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Abstract: Angiotensin-converting enzyme inhibitors (ACEI) and statins are widely used in patients
with coronary artery disease (CAD). Our aim was to compare changes in glomerular filtration rate
(GFR) over time in subjects with stable CAD according to atorvastatin dose and concomitant use
of ACEIL We studied 78 men with stable CAD referred for an elective coronary angiography who
attained the then-current guideline-recommended target level of low-density lipoproteins (LDL)
cholesterol below 2.5 mmol/L in a routine fasting lipid panel on admission and were receiving
atorvastatin at a daily dose of 10-40 mg for >3 months preceding the index hospitalization. Due to
an observational study design, atorvastatin dosage was not intentionally modified for other reasons.
GFR was estimated during index hospitalization and at about one year after discharge from our center.
Irrespective of ACEI use, a prevention of kidney function loss was observed only in those treated
with the highest atorvastatin dose. In 38 subjects on ACEI, both of the higher atorvastatin doses were
associated with increasing beneficial effects on GFR changes (mean + SEM: —4.2 + 2.4, 1.1 £+ 1.6,
5.2 + 2.4 mL/min per 1.73 m? for the 10-mg, 20-mg and 40-mg atorvastatin group, respectively, p = 0.02
by ANOVA; Spearman’s rho = 0.50, p = 0.001 for trend). In sharp contrast, in 40 patients without
ACE], no significant trend effect was observed across increasing atorvastatin dosage (respective GFR
changes: —1.3 + 1.0, —4.7 + 2.1, 4.8 £+ 3.6 mL/min per 1.73 m2, p = 0.02 by ANOVA; rho = 0.08,
p = 0.6 for trend). The results were substantially unchanged after adjustment for baseline GFR or
time-dependent variations of LDL cholesterol. Thus, concomitant ACEI use appears to facilitate the
ability of increasing atorvastatin doses to beneficially modulate time-dependent changes in GFR in
men with stable CAD.

Keywords: angiotensin-converting enzyme inhibitors; coronary artery disease; glomerular filtration rate;
renal function decline; statins

1. Introduction

As early as 2001, a meta-analysis of randomized controlled studies by Fried et al. [1] suggested
the ability of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors (statins),
to slow down renal function decline in patients with renal diseases. Five years later, a meta-analysis by
Sandhu et al. [2] also identified renal benefits of statins, including a small yet significant reduction in the
rate of kidney function loss, especially in populations with atherosclerotic cardiovascular (CV) disease.
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However, according to some recent meta-analyses, despite a lower risk of CV events in predialysis
chronic kidney disease (CKD) subjects on statins, renoprotective statin effects were unclear with a
significant heterogeneity across the included CKD studies [3,4]. Nikolic et al. [5] have recently reported
a beneficial effect of statins on glomerular filtration rate (GFR) changes only for between one and three
years of statin therapy in CKD. In contrast to these inconsistent results, a meta-analysis of controlled
studies in CKD patients treated with atorvastatin revealed an evidence of the atorvastatin-induced
renoprotection that was independent of follow-up duration and persisted after exclusion of any
single trial from the analysis including the largest Treating to New Targets (TNT) study [6]. These
discrepancies could be partially linked to a dosage-dependence of renal benefits of statins, recently
demonstrated irrespective of the presence of CKD [7,8].

Angiotensin-converting enzyme inhibitors (ACEI) are recommended in CKD due to their
well-recognized ability to reduce proteinuria and delay renal function decline. In addition, ACEI
should be considered for CV event prevention even in patients with stable angina and without
coexistent strong indications for this class of drugs, i.e., left ventricular systolic dysfunction, diabetes
or hypertension [9,10]. However, ACEI were used by only about 28% of the subjects participating
in the TNT trial that demonstrated greater improvements in GFR over five years in patients with
stable coronary artery disease (CAD) randomized to 80-mg atorvastatin vs. 10-mg atorvastatin [11].
Of note, in the Protection Against Nephropathy in Diabetes with Atorvastatin (PANDA) trial two-year
GEFR changes were similar in type 2 diabetics with early nephropathy allocated 80-mg and 10-mg
atorvastatin, all of whom were receiving either ACEI or angiotensin II type 1 receptor blockers
(ARB) [12].

Therefore, we hypothesized that dose-dependent effects of atorvastatin on renal function might
be modified by ACEI use. Thus, the aim of our observational study was to compare GFR changes over
time in men with stable CAD according to the dose of atorvastatin and concomitant usage of ACEL

2. Results

Clinical and biochemical characteristics of our patients according to atorvastatin dose have been
shown in Table 1.

Table 1. Patients’ characteristics according to atorvastatin dose.

Characteristic Atorvastatin Daily Dose p-Value
10-mg, n = 29 20-mg, n = 24 40-mg, n = 25

Age (years) 56 + 10 57+9 55+ 10 NS
Hypertension, 1 (%) 25 (86%) 19 (79%) 20 (80%) NS
Diabetes, 1 (%) 9 (31%) 6 (25%) 5 (20%) NS
Left ventricular ejection fraction (%) 68 + 6 70+ 7 70+ 6 NS
Body-mass index (kg/mz) 274+ 34 268 £2.9 27.0+3.1 NS
Mean blood pressure (mmHg) 9 +9 97+ 9 96 + 8 NS
LDL cholesterol (mmol/L) 21+0.3 20+ 04 22+0.3 NS
HDL cholesterol (mmol/L) 09+0.3 1.1+03 1.0 £ 0.3 NS
Triglycerides (mmol/L) 1.7+ 07 1.6+ 0.6 15+0.6 NS

Data are shown as mean + SD; p-values by one-way ANOVA or chi-squared test. HDL: high-density lipoproteins;
LDL: low-density lipoproteins; NS: non-significant.

Baseline GFR did not differ significantly across subgroups of patients treated with different
atorvastatin doses (mean + SEM: 52.4 + 2.6, 59.3 £ 3.5, 62.5 + 3.1 mL/min per 1.73 m? for the 10-mg,
20-mg and 40-mg atorvastatin group, respectively; p = 0.4 by one-way analysis of variance [ANOVA]).

