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Background—Antihypertensive drugs that block the renin-angiotensin system (angiotensin-
converting enzyme inhibitors [ACEIs] or angiotensin receptor blockers) are recommended for
patients with chronic kidney disease (CKD). A low blood pressure (BP) goal (BP, <130/80 mm
Hg) is also recommended. The objective of this study was to determine the long-term effects of
currently recommended BP therapy in 1094 African Americans with hypertensive CKD.

Methods—Multicenter cohort study following a randomized trial. Participants were 1094
African Americans with hypertensive renal disease (glomerular filtration rate, 20–65 mL/min/1.73
m2). Following a 3×2-factorial trial (1995–2001) that tested 3 drugs used as initial
antihypertensive therapy (ACEIs, calcium channel blockers, and β-blockers) and 2 levels of BP
control (usual and low), we conducted a cohort study (2002–2007) in which participants were
treated with ACEIs to a BP lower than 130/80 mm Hg. The outcome measures were a composite
of doubling of the serum creatinine level, end-stage renal disease, or death.

Results—During each year of the cohort study, the annual use of an ACEI or an angiotensin
receptor blocker ranged from 83.7% to 89.0% (vs 38.5% to 49.8% during the trial). The mean BP
in the cohort study was 133/78 mm Hg (vs 136/82 mm Hg in the trial). Overall, 567 participants
experienced the primary outcome; the 10-year cumulative incidence rate was 53.9%. Of 576
participants with at least 7 years of follow-up, 33.5% experienced a slow decline in kidney
function (mean annual decline in the estimated glomerular filtration rate, <1 mL/min/1.73 m2).

Conclusion—Despite the benefits of renin-angiotensin system–blocking therapy on CKD
progression, most African Americans with hypertensive CKD who are treated with currently
recommended BP therapy continue to progress during the long term.

Hypertensive chronic kidney disease (CKD) is a major public health problem in the United
States, especially among African Americans. An estimated 4.5 million Americans have
hypertensive CKD, and another 110 000 persons have end-stage renal disease (ESRD)
attributed to hypertension.1 According to the US Renal Data System,2 37% of ESRD cases
in African Americans can be attributed to hypertension, whereas the corresponding figure in
persons of white race/ethnicity is 19%. In studies3,4 conducted before renin-angiotensin
system (RAS)–blocking therapy, African Americans with hypertensive CKD experienced
continued CKD progression compared with persons of white race/ethnicity, who
experienced little or no progression while receiving antihypertensive drug therapy.

RAS-blocking therapy (angiotensin-converting enzyme inhibitors [ACEIs] or angiotensin
receptor blockers [ARBs]) and a low blood pressure (BP) goal, generally less than 130/80
mm Hg, are recommended in most patients with CKD.5,6 The recommendation for RAS-
blocking therapy is based largely on trials that were shorter than 4 years in duration.7 Data
on the long-term effects of recommended therapy are sparse. In a posttrial follow-up study8

of patients with proteinuric nondiabetic CKD, the ACEI ramipril seemed to stabilize the
glomerular filtration rate (GFR) and to prevent ESRD during 4.5 years.

In the African American Study of Kidney Disease and Hypertension (AASK),9–11 we
previously reported that treatment with ramipril reduced the risk of clinical renal events
(50% or 25 mL/ min/1.73 m2 decline in GFR, ESRD, or death) by 48%compared with the
calcium channel blocker amlodipine besylate and by 22% compared with the β-blocker
metoprolol succinate; a low BP goal conferred no additional benefit over a conventional BP
goal. On completion of the AASK Clinical Trial, participants were invited to enroll in a
posttrial cohort study in which they received treatment with ACEIs to a BP lower than
130/80 mm Hg.12,13 Using data from the trial and cohort phases of AASK, we report the
long-term effects of ACEI therapy with a low BP goal.
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METHODS
Detailed descriptions of study methods and trial results have been published.9–12 Protocols
for the trial phase and cohort study were approved by institutional review boards at each
center. Participants provided written informed consent. Independent scientific advisory
committees reviewed and approved the study protocols and monitored progress.

