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Key points summary 

Simvastatins are prescribed for treatment of elevated cholesterol, but they may negatively impact 

metabolism, muscle performance and the response to training.  

Coenzyme Q10 (CoQ10) supplementation may alleviate some of these effects. 

We found that simvastatin treatment does not negatively impact training-induced adaptations of 

substrate oxidation during exercise. 

Likewise, maximal oxygen uptake increases with physical training also in patients in treatment with 

simvastatin.  

CoQ10 supplementation in simvastatin treated patients presents no advantage in the adaptations to 

physical training 

Simvastatin treatment decreases plasma concentrations of total CoQ10, but this can be alleviated  by 

simultaneous supplementation with CoQ10 

 

 

Abstract 

Statins are prescribed for the treatment of elevated cholesterol, but they may negatively impact 

metabolism, muscle performance and the response to training. Coenzyme Q10 (CoQ10) 

supplementation may alleviate these effects. Combined simvastatin and CoQ10 treatment during 

physical training have never been tested. We studied the response to 8 weeks training (maximal 

oxygen uptake     2-max), fat oxidation (MFO), the workload at which MFO occurred, and muscle 

strength) in statin naïve dyslipidemic patients who received simvastatin (40 mg/day) with (S+Q, n=9) 

or without (S+Pl, n=10) CoQ10 supplementation (2x200 mg/day) or placebo (Pl+Pl, n=7) in a 

randomized, double-blind placebo-controlled study. 

   2-max and maximal workload increased with training (main effect of time, p<0.05). MFO 

increased from 0.29±0.10, 0.26±0.10, and 0.38±0.09 to 0.42±0.09, 0.38±0.10 and 0.48±0.16 g/min in 

S+Q, S+Pl and Pl+Pl, respectively (main effect of time, p=0.0013). The workload at MFO increased 

from 75±25, 56±23, and 72±17 to 106±25, 84±13 and 102±31 Watt in S+Q, S+Pl and Pl+Pl, 

respectively (main effect of time, p<0.0001). Maximal voluntary contraction and rate of force 

development were unchanged. 

Exercise improved aerobic physical capacity and simvastatin with or without CoQ10 supplementation 

did not inhibit this adaptation. The similar increases in MFO and in the workload at which MFO 

occurred in response to training shows that the ability to adapt substrate selection and oxidation rates 
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is preserved with simvastatin treatment, despite the potential negative impact of simvastatin at the 

mitochondrial level. CoQ10 supplementation does not augment this adaptation. 

 

Keywords 

simvastatin, exercise, CoQ10, physical performance and glucose homeostasis. 

 

Introduction 

Statins are the most prescribed cholesterol-lowering drugs. The number of prescriptions has risen 

rapidly over the last two decades going from 1 % of the Danish population prescribed statins in 1999 

to 12% in 2019 (www.medstat.dk). The side effects of statins are rarely serious; however, some 

patients are experiencing muscle pain termed statin-associated myalgia which may lead to a decrease 

in medication compliance and discourage the patients from exercising. Studies have investigated the 

effects of statins on physical performance and muscle strength with or without myalgia and found 

diverging results with regards to statins and physical performance. One study found that following a 

12-                                          2max was attenuated in patients on simvastatin 

treatment (n=18) compared with untreated patients (n=19) (Mikus et al., 2013)                       

                                                2max increased similarly in patients with or without 

concomitant statin treatment (Rengo et al., 2014) and physical performance was unaltered following 6 

months of statin treatment (atorvastatin 80 mg per day) in 420 previously statin-naïve patient (Parker 

et al., 2013). In accordance with the latter, we have recently shown in a cross-sectional study that 

aerobic capacity, maximal fat oxidation rates, muscle strength and power are not impaired in 

simvastatin statin-treated (n=64) compared with untreated (n=20) patients, irrespective of the presence 

or absence of myalgia (Morville et al., 2019). 

Statins (pravastatin, rosuvastatin, simvastatin, lovastatin, atorvastatin) increase the risk of new-onset 

diabetes mellitus (Sattar et al., 2010). The mechanism is unclear (Carmena & Betteridge, 2019), and 

the incidence is most prominent in people with a high risk for diabetes (Cederberg et al., 
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2015;Crandall et al., 2017), and the presence or absence of myalgia does not impact glucose 

homeostasis in simvastatin treated patients (Morville et al., 2018).  

The 5-year number needed to treat (NNT) to prevent one case of atherosclerotic disease for statins in 

low-risk patient groups (<5% risk of coronary heart disease) have been found to be 470 compared to 

62 in the higher (10-19.9%) risk population (Garcia-Gil et al., 2018). The wide span of the NNT 

makes it evident to focus on the risks or side effects of statin therapy. Coenzyme Q10 (CoQ10) has 

been suggested as a potential reliever of statin-associated myalgia (Littlefield et al., 2014) but this has 

not been confirmed in all studies (Bookstaver et al., 2012;Taylor et al., 2015). The latter notion is 

supported by the finding that the intramuscular CoQ10 concentration is not different in myalgic vs 

non-myalgic simvastatin users (Dohlmann et al., 2018).  

