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Abstract. Background/Aims: The role 
of statins in preventing cardiovascular out-
comes in patients with chronic kidney dis-
ease (CKD) is unclear. This paper compares 
cardiovascular outcomes with pravastatin 
vs. usual care, stratified by baseline esti-
mated glomerular filtration rate (eGFR). 
Methods: Post-hoc analyses of a prospective 
randomized open-label clinical trial; 10,151 
participants in the Antihypertensive and 
Lipid-Lowering Treatment to Prevent Heart 
Attack Trial (lipid-lowering component) 
were randomized to pravastatin 40  mg/day 
or usual care. Mean follow-up was 4.8 years. 
Results: Through Year  6, total cholesterol 
declined in pravastatin (–20.7%) and usual-
care groups (–11.2%). Use of statin therapy 
in the pravastatin group was 89.8% (Year 2) 
and 87.0% (Year 6). Usual-care group statin 
use increased from 8.2% (Year 2) to 23.5% 
(Year 6). By primary intention-to-treat anal-
yses, no significant differences were seen 
between groups for coronary heart disease 
(CHD), total mortality or combined cardio-
vascular disease; findings were consistent 
across eGFR strata. In exploratory “as-treat-
ed” analyses (patients actually using pravas-
tatin vs. not using), pravastatin therapy was 
associated with lower mortality (HR = 0.76 
(0.68  –  0.85), p < 0.001) and lower CHD 
(HR = 0.84 (0.73 – 0.97), p = 0.01), but not 
combined cardiovascular disease (HR = 0.95 
(0.88 – 1.04), p = 0.30). Total cholesterol re-

duction of 10 mg/dl from baseline to Year 2 
was associated with 5% lower CHD risk. 
Conclusions: In hypertensive patients with 
moderate dyslipidemia, pravastatin was not 
superior to usual care in preventing total 
mortality or CHD independent of baseline 
eGFR level. However, exploratory “as-treat-
ed” analyses suggest improved mortality 
and CHD risk in participants using pravas-
tatin, and decreased CHD events associated 
with achieved reduction in total cholesterol. 
Potential benefit from statin therapy may 
depend on degree of reduction achieved in 
total and LDL-cholesterol and adherence to 
therapy.

Introduction

It is estimated that more than 20 mil-
lion Americans have chronic kidney disease 
(CKD) [1]; it is well established that CKD is 
associated with a higher cardiovascular dis-
ease (CVD) risk [2]. Given the proven efficacy 
of statins in primary and secondary CVD pre-
vention in the general population, use of statin 
therapy in patients with CKD appears ratio-
nal. However, studies evaluating the efficacy 
of statin therapy in preventing cardiovascular 
outcomes have typically excluded patients 
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with significantly impaired renal function, 
though the criteria used for exclusion have 
varied. In addition, it is thought that “non-
traditional” risk factors such as anemia and 
vascular calcification may contribute to CVD 
risk in CKD [3]. A recent meta-analysis con-
cluded that statins significantly reduce lipid 
concentrations and cardiovascular outcomes 
in patients with pre-dialysis CKD, but failed 
to improve all-cause mortality [4]. In fact, 
this paper highlighted the lack of good quality 
data in this area. Prospective clinical trials in 
patients with end-stage renal disease (ESRD) 
have shown no benefits of statin therapy in 
improving cardiovascular outcomes [5, 6]; 
however, the combination of ezetimibe 10 mg 
daily and simvastatin 20  mg daily has been 
shown to reduce the incidence of major ath-
erosclerotic events in a wide range of patients 
with advanced CKD [7]. Therefore, whether 
statin therapy in CKD patients with modest 
dyslipidemias reduces risk of CVD outcomes 
remains uncertain. Treatment guidelines from 
leading authorities also vary; some recom-
mend that cholesterol concentrations be low-
ered in CKD [8], while others await additional 
data [9, 10].

The lipid-lowering component of the An-
tihypertensive and Lipid-Lowering Treatment 
to Prevent Heart Attack Trial (ALLHAT-LLT) 
examined whether pravastatin compared with 
usual care reduced mortality in older, mod-
erately hypercholesterolemic, hypertensive 
participants with at least one additional risk 
factor for coronary heart disease (CHD) [11]. 
Previously published results showed no sig-
nificant difference in all-cause mortality or 
CHD events (nonfatal myocardial infarction 
or fatal CHD combined) [11], or progression 
to ESRD and other clinical renal outcomes 
between pravastatin and the usual-care group 
[12]. The modest differential in total choles-
terol and LDL-cholesterol between pravas-
tatin and usual care compared with prior statin 
trials supporting CVD prevention may have 
contributed to these results based on the tradi-
tional intent-to-treat analyses.

This paper reports post-hoc analyses of 
the effects of pravastatin therapy compared 
to usual care on cardiovascular outcomes 
stratified by baseline estimated glomerular 
filtration rate (eGFR). We also evaluated as-
sociations between achieved reduction of to-
tal cholesterol levels and subsequent cardio-

vascular outcomes, and report exploratory 
analyses of participants taking statin therapy 
vs. those who were not in “as-treated” analy-
ses in addition to conventional intent-to-treat 
analyses.

