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Abstract

Background

Millions of individuals worldwide use statins, and their significant impact on cardiovascular

disease (CVD) has been well-established. However, a lack of knowledge about the up-to-

date guideline recommendations regarding statin therapy is a common barrier to implemen-

tation in clinical practice. Therefore, the present study aimed to assess the current clinical

knowledge about statin therapy and its monitoring parameters. Also, we evaluated the barri-

ers to cholesterol management guideline implementation in Yemen.

Methods

This observational cross-sectional study was conducted over four months, from June/2021

to September/2021, in Sana’a, Yemen. A validated questionnaire was distributed face-to-

face to 650 participants (350 physicians and 300 pharmacists). Physicians and pharmacists

from governmental and private hospitals and those working in private clinics or community

pharmacies were included in the study.

Results

A total of 496 participants filled out the survey, with 22 being excluded due to incomplete

data. So, the study has an overall response rate of 72.9% (474). The majority of pharmacists

(81.8%) and physicians (78.7%) could not identify the patient group that needed ASCVD

risk assessment before statin therapy initiation. Although a significant proportion of respon-

dents knew of the fact that high-intensity statins are recommended for patients with ASCVD

(65.4%) and primary hypercholesterolemia (58.4%), the majority of physicians and pharma-

cists could not identify the high (61.6% and 66.7.3%, respectively) and moderate statin-

intensity doses (72.2% and 68.6%, respectively). Only 21.9% of all respondents knew that
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atorvastatin and rosuvastatin can be administered at any time of the day. Similarly, a low

overall rate of respondents (19.6%) knew that atorvastatin does not need dose adjustment

in chronic kidney diseases, with a statistically significant difference in knowledge between

physicians and pharmacists (12.5% vs. 25.6%, p <0.001, respectively). Notably, only 39.2%

of participants were aware that statins are not safe to use during breastfeeding. Around half

of respondents (52.3%) correctly identify the duration (4 to 12 weeks) at which LD-C mea-

suring is recommended after therapy initiation or dose change. The lowest knowledge

scores for respondents were related to statin-drug interactions. Age, experience, degree,

and previous guideline exposure were all significantly associated with the knowledge scores

(p <0.05). The four most perceived barriers to implementing cholesterol management guide-

lines were no audit on adherence to the guidelines in the workplace (73.4%), insufficient

resources to adequately implement and follow up on the guideline’s recommendations

(73.6%), patient’s financial status (75.7%), and lack of familiarity about the guideline’s latest

recommendations (63.3%).

Conclusion

Physicians and pharmacists had suboptimal clinical knowledge regarding statin therapy,

dose intensities, drug-drug interaction, contraindications, and monitoring parameters.

Therefore, physicians’ and pharmacists’ educational interventions regarding the up-to-date

recommendation about statins are recommended.

Introduction

Millions of individuals worldwide use statins, and their significant impact on cardiovascular

disease (CVD) has been well-established. For instance, numerous clinical trials and meta-anal-

ysis studies have demonstrated the significant benefits of statins in reducing major cardiovas-

cular events [1–4]. As a result, the clinical practice guidelines recommend statins in primary

and secondary CVD prevention [5–7]. For example, the latest 2018 ACC/AHA multi-society

guideline on the management of blood cholesterol provides strong recommendations for initi-

ating statin therapy for patients with ASCVD, DM (40–75 years), and primary hypercholester-

olemia (�190mg /dl). These three groups of patients do not need a risk assessment to initiate

statin therapy. The fourth statin-benefit group is individuals aged 40–75 years old, but a

10-year ASCVD risk assessment should be performed for this age category [8].

However, healthcare providers’ lack of knowledge about up-to-date guideline recommen-

dations is one of the most common barriers to guideline implementation in clinical practice

[9]. Previous studies have reported knowledge gaps among physicians and/or pharmacists

regarding cholesterol management guidelines and/or CVD risk assessment before statin ther-

apy initiation [10–13]. For example, two studies from the USA that were done among health-

care providers [14] and clinical pharmacists [15] reported several knowledge gaps about

guidelines, particularly those related to ASCVD risk assessment and statin therapy clinical

indications. In Singapore, only 35% of clinicians were familiar with the 2013 ACC/ AHA

guidelines [16]. Notably, these studies were not specific to all clinical aspects of statin therapy

(clinical indications, dose intensities, statin-drug interactions, contraindications, and monitor-

ing parameters). Therefore, evaluating the knowledge regarding these aspects for statins is of

paramount for safe and effective use in practice.
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In Yemen, no previous study has evaluated physicians’ and pharmacists’ clinical knowledge

of statin therapy. Moreover, no data is available about the barriers to guideline implementation

in clinical practice. Therefore, the present study aimed to assess the current clinical knowledge

about statin therapy and its monitoring parameters. Also, we evaluated the barriers to choles-

terol management guideline implementation in Yemen. By identifying the knowledge gaps

and barriers to guideline implementation, appropriate interventions could be designed and

implemented for the appropriate utilization of statin therapy in clinical practice.

Methods

Ethical approval

The Ethical Committee of the Medical Research, University of Sciences and Technology,

Sana’a, Yemen (EAC/UST193) approved this project (this study is part of a project about statin

therapy in Yemen). The ethical committee approved verbal informed consent as the partici-

pants’ identities are entirely anonymous, and the study does not involve any risk. Therefore,

healthcare professionals who gave their verbal consent and agreed to participate were included

in the study. All participants received adequate explanations of the study’s aims and were

given the opportunity to ask questions.

Study design and setting

This observational cross-sectional study was conducted based on a validated self-administered

questionnaire (S1 File). The study was conducted over four months, from June/2021 to Sep-

tember/2021, in Sana’a, Yemen. The questionnaires were administered face-to-face to partici-

pants in five major tertiary governmental hospitals, 12 private hospitals, and more than 100

community pharmacies. Also, private clinics were targeted so that we get a representative sam-

ple of physicians at different workplaces. A convenience sampling approach was used to select

the participants.

The study included physicians (consultants, specialists, resident doctors, and general

practitioners) working in private and governmental hospitals and private clinics. Physicians

with the following specialties were targeted: internal medicine, cardiology, chronic kidney

disease, endocrinology, and general prescribers. Also, the study included licensed pharma-

cists working in private and governmental hospitals and community pharmacies with differ-

ent degrees (PharmD, B.Pharm, and diploma). Exclusion criteria: Physicians from the

psychiatric, surgery, and intensive care departments. Also, physicians who do not want to

participate in the study. Moreover, physicians and pharmacists who were in training or new

graduates (<6 months).

Sample size calculation and participants

The total number of pharmacists in 2019 was reported to be approximately 18000 [17]. Also,

according to the 2014 annual health statistics report, Sana’a has a total of 1732 physicians [18].

Therefore, with a 95% confidence interval and 5% precision, and based on the assumption that

50% of physicians and pharmacists will have optimal knowledge regarding statin therapy pre-

scription for patients with clinical indications, the calculated sample size will be 385, adding a

10% non-response rate, the total number will be approximately 428. This calculation was

based on the Daniel sample size formula [19]. We have distributed approximately 650 ques-

tionnaires (350 among the physician and 300 among pharmacists).
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Study instrument and scoring system

The questionnaire was developed based on the guidelines’ recommendations, previous litera-

ture, and experts’ opinion [5, 20]. For the barriers to guideline implementation section, the

choices were adapted from previously published research [20].

The questionnaire consists of 4 sections (S1 File). Participants’ age, gender, qualifications,

workplace, and experience were all included in the first section. Additionally, this section

included a question about whether participants had read any dyslipidemia guidelines in the

previous three years. The second section included fifteen questions designed to assess the par-

ticipants’ overall clinical knowledge of statin therapy. This section will examine participants’

knowledge of clinical indications for statin therapy, their awareness of the terms high, moder-

ate, and low dose intensity, and their knowledge of the appropriate dose intensity for patients

with high ASCVD. Additionally, because some statins can be administered at any time of day,

we want to assess whether participants were aware of them. Another question was about statin

medication selection in CKD patients. Following that are three questions regarding statin-

drug interactions and three more for statin contraindications. Section three featured three

questions designed to measure participants’ understanding of monitoring parameters recom-

mended for the safety and efficacy of statin therapy. The final section investigated physicians’

and pharmacists’ perceptions of impediments to properly implementing cholesterol manage-

ment guidelines in Yemeni clinical practice.