Some studies have found beneficial effects of CoQ10 supplementation on glucose homeostasis 

(Samimi et al., 2017;Zhang et al., 2018), but in patients treated with simvastatin no effect of CoQ10 

supplementation (2 x 200 mg/day) on peripheral insulin sensitivity, insulin secretion or glucose 

tolerance has been found, albeit HbA1C decreased (Kuhlman et al., 2019).  

However, there is a void of studies that specifically address the combination of physical training along 

with CoQ10 supplementation in simvastatin treated patients with a focus on fat oxidation capacity, 

metabolic training adaptations and muscle performance. To this end, we performed the present study, 

in which we predicted that simvastatin treatment would blunt the training-induced changes in muscle 

performance (Mallinson et al., 2015;Mallinson et al., 2009) and lipid utilization during exercise and 

that supplementation with CoQ10 would mitigate this inhibitory effects of simvastatin treatment. 

Methods 

Study participants 

Recruitment of study participants was done through newspaper advertisements and interested patients 

were invited to a screening interview to assess study eligibility. Hundred and twenty-seven subjects 

responded to the advertisement to participate, 64 underwent a screening interview,  and responded to 
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advertisements, 32 were randomized to the intervention groups, and 9, 10, 7 completed the S+Q, 

S+Pl, and Pl+Pl groups, respectively. Fig. 1 shows the flow diagram for the recruitment process. 

Inclusion criteria were male patients,  40-70 years of age, BMI of 25-35 kg/m
2
 and an untreated 

elevated blood cholesterol (total cholesterol > 6 mmol/l or LDL > 3.5 mmol/l). Exclusion criteria 

were current or history of cardiovascular disease or events, thyroid diseases or diabetes, treatment 

with any of the following: cholesterol-lowering therapy, CoQ10 supplementation, beta-blockers or 

any medication metabolized by cytochrome P450 3A4.  

At the screening interview blood cholesterol was measured with CardioCheck®PA, Polymer 

Technology Systems, Inc., Indianapolis, USA to determine if cholesterol levels met the inclusion 

criteria. Patients were allowed to have 24 hours of reflection before signing written consent to 

participate. 

Randomization 

Twenty-six male patients completed the intervention. They were randomized into three groups to 

receive simvastatin 40 mg/d + CoQ10 400 mg/d (S+Q), simvastatin 40 mg/d + CoQ10-placebo (S+Pl) 

or a control group only receiving placebo tablets (Pl+Pl). The CoQ10 supplementation (and placebo) 

was administered such that two capsules (each 100 mg) were taken in the morning and two capsules 

(each 100 mg) in the evening. simvastatin placebo tablets and CoQ10 placebo capsules were provided 

by the pharmacy of the Capital Region of Denmark (Herlev, Denmark) and by PharmaNord (Vejle, 

Denmark), respectively. The CoQ10 supplementation was given as oxidized CoQ10 (ubiquinone) in 

soft-gel capsules which has a high bioavailability. The supplementation given in the present study is 

             “M  q    ”         L   z-Lluch et al in a study on the bioavailability of seven different 

formulations of CoQ10  (Lopez-Lluch et al., 2019).  Randomization was carried out via 

www.randomizer.org and performed as a double-blind placebo-controlled design. All medication 

(simvastatin, CoQ10, and placebo tablets) was provided to the patients and compliance to the 

medication was controlled by counting the remaining tablets after the intervention.  

http://www.randomizer.org/
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Ethics 

The present study was approved by the Regional Ethics Committee journal no. H-2-2013-164 and 

registered at ClinicalTrials.gov with identifier: NCT02796378 and performed in accordance with the 

Helsinki Declaration. The study is part of the interdisciplinary LIFESTAT collaboration (Christensen 

et al., 2016). 

Testing procedure 

After having signed written consent to participate patients had an electrocardiogram of the heart and 

performed a graded exercise test on a stationary bicycle ergometer (Lode B.V., Groningen, The 

Netherlands) to determine maximal oxygen uptake (  O2-max). The patients started with a five-minute 

warm-up period at 100 W and continued with a ramping test with a 1 W increase every 4th second 

until exhaustion. Oxygen consumption was measured with online equipment (COSMED, Rome, 

Italy).    2-max was calculated as the maximal average oxygen consumption during 15-20 breaths 

using a rolling average. To accept the test two out of three criteria had to be met; levelling off in 

oxygen uptake, respiratory exchange ratio >1.10 and/or achievement of maximal heart rate 

determined from 220 minus age. The day was finalized with a familiarization to the PowerRig (Leg 

Extensor Power Rig, University of Nottingham, UK) (Bassey & Short, 1990) and the KinCom® 

(Chattanooga Group, Inc., TN, USA). 