Methods

ALLHAT adhered to the Declaration of 
Helsinki and obtained written informed con-
sent. The design and conduct of the ALLHAT-
LLT have been reported previously [11, 12]. 
ALLHAT-LLT was a randomized, non-blind-
ed, large multi-center trial conducted from 
February 1994 through March 2002 at 513 
clinical centers in the United States, Puerto 
Rico, US Virgin Islands and Canada. The inter-
vention was open-label pravastatin (40 mg/d) 
vs. usual care. Participants (n  =  10,151) 
were drawn from ALLHAT, a 4-armed anti-
hypertensive trial in which a calcium chan-
nel blocker (amlodipine), an angiotensin-
converting enzyme-inhibitor (lisinopril), and 
an α-adrenergic blocking agent (doxazosin) 
were each compared with a thiazide-like di-
uretic (chlorthalidone). Eligibility criteria for 
the ALLHAT-LLT included prior enrollment 
in ALLHAT (age ≥ 55 years and Stage 1 or 2 
hypertension according to the Sixth Joint Na-
tional Committee for Treatment of Hyperten-
sion (JNC-6) with at least 1 additional CHD 
risk factor) and fasting LDL-cholesterol level 
of 120  –  189  mg/dl (3.1  –  4.9  mmol/l) for 
those with no known CHD or 100 – 129 mg/
dl (2.6  –  3.3  mmol/l) for those with known 
CHD. Participants were excluded for: fasting 
triglyceride levels ≥ 350 mg/dl (3.9 mmol/l), 
currently prescribed lipid-lowering agents or 
large doses (≥ 500 mg/day) of nonprescription 
niacin; significant liver dysfunction (serum 
alanine aminotransferase (ALT) > 100 IU/l); 
other contraindications for statin therapy; or 
known intolerance to statins or secondary 
cause of hyperlipidemia. Follow-up visits 
coincided with ALLHAT parent trial visits at 
3, 6, 9, and 12 months following randomiza-
tion and every 4 months thereafter. A fasting 
lipid profile was obtained for all ALLHAT-
LLT participants at LLT baseline, and during 
follow-up in randomly pre-selected samples 
of usual-care (5%) and pravastatin (10%) par-
ticipants. All ALLHAT-LLT participants were 
advised to follow the National Cholesterol 
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Education Program Step I diet. The usual-care 
group was treated according to the discretion 
of their primary care physicians; pravastatin 
use in the usual-care group was discouraged.

Serial determinations of serum creati-
nine and total cholesterol were obtained in 
a single central laboratory. All baseline data 
refer to ALLHAT-LLT randomization date. 
A fasting blood sample was obtained from 
participants and shipped to a single central 
laboratory for biochemistry analysis, includ-
ing measurements of total cholesterol (TC), 
HDL-C and triglycerides (TG). LDL-C 
was calculated according to the Friedewald 
formula: LDL-C = TC – HDL-C – 1/5 TG. 
Serum creatinine was measured using the 
Ortho Clinical Diagnostics Vitros Chemistry 
System (Rochester, NY, USA). The simpli-
fied Modification of Diet in Renal Disease 
(MDRD) study equation was used to esti-
mate GFR according to the formula: (186.3 
× serum creatinine–1.154 × age in years–0.203 
× 1.212 (if black) × 0.742 (if female)) [13]. 
Analyses were repeated using the CKD-Epi 
equation [14], and the Mayo quadratic [15]. 
Patients were classified into baseline eGFR 
(ml/min/1.73 m2) strata: mild reduction, nor-

mal or increased (≥ 60), and moderate-severe 
reduction (< 60) [16].

The following pre-specified clinical out-
comes were assessed: all-cause mortality, a 
composite of fatal CHD or nonfatal myocar-
dial infarction (MI) (CHD events), combined 
CVD defined as a composite of the primary 
outcome, coronary revascularization, hospi-
talized or otherwise treated angina, stroke, 
heart failure (fatal, hospitalized or treated 
without hospitalization) and peripheral arte-
rial disease. Study outcomes were defined in 
the ALLHAT Manual of Operations, were 
assessed by site investigators at follow-up 
visits, and were reported to the ALLHAT 
Clinical Trials Center (CTC). Medical re-
viewers from the CTC reviewed all events 
for concordance with study criteria. More 
detailed information was collected on a ran-
dom (10%) subset of CHD and stroke events 
and was reviewed by the endpoints subcom-
mittee to validate physician diagnoses. For 
analyses of all-cause mortality, participants 
who were classified as dead pending confir-
mation (suspected but unconfirmed deaths), 
lost to follow-up or refused were classified as 
withdrawn alive as of their date last known 

Figure 1.  Randomization and follow-up of participants with valid baseline estimated GFR in the Antihy-
pertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT).
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alive. For analyses of CHD and combined 
CVD, all participants without such events 
were classified as withdrawn without the 
event as of their last clinic visit. Data were 
analyzed according to participants’ random-
ized treatment assignments regardless of 
their subsequent medications (intent-to-treat 

analysis). Baseline characteristics were com-
pared across treatment and baseline eGFR 
groups using the t-test for continuous co-
variates and contingency table analyses for 
categorical data. The Cox proportional haz-
ards model was used to obtain hazard ratios 
and 95% confidence intervals (CIs) for the 

Table 1.  Baseline characteristics stratified by estimated GFR* and treatment group.

