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ABSTRACT
The main driver of cardiovascular disease risk is atherogenic low density lipoprotein (LDL) particles in addition to other risk factors. Patients with elevated risk are prescribed lipid modifying drugs like statins and fibrates for preventing potential atherosclerotic plaque accumulation. In conjunction with a CDC study investigating association between atherosclerosis risk and lipoprotein levels, a liquid chromatography tandem mass spectrometry (LC-MS/MS) method was developed and optimized to screen for the presence or absence of statins or fibrates in the plasma samples collected from study participants. The comprehensive panel of statins, fibrates, and their metabolites were identified with a high sensitivity, 4-minute-long method, using a low plasma volume of 10 µL. The presence and identification of the medications were compared to medical records. The comparison revealed many discrepancies that had significant impact on scientific conclusions concerning correlations between LDL levels and coronary artery disease (CAD) risk score determined by cardiac catheterization.
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[bookmark: _Toc109121467][bookmark: _Toc109897857]1.1 Atherosclerotic Cardiovascular Disease
According to the World Health Organization, Cardiovascular Diseases (CVD) caused 17.9 million deaths in 2019, 32% of total deaths worldwide. Atherosclerotic Cardiovascular Disease (ASCVD), also known as Coronary Artery Disease (CAD), is caused by the buildup of cholesterol-containing plaques in arteries which lead to heart attack and stroke, the direct cause of 85% of CVD related deaths (World Health Organization, 2021). Primary risk assessment for CVD is based on lipid profile tests and consideration of other risk factors like race, sex, age, obesity, diabetes, hypertension and history of smoking  (Lloyd-Jones et al., 2019). Numerous epidemiological studies suggest that low density lipoprotein (LDL) particles are the main cause of ASCVD/CAD (Austin et al., 2004; Ference et al., 2017; Khera et al., 2016; Wang et al., 2009). LDL particles are the main carriers of cholesterol in blood that are the most prone to oxidative damage. Oxidized LDL particles are readily recognized and taken up by macrophages, triggering inflammatory response and plaque development inside arteries (Khatana et al., 2020; Ross, 1986).
[bookmark: _Toc109121468][bookmark: _Toc109897858]1.2 Prevention Methods for Atherosclerotic Cardiovascular Disease
Those at risk for ASCVD are often prescribed lipid-lowering medication as a preventative treatment. In a National Health and Nutrition Examination Survey in 2011-2012, 93% of adults aged 40 and over using a cholesterol modifying medication were using a statin (Qiuping Gu, 2014). The two main classes of lipid lowering drugs are statins and fibrates. Statins are a class of drug that function by competitively blocking the active site of HMG-CoA. This inhibition causes a slowdown of the body’s production of cholesterol, as well as enhancing uptake of LDL by liver receptors, in turn lowering LDL particle numbers in blood circulation.
Fibrates have been historically co-prescribed with statins, though this is not always recommended due to side effects and inhibition of the statins by fibrates such as Gemfibrozil (Jacobson & Zimmerman, 2006). Fibrates are peroxisome proliferator-activated receptor (PPAR)-alpha ligands. They stimulate hydrolysis of triglycerides carried by lipoproteins and reduce circulation time of triglyceride rich particles preventing them from oxidation and inflammation via PPAR-alpha mediated mechanisms (Jones, 2009). Triglycerides can cause increase risk of ASCVD because they contribute to the hardening and thickening of arteries. As a result, lowering triglycerides is another method of lowering ASCVD risk (Sandesara et al., 2019).
The current criteria for statin prescription are LDL-cholesterol (LDL-C) levels of above 160 mg/dL (Arnett et al., 2019). Clinical guidelines for prescription of statins and fibrates are continually being evaluated and updated in light of new epidemiologic studies. One of the most alarming, large scale epidemiological studies in recent years showed that 59% of those hospitalized for CAD had normal LDL-C levels of less than 160 mg/dL (Sachdeva et al., 2009). To address this problem, some medical professionals suggest lowering the LDL-C cutoff so more individuals could be put on statin medication, while others warn about the long-term side effects of statins especially in elderly populations (El-Khoury et al., 2019; Nordestgaard et al., 2020).
[bookmark: _Toc109121469][bookmark: _Toc109897859]1.3 Challenges for Epidemiological Studies
Widespread use of lipid lowering medications creates challenges in designing epidemiological studies for populations with ASCVD risk. As with all medications, healthcare professionals express concerns on the challenges associated with accounting for adherence (Ho et al., 2009). In the case of epidemiological studies, patient medical records are typically based on self-reporting or prescriptions issued by doctors, which often does not reflect actual usage and adherence. Due to these challenges, the most accurate way to verify adherence is by measuring drugs or their metabolites in study participant samples.
[bookmark: _Toc109121470][bookmark: _Toc109897860]1.4 Scope of Project
This work is part of a large study by the CDC assessing CAD risk in a study population known as the CATHGEN cohort, where all patients were referred for cardiac catheterization; this is the insertion of a catheter into vessels of the heart for diagnostic or treatment purposes (Kosova & Ricciardi, 2017). A high percentage of the study participants were expected to be on statins or fibrates due to the assumed elevated CAD risk that prompted referral for cardiac catheterization. The CATHGEN cohort samples were collected between 2004-2007 from patients during the cardiac catheterization examination. CAD diagnosis in this population was verified by CAD index, a measure that is proportionate to the number of diseased vessels and their severity of blockage from patients. CAD index > 23 was diagnosed as CAD positive and ≤ 23 were CAD negative. Unfortunately, medication records were missing for a significant portion of this population. Accurate knowledge of participant medication status was highly important for statistical analysis of the association between CAD risk diagnosis and lipoprotein levels. In order to obtain accurate knowledge of the patient medication status, we developed a method to measure statins and fibrates in each individual patient using small volumes of the limited plasma samples (10 µL). Metabolites for some statins and fibrates were measured due to their half-life as noted in Figure 1. 

