0.031) were associated with inappropriate statin intensification.
Conclusion: The study found that indication of statins was optimal and about two-thirds of patients had their doses appropriately 
intensified. Monitoring is needed to avoid inappropriate intensification of statin therapy, particularly in patients with longer diabetes 
duration, those of male gender and advanced age, and those with uncontrolled blood pressure.
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Introduction
Type 2 diabetes mellitus (T2DM) is a chronic disease characterized by hyperglycemia due to insulin resistance resulting in 
vascular complications. It accounts for approximately 75% of all atherosclerosis-related events.1 Moreover, 65% of patients 
with diabetes die from any type of cardiovascular disease or stroke. Currently, lipid-lowering statin therapy is recommended 
for the primary prevention of atherosclerotic cardiovascular diseases, as well as for secondary prevention in DM patients with 
established cardiovascular disease.2,3 The cardiovascular effects of statins extend beyond their effects on lipid fractions and 
include atherosclerotic plaque stabilization, anti-inflammatory effects, inhibition of vascular smooth muscle cell proliferation, 
inhibition of platelet function, and improved vascular endothelial function.4

Since the release of the 2013 American College of Cardiology/American Heart Association (ACC/AHA) blood cholesterol 
guidelines, there has been a shift from treating with a fixed LDL-C target to selecting appropriate intensity statin therapy based 
on individual atherosclerotic cardiovascular disease (ASCVD) risk.5 Despite current guidelines in routine clinical practice, 
statin intolerance and other factors may lead to treatment discontinuation, switching among statin agents, dose adjustments, or 
the need for augmentation of the statin regimen impacting therapeutic benefits and patient outcomes.6
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The implementation of these guidelines is often poor and statin prescribing for patients with diabetes has been shown 
in some studies to be sub-optimal.7,8 A study in the Netherlands indicated that around 22% of T2DM patients were 
started on statin treatment at a dose lower than recommended and more than half of them remained on a low dose during 
a 2-year follow-up period; less than 15% received an increased dose.9 Another study, in the United Kingdom, showed 
that 43% of patients with atherosclerotic CVD discontinued their medication 1 year after initiation, and 31.5% had 
a mean LDL level above 2.5 mmol/L over 2 years of follow-up.10 Recent data in Ethiopia also showed utilization of 
statins among patients with T2D was substantially below the current clinical guideline recommendations.11 A study in 
Jimma also showed that about two-thirds of T2DM patients did not receive statins despite guideline recommendations.12

The increasing number of people in Ethiopia with cardiovascular disease (CVD) and the risk factors that lead to it, 
such as smoking, high blood pressure, and high cholesterol, requires immediate action and a modest increase in budget 
would be enough to make a significant difference.13 The literature shows that sub-optimal use of statins in diabetic 
patients, especially in individuals at high risk of cardiovascular disease, is usually the result of inappropriate dosage.2,14 

However, there is limited information available about the appropriate utilization of statins in Ethiopia for primary and 
secondary prevention of CVD. Therefore, the purpose this study was to evaluate the appropriateness of indication for and 
dose intensification of statins for primary and secondary prevention of CVD in T2DM patients at TASH.

Materials and Methods
Study Setting
The study was conducted at TASH, the largest teaching hospital affiliated to Addis Ababa University College of Health 
Sciences. Five diabetic specialized doctors are involved in the service provided at the TASH diabetic center. The endocrinol-
ogy unit in the hospital has a twice per week clinic visit schedule for patients with diabetes on regular follow-up and a weekly 
visit for patients with gestational DM.

Study Design and Period
The study design was a hospital-based cross-sectional study, and it was conducted from April 1 to June 30, 2020.

Eligibility Criteria
Adult T2DM patients (≥18 years) who provided consent and had follow-up in TASH during the study period were 
included. Pregnant diabetic patients and patients with incomplete medical charts (such as basic demographic data, 
diagnosis, medication history, and pertinent laboratory results) were excluded from the study.

Sample Size Determination and Sampling Technique
The sample size was determined using the single population proportion formula, whereby the population proportion (p) is 
typically assumed to be 50% to ensure the largest possible sample size, a Zα/2 of 1.96 is set for a 95% confidence level, 
and the margin of error is set at 0.05. The total calculated sample size was 422, including contingencies for potential non- 
response or incomplete data. A sample of T2DM cases was selected by systematic random sampling technique.

