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Abstract

Background—Chronic kidney disease (CKD) is associated with an increased risk for incident
cardiovascular disease (CVD), but the role of statin for the primary prevention of acute cardiovascular
events in CKD and the effect of statins on kidney function loss in persons without prevalent CVD
have not been studied.

Study Design—Post-hoc analysis of the Air Force/Texas Coronary Atherosclerosis Prevention
Study.

Setting and Participants—Multicenter, randomized, double-blind, placebo-controlled trial of
5608 men and 997 women without CVD randomized to lovastatin or placebo.

Intervention—Placebo or lovastatin 20 mg daily

Outcomes and Measurements—~First major acute cardiovascular event in participants with mild
CKD and kidney function loss among persons with or without CKD. Estimated glomerular filtration
rate was calculated using the 4-variable Modification of Diet in Renal Disease Study equation.

Results—At baseline, the mean estimated glomerular filtration rate among CKD participants
(n=304) was 53.3 + 6.0 mL/min/1.73m?2. After an average follow-up of 5.3 + 0.8 years, the incidence
of a fatal and non-fatal cardiovascular disease event was lower in CKD participants receiving
lovastatin than in those on placebo (adjusted relative risk (RR): 0.31, 95% CI 0.13-0.72; p=0.01).
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Tests for interaction suggested that the benefit of lovastatin was independent of the presence of CKD.
Lovastatin did not reduce the annualized mean decline in estimated glomerular filtration rate (1.3
+0.07 vs. —1.4 + 0.07 mL/min/1.73m?/year, respectively, p=0.1), the frequency of > 25% decrease
in kidney function [adjusted RR: 1.10, 95% CI 0.96 to 1.28, p=0.2] or incident CKD (adjusted RR
1.04, 95% CI1 0.86 to 1.27, p=0.6).

Limitations—Unable to determine cause and duration of kidney disease and information regarding
proteinuria was not available.

Conclusions—Lovastatin is effective for the primary prevention of CVD in CKD, but is not
effective in decreasing kidney function loss in persons with no CVD.

INTRODUCTION

METHODS

Chronic kidney disease (CKD) patients are at high risk for developing cardiovascular disease
(CVD).173 In fact, epidemiological studies have established that cardiovascular events occur
much more frequently than progression to end-stage renal disease in persons with CKD.4 CKD
and CVD share analogous pathological mechanisms, suggesting a similarity of mesangial cell
and vascular smooth muscle cell response to injury.5:8 This similarity of mechanisms raises
the hypothesis that mediators to prevent CVD may also prevent the incidence and progression
of CKD. However, there are few published data about the effect of statins on primary prevention
of CVD and kidney function loss in persons without CVD.5~8

In the population with both CVD and CKD, statins have been shown to be effective for
secondary prevention of cardiovascular events including myocardial infarction, coronary
death, coronary revascularization and all-cause mortality.10 Furthermore, in persons with
established CVD, statins appear to decrease the rate of kidney function loss.”11:12 However,
in persons without CVD, the effects of statins in CKD have not been thoroughly evaluated =
8 either for their effects on primary cardiovascular prevention or progression of kidney disease.

In the current investigation from the primary prevention trial Air Force/Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TexCAPS) 13, we evaluated the effects of statins
on a fairly unique kidney disease population, one without significant diabetes or CVD. We
examined the effects of lovastatin on: 1) incidence of first major acute cardiovascular event in
CKD patients, and 2) kidney function loss among persons with or without CKD.

Study Database

We obtained a copy of the database of the AFCAPS/TexCAPS study by submitting a written
proposal to Merck Research Laboratories. None of the authors were members of the AFCAPS/
TexCAPS Investigators.

Study Design and Subjects

The design of AFCAPS/TexCAPS has been described previously.13:14 Briefly, the AFCAPS/
TexCAPS study was a randomized, double-blind, placebo-controlled primary prevention trial
that evaluated the effect of lovastatin versus placebo on the rate of first acute major coronary
events in persons with normal to mildly elevated total cholesterol (TC) and low density
lipoprotein cholesterol (LDL-C) levels, below average high density lipoprotein cholesterol
(HDL-C) and no previous history of CVD.