STUDY PARTICIPANTS
Participants were eligible for the trial (Trial Registration: clinicaltrials.gov Identifier:
NCT00582777) if they were self-identified African Americans, aged 18 to 70 years, with
hypertensive CKD as defined by a diastolic BP higher than 95 mm Hg and a GFR between
20mL/min/1.73 m2 and 65mL/min/1.73 m2, measured by isothalamate sodium iodide I 125
clearance. Individuals were excluded if there was an apparent cause for CKD other than
hypertension. Specific exclusion criteria were (1) a fasting glucose level greater than 140
mg/dL (to convert glucose level to millimoles per liter, multiply by 0.0555), a random
glucose level greater than 200 mg/dL, or receipt of drug therapy for diabetes mellitus; (2) a
urinary protein to urinary creatinine ratio (UP/ Cr) greater than 2.5; (3) the presence of
accelerated or malignant hypertension; (4) the presence of secondary hypertension; (5) the
presence of serious systemic disease; (6) the presence of congestive heart failure; or (7) the
presence of a specific indication for or contraindication to a study drug or procedure.

AASK TRIAL PHASE
The AASK trial phase had a 3×2-factorial design. Between April 7, 1995, and September
28, 1998, 1094 participants were randomized to initial treatment with an ACEI (ramipril,
2.5–10 mg/d), a sustained-release β-blocker (metoprolol, 50–200 mg/d), or a
dihydropyridine calcium channel blocker (amlodipine, 5–10 mg/d) and to 1 of 2 BP goals (a
usualmean arterial pressure [MAP] goal of 102–107 mm Hg or a low MAP goal of <92 mm
Hg). A MAP of 107mmHg corresponds to the conventional BP goal of 140/90mmHg, while
a MAP of 92mmHg is slightly lower than the BP goal of 130/80 mm Hg currently
recommended for individuals with CKD.5 If the BP goal could not be achieved by the
highest tolerated dose of the randomized drug, other antihypertensive drugs (furosemide,
doxazosin mesylate, clonidine hydrochloride, hydralazine hydrochloride, or minoxidil) were
sequentially added. The primary outcome was the GFR slope as assessed by isothalamate
sodium iodide I 125 clearance. A secondary outcome was a composite of a GFR reduction
by 50% or by 25 mL/min/1.73 m2 from baseline, ESRD, or death.

Participants randomized to ACEIs had a slower rate of CKD progression than those assigned
to the other 2 drug regimens, particularly in the setting of a baseline UP/Cr greater than 0.22,
a level that corresponds to approximately 300 mg of UP/d. Despite a sustained 10–mm Hg
difference in MAP between the low and usual MAP groups, CKD progression was similar in
both groups. In observational analyses, participants with a baseline UP/Cr greater than 0.22
had more rapid CKD progression than those with a UP/Cr of 0.22 or less.

AASK COHORT STUDY
Trial participants who had not reached ESRD were invited to enroll in the AASK cohort
study, during which BP was monitored, antihypertensive drug therapy adjusted, and
adherence promoted. Between the end of the trial (September 30, 2001) and the start of the
cohort study (April 1, 2002), there was a brief transition period during which the cohort
study was designed and participants were switched from randomized therapy to ACEIs.

A major objective of the cohort study was to determine the long-term course of hypertensive
CKD in the setting of recommended BP therapy. Antihypertensive therapy in the cohort
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study was largely based on AASK trial phase results and prevailing recommendations.
Ramipril was first-line therapy; if ramipril was not tolerated, an ARB was used. If the BP
goal was not achieved with ramipril, 10 mg/d, additional drugs were added (furosemide, β-
blockers, calcium channel blockers, centrally acting α-adrenergic blockers, and direct
vasodilators). All drugs were open label. Consistent with AASK trial phase results, the
initial BP goal in the cohort study was less than 140/90 mm Hg. However, the goal was
reduced to less than 130/80 mm Hg after national guidelines recommended this target.5

Participants were seen at least twice per year and more often if needed to achieve BP
control. Antihypertensive medications were provided free. Efforts to achieve high adherence
included the use of pill organizers, home visits, and reports to personal care physicians. A
clinical management subcommittee monitored achieved BP levels and the use of specific
antihypertensive therapy at the clinical centers.