Data Collection Instruments and Techniques
A structured questionnaire was adopted from the 2018 guidelines for the management of blood cholesterol and American 
Diabetes Association standard of care 2018 guidelines.6,15 The questionnaire included variables such as sociodemo-
graphic characteristics, lifestyle, and disease condition. In addition, an ASCVD risk estimator and a calculator were used 
to calculate ASCVD score. All eligible study participants were interviewed face to face using structured questionnaire. 
Other necessary information such as comorbid conditions, medication history, and laboratory values were taken from 
medical charts. A pretested data abstraction format was used to extract all medical and treatment-related information 
from medical records of study participants.

Six nurses (2 MSc and 4 BSc) were recruited to collect data. Two-day training was given to the data collectors to 
familiarize them with the use of data collection tools, sampling techniques, methods of collecting the necessary data from 
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patients’ charts, and ethical principles before their involvement in data collection. Then, 10% of the study population, 42 
patients, was involved in pretesting the data collection tool. Participants involved in the pretest were not included in the 
sample used for final analysis. The principal investigator throughout the data collection period undertook continuous 
follow-up and the accuracy and completeness of the data were checked before entry of the data for analysis.

Data Analysis
Statin indication and dose intensification were evaluated based on the recommendations given in recent updated ADA 
standards of medical care in diabetes 2018.6 The ten-year ASCVD risk estimate was calculated using the ASCVD Risk 
Estimator Plus app. Then, the information was transferred to SPSS version 23 for Windows for analysis. Categorical variables 
were presented in numbers and percentages. Multicollinearity among independent variables was assessed using the variance 
inflation factor (VIF). A VIF exceeding 10 indicates serious multicollinearity, and a value greater than 4 may be a cause for 
concern. In this study, VIF result was close to one, and hence multicollinearity was not an issue. Multivariable logistic 
regression analysis was used to test for the presence of a significant association between the appropriateness of statin 
indication and intensity with independent variables. An adjusted odds ratio (AOR) was used to measure the association 
between dependent and independent variables at a 95% confidence interval (CI) and a p-value of <0.05 was utilized to 
determine the statistical significance of associations between the explanatory and dependent variables.

The inappropriate indication of statin use involves prescribing statin therapy to diabetic patients contrary to guideline 
recommendations, or failing to prescribe statins to patients who meet guideline criteria for treatment. Inappropriate statin dose 
intensification refers to failure to escalate statin therapy to that which is clinically warranted or recommended by guidelines.6

Results
Sociodemographic Characteristics
Of 422 type 2 diabetic patients interviewed, 405 were included in the final data analysis. Seventeen cases had incomplete 
documents, giving a response rate of 95.9%. Of 405 respondents, 222 (54.8%) were female. The mean (±SD) age of the 
study participants was 58 years (±10.3), ranging from 19 to 82 years. Of respondents, the majority (311, 76.8%) were 
married. Participants’ sociodemographic data is summarized in Table 1.

Table 1 Sociodemographic Characteristics Among Type 2 Diabetic Patients 
at Tikur Anbessa Specialized Hospital, Addis Ababa, Ethiopia, 2019/20 (n=405)

Variables Sub-Category Frequency Percentage (95% CI)

Sex Male 183 45.2 (40.4–50.1)

Female 222 54.8 (49.9–59.6)

Age (years) ≤40 20 4.9 (3.2–7.5)

41–65 283 69.9 (65.2–74.2)

66–75 99 22.0 (18.2–26.3)

>75 13 3.2 (1.9–5.5)

Residence Addis Ababa 355 87.7 (84.1–90.5)

Out of Addis Ababa 50 12.3 (9.4–15.9)

Marital status Single 33 8.1 (5.8–11.3)

Married 311 76.8 (72.4–80.7)

Widowed 47 11.6 (8.8–15.1)

Divorced 14 3.5 (2.1–5.8)
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Lifestyle Modification
Among study subjects, 230 (56.8%) reported that they followed a diabetic diet in their daily routine. Their mean BMI 
was 26.4, and 249 (61.48%) patients were either overweight or obese. Nearly one-third of patients (148, 36.6%) drank 
alcohol now or had done so previously, and 53 (13.1%) patients smoked cigarettes (Table 2).

