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Abstract
Background—Dyslipidemia is common in patients with chronic kidney disease. The role of
statin therapy on the progression of kidney disease is unclear.
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Study Design—Prospective randomized clinical trial, post hoc analyses.

Setting and participants—10,060 participants in the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT) (lipid-lowering component) stratified by
baseline eGFR: <60, 60–89, ≥90 mL/min/1.73 m2. Mean follow-up was 4.8 years.

Intervention—Randomized, pravastatin 40 mg/day or usual care.

Outcomes and measurements—Total cholesterol, HDL- and LDL-cholesterol; end stage
renal disease (ESRD), estimated glomerular filtration rate (eGFR).

Results—Through year six, total cholesterol declined in the pravastatin (−20.7%) and usual care
groups (−11.2%). No significant differences were seen between the groups for rates of ESRD
(1.36 vs 1.45/100 patient years, P=0.9), composite endpoints of ESRD and 50% or 25% decline in
eGFR, or rate of change of eGFR. Findings were consistent across eGFR strata. In patients with
eGFR≥90 mL/min/1.73 m2, the pravastatin arm tended to have a higher eGFR.

Limitations—Proteinuria data unavailable, post hoc analyses, unconfirmed validity of the
Modification of Diet in Renal Disease Study equation in normal eGFR range, statin drop-in rate in
usual care group with small cholesterol differential between groups.

Conclusions—In hypertensive patients with moderate dyslipidemia and reduced eGFR,
pravastatin was not superior to usual care in preventing clinical renal outcomes. This was
consistent across the strata of baseline eGFR. However, benefit from statin therapy may depend on
degree of cholesterol reduction achieved.
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Introduction
It is estimated that more than 10 million Americans have chronic kidney disease (CKD) and
are at high risk for progression to end stage renal disease (ESRD).1 Hyperlipidemia is
common in patients with CKD,2 and there are good reasons to postulate a beneficial effect
of statin therapy on progression of kidney disease. Epidemiologic studies show that higher
cholesterol levels are associated with a more rapid decline in kidney function.3;4 Statins
have physiologic actions beyond lipid lowering, such as improvement in vascular
compliance5 and reduction in chronic inflammation6 that may have a beneficial effect in
kidney disease.7 However, some,8 but not all studies,9;10 have documented a beneficial
effect of statin therapy on kidney disease outcomes. Therefore, whether statin therapy in
CKD patients with modest dyslipidemia slows decline in kidney function remains
unresolved.

The lipid-lowering component of the Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT-LLT) was conducted to determine whether
pravastatin compared with usual care reduced mortality in older, moderately
hypercholesterolemic, hypertensive participants with at least one additional risk factor for
coronary heart disease (CHD).11 The main results showed no significant difference in all-
cause mortality or CHD events (nonfatal myocardial infarction or fatal CHD combined)
between the two groups. The purpose of this paper is to report a post hoc analysis of the
effect of pravastatin therapy compared to usual care on kidney disease outcomes stratified
by baseline estimated glomerular filtration rate (eGFR).
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Methods
ALLHAT adhered to the Declaration of Helsinki, and written informed consent was
obtained. The design and conduct of ALLHAT-LLT have been reported previously.11