[image: ]
[bookmark: _Toc109148455]Figure 1: Targeted Statins and Fibrates 
Structure and half-lives of drug targets within the classes of statins and fibrates(Busse et al., 2009; Miller & Spence, 1998; Rosenson, 2003; Singhvi et al., 1990). 
Many of the currently published methods require large volumes of plasma for statin measurements (100-1000 µL) and only detect 1-5 stain and/or fibrates total (Apostolou et al., 2008; Dias et al., 2013; Hull et al., 2004; Mertens et al., 2008; Patel et al., 2008; Shen-Tu et al., 2009; Trivedi et al., 2005; Wang et al., 2015). As a result, we developed and validated a method for simultaneous measurement of 12 statins, fibrates and their metabolites in plasma, targeting drugs that were available in the United States since the early 2000s. Applicability of the method was tested by comparing the analytically found presence and identification of medications to medical records. The comparison discrepancies that had significant impact on scientific conclusions concerning correlations between LDL-C levels and CAD index scores in this cohort.
[bookmark: _Toc109121471][bookmark: _Toc109897861]2. METHODS
[bookmark: _Toc109121472][bookmark: _Toc109897862]2.1 Study Population
This study population, CATHGEN, was selected in a collaboration between CDC and Duke University and contained individuals referred for cardiac catheterization between 2004-2007. The population of 1000 patient samples was analyzed for cholesterol composition via previously published methods. In this method we analyzed samples for statin or fibrates and compared results to cholesterol composition for 935 samples.
[bookmark: _Toc109121473][bookmark: _Toc109897863]2.2 Materials
Acetone, acetonitrile, propylene glycol, water and HPLC grade acetic acid were purchased from Thermo-Fischer Scientific. Lovastatin, fenofibrate, fenofibric acid, atorvastatin, simvastatin, simvastatin acid (tenivastatin), rosuvastatin, clofibrate, clofibric acid, and gemfibrozil were purchased from Sigma-Aldrich. N-desmethyl rosuvastatin was purchased from Santa Cruz Biotechnology. Pravastatin, lovastatin acid, 4-OH-atorvastatin, 2-OH-atorvastatin, pitavastatin, fluvastatin, simvastatin-d6, and atorvastatin-d6 were purchased from Cayman Chemicals. Clofibrate-d4, clofibric acid-d4, fenofibrate-d6, fenofibric acid-d6, and gemfibrozil-d6 were purchased from CDN Isotopes. Pravastatin-d3, pitavastatin-d5, rosuvastatin-d3, fluvastatin-d6, and 4-OH-atorvastatin-d5 were purchased from BOC Sciences. Formic acid was purchased from Acros Organics.
[bookmark: _Toc109121474][bookmark: _Toc109897864]2.3 Extraction
Ten microliters of CATHGEN plasma was vortexed with 10 µL of water and then 80 µL of acetone spiked with internal standards then centrifuged at 14,000 rpm for 10 minutes. Supernatant was transferred onto a 96 well PCR plate then evaporated under a nitrogen flow of 22 LPM at 60°C for 20 minutes. Subsequently, reconstitution was done in the same plate with 25 µL of 30:70 acetonitrile: water and then the plate was shaken at 500 rpm for 20 minutes.
[bookmark: _Toc109121475][bookmark: _Toc109897865]2.4 Stock Solutions
A stock solution for each unlabeled analyte was prepared in 1 mg/mL methanol except for Rosuvastatin in 30:70 MeOH:propylene glycol due to insolubility in pure methanol. Each labeled internal standard was also prepared in methanol at 1 mg/mL. These were used for all method development experiments. These stocks were also used to create an internal standard containing crash solvent containing 2.5 ng/mL of all labeled internal standards in acetone. This stock of internal standard crash solvent was created with labeled analytes at 2.5ng/mL for all except 10 ng/mL for clofibrate, lovastatin, N-desmethyl rosuvastatin, pravastatin, and simvastatin, and 50 ng/mL for fenofibrate.