Clinical Characteristics and Laboratory Values
The mean (±SD) diabetes duration since diagnosis of study participants was 12.2 (±8.0) years. More than half (59%) of 
participants had a diabetes duration of over ten years. The majority of participants (342, 84.4%) had comorbidities. 
Hypertension (69.6%) and dyslipidemia (44.2%) were the two most common comorbid conditions (Table 3).

Table 2 Lifestyle Modification Among Type 2 Diabetic Patients at Tikur Anbessa Specialized 
Hospital, Addis Ababa, Ethiopia, 2019/20 (n=405)

Self-Reported Lifestyle Modifications Frequency Percentage (95% CI)

Ever smoked cigarettes Yes 53 13.3 (10.3–17.0)

No 352 86.6 (83.0–89.6)

Frequency of smoking Daily 42 79.2 (65.9–88.3)

Three times per week 9 17.0 (8.9–29.9)

Occasionally 2 3.8 (0.9–14.3)

Current smoking status (n=53) Stopped smoking 49 92.5 (81.2–97.2)

Current smoker 4 7.5 (2.8–18.8)

Drinking any kind of alcohol Current drinker 148 36.5 (32.0–41.4)

Never drank 236 58.4 (53.4–63.0)

Currently stopped 21 5.2 (3.4–7.8)

Diabetes diet Yes 230 56.8 (51.9–61.5)

No 175 43.2 (38.5–48.1)

Physical exercise Walking 297 93.1 (89.7–95.4)

Aerobic 12 3.8 (2.1–6.5)

Other* 10 3.1 (1.6–5.7)

Duration of physical exercise 60–90 minutes per week 169 53.0 (47.5–58.40)

90–150 minutes per week 105 32.9 (28.0–38.3)

>150 minutes per week 23 7.2 (4.8–10.6)

Daily for 30 minutes 22 6.0 (4.6–10.3)

BMI <18.5 (underweight) 3 0.7 (0.2–2.2)

≥18.5–24.9 (normal) 153 37.8 (33.1–42.6)

25.0–29.9 (overweight) 175 43.2 (38.5–48.1)

≥30.0 (obese) 74 18.3 (14.8–22.3)

Note: *swimming, exercise at home, running. 
Abbreviation: BMI, body mass index.
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The total number of patients who had recent lipid profiles was 387. Among them, 52.2% did not meet the overall 
cholesterol target with respect to the individual patient profile. LDL-C measurement was ≥100mg/dL in 310 (50.9%) 
study participants.

A total cholesterol level of ≥200 mg/dL was reported in 74.4%, triglycerides of ≥150 mg/dL in 55%, HDL of ≤40 for 
males in 23.2%, and HDL≤50 for females in 38.5%. The proportion of type 2 diabetic patients with poor fasting glycemic 
control (FBS >130 mg/dL) was documented in 60.7% out of the total 405 patients. Recent HgA1c was documented for 
250 patients; among these, HgA1c level was >7% in 81.6% of patients (Table 4).

Medication
Of all patients with T2DM, 43% took either a combination or single type of oral anti-diabetic medication, while 19.2% 
took insulin alone. Among statin-initiated patients, 284 (82%) received statins for primary prevention of CVD, whereas 
62 (17.9%) received them for secondary prevention; that is, they had established cardiovascular diseases. The most 
frequently prescribed statin was atorvastatin (85.5%). Of the 346 patients who started taking statins, 52.6% were 
prescribed moderate-intensity statins (Table 5).

ASCVD Risk Estimation for Primary Prevention
The 10-year ASCVD risk assessment was calculated using the ASCVD Risk Estimator Plus app. The calculator showed 
10-year risk estimates and optimal ASCVD risk estimates for individuals 40–79 years of age; lifetime risk was calculated 
only for younger individuals.16

The ASCVD risk score was calculated for a total of 343 patients without a CVD. The calculator displays the 10-year 
ASCVD risk level, optimal risk level, and lifetime risk for each patient based on their age. Of total study participants, 
86.2% had their 10-year risk of cardiovascular disease estimated. Of those, 28.7% were at low risk, 11.1% were at 
borderline risk, 30.4% were at intermediate risk, and 29.7% were at high risk.