AFCAPS/TexCAPS included 5608 men aged 45 to 73 years and 997 postmenopausal women
aged 55 to 73 years who met the lipid entrance criteria at both 4 and 2 weeks prior to
randomization with less than 15% difference in LDL-C values between visits. The lipid entry
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criteria included TC, 180-264 mg/dL; LDL-C, 130-190 mg/dL; HDL-C, <45 mg/dL for men
or <47 mg/dL for women; and triglycerides, <400 mg/dL. Exclusion criteria included clinical
evidence of atherosclerotic CVD, secondary hyperlipoproteinemia, nephrotic syndrome,
uncontrolled hypertension, and type 1 or type 2 diabetes mellitus. Patients with decreased
kidney function were not specifically excluded from the study.14

After a 12 week diet run-in, participants were randomized to treatment with lovastatin 20 mg
daily or placebo and were followed for a median of 5.1 years. Lovastatin was titrated to 40 mg
daily if the LDL-C level was greater than 110 mg/dL at the 3 month follow up visit. Lipids
were measured from fresh fasting serum samples at a central laboratory at Wilford Hall Medical
Center at Lackland Air Force Base in Texas. TC, HDL-C and triglycerides were measured
enzymatically and LDL-C was calculated by the Friedewald formula. 1°

Renal Function Assessments

Blood chemistry tests, including serum creatinine, were performed yearly at the central
laboratory at Wilford Hall Medical Center. Methodology for the measurement of serum
creatinine remained unchanged during the course of the study. AFCAPS/TexCAPS serum
creatinine data were indirectly calibrated to The Cleveland Clinic [where serum creatinine was
measured in the Modification of Diet in Renal Disease (MDRD) Study] in order to standardize
the measurements and increase accuracy by using The Third National Health and Nutrition
Examination Survey (NHANES I11) data following a method previously reported.16718 Since
NHANES I11 share the demographic and baseline-lipid-level characteristics of AFCAPS/
TexCAPS,19 and NHANES 111 data have been directly compared to the MDRD study, it was
assumed that the mean serum creatinine for a given age, sex and race should be comparable in
the two studies. A linear regression of data combining AFCAPS/TexCAPS and NHANES 111
showed that serum creatinine levels were 0.22 mg/dL higher in the AFCAPS/TexCAPS cohort
during the baseline examination than among NHANES I1I1 participants after adjustment for
age, sex and race. The analysis was limited to participants 45 to 73 and 55 to 73 years old for
men and women, respectively who are white, African-American and Mexican American with
aserum creatinine less than 2.0 mg/dL at baseline. The value of 0.22 mg/dL was then subtracted
from measured creatinine before use in the current study. We estimated glomerular filtration
rate (GFR) using the 4-variable MDRD Study equation.20 CKD was categorized as an
estimated GFR less than 60 mL/min/1.73m2.20 Participants with an estimated GFR < 15 mL/
min/1.73m?2 (n=1) were excluded.

Study Outcomes

Lovastatin and Cardiovascular Outcomes—Our objective was to investigate whether
treatment with lovastatin, compared with placebo, would decrease cardiovascular morbidity
and mortality according to kidney function or CKD status across the spectrum of clinical events
by measuring the rates of 7 endpoints: (1) unstable angina, (2) fatal or nonfatal myocardial
infarction, (3) fatal or nonfatal coronary events, (4) fatal and nonfatal cardiovascular events,
(5) fatal and nonfatal coronary revascularization procedures (6) coronary heart disease
mortality, and (7) cardiovascular mortality. These 7 specific endpoints were examined
separately in this analysis as each of these clinical events was pre-specified as the secondary
objective in the original AFCAPS/TexCAPS study. We also evaluated the original primary
endpoint from the AFCAPS/TexCAPS study, defined as time to a composite endpoint of first
major cardiac events including unstable angina, fatal or nonfatal myocardial infarction and
sudden cardiac death. An endpoint committee that was blinded to lipid levels and treatment
assignment determined outcomes.13:14

