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Abstract: In this study, we investigated the relationship between sociodemographic, clinical,
anthropometric, and lifestyle characteristics and the type of statin prescribed for primary prevention
of cardiovascular disease (CVD). We conducted an observational study in workers who began
statin treatment. Statin therapy was categorized as “high-intensity” or “low-moderate-intensity”.
Workers were classified according to the alignment of their statin therapy with the recommended
management practices. Logistic regression models were used to evaluate the association between the
different variables studied and the probability of being prescribed high-intensity statins. The only
variables associated with a higher probability of being treated with high-intensity statins were
increased physical activity (>40 versus <20 METs (metabolic equivalent of task) h/wk; odds ratio
(OR), 1.65; 95%CI, 1.08-2.50) and, in diabetics, higher low-density lipoprotein cholesterol (LDL-C)
levels (>155 mg/dL versus <155 mg/dL; OR, 4.96; 95%CI, 1.29-19.10). The model that best predicted
treatment intensity included LDL-C, diabetes, hypertension, smoking, and age (area under the
Receiver Operating Characteristic curve (AUC), 0.620; 95%Cl, 0.574-0.666). The prescribing and
type of statin used in primary CVD prevention did not correspond with the indications in current
guidelines. The probability of receiving high-intensity statins was higher in diabetics with high LDL-C
levels and in more physically active individuals. These findings underscore the great variability and
uncertainty in the prescribing of statins.

Keywords: cardiovascular diseases; prevention and control; healthy lifestyle; hydroxymethylglutaryl-
coa reductase inhibitors; practice patterns; physicians’

1. Introduction

Clinical practice guidelines to prevent cardiovascular disease (CVD) are based on risk assessment,
recommendation of a healthy lifestyle, and, in some cases, pharmacological treatment, including lipid-
lowering therapy [1,2]. Current European guidelines for CVD prevention consider statins as a
first-line lipid-lowering option [1]. These drugs have proven efficacy in the primary prevention of
CVD, reducing morbidity and mortality in individuals with moderate and high risk [3]. However,
their effectiveness in low-risk individuals remains a topic of debate [4,5].

According to their ability to lower blood levels of low-density lipoprotein cholesterol (LDL-C),
statins are typically classified as low-, moderate-, or high-intensity [6,7]. This classification depends on
the drug and the dose used. Guidelines do not indicate the type of statin that should be prescribed,
but establish target LDL-C levels that depend on the risk of CVD. Thus, when deciding the type of
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statin to be prescribed, the physician must be aware of the patient’'s CVD risk, as well as current and
target LDL-C levels.

Given these rather nonspecific recommendations, it is of interest to know which factors (including
classical CVD risk factors, basal CVD risk, and lifestyle-related factors) are considered most important
in clinical practice when prescribing statins. This knowledge can be useful to guide prescription and
to adjust it to established standards. Some studies have described the characteristics of statin users
without stratifying by statin intensity [8,9]. Others that have collected information from administrative
databases benefit from large sample sizes, but tend to include incomplete clinical data and lack
information on patient lifestyles [10]. Finally, some authors have focused their analyses on individuals
already in treatment, neglecting new users and therefore not considering the characteristics of the user
at the moment of the decision to treat [11].

The aim of the present study was to characterize the profile of new users of statins for primary
CVD prevention in a cohort of workers, and to investigate the association between these characteristics
and the type of statin prescribed.

2. Experimental Section

2.1. Study Design and Participants

This study was based on the Aragon Worker’s Health Study cohort (AWHS). The AWHS is a
longitudinal prospective cohort study that was designed to evaluate the evolution of traditional and
emergent CVD risk factors and their association with the prevalence and progression of subclinical
atherosclerosis in a population of middle-aged car plant workers in Spain [12]. Recruitment was
carried out for the most part in 2009 and 2010, and continues today. From this population, a subgroup
of 2667 workers who were aged 40-55 years at baseline was selected. This subgroup completed
additional questionnaires about cardiovascular and lifestyle factors, including diet, physical activity,
and sleep habits. The workers were also invited to undergo a noninvasive imaging examination for
subclinical atherosclerosis.