Table 3 Clinical Characteristics of Type 2 Diabetic Patients at Tikur Anbessa Specialized 
Hospital, Addis Ababa, Ethiopia, 2019/20 (n=405)

Characteristics Frequency Percentage (95% CI)

Duration of diabetes ≥10 years 239 59.7 (54.9–64.4)

<10 years 166 40.3 (35.6–45.1)

Comorbidities Yes 344 84.9 (81.1–88.1)

No 61 15.1 (11.9–18.9)

Types of comorbidities Hypertension 282 69.6 (65.0–73.9)

Dyslipidemia 179 44.2 (39.4–49.1)

Known cardiac disease 62 15.3 (12.1–19.2)

Chronic kidney disease 47 11.6 (8.8–15.1)

Other illnesses* 25 6.2 (4.2–9.0)

Complications Neuropathy 59 68.6 (57.9–77.6)

Retinopathy 17 19.8 (12.6–29.7)

Retinopathy + neuropathy 7 8.1 (3.9–16.3)

Albuminuria 3 3.5 (1.1–10.4)

Note: *diabetic foot ulcer, peripheral arterial disease.
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Table 4 Latest Laboratory Test Results of Type 2 Diabetic Patients at Tikur Anbessa 
Specialized Hospital, Addis Ababa, Ethiopia, 2019/20 (n=405)

Variables Frequency Percentage

FBS (mg/dL) <80 8 2.0

80–130 151 37.3

>130 246 60.7

HgA1c (%) (n=250) <7.0 46 18.4

≥7.0 204 81.6

TC (mg/dL) (n=387) ≥200 288 74.4

<200 99 25.6

TG (mg/dL) (n=387) ≥150 213 55.0

<150 174 45.0

LDL (mg/dL) (n=387) ≥100 197 50.9

70–99 122 31.5

55–69 48 12.4

<55 20 5.2

HDL (mg/dL) (male=174, female=213) HDL ≤40 for males 90 23.2

HDL ≤50 for females 149 38.5

Overall cholesterol target On target 185 47.8

Not on target 202 52.2

BP (mmHg) Hypertensive 130 32.1

Elevated 89 22.0

Normal 186 45.9

Abbreviations: BP, blood pressure; HDL, high density lipoprotein; HgA1c, hemoglobin A1clevel; LDL, low density 
lipoprotein; TCH, total cholesterol; TG, triglyceride.

Table 5 Medications Taken by Type 2 Diabetic Patients at Tikur Anbessa Specialized 
Hospital, Addis Ababa, Ethiopia, 2019/20 (n=405)

Drug Name Types Frequency Percentage

Antidiabetic agents Oral antidiabetic agents 174 43.0

Insulin 78 19.2

Insulin + oral antidiabetic agents 153 37.8

Aspirin (75–162 mg) Yes 189 46.7

No 216 53.3

(Continued)
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Statin Indication and Dose Intensification
Of the total 405 patients, statins were initiated for 346 (85.4%). Among those on statin therapy, 333 (96.2%) had an 
appropriate indication for statin use, whereas 13 (3.7%) patients did not have an appropriate indication. Among the 59 
T2DM patients who did not receive statin therapy, 41 (69.5%) were not prescribed statins even though they met the 
criteria for statin therapy. Hence, 54 (13.3%) T2DM patients, including those with no indication of statins and those 
requiring statins, had inappropriate indications for statin therapy.

Evaluation of guideline-directed dose intensity of statins was performed for 346 statin-initiated patients for primary or 
secondary prevention purposes. As a result, 216 (62.4%) patients on statins had their dose appropriately intensified. 
However, 130 (37.6%) patients required dose adjustment as a result of considering their cardiovascular risk profile and 
clinical practice guideline recommendations. Among those who required statin dose adjustment, 84 (64.6%) were taking 
lower than the dose recommended in the guidelines. The other 33 (25.4%) patients took a higher than recommended 
statin dose. The remaining 13 (10%) discontinued statin therapy after initiation.