Baseline eGFR (ml/min per 1.73 m2)
Normal/increase/mild 

decrease (60+)
Moderate/severe (< 60) Total

Pravastatin Usual care Pravastatin Usual care Pravastatin Usual care
Number randomized (n, %) 4,302 (50.1) 4,287 (49.9) 783 (50.1) 779 (49.9) 5,085 (50.1) 5,066 (49.9)
Age at lipid randomization – mean (SD) 65.9 (7.3) 65.8 (7.3) 70.8 (7.9) 70.7 (7.9) 66.7 (7.6) 66.6 (7.6)
Ethnicity (n, %) a

  Non-Hispanic
    Non-Black 1,690 (39.3) 1709 (39.9) 405 (51.7) 392 (50.3)a 2,095 (41.2) 2,101 (41.5)
    Black 1,495 (34.8) 1456 (34.0) 234 (29.9) 209 (26.8) 1,729 (34.0) 1,665 (32.9)
  Hispanic
    Non-Black 666 (15.5) 669 (15.6) 89 (11.4) 129 (16.6) 755 (14.9) 798 (15.8)
    Black 195 (4.5) 172 (4.0) 14 (1.8) 8 (1.0) 209 (4.1) 180 (3.6)
    Other 256 (6.0) 281 (6.6) 41 (5.2) 41 (5.3) 297 (5.8) 322 (6.4)
Women, n  (%) 2,030 (47.2) 2052 (47.9) 428 (54.7) 418 (53.7) 2,458 (48.3) 2,470 (48.8)
BMI (kg/m2), mean (SD) 30.0 (6.0) 30.0 (6.1) 29.1 (5.7) 29.1 (6.0) 29.8 (5.9) 29.9 (6.1)
Baseline blood pressure (mmHg), mean (SD)
  Systolic 142.6 (17.6) 142.4 (17.6) 145.8 (19.6) 145.8 (20.5) 143.1 (18.0) 142.9 (18.1)
  Diastolic 83.0 (10.4) 83.0 (10.3) 82.4 (11.4) 82.1 (11.2) 82.9 (10.5) 82.9 (10.4)
History of CHD at baseline, n (%) 564 (13.1) 611 (14.3) 121 (15.5) 155 (19.9)a 685 (13.5) 766 (15.1)a

Eligibility risk factors, n (%)b

  Current cigarette smoking 1,041 (24.2) 1,028 (24.0) 133 (17.0) 156 (20.0) 1,174 (23.1) 1,184 (23.4)
  Atherosclerotic CVD 1,477 (34.3) 1,524 (35.6) 352 (45.0) 357 (45.8) 1,829 (36.0) 1,881 (37.1)
  History of MI or stroke 701 (16.3) 706 (16.5) 163 (20.8) 179 (23.0) 864 (17.0) 885 (17.5)
  History of coronary revascularization 277 (6.4) 289 (6.7) 64 (8.2) 80 (10.3) 341 (6.7) 369 (7.3)
  Other atherosclerotic CVD 827 (19.2) 853 (19.9) 192 (24.5) 205 (26.3) 1,019 (20.0) 1,058 (20.9)
  S-T depression on ECG 486 (11.4) 467 (11.0) 98 (12.7) 94 (12.2) 584 (11.6) 561 (11.2)
  Type 2 diabetes 1,569 (36.5) 1,509 (35.2) 251 (32.1) 235 (30.2) 1,820 (35.8) 1,744 (34.4)
  Low HDL-C 436 (10.1) 451 (10.5) 105 (13.4) 87 (11.2) 541 (10.6) 538 (10.6)
  LVH by ECG 816 (19.0) 838 (19.6) 157 (20.1) 152 (19.5) 973 (19.1) 990 (19.5)
  LVH by echo 203 (4.8) 197 (4.7) 46 (6.0) 51 (6.6) 249 (5.0) 248 (5.0)
  Estimated GFR (ml/min/1.73 m2) – 
  mean (SD)* 83.7 (15.7) 83.5 (15.7) 50.8 (8.2) 50.6 (8.4) 78.6 (19.0) 78.5 (19.0)

Lipid baseline lipid profile, mg/dl– mean (SD)
  Total cholesterolc 223.1 (27.0) 223.6 (26.3) 226.1 (26.2) 223.7 (28.3) 223.6 (26.9) 223.6 (26.6)
  LDLc 145.4 (21.4) 145.6 (21.3) 146.5 (21.1) 144.4 (21.4) 145.5 (21.3) 145.4 (21.3)
  Fasting triglyceridesd 148.2 (69.3) 151.1 (69.3) 164.5 (74.3) 164.1 (91.0) 150.6 (70.3) 153.0 (73.1)
Randomized to treatment group, n (%):
  ACE 918 (27.0) 892 (26.5) 161 (26.0) 154 (25.3) 1,079 (26.8) 1,046 (26.3)
  CCB 943 (27.7) 921 (27.3) 159 (25.7) 164 (26.9) 1,102 (27.4) 1,085 (27.3)
  Diuretic 1541 (45.3) 1556 (46.2) 299 (48.3) 291 (47.8) 1,840 (45.8) 1,847 (46.4)

*Derived from the application of the MDRD study equation based on serum creatinine, age, race and sex. ap < 0.05, comparison be-
tween pravastatin and usual care. bFor trial eligibility, participants had to have at least 1 other risk factor in addition to hypertension. 
Thus, the indicated risk factors are not mutually exclusive or exhaustive and may not represent prevalence. cTo convert total choles-
terol, LDL and HDL to mmol/l, multiply values by 0.0259. dTo convert triglycerides to mmol/l, multiply values by 0.0113. BMI = body 
mass index (calculated as weight in kilograms divided by the square of height in meters); CVD = cardiovascular disease; ECG = 
electrocardiography; GFR = glomerular filtration rate; HDL-C = high-density lipoprotein cholesterol; LDL = low-density lipoprotein; LVH 
= left ventricular hypertrophy; MI = myocardial infarction.
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clinical outcomes described above. Tests 
for differences in treatment effects across 
eGFR groups were performed by calculat-
ing the differences in the log likelihoods for 
models with and without interaction terms. 
Given the many analyses performed, statisti-
cal significance at the 0.05 level should be 
interpreted with caution.