For the present study, we selected from the aforementioned subgroup workers who began statin
therapy for primary prevention of CVD between 1 July 2010 and 31 December 2018. New users
were defined as those who did not receive a prescription for statins during the preceding 6 months.
Workers in treatment for primary prevention of CVD were those with no recorded hospital admission
for CVD in the hospitalization database of the Aragon Health System preceding their first statin
prescription. Patients with CVD were defined as those with a main diagnosis corresponding to any of
the following International Classification of Diseases 10th revision (ICD-10) codes: G45, G46, G81-G83,
120-128, 146, 149.0, 150, and 160-179.

2.2. Data Sources and Variables

Information on statin treatment was obtained from the Farmasalud database, which collects
information on drugs dispensed by pharmacies and funded by the Aragon Health System.
Drugs were classified according to the 2019 ATC/DDD (Anatomical Therapeutic Chemical Classification
System/Defined Daily Dose) system, defined by the World Health Organization. We identified workers
with at least one prescription during the study period of a drug corresponding to the following ATC
codes: C10AA (hydroxymethylglutaryl-CoA (HMG CoA) reductase inhibitors), C10BA (HMG CoA
reductase inhibitors in combination with other lipid-modifying agents), C10BX (HMG CoA reductase
inhibitors, other combinations).

Information on other CVD treatments was also collected. Agents corresponding to the following ATC
codes were classified as antihypertensives: C02 (antihypertensives), C03 (diuretics), C07 (beta-blocking
agents), C08 (calcium channel blockers), and C09 (agents acting on the renin—angiotensin system).
Prescriptions for the treatment of diabetes were defined as those corresponding to ATC code A10 (drugs
used in diabetes). The following criterion was applied to define individuals receiving co-treatments:
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the existence of at least one drug prescription corresponding to the aforementioned codes during the
year preceding the first statin prescription. Given that diuretics and beta-blocking agents are drugs also
prescribed for other indications, prescribing of these drugs was only considered co-treatment if the patient
received at least three distinct prescriptions within the same year. We considered that this frequency was
indicative of regular use. Even so, to assess the possible bias of this assumption, we performed sensitivity
analyses: (i) considering them as co-treatment if the patient received at least one prescription in the same
year; (ii) not considering them as co-treatment at all.

In addition to information on other CVD preventive treatments, for all participants in the
present study, we extracted information on working characteristics, clinical and anthropometric
measurements, smoking status, and diagnoses of other diseases that may modify CVD risk. For these
parameters, we selected for each worker data collected as close as possible before the date of the first
statin prescription.

Data pertaining to each individual work situation included the number of years working in the
factory, work type, and work shift. Work type was classified as manual or sedentary. Work shifts in
the plant were classified as rotating morning/afternoon shift, rotating morning/afternoon/night shift,
central shift, and night shift.

For clinical and anthropometric characterization, we extracted the following data, which were recorded
in annual medical exams as described in Casasnovas et al. [12]: height, weight, serum creatinine, total and
high-density lipoprotein (HDL)-cholesterol, triglycerides, serum glucose, whole blood glycosylated
hemoglobin (HbAlc), and blood pressure. Annual data on smoking status were also extracted.

Diseases considered to modify the risk of CVD were rheumatoid arthritis (RA), arrhythmias,
and transient ischemic accident. Diagnoses corresponding to these diseases (International Classification
of Primary Care codes L88, K80, and K89, respectively) were extracted from the Aragon primary
care database.

Lifestyle of the study participants was characterized based on alcohol intake, adherence to a
Mediterranean diet, physical activity, sleep, and sedentary time. A semiquantitative food-frequency
questionnaire previously validated in Spain [13] was used to assess dietary habits. Leisure time physical
activity was assessed with the validated Spanish version [14] of the physical activity questionnaire
used in the Nurses” Health Study and Health Professionals” Follow-up Study. To estimate sedentary
time, we included the number of hours (from “never” to “9 or more than 9 h a day”) spent sitting,
as reported by the participant, during both working and leisure time in a typical weekday. The same
procedure was followed to collect information on the number of hours spent sleeping per night.

The presence of subclinical atherosclerosis in both carotid and femoral arteries was determined by
ultrasound, according to the procedures described in Laclaustra et al. [15]. Plaque was defined as a focal
structure protruding > 0.5 mm into the lumen or reaching a thickness > 50% of the surrounding intima.

2.3. Analyses

Statin therapy was categorized as “high-intensity” (atorvastatin or rosuvastatin) or “low-moderate-
intensity” (simvastatin, lovastatin, pravastatin, fluvastatin, or pitavastatin) [7].