Predictors of Appropriateness of Statin Indication
Binary logistic regression revealed that explanatory variables such as presence of comorbidity, dyslipidemia, antihyper-
tensive drugs, ASCVD score, and ASA initiation had a significant association with indications for statin use. After 
adjusting confounding factors using multivariate logistic regression analysis, ASCVD score, dyslipidemia, aspirin 
therapy and LDL-cholesterol level were significantly associated with indications for use of statins. Patients without 
dyslipidemia had more than a four times (AOR=4.48; 95% CI: 1.85–10.84; p=0.001) greater chance of being on 
inappropriate statins icompared to their counterparts. In addition, patients who did not receive aspirin had nearly 
a four times (AOR=3.7; 95% CI: 1.522–9.144; p=0.004) greater chance of being on inappropriate statins than patients 
who received aspirin. Patients with an intermediate risk of ASCVD had a 72.5% (AOR=0.275; 95% CI: 0.102–0.738, 
p=0.01) lower odds of being on inappropriate statin therapy than low-risk patients. Patients with an LDL-C between 70 to 
189 mg/dL had an 87.6% (AOR=0.124; 95% CI: 0.042–0.365; p=0.001) lower odds of being on inappropriate statin 
therapy than patients with an LDL-C of <70 mg/dL. Predictors of appropriateness of statin therapy are illustrated in 
Table 6.

Table 5 (Continued). 

Drug Name Types Frequency Percentage

Statin dosage Atorvastatin 10–20mg 136 39.3

Atorvastatin 40–80mg 160 46.2

Simvastatin 20–40mg 41 11.8

Lovastatin 20mg 4 1.2

Lovastatin 40mg 3 0.9

Rosuvastatin 5–10mg 2 0.6

Intensity of statin Low intensity 4 1.2

Moderate intensity 182 52.6

High intensity 160 46.2

On antihypertensive agents* Yes 269 95.4

No 13 4.6

Note: *among 292 hypertensive patients.
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Predictors of Inappropriate Statin Dose Intensification
Using multivariate logistic regression, we found that sex, age, duration of DM for at least 10 years, and current BP level 
were significantly associated with statin dose intensification. Male patients were twice (AOR=2.04; 95% CI: 1.16–3.58, 
p=0.013) as likely to have their statin dose inappropriately intensified than female DM patients. Likewise, elderly DM 
individuals were twice (AOR=2.15; 95% CI: 1.23–3.75, p=0.007) as likely to have their statin therapy inappropriately 
intensified than patients under 65 years of age. The odds of inappropriate intensification of statins in patients who had 
had diabetes for more than 10 years was 2.5 times (AOR=2.51; 95% CI: 1.35–4.66, p=0.004) higher than for those who 
were diabetic for less than ten years. In addition, patients with uncontrolled BP were about twice (AOR=2,09; 95% CI: 
1.07–4.08, p=0.031) as likely to be inappropriately offered intensified statin therapy than patients with controlled BP 
(Table 7).

Table 6 Predictor Factors for Inappropriateness of Statin Indication in Type 2 Diabetic Patients in Tikur Anbessa 
Specialized Hospital, Addis Ababa, Ethiopia, 2019/20 (n=405)

Variables Inappropriate 
Indication  

N (%)

Appropriate 
Indication  

N (%)