Briefly, ALLHAT-LLT was a randomized, open-label, large simple trial conducted from
February 1994 through March 2002 at 513 of the 623 ALLHAT clinical centers in the
United States, Puerto Rico, US Virgin Islands, and Canada. The intervention was open label
pravastatin (40 mg/d) vs. usual care. Participants were drawn from ALLHAT, a 4-armed
antihypertensive trial in which a calcium channel blocker (amlodipine), an angiotensin
converting enzyme (ACE) inhibitor (lisinopril), and an alpha-adrenergic blocking agent
(doxazosin) were each compared with a thiazide-like diuretic (chlorthalidone). The
eligibility criteria for the ALLHAT-LLT included prior enrollment in ALLHAT (age ≥55
years and stage 1 or 2 hypertension with at least 1 additional CHD risk factor); fasting LDL-
C level of 120 to 189 mg/dL (3.1 to 4.9 mmol/L) for those with no known CHD, or 100 to
129 mg/dL (2.6 to 3.3 mmol/L) for those with known CHD, and fasting triglyceride levels
lower than 350 mg/dL (3.9 mmol/L). Participants were excluded who were currently using
prescribed lipid-lowering agents or large doses (≥500 mg/day) of nonprescription niacin;
were known to be intolerant of statins or to have significant liver dysfunction (serum alanine
aminotransferase [ALT] >100 IU/L); had other contraindications for statin therapy; or had a
known secondary cause of hyperlipidemia. Follow up visits were scheduled to coincide with
visits for the ALLHAT parent trial, i.e., at 3, 6, 9, and 12 months following randomization
into ALLHAT and every 4 months thereafter. A fasting lipid profile was obtained for all
ALLHAT-LLT participants at LLT baseline, and during follow-up in random pre-selected
samples of usual care (5%) and pravastatin (10%) participants. All ALLHAT-LLT
participants were advised to follow the National Cholesterol Education Program Step I diet.
The usual care group was treated according to the discretion of their primary care
physicians.

Serial determinations of serum creatinine were obtained in a single central laboratory using
the Ortho Clinical Diagnostics Vitros Chemistry System (Rochester, NY) and were
calibrated to the Modification of Diet in Renal Disease (MDRD) Study lab as described
previously.12 Calibration for drift over time was not repeated. All baseline data refer to the
date of randomization into the ALLHAT-LLT. Creatinine measurements were repeated at 1
month, 1 year, 2 years, and then every other year during follow-up from the antihypertensive
randomization. The 4-variable MDRD Study equation was used to estimate GFR according
to the following formula: (186.3*Serum Creatinine−1.154 *Age in Years−0.203*1.212 (If
Black)*0.742 (If Female)).13 Patients were classified into categories of baseline eGFR (mL/
min per 1.73 m2): normal or increased (≥ 90), mild reduction (60–89), and moderate-severe
reduction (<60) (≥1.50, 1.00–1.48, <1.00 mL/s/1.73 m2, respectively).

The following kidney disease outcomes were assessed: (1) development of ESRD, defined
as a combined end point of start of long-term dialysis, death due to kidney disease, or kidney
transplantation, as reported from the clinical sites. The reliability of ESRD reporting from
sites was not validated through external sources at this time; however, any limitation in
ascertainment is likely to affect both randomized groups in a similar manner; (2) a
composite end point of ESRD or ≥50% decline in eGFR from baseline; 3) composite end
point of ESRD or ≥25% decline in eGFR from baseline (4) mean eGFR during study
follow-up; and (5) rate of change of eGFR. The primary outcome for the LLT was all-cause
mortality.11 Data were analyzed according to participants’ randomized treatment
assignments regardless of their subsequent medications (intent-to-treat analysis). Baseline
characteristics were compared across treatment and baseline eGFR groups using the t-test
for continuous covariates and contingency table analyses for categorical data. Mean eGFRs
for participants assigned to the pravastatin group were compared with those from the usual
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care group at each follow-up point using mixed-effects linear regressions of eGFR against
time, treatment group, and baseline eGFR variables. The Cox proportional hazards model
was used to obtain hazard ratios (hereafter called relative risks [RRs]) and 95% confidence
intervals (CIs) for time to ESRD as well as for the composite outcomes. To assess possible
bias from censoring due to competing causes of death, vital status (non–kidney disease
deaths, unknown vital status, known alive) was tabulated for those without renal end points,
and the composite end points was analyzed using methods already described. Estimated
GFR rate of change estimates were obtained as linear combinations of coefficients of the
appropriate time and time-interaction variables following mixed-effects linear regressions of
eGFR versus treatment and time. The appropriateness of the proportional hazards
assumption was assessed using Schoenfeld residuals,14 as well as log-log survival plots.15
The appropriateness of the linear mixed-effects models were confirmed using log-likelihood
ratio tests as well as reductions in the Akaike information criterion, tests for normality of
raw and standardized residuals, and graphical checks of homoscedasticity in plots of raw
residuals versus fitted values.16