“As-treated” analyses were obtained by 
introducing a “statin treatment” indicator 
variable as a time-varying covariate into the 
Cox regression analysis; the resulting adjust-
ed hazard ratios could then be interpreted as 
to the effect and directionality of treatment 
crossovers. Due to the relatively high cross-
over rate, the purpose of these exploratory 
analyses was to compare participants who 
were actually taking pravastatin vs. those 
who were not, in contrast to the traditional 
intent-to-treat analyses, which compare ran-
domized groups.

Results

A description of randomization and fol-
low-up of 10,151 ALLHAT-LLT participants 
is shown in Figure 1. At baseline, 8,589 par-
ticipants (84.6%) had mild reduction, nor-
mal, or increased eGFR and 1,562 (15.4%) 
had moderate or severe reduction in eGFR. 
There were no differences in the baseline 
characteristics of participants randomized to 
pravastatin compared with usual care, except 
for ethnicity (more Black non-Hispanic par-
ticipants in the pravastatin group, and more 
white Hispanic participants in the usual-care 
group) and history of CHD (more in usual 
care) at baseline in the patients with moder-
ate-to-severe reduction in eGFR (Table 1).

The mean duration of follow-up was 4.8 
years. Adherence to statin therapy in those 
randomized to pravastatin was 89.8% at 
Year 2, 86.4% at Year 4, to 87.0% at Year 6. 
Statin use in participants assigned to usual-
care increased from 8.2% at Year 2, to 23.5% 
by Year 6 [11]. These patterns were consistent 
across the baseline eGFR strata (Table 2).

Total cholesterol levels declined by 
20.7% in the pravastatin group and 11.2% 
in the usual-care group with resultant Year 6 
total cholesterol levels of 176.2  mg/dl and 
196.6 mg/dl, respectively. The changes and 
differential in total cholesterol between the 

pravastatin and usual-care groups followed 
a similar pattern in both eGFR subgroups 
(Table 2). During the follow-up period, LDL, 
HDL and triglyceride measurements were 
available only in a small subset of patients 
(5% of usual care and 10% of pravastatin). 
LDL-cholesterol levels declined by 30.2% in 
the pravastatin group and 15.1% in the usual-
care group with resultant Year 6 LDL-choles-
terol levels of 103.1 and 121.4 respectively 
(p  <  0.05). There were no statistically sig-
nificant differences between the pravastatin 
and usual-care groups with regard to change 
in HDL-cholesterol or triglyceride between 
baseline and Year 6. Changes in lipid profiles 
in eGFR strata were consistent with the over-
all population, though numbers in individual 
strata with lipid measures in follow-up were 
small (Table 2).

Use of ACE-inhibitors (per antihyperten-
sive treatment trial randomized assignment 
and open label) was slightly more common 
in the usual-care group than the pravastatin 
group at Year 2 (6.2% vs. 4.6% p = 0.002), 
but not at Year 4 (11.3% vs. 10.9%, p = 0.6) 
or Year 6 (17.2% vs. 18.6%, p = 0.4). There 
were no statistically significant differences 
in systolic blood pressure (SBP) and diastol-
ic blood pressure (DBP) at baseline, 2, 4 or 
6 years in the total group (except at 2 years 
for total), or stratified by baseline eGFR, be-
tween the usual-care and pravastatin groups. 
At 2 years, the mean SBPs were 136.8 and 
136.0 in the pravastatin and usual-care 
groups, respectively (p = 0.03).

Clinical outcomes

There were no statistically significant dif-
ferences between pravastatin and usual care 
in 6-year rates of total mortality (15.7 vs. 
15.8 per 100, hazard ratio (HR) 1.01, 95% 
CI 0.91 – 1.13, p = 0.82) or CHD events (9.4 
vs. 10.7 per 100, p = 0.11, HR 0.91, 95% CI 
0.79 – 1.05, p = 0.20). These overall study 
findings were similar in both eGFR strata. 
The p-values for treatment group by eGFR 
interaction were non-significant for both out-
comes (Figure 2, 3).

There were also no statistically signifi-
cant differences between pravastatin and 
usual care in 6-year rates of combined CVD 
(27.2 vs. 29.0 per 100, HR 0.97, 95% CI 
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0.89  –  1.05, p  =  0.43). There were no sig-
nificant treatment group differences for com-
bined CVD in the baseline eGFR categories 
(Figure 3).

Outcome analyses were repeated with an 
alternate eGFR stratification (< 45, 45 – 59, 
and 60+ ml/min). In the eGFR  <  45 strata 
166 participants were assigned to pravas-

tatin (mean eGFR 37.8 ml/min) and 157 par-
ticipants were assigned to usual care (mean 
eGFR 37 ml/min); there were no significant 
differences between pravastatin and usual 
care with regard to total mortality (HR = 0.84 
(0.57  –  1.22)), CHD (HR  =  0.65 (0.35-
1.20)) or combined CVD events (HR = 1.24 
(0.86 – 1.79)). Analyses were also repeated 

Figure 2.  Survival curves for cardiovascular outcomes and mortality – pravastatin versus usual care.