A total of fifteen questions were utilized to assess clinical knowledge about statin therapy,

and three questions were for the monitoring parameters knowledge section. The correct

answer received one point, while the incorrect or I don’t know answers were given zero points.

Therefore, for the total 15 questions regarding statin therapy clinical knowledge, the total

scores ranged from 0 to 15.

Validation

A panel of experts representing both the pharmacy and medical departments validated the

questionnaires’ content for content validity. Among these experts are one clinical pharma-

cist, two clinical pharmacy lecturers, a lecturer from the medical faculty, and two consultants

from the internal medicine and cardiology departments. They were requested to assess the

content relevance, appropriateness, and representation of the evaluated tool. Modifications

were made in response to the experts’ feedback, and the scale-content validity index based

on the universal agreement (S-CVI/UA) was calculated. A value of 0.8 or higher was used to

reflect a satisfactory level of content validity for the domains [21]. The S-CVI/UA for clinical

knowledge of statin therapy, monitoring parameters, and barriers were 0.80, 1, and 0.92,

respectively.

For face validity, the questionnaires were given to several individuals from the target popu-

lation that will respond later to the questionnaire. The participants were asked to provide feed-

back on the construct’s clarity and grammatical and typographical errors. Most importantly,

to report any ambiguous questions. The main goal of face validity is to modify the question

structure and make the questionnaire more appealing and understandable to the participants.

For reliability, the questionnaire was piloted-tested on 40 participants. Cronbach’s alpha�0.7

was regarded as acceptable [22]. The reliability analysis was done on the subscales as the ques-

tionnaire consisted of different factors (1. Clinical indications and dose intensities (9 items), 2.

Statin-drug interaction (3 items), 3. Contraindications (3 items), 4. Knowledge of monitoring

parameters (3items)). The Cronbach’s alpha ranged between 0.703 and 0.713, indicating that

the questionnaire’ subscales had acceptable internal consistency.
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Statistical analysis

The data were analyzed using SPSS, version 25.0 (IBM Corp., Armonk, NY, USA). We assessed

the normality using the Kolmogorov–Smirnov test (number�50). The data were not normally

distributed. The Kolmogorov–Smirnov was statistically significant (p<0.05), indicating non-

normal distribution. Therefore, we used the Kruskal-Wallis test and Mann-Whitney U test to

assess the association between knowledge scores and participants’ characteristics. The shape of

scores distribution for the groups of an independent variable (e.g., the shape of female scores

vs. male scores) was not similar. Therefore, the mean rank score for these tests was utilized to

express the scores instead of the median [23]. The higher the mean rank score (or median),

the higher the knowledge level. Also, a Chi-square test was employed to test for association

between categorical variables.

Results

Participants characteristics

Out of the 650 healthcare providers (300 pharmacists and 350 physicians) who were

approached to participate in the study, 496 filled out the survey, with 22 being excluded due to

incomplete questionnaires. So, the study has an overall response rate of 72.9% (474). A total of

258 pharmacists (54.4%) and 216 physicians (45.6%).

Table 1 summarizes the participants’ demographic characteristics. Overall, the majority of

respondents were males (69.6%), aged > = 30 years old (62%), and 57.2% of them had six or

more years of experience (57.2%). The majority of pharmacists had a BSc degree (60.5%) and

were working in community pharmacies (73.6%). On the other hand, the majority of physi-

cians were working in private and governmental hospitals (82%), with only 18% in private

Table 1. Demographic characteristics (n = 474).

Category Sub-category Physicians F (%)

(n = 216)

Pharmacists F (%)

(n = 258)

Total F (%) (n = 474)

Gender Male 147 (68.1) 183 (70.9) 330 (69.6)

Female 69 (31.9) 75 (29.1) 144 (30.4)

Age < 30 71 (32.9) 109 (42.2) 180 (38)

� 30 145 (67.1) 149 (57.8) 294 (62)

Current workplace Private hospital 98 (45.4) 42 (16.3) 140 (29.5)

Governmental

hospital

79 (36.6) 26 (10.1) 105 (22.2)

Private clinic 39 (18) - 39 (8.2)

Community

pharmacy

- 190 (73.6) 190 (40.1)

Degree Consultant 29 (13.4) - 29 (6.1)

Specialist 44 (20.4) - 44 (9.3)

Resident 35 (16.2) - 35 (7.4)

GP 108 (50) - 108 (22.8)

PharmD - 26 (10) 26 (5.5)

B Pharm - 156 (60.5) 156 (32.9)

Diploma - 76 (29.5) 76 (16)

Experience years <6 108 (50) 95 (36.8) 203 (42.8)

�6 108 (50) 163 (63.2) 271 (57.2)

Read guidelines on cholesterol management in the past 3

years

Yes 100 (46.3) 41 (15.9) 141 (29.7)

No 116 (53.7) 217 (84.1) 333 (70.3)

https://doi.org/10.1371/journal.pone.0280432.t001
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clinics. Over two-fifths of physicians (46.3%) and a minority of pharmacists (15.9%) reported

reading a guideline on cholesterol management during the last three years.

Clinical knowledge about statin therapy

Table 2 shows the clinical knowledge of statin therapy among pharmacists and physicians.

Most pharmacists (81.8%) and physicians (78.7%) could not identify the patient group that

needed ASCVD risk assessment before statin therapy initiation. Less than a third of surveyed

physicians and pharmacists (31.5% and 29.1%, respectively) were aware of high, moderate,

and low-intensity statins definitions. Although a significant proportion of respondents knew

of the fact that high-intensity statins are recommended for individuals with ASCVD (65.4%)

and primary hypercholesterolemia (58.4%), the majority of them could not identify the high

(61.6% and 66.7.3%, respectively) and moderate statin doses (72.2% and 68.6%, respectively).

Similarly, only two-fifths of physicians and pharmacists were aware of the recommended dose

intensity for the DM patient case (40.7%).

For the knowledge regarding the intake time of statins, most participants have the misinfor-

mation that all statins must be administered at night, with only 21.9% of all respondents know-

ing that atorvastatin and rosuvastatin can be administered at any time of the day. The Chi-

Square test revealed that a lower percentage of physicians were aware of this information than

pharmacists (13% vs. 29.5%, p<0.001). Similarly, a low overall rate of respondents (19.6%)

knew that atorvastatin does not need dose adjustment in chronic kidney diseases, with a statis-

tically significant difference in knowledge between physicians and pharmacists (12.5% vs.

25.6%, p<0.001, respectively).

The lowest knowledge scores for respondents were related to SDIs. In this light, only 18.6%

of respondents correctly identified the clinically significant SDIs between simvastatin and

amlodipine. Similarly, only 21.9% of participants knew that atorvastatin has the safest DDI

profile when used with warfarin. In addition, just over a fifth of respondents (22.6%) knew

that rosuvastatin is the safest statin (of the given choices) to use in patients taking clarithromy-

cin. Notably, physicians had lower knowledge regarding amlodipine-simvastatin DDI than

pharmacists (13.4 vs. 22.9%, p = 0.008). Likewise, there was a significant difference between

physicians and pharmacists regarding the safest statin agent to use with clarithromycin (18.1%

vs. 26.4%, p = 0.031). Regarding statins contraindications, a large proportion of respondents

were aware that statins are contraindicated in pregnancy (59.1%) and active liver disease

(69.8%). Physicians had a higher knowledge regarding the contraindication of statins in active

liver disease compared to pharmacists (78.2% vs. 62.8%, p<0.001). Notably, a lower percent-

age of participants (39.2%) were aware that statins are not safe to use during breastfeeding.

The association between sociodemographic and statin clinical knowledge is presented in

Table 3. There were significant associations between respondents’ mean rank clinical knowl-

edge of statins and participants’ characteristics except for the gender and profession groups.

Patients younger than 30 years old and with<6 experience years had significantly lower

knowledge scores compared to those older than 30 years old and with�6 years of experience

(p<0.001).