[bookmark: _Toc109121476][bookmark: _Toc109897866]2.5 Liquid Chromatography
Reconstituted sample volumes of 15 µL were injected into the LC-MS/MS system using a Shimadzu LC-30AD system and onto a Kinetex C18 (2.1 x 100 mm, 1.7 µm) reverse-phase column connected to an AB Sciex Triple Quad 5500 system. Mobile Phase A contained 0.1% acetic acid in water and Mobile Phase B contained 0.1% acetic acid in acetonitrile. A constant flow rate of 0.600 mL/min was used. The gradient started with 30% B increased to 60% B in 0.7 min held constant for 1.4 min then increased to 95% in 0.2 minutes held constant for 0.6 minutes, and finally followed by equilibration at 30% B for 1 minute. 
[bookmark: _Toc109121477][bookmark: _Toc109897867]2.6 Mass Spectrometry Method
An AB Sciex 5500 with electrospray ionization interface was used to analyze samples in negative ion mode using a Scheduled Multiple Reaction Monitoring (SMRM) method. For the selected product and precursor ions, the optimal collision energy (CE), cell exit potential (CXP), and declustering potential (DP) are summarized in Table 1.
[bookmark: _Toc109148445][image: ]Table 1: Parameters used in MS/MS detection
*This analyte was assessed during method development but not included in the final method because only the parent drug, and not metabolite, was visible in test samples that were recorded as positive for the drug.
**These analytes were assessed during method development but were not included in final method to allow for SMRM.
[bookmark: _Toc109121478][bookmark: _Toc109897868]2.7 Data Analysis
Mass spectrometer data was analyzed using MultiQuant (Sciex) Software for peak integration and area calculation. JMP statistical software (SAS) was used to evaluate data for positive or negative drug results, and comparison of cholesterol measures data.
[bookmark: _Toc109121479][bookmark: _Toc109897869]3. RESULTS
[bookmark: _Toc109121480][bookmark: _Toc109897870]3.1 Optimization of Extraction Recovery
Drug targets and their metabolites were extracted from plasma samples by protein precipitation, followed by evaporation of the supernatant, and reconstitution in HPLC-MS compatible solvents (30% Acetonitrile:70% Water). For protein precipitation we compared acetone, acetonitrile, and methanol. The extraction recovery was evaluated based on absolute LC-MS signal intensities from the spiked plasma relative to spiked water samples. Acetone provided sufficient recovery (Figure 2), along with lowest signal coefficient of variation (CV) below 12% for all analytes except Lovastatin Acid at 40%. Acetonitrile had CV’s greater than 40% for all analytes while methanol had a range closer to Acetone with majority of analytes [image: ]between 12% and 20%. Acetones’ lower CV’s and relative recoveries show more confidence in measurements and greater consistency in the recovery.
[bookmark: _Toc109148456]Figure 2: Comparison of Protein Precipitation Solvents
Comparison of protein precipitation solvents by analyte recovery from spiked plasma relative to spiked water. Error bars represent standard deviation of repeats (n = 5). 
[bookmark: _Toc109121481][bookmark: _Toc109897871]3.2 Optimization of LC-MS/MS Detection Method
By direct infusion of pure compound solutions into the AB Sciex 5500 using the ESI interface, Q1 precursor ion masses were identified by [M+H]+ and [M-H]- ions and then fragmented into a series of product ions in both positive (5000 V) ion mode and negative (-4500 V) ion mode. Product ions with the greatest intensities were used to form transitions in the MRM scan. An initial MRM scan used a constant CE ramp to select the two most intense product ions and then a ramp to optimize the CE parameter. Another MRM scan analyzed those transitions with ramped CXP for optimization, followed by a third ramp for DP optimization. All parameters were recorded in the MRM table (Table 1).