Lovastatin and Renal Outcomes—Serum creatinine was measured at baseline and yearly
until close out of the study. Our main objective in examining renal outcomes was to evaluate
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whether treatment with lovastatin, compared with placebo, had an effect on yearly change in
kidney function decline. For this analysis we included only those participants [4994/6604
(76%)] from the original AFCAPS/TexCAPS who had at least four serum creatinine
measurements with at least one of the follow up measurements at least 3 years after
randomization. In addition, change in estimated GFR was dichotomized to analyze clinically
relevant declines in kidney function: (1) > 25% reduction in baseline estimated GFR and (2)
occurrence of incident cases of CKD (defined as an estimated GFR < 60 mL/min/1.73m2) at
the end of the follow-up. These two outcomes were chosen based on previous studies examining
the effect of statins on kidney function loss.12

Statistical Analysis

RESULTS

To assess whether there were differences in baseline characteristics and estimated GFR group,
analysis of variance with treatment and estimated GFR categories was used for continuous
variables and the Cochran-Mantel-Haenszel test was used for categorical variables. Values
were reported as means = SD or percentages; 95% CI were provided where appropriate. Within
each estimated GFR group, the effect of lovastatin therapy on risks for the cardiovascular
outcome was calculated using Cox proportional hazards regression models adjusted for age,
sex, race, body mass index (BMI), smoking, family history of premature coronary artery
disease (CAD), hypertension, diabetes, systolic and diastolic blood pressure, baseline glucose,
total cholesterol, LDL-C, HDL-C, triglycerides, and use of angiotensin converting enzyme
inhibitors (ACE inhibitors), beta blockers, calcium channel blockers, diuretics, alpha blockers
and aspirin. Potential interactions of CKD and lovastatin were assessed qualitatively by
comparing the stratified relative risk reductions in each group, and statistically by an interaction
term in the multivariate model. For the yearly rate of change in kidney function, a regression
model was fit for each treatment group, separately, using exact time of serum creatinine
measurement and only those patients with 3 or more post-randomization measurements, one
of which had to be at least 1095 days after randomization. To assess the difference between
treatment groups in rate of change in kidney function, the same subset of patients was used. A
categorical time variable (year of measurement) and a mixed model were used for the
assessment. Cox proportional hazard analyses were used to assess treatment difference in time
to >25% reduction in estimated GFR from baseline and time to incident CKD defined as an
estimated GFR < 60 mL/min/1.73m2. The following baseline covariates were selected for
inclusion: age, sex, race, BMI, smoking, family history of premature CAD, hypertension,
diabetes, systolic and diastolic blood pressure, baseline glucose, total cholesterol, LDL-C,
HDL-C, triglycerides, baseline kidney function and use of ACE inhibitors, beta blockers,
calcium channel blockers, diuretics, alpha blockers, aspirin and lovastatin use. All tests were
two-sided with significance defined as p<0.05.

Baseline Characteristics

All of the 6604 participants who fulfilled criteria for this analysis had sufficient data to estimate
GFR at baseline. Of these 6604 participants, 304 (5%) had CKD at baseline, defined as an
estimated GFR <60 mL/min/1.73m2. The mean duration of follow-up for the whole cohort was
5.3 + 0.8 years (range: 0.2—7.2 years).

Baseline characteristics for the entire population by CKD status at baseline are summarized in
Table 1. Participants with CKD were significantly older, more likely to be female, more likely
to have hypertension, and had significantly higher total cholesterol and LDL-C levels than
participants without CKD. Subjects with CKD also had a higher baseline use of ACE inhibitors,
beta blockers, calcium channel blockers, and diuretics. The mean (xSD) values of estimated
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GFR among participants with and without CKD at baseline were 53 + 6.0 mL/min/1.73m2 and
89 + 18 mL/min/1.73m2, respectively.