Results
A description of randomization and follow-up of 10,060 ALLHAT-LLT participants is
shown in Figure 1. At baseline, 2640 participants (26%) had normal or increased eGFR,
5863 (58%) had mild reduction in eGFR and 1557 (16%) had moderate or severe reduction
in eGFR. In the moderate-severe stratum, the vast majority of participants (97.3%) were in
the stage 3 CKD category (eGFR 30–59 mL/min/1.73m2 [0.50–0.98 mL/s/1.73m2]). There
were no differences in the baseline characteristics of participants randomized to pravastatin
compared with usual care, except for ethnicity (higher Black non-Hispanic in the pravastatin
group, and higher white Hispanic in the usual care group) and history of CHD (higher in the
usual care group) at baseline in the patients with moderate 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 declined over the course of the study from 89.8% at year 2, 86.2%
at year 4, to 86.6% at year 6. (Figure 2) Use of statin therapy in participants assigned to
usual care increased over time (8.1% at year 2, 16.3% at year 4 and 23.3% at year 6).11

These patterns were consistent across the baseline eGFR strata. (Fig S1; provided as online
supplementary material available with this article at www.ajkd.org).

Total cholesterol levels declined by 20.7% in the pravastatin group and 11.2% in the usual
care group with resultant 6-year total cholesterol levels of 176.3 mg/dl (4.56 mmol/L) and
196.8 mg/dl (5.09 mmol/L), respectively (Figure 2). The changes and differential in total
cholesterol between the pravastatin and usual care groups followed a similar pattern in the
three eGFR subgroups (Figure S1). During the follow up period, LDL, HDL and triglyceride
measurements were available only in a small subset of patients (5% of the usual care group
and 10% of the pravastatin group). LDL-cholesterol levels declined by 30.2% in the
pravastatin group and 15.1% in the usual care group with resultant 6-year LDL-cholesterol
levels of 103.2 mg/dL (2.67 mmol/L) and 121.3 mg/dL (3.14 mmol/L), respectively
(p<0.05). There were no statistically significant differences between the pravastatin and
usual care groups with regard to change in HDL-cholesterol or triglyceride between baseline
and year six. Changes in lipid profiles in the 3 strata of eGFR were consistent with the
overall population, though numbers in individual strata with lipid measures in follow up
were small (Figure S1).

Use of ACE-inhibitors (per antihypertensive treatment trial randomized assignment and
open label) was slightly more common in the usual care group than the pravastatin group at
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year 2 (6.4% vs 4.8%, p=0.001), but not at year 4 (11.3 % vs 11%, p=0.7) or year 6 (17.3 vs
18.3, p=0.5). Similar trends were seen in the three baseline eGFR strata (data not shown).

There were no statistically significant differences in systolic and diastolic blood pressure at
baseline, year 2, 4 or 6 in the total group, or stratified by baseline eGFR between the usual
care and the pravastatin groups.

The number of renal clinical events in each treatment group, over each time period is shown
in table 2. Of 114 ESRD events, 30 were deaths due to kidney disease. No significant
difference was seen in the 6-year rates of ESRD between those randomized to receive
pravastatin (1.36/100 patient years) or usual care (1.45/100, P=0.9) (Figures 3 and 4). In
both groups, 3.5% of participants reached the composite endpoint of ESRD or a ≥50%
decline in eGFR (p=0.9). There was no significant difference in the six year event rates for
the composite end point of ESRD or a 25% decline in eGFR (RR 0.95 (0.86 – 1.04, p=0.3).
These overall findings were similar in the three strata of baseline eGFR. No significant
treatment group by eGFR interaction was seen (Figures 3 and 4). There was also no
statistically significant interaction between randomization to pravastatin/usual care and
randomization to any of the antihypertensive arms.