Clinical and anthropometric variables were defined as follows. Glomerular filtration rate
(eGFR) was estimated using the modification of diet in renal disease (MDRD) formula [16], and an
eGEFR < 60 mL/min/1.73 m? was considered indicative of chronic kidney disease [17]. Low-density
lipoprotein cholesterol (LDL-c) was estimated using Friedewald’s estimation [18]. Applying the risk
factor definitions proposed by the 2016 European guidelines on CVD prevention in clinical practice [1],
we defined a worker as diabetic if he was treated with antidiabetics, had a HbAlc > 6.5%, or had fasting
plasma glucose > 126 mg/dL. Criteria for hypertension were systolic blood pressure > 140 mmHg,
diastolic blood pressure > 90 mmHg, or existence of a prescription for antihypertensive treatment.
To assess adherence to a Mediterranean diet, we used the Alternate Mediterranean Dietary Index
(aMED) [19]. To determine the total physical activity performed by each worker, METs (metabolic
equivalent of task) were assigned for each activity [20] and multiplied by the number of hours per
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week that the worker dedicated to the activity. The total amount of MET-h/week was calculated as the
sum of the MET-h of the different activities. We used 5.5 h/day as a cut-off point for sedentary time,
following previous findings of increased body mass index (BMI), waist circumference, and insulin
levels in this same cohort [21]. According to sleeping time, workers were divided into two groups:
<6 h/night or >6 h/night. This decision was based on the lower limit in the National Sleep Foundation’s
recommendations for adults [22].

Finally, we calculated the 10 year risk of a first fatal atherosclerotic event using the Systemic
Coronary Risk Estimation (SCORE) for low-risk countries [23]. Next, participants were classified
according to European guidelines [1] as low, moderate, high, or very high risk by combining their
SCORE and other CVD risk factors including diabetes, chronic kidney disease, and extreme LDL-C or
blood pressure values.

Based on this risk classification and blood LDL-C levels, European guidelines recommend
certain target LDL-C levels that should be achieved to reduce CVD risk. Following these guidelines,
we classified workers according to the recommended management practices as follows: “statins not
indicated” if, based on CVD risk and LDL-C levels, only lifestyle advice is recommended; “LDL-C
reduction < 50%” if drug treatment is indicated and LDL-C should be reduced by less than 50% to
reach the target LDL-C levels; “LDL-C reduction > 50%” if drug treatment is indicated and LDL-C
should be reduced by at least 50% to reach target levels.

All variables were described for the global population and stratified according to statin intensity.
For each variable, we performed statistical analyses to assess the difference between treatment intensity
groups. The Student’s t-test was used for quantitative variables. The chi-squared test was used to
analyze categorical variables when the number of workers exceeded 30. Low-frequency variables were
analyzed using Fisher’s exact test.

To evaluate the association between the different factors studied (sociodemographic, clinical,
and lifestyle) and the probability of being prescribed high-intensity versus low—moderate-intensity statins,
we used logistic regression models, with statin intensity as a dependent variable. First, we computed
unadjusted models. Next, we developed multivariable models that included traditional CVD risk factors
and variables for which we obtained a p-value < 0.1 in the unadjusted analysis. We also included
interaction terms in the model. For inclusion in the models, continuous variables were categorized using
pre-established cut-off points. Since we did not know how these variables would behave in the model,
we established as a reference the category that allowed us to find significant differences between groups
or, failing that, the lowest category.

Finally, to assess the ability of CVD risk factors to predict the prescribing of high-intensity statins,
we developed logistic regression models. Explanatory variables were incorporated sequentially
according to the magnitude of their association in the previous multivariable models. Predictive power
was evaluated by calculating the area under the receiver operating characteristic (ROC) curve (AUC).

All analyses were performed using STATA version 14 (StataCorp, College Station, TX, USA).

2.4. Ethical Issues

All subjects gave their informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of Aragon (Project identification code PI17/00042).

3. Results

A total of 683 workers began treatment with statins during the follow-up. Table 1 shows their
sociodemographic, clinical, and anthropometric characteristics. The mean age of new statin users was
53 years, 5% were women, and most performed manual work with rotating shifts. More than half
were classified as having hypertension, 81% were overweight or obese, and 10% had diabetes. Table 2
shows lifestyle and imaging characteristics. More than a third of the new statin users smoked at the
time of prescription, 15% consumed more than 40 g of alcohol per day, and 36% had low adherence to
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a Mediterranean diet. More than half sat for at least 5.5 h a day, and 20% slept less than 6 h per night.
Subclinical atherosclerosis was more frequent in the femoral artery than in the carotid artery.