Figure 3.  Cardiovascular outcomes and total mortality in the lipid-lowering component of ALLHAT by 
treatment group and GFR group at baseline (hazard ratios and 95% confidence intervals, 6-year rates per 
100, and total events).
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with alternate equations to estimate GFR 
(the CKD Epi and the Mayo quadratic equa-
tions); results were qualitatively similar in 
the subgroup of participants with eGFR < 60 
using these alternate equations (data in on-
line appendix).

Among participants with diabetes, there 
were no differences in treatment group ef-
fects across eGFR strata for all-cause mor-
tality or for CHD. For combined CVD, the 
hazard ratio for diabetic participants with 
eGFR <  60 (pravastatin/usual care) was 
1.42 (95% CI 1.05 – 1.90, p = 0.02), and the 
hazard ratio for diabetic participants with 
eGFR ≥ 60 was 0.98 (95% CI 0.85 – 1.02, 
p  =  0.76), p for interaction  =  0.03. Hazard 
ratios (pravastatin/usual care) were consis-
tent across eGFR strata (data not presented). 
Results were consistent in patients with and 
without CHD at baseline with regard to to-
tal mortality (HR  =  1.01 (0.79  –  1.3) vs. 
HR = 1.02 (0.90 – 1.15)), CHD (HR = 1.02 
(0.76 – 1.36) vs. HR = 0.90 (0.77 – 1.05)), or 
combined CVD (HR = 1.09 (0.92 – 1.29) vs. 
HR = 0.95 (0.87 – 1.04)).

Given the relatively high crossover rate, 
exploratory analyses were performed using 
“as-treated” analyses comparing participants 
who were actually taking pravastatin vs. oth-
ers (as defined above). All-cause mortality 
(HR = 0.76 (0.68 – 0.85), p = < 0.001) and 
CHD (HR = 0.84 (0.73 – 0.97), p = 0.01) were 
significantly lower in the pravastatin group 

compared to usual care in the as-treated anal-
yses. There were no statistically significant 
differences between pravastatin and usual 
care in the as-treated analyses for combined 
CVD events (Table 3). While in the subgroup 
of patients with eGFR < 60 there was a sig-
nificant difference between the pravastatin 
and usual-care groups for all-cause mortal-
ity in the as-treated analyses (HR  =  0.78 
(0.69 – 0.88), p < 0.001), there was no sig-
nificant outcome by treatment by GFR inter-
actions. The results for all-cause mortality 
were consistent when analyses were adjusted 
for baseline characteristics and time-varying 
covariates, including achieved cholesterol 
levels (Table 3). For CHD, the adjusted 
analyses, which included time-varying cho-
lesterol levels, were not significant for either 
of the eGFR subgroups or for the combined 
subgroups. For combined CVD, the adjusted 
results in the subgroups were consistent with 
the unadjusted analyses, except that there 
was a significant eGFR group by treatment 
interaction (p  =  0.03), with the HR for the 
eGFR group ≥  60 being 0.95 (0.85  –  1.03, 
p = 0.17) and for the eGFR group < 60 being 
1.18 (0.98 – 1.43, p = 0.08).

We also evaluated the association be-
tween the observed reduction in total cho-
lesterol between baseline and Year  2, with 
subsequent cardiovascular endpoints in the 
entire cohort. A 10 mg/dl reduction in total 
cholesterol was associated with a 5% re-

Table 3.  Hazard ratios for pravastatin compared to usual care using intention-to-treat, as-treated, and as-treated adjusted for base-
line and time varying covariates*.

eGFR group at 
baseline

Intent to treat As-treated As-treated, adjusted*
n HR (95% CI) p n HR (95% CI) p n HR (95% CI) p

Mortality
  Total 10,145 1.01 (0.91 – 1.13) 0.82 10,145 0.76 (0.68 – 0.85) < 0.001 10,021 0.73 (0.65 – 0.82) < 0.001
  60+ 8,583 1.01 (0.89 – 1.14) 0.88 8,583 0.74 (0.59 – 0.92) 0.007 8,473 0.75 (0.66 – 0.86) < 0.001
  < 60 1,562 1.02 (0.83 – 1.27) 0.83 1,562 0.78 (0.69 – 0.88) < 0.001 1,548 0.69 (0.54 – 0.87) 0.002
CHD
  Total 10,068 0.91 (0.79 – 1.05) 0.20 10,068 0.84 (0.73 – 0.97) 0.01 9,944 0.88 (0.76 – 1.02) 0.09
  60+ 8,520 0.92 (0.78 – 1.07) 0.28 8,520 0.85 (0.73 – 1.00) 0.04 8,410 0.89 (0.76 – 1.05) 0.18
  < 60 1,548 0.90 (0.67 – 1.20) 0.47 1,548 0.82 (0.61 – 1.11) 0.20 1,534 0.86 (0.62 – 1.18) 0.35
Combined CVD
  Total 10,078 0.97 (0.89 – 1.05) 0.43 10.078 0.95 (0.88 – 1.04) 0.30 9,953 0.98 (0.90 – 1.07) 0.70
  60+ 8,526 0.94 (0.86 – 1.03) 0.19 8,526 0.93 (0.85 – 1.01) 0.10 8,416 0.94 (0.85 – 1.03)** 0.17
  < 60 1,552 1.09 (0.91 – 1.30) 0.36 1,552 1.12 (0.93 – 1.34) 0.23 1,537 1.18 (0.98 – 1.43)** 0.08

CHD = coronary heart disease; CI = confidence interval; CVD = cardiovascular disease; GFR = glomerular filtration rate; HR = hazard 
ratio. *Lipid trial baseline variables: age, gender, aspirin use, history of coronary heart disease, diabetes, antihypertensive treatment 
group, body mass index, Black, and time-varying covariates (systolic blood pressure, diastolic blood pressure and total cholesterol); 
**p for eGFR × treatment group interaction = 0.03.
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duction in risk of CHD events (HR  =  0.95 
(0.92 – 98), p = 0.001); the interaction term 
between eGFR group and change in choles-
terol was not statistically significant, sug-
gesting that the overall value was the ap-
propriate measure of effect in the subgroups. 
There was no association with total mortality 
or combined CVD; these results were consis-
tent across eGFR strata (Table 4).