There were no statistically significant differences in eGFR in the pravastatin group
compared to the usual care group in the overall population at years 2, 4 and 6 (table 3 and
figure 5). In the overall population, and when stratified by baseline eGFR, there was a trend
for a higher eGFR in the pravastatin group. However, this was statistically significant only
in the baseline eGFR 60–89 mL/min/1.73m2 (1.00–1.48 mL/s/1.73m2) stratum at years 4
and 6, and there was no significant interaction of baseline eGFR and treatment group. Due to
the multiple comparisons involved, these data have to be interpreted with caution.

There were no statistically significant differences in rate of change of eGFR between
pravastatin and usual care in the overall population and stratified by baseline eGFR (Table
4).

All outcome analyses were repeated with an alternate eGFR stratification (<45, 45–59, 60–
89 and ≥90 mL/min/1.73m2)(<0.75, 0.75–0.98, 1.00–1.48, ≥1.50 mL/s/1.73 m2). In the
eGFR <45 mL/min/1.73m2 (<0.75 mL/s/1.73 m2) stratum 166 participant were assigned to
pravastatin (mean eGFR 37.8 ml/min/1.73 m2 [0.63 mL/s/1.73 m2]) and 157 participants
were assigned to usual care (mean eGFR 37 ml/min/1.73 m2 [0.62 mL/s/1.73 m2]); there
was no significant difference in risk of ESRD (RR 0.77, 95% CI 0.41–1.45, ) and rate of
change of eGFR (−0.23 vs −0.37 mL/min/1.73m2/yr, p=0.3 [−0.004 vs −0.006 ml/s/1.73
m2/yr).

Discussion
In older hypertensive patients with moderate dyslipidemia, pravastatin was not superior to
usual care in preventing clinical kidney disease outcomes. This was consistent across the
strata of baseline eGFR. There was a trend for a higher eGFR in the pravastatin group which
was not statistically significant.

Previous studies that have examined the effect of statin therapy on progression of kidney
disease have yielded inconsistent results, perhaps due to their heterogeneity with regard to
patient population studied, baseline kidney function and proteinuria, the criteria used to
measure kidney function, and the type of statin used.17 Several studies have shown no
benefit of statin therapy on slowing decline in GFR,9;10;18–24 others,8;25–27 particularly in
patients with high levels of proteinuria28 have shown that statin therapy is associated with
slower decline in GFR. In the Cholesterol and Recurrent Events trial (CARE), decline in
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GFR in the pravastatin group was slower than that in the placebo group only in those with
GFR <40 ml mL/min per 1.73 m2 (0.67 mL/s/1.73 m2).29 In the Pravastatin Pooling Project,
using data obtained from three large trials (West of Scotland Coronary Prevention Study,
Cholesterol and Recurrent Events, and Long-term Intervention with Pravastatin in Ischemic
Disease), there was a modestly (0.2 ml/min/year) slower decline in GFR in patients with an
eGFR <60 mL/min per 1.73 m2 (<1.00 mL/s/1.73 m2) who were treated with pravastatin
compared to the control group, but there was no significant reduction in the frequency of a
25% decline in GFR.30 In a meta-analysis of 27 randomized trials, statin therapy had an
overall modest beneficial effect on change in GFR (1.22 ml/min/1.73 m2/year [0.02 mL/s/
1.73 m2]); however, there was substantial variability across the studies.31 Specifically, in the
hypertensive and diabetic cohorts, likely the ones most similar to ALLHAT-LLT, there was
no beneficial effect of statin therapy on decline in GFR. Finally, a recent meta-analysis of 11
trials by Strippoli and colleagues also showed no benefit of statin therapy on decline in
kidney function. 32

Our study makes an important contribution to this literature. In the ALLHAT-LLT, there
was no consistent benefit of pravastatin therapy compared to usual care with regard to a
variety of kidney disease outcomes. This is consistent with the findings in the CARE study,
the Strippoli meta-analyses, and diabetic and hypertensive cohorts in the Sandhu meta-
analyses.29;31;32 While there was a trend for eGFR to be higher in the pravastatin group at
some points in time, this finding was not consistent, and has to be interpreted with caution
due to the multiple comparisons involved.