Before and after the intervention period the patients came in for a series of tests to assess physical 

performance, strength and glucose homeostasis as well as subjective scoring of muscular soreness, 

discomfort, pain, or cramps in the past eight weeks by a visual analogue scale (range 0-10 cm, 

representing none to the maximal level of the symptoms). After the intervention, the patients reported 

if they had experienced any side effects of the medication. Forty-eight hours before the test day the 

patients were asked to refrain from strenuous physical exercise and 10-12 hours before the test day the 

patients were asked to refrain from any food or beverages other than water. 

Anthropometry 
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Patients reported to the laboratory at 8-9 am and underwent a clinical examination with venous blood 

sampling (lipids, fasting glucose and insulin, HbA1C), measurements of weight, height, and hip/waist 

circumference.  A dual-energy absorptiometry (DXA) scan (Lunar iDXA, GE Healthcare, Scanex 

Hørsholm, Denmark) was used to assess their body composition and after 10 minutes in the supine 

position blood pressure was measured (UA-767 Plus 30 Digital Blood Pressure Monitor, A&D 

Instruments LTD., Oxon, UK).  

Glucose homeostasis  

A 3-hour oral (75 g of glucose dissolved in 300 mL of water) glucose tolerance test (OGTT) was 

performed in subgroups (S+Q, n=5; S+Pl, n=6; Pl+Pl, n=6) before the intervention. 

Physical performance and strength: 

After a light meal and an appropriate rest, patients performed dynamic knee extension and isometric 

knee extension strength measurements. The dynamic strength testing was performed with the 

PowerRig. The patients were placed in the PowerRig and the seat was adjusted to a knee ankle of 5-10 

degrees with the foot stamp fully compressed, and the position of the seat was noted for repetition of 

the test after the intervention. Patients were instructed to kick as fast and forcefully as possible. Each 

leg was tested separately with the opposite leg resting on the floor. The patients kicked a minimum of 

five times with each leg and maximal power output (W) was determined if two consecutive kicks 

were lower.  

Isometric knee extension strength measurements were done in the KinCom® dynamometer 

(Chattanooga Group, Inc., TN, USA). Patients were placed in the seat and the thigh was securely 

fastened along with the hips to prevent additional movement during testing. The rotational axis of the 

lever arm was aligned with the lateral femoral epicondyle and the end of the lever arm was attached 

above the medial malleolus. The knee was fixed at an angle of 70° and patients were instructed to kick 

as fast and forcefully as possible and maintain tension for four to five sec. They completed a total of 

five kicks pr. leg. The position of the seat, backrest, dynamometer head and lever arm length was 

noted for the repetition of the test after the intervention. To calculate maximal voluntary contraction 
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(MVC), rate of force development (RFD) and contractile force the data was directly transmitted via 

Powerlab (ADInstruments, New Zealand) to LabChart (ADInstruments, New Zealand). The LabChart 

smoothed the signal by a fourth-order, zero-lag Butterworth filter by using a cut-off frequency of 15 

Hz and later analysis converted the signal to newton (N). The onset of contraction was defined when 

the increase in force exceeded 2.5% of baseline.  MVC was calculated as the maximal moment of 

force (Nm) by multiplying the moment and lever arm length. RFD (Nm/s) was calculated as the 

average slope of the moment-            Δ      /Δ    )                        0-30, 0-50, 0-100 

and 0-200 ms. relative to the onset of contraction. Contractile impulses (Nm·s) were calculated as the 

area under the moment-time curve during the same intervals as for RFD. The three contractions with 

the highest MVC were chosen for further analysis and the contraction with the highest RFD of these 

was chosen as representative of the patient’    x                                     Lastly, a mean 

of the right and left leg measurements was used as the measure of MVC, RFD and contractile impulse 

respectively. 

Handgrip strength was measured by a handheld dynamometer (Takei Grip-D TKK5401, Japan). The 

dynamometer was adjusted to each individual and position was noted for repeated testing after the 

intervention. Patients performed three compressions of approx. five sec. with a one-minute break in 

between. The highest value (kg) achieved with the dynamometer was considered maximal handgrip 

strength. 

For all strength testing procedures patients with an even participant number started with the right leg 

or hand and patients with an uneven number started with the left leg or hand. 

Training intervention 

Each subject underwent eight weeks of supervised ergometer bicycle training (Lode B.V., Groningen, 

The Netherlands) consisting of 10 sessions of continuous and 10 sessions of interval training. On the 

first and last training session the maximal fat oxidation rate (MFO) and the workload at which MFO 

occurred was measured with a graded exercise protocol (Dandanell et al., 2017), and at baseline, after 

three and six weeks of training a   O2max was performed in order to adjust the training intensity. 
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Patients trained 45 minutes three times per week and continuous and interval training were alternated 

throughout the eight weeks of training. Heart rate was recorded at every training session. In the 

continuous training, patients had a ramping warm-up of two times five minutes and exercised then for 

30 minutes on a fixed relative intensity followed by a cool-down period of five minutes. Exercise 

intensity (% of HRmax) was calculated from the last 10 minutes before the cool-down period. To give 

the patients a varied training experience they performed two types of interval sessions where interval 

A was four times five minutes with five minutes of active restitution in between and interval B was a 

ramping interval session consisting of three steps two times and two steps at the end of the session. 

