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Effect of Atorvastatin on Left Ventricular Diastolic
Function and Ability of Coenzyme Q10 to Reverse

That Dysfunction

Marc A. Silver, MD, Peter H. Langsjoen, MD, Szabolcs Szabo, MD, Harish Patil, MD,
and Allan Zelinger, MD

This study evaluated left ventricular diastolic function
with Doppler echocardiography before and after sta-
tin therapy. Statin therapy worsened diastolic param-
eters in most patients; coenzyme Q10 supplementa-
tion in patients with worsening diastolic function with
statin therapy improved parameters of diastolic
function. �2004 by Excerpta Medica, Inc.

(Am J Cardiol 2004;94:1306–1310)

On the basis of the known nonselective inhibition
of cholesterol synthesis by statins, previously

reported data, and the widespread use of statin ther-
apy, we hypothesized that atorvastatin might have its
greatest initial impact on sensitive measures of left
ventricular (LV) diastolic heart performance. We
therefore prospectively studied 14 asymptomatic pa-
tients who were to begin atorvastatin therapy, with
baseline and follow-up measurements of clinical sta-
tus, LV diastolic parameters on Doppler echocardiog-
raphy, and plasma coenzyme Q10 (CoQ10) levels. Ten
of the 14 patients (71%) had worsening of �1 marker
of LV diastolic function. Eight of the 9 patients who
received CoQ10 supplementation with atorvastatin had
reversal of �1 diastolic abnormality.

• • •
The protocol and consent process were approved

by the institutional review board for the Protection of
Human Subjects of the Advocate Health Care System,

and all patients gave informed consent. All patients
met the National Cholesterol Education Program’s
recommendations for initiating pharmacologic ther-
apy. The decision to initiate therapy was made by the
primary physician. Patients who began statin therapy
as outpatients were eligible for the trial. Patients were
excluded if they had poor acoustic windows, were
�50 years old, had a history of heart failure or pre-
vious myocardial infarctions with ejection fractions of
�40%, had unstable angina pectoris, or were currently
receiving statin or CoQ10 therapy. Baseline measure-
ments of plasma CoQ10, total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cho-
lesterol, and triglycerides were made. Standard M-
mode, 2-dimensional, and Doppler echocardiograms
were performed. The 2-dimensional images were ac-
quired in parasternal long-axis, short-axis, and apical
2-, 4-, and 5-chamber views. Doppler spectral record-
ings were obtained in the apical 4-chamber view, with
the sample volume positioned at the tip of the mitral
leaflets. The transmitral pulse Doppler velocity re-
cordings (peak E, peak A, E/A ratio), deceleration
time (DT), and isovolumetric relaxation time (IVRT)
were averaged from 3 cardiac cycles. The IVRT was
obtained in the 5-chamber view with a continuous-
wave cursor or a pulse Doppler sample positioned to
obtain signals from aortic valve closure and the mitral
valve opening. The LV ejection fraction was calcu-
lated using the 2-dimensional biplane disk method.
After the baseline echocardiogram, patients were ini-
tiated on atorvastatin (Lipitor, Pfizer Inc., New York,
New York) 20 mg/day for 3 to 6 months. All baseline
measurements; plasma CoQ10 levels, and standard
M-mode, 2-dimensional, and Doppler echocardiogra-
phy were repeated after 3 to 6 months of statin ther-
apy. Those patients demonstrating �1 measurement
of diastolic LV function that worsened during the 3 to
6 months of statin therapy were supplemented with
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CoQ10 300 mg/day (100 mg orally 3 times daily) for
an additional 3 months while continuing to take ator-
vastatin 20 mg/day. Worsening diastolic function at
follow-up was defined as a 10% decrease in the E/A
ratio, a 10% increase in E-wave DT, or a 10% increase
in the IVRT. Patients who had worsening diastolic
parameters on echocardiography and completed sup-
plementation with CoQ10 underwent repeat measure-
ments of their plasma CoQ10 levels and M-mode,
2-dimensional, and Doppler echocardiographic pa-
rameters for systolic and diastolic function after 3
months. The plasma CoQ10 levels were measured by
liquid chromatography by Richard Willis, PhD, Divi-
sion of Nutritional Sciences, University of Texas,
Austin, Texas.

Initially, 17 patients who began statin therapy as
outpatients were enrolled in the trial. Four patients did
not complete all phases of the trial; 3 discontinued the
study after initial enrollment because of their personal

preferences. One patient discontinued statin therapy
after 3 months because of myalgia. She had no liver
function or creatinine phosphokinase abnormalities
but did develop abnormalities in diastolic function.
This patient was not supplemented with CoQ10, but
her baseline and follow-up echocardiograms were in-
cluded in the data analysis. The 14 patients included
10 women and 4 men, aged 51 to 79 years (mean 62)
who completed 3 to 6 months of statin therapy and
completed follow-up. Thirteen patients had associated
systemic hypertension, and 6 had diabetes mellitus
(Table 1). After statin therapy, patients had significant
reductions in total cholesterol (from 246 to 178 mg/dl,
p �0.005) and low-density lipoprotein cholesterol
(from 160 to 102 mg/dl, p � 0.005). The baseline and
supplemented CoQ10 levels are listed in Table 1.