Several factors may have a bearing on the interpretation of our findings. First, the rate of
decline in GFR in patients with a eGFR<60 mL/min per 1.73 m2 (<1.00 mL/s/1.73 m2) was
very slow in both pravastatin and the usual care groups. While this may relate to overall
excellent levels of blood pressure control in ALLHAT, the slow rate of progression
decreases the ability to detect a difference between the two randomized groups. In addition,
the mean eGFR at baseline in patients in the moderate-severe group (50 mL/min per 1.73 m2

[0.83 mL/s/1.73 m2) was higher than in studies that have shown a beneficial effect of statin
therapy (most marked in the <40 mL/min per 1.73 m2 [0.67 mL/s/1.73 m2] group in CARE).
However, results in the smaller subset of participants with eGFR<45 ml/min/1.73 m2 (0.75
mL/s/1.73 m2) did not suggest improved outcomes with pravastatin. Secondly, while
proteinuria measurements were not obtained, we speculate that based on the inclusion
criteria, the ALLHAT patient population profile is associated with relatively low levels of
proteinuria. In addition, patients were excluded if they had a specific indication for ACE
inhibitor therapy, such as proteinuria. The LLT results are consistent with studies that show
no beneficial effects of statin therapy in patients with minimal proteinuria, compared to a
marked benefit in those with high grade proteinuria. Finally, due to the significant drop-in
during the course of the study, the difference in the total and LDL-cholesterol between the
randomized groups was modest when compared to traditional lipid lowering trials, and did
not achieve the 30–40% reduction in LDL-C recommended in current lipid guidelines.33

The achieved LDL-cholesterol in the patients in the moderate to severe reduction in eGFR
group in the ALLHAT-LLT (102 mg/dL [2.64 mmol/L] at year 2) was similar to the
achieved LDL-cholesterol in a similar population in the Pravastatin Pooling Project (103.9
mg/dL [2.69 mmol/L] at year 1).34 However, the usual care group also had a decrement in
LDL-cholesterol in the ALLHAT –LLT with a net difference of 30 mg/dL (0.78 mmol/L) at
year 2, compared to a difference between pravastatin and placebo of 47 mg/dL (1.22 mmol/
L) at year 1 in the Pravastatin Pooling Project. The smaller difference in LDL-cholesterol
may contribute to the lack of statistically significant benefit seen with statin therapy in our
study. It is also possible that level of LDL- and total cholesterol achieved in the ALLHAT-
LLT are still too high for CKD patients; whether more aggressive lipid lowering will result
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in improved outcomes in these patients remains to be seen. The lack of a statistically
significant difference between the two groups may be due lack of power given the relatively
low event rate; based on the observed event rates, we estimate that the study was adequately
powered (80%) to estimate rate reductions of 41.8% for ESRD or 25.2% for a combined end
point of ESRD and 50% decline in eGFR. However, the study did have adequate power to
detect a 10% difference in the composite end point of ESRD and 25% decline in eGFR.

The effect of statin therapy on kidney function may depend on the population studied. In the
Sandhu meta-analyses, statin therapy was associated with improved kidney function in
patients with cardiovascular disease, but not in diabetic or hypertensive patients. It can be
speculated that reduction in cardiovascular events in high risk patients with statins results in
fewer catheterization/interventional procedures with lower burden of contrast exposure, and
atheroemboli. This effect would not be marked in patients at lower risk for cardiovascular
disease.

Our study has several strengths. With more than 1500 patients with moderately reduced
eGFR, this is one of the largest individual studies to address the issue of statins in kidney
disease. In addition, the mean duration of follow up of 4.8 years is longer than many
published studies in this area. Measurement of creatinine in a single central lab minimizes
issues of variability of creatinine measurement. The methodologic rigor of the study with
careful event ascertainment and minimal loss to follow up enhances the credibility of the
study. The results are generalizable to patients with early stage 3 CKD (mean eGFR 50 mL/
min per 1.73 m2 [0.83 mL/s/1.73 m2] in the moderate-severe reduction stratum); though the
results were consistent in the subgroup with eGFR < 45 mL/min per 1.73 m2 (0.75 mL/s/
1.73 m2) whether similar results are seen in more advanced CKD needs additional study.