Table 1. Sociodemographic, clinical, and anthropometric characteristics of workers according to the
intensity of statin prescribed.

Statin Intensity
Al (N = 683) Low—l\:[li)ld:gagg)-lntensity Hi%ll\}-in;ezr;)sity p
Sociodemographic

Mean (SD) age, y 53.0 (4.0) 52.8 (4.3) 53.1 (3.7) 0.390
Women, N (%) 31(4.5) 18 (5.0) 13 (4.0) 0.585
Mean (SD) no. of years in factory 28.4 (4.5) 28.4 (4.9) 284 (4.1) 0.963
Work shift, N (%) 0.137

Rotating 522 (76.5) 283 (78.8) 239 (74.0)

Fixed 160 (23.4) 76 (21.2) 84 (26.0)
Work type, N (%) 0.117

Assembly line/manual 590 (86.4) 318 (88.3) 272 (84.2)

Sedentary 93 (13.6) 42 (11.7) 51 (15.8)

Clinical and anthropometric

BMI (kg/m?), N (%) 0.600

<25 127 (18.6) 67 (18.6) 60 (18.6)

25-30 392 (57.4) 212 (58.9) 180 (55.7)

>30 164 (24.0) 81 (22.5) 83 (25.7)

EGFR < 60 mL/min/1.73 m2, N (%) 8(1.2) 6(1.7) 2 (0.6) 0.292
Total cholesterol (mg/dL), mean (SD) 246.9 (37.5) 244.8 (35.0) 249.2 (40.0) 0.124
LDL-cholesterol (mg/dL), mean (SD) 159.0 (33.2) 157.7 (30.5) 160.6 (36.0) 0.258
HDL-cholesterol (mg/dL), mean (SD) 52.2 (11.5) 52.2 (11.4) 522 (11.6) 0.972

Triglycerides (mg/dL), mean (SD) 187.8 (139.7) 185.1 (148.5) 190.7 (129.4) 0.601

Diabetes, N (%) 69 (10.1) 33(9.2) 36 (11.2) 0.392
Hypertension, N (%) 354 (51.8) 175 (48.6) 179 (55.4) 0.075
Rheumatoid arthritis, N (%) 12 (1.8) 5(1.4) 7 (2.2) 0.563
Previous TIA, N (%) 3(0.4) 2 (0.6) 1(0.3) 1.000
Arrhythmia, N (%) 15 (2.2) 7(1.9) 8(2.5) 0.795

Abbreviations: BMI, body mass index; EGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; N, number; SD, standard deviation; TIA, transient ischemic attack. p-values
correspond to t-test/chi-squared test or Fisher’s exact test.

Table 2. Lifestyle characteristics and subclinical atherosclerosis among workers, stratified by statin intensity.

Statin Intensity
All (N = 683) Low—h:[lgd:gaﬁtg;lntensity Hi%ll:[-l:;e;;fity p
Lifestyle
Smoking, N (%) 0.678
Never 131 (19.2) 73 (20.3) 58 (18.0)
Current 249 (36.5) 127 (35.3) 122 (37.8)

Former 302 (44.3) 160 (44.4) 142 (44.0)
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Table 2. Cont.

Statin Intensity
Al (N = 683) Low—l\:[li)ld:gagg)—lntensity Hi%ll\‘[-l:;?;fity p
Alcohol intake, N (%) 0.685
Low risk (<40 g/d) 581 (85.1) 306 (85.0) 275 (85.1)
Medium risk (40-60 g/d) 64 (9.4) 36 (10.0) 28 (8.7)
High risk (>60 g/d) 38 (5.6) 18 (5.0) 20 (6.2)
Mediterranean diet adherence, N (%) 0.379
Low 244 (35.7) 131 (36.4) 113 (35.0)
Medium 372 (54.5) 189 (52.5) 183 (56.7)
High 67 (9.8) 40 (11.1) 27 (8.4)
METs h/wk, mean (SD) 31.0 (21.2) 29.6 (20.4) 32.6 (22.0) 0.065
Sitting 5.5 h/day or more, N (%) 361 (53.1) 189 (52.5) 172 (53.8) 0.744
Sleep < 6 h/night, N (%) 136 (20.0) 64 (17.8) 72 (22.4) 0.130
Carotid atherosclerosis, N (%) 273 (44.0) 130 (40.1) 143 (48.3) 0.040
Femoral atherosclerosis, N (%) 404 (65.6) 204 (61.1) 200 (70.9) 0.010

Abbreviations: METs h/wk, Metabolic equivalents of task hours per week; N, number; SD, standard deviation.
p-values correspond to t-test/chi-squared test. Mediterranean diet adherence: Alternate Mediterranean Dietary
Index (aMED) score. Low: 0-3 score in aMed Index. Medium: 4-6 score in aMed Index. High: 7-9 score in aMed
Index. Statistically significant differences (p < 0.05) are shown in bold.