OUTCOMES
The primary outcome was a composite end point defined by doubling of the serum
creatinine level from trial baseline (roughly equivalent to halving the GFR), ESRD, or death.
Other outcomes were those events directly related to CKD(doubling of the serum creatinine
level or ESRD, censoring at death) and clinical events (ESRD or death). Because these event
rates are affected by the initial level of kidney function and its pattern of change over time,
another outcome variable is the mean annual change in the estimated GFR, derived from a
validated estimating equation that used age, sex, and the serum creatinine level.14,15 The
serum creatinine level was centrally measured at the same laboratory in both phases of the
study using the rate Jaffe method with an alkaline picrate assay. During the trial phase and
cohort study, the serum creatinine level was measured twice at baseline and then every 6
months. It was not measured during the transition period. End-stage renal disease was
defined by the start of dialysis or by the occurrence of renal transplantation.

STATISTICAL ANALYSIS
Selected patient characteristics were summarized at trial baseline for all 1094 participants
and at selected follow-up visits during the trial phase and cohort study in those who
remained at risk for the primary composite outcome. Blood pressure levels were
summarized at approximate 1-year intervals.

Event rates for each composite, expressed as the number of events per 100 patient-years,
were computed as the ratio of the number of patients reaching events divided by the total
patient-years of follow-up before an event or until censoring. For the trial phase, follow-up
time started at the date of randomization. For the cohort study, follow-up time started at the
end of the trial (September 30, 2001) and included the transition period. The maximum
duration of follow-up was 12.2 years, which corresponds to the interval between the start of
trial enrollment (April 7, 1995) and the end of outcome ascertainment (June 30, 2007).

Kaplan-Meier curves16 were constructed to display the cumulative probability of study
outcomes. A competing risk approach was used to examine the extent to which the
cumulative probabilities of the overall clinical composite reflected renal events or death at
each follow-up time. Using the competing risk formulation, 17,18 cumulative incidence
curves were constructed to display the cumulative probability of doubling of the serum
creatinine level or ESRD (without censoring death) and of death before a renal event
(without censoring the renal events). Chronic kidney disease progression was also examined
in selected subgroups defined by sex and trial baseline values of age (below and above the
median age), UP level (UP/Cr ≤0.22 and >0.22), and the GFR (>40 and ≤40 mL/min/1.73
m2).
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For analyses of change in renal function, separate mixed-effects models were used to
estimate the mean rate of change in the estimated GFR among the 1094 trial phase
participants and among all enrollees in the cohort study, irrespective of whether the
participant remained at risk for the composite outcome. Because antihypertensive drugs can
lead to large acute changes in the GFR that do not reflect long-term progression, we
calculated the change in the GFR from 3 months after randomization rather than from
baseline, as was done previously.9,10

RESULTS
PARTICIPANT FLOW AND CHARACTERISTICS

In the trial, 328 outcomes occurred (Figure 1). Of 164 persons with a doubling of their
serum creatinine level, 134 (81.7%) subsequently developed ESRD, and 14 (8.5%) died. The
remainder (16 participants) were alive without ESRD. At the end of the trial, only 7 trial
participants were lost to follow-up. Of 759 persons who had not experienced an outcome
during the trial, 18 (2.4%) experienced an outcome (15 deaths and 3 ESRD events) during
the transition period, and a total of 94 (12.4%) either did not enroll in the cohort study (70
participants) or were lost to follow-up (24 participants). On average, nonenrollees were
older than those who enrolled (mean age at the end of the trial, 62.8 vs 59.7 years; P=.009),
but the levels of kidney function (serum creatinine level, GFR, and proteinuria) were similar
in the 2 groups (data not shown).Demographic and clinical characteristics of the trial phase
and cohort study participants are given in Table 1.