The Mann-Whitney U and the Kruskal-Wallis tests (Table 3) showed a significant differ-

ence (χ2 = 56.454, p< 0.001) among the physicians’ degree groups with a mean rank knowl-

edge score of 156.5 for consultants, 144.2 for specialists, 114.23 for resident, and 79.21 for GPs.

Similarly, there was a statistically significant difference (χ2 = 59.801, p< 0.001) among the

pharmacists’ degree categories with a mean rank knowledge score of 201.83, 140.64, and 81.89

for PharmD, bachelor, and diploma holders, respectively.
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Table 2. Participants’ clinical knowledge about statin therapy.

Question Physicians F (%) (n = 216) Pharmacists F (%) (n = 258) Total F (%) (n = 474) P-value�

It is recommended to initiate statin therapy without ASCVD risk assessment in all the following patients EXCEPT (Obese and a smoker patient aged 42 years old)

Correct 46 (21.3) 47 (18.2) 93 (19.6) 0.400

Incorrect 170 (78.7) 211 (81.8) 381 (80.4)

What percent of LDL-C reduction would you expect from low, moderate, and high-intensity statin daily therapy? (< 30% for low, 30- <50% for moderate, and �50% for

high-intensity statin therapy)?

Correct 68 (31.5) 75 (29.1) 143 (30.2) 0.569

Incorrect 148 (68.5) 183 (70.9) 331 (69.8)

Which of the following daily doses of statin therapy is considered a high-intensity statin? (Rosuvastatin 20mg)

Correct 83 (38.4) 86 (33.3) 169 (35.7) 0.249

Incorrect 133 (61.6) 172 (66.7) 305 (64.3)

Which of the following daily doses of statin therapy is considered a moderate-intensity statin: (Rosuvastatin 10 mg)

Correct 60 (27.8) 81 (31.4) 141 (29.7) 0.391

Incorrect 156 (72.2) 177 (68.6) 333 (70.3)

Which of the following statin intensity is recommended for adult patients with clinical ASCVD such as myocardial infarction and angina: (High-intensity statin)

Correct 146 (67.6) 164 (63.6) 310 (65.4) 0.359

Incorrect 70 (32.4) 94 (36.4) 164 (34.6)

Which of the following statin intensity is recommended for patients with severe primary hypercholesterolemia (LDL-C level �190 mg/dL [�4.9 mmol/L]): (High-intensity

statin)

Correct 143 (66.2) 134 (51.9) 277 (58.4) 0.002

Incorrect 73 (33.8) 124 (48.1) 197 (41.6)

Which of the following statin-intensity is recommended for patients with only diabetes mellitus aged 40–75 years old with LDL-C level of 70 mg/dL or more: (Moderate-

intensity statin)

Correct 87 (40.3) 106 (41.1) 193 (40.7) 0.859

Incorrect 129 (59.7) 152 (58.9) 281 (59.3)

Which of the following statin medications can be taken by patients at any time of the day? (Atorvastatin and Rosuvastatin)

Correct 28 (13) 76 (29.5) 104 (21.9) <0.001

Incorrect 188 (87) 182 (70.5) 370 (78.1)

Which of the following statin medications does not need dose adjustment in chronic kidney disease: (Atorvastatin)

Correct 27 (12.5) 66 (25.6) 93 (19.6) <0.001

Incorrect 189 (87.5) 192 (74.4) 381 (80.4)

Which of the following statin medications is associated with clinically significant drug-drug interaction when used in combination with amlodipine: (Simvastatin)

Correct 29 (13.4) 59 (22.9) 88 (18.6) 0.008

Incorrect 187 (86.6) 199 (77.1) 386 (81.4)

Which of the following statin medications is preferred to use for patients on warfarin to avoid drug-drug interactions: (Atorvastatin)

Correct 40 (18.5) 64 (24.8) 104 (21.9) 0.099

Incorrect 176 (81.5) 194 (75.2) 370 (78.1)

Which of the following statin medications is the safest to use in patients taking clarithromycin: (Rosuvastatin)

Correct 39 (18.1) 68 (26.4) 107 (22.6) 0.031

Incorrect 177 (81.9) 190 (736) 367 (77.4)

Statin therapy is contraindicated in pregnancy: (Yes)

Correct 126 (58.3) 154 (59.7) 280 (59.1) 0.765

Incorrect 90 (41.7) 104 (40.3) 194 (40.9)

Statin therapy can be used safely during breastfeeding: (No)

Correct 81 (37.5) 105 (40.7) 186 (39.2) 0.478

Incorrect 135 (62.5) 153 (59.3) 288 (60.8)

Statin therapy is contraindicated active liver disease: (Yes)

Correct 169 (78.2) 162 (62.8) 331 (69.8) <0.001

Incorrect 47 (21.8) 96 (37.2) 143 (30.2)

�Significant difference between Pharm-D and medical students using Chi-square test. ASCVD (Atherosclerotic Cardiovascular disease), Total F (Total frequency),

LDL-C (Low-density lipoprotein-cholesterol)

https://doi.org/10.1371/journal.pone.0280432.t002
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Knowledge of monitoring parameters

The vast majority of the surveyed pharmacists (92.2%) and physicians (95.8%) were aware that

lipid profile is recommended at baseline before initiating statin therapy (Table 4). More than two-

Table 3. Factors influencing clinical knowledge of statin therapy.

Variable Frequency (%) Mean rank Test value P-valuea

Gendera

Male 330 232.17 25520 0.196

Female 144 249.72

Agea

< 30 180 196.02 33927 <0.001

� 30 294 262.90

Professiona

Physician 216 235.41 28135 0.760

Pharmacist 258 239.25

Workplaceb

Private hospital 140 264.75 21.339 <0.001

Governmental hospital 105 265.16

Private clinic 39 224.45

Community pharmacy 190 204.81

Experience Yearsa

<6 203 201.73 34767 <0.001

�6 271 264.29

Read a guideline on cholesterol managementa

Yes 141 346.39 38830 <0.001

No 333 191.39

Physicians’ degreeb,c

Consultant 29 156.5 56.454 <0.001

Specialist 44 144.2

Resident 35 114.23

GP 108 79.21

Consultant vs. Specialist 1.000

Consultant vs. Resident 0.040

Consultant vs. GP <0.001

Specialist vs. Resident 0.196

Specialist vs. GP <0.001

Resident vs. GP 0.022

Pharmacists’ degreeb,c

PharmD 26 201.83 59.801 <0.001

B Pharm 156 140.64

Diploma 76 81.89

PharmD vs. B Pharm <0.001

PharmD vs. Diploma <0.001

B Pharm vs. Diploma <0.001

aMann-Whitney U test,
bKruskal-Wallis test,
c Dunn’s post hoc tests are carried out on each pair of the groups.

GP (General practitioner), B Pharm (Bachelor of Pharmacy)

https://doi.org/10.1371/journal.pone.0280432.t003
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fifths of the physicians (42.1%) and pharmacists (44.6%) thought HbA1c or fasting glucose testing

was recommended before statin therapy. For checking liver enzymes (ALT), a significantly higher

percentage of physicians than pharmacists chose it as a recommended test before statin initiation

(77.3% vs. 30.2%, p<0.001). For efficacy monitoring of statins, around half of respondents

(52.3%) correctly identify the duration (4 to 12 weeks) at which LD-C measuring is recommended

after therapy initiation or dose change. On the other hand, the majority of participants (87.8%)

were aware that a follow-up lipid profile is recommended every 3–12 months as clinically needed.

For monitoring parameters, a significantly higher percentage of physicians knew when to do a

lipid profile for efficacy monitoring after statin therapy initiation (p = 0.042 and 0.001).

Barriers to guideline implementation

The four most perceived barriers to implementing cholesterol management guidelines

(Table 5) were no audit on adherence to the guidelines in the workplace (73.4%), insufficient

Table 4. Participants’ knowledge of monitoring parameters.