COR (95% CI) AOR (95% CI) P-value

Sex Male 18 (9.8) 165 (90.2) 1.00 1.00

Female 36 (16.2) 186 (83.8) 1.774 (0.97,3.244) 1.22 (0.495,3.008) 0.666

DM duration ≥10year 28 (11.7) 211 (88.3) 1.00 1.00

<10year 26 (15.7) 140 (84.3) 1.399 (0.788,2.487) 0.72 (0.308,1.669) 0.441

Comorbidity Yes 35 (10.8) 309 (89.8) 1.00 1.00

No 19 (31.14) 42 (68.8) 3.994 (2.096,7.611) 1.38 (0.368,5.166) 0.634

Hypertension Yes 30 (10.6) 252 (89.4) 1.00 1.00

No 24 (19.5) 99 (80.5) 2.036 (1.135,3.655) 0.35 (0.044,2.776) 0.319

Dyslipidemia Yes 8 (4.5) 171 (95.5) 1.00 1.00

No 46 (20.4) 180 (79.6) 5.462 (2.505,11.909) 4.48 (1.85,10.839) 0.001

On 
antihypertensives

Yes 28 (10.4) 241 (89.6) 1.00 1.00

No 26 (19.1) 110 (80.9) 2.034 (1.14,3.632) 2.29 (0.365,14.306) 0.377

Aspirin Yes 13 (6.9%) 176 (93.1) 1.00 1.00

No 41 (19%) 175 (81) 3.172 (1.643,6.125) 3.73 (1.522,9.144) 0.004

ASCVD (n=296) Low risk 25 (29.5) 60 (70.5) 1.00 1.00

Borderline 10 (30.3) 23 (69.7) 1.043 (0.434,2.508) 1.01 (0.374,2.724) 0.985

Intermediate 7 (7.8) 83 (92.2) 0.202 (0.082,0.499) 0.28 (0.102,0.738) 0.01

LDL <70mg/dL 14 (20.6) 54 (79.4) 1.00 1.00

70–189mg/dL 39 (12.6) 271 (87.4) 0.555 (0.282,1.092) 0.12 (0.042,0.365) 0.001

≥190mg/dL 1 (11.1) 8 (88.9) 0.482 (0.56,4.182) 1.633 (0.64,41.829) 0.767

Note: p-values in bold are statistically significant (<0.05). 
Abbreviations: ASCVD, atherosclerotic cardiovascular disease; LDL, low density lipoprotein.
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Discussion
This study was the first study conducted in TASH to evaluate the appropriateness of indications for and intensification of 
statin therapy among patients with T2DM. The study evaluated the appropriateness and intensification of statin therapy in 
accordance with the American Diabetes Association (ADA) Standard Medical Care in Diabetes 2018 guideline.6 The 
ASCVD Risk Estimator Plus app was used to estimate cardiovascular risk.16 This guideline was selected based on 
physicians’ choice to practice in our setting. In addition, the guideline recommendations are updated every year to reflect 
the latest evidence. Cholesterol management guidelines developed by ADA and other societies also recommends statin 
treatment in four statin-eligible groups: those with atherosclerotic cardiovascular disease (ASCVD), diabetes, low- 
density lipoprotein cholesterol (LDL-C) of ≥190 mg/dL, and higher risk primary prevention. The guideline divides 
patients with primary prevention into low, borderline, intermediate, and high-risk categories based on the ASCVD Risk 
Estimator Plus. It also considers a wider range of factors, called “risk enhancers”, to inform treatment decisions.15

Initiation of statin therapy in patients with diabetes has enormous benefits, including lower risk of kidney disease and 
prevention of atherosclerotic cardiovascular disease (ASCVD).17 In this study, statins were initiated in 346 (85.4%) 
patients. Of these patients, 284 (82.8%) were receiving statins for primary prevention, while 59 (17.2%) were receiving 
statins for secondary prevention. Among patients who did not take statins, 41 (69.5%) were eligible for statin therapy. 
These results are comparable to those of a study done in Botswana, which revealed that 54.5% of type 2 diabetic patients 
were not on statin therapy despite being eligible for it.18 The percentage of statin-eligible diabetic patients who did not 
take statins in our study was higher than those in Malaysia (35.1%),19 Hong Kong (33.3%),20,21 and Saudi Arabia 
(27.2%).8 The difference might be due to inadequate adherence to guidelines, medication unavailability, or the high cost 
of medications in developing countries.18,21

ASCVD risk assessment for diabetic patients is crucial when considering treatment modification or making a decision on 
whether to provide statin therapy for primary prevention. The 2018 Cholesterol Clinical Practice Guidelines15,22 recommend 
the use of quantitative 10-year risk assessment based on measurement of ASCVD risk factors and with the use of a validated 

Table 7 Predictor Factors for Inappropriateness of Intensification of Statins in Type 2 Diabetic Patients, Addis Ababa, Ethiopia, 2019/20 
(n=346)

Variable Appropriate 
Intensity  

N (%)

Inappropriate 
Intensity  

N (%)

COR (95% CI) P-value AOR (95% CI) p-value

Sex Male 94 (43.5) 55 (65.5) 2.46 (1.46, 4.16) <0.001 2.04 (1.16, 3.58) 0.013

Female 122 (56.5) 29 (34.5) 1 1

Age <65 years 148 (68.5) 38 (45.2) 1 1

≥65 years 68 (31.5) 46 (54.8) 2.64 (1.57, 4.41) <0.001 2.15 (1.23, 3.75) 0.007

DM duration <10 years 95 (44.4) 18 (21.4) 1 1

≥10 years 121 (56.0) 66 (78.6) 2.88 (1.60, 5.17) <0.001 2.51 (1.35, 4.66) 0.004

On 

antihypertensives

Yes 151 (69.9) 67 (79.8) 1.70 (0.93, 3.11) 0.088 0.82 (0.40, 1.70) 0.596

No 65 (30.1) 17 (20.2) 1 1

Current BP <130/80 98 (45.4) 29 (34.5) 1 1

130–139/80–89 54 (25.0) 17 (20.2) 1.06 (0.54, 2.11) 0.859 1.12 (0.53, 2.34) 0.773