During the double-blind study period, 449 participants had an identifying clinical event;
420/6300 (6.6%) of participants with baseline estimated GFR >60 mL/min/1.73m? and 29/304
(9.5%) of participants with an estimated GFR < 60 mL/min/1.73m? (relative risk [RR]: 1.52,
95% Cl 1.04—2.21;p=0.03). Participants with an estimated GFR < 60 mL/min/1.73m? receiving
lovastatin had mean changes from baseline in total cholesterol, LDL-C, HDL-C and serum
triglycerides, of —20%, —27 %, +7.4 % and —15 % respectively. The corresponding values in
the placebo group were +1.5%, +1.9 %, +1.1 % and +4.2 %, respectively. Similar changes in
lipids values were observed in participants with an estimated GFR >60 mL/min/1.73m?
receiving lovastatin and placebo (not shown).

Effect of Lovastatin on Cardiovascular Endpoints in Participants with CKD

Complete baseline and follow-up data were available in all 304 participants with CKD. The
mean duration of follow-up was 5.1 + 0.8 years for CKD patients evaluated for the 7 clinical
cardiovascular endpoints. Lovastatin use was associated with a lower rate of cardiovascular
events in CKD, even after adjustment for potential confounders (Table 2). The rates of fatal
and non-fatal coronary events [adjusted relative risk (RR), 0.35, 95% Confidence Interval (CI)
0.13 to 0.93; p=0.03], fatal and non-fatal cardiovascular events (adjusted RR, 0.39 [95% ClI
0.16 to 0.93; p=0.03], and coronary revascularization procedures (adjusted RR, 0.23 [95% CI
0.07 to 0.77; p=0.01] were significantly lower. However, lovastatin use did not significantly
reduce the incidence of unstable angina and fatal and non-fatal myocardial infarction (adjusted
RR, 0.49 [95% CI 0.11 to 2.28; p=0.4] and 0.10 [95% CI 0.01 to 1.32; p=0.08], respectively).
Participants with mild CKD treated with lovastatin had an adjusted RR of 0.32 [CI, 0.10 to
1.11; p=0.06] for the primary endpoint defined as a composite of unstable angina, myocardial
infarction and sudden death. The adjusted and unadjusted RRs were similar for all models. Of
note, no significant reduction in the incidence of coronary heart disease and cardiovascular
mortality was seen in the lovastatin group in participants with and without CKD. For all of
these clinical events, the effects of lovastatin did not differ significantly among subgroups with
and without CKD (p >0.1 for all interaction tests).

Effect of Lovastatin on Kidney Function Loss

Of the 6604 participants who fulfilled criteria in the original AFCAPS/TexCAPS trial, 4994
subjects (76% of total) had data available to calculate the yearly change in estimated GFR (mL/
min/1.73m? per year) as well as to examine other renal endpoints. Overall, there was no
difference in the annualized mean rate of decline in estimated GFR in those who received
lovastatin compared with those individuals on placebo (1.3 + 0.07 vs. —1.4 £ 0.07 mL/min/
1.73m?/year, respectively, p=0.1) A similar magnitude in kidney function loss in those treated
with lovastatin and placebo was observed when only participants with an estimated GFR >60
mL/min/1.73 m2 (p=0.1) or CKD (p=0.9) at baseline were evaluated. The annual median (IQR)
estimated GFR values for participants with normal kidney function and individuals with mild
CKOD stratified by treatment are depicted in Figure 1 and 2.