High-intensity statins were prescribed to 323 (47%) of the new statin users. Workers prescribed
low-moderate-intensity and high-intensity statins had similar characteristics. Mean cholesterol and
LDL-C levels were higher in workers prescribed high-intensity statins, although these differences did
not reach statistical significance. Subclinical atherosclerosis was more frequent in workers prescribed
high-intensity statins.

Figure 1 shows the distribution of workers according to their CVD risk, management
(as recommended by European guidelines), and statin treatment intensity. The largest group is
that of workers with a moderate risk of CVD for whom pharmacological treatment is recommended
to reduce LDL-C by less than 50%. In this group of 413 workers, 220 (53%) were prescribed
low-moderate-intensity statins. The second-largest group is that of workers with a high risk of CVD
for whom pharmacological treatment is recommended to reduce LDL-C by more than 50%. In this
group of 94 workers, 42 (45%) were prescribed low-moderate-intensity statins. A total of 108 workers
with low or moderate risk did not meet the criteria for pharmacological treatment. Of these, 45 (42%)
were prescribed high-intensity statins.

Table 3 shows the results of unadjusted and multivariable logistic models to evaluate the association
between cardiovascular risk factors and the prescribing of high- versus low—moderate-intensity statins.
Given that we observed an interaction between LDL-C levels and diabetes in the context of prescribing of
high-intensity statins, this interaction term was included in the models. Higher levels of physical activity
(>40 versus <20 METs h/wk; OR, 1.65; 95%Cl, 1.08-2.50) and, in diabetics, LDL-C levels > 155 mg/dL
versus < 155 mg/dL (OR, 4.96; 95%CI, 1.29-19.10) were associated with a higher probability of
high-intensity statin prescribing. In non-diabetics, we observed no association between the prescribing
of high-intensity statins and LDL-C levels. Similarly, there was no association detected between
the prescribing of high-intensity statins and age, smoking status, or the presence of hypertension
or diabetes.
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Figure 1. Number of workers prescribed low—moderate- or high-intensity statins, stratified by cardiovascular
disease (CVD) risk and recommended management. CVD risk: classification of cardiovascular risk according
to current European guidelines on CVD prevention, based on the combination of SCORE value and the
presence of other CVD risk factors. Recommended management: recommended patient management
according to current European guidelines on CVD prevention, based on CVD risk, current LDL-cholesterol
(LDL-C) levels, and target LDL-C levels. NI: drug treatment “not indicated”, only lifestyle advice
recommended. <50%: drug treatment indicated to reduce LDL-C by <50% to reach target LDL-C
levels. >50%: drug treatment indicated to reduce LDL-C by >50% to reach target LDL-C levels.

Table 3. Association between sociodemographic, analytical, clinical, and lifestyle factors and the
prescribing of a high-intensity statin in the study population: logistic regression analyses (N = 569).

Unadjusted Model Multivariable Model
OR (95%CI) OR (95%CI)
Age (years)
<50 0.90 (0.58-1.39) 1.03 (0.65-1.62)
50-55 1.00 1.00
55-60 0.88 (0.60-1.29) 0.90 (0.60-1.34)
>60 0.72 (0.25-2.09) 0.63 (0.21-1.90)

LDL-cholesterol (mg/dL)
Non-diabetics

<155 1.00 1.00
>155 1.04 (0.73-1.49) 1.03 (0.72-1.49)
Diabetics
<155 1.00 1.00
>155 4.50 (1.19-16.99) 4.96 (1.29-19.10)
Hypertension
No 1.00 1.00
Yes 1.25 (0.90-1.74) 1.26 (0.89-1.79)
Diabetes
No 1.00 1.00
Yes 1.42 (0.78-2.56) 1.45 (0.78-2.69)
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Table 3. Cont.