Out of 78 study subjects, 40 patients were receiving no ACEI, largely due to a history of adverse
renal side-effects, which resulted in a significantly higher GFR in those with ACEI (69.5 + 2.7 vs.
435 4 2.0 mL/min per 1.73 m?, p < 0.001). Among ACEI users, study subjects were treated mainly
with ramipril (2.5-10 mg daily), perindopril (2-8 mg daily) or enalapril (5-30 mg daily).
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Pooling all study subjects together, we found a significant effect of atorvastatin dose on changes in
GFR, predominantly secondary to a GFR increase in those receiving 40-mg atorvastatin (GFR change:
—2.6 £ 1.2, -2.1 + 1.5,5.0 + 2.0 mL/min per 1.73 m? for the 10-mg, 20-mg and 40-mg atorvastatin
group, respectively, p = 0.001 by ANOVA; p = 0.002 for trend) (Figure 1).

| p=0.001 by ANOVA; p=0.002 for trend

|* p=0.002 vs. 10-mg and p=0.01 vs. 20-mg by Tukey test

o

GFR change over 1 year (mL/min per 1.73 m?

10 20 40
Atorvastatin dose (mg per day)

Figure 1. Changes of glomerular filtration rate (GFR) over 1 year (mean + SEM) according to
atorvastatin dosage.

ACEI use was not significantly associated with GFR changes (0.9 + 1.4 vs. —0.5 + 1.3 mL/min
per 1.73 m? for patients with and without ACEI, respectively, p = 0.6 by ANOVA).

Changes of GFR over one year did not correlate to any of the baseline clinical and biochemical
characteristics (p > 0.1) or longitudinal changes in low-density lipoproteins (LDL) cholesterol (p = 0.4)
and mean blood pressure (p = 0.5).

Irrespective of ACEI use, a prevention of kidney function loss was observed only in those treated
with the highest atorvastatin dose (Table 2; Figure 2). In subjects on ACEI (1 = 38), both of the higher
atorvastatin doses were accompanied by increasing beneficial effects on time-dependent changes in
GEFR (p = 0.02 by ANOVA; rho = 0.50, p = 0.001 for trend) (Table 2; Figure 2). In sharp contrast, in patients
without ACEI (n = 40), no significant trend effect was observed (p = 0.02 by ANOVA; rho = 0.08, p = 0.6
for trend) (Table 2; Figure 2). With regard to the strength of these trend effects on longitudinal
GFR changes across increasing atorvastatin dosage, a positive association in subjects on ACEI
(rho = 0.50) differed significantly (p = 0.045) from the lack of respective relationship (rho = 0.08)
in patients without ACEL

Table 2. Glomerular filtration rate (GFR) by atorvastatin dose according to the use of angiotensin-converting
enzyme inhibitors (ACEI).

GFR (mL/min per Atorvastatin Daily Dose p-Value by  p-Value for
2
1.73 m®) 10-mg 20-mg 40-mg ANOVA Trend
Patients on ACEI (n = 38)
n=13 n=11 n=14
Baseline 659 + 4.8 747 £ 6.2 69.0 + 4.0 NS NS
Change over 1 year —42+24 1.1+16 52424 0.02 0.001
Patients without ACEI (n = 40)
n=16 n=13 n=11
Baseline 414 +45 493 £53 413 +43 NS NS
Change over 1 year -13+1.0 —47 +21 48+36t 0.02 NS

Data are shown as mean & SEM; p-values by one-way ANOVA. * p = 0.01 vs. the 10-mg group; T p = 0.02 vs. the
20-mg group by Tukey’s test; NS: non-significant.
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Figure 2. Changes of glomerular filtration rate (GFR) over one year (mean + SEM) by atorvastatin
dosage stratified by the use of angiotensin-converting enzyme inhibitors (ACEI).

By multivariate analysis, a change in GFR was positively related to the treatment with 40-mg
atorvastatin. In addition, we found a significant interaction between ACEI use and the therapy with
20-mg atorvastatin (Table 3). Accordingly, in patients with ACEI we observed a higher GFR change
in the 20-mg atorvastatin group compared to the 10-mg atorvastatin group, whereas in those not
receiving ACEI an increase in GFR was found exclusively for the 40-mg group (Figure 2). The results
were substantially unchanged after inclusion of baseline GFR or time-dependent variations of LDL
cholesterol and mean blood pressure into the model.

Table 3. Multiple linear regression analysis of predictors a change in GFR over 1 year.

Regression Coefficient

Predictor p-Value
Mean + SEM 95% CI
Atorvastatin daily dose

40-mg vs. 10-mg 39+1.1 1.8-6.0 <0.001

20-mg vs. 10-mg 05+1.1 -1.7-2.7 0.7
Treatment with ACEI (yes vs. no) 1.5+12 —0.7-3.8 0.2

Interactions of ACEI use and atorvastatin dose

ACEI use and 20-mg atorvastatin 23+1.1 0.1-4.5 0.04
ACEI use and 40-mg atorvastatin 0.8+1.1 —-1.3-2.9 0.5

R? for the whole model: 0.22; p =0.003.

3. Discussion

Our salient finding was the ability of ACEI use to modulate the relation between atorvastatin
dose of 10—40 mg daily and GFR changes over a mean follow-up of 12 months in men with stable
CAD. In the study subjects on ACEI, the use of atorvastatin was associated with increasing beneficial
effects on kidney function beginning from an atorvastatin dose of 20 mg, whereas in those receiving no
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ACEI, no significant trend effect was found. Additionally, time-dependent changes in GFR appeared
independent of concomitant longitudinal variations of LDL cholesterol or blood pressure.