Question Physicians F (%) (n = 216) Pharmacists F (%) (n = 258) Total F� (%) (n = 474) P-value�

What is/are the lab tests recommended for patients at baseline before initiating statin therapy: (please choose all that apply)

Lipid profile 207 (95.8) 238 (92.2) 445 (93.9) 0.105

HbA1c or fasting glucose 91 (42.1) 115 (44.6) 206 (43.5) 0.593

Liver enzymes (ALT) 167 (77.3) 78 (30.2) 245 (51.7) <0.001

Creatinine kinase (CK) 44 (20.4) 46 (17.8) 90 (19) 0.482

It is recommended to assess statin efficacy by measuring LDL-C . . .. . .. . .. . .. . .. . . after statin therapy initiation or dose change: (4 to 12 weeks)

Correct 124 (57.4) 124 (48.1) 248 (52.3) 0.042

Incorrect 92 (42.6) 134 (51.9) 226 (47.7)

Once the patient achieved the target lipid level, it is recommended to do a lipid profile every: (3–12 months as needed)

Correct 201 (93.1) 215 (83.3) 416 (87.8) 0.001

Incorrect 15 (6.9) 43 (16.7) 58 (12.2)

�Total F (Total frequency)

https://doi.org/10.1371/journal.pone.0280432.t004

Table 5. Participants reported barriers to proper implementation of guideline recommendations regarding statin therapy.

Barriers Physicians F (%)

(n = 216)

Pharmacists F (%)

(n = 258)

Total F (%)

(n = 474)

P-value

1. Not very familiar with the guideline latest recommendations for statin therapy 125 (57.9) 175 (67.8) 300 (63.3) 0.025

2. Workload and lack of time prevent the application of guideline recommendations

regarding statin medication

159 (73.6) 105 (40.7) 264 (55.7) <0.001

3. Patients’ financial status does not allow them to implement the guideline

recommendation

160 (74.1) 199 (77.1) 359 (75.7) 0.439

4. Adherence to the international guidelines will not make a difference in the clinical

outcomes of Yemeni patients

68 (31.5) 119 (46.1) 187 (39.5) 0.001

5. Disagreement with some of the guideline recommendations regarding statin

therapy

32 (14.8) 36 (14) 68 (14.3) 0.790

6. Guidelines’ recommendations are complex and difficult to use 18 (8.3) 37 (14.3) 55 (11.6) 0.042

7. The cholesterol management guidelines are too long 22 (10.2) 6 (2.3) 28 (5.9) <0.001

8. The cholesterol management guideline changes too often 24 (11.1) 8 (3.1) 32 (6.8) 0.001

9. The cholesterol management guideline is too rigid to apply to all individual patients 47 (21.8) 54 (20.9) 101 (21.3) 0.826

10. No follow-up or audit on adherence to the guidelines in the workplace 146 (67.6) 202 (78.3) 348 (73.4) 0.009

11. Insufficient resources to adequately implement and follow up the guideline’s

recommendations

157 (72.7) 192 (74.4) 349 (73.6) 0.670

12. Patient’s noncompliance with statins due to side effects (e.g. myalgia) 43 (19.9) 55 (21.3) 98 (20.7) 0.706

https://doi.org/10.1371/journal.pone.0280432.t005
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resources to adequately implement and follow up on the guideline’s recommendations

(73.6%), patient’s financial status (75.7%), and lack of familiarity about the guideline’s latest

recommendations (63.3%). The lowest perceived barriers were those related to the guideline,

such as being too long (5.9%), changing too often (6.8%), and its complexity and difficulty of

use (11.6%). Moreover, a minority of respondents (14.3%) disagree with the guideline

recommendations.

Regarding the differences between physicians and pharmacists regarding the perceived bar-

riers to guideline implementation, physicians were more likely to perceive workload and lack

of time as barriers compared to pharmacists (73.6% vs. 40.7%, p<0.001). Furthermore, more

physicians than pharmacists believed that the cholesterol management guidelines were too

long or changed too often (p<0.001 and p = 0.001, respectively). On the other hand, a signifi-

cantly higher percentage of pharmacists than physicians perceived the complexity and diffi-

culty of guideline use as a barrier (8.3% vs. 14.3%, p = 0.042). Similarly, lack of awareness

about the guideline, lack of audit on adherence to the guidelines in the workplace, and the

belief that adherence to the international guidelines will not make a difference in clinical out-

comes of Yemeni patients were reported by more pharmacists than physicians (Table 5).

Discussion

Clinical knowledge about statin therapy

In Yemen, physicians and pharmacists had insufficient clinical knowledge about statin therapy

and the up-to-date recommendations of the latest 2018 ACC/AHA guidelines for dyslipidemia

management. Eleven out of 15 questions about clinical knowledge of statin therapy had less

than 50% correct response rate. Previous studies reported a low awareness level of cholesterol

guidelines among healthcare providers, particularly physicians and pharmacists. For example,

physicians and clinical pharmacists in Suadi Arabia had insufficient awareness of the practice-

changing recommendations of the 2013 ACC/AHA dyslipidemia management guidelines

[10]. Moreover, just over a third of Singapore’s physicians (35%) were familiar with the 2013

ACC/AHA guidelines [16]. Furthermore, in a USA study, less than half of healthcare providers

had read the guideline [14]. These findings are consistent with those of Reiner et al., 2010, who

found that only half of the physicians utilize dyslipidemia management guidelines and that

their knowledge was suboptimal [24]. Similarly, Heidrich et al. showed that only 63% of inter-

nists and 32% of GPs commenced lipid-lowering therapy in accordance with guidelines [25].

On the other hand, other studies reported overall good knowledge among healthcare pro-

viders regarding statin therapy and/or dyslipidemia management guidelines. For example, the

general awareness and the use of the national lipid management guideline were good among

postgraduate primary care trainees in Malaysia [26]. Similar findings were achieved by Ham-

mad et al., who reported adequate knowledge and positive attitude among physicians and

pharmacists regarding statin therapy utilization for type 2 diabetic patients [27]. In addition, a

USA-based study found that the vast majority of clinical pharmacists (92%) had read the

guideline, and 72% of participants were able to identify the four benefit groups for statin ther-

apy [15]. Nevertheless, the same study reported knowledge gaps regarding lipids monitoring

after statin initiation, and the knowledge gaps were higher in clinical pharmacists who prac-

ticed for more than ten years and specialized in internal medicine [15]. According to a survey

conducted in Kuwait, over 90% of physicians reported using lipid guidelines and considered

themselves knowledgeable about them. In the same study, younger physicians were found to

have a lower level of knowledge and employed guidelines less frequently [28].

According to the 2018 AHA/ACC guidelines, patients with ASCVD, primary hypercholes-

terolemia, and DM aged 40–75 years old should be initiated statin therapy without ASCVD
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risk assessment. In the present study, most physicians and pharmacists (80.4%) could not iden-

tify the patient group that needs ASCVD risk assessment before initiating statin therapy. This

knowledge gap among healthcare providers could result in the underutilization of statins

among patients with clinical indications. Indeed, we recently have reported knowledge and

practice gaps regarding CVD risk assessment among physicians and pharmacists [12, 13].

Another knowledge gap was related to the definition of high, moderate, and low-intensity

statins, with more than two-thirds of respondents (69.8%) unaware of it. These observations

were also in line with findings from the USA, with two-thirds of cardiology/endocrinology

providers unaware of the definition of statin therapy intensity [14]. In contrast, a high percent-

age of clinical pharmacists in the USA (63.1%) were aware of the definitions of statin intensi-

ties. The lack of proper outcome anticipation among healthcare providers regarding different

statin intensities could lead to inappropriate prescribing of statin therapy for patients with

high CVD risk. In this light, most of the recent dyslipidemia guidelines recommend a reduc-

tion in LDL-C by 50% or more for secondary prevention or very high-risk patients, which is

achieved by using high-intensity daily dose statin. Lack of knowledge about this information

could indirectly reflect that the majority of physicians in Yemen do not use the % reduction in

LDL-c to monitor the efficacy of statins, particularly among high-risk patients.

Notably, a significant proportion of respondents knew that high-intensity statins are rec-

ommended for patients with ASCVD (65.4%) and primary hypercholesterolemia (58.4%).

However, the majority of them could not identify the high (64.3%) and moderate statin inten-

sities (70.3%). This could lead to the use of suboptimal statin intensity for patients with high

and very high CVD risk. The gap of knowledge regarding statin intensities has been shown in

previous work from Suadi Arabia, where the questions about statin monitoring and the high-

intensity statin group had the lowest percentage of correct answers with 9.1% and 28.6%,

respectively [10]. In Jordan, more than half of the physicians were able to define the moderate-

and high-intensity statin groups and gave correct examples for each of them [11].