BP LEVELS AND THE USE OF ACEIs OR ARBs
Blood pressure was well controlled in both phases (Table 2). During the trial phase, the
mean follow-up BP was 136/82mmHg (130/78mmHg among those randomized to the low
BP goal and 142/86 mm Hg among those randomized to the usual BP goal). During the
cohort study, the mean achieved BP was 133/78 mm Hg. Throughout both phases, few
participants had a mean systolic BP higher than 160 mm Hg or a mean diastolic BP higher
than 100 mm Hg. The mean numbers of BP management visits per participant were 20.4
during the trial phase and 13.7 during the cohort study.

A total of 436 trial participants (39.9%) were randomized to ACEI therapy. Considering
dropouts and dropins, the annual percentage of participants receiving ACEIs ranged from
37.5% to 46.0% during the trial phase; of those receiving ramipril, at least 68.8% were
taking 10 mg/d, which was the highest recommended dosage while the trial was conducted.
The corresponding percentage who reported taking ACEIs or ARBs ranged from 38.5% to
49.8%. During the cohort study, 72.0% to 77.3% of participants were prescribed ACEIs, and
83.7% to 89.0% took ACEIs or ARBs; of those receiving ramipril, at least 70.4% of the
participants were taking 10 mg/d.

CKD PROGRESSION
The median follow-up time before the occurrence of the primary composite outcome or
administrative censoring was 7.1 years during both phases of the study. The corresponding
number of patient-years was 7658.

Overall, 567 participants (52.0%) experienced a doubling of the serum creatinine level from
trial baseline, developed ESRD, or died; the corresponding 10-year cumulative incidence
rate was 53.9% (7.4 events/100 patient-years). During the trial phase, 30.0% of participants
experienced a doubling of their serum creatinine level from trial baseline, ESRD, or death,
while 31.5% of the persons who remained at risk at the start of the cohort study experienced
this composite outcome (Table 3). Corresponding event rates were 7.2 and 7.8 events per

Appel et al. Page 5

Arch Intern Med. Author manuscript; available in PMC 2013 December 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



100 person-years in the trial phase and cohort study, respectively. A similar pattern was
evident for the secondary outcomes of renal events and clinical events (Table 2). The
distribution of composite outcomes (renal outcomes and death) was similar over time
(Figure 2).

In analyses restricted to those randomized to ACEI therapy with the low BP goal, the 10-
year cumulative incidence was 53.5%. Event rates for the primary outcome were 6.9 and 8.0
events per 100 person-years in the trial phase and cohort study, respectively (Table 3). This
group received recommended BP therapy during both phases. Figure 3 shows the cumulative
incidence of events during the trial phase only among those assigned to the usual BP goal
and the non-ACEI therapies (β-blockers or calcium channel blockers).

In subgroups defined by variables collected before randomization in the trial, results tended
to be similar (Table 3). Absolute event rates were highest among participants with more
advanced CKD. Of those with a baseline UP/Cr greater than 0.22 (median UP level, 1 g/d),
79.8% experienced a doubling of the serum creatinine level, developed ESRD, or died
across the trial and cohort phases. Among those with a GFR of 40 mL/min/ 1.73 m2 or less,
77.4% experienced this outcome.

The mean (SE) annual rates of decline in the estimated GFR were −2.11 (0.11) mL/min/1.73
m2 and −1.5 (0.11) mL/min/1.73 m2 during the trial phase and cohort study, respectively;
among participants randomized to ACEI therapy and the low BP group, the corresponding
mean (SE) annual estimates were −2.10 (0.25) mL/min/1.73 m2 and −1.36 (0.22) mL/min/
1.73 m2. Of 576 participants with at least 7 years of follow-up after their first 3 months in
the study, 33.5% experienced a slow decline in kidney function (ie, a mean annual decline in
the estimated GFR of <1 mL/min/1.73 m2); among those randomized to ACEI therapy and
the low BP goal, the percentage who were slow progressors was 43.2%.