≥140/90 64 (29.6) 38 (45.2) 2.01 (1.13, 3.57) 0.018 2.09 (1.07, 4.08) 0.031

Chronic kidney 

disease

Yes 22 (10.2) 17 (20.2) 2.24 (1.12, 4.47) 0.022 1.64 (0.77, 3.50) 0.201

No 194 (89.8) 67 (79.8) 1 1

Note: p-values in bold are statistically significant (<0.05).
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risk prediction tool. The pooled cohort equation is also widely used in countries with diverse ethnicities. This equation is more 
accurate than the Framingham Risk Score (FRS) at estimating cardiovascular disease (CVD) risk in black people, and this 
accuracy also extends to measures of subclinical vascular disease.23 The current study estimated the 10-year ASCVD risk for 
patients who should take statins for primary prevention (n=296) to assess whether statin intensification therapy was needed or 
not.22 Among those, 29.7% were at high ASCVD risk (≥20%). This result is comparable to a recent study conducted among 
Ghanaian and European diabetic patients, which reported that 23.7% of type 2 diabetic patients were at high risk.24 A similar 
result was also reported in Pakistan, whereby 20.7% (80/386) of T2DM patients were at high risk of a 10-year ASCVD 
event.25 Another study, in Iranian diabetic patients, comparing the 10-year ASCVD risk score according to the FRS and pooled 
cohort equation methods found that the mean ASCVD score was 12.39%. Though all these studies used a similar ASCVD risk 
calculator for estimation of 10-year ASCVD risk, they reflect the diversity of high-risk diabetic patients in terms of ethnicity, 
cardiovascular risk factors, sample sizes, and study designs.

Most of the available literature explored the prescribing pattern of statins and their determinants. However, there is 
a limited number of studies evaluating the appropriateness of statin indications and dose intensification. Among patients 
on statin therapy, 216 (62.42%) had appropriately intensified statin therapy, which is comparable with the results of 
a study done in Malaysia (71.5%).26 In contrast, a recent study in Denver reported that all patients (n=115, 100%) were 
prescribed an appropriate intensity of statins.27 The difference might be that the Denver study evaluated the appropriate-
ness of statin intensification after pharmacist intervention or when pharmacists provided collaborative drug therapy 
management (CDTM) to improve treatment outcome and adherence to statin treatment.28 The present study did not 
involve clinical pharmacist interventions.

In this study, it was found that diabetic patients with normal lipid profiles were more than four times as likely to receive 
inappropriate statin treatment compared to patients with dyslipidemia. T2DM patients with normal lipid profiles may have been 
missed in terms of offering statin therapy even though they were eligible. Statins are indicated for diabetic patients without 
dyslipidemia, who are above the age of 40 years, have an LDL-C value of >70 mg/dL, and an ASCVD risk of >7.5%.15

In our study, the odds of inappropriate statin indication among patients with intermediate ASCVD risk (≥7.5%) was 
significantly reduced (by 72%) as compared to low ASCVD risk (by <5%). This is in line with guideline recommenda-
tions for indication of statins for patients with an ASCVD risk of >7.5% (6). Hence, diabetic patients at low ASCVD risk 
may not be started on statin therapy early, and doctors may only consider starting them after ASCVD complications have 
occurred. Physicians could also have played their part in this therapeutic inertia, as they were found to underestimate 
cardiovascular risk or fail to identify the appropriate LDL-C targets, and therefore under-treat and under-control their 
patients.29 Furthermore, other studies identified predictors of statin indications, such as being a former smoker, 
hypertension, race, and cardiovascular risk estimates were significantly associated with statin prescription.30,31

The other predictor of statin indication was LDL-C level. The odds of inappropriate indication of statin therapy 
among patients with an LDL-C level of 70–189 mg/dL was significantly reduced (by 88%) as compared to patients with 
an LDL-C level of <70 mg/dL. Similarly, evidence showed that LDL value is an important predictor for appropriate 
indication of statins in the United States32 and Malaysia.26