Each step lasted five minutes. Heart rate during intervals and steps was calculated as means from the 

last minute of each interval or step.  

Muscle fiber typing 

On a separate day before the intervention period patients came in after an overnight fast for a muscle 

biopsy obtained from the vastus lateralis muscle. Biopsies were embedded in tissue tek and frozen in 

liquid nitrogen and stored at -80 °C.  Twenty sections of 20 µm were cut from the muscle biopsies, 

and the sections were b           L               2% SDS  10%           5% β-Mercaptoethanol, 

Bromopehol blue in 62.5 mM tris pH 6.8). To separate proteins the gels were run for approximately 

48 hours at 10 °C by SDS–PAGE (8% polyacrylamide and 30% glycerol). The staining was then done 

with Coomassie Blue and the proportion (%) of the three myosin heavy chain isoforms (type I, IIa and 

IIx) were determined by densitometry using a CCD system (LAS-4000 (GE Healthcare) and 

quantified by the ImageQuant TL analysis software (ver. 7.0.1.0, GE Healthcare) as described 

previously (Andersen & Aagaard, 2000). 

 

Blood analyses 

Blood samples were collected in appropriate vacutainers, centrifuged at 10 000 rpm (3000g) at 4 °C 

and plasma was stored at –80 °C until further analysis. Glucose, insulin, and lipids were quantified by 
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the Roche/Hitachi Cobas 6000 Analyzer (Roche Diagnostics, Indianapolis, Ind., USA). HbA1c was 

measured with the DCA Vantage 

Analyzer (Siemens Healthcare A/S, Ballerup, Denmark). Plasma CoQ10 content was assayed as 

described by Sabatinelli et al (Sabbatinelli et al., 2020). Briefly, 50 ul of heparinized plasma was 

extracted with 250 ul of isopropanol and mix vigorously by vortex. After centrifugation at 20,900 x g 

at 4°C for 2 minutes, 40 ul of the supernatant was injected into a high-performance liquid 

chromatograph (HPLC) with electro-chemical detector (ECD) by Shiseido Co.Ltd (Tokyo, Japan) 

characterized by a pre-separation concentrating column and a post-separation reducing column 

(Shiseido CQR)  able to reduce eluted ubiquinone. 

 

Statistical analysis and calculations 

The area under the curve (AUC) for glucose, insulin and C-peptide was calculated using the 

trapezoidal rule. All data were analyzed with two-way ANOVA for repeated measures except data for 

training compliance, which was analyzed using Kruskal-Wallis one-way ANOVA on ranks. The 

Holm-Sidak method was used for post hoc analyses when a significant interaction (time x group) was 

found. Analyses and graphs were done with GraphPad Prism 7 for Windows (GraphPad Software, 

Inc., La Jolla, CA, USA). Data are presented as mean ± SD and the level of significance was set at P < 

0.05.  

Results 

Patient characteristics are shown in Table 1. Weight and BMI were similar for all three groups before 

intervention and did not change with eight weeks of intervention. Lean body mass increased and body 

fat % decreased as a main effect of time (P = 0.0003 and 0.0004, respectively). Visceral adipose tissue 

and waist/hip ratio were unchanged with training intervention and the same was observed for both 

systolic and diastolic blood pressure. 
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Compliance to the medication with simvastatin or placebo was 97 ± 5% for S+Q, 97 ± 3% for S+Pl 

and 96 ± 6% for (Pl+Pl) with no significant difference between the groups. Compliance for CoQ10 or 

placebo was 95 ± 7% for S+Q, 94 ± 9% for S+Pl and 96 ± 11% for Pl+Pl with no significant 

difference between the groups. 

Plasma concentrations of CoQ10 increased with the intervention in all patients in the S+Q group 

while it remained statistically unchanged (2 way ANOVA for repeated measures) in the two groups 

that did not receive Q10 supplementation (S+Pl and Pl+Pl) (Fig. 2). Of note, CoQ10 concentrations 

decreased in nine out of ten patients who received simvastatin and placebo (S+Pl) (Fig. 2). 

The patients reported few side effects. In the S+Q group, none reported side-effects, but in the S+Pl 

group muscle cramps (n=1), muscle soreness (n=2) and in the Pl+Pl group muscle pain (n=2) were 

reported. However, these complaints were not reflected in the VAS (Table 2).  

The oral glucose tolerance test (data not shown) and fasting plasma glucose, insulin and HbA1c 

documented that the patients did not have diabetes. 

Total cholesterol decreased by 24 ± 5% and 26 ± 10% in S+Q and S+Pl respectively, while no 

changes were observed for Pl+Pl. LDL decreased similarly by 34 ± 9% and 38 ± 12% respectively. 

HDL showed a main increase with time (p=0.003) and triglycerides a main decrease (p=0.033) with 

time. 