Although both negative and positive ion modes were optimized, the final method only used negative ion mode. Initial test samples showed that N-desmethyl-Rosuvastatin was not visible in any samples, but parent drug Rosuvastatin was visible. Then all analytes that were optimized in positive mode (Simvastatin, Clofibrate, and Fenofibrate) were removed from the method since all metabolites were also visible in test samples but in negative ion mode. This allowed us to use only negative polarity and we could utilize the SMRM function increasing sensitivity of measurements. 
After the MS parameters were optimized, the chromatography modeling software, DryLab, was used for optimization of the solvent gradient program to ensure best peak separation. Since only 10 µL of plasma were used and reconstituted into 25 µL for minimal dilution, only a single 15 µL injection per sample extraction was possible. A chromatogram representing peak separation and retention times can be seen in Figure 3.
[bookmark: _Toc109148457]Figure 3: A Representative SMRM Chromatogram for Detected Analytes0.5
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Chromatogram represents the established methods detection of 12 statins, fibrates, and their metabolites in plasma samples.
The presence and identification of the parent drugs or their metabolites was based on retention time agreement between isotopically labeled internal standards and endogenous compounds. The detection criteria was <0.01 min agreement. Since the chemically analogous isotopically labeled standards were spiked into the plasma samples prior to protein precipitation, the MRM signal ratio is proportionate to the concentration ratio of the endogenous compound and the isotopically labeled internal standard in the sample before precipitation. Because the isotopically labeled internal standard concentration was constant for every sample, the MRM signal ratio was proportionate to the relative concentration of the endogenous compounds between samples.
[bookmark: _Toc109121482][bookmark: _Toc109897872]3.3 Assessment of Detection Limits
The lower limit of detection (LLOD) was determined in an experiment where 5 replicates of a series of samples that were spiked with the target compounds at concentrations of 0.05, 0.1, 0.5, 1.0, 5.0, 10.0, 50.0, and 100.0 ng/mL of each in 10 µL of plasma. LOD for each analyte was the lowest spiked concentration where the signal was 3 times above the noise level. Results are [image: ]listed in Table 2.
[bookmark: _Toc109148446]Table 2: List of Target Compounds and LLOD
The analytes listed above were targets for the development of the analytical method by LC-MS/MS.
*This analyte was assessed during method development but not included in final method because only the parent drug, and not metabolite, was visible in test samples that were recorded as positive for the drug.
**These analytes were assessed during method development but were not included in final method to allow for SMRM in negative mode only.
[bookmark: _Toc109121483][bookmark: _Toc109897873]3.4 Assessment of Reproducibility
Reproducibility was assessed in an experiment where 7 samples were prepared. Samples selected included 3 individual male and 3 individual female plasma samples, along with a pool of the 6, who were not on any cholesterol modifying drugs. Each sample was spiked at 3 concentration levels: 1X, 2X, and 5X of the estimated LLOD of each analyte. Each of the seven plasma samples spiked at these four levels were extracted in triplicates. The average percent CV of peak area ratios between native compound and internal standard were calculated and summarized in Table 3. At 1X or 2X LOD, all target compounds had a CV in the range of 6-34%.
	Target Compound
	1X
	2X
	5X