3.1. Mechanistic Considerations

Our findings may be indicative of the relevance of cholesterol-independent pleiotropic statin
actions for the renal benefit achieved with atorvastatin. Admittedly, cholesterol lowering through
HMG-CoA reductase inhibition is the principal mechanism of statin actions; however, because
cholesterol levels were similar in patients treated with three atorvastatin doses, a hypothetical role of
cholesterol-independent pathways can be hypothesized. Beyond cholesterol reduction, pleiotropic
statin effects include attenuation of endothelial dysfunction as well as anti-inflammatory, antioxidant,
antiproliferative, antifibrotic and sympatholytic activity [5,13,14], all of which were also shown for
ACEI [15]. Moreover, adding a statin to ACEI ameliorated renal function, reduced proteinuria and
prevented glomerulosclerosis, tubular damage and interstitial fibrosis in several experimental models
of kidney disease [16-19]. Additionally, statins are able to down-regulate angiotensin II type 1
receptors [20,21], whose density is known to increase in patients on ACEL Thus, it does not seem
implausible to assume that converging intercellular pathways mediating ACEI and statin activities
could be responsible for the association of favorable GFR changes with statin therapy at a lower dose
of atorvastatin in ACEI users compared with those receiving no ACEI. This concept appears much
more likely than altered atorvastatin metabolism due to a difference in renal function according to
ACEI use because the drug is eliminated primarily in the bile and no dose adjustment is required in
CKD [22].

Admittedly, it is doubtful whether long-term effects of statin therapy on kidney structure in
animal models of CKD [16-19] could translate into measurable effects on GFR within a relatively short
follow-up in the present study. Therefore, we can hypothesize that our findings might rather be linked
to hemodynamic statin actions. This concept was also proposed by Athyros et al. [23] as an explanation
for early increase in GFR already at the sixth week of treatment with the starting atorvastatin dose of
10 mg/day in subjects with established CAD and dyslipidemia participating in the GREek Atorvastatin
and Coronary heart disease Evaluation (GREACE) study, with the greatest benefit in those with early
renal dysfunction. It is noteworthy that ACEI—shown to delay CKD progression on a long-term
basis [15]—did not independently influence GFR changes in the present study.

Statins may exert renal hemodynamics via preglomerular vasodilation [24], a likely consequence
of an increased bioavailability of nitric oxide (NO), all the more because short-term (six weeks)
treatment with rosuvastatin potentiated the dependence of renal plasma flow on NO generation
in patients with hypercholesterolemia, with a trend towards improved basal NO activity already
after three-day therapy [25]. Of note, in healthy subjects the dependence of fractional sodium
excretion on the L-arginine-NO pathway was more pronounced after five-day treatment with 80 mg
atorvastatin daily [26]. In addition, GFR improved after a four-week therapy with 40 mg simvastatin
per day in patients with autosomal dominant polycystic kidney disease, which was associated with
improved endothelium-dependent dilation in the forearm [27]. On the other hand, in subjects with
type 2 diabetes, administration of atorvastatin (10 or 80 mg/day) for 30 weeks neither improved
impaired flow-mediated dilation of the brachial artery [28] nor affected urinary markers of systemic
NO generation and oxidative stress [29] as compared to patients randomized to placebo.

Elevated bioavailability of renal NO produces not only the dilation of glomerular arterioles,
but also local NO generated in the juxtaglomerular apparatus can antagonize the angiotensin
II-dependent enhancement of vasoconstrictory responses of afferent arterioles via tubuloglomerular
feedback (TGF) [30]. In keeping with this concept, Song et al. [31] have recently demonstrated
augmented TGF responsiveness associated with increased superoxide generation and decreased
NO formation by neuronal NO synthase in the macula densa in a model of hypertension induced with
slow-pressor infusion of angiotensin II in mice. Furthermore, Park et al. [32] observed the ability
of rosuvastatin to protect against angiotensin II-induced inflammatory and profibrotic activation
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and renal injury in a transgenic model of angiotensin II-induced hypertension and target-organ
damage. Finally, atorvastatin attenuated renal oxidative stress, exerted anti-inflammatory and
antifibrotic effects, prevented glomerulosclerosis and upregulated renal endothelial NO synthase
in a rat model of salt-sensitive hypertension associated with increased angiotensin II-dependent
activation of nicotinamide adenine dinucleotide phosphate oxidases [33].

Thus, we can hypothesize that restoration of renal NO activity on statins could be especially
beneficial under ACE inhibition because it might possibly maintain an equilibrium between the
angiotensin II-mediated postglomerular vasoconstriction and the TGF-dependent preglomerular
vasoconstriction, thereby preventing excessive GFR reductions on ACEIL

3.2. Clinical Implications

Irrespective of these speculative mechanistic considerations, the results of the present study may
translate into bedside, although the study population, with a prevalence of diabetes of only 25%,
could be considered at low risk for CKD progression upon exclusion of subjects with heart failure,
left ventricular systolic dysfunction and uncontrolled hypertension. In the clinical practice, ACEI and
ARB tend to be underused in patients with increasing stages of CKD due to perceived safety concerns
about adverse renal effects of these drugs [34], which was also evident in our study group. Therefore,
subjects with CKD, who are receiving no ACEI therapy, are devoid of a valuable tool in the medical
armamentarium aimed at slowing down CKD progression, being thus more dependent on alternative
strategies to protect against GFR deterioration. Accordingly, since we were able to detect the ability
of 40-mg atorvastatin to prevent a fall of GFR over a one-year follow-up period in ACEI non-users,
higher atorvastatin doses may be a reasonable option in this clinical setting not only to attenuate the
risk of adverse CV outcome but also to prevent renal function decline.

Furthermore, the ability of statin to improve GFR appears augmented in CKD because, in the
TNT study, the mean percentage increase from baseline GFR was higher among participants with a
baseline GFR below 60 mL/min per 1.73 m? both for the patients allocated 80-mg atorvastatin (9.9% vs.
7.6%) and in the 10-mg arm (6.6% vs. 5.2%) [11]. In addition, relative GFR improvements associated
with titrate-to-goal regimens of atorvastatin (10 to 80 mg per day) over a regimen of “usual care” were
more pronounced in individuals with established CAD and coexistent CKD compared to those with a
normal renal function in the GREACE (15% [GFR < 77 mL/min] vs. 3% [GFR > 77 mL/min]; mean
atorvastatin dose: 24 mg/day) [23] and Aggressive Lipid-Lowering Initiation Abates New Cardiac
Events (ALLIANCE) trial (4.5% [CKD] vs. 1.1% [no CKD]; mean atorvastatin dose: 40.5 mg/day) [35].