Unadjusted Model Multivariable Model
OR (95%CI) OR (95%CI)
Smoking
Never 1.00 1.00
Current 1.41 (0.88-2.25) 1.24 (0.74-2.06)
Former 1.20 (0.76-1.90) 1.13 (0.70-1.83)
METs h/wk
<20 1.00 1.00
20-40 0.90 (0.60-1.35) 0.93 (0.62-1.41)
>40 1.55 (1.03-2.32) 1.65 (1.08-2.50)
Carotid atherosclerosis
No 1.00 1.00
Yes 1.33 (0.96-1.86) 1.21 (0.85-1.71)
Femoral atherosclerosis
No 1.00 1.00
Yes 1.53 (1.08-2.17) 1.45 (0.98-2.13)

8 of 12

Unadjusted Model: logistic regression model considering high-intensity statin as outcome
and each individual variable as exposure. Adjusted Model: logistic regression model
adjusted for age, smoking habit, LDL-cholesterol, diabetes, hypertension, METs h/wk,
and atherosclerosis. Abbreviations: OR, odds ratio; 95%CI, 95% confidence interval;
LDL-cholesterol, low-density lipoprotein cholesterol; METs h/wk, Metabolic equivalents of
task hours per week. Statistically significant differences (p < 0.05) are shown in bold.

We conducted predictive models in order to know which variables predict the prescribing of
high-intensity statins. The best model obtained included the variables LDL-C, diabetes, hypertension,
smoking, and age (AUC, 0.620; 95%ClI, 0.574-0.666). Nonetheless, almost 40% of variability remained
unexplained (Figure 2).

Figure 2. Prescribing of high-intensity statins: predictive capacity of clinical and analytical variables.
Data are represented as the area under the receiver operating characteristic (ROC) curve and 95%
confidence intervals (error bars). Abbreviation: LDL-C, low-density lipoprotein cholesterol.
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4. Discussion

The present study examines the sociodemographic, clinical, and lifestyle factors that determine the
initial prescribing of high-intensity statins in clinical practice with the objective of achieving the LDL-C
target levels recommended in European guidelines on CVD prevention. Our results indicate that while
the choice of statin treatment intensity is associated with certain CVD risk factors, including LDL-C levels
in diabetics, in a large proportion of cases it appears not to be based on the clinical guidelines criteria.

Low-moderate-intensity statins were prescribed slightly more than high-intensity statins,
regardless of basal CVD risk and the need for LDL-C reduction to reach the target levels recommended
in current guidelines. Thus, several workers who did not require a large decrease in LDL-C levels were
prescribed high-intensity statins, and some workers who required LDL-C reductions of over 50% to
reach target levels began treatment with low—moderate-intensity statins. Strikingly, more than 10% of
workers included in our study began treatment with statins (almost half with high-intensity statins)
despite the absence of any such indication in the European guidelines.

In our study population, the probability of receiving high-intensity statins was higher in workers
with diabetes and high LDL-C levels, in those who performed more physical activity, and in those with
subclinical atherosclerosis in the femoral artery. In fact, a greater proportion of workers being treated
with high-intensity statins had carotid and femoral atherosclerosis, although these differences were not
maintained after adjusting for other confounding variables.

Macias Saint-Gerons et al. [10] reported an association between very high LDL-C levels and
the probability of prescribing high-intensity statins for primary CVD prevention. In that study,
which included data from almost 70,000 first-time users between 2007 and 2011 in Spain, the authors
also detected an association between the prescribing of high-intensity statins and male sex, high BMI,
and smoking. Our study therefore supports a possible role of LDL-C levels, among others, in the
decision to prescribe high-intensity statins. This makes sense since high-intensity statins reduce LDL-C
levels to a greater extent than the others. On the other hand, diabetic patients have approximately
twice the risk of CVD than non-diabetics [24]. In patients with this combination of risk factors,
achieving lower LDL-C target levels is required [1]. An attempt to compensate their excess of CVD risk
may be made by prescribing a high-intensity statin. Thus, our study results suggest that prescribers may
be guided by simple indications, such as that the presence of the combination of high LDL-C + diabetes,
which requires a more intense treatment.