	2-OH-Atorvastatin
	28%
	13%
	9%

	4-OH-Atorvastatin
	10%
	10%
	12%

	Atorvastatin
	21%
	23%
	16%

	Clofibric Acid
	34%
	21%
	18%

	Fenofibric Acid
	20%
	15%
	9%

	Fluvastatin
	17%
	13%
	9%

	Gemfibrozil
	8%
	8%
	7%

	Lovastatin Acid
	13%
	14%
	7%

	Pitavastatin
	28%
	25%
	7%

	Pravastatin
	10%
	11%
	8%

	Rosuvastatin
	33%
	22%
	13%

	Simvastatin Acid
	11%
	6%
	6%


[bookmark: _Toc109148447]Table 3: Summary of Method Reproducibility by Average Coefficient of Variance of Area Ratios
Summary of method reproducibility by target compounds expressed in average percent CV of area ratios for 7 samples analyzed in triplicates (n=21). 5X provided the lowest CV (<20%)for all analytes except 4-OH-Atrovastatin. 1X and 2X varied between 6% and 34%. 
[bookmark: _Toc109121484][bookmark: _Toc109897874]3.5 Applicability of the Method
We analyzed 935 plasma samples from the CATHGEN study participants. Agreement with medical records can be seen in Figure 4. Of patient records that agreed with our method, 286 had positive detection of statins, and 321 had no statins present, 54 samples tested positive for both fibrates and statins, and 53 patient samples tested positive for only fibrates. Of the patient records that did not agree with our method, 265 were statin positive while 63 were statin negative. 58 samples tested positive for both statins and fibrates where medical records did not indicate drug use and 14 samples that tested negative for statins were positive for fibrates.
[bookmark: _Toc109148458]Figure 4: Comparison of LC-MS/MS Detection of Statins and Fibrates with Medical Records-
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Left: Comparison of LC-MS/MS detection of statins with medical records for 935 samples from the CATHGEN cohort. 286 samples were confirmed as statin positive by both the analytical method and the medical records. 321/935 samples were confirmed by the analytical method to not be on statins, as was also noted in the medical records.