No patients developed signs or symptoms of heart
failure during the study period. No significant changes
were seen at 3 to 6 months in left atrial dimension, LV

TABLE 1 Demographics, Clinical Characteristics, Cholesterol, and CoQ10 Levels of Study Patients (n � 14) Who Were Initiated
on Statin Therapy for Hyperlipidemia

SI No. Age/Sex Co-morbidity Medications

Total
Cholesterol

Baseline
LDL

Baseline
CoQ10
Baseline

Total
Cholesterol

after
Statin

LDL
after
Statin

CoQ10
after
Statin

CoQ10
Supplementation

1 51 Male DM OH 203.0 142 0.40 126.0 87 0.4 0.6
2 52 Male HTN HCTZ, CCB 247.0 162 1.10 168.0 88 1.2 NS
3 56 Male HTN HCTZ, ACEI 256.0 176 0.80 171.0 104 0.8 2.5
4 56 Female HTN, DM HCTZ, CCB, ACEI,

ARB, OH
210.0 130 1.60 219.0 132 1.7 NS

5 56 Male HTN, DM ACEI, OH 233.0 146 1.20 149.0 76 1.5 4.6
6 61 Female HTN, DM BB, insulin, OH 218.0 130 0.80 N/A N/A 1.1 1.1
7 62 Female HTN HCTZ 276.0 171 1.00 N/A N/A 0.8 NS
9 63 Female HTN, PVD,

CVA
HCTZ 228.0 125 1.10 N/A N/A 0.9 NS

10 70 Female HTN, DM BB, ACEI, CCB 267.0 174 0.70 185.0 101 0.7 N/A
11 71 Female HTN, DM HCTZ, ACEI, insulin 214.0 144 1.00 N/A N/A 0.9 1.2
12 77 Female HTN CCB 311.0 222 0.90 189.0 124 0.6 1
13 77 Female HTN CCB 312.0 243 1.20 243.0 153 1.8 NS
14 79 Female HTN BB, ACEI, CCB 230.0 121 1.10 157.0 65 0.9 2.2

ACEI � angiotensin-converting enzyme inhibitor; ARB � angiotensin receptor blocker; BB � � blocker; CCB � calcium channel blocker; CVA � cardiovascular
accident; DM � diabetes mellitus; HCTZ � hydrochlorothiazide; HTN � hypertension; LDL � low-density lipoprotein cholesterol; OH � oral hypoglycemic agents;
NS � not supplemented.

TABLE 2 Doppler Diastolic Parameters at Baseline and After Statin Therapy from All 14 Patients

Patients
E/A

Baseline
E/A After

Statin
Change in

E/A
Percent
Change

DT
Baseline

DT After
Statin

Change
in DT

Percent
Change

IVRT
Baseline

IVRT
After
Statin

Change
in IVRT

Percent
Change

1 1.36 1.05 �0.31 �22.70 204 266 62 30 64 79 15 23.4
2 1.21 1.45 0.24 19.80 194 175 �19 �10 85 85 0 0.0
3 1.36 1.21 �0.15 �11.00 169 190 21 12 114 82 �32 �28.0
4 1.28 1.05 �0.23 �17.00 221 232 11 5 80 83 3 4.0
5 1.70 1.17 �0.53 �31.00 155 179 24 15 83 93 10 12.0
6 0.99 1.16 0.17 17.10 152 260 108 45 101 81 �20 �19.8
7 0.74 0.93 0.19 25.60 230 245 15 6 97 100 3 3.0
8 0.95 0.85 �0.10 �10.50 236 249 13 6 81 92 11 13.5
9 0.87 1.04 0.17 19.50 224 210 �14 �6 106 90 �16 �15.0

10 1.38 1.08 �0.30 �21.70 190 259 69 36 70 112 42 60.0
11 1.47 1.52 0.05 3.00 202 226 24 12 55 81 26 47.0
12 1.34 0.93 �0.41 �30.50 264 300 36 14 80 103 23 28.7
13 0.66 0.67 0.01 1.50 278 265 �13 �5 117 101 �16 �13.6
14 1.45 1.10 �0.35 �24.10 156 250 94 60 118 144 26 22.0
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end-diastolic or end-systolic dimensions, LV septal
thickness, fractional shortening, or the LV ejection
fraction. The diastolic parameters at baseline and with
statin therapy are listed in Table 2. Similarly, the
comparisons of diastolic parameters before and after
CoQ10 supplementation are listed in Table 3. Ten of
the 14 patients (71%) had worsening of �1 marker of
LV diastolic performance (E/A ratio, DT, or IVRT), 5
patients (36%) had worsening of all 3 markers, and 3
patients (21%) had worsening of 2 parameters. There
was no significant change in systolic blood pressure,
diastolic blood pressure, pulse pressure, and mean
arterial pressure at baseline and at follow-up echocar-
diographic examination.