In our cohort, high-intensity statins were also more frequently prescribed to workers who
performed more physical activity. Ho et al. [11], using data from the Australian Diabetes, Obesity and
Lifestyle Study, conducted a cross-sectional analysis of patients taking statins and found that those
who performed insufficient physical activity were more likely to be taking high-intensity statins.
Although our results differ with those of Ho et al., it should be noted that the latter study population
consisted of individuals subjects who were already taking statins, while ours includes only workers
who began this treatment during the study period. The regular practice of physical exercise seems
to be related to a greater concern for health. In this sense, and given that we measured the practice
of physical exercise before statin prescription, we could think that people with a high CVD risk but
interested in their health status could try to compensate for this risk by carrying out more physical
exercise. When this first attempt failed, they would receive high-intensity statin therapy. On the
contrary, when the level of physical exercise is measured in patients who are already taking statins,
the opposite effect could be observed, that is, subjects with a more intensive treatment would show a
relaxed attitude towards physical exercise as they consider themselves protected by drugs.

Finally, the role of the known CVD risk factors in predicting the prescribing of high-intensity
statins was lower than expected. This finding suggests that doctors often opt to prescribe high-intensity
statins based on other unknown criteria, perhaps in part due to the lack of clear and direct indications in
the European guidelines [1] on when to prescribe high-intensity statins, in contrast to current American
College of Cardiology/American Heart Association (ACC/AHA) guidelines [2]. According to current
European guidelines, in order to choose the type of statin to be prescribed, the doctor must know
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(i) the CVD risk of his patient, (ii) the LDL-C target levels that correspond to the patient according
to his/her CVD risk, (iii) the percentage of LDL-C reduction that should be achieved to reach the
LDL-C target levels, and (iv) the ability to reduce LDL-C levels of the different statins. This process,
while accurate, can be confusing and costly, especially in the primary care setting, where time per
patient is limited [25,26].

Our study has certain limitations. The homogeneity of the AWHS population makes it difficult to
generalize the results, although the population is representative of a common group of statin users:
middle-aged workers. In classifying of statins into high-intensity or low-moderate-intensity, we only
took into account the type of statin prescribed. Usually however, this classification is made based
on both the type of statin and the dose at which it is prescribed. Unfortunately, we had no data on
the dose of the prescribed statin. Nonetheless, we believe that this limitation does not significantly
affect the results obtained, as only high doses of atorvastatin and rosuvastatin can reduce LDL-C
levels by more than 50%, and there is also a marked difference between the LDL-C-reducing capacity
of rosuvastatin and atorvastatin at medium doses compared with the other drugs at their usual
dosage [6]. Therefore, despite the potential existence of some bias in our study, this alone could not
have accounted for the null association found. We also did not have information on other comorbidities
and pharmacological treatments different from those studied, even though these could have influenced
the decision to prescribe statins of greater or lesser intensity. Finally, as discussed in the methods
section, certain treatments (e.g., beta-blockers) are not exclusively indicated for hypertension and may
be prescribed for other diseases. Nonetheless, sensitivity analyses performed to assess possible bias
yielded the same conclusions regardless of how hypertension was defined.

The strengths of this study include its prospective cohort nature, its large sample size (n > 600),
and the inclusion of sociodemographic, clinical, lifestyle, and drug data. Furthermore, to our knowledge,
ours is the first study to investigate the prescribing of statins and their intensity within the framework of
the European guidelines for CVD prevention.

Our results show that in a significant proportion of individuals, the prescribing of statins and the
type of statin prescribed for primary CVD prevention did not correspond with the indications in current
guidelines. Therefore, it is necessary to develop new strategies to disseminate the guidelines, and to
emphasize the differences in intensity between statins and the importance of reaching target LDL-C
levels to prevent CVD [26], particularly in the context of the poor control of hypercholesterolemia and
other CVD risk factors in the Spanish population [27,28]. It should also be noted that the intensity of
the prescribed statin influences treatment persistence [29], and that higher-intensity statins such as
simvastatin, atorvastatin, and rosuvastatin have been associated with greater diabetogenic effects [30].
Further research will be needed to help identify other as-yet-unknown factors that may influence the
choice of statin intensity, such as availability, price, and industry pressure. Knowledge of these factors
could enable the development of strategies to improve the clarity of the recommendations and their
application in daily practice.

5. Conclusions

The results of this study show that the prescribing of high-intensity statins to new users for
primary CVD prevention is partly independent of both basal CVD risk and the reduction in LDL-C
required to reach recommended target levels. The probability of being prescribed high-intensity statins
was higher in diabetic workers with high levels of LDL-C and in workers who performed more physical
activity. Much of the variability in statin prescribing is due to as-yet-unknown factors.
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