Discussion

Intent-to-treat analyses of our data 
showed no beneficial effect of pravastatin 
therapy over usual care with regard to total 
mortality or CHD outcomes regardless of 
baseline eGFR. The total and LDL-choles-
terol differential between the randomized 
groups was relatively small compared to 
other large lipid-lowering studies, perhaps 
related to the “drop in” use of statins by par-
ticipants assigned to usual care. Exploratory 
“as-treated” analyses, to be interpreted with 
caution, suggest a benefit for mortality and 
CHD risk in participants on treatment with 
pravastatin, and a reduction in CHD events 
associated with achieved reduction in total 
cholesterol levels.

The beneficial effects of statin therapy 
in both primary and secondary CVD pre-

vention in the general population are well 
established. However, it is unclear whether 
the cardiovascular benefits of statin therapy 
that are observed in the general population 
extend to the CKD population [17]. This may 
relate, in part, to the distinct pathophysiol-
ogy of CVD in CKD with “non-traditional” 
risk factors such as anemia; accumulation of 
advanced glycation end-products and cal-
cium-phosphorus abnormalities thought to 
contribute to CVD risk; and the altered lipid 
profile associated with CKD [17].

To date, few studies have evaluated the 
effect of statin therapy on cardiovascular 
outcomes and total mortality in pre-dialy-
sis CKD; most large lipid-lowering studies 
systematically excluded patients with renal 
insufficiency. In the Pravastatin Pooling 
Project, a combined patient-level (n = 4,491 
and GFR 30 – 60 ml/min/1.73 m2) analysis 
from 3 randomized trials, pravastatin thera-
py was associated with a decreased risk for 
major coronary events compared to placebo 
[18, 19]. In a recent meta-analyses, fatal 
(RR = 0.81 (0.73 – 0.90)) and non-fatal car-
diovascular events (RR = 0.78 (0.73 – 0.84)) 
were reduced with statins, but without a 
significant effect on all-cause mortality 
(RR  =  0.92 (0.82  –  1.03)) [4]. In addition, 
meta-regression analysis showed that treat-
ment effects did not vary significantly with 
stage of CKD. In the Prevention of Renal 
and Vascular End-Stage Disease Interven-
tion Trial (PREVEND IT) in-patients with 
microalbuminuria, 4 years of treatment with 
pravastatin did not result in a significant re-
duction in cardiovascular events (RR = 0.87 
(0.49 – 1.57); p = 0.65) [20]. In diabetic [5] 
and non-diabetic patients [6] on dialysis, 
treatment with statin therapy has not been 
shown to improve cardiovascular outcomes. 
However, results from the Study of Heart 
and Renal Protection (SHARP) study in-
dicate that a combination of ezetimibe and 
simvastatin is associated with a reduction 
in cardiovascular events compared to usual 
care in patients with CKD [7].

The achieved LDL-cholesterol in the pa-
tients in the moderate-to-severe reduction in 
eGFR group in the ALLHAT-LLT (103 mg/
dl at Year  2) was similar to the achieved 
LDL-cholesterol in a similar population in 
the Pravastatin Pooling Project (103.9  mg/
dl at Year 1) [18]. However, the ALLHAT–

Table 4.  Association of 2-year decrease in total cholesterol with subsequent 
endpoint risk by GFR group in study population, unadjusted.

GFR at baseline Hazard ratio of 2-year decrease in total cholesterol, per 
10 mg/dl cholesterol

HR 95% C.I. p-value for interaction  
(change in cholesterol 

× GFR group)
Mortality
  Total 1.00 (0.97 – 1.02) 0.13
  60+ 0.98 (0.95 – 1.01)
  < 60 1.02 (0.97 – 1.08)
CHD Events
  Total 0.95 (0.92 – 0.98)* 0.13
  60+ 0.94 (0.90 – 0.97)*
  < 60 0.99 (0.93 – 1.06)
Combined CVD
  Total 1.00 (0.98 – 1.02) 0.41
  60+ 0.99 (0.97 – 1.01)
  < 60 1.01 (0.97 – 1.06)