Lovastatin did not significantly reduce the rate of kidney function loss, defined as >25%
decrease in estimated GFR from baseline (16% vs 14%; p=0.06). After multivariate adjustment
the RR for kidney function loss was 1.10 (95% CI 0.96 to 1.28; p=0.2). Similar results were
observed when the analysis was limited to participants with baseline CKD (3.9% vs 3.0%;
p=0.8). Among participants without CKD at baseline, 408 (8%) had developed incident CKD
atthe end of follow-up. Lovastatin did not reduce the risk of incident CKD compared to placebo
(8.8% vs 8.3%, p=0.6; adjusted RR 1.04, 95% CI 0.86 to 1.27, p=0.6).
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Safety of Lovastatin

Overall, treatment with lovastatin was well tolerated in CKD patients. An increase of creatinine
kinase to more than ten times the upper limit of normal occurred in only 1 participant with
CKD in the placebo group. None of the individuals receiving lovastatin had a significant
increase in creatinine kinase. No cases of rhabdomyolysis occurred in a participant with CKD
in the lovastatin group. In CKD participants, elevations of more than 3 times the upper limit
of normal in liver function tests were rare, and the incidence was similar in both treatment
groups.

DISCUSSION

Our results show that lovastatin reduces first major cardiovascular events in persons with CKD
defined as an estimated GFR <60mL/min/1.73m2. The beneficial effect of lovastatin on patients
with CKD persisted after adjustment for important covariates known to be associated with
CVD. These findings are of significance as patients with CKD experience a high rate of
cardiovascular events.

Lovastatin did not result in a decrease in cardiovascular or coronary heart disease (CHD)
mortality. However, the number of deaths in AFCAPS/TexCAPS was low (157 total deaths;
42 cardiovascular deaths, of which 26 were CHD deaths) and the study was not powered to
detect treatment differences in these low frequency endpoints. Lovastatin also did not result in
a decrease in myocardial infarctions or unstable angina. Since only a small number of these
events (8 myocardial infarctions and 9 cases of unstable angina) occurred in patients with CKD,
itis difficult to detect differences between the two treatment groups. Although results were not
statistically significant, non-significant incidence of unstable angina, fatal and non-fatal
myocardial infarction and sudden death events was quantitatively lower (3.4% vs. 7.5%) with
the use of lovastatin when compare to placebo in those participants with a decrease in kidney
function. Furthermore, lovastatin did not result in any renoprotective effects as it did not
decrease: (1) annualized mean rate of decline in estimated GFR; (2) the frequency of a >25%
decline from baseline in kidney function in those with and without CKD at the initiation of the
study and (3) the rate of incident cases of CKD in those with normal or near normal kidney
function at baseline.

To our knowledge, this is the first primary prevention study to demonstrate a significant
reduction in cardiovascular events from lovastatin therapy in persons with CKD. Statins have
also been shown to be effective for secondary prevention of CVD in participants with moderate
or more advanced CKD. Tonelli et al® performed a post-hoc analysis of the Pravastatin Pooling
Project (PPP), a database containing results from 3 randomized (1 primary and 2 secondary
prevention) controlled trials of pravastatin verses placebo. Among the 4,491 participants with
moderate CKD (defined as an estimated GFR between 30 and 59 mL/min/1.73m?) and with
or at risk of CHD, pravastatin showed a 23% reduction in the incidence of the composite
outcome of time to myocardial infarction, coronary death, or coronary revascularization. Of
note, the effects of pravastatin on primary prevention were not thoroughly examined in this
post-hoc analysis.

In our study, lovastatin did not have any renoprotective effects. Studies investigating the
renoprotective effects of statins have mainly included patients with prevalent CVD and have
yielded contradictory results. In the Heart Protection Study, the overall decline of estimated
GFR was smaller in type 2 diabetics receiving simvastatin 40 mg per day compared with
placebo.?! In another post-hoc analysis of the PPP,12 participants with moderate CKD treated
with pravastatin had a 34% reduction in the rate of kidney function loss, but again the absolute
reduction in the rate of loss was small. Moreover, similar to our findings with lovastatin,
pravastatin did not reduce the frequency of a >25% decline in kidney function in patients with
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and without moderate CKD or the risk of developing incident CKD. In this analysis, the effects
of pravastatin on kidney function loss in the sub-group of participants without prevalent CVD
was not examined.