There are important limitations to our analyses. Several studies have shown beneficial
effects of statin therapy on proteinuria;35 however, others have shown increase in tubular
proteinuria.36 Since proteinuria data are not available in ALLHAT participants, we cannot
study the effects of pravastatin therapy on proteinuria or assess the role of proteinuria level
as a predictor of response to statin therapy. In addition, these are post hoc analyses;
therefore, these can be hypothesis generating, and will await confirmation in other clinical
trials. The validity of the MDRD study equation in predicting change in eGFRs in the
normal range (>90 mL/min per 1.73 m2 [1.50 mL/s/1.73 m2]) has not been confirmed.
Therefore, the relatively rapid decline seen in this group may represent hyperfiltration, or
simply a regression to the mean. The substantial drop-in rate in the usual care group (23% at
year 6) coupled with some drop-out in the pravastatin group (13% at year 6) may limit the
power of the study to detect a difference between the two groups. Decreasing sample size
over time is another possible limitation. Such a decrease happens in all trials for a number of
reasons, including deaths, end-of-study censoring, and losses to follow-up, and participants
who remain in the study but who are missing laboratory analyses. The average follow-up
time in the ALLHAT lipid-lowering trial was 4.8 years, and the minimum potential follow-
up time was less than 4 years. Therefore, the 4-year data to some extent, and especially the
6-year data, were particularly prone to be missing. Finally, it remains to be seen whether
other statins that have greater potency in lipid lowering than pravastatin have a greater
impact on clinical outcomes in this population.

Our findings support statin use in accordance with published guidelines and reinforces the
importance of achieving target LDL- and total cholesterol reduction with statin therapy.33

The ALLHAT-LLT, in the context of the inconsistent findings in the literature, does not
provide a compelling rationale for routine use of statin therapy specifically to improve GFR
in hypertensive patients with CKD. This important question is best resolved by prospective
clinical trials specifically designed to address the issue; the results of the ongoing Study of
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Heart and Renal Protection (SHARP) study will be eagerly awaited to guide clinical practice
in this area.37

In summary, this post-hoc analysis of the ALLHAT-LLT demonstrates that in hypertensive
patients with moderate dyslipidemia, pravastatin was not superior to usual care in preventing
kidney disease outcomes. This was consistent across the strata of baseline eGFR level.
However, potential benefit from statin therapy may depend of degree of reduction achieved
in total and LDL-cholesterol.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Randomization and Follow-up of Participants with Valid Baseline Estimated GFR in the
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT).
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Fig 2.
Statin Use and Lipid Levels Over the Course of the Study. Abbreviations: LDL, low-density
lipoprotein; HDL, high-density lipoprotein. To convert total cholesterol, LDL-cholesterol,
and HDL-cholesterol in mg/dL to mmol/L, multiply by 0.02586. To convert triglycerides in
mg/dL to mmol/L, multiply by 0.01129.
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Fig 3.
Survival curves for kidney disease events - pravastatin versus usual care. Treatment groups
by baseline estimated glomerular filtration rate (eGFR) estimates. Panels A–C: all
participants (n=10,060). Panels D–F: the subgroup of participants with baseline GFR <60
mL/min/1.73 m2 (n=1557). To convert GFR in mL/min/1.73 m2 to mL/s/1.73 m2, multiply
by 0.01667.
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Figure 4.
Renal Outcomes in the Lipid-Lowering Component of ALLHAT by Treatment Group and
GFR Group at Baseline (Relative Risks and 95% Confidence Intervals, 6-Year Rates per
100, and Total Events). To convert GFR in mL/min/1.73 m2 to mL/s/1.73 m2, multiply by
0.01667.
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Figure 5.
Estimated GFR (mL/min/1.73 m2) Over the Course of the Study. To convert GFR in mL/
min/1.73 m2 to mL/s/1.73 m2, multiply by 0.01667.
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