Right: Comparison of LC-MS/MS detection vs Medical Record of statin use including detection of fibrates within each group represented in the left graph. Of the 286 samples detected positive for statins in the analytical method and medical records, 54 also tested positive for fibrates. Fibrates were even detected in 53 samples that were analytically and medically recorded as not being on statins.
Out of 935 available samples, only 349 patients had medical records indicating statin use (Table 4): 177 Atorvastatin, 108 Simvastatin, 33 Pravastatin, 12 Lovastatin, 11 Rosuvastatin, 5 Simvastatin/Ezetimibe, 3 Fluvastatin. Based on our method, medical records were correct for 89% of Atorvastatin, 60% of Simvastatin, 67% Pravastatin, 67% of Lovastatin, 64% of Rosuvastatin, 40% of Simvastatin/Ezetimibe, and 67% of Fluvastatin taking patients. There is no apparent relationship between detection rates and half-lives of the drugs. The analytical results, compared to the missing medical records showed 67% of missing records were positive for a statin and/or fibrate. 42% of this CATHGEN cohort was miss represented in the medical records by omission of drug use. 
[bookmark: _Toc109148448]Table 4: Summary of Detected Drugs Compared to Medical Records[image: ]
Summary of detected drugs compared to medical records in percent of total number of samples analyzed (n=935).
[bookmark: _Toc109121485][bookmark: _Toc109897875]3.6 Comparison of Correlation Between Cholesterol Levels and CAD with and without Correction for Statin Taking
One of the objectives of the CATHGEN project was to evaluate the association between CAD diagnosis and lipid profile measurements. These include cholesterol concentrations measured in plasma HDL, LDL, and VLDL, total cholesterol (TC) concentration, total triglyceride (TG) concentration, and Apolipoprotein A1 and B concentrations (Figure 5). Logistic regression calculations were performed by statistical corrections for age, Body Mass Index (BMI), sex, smoking, race, diabetes, and blood pressure. Figure 5 shows results for calculations with and without additional correction for statins and/or fibrates based on analytical measurements. Regardless of statin correction, correcting for fibrates only slightly affects the correlation of TG, HDL cholesterol, and Apolipoprotein A with CAD. Without correcting for statins, there were negative correlations of TC and LDL cholesterol concentrations with CAD positive diagnosis, while Apolipoprotein B showed no correlation. On the contrary, with statin correction, there was no correlation with TC and LDL cholesterol and a positive correlation with Apolipoprotein B and CAD positive diagnosis. Interestingly, without statin correction, LDL cholesterol shows a negative effect on CAD, meaning a higher probability of positive CAD diagnosis at lower LDL cholesterol levels, in contradiction with conventional views on the atherogenic effects of high LDL. Correcting for statins seems to reduce this reverse epidemiological result, at least among the CATHGEN study participants.
[bookmark: _Toc109148459]Figure 5: Impact of Statistical Correction of Statin and Fibrate on the Association of Lipid Measures with CAD DiagnosisStatistical Association Between CAD 
Diagnosis and Lipid Measures

[bookmark: _Hlk108433858]Effect of statin and fibrate correction on HDL-C, LDL-C, and VLDL-C, TC, TG, and Apolipoprotein A1 and B concentrations association with CAD diagnosis. Calculations with and without statins/fibrate correction were calculated. Effect/Standard Error is proportionate to the -log p-value showing significance in values further from 0 and direction of effect as positive or negative on CAD Diagnosis. A positive Effect/Standard Error means an increasing impact on CAD while negative shows a lowering impact on CAD. 
Figure 6 compares the results of logistic regression calculations performed by using statin information from the medical records with analytically confirmed statin information. The predicted association between lipid measures and CAD diagnosis was substantially influenced by the two sources of statin information and the differences can be observed by the age range of the participants. The statistical association was especially noticeable for Apolipoprotein B, VLDL, and TG.
[bookmark: _Toc109148460]Figure 6: Comparison of Medical Records and Analytical Results of Statins[image: ]
Comparison of medical record statin use and analytically confirmed statin correction on lipid measures association with CAD diagnosis by age groups. Effect/Standard Error is proportionate to the -log p-value. There is significance in values further from 0 and directionality explains the increasing (positive) or decreasing (negative) impact on CAD. 
[bookmark: _Toc109121486][bookmark: _Toc109897876]4. SIGNIFICANCE AND DISCUSSION
The basis for association between cholesterol levels and CAD were epidemiological studies conducted between the 1970-1980’s (Frick et al., 1987; Kannel et al., 1971; "The Lipid Research Clinics Coronary Primary Prevention Trial Results: I. Reduction in Incidence of Coronary Heart Disease," 1984). These studies included many individuals with familial dyslipidemia caused by genetic defects like lipase enzyme and LDL receptor deficiencies. These can cause extremely high levels (>300 mg/dL) of total cholesterol levels. The use of statins improved the life expectancy of these individuals. However, benefits of using statins in the general population with moderately high total cholesterol and LDL levels is still being debated.
Furthermore, running epidemiological studies are expensive and run by pharmaceutical companies, with potential for inherent biases toward drug therapies. Non-pharmaceutical studies including cohorts, like this CATHGEN cohort, demonstrate that finding association between CAD outcomes and lipid metabolism related biomarkers need to rely on statistical methods and corrections to consider the effect of statins. As we show with this study, medical records are not fully reliable. 42% of the CATHGEN cohort was misrepresented by not having drug use recorded in medical records. Meanwhile, as demonstrated in Figure 5, correcting for statin use can affect the strength of statistical correlation of CAD diagnosis for lipid measures, for example the inversion of LDL from a negative correlation to positive correlation. Lack of accounting for statins accurately may explain observations of similarly reverse epidemiological correlations in other studies.
In conclusion, this study has demonstrated the importance of understanding the impact of cholesterol modifying drugs on risk of atherosclerotic events. Though modern technology could correct for inaccurate medical records, self-reporting errors are still a possibility. Application of a method, as was developed here, can improve accuracy of interpretation of various CAD risk measures by verifying medical record information on statin and fibrate use. Accurate knowledge of statin use is important for the evaluation of the benefits of statins and treatment of low CAD risk populations with moderately high LDL levels.
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Target  Polarity