COMMENT
Antihypertensive drugs that block the RAS are recommended therapy in patients with CKD.
Herein, we documented that most African Americans with hypertensive CKD experience
continued progression during the long term, despite the use of RAS-blocking therapy and
the achievement of BP levels close to recommended goals. The cumulative 10-year
incidence of doubling of the serum creatinine level, developing ESRD, or death was 53.9%.
A similar event rate was observed in those participants who were randomized to ACEI
therapy and the low BP goal (ie, a group that received recommended therapy throughout the
2 phases of AASK). Just 33.5% of participants experienced a slow annual decline in the
estimated GFR of less than 1 mL/min/1.73 m2.

An important strength of this study is the provision of recommended antihypertensive
therapy. In the cohort study, more than 80% of participants received RAS-blocking therapy,
mostly ACEIs, and the mean achieved BP was close to the recommended goal of
130/80mmHg. Another strength is the study’s long duration of follow-up, up to 11.5 years.
In previous studies19,20 of patients with nondiabetic CKD, follow-up was typically less than
4 years. Another salient feature is our study population, namely, African Americans with
hypertensive CKD. This group has been underrepresented (<10%) in previous studies,
despite the fact that African Americans contribute disproportionately to the number of
patients who reach ESRD. In the meta-analysis by Jafar et al,7 only 6% of participants were
African American. In the Modification of Diet in Renal Disease Study Group,21 only 8% of
participants were African American.

A limitation of our study is the nonrandomized design of the posttrial cohort study. In view
of our trial findings indicating a benefit of ACEI therapy, it would have been inappropriate
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to continue non-ACEI arms in the long term. Likewise, because national guidelines
recommended a BP goal of less than 130/80mmHg,5,6 it would have been inappropriate to
continue the high BP arm. Second, in the cohort study, isothalamate sodium iodide I 125
clearances were not obtained. However, doubling of the serum creatinine level is a well-
accepted validated surrogate outcome that has been commonly used in trials of CKD
progression.14,15 The clinical relevance of this surrogate marker is underscored by our
finding that 81.7% of participants with a doubling of the serum creatinine level during the
trial subsequently developed ESRD. Third, AASK trial phase and the cohort study adjusted
antihypertensive therapy based on traditional office BP readings rather than on ambulatory
BP readings. Sustained nocturnal BP, which cannot be detected by office measurements, is
commonplace in the setting of CKD and may lead to rapid CKD progression.22 Fourth,
comparisons of event rates in the trial phase and cohort study should be interpreted with
caution because events in the cohort phase defined by a doubling of the serum creatinine
level from trial baseline likely reflect a smaller absolute reduction in the GFR than
corresponding events during the trial phase. For this reason, we emphasize cumulative event
rates across both phases of the study.

Findings from previous studies suggest that the excess burden of ESRD among African
Americans results from rapid progression of CKD to ESRD rather than an excess of CKD23

or a higher prevalence of hypertension or diabetes mellitus among African Americans.24,25

In a case series by Rostand et al3 and in the Multiple Risk Factor Intervention Trial,4

African Americans had faster CKD progression than persons of white race/ethnicity, despite
similar levels of BP control; however, these studies were conducted before ACEI therapy
and at a time when a conventional BP goal was implemented. In a recent observational
analysis that combined data from the Third National Health and Nutrition Examination
Survey and the US Renal Data System, the prevalence of CKD was similar among African
Americans and among persons of white race/ethnicity, but estimated progression rates
among those with CKD were 5-fold higher among African Americans.23 Because AASK did
not enroll persons of white race/ethnicity, our study cannot directly compare CKD
progression rates by race/ethnicity. However, it seems reasonable to speculate that the
substantial burden of ESRD among African Americans results in part from continued
progression of CKD to ESRD, which still occurs in the setting of recommended
antihypertensive drug therapy.