Alarmingly, approximately three-fifths of respondents in the present study were unaware

that DM patients aged 40–75 with LDL-c 70-189mg/dl should receive at least moderate-inten-

sity statin. Their answers were either they do not need a statin or should receive a low-intensity

dose. Rababa’h et al. (2020) found that only 45.4% of participating Jordanian physicians rec-

ommended the right therapeutic statin plan for diabetic patients aged 40–75 years old [11].

Although several studies worldwide have reported the underutilization of statins among

patients with DM aged 40–75 years old, in our study, we confirm the lack of knowledge among

Yemeni physicians and pharmacists regarding statin use in DM patients as a potential reason

for the underutilization of statins among patients for primary prevention in Yemen, particu-

larly diabetic patients aged 40–75 years old.

Knowledge gaps were found among pharmacists and physicians with regard to the time of

statin therapy intake and the awareness about the statin that does not need renal adjustment in

CKD. The knowledge gaps were significantly higher among physicians compared to pharma-

cists. A possible explanation for this is that pharmacists are exposed more to information

regarding the time of drug intake and dose adjustments in CKD patients, and one of their

roles is to counsel the patients and/or physicians about such information. Just over a fifth of

respondents knew that atorvastatin and rosuvastatin could be administered at any time of the

day. Many patients prefer to take the medication in the morning, and forcing them to take it at

a specific time could contribute to their non-adherence to statin therapy. Therefore, healthcare

providers’ knowledge that some statins can be taken at any time of the day is fundamental, and

it can help match the patients’ preferences about the time of statin intake.

Similarly, prescribing a statin for patients who have CKD is common, and physicians and

pharmacists should be aware of statins that do not need a dose adjustment and are preferable
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to use in such cases as atorvastatin. Using the statins such as rosuvastatin in CKD patients

requires dose limitations. Thus, physicians’ and pharmacists’ awareness of the safest agents

and the recommended doses in CKD patients is vital to minimize statin-related side effects.

Pharmacists and physicians had a low level of knowledge regarding statin-drug interac-

tions, and the correct response rate is significantly lower among physicians. This gap of knowl-

edge has been reflected in Yemeni clinical practice, where 18% of patients on a statin had a

clinically significant statin-drug interaction [29]. These findings are similar to those of an

American study that reported knowledge-practice gaps with regard to dyslipidemia manage-

ment and underlined the necessity of education [30]. CME, such as workshops or/and lectures,

may be beneficial in these situations [31, 32]. More practically and less time-consuming, it is

best to integrate an alert system for clinically significant DDIs in the hospital or pharmacy

information system. Previous studies have demonstrated that integrating guideline recom-

mendations or alert systems into the IT system improves treatment and decreases the DDI rate

[33–35]. However, Yemen is still far behind in integrating technology into the healthcare sys-

tem, and most of the prescriptions are still handwritten. Therefore, it appears more suitable, at

least at the moment, for most Yemeni healthcare providers to screen for potential SDIs using

reliable DDIs software.

Healthcare providers’ knowledge about contraindications for drugs is important, and when

we talk about statins that are utilized by millions of people, it becomes more prominent as the

consequences would be bigger. In the present study, suboptimal awareness about statin contra-

indications was observed among the respondents. The highest knowledge gap was for the

question related to the use of statins among breastfeeding women, where a significant percent-

age of respondents thought it safe to use. Similarly, around two-fifths of participants did know

that statins are contraindicated in pregnancy. Currently, statins are contraindicated in preg-

nancy and lactation by the FDA and the manufacturers. However, changes in such recommen-

dations could occur in the near future. To illustrate, contrary to animal studies and early

uncontrolled case series reports that highlighted the potential teratogenic effect of statins [36–

38], a recent observational study reported no elevated risk of congenital malformations related

to statin exposure in pregnancy when compared to control groups [39]. However, the same

study found an increased risk of low birth weight and preterm birth with statin use. Further-

more, the impact of statins on three key pregnancy-related outcomes (spontaneous abortion,

stillbirth, and preterm delivery) have been assessed in a recent systematic review and meta-

analysis [40]. The authors concluded that statin therapy appears to be safe as it was not associ-

ated with preterm delivery or stillbirth but associated with a significant increase in the risk for

spontaneous abortion. The authors also emphasized the need for future studies to determine

whether statin therapy could be beneficial in a subset of pregnant women, for whom the poten-

tial benefits of statin use outweigh the risk [40]. On July 20, 2021, the FDA requested that the

prescription material for the whole class of statin drugs to be revised regarding usage during

pregnancy [41]. These modifications include the removal of the contraindication label in all

pregnant women. According to the FDA, such actions are expected to allow health care profes-

sionals to make individual judgments about benefits and risks, particularly for individuals at

very high risk of heart attack or stroke. This includes individuals with homozygous familial

hypercholesterolemia and those who have previously suffered from ASCVD.

Association between knowledge and sociodemographic data

Younger participants, having<6 years of experience, working in community pharmacies,

GPs, and pharmacists with diploma degrees were associated with a low level of statins’ clinical

knowledge. These findings are in line with results reported by other studies. For example,
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younger Kuwaiti physicians were less knowledgeable about lipid guidelines and consequently

used them less frequently [28]. Similarly, a Jordanian study reported that older age and higher

rank of physicians were associated with better knowledge about cholesterol guidelines and that

gender and hospital type were not significantly associated with knowledge [11]. Furthermore,

in a study from Singapore, cardiologists were more familiar with the 2013 ACC/AHA recom-

mendations than nephrologists, endocrinologists, or general practitioners [16]. In addition, a

study from Suadi Arabia found that specialty significantly affected the physicians’ and clinical

pharmacists’ knowledge about dyslipidemia guidelines [10]. Moreover, healthcare providers

with postgraduate qualifications had better knowledge and practice regarding statin use

among diabetic patients [42].

On the other hand, other studies in literature reported contrary findings. In this light, more

knowledge gaps were identified among USA clinical pharmacists with more experience and

who specialized in internal medicine [15]. Similarly, Zaitoun et al. reported a higher knowl-

edge level among the female gender than males [10]. On top of that, a recent study found no

significant difference in the appropriate utilization of statin between patients managed by gen-

eral internists versus groups managed in collaboration with a cardiologist [43].

Knowledge about monitoring parameters

There were knowledge gaps among the respondents regarding monitoring parameters, and

they are higher among pharmacists. In this light, a higher percentage of pharmacists lacked the

knowledge about the recommended duration for doing lipid profiles for follow-up (4–12

weeks) and routine measurements (3–12 months). Moreover, a significantly higher percentage

of physicians than pharmacists choose ALT monitoring at baseline. This was expected as mon-

itoring statins’ efficacy and safety is considered part of physicians’ duties in Yemen. Neverthe-

less, more than two-fifths of physicians were unaware that a lipid profile should be performed

4–12 weeks after statin initiation or dose change to assess the response and adherence. The

knowledge gaps regarding monitoring parameters corroborate previous findings of subopti-

mal awareness and/or inappropriate practices toward statins’ monitoring in a clinical setting

among healthcare providers in different countries such as the USA [14], Jordan [11], KSA

[10], Malaysia [26].

For statins’ efficacy monitoring, there is some kind of consensus between the different

guidelines regarding lipid monitoring at baseline, follow-up (4–12 weeks after initiating a

statin therapy or dose change), and routine measurement (3 months to one year). However,

there are some differences in recommendations regarding safety monitoring. For example, the

2018 ACC/AHA guideline has no clear recommendation regarding routine HbA1c or glucose

monitoring [5]. On the other hand, the 2019 ESC/EAS guideline recommends that regular

HbA1c or glucose testing be considered in individuals with high-dose statin therapy or at high

risk of developing diabetes [6]. Another key difference regarding CK and ALT monitoring at

baseline and follow-up. The 2018 ACC/AHA guideline has an expert opinion to do ALT at

baseline but does not recommend it at follow-up unless clinically indicated. For CK monitor-

ing, it is not recommended at baseline nor at follow-up unless clinically indicated (high risk

for myopathy or syptoms developed) [5]. On the other hand, the 2019 ESC/EAS guideline rec-

ommends ALT and CK monitoring at baseline and follow-up. Regarding the routine measure-

ment of ALT and CK, both guidelines do not recommend that [6].