In some analogy to these reports, in the patients treated with 40-mg atorvastatin, we observed
a higher relative increase in GFR in those without ACEI (about 12%) vs. ACEI users (about 7.5%),
whereas average GFR was lower by almost 30 mL/min per 1.73 m? in the former. However, GFR
changes according to ACEI/statin use were previously reported only in a post hoc analysis of the
GREACE study, being similar during a three-year follow-up in patients taking the combination of a
statin (mainly atorvastatin) plus an ACEI and those receiving a statin without ACEI [36]. With regard
to the TNT [11] and ALLIANCE [35] study, renal effects of atorvastatin according to the treatment with
ACEI/ARB have not been reported so far.

It needs to be acknowledged that we were not able to make comparisons with the reference to
patients without statins. However, assuming the notion of the hypothetical ACEI-statins interactions
in terms of GFR changes, the magnitude of GFR improvements over time can possibly be perceived
as a renal “mirror” of additive beneficial effects of ACEI and statins on clinical outcome, previously
demonstrated in patients with CAD [36] and recently in diabetic subjects with critical limb ischemia [37].
Moreover, the proposed concept can also indirectly imply a higher ability of lower atorvastatin doses to
produce beneficial effects on renal function in ACEI users vs. non-users, which was found in the present
study. Of note, in a placebo-controlled study, Bianchi et al. [38] observed that adding a mean dose of
15 mg of atorvastatin daily to ACEI or ARB prevented one-year renal function decline and reduced
proteinuria in patients with mild-to-moderate CKD due to idiopathic chronic glomerulonephritis.
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Unfortunately, the proportional use of ACEI and ARB was not reported by the Lipid Lowering and
Onset of Renal Disease (LORD) trial investigators who observed no statistical difference in 2.5-year GFR
changes between CKD subjects of various etiology randomized to 10-mg atorvastatin and placebo [39].

3.3. Study Limitations

First, a relatively low number of the patients and observational study design are major study
limitations and a randomized assignment of the subjects to ACEI therapy and different atorvastatin
doses would be more appropriate. However, we analyzed only patients who were already on
atorvastatin (with or without ACEI) for at least three months preceding the index hospitalization
and attained the then-current guideline-recommended target levels of LDL cholesterol in a routine
fasting lipid panel on admission; Second, we did not routinely estimate proteinuria and indices
of calcium/phosphorus metabolism, also known to affect CKD progression; Finally, because study
subjects were followed on an outpatient basis, we were able to collect exclusively a self-reported
history of medication use after discharge from our department.

4. Experimental Section

4.1. Patients

We studied men with stable CAD referred for an elective diagnostic coronary angiography who
exhibited the presence of at least one epicardial coronary narrowing of >70% and were being treated
in accordance with current practice guidelines including aspirin and statin for >3 preceding months.
All patients underwent a complex percutaneous coronary angioplasty in our center. As described
previously, a wide set of exclusion criteria was applied to reduce the heterogeneity of the study
population [40]. We had a priori excluded subjects with heart failure/left ventricular systolic dysfunction,
significant valvular heart disease or congenital heart disease, arterial hypertension not adequately
controlled by drugs, a history of acute coronary syndrome within the previous three months, major
surgery in the past six months, GFR >120 or <30 mL/min per 1.73 m? of body-surface area, evidence
of abnormal liver function, contrast nephropathy during index hospitalization, relevant abnormalities
in routine blood analysis, coexistent inflammatory or malignant diseases, and chronic medication
with non-steroidal anti-inflammatory drugs or coxibs. In the present study, we analyzed only
subjects who attained the then-current guideline-recommended target level of LDL cholesterol below
2.5mmol/L [9,10] in a routine fasting lipid panel on admission and were receiving daily atorvastatin
doses between 10 and 40 mg prior to the index hospitalization. Due to an observational study design,
the doses of atorvastatin were not intentionally modified for other reasons in the analyzed patients.
Out of 391 pre-screened patients, 282 were eliminated from the study on the basis of the above listed
inclusion and exclusion criteria.

The study was approved by the ethical committee of our institution as indicated previously [40,41]
and the patients gave informed consent.

4.2. Collection of Follow-up Data

After discharge from our department, patients underwent routine control visits in our outpatient
clinic [41] and, if deemed necessary from clinical practice indications, re-hospitalizations in our center.
In order to assess GFR changes over about a one-year follow-up, we recorded GFR—estimated by the
Chronic Kidney Disease Epidemiology Collaboration formula [42]—during the index hospitalization
and at 12 + 3 months after discharge.

We excluded from the study the patients in whom atorvastatin doses were changed and/or
ACEI were permanently discontinued or introduced by an attending physician before the control
visit. Among 109 eligible patients who were followed, 31 were eliminated from the final analysis
because of a modification of the therapeutic regimen with regard to atorvastatin/ ACEI after the index
hospitalization, or due to loss to follow-up.
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4.3. Statistical Analysis

Data are presented as means and SD or SEM for continuous variables or n (%) for categorical
characteristics. In order to check univariate effects of atorvastatin dose and ACEI use on changes in
GFR, ANOVA was applied with either drug dosage or ACEI therapy as a categorical predictor. Post hoc
comparisons were done by Tukey’s test. The ANOVA assumptions, i.e., the accordance with a Gaussian
distribution and uniformity of variance were tested by the Kolmogorov—-Smirnov and Levene test,
respectively. Pearson’s correlation coefficients (r) were computed to assess univariate associations
between, on the one side, changes in GFR, and on the other side, baseline clinical and biochemical
characteristics as well as time-dependent changes of LDL cholesterol and mean blood pressure.

For GFR changes over time, testing for trend across increasing doses of atorvastatin was performed
with Spearman’s rank-order correlation coefficients (rh0) in the study subjects stratified according to
ACEI use. Then, rho coefficients between those with and without ACEI were compared using Fisher’s
r-to-z transformation because Myers and Sirois [43] demonstrated that treating rho coefficients as if
they were Pearson’s coefficients was more robust than alternative approaches with respect to false
rejection of a true null hypothesis. A p-value below 0.05 was inferred significant.