In routine clinical practice, aspirin and statins were concurrently initiated for primary prevention of CVD. The 
likelihood of inappropriate indication of statin therapy among patients not on aspirin was nearly four times higher than 
among patients on aspirin. Aspirin is known to reduce risk of atherosclerosis by inhibiting lipid biosynthesis and 
inflammation33 and improving vascular outcomes.34

Reports showed that after initiation of a low-dose statin upward titration or treatment intensification was uncommon in 
clinical practice.8,35 Similarly, in our findings patients with a 10-year or longer duration of diabetes had inappropriate statin 
dose intensification. It may imply that once statins are initiated in these patients, dose modification is unusual. In addition, 
physicians may not order routine cholesterol monitoring tests or the patient cannot afford to pay for laboratory tests. If 
appropriate prevention measures are not taken, longer duration of diabetes is a major risk factor for developing ASCVD.27

Furthermore, patients with uncontrolled blood pressure (≥140/90 mmHg) did not have their statin therapy 
appropriately intensified. Hypertension and dyslipidemia are major risk factors for CVD [3]. Hence, patients with 
inappropriate intensification of statin therapy and uncontrolled BP are at high risk of CVD.36 This indicates that 
patients should receive appropriate statin intensity to benefit from the cardio protective effects of statins. These 
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findings strongly support guideline recommendation of individualized statin intensity according to ASCVD risk 
estimation or by considering other risk factors (LDL-cholesterol, hypertension, smoking). A double-blind multicenter 
trial also supports these findings, that is, a dose-dependent reduction of plague inflammation occurs on high intensity 
atorvastatin 80 mg compared to low intensity atorvastatin 10 mg.37 Another research report showed that statin therapy 
can reduce CVD-associated morbidity among diabetic patients by 41% and CVD incidence by 39%.14 Similarly, 
a prospective cohort study on Chinese patients with T2DM revealed that the use of statins was associated with a 68% 
reduction of risk for renal dysfunction.38

The odds of inappropriate statin dose intensification among male patients was twice as likely as compared to female patients. 
This might be attributed to difference in patient preferences and fear of anticipated medication side effects. In a study by Ahmed 
et al, it was found that, although males had a higher mean 10-year atherosclerotic cardiovascular disease risk score, they were less 
likely than females to receive the appropriate intensity statin because of gender disparities in statin prescribing patterns.39

The likelihood of inappropriate statin intensification among elderly patients (age ≥65 years) was twice as high than 
for their counterparts. This may be explained by older patients being predisposed to comorbid conditions, leading to 
polypharmacy and exposure to medication side effects, thus resulting in inadequate statin intensification.40

In addition to the gaps related to indications for and dose intensification of statins, the shortage of other lipid-lowering 
agents in low-income countries has significant consequences. Important lipid lowering agents such as ezetimibe and 
proprotein convertase subtilisin/kexin type 9 (PCSK9) were not available in the study setting. Limited availability and 
affordability of these medications contribute to low utilization rates and poor management of dyslipidemia patients.41 

This leads to a high percentage of undiagnosed patients and low adherence to treatment.
The strength of this study is the novel work done with respect to ASCVD risk score in our setup. It provides an 

update on statin therapy indication and dose intensification practices and offers insights for understanding current 
challenges in CVD preventive therapy among patients with T2DM. However, it might not be possible to draw 
conclusions about causal relationships as the design is cross-sectional. In addition, all important laboratory results 
were not recorded in the electronic record system of the hospital, including HgA1c and organ function test results, at 
the time of data collection.

Conclusion
Overall, this study showed that the majority of T2DM patients were initiated with statins either for primary or secondary 
prevention of CVD. The indication of statin therapy among T2DM patients was optimal based on guideline recommen-
dations. However, among statin-initiated patients about two-thirds had their dosage appropriately intensified. The study 
also found that ASCVD score, dyslipidemia, aspirin therapy, and LDL-cholesterol level were the predictors for indication 
of statin therapy, whereas patients with longer diabetic duration (≥10 years), male patients, elderly patients and patients 
with uncontrolled BP were found to be predictors of inappropriate intensification of statins. Optimal initiation of statin 
therapy in type 2 diabetes mellitus patients aligns with guideline recommendations. However, vigilance is needed to 
avoid inappropriate intensification of statin therapy, particularly in patients with longer diabetes duration, male gender, 
advanced age, and uncontrolled blood pressure.
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