Barriers to guideline implementation in Yemeni clinical practice

The barriers reported by physicians and pharmacists that hinder the implementation of the

2018 ACC/AHA cholesterol guideline were analyzed. The most common barriers were no
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audit on adherence to the guidelines in the workplace, insufficient resources to implement and

follow up the guideline’s recommendations adequately, and patients’ financial status. In con-

trast, the patient’s inability to afford medications was reported by a minority of healthcare pro-

viders in the USA [14]. This difference is expected due to the fact that the healthcare system in

Yemen is semi-collapsed, with no government health insurance. Additionally, a large percent-

age of the population is in need of humanitarian assistance and cannot afford private health

insurance or costly medications on a regular basis [44]. Providing patients in need with

chronic medication such as statins can improve the utilization of statins for those with a high

risk for CVD. In fact, there is currently the Yemen Medicine Bank. It is a non-profit organiza-

tion that aims to provide urgent and necessary health and pharmaceutical services that con-

tribute to reducing disease for the poor and most vulnerable groups. One of its programs is to

provide the needy, the poorest in society, and those with chronic diseases with free medicines

needed for them every month. However, the program coverage is still shallow, and more gov-

ernment and private sector efforts are needed to mitigate the patients’ financial status barrier

[45].

In our analysis, a minority of healthcare providers reported disagreement with guidelines,

rolling out the negative attitude as a major player in guideline implementation in Yemen. Atti-

tudes-based barriers have been traditionally reported among healthcare providers with differ-

ent degrees of prevalence among studies. For example, disagreement with the dyslipidemia

guideline was reported by 11.3% of providers in a USA-based study [14]. However, disagree-

ment among the USA clinical pharmacists was higher (23.5%) [15]. Similarly, attitude-related

obstacles have been reported among Kuwaiti physicians [28].

Several studies have reported a lack of knowledge as a barrier to dyslipidemia guideline

implementation. This was affirmed in our study in which a high proportion of respondents

perceived a lack of familiarity with guidelines as a barrier to implementation. These findings

highlight the need for educational interventions in the form of CME to improve the healthcare

provider’s knowledge of the up-to-date guideline recommendations. Other methods have been

proposed previously to overcome these obstacles, such as integrating guideline’s key recom-

mendations into the workplace system, developing local guidelines, and presenting key recom-

mendations in various formats, including one- or two-page summaries or algorithms [28].

While this phase accurately captured participants’ clinical knowledge of statin therapy and

monitoring parameters, some limitations existed. To begin, data was solely collected in Sana’a.

This may limit the generalization of the findings. Second, because convenience sampling was

used, this could lead to selection bias. Despite these limitations, the study includes an adequate

sample size. Also, this is the first study to comprehensively assess clinical knowledge about

statin medication, and some of the questions in the knowledge section were constructed for

the first time in this study based on recent guideline guidelines. It is also the first study from

Yemen to give helpful information on the barriers to cholesterol management guideline

implementation.

Conclusion

Physicians and pharmacists had suboptimal clinical knowledge regarding statin therapy, dose

intensities, drug-drug interaction, contraindications, and monitoring parameters. The most

common barriers to implementing cholesterol guidelines were no audit on adherence to the

guidelines in the workplace, insufficient resources to implement and follow up the guideline’s

recommendations adequately, lack of knowledge about guidelines, and patients’ financial sta-

tus. Therefore, physicians’ and pharmacists’ educational interventions regarding evidence-

based medicine such as statins are recommended.

PLOS ONE Clinical knowledge of statin therapy and monitoring parameters, and the barriers to guideline implementation

PLOS ONE | https://doi.org/10.1371/journal.pone.0280432 January 20, 2023 14 / 17

https://doi.org/10.1371/journal.pone.0280432


Supporting information

S1 File. Study questionnaire.

(DOCX)

S2 File. Study dataset.

(SAV)

Author Contributions

Conceptualization: Fahmi Y. Al-Ashwal, Syed Azhar Syed Sulaiman, Siti Maisharah Sheikh

Ghadzi.

Data curation: Fahmi Y. Al-Ashwal, Mohammed Abdullah Kubas.

Formal analysis: Fahmi Y. Al-Ashwal.

Funding acquisition: Mohammed Abdullah Kubas, Abdulsalam Halboup.

Investigation: Fahmi Y. Al-Ashwal.

Methodology: Fahmi Y. Al-Ashwal, Syed Azhar Syed Sulaiman, Siti Maisharah Sheikh Ghadzi,

Mohammed Abdullah Kubas, Abdulsalam Halboup.

Resources: Abdulsalam Halboup.

Supervision: Fahmi Y. Al-Ashwal, Syed Azhar Syed Sulaiman, Siti Maisharah Sheikh Ghadzi,

Mohammed Abdullah Kubas.

Validation: Syed Azhar Syed Sulaiman, Siti Maisharah Sheikh Ghadzi, Abdulsalam Halboup.

Writing – original draft: Fahmi Y. Al-Ashwal.

Writing – review & editing: Fahmi Y. Al-Ashwal, Syed Azhar Syed Sulaiman, Siti Maisharah

Sheikh Ghadzi, Mohammed Abdullah Kubas, Abdulsalam Halboup.

References
1. Armitage J. The safety of statins in clinical practice. The Lancet. 2007; 370(9601):1781–90. https://doi.

org/10.1016/S0140-6736(07)60716-8 PMID: 17559928

2. Baigent C, Blackwell L, Emberson J, Holland L, Reith C, Bhala N, et al. Efficacy and safety of more

intensive lowering of LDL cholesterol: a meta-analysis of data from 170,000 participants in 26 rando-

mised trials. Lancet. 2010; 376(9753):1670–81. https://doi.org/10.1016/S0140-6736(10)61350-5 PMID:

21067804

3. Ramkumar S, Raghunath A, Raghunath S. Statin therapy: review of safety and potential side effects.

Acta Cardiologica Sinica. 2016; 32(6):631. https://doi.org/10.6515/acs20160611a PMID: 27899849

4. Chou R, Dana T, Blazina I, Daeges M, Jeanne TL. Statins for prevention of cardiovascular disease in

adults: evidence report and systematic review for the US Preventive Services Task Force. Jama. 2016;

316(19):2008–24. https://doi.org/10.1001/jama.2015.15629 PMID: 27838722

5. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018 AHA/ACC/

AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on the management of

blood cholesterol: a report of the American College of Cardiology/American Heart Association Task

Force on Clinical Practice Guidelines. Journal of the American College of Cardiology. 2019; 73(24):

e285–e350.

6. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019 ESC/EAS Guidelines

for the management of dyslipidaemias: lipid modification to reduce cardiovascular risk: The Task Force

for the management of dyslipidaemias of the European Society of Cardiology (ESC) and European Ath-

erosclerosis Society (EAS). European Heart Journal. 2019; 41(1):111–88. https://doi.org/10.1093/

eurheartj/ehz455

7. Ministry of Health Malaysia. Clinical Practice Guidelines on Primary & Secondary Prevention of Cardio-

vascular Disease 2017: 24.

PLOS ONE Clinical knowledge of statin therapy and monitoring parameters, and the barriers to guideline implementation

PLOS ONE | https://doi.org/10.1371/journal.pone.0280432 January 20, 2023 15 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280432.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280432.s002
https://doi.org/10.1016/S0140-6736%2807%2960716-8
https://doi.org/10.1016/S0140-6736%2807%2960716-8
http://www.ncbi.nlm.nih.gov/pubmed/17559928
https://doi.org/10.1016/S0140-6736%2810%2961350-5
http://www.ncbi.nlm.nih.gov/pubmed/21067804
https://doi.org/10.6515/acs20160611a
http://www.ncbi.nlm.nih.gov/pubmed/27899849
https://doi.org/10.1001/jama.2015.15629
http://www.ncbi.nlm.nih.gov/pubmed/27838722
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1371/journal.pone.0280432


8. Grundy SM, Stone NJ, Guideline Writing Committee for the Cholesterol G. 2018 Cholesterol Clinical

Practice Guidelines: Synopsis of the 2018 American Heart Association/American College of Cardiol-

ogy/Multisociety Cholesterol Guideline. Ann Intern Med. 2019; 170(11):779–83. Epub 2019/05/28.

https://doi.org/10.7326/M19-0365 PMID: 31132793.