Training intervention: 

Patients trained at similar relative e exercise intensities throughout the training intervention. The 

intensity measured as the percentage of maximal heart rate was on average for all three training 

programs 88 ± 2%, 85 ± 4% and 87 ± 5% for S+Q, S+Pl and Pl+Pl, respectively. Compliance to the 

intervention was 100 ± 0% for S+Q, 99 ± 2% for S+Pl and 98 ± 3% for Pl+Pl.   

There was a clear effect of the training intervention on aerobic capacity as    2-max and Watt-max 

increased significantly during the intervention (Fig. 3). In contrast, strength performance was not 
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changed by the intervention, as leg power, handgrip strength, MVC, RFD did not change with the 

intervention and no difference in these parameters was observed between the groups (Table 2).  

The muscle fiber type distribution for the three intervention groups was similar (Fig. 4). 

Metabolic homeostasis: 

MFO and workload increased significantly in all groups with the training intervention, with a right- 

and upward shift in the fat oxidation rate vs. workload curves (Fig. 5). Thus, the maximal capacity to 

oxidize fat increased with training, and this occurred at a higher workload after training vs. baseline.  

 

Discussion 

In the present study, we have investigated the potential impact of simvastatin treatment with and 

without CoQ10 supplementation on training adaptations and features of     “     -    ”         

(Brooks, 1997) for substrate utilization during exercise. The study was performed as a double-blind 

placebo-controlled intervention study in former statin naïve hypercholesterolemic male patients. Upon 

entry to the study, all patients had similar anthropometric measures, blood biochemistry, aerobic and 

muscular performance (Table 1 and 2). Only age differed slightly, with Pl+Pl being significantly 

younger than S+Q and non-significantly (P=0.0697) younger than S+P. This age difference is a 

random effect because all patients were randomized to one of the three intervention groups at the 

study start. 

The intervention was successful in terms of high compliance to the medication (Fig. 2) and the 

training sessions. The markedly improved blood lipid profile in the S+Q and the S+P groups (Table 1) 

testifies to the adherence to the simvastatin treatment. The effect of training was reflected by 

significant increases in maximal oxygen uptake and maximal workload capacity (Fig. 3). Muscular 

performance, i.e. handgrip strength, leg extension power, MVC and RFD did not change in response 

to the training program. Although the training program was designed with an aerobic training focus, 
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we a priori anticipated a carry-over effect to muscle strength and power. However, the fact that 

muscular performance and muscle mass were not negatively affected by simvastatin treatment (Table 

2) is a confirmation of previous findings (Parker et al., 2013;Traustadottir et al., 2008;Mallinson et 

al., 2015;Panza et al., 2014) and a recent cross-sectional study in a similar study group (Morville et 

al., 2019).  

An impetus to carry out the present study was the findings by Mikus et al.             10%             

   2-peak was reported in response to 12 wk aerobic exercise training, but the effect was blunted in 

the patients in simvastatin treatment (40 mg/day) (Mikus et al., 2013). The study by Mikus et al. 

included 37 participants with similar anthropometric characteristics as in the present study, but we 

were not able to replicate the findings. The double-blinded design in the present study seems to be one 

of the major differences between the two studies. One explanation for the blunted training response 

was suggested (Mikus et al., 2013) to be a negative impact of simvastatins on skeletal muscle 

mitochondrial respiratory capacity, which has since been documented e.g. (Dohlmann et al., 

2018;Larsen et al., 2013). For that reason, we included CoQ10 supplementation in one of the study 

groups, because it had been suggested that statin reduced mitochondrial respiration may be alleviated 

by CoQ10 supplementation (Busanello et al., 2017;La Guardia et al., 2013;Muraki et al., 2012). 

                                                               2max and maximal power during the 

exercise test (Fig. 3) was the same with and without supplementation with CoQ10. Previous studies in 

athletes have found positive effects of CoQ10 supplementation on strength (Deichmann et al., 2012) 

and aerobic capacity (Ylikoski et al., 1997), but also detrimental effects have been reported (Peternelj 

& Coombes, 2011).  

The observation that CoQ10 concentrations in plasma decreased in nine out of ten patients in the S+Pl 

group deserves attention, i.e. patients who were treated with simvastatin but received placebo. 

Seemingly, the simvastatin treatment resulted in a decrease in plasma CoQ10. Given the essential 

function of Q10 in mitochondrial respiration and that statins may impair mitochondrial function, the 

present data suggest that statin-treated patients should supplement the diet with CoQ10. 
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The role of CoQ10 in alleviating statin-induced myalgia is disputed (Zaleski, 2020), but in the present 

study, we cannot conclude on this issue because there were only a few reported muscular side-effects 

with limited statistical power to discriminate between the group that received CoQ10 and the group 

that received placebo.   

In a cross-sectional study (Allard et al., 2018) a faster switch to anaerobic metabolism during 

maximal exercise performance was observed in statin (simvastatin, atorvastatin, pravastatin, 

fluvastatin) users compared with controls. However, h                              -             

                   -                  β-                                      x                 

    2-max) (Tesch, 1985) and may change    2 at the two calculated ventilatory thresholds.  