*p <0.05. CHD = coronary heart disease; CI = confidence interval; CVD = car-
diovascular disease; GFR = glomerular filtration rate; HR = hazard ratio.
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LLT usual-care group had a decline in LDL-
cholesterol resulting in a net difference of 
30 mg/dl at Year 2, compared to a difference 
between pravastatin and placebo of 47 mg/
dl at Year 1 in the Pravastatin Pooling Proj-
ect. The smaller difference in LDL-choles-
terol may have contributed to the lack of 
significant benefit seen with statin therapy 
in our study. It is also possible that levels of 
LDL- and total cholesterol achieved in the 
ALLHAT-LLT are still too high for CKD 
patients. Whether more aggressive lipid-
lowering would result in improved cardio-
vascular outcomes in these patients remains 
to be seen. This is supported by our analyses 
showing that Year 2 reduction in total cho-
lesterol was associated with a lower risk of 
subsequent CHD. Similarly, the “as-treated” 
analyses show a reduction in mortality and 
CHD risk in participants on treatment with 
pravastatin, supporting a possibility that 
the observed lack of benefit was a result of 
crossovers and resulting failure to achieve 
sufficient difference across treatment groups 
(the importance of adherence with statin 
therapy). However, observational analyses 
of achieved cholesterol reduction, and “as-
treated” analyses are not randomized, and 
may be limited by patient characteristics and 
other biases. These limitations notwithstand-
ing, these findings support the concept that 
protocol adherence and achieved reductions 
in cholesterol levels influence the cardiovas-
cular benefits from statin therapy.

Our study has several strengths. With 
more than 1,500 patients with moderately 
or severely reduced eGFR, this is one of the 
largest individual studies of statins in pa-
tients with renal disease. The 4.8-year mean 
duration of follow-up is longer than many 
smaller studies. The methodological rigor of 
the study with careful event ascertainment 
and minimal loss to follow-up enhances the 
credibility of the study.

There are, however, important limita-
tions to our analyses. Since proteinuria data 
are not available in ALLHAT participants, 
we cannot assess the role of proteinuria as a 
predictor of response to statin therapy. These 
analyses are post hoc, and therefore should 
be hypothesis generating, and will await 
confirmation in other clinical trials. The 
total and LDL-cholesterol differential be-
tween the randomized groups was relatively 

small compared to other large lipid-lowering 
studies, perhaps related to statin use by par-
ticipants assigned to usual care and did not 
achieve the 30  –  40% reduction in LDL-
cholesterol recommended in current lipid 
guidelines [21]. This may limit the power to 
detect differences between the two groups. 
It remains to be seen whether other statins, 
with greater potency in lipid-lowering than 
pravastatin, have greater impact on clinical 
outcomes in this population. For example, 
recent data suggest that in diabetic patients 
with CKD and known coronary artery dis-
ease, atorvastatin 80 mg was more effective 
than 10 mg (achieved LDL 79 vs. 99 mg/dl) 
in reducing risk of CVD [22].

Finally, while the as-treated analyses are 
informative, it is important to note the bene-
fits of randomization are lost in such an anal-
ysis, and there may be differences between 
participants taking pravastatin vs. those who 
were not that may contribute to differences 
in outcome. Other factors may have a bear-
ing on the interpretation of our findings. The 
mean eGFR at baseline in patients in the 
moderate-severe group (51 ml/min/1.73 m2) 
was higher than in studies that have shown 
a beneficial effect of statin therapy (most 
marked in the < 40 ml/min/1.73 m2 group in 
CARE) [23]. However, results in the subset 
of participants with eGFR < 45 ml/min, albe-
it a smaller group, did not suggest improved 
outcomes with pravastatin.

This paper has important clinical impli-
cations. The burden of cardiovascular dis-
ease remains high in patients with CKD, and 
opportunities for intervention to reduce this 
risk are low. In the context of the results of 
the SHARP trial, our data support the use of 
lipid-lowering therapy in patients with CKD 
to lower cardiovascular risk.

In summary, this post-hoc analysis of 
ALLHAT-LLT demonstrates that in hyper-
tensive patients with moderate dyslipidemia, 
randomization to pravastatin was not supe-
rior to usual care in preventing total mortal-
ity, or CHD events independent of baseline 
eGFR level; however, potential benefit from 
statin therapy may depend on degree of re-
duction achieved in total and LDL-cholester-
ol and adherence to therapy.
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Supplemental tables

Supplemental table 1.  Hazard ratios by eGFR definition: Cox regressions (pravastatin/usual care) using intent-to-treat analyses.

eGFR group at 
baseline

Equation
MDRD CKD-EPI Mayo (quadratic)

n HR (95% CI) p n HR (95% CI) p n HR (95% CI) p
Mortality
  Total 10,145 1.01 (0.91 – 1.13) 0.82 10,145 1.01 (0.91 – 1.13) 0.82 10,145 1.01 (0.91 – 1.13) 0.82
  60+ 8,583 1.01 (0.89 – 1.14) 0.88 8,244 1.01 (0.89 – 1.15) 0.86 9,293 1.01 (0.90 – 1.14) 0.86
  < 60 1,562 1.02 (0.83 – 1.27) 0.83 1,901 1.03 (0.85 – 1.25) 0.79 852 1.02 (0.79 – 1.33) 0.86
CHD
  Total 10,068 0.91 (0.79 – 1.05) 0.20 10,068 0.91 (0.79 – 1.05) 0.20 10,068 0.91 (0.79 – 1.05) 0.20
  60+ 8,520 0.92 (0.78 – 1.07) 0.28 8,186 0.92 (0.78 – 1.08) 0.30 9,221 0.91 (0.79 – 1.06) 0.23
  < 60 1,548 0.90 (0.67 – 1.20) 0.47 1,882 0.91 (0.69 – 1.19) 0.48 847 0.92 (0.63 – 1.34) 0.66
CCVD
  Total 10,078 0.97 (0.89 – 1.05) 0.43 10,078 0.97 (0.89 – 1.05) 0.43 10,078 0.97 (0.89 – 1.05) 0.43
  60+ 8,526 0.94 (0.86 – 1.03) 0.19 8,190 0.94 (0.85 – 1.03) 0.18 9,230 0.94 (0.86 – 1.03) 0.17
  < 60 1,552 1.09 (0.91 – 1.30) 0.36 1,888 1.09 (0.92 – 1.28) 0.32 848 1.20 (0.95 – 1.51) 0.12

CHD = coronary heart disease; CI = confidence interval; CVD = cardiovascular disease; CCVD = combined cardiovascular disease; 
eGFR = estimated glomerular filtration rate; HR = hazard ratio.