Of the 10 patients who had worsening of LV dia-
stolic function by �1 parameter, 9 received supple-
mentation with CoQ10 300 mg/day (100 mg 3 times
daily) while continuing atorvastatin; all patients com-
pleted echocardiographic evaluation after supplemen-
tation with CoQ10 therapy. Eight of the 9 patients
(89%) had reversal of the �1 diastolic abnormality.
Four patients (44%) had reversal of all 3 of the dia-
stolic parameters. Two patients (22%) had reversal of
2 parameters. One patient had no change in the pa-
rameters (Table 3). Paired Student’s t test analyses of
the E/A ratio, DT, and IVRT before and after CoQ10
supplementation are shown in Figures 1 to 3. Of the 9
patients who received CoQ10 supplementation, the
mean E/A ratio at baseline of 1.33 decreased to 1.11 (p
� 0.02) after 3 to 6 months of statin therapy. The
mean E/A ratio decreased to 1.25 (p � 0.02) after 3
months of CoQ10 supplementation.

Baseline CoQ10 levels varied from 0.4 to 1.6 �g/ml
(mean 0.95) in the 14 patients. All 4 patients without
worsening of diastolic parameters had levels of CoQ10
greater than the mean (range 1.0 to 1.2 �g/ml). After
atorvastatin therapy, the plasma CoQ10 levels de-
creased in 5 patients, remained the same in 4 patients,
and increased in 5 patients. Of the 9 patients who were
supplemented with CoQ10, 8 had their follow-up
CoQ10 levels drawn. Seven patients had significant
increases in their blood levels, and 1 had no change.
The mean CoQ10 level after CoQ10 supplementation
was 1.82 � 1.28 �g/ml compared with the mean
CoQ10 level before supplementation of 0.84 �
0.35 �g/ml (p � 0.03).

Of our 14 patients initiated on atorvastatin ther-
apy, the mean E/A ratio decreased from 1.2 to 1.09
(p � 0.12), the mean DT increased from 205 to 236
ms (p � 0.01), and the mean IVRT increased from
89 to 95 ms (p � 0.35). Patients who received
CoQ10 therapy on the basis of their worsening LV
diastolic parameters with atorvastatin had signifi-
cant improvement in their diastolic filling parame-
ters (E/A ratio and IVRT). The reversal of trend was
also seen in DT.

• • •
Human and animal studies have suggested de-

creases in plasma levels of CoQ10 with the use of
statins1–5 and the ability to replace exogenously di-
minished plasma levels induced by statin therapy6. We
did not see significant decreases in all patients. This
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could be related to lower baseline levels in older
patients or to the observation that plasma levels do not
always reflect tissue levels. In the recently published
Anglo-Scandinavian Cardiac Outcomes Trial,7 there

was trend toward more heart failure
admissions in patients randomized to
the atorvastatin arm. The details of
these admissions are not known but
could be secondary to worsening LV
diastolic function. The much smaller
Greek Atorvastatin and Coronary-
heart-disease Evaluation study showed
decreased heart failure admissions in
patients treated with atorvastatin.8 A
recent tissue Doppler study of patients
with hypercholesterolemia without
heart disease or diabetes mellitus on
atorvastatin suggested a favorable ef-
fect of atorvastatin on contractile re-
serve.9

The present study’s limitations
are several, including the small
sample size and the lack of a con-
trol arm, but the patients did serve
as suitable contemporary controls
for themselves. We defined wors-
ening LV diastolic function as a
10% change in the E/A ratio, DT,
and IVRT, which would be true
only in patients with normal LV
diastolic function at baseline, and
some patients may have had base-
line abnormalities with subsequent
pseudonormalization. In patients
with pseudonormalization or re-
strictive filling, increases in IVRT
and DT may be an improvement in
their diastolic parameters. Tissue
Doppler, which is an alternative
marker of LV diastolic function, was
not used. Patients were asymptom-
atic, and therefore, there were no
clinical end points during the short
follow-up. This, however, represents
the initiation phase of statin therapy
and hence an early part of the natural
history of the potential for statin-in-
duced cardiomyopathy. For more
than a decade, there has been a sug-
gestion of impairment of diastolic
function after the administration of sta-
tins,10,11 and our findings suggest that
this may be a common event and po-
tentially a precursor to symptoms as-
sociated with ventricular dysfunction.
Because baseline levels of CoQ10 do
not predict dysfunction, routine con-
comitant CoQ10 administration, espe-
cially in patients at risk, seems pru-
dent.2

Acknowledgment: We gratefully
thank Richard Willis, PhD, for analyzing plasma
CoQ10 levels and the International Coenzyme Q10
Association and the Kaneka Corporation, Osaka, Ja-
pan for supplying the CoQ10 capsules.