Muscle fiber type distribution was not different between the groups. Whether or not simvastatin 

affects fiber type distribution is not established, however in a cross-sectional study investigating 

simvastatin-treated patients compared to controls a lower proportion of type I fibers was found in 

simvastatin-treated patients (Larsen et al., 2013). 

Metabolic adaptations 

Maximal fat oxidation rates and the workload at which this occurs were significantly improved by the 

training intervention in all groups, irrespective of simvastatin and/or CoQ10 supplementation (Fig. 5). 

This finding also testifies to the adherence to the training intervention and it demonstrates that the 

capacity to the metabolic shift to fat as a substrate during exercise is maintained in simvastatin treated 

men.  

It has been proposed (Sahlin, 2009;Sahlin & Harris, 2008) that CoQ in the electron transport chain 

may represent a limiting step in the control of lipid oxidation at the mitochondrial level via the 

relative activities of complexes I and II which will control substrate oxidation preferences, e.g. fatty 

acid oxidation during exercise. The argument includes that during intense exercise a low energy state 

(increases in ADP and AMP) is present and CoQ is reduced to CoQH2. Thus, the reducing equivalents 

produced from the conversion of pyruvate to Acetyl-CoA (NADH) and from fatty acids to Acetyl-
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CoA (NADH and FADH2) will compete for the electron acceptor (CoQ). Thus, changes in the 

NAD/NADH and FAD/FADH2 ratios will exert feedback control of substrate oxidation. With the 

excess CoQ10 supply administered in the present study, theoretically, the bottle-neck at the CoQ10 

site should be lessened allowing fat oxidation to continue further during exercise, compared with no 

CoQ10 administration. However, this would require that CoQ10 is taken up by the mitochondria, 

which may be doubtful (Dohlmann et al., 2018;Svensson et al., 1999), and in the present study, we 

did not observe a significant rightward shift in the fat oxidation curves specifically in the CoQ10 

supplemented groups despite a more than a 3-fold higher dose of CoQ10 supplementation than 

previously used (Svensson et al., 1999).  

In summary, this study shows that simvastatin treatment does not negatively impact training-induced 

adaptations of substrate oxidation during exercise, and that simvastatin treated patients can improve 

maximal oxygen uptake in response to training. In addition, CoQ10 supplementation in simvastatin 

treated patients presents no advantage in the adaptations to physical training. The positive effects on 

aerobic exercise capacity are not mirrored in measures of muscle strength.  

Limitations: 

The relatively short duration of the intervention is a limitation, however, we do believe that eight 

weeks is sufficient to investigate the primary outcome of our study, namely muscle performance and 

fat oxidation capacity, since the effect of simvastatin treatment occurs within a few weeks (judged by 

the change in blood lipids). Muscle complaints typically occur within the first month of treatment 

(Bruckert et al., 2005;Parker et al., 2013), but occasionally at a later stage (Stroes et al 2015), and 

therefore the possible inhibitory effect on training adaptation should also follow shortly after. 

However, it cannot be excluded that statins and or/CoQ10 supplementation have an effect on training 

that requires a much longer intervention time to observe. Finally, for logistical reasons,    2max was 

not measured at the very end of the 8-week training program, but only at 3 and 6 weeks into the 

training.  However, the patients continued the training between weeks 6 and 8, and there is no reason 

to believe that the improv                                      2               S        2  x     
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                                M                     M                    %   2max but instead 

we have reported the data as absolute values (workload). 
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Translational perspective:  

Statins are drugs that are used to lower blood cholesterol levels to prevent cardiovascular diseases, but 

they may negatively impact metabolism, muscle performance and the response to training. Here we 

tested the prediction that statin treatment with simvastatin impairs the fitness response to physical 

training and the ability to utilize fat as an energy source during exercise. In addition, we tested if 

supplementation with co-enzyme Q10 would interact with the training adaptation. We found that 

statins effectively reduced blood cholesterol, but also reduced the content of coenzyme Q10 in the 

blood. However, the fitness response and fat utilization following the training program were not 

negatively affected by simvastatin treatment. This means that statin treatment is not prohibiting 

increases in physical fitness if exercise training is taken up by the patients. If treated with statins, it 

may be advisable to supplement with coenzyme Q10. 
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Table 1 Patient characteristics, including blood analyzes, before (pre) and after (post) eight weeks of 

supervised bicycle training in combination with simvastatin 40 mg/d + CoQ10 2x200 mg/d (S+Q), 

simvastatin 40 mg/d + placebo (S+Pl) or only placebo (Pl+Pl) in hypercholesterolemic male patients.  

 
simvastatin + CoQ10 (S+Q) 

(N = 9) 

simvastatin + Placebo (S+Pl) 

(N = 10) 

Placebo + Placebo (Pl+Pl) 

(N = 7) 