Then, in order to check whether the effects of atorvastatin dosage on renal function were affected
by ACEI therapy, a generalized linear regression model was applied with a change in GFR as a
dependent variable. Since preliminary analyses did not allow the assumption of monotonic relations
between atorvastatin dose and the dependent variable across subgroups of the study subjects divided
on the basis of ACEI use, we entered 20-mg and 40-mg doses of atorvastatin as separate categorical
predictors. Then, effects of the both statin doses, ACEI use and interactions between ACEI usage and
each of the two statin doses were estimated. Regression coefficients for these factors are equivalent to
an effect on GFR in the patients exposed to a factor of interest with the reference to the patients without
this exposure. In order to adjust for potential continuous confounders, we planned to enter into the
model baseline characteristics for which the univariate p-value did not exceed 0.10. Additionally, to
control for time-dependent changes in LDL cholesterol and mean blood pressure, the analyses were
repeated with these covariates in the regression model. We also compared results of the two regression
models with and without inclusion of baseline GFR as a potential confounder. We used this approach
because, on the one hand, patients without ACEI exhibited significantly lower GFR due to a history of
adverse renal effects and, on the other hand, the adjustment for baseline levels of a variable may result
in a measurement error-dependent bias when searching for determinants of changes in this variable
over time [44,45].

5. Conclusions

Concomitant ACEI use appears to facilitate the ability of increasing atorvastatin doses to
beneficially modulate time-dependent changes in GFR in men with stable CAD.
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Abbreviations

ACEI angiotensin-converting enzyme inhibitors
ANOVA analysis of variance

ARB angiotensin II type 1 receptor blockers

CAD coronary artery disease
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CKD chronic kidney disease

Ccv cardiovascular

GFR glomerular filtration rate

HDL high-density lipoproteins

HMG-CoA 3-hydroxy-3-methylglutaryl-coenzyme A
LDL low-density lipoproteins

NO nitric oxide

NS non-significant

SEM standard error of the mean

SD standard deviation

TGF tubuloglomerular feedback

References

1. Fried, L.F. Effects of HMG-CoA reductase inhibitors (statins) on progression of kidney disease. Kidney Int.

10.

11.

2008, 74, 571-576. [CrossRef] [PubMed]

Sandhu, S.; Wiebe, N.; Fried, L.E,; Tonelli, M. Statins for improving renal outcomes: A meta-analysis. J. Am.
Soc. Nephrol. 2006, 17, 2006-2016. [CrossRef] [PubMed]

Palmer, S.C.; Craig, ].C.; Navaneethan, S.D.; Tonelli, M.; Pellegrini, F.; Strippoli, G.F. Benefits and harms
of statin therapy for persons with chronic kidney disease: A systematic review and meta-analysis.
Ann. Intern. Med. 2012, 157, 263-275. [CrossRef] [PubMed]

Hou, W,; Lv, J; Perkovic, V,; Yang, L.; Zhao, N.; Jardine, M.]; Cass, A.; Zhang, H.; Wang, H. Effect of statin
therapy on cardiovascular and renal outcomes in patients with chronic kidney disease: A systematic review
and meta-analysis. Eur. Heart J. 2013, 34, 1807-1817. [CrossRef] [PubMed]

Nikolic, D.; Banach, M.; Nikfar, S.; Salari, P; Mikhailidis, D.P.; Toth, PP; Abdollahi, M.; Ray, KK.;
Pencina, M.].; Malyszko, J.; et al. A meta-analysis of the role of statins on renal outcomes in patients
with chronic kidney disease. Is the duration of therapy important? Int. J. Cardiol. 2013, 168, 5437-5447.
[CrossRef] [PubMed]

Takagi, H.; Umemoto, T. A meta-analysis of randomized trials for effects of atorvastatin on renal function in
chronic kidney disease. Int. J. Cardiol. 2011, 152, 242-244. [CrossRef] [PubMed]

Sanguankeo, A.; Upala, S.; Cheungpasitporn, W.; Ungprasert, P.; Knight, E.L. Effects of statins on renal
outcome in chronic kidney disease patients: A systematic review and meta-analysis. PLoS ONE 2015, 10,
€0132970. [CrossRef] [PubMed]

Geng, Q.; Ren, J.; Song, J.; Li, S.; Chen, H. Meta-analysis of the effect of statins on renal function. Am. J. Cardiol.
2014, 114, 562-570. [CrossRef] [PubMed]

Fox, K,; Garcia, M.A.; Ardissino, D.; Buszman, P.; Camici, P.G.; Crea, F; Daly, C.; De Backer, G.; Hjemdahl, P;
Lopez-Sendon, J.; et al. The Task Force on the Management of Stable Angina Pectoris of the European Society
of Cardiology. Guidelines on the management of stable angina pectoris: Executive summary. Eur. Heart J.
2006, 27, 1341-1381. [PubMed]

Fraker, T.D.; Fihn, S.D.; Gibbons, R.]J.; Abrames, J.; Chatterjee, K.; Daley, J.; Deedwania, P.C.; Douglas, ].S.;
Ferguson, T.B.; Gardin, ].M.; et al. 2007 chronic angina focused update of the ACC/AHA 2002 guidelines
for the management of patients with chronic stable angina: A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines Writing Group to develop
the focused update of the 2002 Guidelines for the management of patients with chronic stable angina. J. Am.
Coll. Cardiol. 2007, 50, 2264-2274. [PubMed]