FIGURE 1. Mean E/A ratios (�SDs) at baseline and after statin therapy and CoQ10
supplementation in patients who received CoQ10 supplementation. Paired Student’s t
test between baseline E/A ratio and after-statin E/A ratio was p � 0.02. Paired Stu-
dent’s t test between statin E/A ratio and CoQ10 E/A ratio was p � 0.02.

FIGURE 2. Mean DTs (�SDs) at baseline and after statin therapy and CoQ10 supple-
mentation from patients who received CoQ10 supplementation. Paired Student’s t test
between baseline DT and after-statin DT was p � 0.002. Paired Student’s t test be-
tween statin DT and CoQ10 DT was p � 0.12.

FIGURE 3. Mean IVRTs (�SDs) at baseline and after statin therapy and CoQ10 supple-
mentation from patients who received CoQ10 supplementation. Paired Student’s t test
between baseline IVRT and after-statin IVRT was p � 0.18. Paired Student’s t test
between statin IVRT and CoQ10 IVRT was p � 0.01.
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Impact of Nonprescriptive Factors on Low-Density
Lipoprotein Cholesterol Reduction With Statins

Joseph P. Frolkis, MD, PhD, Gregory L. Pearce, MS, and Dennis L. Sprecher, MD

Nonprescriptive factors, including patient adherence,
can affect the fluctuations in low-density lipoprotein
(LDL) cholesterol observed in the clinical setting. In 241
statin-treated patients, although drugs and doses re-
mained fixed, 57% of patients initially successful in
reaching LDL cholesterol targets showed subsequent in-
creases in LDL cholesterol. Conversely, 60% of patients
who initially failed to reach targets had subsequent
reductions in LDL cholesterol, with nearly 1/3 eventually
attaining their LDL cholesterol goals. �2004 by Ex-
cerpta Medica, Inc.

(Am J Cardiol 2004;94:1310–1312)

Despite the widespread dissemination of the Na-
tional Cholesterol Education Program Adult

Treatment Panel III (ATP III) guidelines and the avail-
ability of the potent 3-hydroxy-3-methylglutaryl co-
enzyme A (HMG-CoA) reductase inhibitors (statins),
many patients are not attaining recommended lipid
targets.1,2 The cause of this “treatment gap” is multi-
factorial. Often, patients are not treated at all,3 are
offered inadequate medication doses to attain lipid
goals,3,4 or experience low-density lipoprotein (LDL)
cholesterol reductions significantly different from
those expected from projections in package inserts.5
Clinically, it is difficult to isolate the relative contri-
butions of these multiple influences on lipid outcomes.
However, in patients whose drugs and doses remain

constant regardless of their initial responses to ther-
apy, subsequent lipid changes can be more safely
ascribed to nonprescriptive factors, including non-
compliance.

• • •
Patients from a preventive cardiology practice

were identified from January 1996 to March 2003 and
were included if they met the following criteria: (1)
not on lipid-reducing agents; (2) placed on atorvasta-
tin, simvastatin, or pravastatin at their initial visits; (3)
kept on the same agent and dose throughout the study
period; (4) baseline LDL cholesterol greater than ATP
III target values (i.e., coronary heart disease or equiv-
alent LDL �100 mg/dl; no coronary heart disease
with �2 risk factors and LDL �130 mg/dl; and no
coronary heart disease with 0 to 1 risk factors LDL
�160 mg/dl); and (5) �2 follow-up visits (n � 241).
Data collection methods have been previously de-
scribed.6 ATP III target status was assessed at the first
follow-up visit and patients were split into 2 groups
(group 1, patients who reached their ATP III LDL
cholesterol targets, n � 138; and group 2, patients
who did not reach their ATP III LDL cholesterol
targets, n � 103).

The attainment of ATP III LDL cholesterol goals
was calculated at each follow-up visit. Comparisons
of baseline characteristics were made according to the
attainment of ATP III goals (i.e., group 1 vs group 2)
by unpaired Student’s t and chi-square tests. LDL
cholesterol changes within groups were evaluated by
comparing the first and second follow-up visit LDL
cholesterol values with baseline LDL cholesterol with
paired Student’s t tests. Change in LDL cholesterol is
reported as a percentage of baseline, and unpaired
Student’s t tests were used to compare group 1 with
group 2. Coefficients of variation were calculated for
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