 Pre Post Pre Post Pre Post 

Age, years 56 ± 8 - 56 ± 9 - 63 ± 3 # - 

Weight, kg 93.2 ± 6.9 93.8 ± 6.5 87.9 ± 7.0 87.7 ± 7.3 92.2 ± 8.6 93.0 ± 8.9 

BMI, kg/m2 28.6 ± 2.4 28.7 ± 2.3 27.5 ± 2.2 27.4 ± 1.9 28.7 ± 2.4 29.0 ± 2.4 

Body fat, % * 32.3 ± 3.3  31.3 ± 3.7 30.7 ± 4.8  29.9 ± 4.3 30.7 ± 3.8 29.6 ± 4.1 

Lean body mass, kg * 60.6 ± 5.1 61.6 ± 5.5 58.3 ± 4.7 59.2 ± 4.9 61.4 ± 5.5 62.9 ± 6.0 

Visceral adipose tissue, kg 2.1 ± 0.9 2.0 ± 0.9 1.7 ± 0.7 1.7 ± 0.7 1.8 ± 0.9 1.8 ± 0.9 

Waist/hip-ratio 0.99 ± 0.08 0.98 ± 0.06 0.96 ± 0.05 0.97 ± 0.04 0.97 ± 0.04 0.95 ± 0.02 

Systolic blood pressure, mmHg 136 ± 19 133 ± 19 138 ± 16 137 ± 18 144 ± 17 140 ± 14 

Diastolic blood pressure, mmHg 87 ± 13 83 ± 14 88 ± 12 85 ± 12 91 ± 16 91 ± 13 

Blood analyses 

Fasting plasma glucose, mmol/L 5.8 ± 0.5 5.6 ± 0.5 5.7 ± 0.2 5.8 ± 0.5 5.7 ± 0.2 5.8 ± 0.3 

HbA1c, mmol/mol 37 ± 3 36 ± 3 35 ± 3 35 ± 3 38 ± 2 36 ± 4 

Fasting plasma insulin, pmol/L 90 ± 33  80 ± 20 66 ± 19 62 ± 15 77 ± 35 72 ± 35 

Total cholesterol, mmol/L 5.7 ± 1.0 4.3 ± 0.6** 5.9 ± 1.0 4.5 ± 1.2** 5.9 ± 0.7 5.2 ± 2.2 

Low-density lipoprotein, mmol/L 3.8 ± 0.9 2.5 ± 0.7** 4.0 ± 0.8 2.5 ± 0.6** 4.1 ± 0.7 4.2 ± 0.6 

High density lipoprotein, mmol/L * 1.2 ± 0.4 1.3 ± 0.4 1.1 ± 0.2 1.3 ± 0.2 1.3 ± 0.3 1.3 ± 0.3 

Triglycerides, mmol/L * 1.9 ± 1.1 1.5 ± 0.5 1.8 ± 0.8 1.3 ± 0.4 1.4 ± 0.7 1.4 ± 0.9 

Values are means ± SD. T-tests were used to test for age differences, and two-way ANOVA for 

repeated measures was used to test for significant differences in all other parameters. P < 0.05 was 

considered significant. Abbreviations: HbA1c: glycated haemoglobin, OGTT: oral glucose tolerance 

test. 

*P < 0.05, main effect of time; **P < 0.001, pre vs. post; # P = 0.0348, different from S+Q.  
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Table 2 Muscle strength and VAS before (pre) and after (post) eight weeks of supervised bicycle 

training in combination with simvastatin 40 mg/d + CoQ10 2 x 200 mg/d (S+Q), simvastatin 40 mg/d 

+ placebo (S+P) or only placebo (Pl+Pl) in hypercholesterolemic male patients. 

 

 

 Simvastatin + CoQ10 

(S+Q) 

(N = 9) 

Simvastatin + Placebo  

(S+P) 

(N = 10) 

Placebo + Placebo  

(Pl+Pl) 

(N = 7) 

 Pre Post Pre Post Pre Post 

MVC (N × m) 175 ± 27 181 ± 31 145 ± 29 159 ± 38 162 ± 40 154 ± 34 

Power, right leg (W/kg body weight) 3.0 ± 1.1 3.1 ± 0.5 2.7 ± 0.8 3.0 ± 0.7 2.8 ± 0.7 2.6 ± 0.8 

Power, left leg (W/kg body weight) 3.0 ± 1.0 2.9 ± 0.7 3.0 ± 0.7 3.1 ± 0.5 2.8 ± 0.5 2.7 ± 0.7 

Hand grip, right hand (kg) 46.1 ± 4.7 45.3 ± 4.0 44.3 ± 6.3 45.2 ± 5.2 42.6 ± 8.2 41.8 ± 7.7 

Hand grip, left hand (kg) 41.4 ± 7.7 41.4 ± 7.3 41.0 ± 7.8 41.4 ± 6.8 41.7 ± 6.6 41.6 ± 4.8 