Precursor Mass 

(Da)

Product Mass 

(Da)

DP (V) CE (V) CXP (V)

2-OH-Atorvastatin

Negative 578.3 283 -73 -39 -33

4-OH-Atorvastatin

Negative 573.2 413.1 -73 -39 -33

Atorvastatin

Negative 557.2 278.1 -155 -60 -5

Clofibric Acid

Negative 213 127 -40 -25 -8.4

Fenofibric Acid

Negative 317.1 231 -50 -37 -15.6

Fluvastatin

Negative 410.3 348.2 -22 -21 -25

Gemfibrozil

Negative 249 121.1 -24 -23 -10

Lovastatin Acid

Negative 421.4 101 -72 -27 -10

Pitavastatin

Negative 420.2 358.1 -40 -18 -16

Pravastatin

Negative 423.4 321.2 -80 -23 -51

Rosuvastatin

Negative 479.8 418.3 -34 -17 -23

Simvastatin Acid

Negative 434.9 319.2 -118 -21 -21.4

*N-desmethyl-Rosuvastatin

Negative 466.2 404.1 -28 -23 -27

**Simvastatin

Positive 419.4 199.1 60 16 18.4

**Clofibrate

Positive 234.2 87.1 70 13 15

**Fenofibrate

Positive 361.2 233.1 80 23 22
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Target  Lower LOD (ng/dL)

2-OH-Atorvastatin 0.05

4-OH-Atorvastatin 0.5

Atorvastatin 0.1
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Fenofibric Acid 0.05

Fluvastatin 0.5
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CDC +

Half Life 

(hours) Missing Medical Records  Atorvastatin  Simvastatin Pravastatin Lovastatin Rosuvastatin Fluvastatin

Simvastatin/ 

Ezetimibe

Total Number of 

Samples 586 177 108 33 12 11 3 5

Percentage out of 

n=935 62.7% 18.9% 11.6% 3.5% 1.3% 1.2% 0.3% 0.5%

Atorvastatin +  14 30% 89% 9% 9% 17% 0 0 20%

Simvastatin + 2 9% 1% 60% 3% 0 9% 0 40%

Pravastatin + 1.8 2% 1% 0 67% 0 0 0 0

Lovastatin + 3 2% 1% 1% 0 67% 0 0 0

Rosuvastatin + 19 4% 2% 5% 3% 8% 64% 0 0

Fluvastatin + 1.2 0 1% 1% 0 0 0 67% 0

Pitavastatin + 12 0 1% 3% 0 0 0 0 0

Statins + Detected by 

CDC (Out of 'Total 

Number of Samples') 47% 96% 79% 82% 92% 73% 67% 60%

Clofibrate + 15 2% 3% 2% 6% 0 0 0 0

Fenofibrate + 20 13% 14% 16% 12% 0 27% 0 0

Gemfibrozil + 4.4 5% 4% 2% 6% 0 0 0 0

Fibrates + Detected by 

CDC (Out of 'Total 

Number of Samples') 20% 21% 20% 24% 0% 27% 0% 0%
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