Shepherd, J.; Kastelein, ].J.; Bittner, V.; Deedwania, P.; Breazna, A.; Dobson, S.; Wilson, D.J.; Zuckerman, A.;
Wenger, N.K.; Treating to New Targets Investigators. Effect of intensive lipid lowering with atorvastatin on
renal function in patients with coronary heart disease: The Treating to New Targets (TNT) study. Clin. |. Am.
Soc. Nephrol. 2007, 2, 1131-1139. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/ki.2008.231
http://www.ncbi.nlm.nih.gov/pubmed/18528321
http://dx.doi.org/10.1681/ASN.2006010012
http://www.ncbi.nlm.nih.gov/pubmed/16762986
http://dx.doi.org/10.7326/0003-4819-157-4-201208210-00007
http://www.ncbi.nlm.nih.gov/pubmed/22910937
http://dx.doi.org/10.1093/eurheartj/eht065
http://www.ncbi.nlm.nih.gov/pubmed/23470492
http://dx.doi.org/10.1016/j.ijcard.2013.08.060
http://www.ncbi.nlm.nih.gov/pubmed/24016544
http://dx.doi.org/10.1016/j.ijcard.2011.06.107
http://www.ncbi.nlm.nih.gov/pubmed/21764159
http://dx.doi.org/10.1371/journal.pone.0132970
http://www.ncbi.nlm.nih.gov/pubmed/26151753
http://dx.doi.org/10.1016/j.amjcard.2014.05.033
http://www.ncbi.nlm.nih.gov/pubmed/25001155
http://www.ncbi.nlm.nih.gov/pubmed/16735367
http://www.ncbi.nlm.nih.gov/pubmed/18061078
http://dx.doi.org/10.2215/CJN.04371206
http://www.ncbi.nlm.nih.gov/pubmed/17942759

Int. ]. Mol. Sci. 2016, 17, 106 10 of 12

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Rutter, M.K,; Prais, H.R.; Charlton-Menys, V.; Gittins, M.; Roberts, C.; Davies, R.R.; Moorhouse, A.; Jinadev, P;
France, M.; Wiles, P.G.; et al. Protection against nephropathy in diabetes with atorvastatin (PANDA):
A randomized double-blind placebo-controlled trial of high- vs. low-dose atorvastatin. Diabet. Med. 2011, 28,
100-108. [CrossRef] [PubMed]

Epstein, M.; Campese, V.M. Pleiotropic effects of 3-hydroxy-3-methylglutaryl coenzyme A reductase
inhibitors on renal function. Am. J. Kidney Dis. 2005, 45, 2-14. [CrossRef] [PubMed]

Millar, PJ.; Floras, J.S. Statins and the autonomic nervous system. Clin. Sci. (Lond.) 2014, 126, 401-415.
[CrossRef] [PubMed]

Lépez-Sendén, J.; Swedberg, K.; McMurray, J.; Tamargo, J.; Maggioni, A.P.; Dargie, H.; Tendera, M.;
Waagstein, F; Kjekshus, J.; Lechat, P; et al. The Task Force on ACE-inhibitors of the European Society
of Cardiology. Expert consensus document on angiotensin converting enzyme inhibitors in cardiovascular
disease. Eur. Heart ]. 2004, 25, 1454-1470. [PubMed]

Brouhard, B.H.; Takamori, H.; Satoh, S.; Inman, S.; Cressman, M.; Irwin, K.; Berkley, V.; Stowe, N.
The combination of lovastatin and enalapril in a model of progressive renal disease. Pediatr. Nephrol.
1994, 8, 436-440. [CrossRef] [PubMed]

Lee, SK.; Jin, S.Y;; Han, D.C.; Hwang, S.D.; Lee, H.B. Effects of delayed treatment with enalapril and/or
lovastatin on the progression of glomerulosclerosis in 5/6 nephrectomized rats. Nephrol. Dial. Transplant.
1993, 8, 1338-1343. [PubMed]

Zoja, C.; Corna, D.; Rottoli, D.; Cattaneo, D.; Zanchi, C.; Tomasoni, S.; Abbate, M.; Remuzzi, G. Effect of
combining ACE inhibitor and statin in severe experimental nephropathy. Kidney Int. 2002, 61, 1635-1645.
[CrossRef] [PubMed]

Zoja, C.; Corna, D.; Gagliardini, E.; Conti, S.; Arnaboldi, L.; Benigni, A.; Remuzzi, G. Adding a statin to a
combination of ACE inhibitor and ARB normalizes proteinuria in experimental diabetes, which translates
into full renoprotection. Am. . Physiol. Ren. Physiol. 2010, 299, F1203-F1211. [CrossRef] [PubMed]
Nickenig, G.; Baumer, A.T.; Temur, Y.; Kebben, D.; Jockenhovel, F; Bohm, M. Statin-sensitive dysregulated
AT1 receptor function and density in hypercholesterolemic men. Circulation 1999, 100, 2131-2134. [CrossRef]
[PubMed]

Ichiki, T.; Takeda, K.; Tokunou, T.; lino, N.; Egashira, K.; Shimokawa, H.; Hirano, K.; Kanaide, H.; Takeshita, A.
Downregulation of angiotensin II type 1 receptor by hydrophobic 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors in vascular smooth muscle cells. Arterioscler. Thromb. Vasc. Biol. 2001, 21, 1896-1901.
[CrossRef] [PubMed]

Launay-Vacher, V.; Izzedine, H.; Deray, G. Statins' dosage in patients with renal failure and cyclosporine
drug-drug interactions in transplant recipient patients. Int. |. Cardiol. 2005, 101, 9-17. [CrossRef] [PubMed]
Athyros, V.G.; Mikhailidis, D.P,; Papageorgiou, A.A.; Symeonidis, A.N.; Pehlivanidis, A.N.; Bouloukos, V.I;
Elisaf, M. The effect of statins vs. untreated dyslipidaemia on renal function in patients with coronary heart
disease. A subgroup analysis of the Greek atorvastatin and coronary heart disease evaluation (GREACE)
study. . Clin. Pathol. 2004, 57, 728-734. [CrossRef] [PubMed]

Stowe, N.T.; Inman, S.R.; Tapolyai, M.; Brouhard, B.H.; Hodge, E.E.; Novick, A.C. Lovastatin has direct renal
hemodynamic effects in a rodent model. J. Urol. 1996, 156, 249-252. [CrossRef]