Supplemental table 2.  Hazard ratios by eGFR definition: Cox regressions (pravastatin/usual care) using as-treated analyses only.

eGFR group at 
baseline

Equation
MDRD CKD-EPI Mayo (quadratic)

n HR (95% CI) p n HR (95% CI) p n HR (95% CI) p
Mortality
  Total 10,145 0.76 (0.68 – 0.85) < 0.001 10,145 0.76 (0.68 – 0.85) < 0.001 10,145 0.76 (0.68 – 0.85) < 0.001
  60+ 8,583 0.74 (0.59 – 0.92) 0.007 8,244 0.79 (0.69 – 0.90) < 0.001 9,293 0.79 (0.70 – 0.89) < 0.001
  < 60 1,562 0.78 (0.69 – 0.88) < 0.001 1,901 0.75 (0.61 – 0.91) 0.003 852 0.69 (0.53 – 0.90) 0.007
CHD
  Total 10,068 0.84 (0.73 – 0.97) 0.01 10,068 0.84 (0.73 – 0.97) 0.01 10,068 0.84 (0.73 – 0.97) 0.01
  60+ 8,520 0.85 (0.73 – 1.00) 0.04 8,186 0.87 (0.73 – 1.01) 0.08 9,221 0.86 (0.74 – 1.00) 0.05
  < 60 1,548 0.82 (0.61 – 1.11) 0.20 1,882 0.80 (0.61 – 1.05) 0.11 847 0.76 (0.52 – 1.12) 0.17
CCVD
  Total 10,078 0.95 (0.88 – 1.04) 0.30 10,078 0.95 (0.88 – 1.04) 0.30 10,078 0.95 (0.88 – 1.04) 0.30
  60+ 8,526 0.93 (0.85 – 1.01) 0.10 8,190 0.93 (0.85 – 1.02) 0.12 9,230 0.94 (0.86 – 1.02) 0.15
  < 60 1,552 1.12 (0.93 – 1.34) 0.23 1,888 1.09 (0.92 – 1.28) 0.32 848 1.17 (0.93 – 1.48) 0.17

CHD = coronary heart disease; CI = confidence interval; CVD = cardiovascular disease; CCVD = combined cardiovascular disease; 
eGFR = estimated glomerular filtration rate; HR = hazard ratio.
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Supplemental table 3.  Hazard ratios comparisons by eGFR definition: multivariate cox regressions (pravastatin/usual care) using 
as-treated analyses adjusted for baseline and time varying covariates only*.

eGFR group at 
baseline

Equation
MDRD CKD-EPI Mayo (quadratic)

n HR (95% CI) p n HR (95% CI) p n HR (95% CI) p
Mortality
Total 10,021 0.73 (0.65 – 0.82) < 0.001 10,021 0.73 (0.65 – 0.82) < 0.001 10,021 0.73 (0.65 – 0.82) < 0.001
60+ 8,473 0.75 (0.66 – 0.86) < 0.001 8,142 0.74 (0.64 – 0.86) < 0.001 9,177 0.76 (0.66 – 0.86) < 0.001
< 60 1,548 0.69 (0.54 – 0.87) 0.002 1,879 0.71 (0.57 – 0.87) 0.001 844 0.63 (0.47 – 0.85) 0.002
CHD
Total 9,944 0.88 (0.76 – 1.02) 0.09 9,944 0.88 (0.76 – 1.02) 0.09 9,944 0.88 (0.76 – 1.02) 0.09
60+ 8,410 0.89 (0.76 – 1.05) 0.18 8,084 0.90 (0.76 – 1.07) 0.22 9,105 0.90 (0.76 – 1.05) 0.18
< 60 1,534 0.86 (0.62 – 1.18) 0.35 1,860 0.84 (0.62 – 1.12) 0.24 839 0.82 (0.54 – 1.23) 0.34
CCVD
Total 9,953 0.98 (0.90 – 1.07) 0.70 9,953 0.98 (0.90 – 1.07) 0.70 9,953 0.98 (0.90 – 1.07) 0.70
60+ 8,416 0.94 (0.85 – 1.03)** 0.17 8,088 0.93 (0.85 – 1.03)** 0.16 9,113 0.95 (0.87 – 1.04)** 0.26
< 60 1,537 1.18 (0.98 – 1.43)** 0.08 1,865 1.15 (0.97 – 1.37)** 0.11 840 1.28 (1.01 – 1.63)** 0.04

CHD = coronary heart disease; CI = confidence interval; CVD = cardiovascular disease; CCVD = combined cardiovascular disease; 
eGFR = estimated glomerular filtration rate; HR = hazard ratio. *adjusted with lipid-trial baseline variables: age, gender, aspirin use, 
history of coronary heart disease, diabetes, antihypertensive treatment group, body-mass index, Black race, and time-varying covari-
ates: systolic blood pressure, diastolic blood pressure and total cholesterol. **p-value for interaction of eGFR group by treatment 
group = 0.03 for all three eGFR definitions.