A recent meta-analysis of 27 placebo-controlled trials with 39,704 participants suggested that,
compared with placebo, statins reduce the rate of kidney function loss by 1.22 mL/min/
1.73m?/year.” The effect of statins on kidney function loss was more pronounced in participants
with prevalent CVD but was non significant for studies of participants with diabetic, or
hypertensive kidney disease. More recently, Strippoli et al 8 performed a meta-analysis of 50
randomized and quasi-randomized trials of statins in patients with all stages of kidney disease
(n=30,144). The authors found that statins had uncertain renoprotective effects. Thus, statins
may decrease the rate of kidney function decline mainly in patients with prevalent CVD but
the clinical significance of this effect is unclear.

Many of the risk factors for the development of CKD are also risk factors for the development
of CVD such as age, diabetes and hypertension. Given the shared risk factors it is plausible
that the pathogenesis of CVD and CKD are very similar and modification of these risk factors
could result in prevention. However, as seen in our study, treatment of dyslipidemia resulted
in primary prevention of CVD but did not result in primary prevention of CKD or kidney
function loss suggesting that the pathogenesis of the two diseases are indeed different.

Dyslipidemia is a significant risk factor for the development of CVD, but its role in CKD is
not as clear. In animal studies, dietary cholesterol loading induces mesangial proliferation,
glomerulosclerosis and modest proteinuria in animals with normal renal function.?2 The
Physician’s Health Study?3 evaluated the development of renal dysfunction in 4483 men
without baseline CKD over 13 years and found that elevated LDL-C levels, total cholesterol
levels, and lower HDL-C levels were significantly associated with the development of new
kidney dysfunction. However, data on proteinuria was not included in the study, which is an
important potential confounder.

Our study has several limitations and strengths that should be considered. First, we were unable
to determine the cause and duration of kidney disease and did not have information regarding
microalbuminuria or proteinuria. Second, we defined CKD based upon estimated GFR rather
than direct measurements of GFR; but direct measurements are rarely used in clinical practice.
Third, there were very few patients with advanced kidney disease (stage 4). Hence, the results
of this study should not be extrapolated to advance stages of CKD. Fourth, hemodynamic
changes that could have occurred from changes in dosage of antihypertensive medications that
could potentially affect kidney function were not measured. Fifth, females and minorities were
under-represented in the AFCAPS/TexCAPS trial. Finally, because this is a post-hoc analysis,
our results should be interpreted with some degree of caution as evaluation of the potential
renoprotective effect of lovastatin was not the primary end-point of the AFCAPS/TexCAPS.

Notwithstanding these limitations, our study also has several strengths. First, this is the first
study to demonstrate the effectiveness of statins for the primary prevention of cardiovascular
events in patients with CKD. Other strengths include the large cohort size, comprehensive
dataset, and ability to link demographic and clinical factors with patient outcomes. In addition,
all laboratory measurements, including serum creatinine, were performed at a central
laboratory. Finally, the AFCAPS/TexCAPS cohort has been shown to have similar
demographic and baseline-lipid-level characteristics on average as NHANES |11, and therefore
of the non-institutionalized US adult patient population®.

In conclusion, the benefit of lovastatin for primary cardiovascular prevention and the low rate
of adverse events seen in the present study suggest that physicians should consider increasing
the use of statins in the CKD population to reduce the burden of CVD. At this time, the use of
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statins solely for primary renoprotection appears to be ineffective. However, randomized
controlled trials are required to definitely resolve this issue and are currently ongoing.
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Figure 1.

Annual Median (IQR) Estimated Glomerular Filtration Rate (GFR) in Participants with Normal
Kidney Function Stratified by Treatment
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Annual Median (IQR) Estimated Glomerular Filtration Rate (GFR) in Participants with
Chronic Kidney Disease Stratified by Treatment
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