Ott, C.; Schlaich, M.P,; Schmidt, B.M.; Titze, S.I.; Schéufele, T.; Schmieder, R.E. Rosuvastatin improves basal
nitric oxide activity of the renal vasculature in patients with hypercholesterolemia. Atherosclerosis 2008, 196,
704-711. [CrossRef] [PubMed]

Mose, FH.; Larsen, T.; Bech, ].N.; Pedersen, E.B. Effects of atorvastatin on systemic and renal nitric oxide in
healthy man. Clin. Exp. Hypertens. 2013, 35, 148-157. [CrossRef] [PubMed]

Van Dijk, M.A.; Kamper, A.M.; van Veen, S.; Souverijn, ].H.; Blauw, G.]. Effect of simvastatin on renal function
in autosomal dominant polycystic kidney disease. Nephrol. Dial. Transplant. 2001, 16, 2152-2157. [CrossRef]
[PubMed]

Van Venrooij, FV.; van de Ree, M.A.; Bots, M.L.; Stolk, R.P.; Huisman, M.V,; Banga, ].D.; DALI Study
Group. Aggressive lipid lowering does not improve endothelial function in type 2 diabetes: The Diabetes
Atorvastatin Lipid Intervention (DALI) Study: A randomized, double-blind, placebo-controlled trial.
Diabetes Care 2002, 25, 1211-1216. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/j.1464-5491.2010.03139.x
http://www.ncbi.nlm.nih.gov/pubmed/21166851
http://dx.doi.org/10.1053/j.ajkd.2004.08.040
http://www.ncbi.nlm.nih.gov/pubmed/15696439
http://dx.doi.org/10.1042/CS20130332
http://www.ncbi.nlm.nih.gov/pubmed/24274967
http://www.ncbi.nlm.nih.gov/pubmed/15302105
http://dx.doi.org/10.1007/BF00856524
http://www.ncbi.nlm.nih.gov/pubmed/7947034
http://www.ncbi.nlm.nih.gov/pubmed/8159302
http://dx.doi.org/10.1046/j.1523-1755.2002.00332.x
http://www.ncbi.nlm.nih.gov/pubmed/11967013
http://dx.doi.org/10.1152/ajprenal.00045.2010
http://www.ncbi.nlm.nih.gov/pubmed/20719975
http://dx.doi.org/10.1161/01.CIR.100.21.2131
http://www.ncbi.nlm.nih.gov/pubmed/10571970
http://dx.doi.org/10.1161/hq1201.099430
http://www.ncbi.nlm.nih.gov/pubmed/11742861
http://dx.doi.org/10.1016/j.ijcard.2004.04.005
http://www.ncbi.nlm.nih.gov/pubmed/15860377
http://dx.doi.org/10.1136/jcp.2003.012989
http://www.ncbi.nlm.nih.gov/pubmed/15220366
http://dx.doi.org/10.1016/S0022-5347(01)66010-5
http://dx.doi.org/10.1016/j.atherosclerosis.2006.12.020
http://www.ncbi.nlm.nih.gov/pubmed/17298834
http://dx.doi.org/10.3109/10641963.2012.702835
http://www.ncbi.nlm.nih.gov/pubmed/22784101
http://dx.doi.org/10.1093/ndt/16.11.2152
http://www.ncbi.nlm.nih.gov/pubmed/11682660
http://dx.doi.org/10.2337/diacare.25.7.1211
http://www.ncbi.nlm.nih.gov/pubmed/12087021

Int. ]. Mol. Sci. 2016, 17, 106 11 0f 12

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Tsikas, D.; Pham, V.V; Suchy, M.T.; van de Ree, M.A.; Huisman, M.V.; Frolich, J.C.; Princen, H-M.; DALI
Study Group. No effects of atorvastatin (10 mg/d or 80 mg/d) on prostacyclin, thromboxane and oxidative
stress in type 2 diabetes mellitus patients of the DALI study. Pharmacol. Res. 2015, 94, 1-8. [CrossRef]
[PubMed]

Braam, B.; Koomans, H.A. Nitric oxide antagonizes the actions of angiotensin II to enhance tubuloglomerular
feedback responsiveness. Kidney Int. 1995, 48, 1406-1411. [CrossRef] [PubMed]

Song, J.; Lu, Y,; Lai, E.Y.; Wei, J.; Wang, L.; Chandrashekar, K.; Wang, S.; Shen, C.; Juncos, L.A.; Liu, R.
Oxidative status in the macula densa modulates tubuloglomerular feedback responsiveness in angiotensin
II-induced hypertension. Acta. Physiol. (Oxf.) 2015, 213, 249-258. [CrossRef] [PubMed]

Park, ] K.; Mervaala, E.M.; Muller, D.N.; Menne, ].; Fiebeler, A.; Luft, EC.; Haller, H. Rosuvastatin protects
against angiotensin II-induced renal injury in a dose-dependent fashion. J. Hypertens. 2009, 27, 599-605.
[CrossRef] [PubMed]

Zhou, M.S.; Schuman, I.H.; Jaimes, E.A.; Raij, L. Renoprotection by statins is linked to a decrease in renal
oxidative stress, TGF-beta, and fibronectin with concomitant increase in nitric oxide bioavailability. Am. J.
Physiol. Ren. Physiol. 2008, 295, F53-F59. [CrossRef] [PubMed]

Masoudi, F.A ; Rathore, S.S.; Wang, Y.; Havranek, E.P,; Curtis, ].P; Foody, ].M.; Krumholz, H.M. National
patterns of use and effectiveness of angiotensin-converting enzyme inhibitors in older patients with heart
failure and left ventricular systolic dysfunction. Circulation 2004, 110, 724-731. [CrossRef] [PubMed]
Koren, M.].; Davidson, M.H.; Wilson, D.J.; Fayyad, R.S.; Zuckerman, A.; Reed, D.P.; ALLIANCE Investigators.
Focused atorvastatin therapy in managed-care patients with coronary heart disease and CKD. Am. J.
Kidney Dis. 2009, 53, 741-750. [CrossRef] [PubMed]