9. Elnaem MH, Mohamed MHN, Huri HZ, Azarisman SM, Elkalmi RM. Statin therapy prescribing for

patients with type 2 diabetes mellitus: a review of current evidence and challenges. Journal of phar-

macy & bioallied sciences. 2017; 9(2):80–7. https://doi.org/10.4103/jpbs.JPBS_30_17 PMID:

28717329

10. Zaitoun MF, Iflaifel MH, Almulhim LA, Al-Ghamdi MA, Ibrahim YA. Awareness of physicians and clinical

pharmacists about ACC/AHA guidelines for dyslipidemia management: a cross-sectional study. Journal

of pharmacy & bioallied sciences. 2019; 11(2):181–6. https://doi.org/10.4103/jpbs.JPBS_59_18 PMID:

31148896

11. Rababa’h AM, Mustafa R, Rabab’ah Ma, Khasawneh M, Ababneh M, Khraisha S, et al. Evaluation of

physician’s knowledge in Jordan about the ACC/AHA blood cholesterol guidelines. International Journal

of Clinical Practice. 2020; 75(3):e13784. https://doi.org/10.1111/ijcp.13784 PMID: 33095960

12. Al-Ashwal FY, Sulaiman SAS, Sheikh Ghadzi SM, Kubas MA, Halboup A. Knowledge, attitude, per-

ceived barriers, and practices among pharmacists regarding risk assessment of cardiovascular dis-

ease: a cross-sectional study in Yemen. Current medical research and opinion. 2022; 38(3):451–9.

https://doi.org/10.1080/03007995.2021.1994380 PMID: 34657524

13. Al-Ashwal FY, Sulaiman SAS, Sheikh Ghadzi SM, Kubas MA, Halboup A. Risk assessment of athero-

sclerotic cardiovascular diseases before statin therapy initiation: Knowledge, attitude, and practice of

physicians in Yemen. PloS one. 2022; 17(5):e0269002. https://doi.org/10.1371/journal.pone.0269002

PMID: 35617266

14. Virani SS, Pokharel Y, Steinberg L, Chan W, Akeroyd JM, Gowani SA, et al. Provider understanding of

the 2013 ACC/AHA cholesterol guideline. Journal of clinical lipidology. 2016; 10(3):497–504. e4. https://

doi.org/10.1016/j.jacl.2015.11.002 PMID: 27206936

15. Bucheit JD, Helsing H, Nadpara P, Virani SS, Dixon DL. Clinical pharmacist understanding of the 2013

American College of Cardiology/American Heart Association cholesterol guideline. Journal of clinical

lipidology. 2018; 12(2):367–74. e3. https://doi.org/10.1016/j.jacl.2017.11.010 PMID: 29277495

16. Setia S, Fung SS-W, Waters DD. Doctors’ knowledge, attitudes, and compliance with 2013 ACC/AHA

guidelines for prevention of atherosclerotic cardiovascular disease in Singapore. Vascular Health and

Risk Management. 2015; 11:303–10. https://doi.org/10.2147/VHRM.S82710 PMID: 26082642

17. Al-Worafi YM. Drug safety in Yemen. Drug Safety in Developing Countries: Elsevier; 2020. p. 391–405.

18. Halboup AM, Othman GQ, Battah MM, Alzoubi KH, Sallom H. Awareness of Physicians in Yemen

Toward High Blood Pressure Management According to the Eighth Joint National Committee (JNC 8)

Guideline. Int J Gen Med. 2020; 13:529–37. Epub 2020/09/15. https://doi.org/10.2147/IJGM.S265118

PMID: 32922064.

19. Daniel WW, Cross CL. Biostatistics: a foundation for analysis in the health sciences: Wiley; 2018.

20. Pokharel Y, Steinberg L, Chan W, Akeroyd JM, Jones PH, Nambi V, et al. A dataset to assess providers’

knowledge and attitudes towards the 2013 American College of Cardiology/American Heart Association

Cholesterol Management Guideline. Data in brief. 2016; 7:595–8.

21. Yusoff MSB. ABC of content validation and content validity index calculation. Resource. 2019; 11

(2):49–54.

22. Yang Y, Green SB. Coefficient Alpha: A Reliability Coefficient for the 21st Century? Journal of Psychoe-

ducational Assessment. 2011; 29:377–92.

23. Statistics L. Mann-Whitney U test using SPSS statistics. Statistical tutorials and software guides. 2015.

24. Reiner Ž, Sonicki Z, Tedeschi-Reiner E. Physicians’ perception, knowledge and awareness of cardio-

vascular risk factors and adherence to prevention guidelines: the PERCRO-DOC survey. Atherosclero-

sis. 2010; 213(2):598–603. https://doi.org/10.1016/j.atherosclerosis.2010.09.014 PMID: 20947087

25. Heidrich J, Behrens T, Raspe F, Keil U. Knowledge and perception of guidelines and secondary preven-

tion of coronary heart disease among general practitioners and internists. Results from a physician sur-

vey in Germany. European Journal of Preventive Cardiology. 2005; 12(6):521–9. https://doi.org/10.

1097/00149831-200512000-00002 PMID: 16319540

26. Said AH, Chia YC. Awareness, knowledge and practice of dyslipidaemia management among post-

graduate primary care trainees in Malaysia: a cross-sectional study. BMJ open. 2017; 7(3):e013573.

https://doi.org/10.1136/bmjopen-2016-013573 PMID: 28249849

27. Hammad MA, Sulaiman S, Aziz N, Qamar M, Shaikh F, Noor DM. Comparison of Pharmacists and Phy-

sicians’ Awareness of Statins Usage Among Outpatients with Type 2 Diabetes. Value in Health. 2018;

21:S73.

PLOS ONE Clinical knowledge of statin therapy and monitoring parameters, and the barriers to guideline implementation

PLOS ONE | https://doi.org/10.1371/journal.pone.0280432 January 20, 2023 16 / 17

https://doi.org/10.7326/M19-0365
http://www.ncbi.nlm.nih.gov/pubmed/31132793
https://doi.org/10.4103/jpbs.JPBS%5F30%5F17
http://www.ncbi.nlm.nih.gov/pubmed/28717329
https://doi.org/10.4103/jpbs.JPBS%5F59%5F18
http://www.ncbi.nlm.nih.gov/pubmed/31148896
https://doi.org/10.1111/ijcp.13784
http://www.ncbi.nlm.nih.gov/pubmed/33095960
https://doi.org/10.1080/03007995.2021.1994380
http://www.ncbi.nlm.nih.gov/pubmed/34657524
https://doi.org/10.1371/journal.pone.0269002
http://www.ncbi.nlm.nih.gov/pubmed/35617266
https://doi.org/10.1016/j.jacl.2015.11.002
https://doi.org/10.1016/j.jacl.2015.11.002
http://www.ncbi.nlm.nih.gov/pubmed/27206936
https://doi.org/10.1016/j.jacl.2017.11.010
http://www.ncbi.nlm.nih.gov/pubmed/29277495
https://doi.org/10.2147/VHRM.S82710
http://www.ncbi.nlm.nih.gov/pubmed/26082642
https://doi.org/10.2147/IJGM.S265118
http://www.ncbi.nlm.nih.gov/pubmed/32922064
https://doi.org/10.1016/j.atherosclerosis.2010.09.014
http://www.ncbi.nlm.nih.gov/pubmed/20947087
https://doi.org/10.1097/00149831-200512000-00002
https://doi.org/10.1097/00149831-200512000-00002
http://www.ncbi.nlm.nih.gov/pubmed/16319540
https://doi.org/10.1136/bmjopen-2016-013573
http://www.ncbi.nlm.nih.gov/pubmed/28249849
https://doi.org/10.1371/journal.pone.0280432


28. Alhajji S, Mojiminiyi S. Adherence to Current Lipid Guidelines by Physicians in Kuwait. Medical Princi-

ples and Practice. 2020; 29(5):428–35. https://doi.org/10.1159/000505244 PMID: 31805555

29. Al-Ashwal FY, Sulaiman SAS, Sheikh Ghadzi SM, Kubas MA, Halboup A. Prevalence and predictors of

clinically significant statin–drug interactions among Yemeni patients taking statins for primary and sec-

ondary prevention of cardiovascular disease. Current Medical Research and Opinion. 2022;(just-

accepted):1–27. https://doi.org/10.1080/03007995.2022.2072088 PMID: 35481428

30. Ramsaran E, Preusse P, Sundaresan D, DiMario S, Patel J, Harrison D, et al. Adherence to blood cho-

lesterol treatment guidelines among physicians managing patients with atherosclerotic cardiovascular

disease. The American journal of cardiology. 2019; 124(2):169–75. https://doi.org/10.1016/j.amjcard.