RFD 0-200 ms (Nm/s) 625 ± 135  616 ± 166 512 ± 206 534 ± 153 594 ± 163 542 ± 127 

VAS (0-10) 1.7 ± 1.5 1.6 ± 2.4 2.4 ± 2.0 2.0 ± 1.8 1.7 ± 2.9 1.3 ± 2.2 

Values are means ± SD. Two-way ANOVA for repeated measures was used to test for significant 

differences. P < 0.05 was considered significant. Abbreviations: MVC: Maximal voluntary 

contraction; RFD 0-200 ms: rate of force development in the first 200 milliseconds of the MVC; W: 

Watt; Nm/s: Newton meter per second; VAS: visual analog scale for muscular soreness, discomfort, 

pain, or cramps in the past eight weeks with 0 representing none and 10 maximal level of these 

symptoms. 
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Abstract Figure legend 

Statin naïve dyslipidemic patients were treated with simvastatin + CoQ10 or simvastatin + placebo or 

placebo + placebo while carrying out an exercise training program. CoQ10 concentrations in plasma 

increased in the group that received CoQ10 supplementation, but not in the others. If statin were given 

without CoQ10 supplementation, CoQ10 concentrations decreased in nine out of ten patients. 

Maximal oxygen uptake (VO2max) increased with training in all groups, and maximal fat oxidation 

capacity (MFO) also increased in all groups.  
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Assessed for eligibility (n=127) 

Excluded (n=63) 

   Not meeting inclusion criteria (n=26) 

   Declined to participate (n=37) 

Underwent screening interview (n=64) 

Enrollment 

Excluded (n=32) 

   Not meeting inclusion criteria (n=21) 

   Declined to participate (n=11) 

Allocation Randomized (n=32) 

Simvastatin + CoQ10 (n=11) 

(S+Q) 

Placebo (n=10) 

(Pl+Pl) 

Simvastatin + Placebo (n=11) 

(S+Pl) 

Discontinued intervention (n=2) 

Follow-up Follow-up 

Analysis Analysis 

Analysed (n=9) Analysed (n=10) Analysed (n=7) 

Discontinued intervention (n=1) Discontinued intervention (n=3) 

Fig. 1 Flow diagram showing participant recruitment. 
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Fig. 2 Plasma concentrations of total CoQ10 before (Baseline) and after eight weeks of supervised 

bicycle training in combination with simvastatin 40 mg/d + CoQ10 2 x 200 mg/d (S+Q; n= 9), 

simvastatin 40 mg/d + placebo (S+P; n= 10) or only placebo (Pl+Pl; n= 7) in hypercholesterolemic 

male patients. Values are means ± SD. Two-way ANOVA for repeated measures was used to test for 

significant differences between groups and time. There was a significant (p < 0.001) effect of time for 

S+Q  S    ’                rison post hoc test). To convert µg/mL to µmol/L multiply by 1.158. 
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Fig. 3  
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Fig. 3 M x      x                     2-max, (A) and maximal force production on a bicycle 

ergometer, Watt-max, (B) before (Baseline) and during (3 weeks and 6 weeks) eight weeks of 

supervised bicycle training in combination with simvastatin 40 mg/d + CoQ10 2 x 200 mg/d (S+Q; n= 

9), simvastatin 40 mg/d + placebo (S+P; n= 10) or only placebo (Pl+Pl; n= 7) in hypercholesterolemic 

male patients. Values are means ± SD. Two-way ANOVA for repeated measures was used to test for 

significant differences between groups and time. There was a significant (p < 0.0001)                

       2max and Wattmax, but not of group (p = 0.4020 and p = 0.5186, respectively) or group x time 

(p = 0.0986 and p = 0.3969, respectively).  
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Fig. 4 The distribution of MHC (myosin heavy chain) isoforms type I, IIa and IIx before eight weeks 

of supervised bicycle training in combination with simvastatin 40 mg/d + CoQ10 2 x 200 mg/d (S+Q, 

panel A; n= 9), simvastatin 40 mg/d + placebo (S+P, panel B; n= 10) or only placebo (Pl+Pl, panel C; 

n= 7) in hypercholesterolemic male patients. Values are means ± SD.  

 

 

  



 

 

This article is protected by copyright. All rights reserved. 

Fig. 5 
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Fig. 5. Maximal fat oxidation (MFO) rates and the workload at MFO in the first and the last training 

session during eight weeks of supervised bicycle training in combination with simvastatin 40 mg/d + 

CoQ10 2 x 200 mg/d (S+Q, panel A; n= 6), simvastatin 40 mg/d + placebo (S+P, panel B; n= 10) or 

only placebo (Pl+Pl, panel C; n= 6) in hypercholesterolemic male patients. Mean and individual 

values of MFO and workload at MFO are shown in panel D and E, respectively. Values are means ± 

SD (panel A, B, and C). Two-way ANOVA for repeated measures was used to test for significant 

differences between groups and time. There was a significant (p = 0.0013 and p < 0.0001) effect of 

time for MFO and Workload at MFO, but not of group (p = 0.0752) and p = 0.0871, respectively) or 

group x time (p = 0.9229 and p = 0.9618, respectively). 

 