Athyros, V.G.; Mikhailidis, D.P,; Papageorgiou, A.A.; Bouloukos, V.I; Pehlivanidis, A.N.; Symeonidis, A.N.;
Elisaf, M.; Group, G.S.C. Effect of statins and ACE inhibitors alone and in combination on clinical outcome
in patients with coronary heart disease. J. Hum. Hypertens. 2004, 18, 781-788. [CrossRef] [PubMed]

Faglia, E.; Clerici, G.; Scatena, A.; Caminiti, M.; Curci, V.; Morabito, A.; Prisco, V.; Greco, R.; Edmonds, M.
Effectiveness of combined therapy with angiotensin-converting enzyme inhibitors and statins in reducing
mortality in diabetic patients with critical limb ischemia: An observational study. Diabetes Res. Clin. Pract.
2014, 103, 292-297. [CrossRef] [PubMed]

Bianchi, S.; Bigazzi, R.; Caiazza, A.; Campese, V.M. A controlled, prospective study of the effects of
atorvastatin on proteinuria and progression of kidney disease. Am. ]. Kidney Dis. 2003, 41, 565-570.
[CrossRef] [PubMed]

Fassett, R.G.; Robertson, LK.; Ball, M.].; Geraghty, D.P.; Coombes, ].S. Effect of atorvastatin on kidney function
in chronic kidney disease: A randomised double-blind placebo-controlled trial. Atherosclerosis 2010, 213,
218-224. [CrossRef] [PubMed]

Surdacki, A.; Marewicz, E.; Wieteska, E.; Szastak, G.; Rakowski, T.; Wieczorek-Surdacka, E.; Dudek, D.;
Pryjma, J.; Dubiel, J.S. Association between endothelial progenitor cell depletion in blood and
mild-to-moderate renal insufficiency in stable angina. Nephrol. Dial. Transplant. 2008, 23, 2265-2273.
[CrossRef] [PubMed]

Surdacki, A.; Marewicz, E.; Wieczorek-Surdacka, E.; Rakowski, T.; Szastak, G.; Pryjma, J.; Dudek, D.;
Dubiel, ].S. Synergistic effects of asymmetrical dimethyl-l-arginine accumulation and endothelial progenitor
cell deficiency on renal function decline during a 2-year follow-up in stable angina. Nephrol. Dial. Transplant.
2010, 25, 2576-2583. [CrossRef] [PubMed]

Levey, A.S,; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F.,; Feldman, H.I; Kusek, ].W.; Eggers, P.;
van Lente, F.; Greene, T,; et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 2009,
150, 604-612. [CrossRef] [PubMed]

Myers, L.; Sirois, M.]. Spearman Correlation Coefficients, Differences between. In Encyclopedia of Statistical
Science; Kotz, S., Read, C.B., Balakrishnan, N., Vidakovic, B., Eds.; John Wiley & Sons: Hoboken, NJ, USA,
2006; Available online: http://onlinelibrary.wiley.com/doi/10.1002/0471667196.ess5050.pub2/abstract
(accessed on 20 November 2015). [CrossRef]


http://dx.doi.org/10.1016/j.phrs.2015.01.004
http://www.ncbi.nlm.nih.gov/pubmed/25662039
http://dx.doi.org/10.1038/ki.1995.429
http://www.ncbi.nlm.nih.gov/pubmed/8544396
http://dx.doi.org/10.1111/apha.12358
http://www.ncbi.nlm.nih.gov/pubmed/25089004
http://dx.doi.org/10.1097/HJH.0b013e32831ef369
http://www.ncbi.nlm.nih.gov/pubmed/19262227
http://dx.doi.org/10.1152/ajprenal.00041.2008
http://www.ncbi.nlm.nih.gov/pubmed/18463318
http://dx.doi.org/10.1161/01.CIR.0000138934.28340.ED
http://www.ncbi.nlm.nih.gov/pubmed/15289383
http://dx.doi.org/10.1053/j.ajkd.2008.11.025
http://www.ncbi.nlm.nih.gov/pubmed/19216014
http://dx.doi.org/10.1038/sj.jhh.1001748
http://www.ncbi.nlm.nih.gov/pubmed/15229622
http://dx.doi.org/10.1016/j.diabres.2013.12.060
http://www.ncbi.nlm.nih.gov/pubmed/24492022
http://dx.doi.org/10.1053/ajkd.2003.50140
http://www.ncbi.nlm.nih.gov/pubmed/12612979
http://dx.doi.org/10.1016/j.atherosclerosis.2010.07.053
http://www.ncbi.nlm.nih.gov/pubmed/20810109
http://dx.doi.org/10.1093/ndt/gfm943
http://www.ncbi.nlm.nih.gov/pubmed/18187495
http://dx.doi.org/10.1093/ndt/gfp439
http://www.ncbi.nlm.nih.gov/pubmed/19729464
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://www.ncbi.nlm.nih.gov/pubmed/19414839
http://dx.doi.org/10.1002/0471667196.ess5050.pub2

Int. ]. Mol. Sci. 2016, 17, 106 12 0f 12

44. Yanez, N.D.; Kronmal, R.A.; Shemanski, L.R.; Psaty, B.M.; Study, C.H. A regression model for longitudinal
change in the presence of measurement error. Ann. Epidemiol. 2002, 12, 34-38. [CrossRef]

45.  Shlipak, M.G.; Katz, R.; Kestenbaum, B.; Fried, L.F,; Siscovick, D.; Sarnak, M.]. Clinical and subclinical
cardiovascular disease and kidney function decline in the elderly. Atherosclerosis 2009, 204, 298-303.
[CrossRef] [PubMed]

@ © 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons by Attribution

(CC-BY) license (http:/ /creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1016/S1047-2797(01)00280-0
http://dx.doi.org/10.1016/j.atherosclerosis.2008.08.016
http://www.ncbi.nlm.nih.gov/pubmed/18848325
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Results 
	Discussion 
	Mechanistic Considerations 
	Clinical Implications 
	Study Limitations 

	Experimental Section 
	Patients 
	Collection of Follow-up Data 
	Statistical Analysis 

	Conclusions 