2019.04.017 PMID: 31104775

31. Pokharel Y, Steinberg L, Chan W, Akeroyd JM, Jones PH, Nambi V, et al. Case-based educational

intervention to assess change in providers’ knowledge and attitudes towards the 2013 American Col-

lege of Cardiology/American Heart Association Cholesterol Management Guideline. Atherosclerosis.

2016; 246:115–20. https://doi.org/10.1016/j.atherosclerosis.2015.12.044 PMID: 26773472

32. Elnaem MH, Nik Mohamed MH, Zaman Huri H, Azarisman SM. Impact of educational outreach inter-

vention on enhancing health care providers’ knowledge about statin therapy prescribing in Malaysian

patients with type 2 diabetes mellitus. Journal of evaluation in clinical practice. 2018; 24(3):521–7.

https://doi.org/10.1111/jep.12903 PMID: 29508492

33. Lessing SE, Hayman LL. Diabetes care and management using electronic medical records: a system-

atic review. Journal of Diabetes Science and Technology. 2019; 13(4):774–82. https://doi.org/10.1177/

1932296818815507 PMID: 30556418

34. van Wyk JT, van Wijk MA, Sturkenboom MC, Mosseveld M, Moorman PW, van der Lei J. Electronic

alerts versus on-demand decision support to improve dyslipidemia treatment: a cluster randomized con-

trolled trial. Circulation. 2008; 117(3):371–8. https://doi.org/10.1161/CIRCULATIONAHA.107.697201

PMID: 18172036

35. Shah S, Yeheskel A, Hossain A, Kerr J, Young K, Shakik S, et al. The impact of guideline integration

into electronic medical records on outcomes for patients with diabetes: a systematic review. The Ameri-

can Journal of Medicine. 2021; 134(8):952–62. e4. https://doi.org/10.1016/j.amjmed.2021.03.004

PMID: 33775644

36. Edison RJ, Muenke M. Mechanistic and epidemiologic considerations in the evaluation of adverse birth

outcomes following gestational exposure to statins. American Journal of Medical Genetics Part A.

2004; 131(3):287–98. https://doi.org/10.1002/ajmg.a.30386 PMID: 15546153

37. Dostal LA, Schardein JL, Anderson JA. Developmental toxicity of the HMG-CoA reductase inhibitor,

atorvastatin, in rats and rabbits. Teratology. 1994; 50(6):387–94. https://doi.org/10.1002/tera.

1420500604 PMID: 7778043

38. Ghidin A, Sicherer S, Willner J. Congenital abnormalities (VATER) in baby born to mother using lova-

statin. The Lancet. 1992; 339(8806):1416–7.

39. Chang J-C, Chen Y-J, Chen I-C, Lin W-S, Chen Y-M, Lin C-H. Perinatal Outcomes After Statin Expo-

sure During Pregnancy. JAMA network open. 2021; 4(12):e2141321–e. https://doi.org/10.1001/

jamanetworkopen.2021.41321 PMID: 34967881

40. Vahedian-Azimi A, Bianconi V, Makvandi S, Banach M, Mohammadi SM, Pirro M, et al. A systematic

review and meta-analysis on the effects of statins on pregnancy outcomes. Atherosclerosis. 2021;

336:1–11. https://doi.org/10.1016/j.atherosclerosis.2021.09.010 PMID: 34601188

41. Mauricio R, Khera A. Statin Use in Pregnancy: Is It Time For a Paradigm Shift? Circulation. 2022; 145

(7):496–8. https://doi.org/10.1161/CIRCULATIONAHA.121.058983 PMID: 35157518

42. Hammad M, Sulaiman S, Aziz N, Mashaly A, Elsayed T, Noor DM. The Impact of Postgraduate Educa-

tion on Healthcare Providers’ Awareness of Statins Therapy in Diabetic Dyslipidemia Management.

Value in Health. 2018; 21:S73–S4.

43. Cassagnol M, Hai O, Sherali SA, D’Angelo K, Bass D, Zeltser R, et al. Impact of cardiologist intervention

on guideline-directed use of statin therapy. World Journal of Cardiology. 2020; 12(8):419–26. https://

doi.org/10.4330/wjc.v12.i8.419 PMID: 32879704

44. Zawiah M, Al-Ashwal FY, Saeed RM, Kubas M, Saeed S, Khan AH, et al. Assessment of healthcare

system capabilities and preparedness in Yemen to Confront the novel coronavirus 2019 (COVID-19)

outbreak: a perspective of healthcare workers. Frontiers in public health. 2020; 8:419. https://doi.org/

10.3389/fpubh.2020.00419 PMID: 32850608

45. Yemen Medicine Bank 2022 [cited 2022 10/1/2022]. https://yemenmedicinebank.org/.

PLOS ONE Clinical knowledge of statin therapy and monitoring parameters, and the barriers to guideline implementation

PLOS ONE | https://doi.org/10.1371/journal.pone.0280432 January 20, 2023 17 / 17

https://doi.org/10.1159/000505244
http://www.ncbi.nlm.nih.gov/pubmed/31805555
https://doi.org/10.1080/03007995.2022.2072088
http://www.ncbi.nlm.nih.gov/pubmed/35481428
https://doi.org/10.1016/j.amjcard.2019.04.017
https://doi.org/10.1016/j.amjcard.2019.04.017
http://www.ncbi.nlm.nih.gov/pubmed/31104775
https://doi.org/10.1016/j.atherosclerosis.2015.12.044
http://www.ncbi.nlm.nih.gov/pubmed/26773472
https://doi.org/10.1111/jep.12903
http://www.ncbi.nlm.nih.gov/pubmed/29508492
https://doi.org/10.1177/1932296818815507
https://doi.org/10.1177/1932296818815507
http://www.ncbi.nlm.nih.gov/pubmed/30556418
https://doi.org/10.1161/CIRCULATIONAHA.107.697201
http://www.ncbi.nlm.nih.gov/pubmed/18172036
https://doi.org/10.1016/j.amjmed.2021.03.004
http://www.ncbi.nlm.nih.gov/pubmed/33775644
https://doi.org/10.1002/ajmg.a.30386
http://www.ncbi.nlm.nih.gov/pubmed/15546153
https://doi.org/10.1002/tera.1420500604
https://doi.org/10.1002/tera.1420500604
http://www.ncbi.nlm.nih.gov/pubmed/7778043
https://doi.org/10.1001/jamanetworkopen.2021.41321
https://doi.org/10.1001/jamanetworkopen.2021.41321
http://www.ncbi.nlm.nih.gov/pubmed/34967881
https://doi.org/10.1016/j.atherosclerosis.2021.09.010
http://www.ncbi.nlm.nih.gov/pubmed/34601188
https://doi.org/10.1161/CIRCULATIONAHA.121.058983
http://www.ncbi.nlm.nih.gov/pubmed/35157518
https://doi.org/10.4330/wjc.v12.i8.419
https://doi.org/10.4330/wjc.v12.i8.419
http://www.ncbi.nlm.nih.gov/pubmed/32879704
https://doi.org/10.3389/fpubh.2020.00419
https://doi.org/10.3389/fpubh.2020.00419
http://www.ncbi.nlm.nih.gov/pubmed/32850608
https://yemenmedicinebank.org/
https://doi.org/10.1371/journal.pone.0280432