Our results do not alter current recommendations for the use of ACEIs (or ARBs) and a low
BP goal in persons with hypertensive CKD. The rate of CKD progression would likely have
been even greater without RAS-blocking therapy. Although the benefit of a low BP goal on
CKD progression is not supported by results from major clinical trials, including AASK,
recommendations for a low BP goal are prudent given the substantial burden of vascular
disease in patients with CKD26 and the direct relationship between BP and CKD in
observational investigations.27 Still, our data reveal a sobering picture. In the setting of a
research study that provided RAS-blocking therapy and that achieved BP levels close to
recommended goals, CKD continued to progress in most African Americans with
hypertensive CKD. Rates of progression would likely be greater in the community setting,
where RAS-blocking therapy is used less frequently28and where achieved BP levels are
much higher.29 On the other hand, 33.5% of participants experienced an annual slow decline
in the estimated GFR of less than 1 ml/min/1.73 m2. Additional analyses may provide
insights into factors associated with preserved kidney function.

In conclusion, our study demonstrated that most African Americans with hypertensive CKD
who are treated with currently recommended BP therapy continue to progress during the
long term. These results highlight the importance of preventing initial kidney damage, the
critical need to identify modifiable risk factors, and the requirement to test promising
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therapies at the earliest stages of CKD. Candidate therapies include nocturnal BP
reduction,30 aldosterone blockade,31 combined ACEIARB therapy,32 fish oil
supplementation,33 bicarbonate therapy,34 and sodium reduction,35,36 which reduces pro-
inflammatory profibrosis cytokines, chemokines, or oxidant stress.
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Figure 1.
Participant flow in the trial phase and the cohort study of the African American Study of
Kidney Disease and Hypertension. ESRD indicates end-stage renal disease. *Doubling of
the creatinine level from trial baseline was the first event. †Those individuals who
experienced a doubling of their serum creatinine level in the trial phase were enrolled in the
cohort study. However, for the present study they did not contribute follow-up time in the
cohort study because the event occurred in the trial phase.
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Figure 2.
Cumulative incidence of renal outcome (doubling of the serum creatinine level from trial
baseline or end-stage renal disease [ESRD]), death, and a renal outcome or death.
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Figure 3.
Cumulative incidence of composite outcome (doubling of the serum creatinine level from
trial baseline, end-stage renal disease, or death) separately for those assigned to a low blood
pressure (BP) goal and angiotensin-converting enzyme inhibitor (ACEI) therapy during the
trial phase and the cohort study and for those assigned to the usual BP goal and non-ACEI
therapies (β-blockers or calcium channel blockers) during the trial phase. All participants
had at least 3 years of follow-up in the trial phase. The period between 3 and 6.5 years is a
mixed period and corresponds to the trial phase for early enrollees and to the cohort study
for late enrollees. The last 3.5 years (6.5–10 years) include cohort data only.
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Table 1

Characteristics of All Participants at the Start of the Trial Phase and of Participants at the Start of the Cohort
Study Without a Prior Outcomea

Characteristic
Trial Phase

(n=1094)
Cohort Studyb

(n=759)

Age, y 54.6 (10.7) 60.2 (10.2)

Male sex 61.2 61.9

Current smokers 29.3 26.5

Less than a high school degree 40.7 40.8

Weight, kg 89.5 (20.7) 92.0 (22.1)

Body mass indexc 30.6 (6.59) 31.5 (7.10)

Glomerular filtration rate, mL/min/1.73 m2

  Overall 47.5 (13.9) 47.4 (15.1)

  Men 49.0 (14.1) 48.7 (14.9)

  Women 45.0 (13.4) 45.2 (15.2)

Serum creatinine level, mg/dL

  Overall 2.0 (0.7) 2.0 (0.8)

  Men 2.2 (0.7) 2.1 (0.8)

  Women 1.8 (0.6) 1.7 (0.7)

Urinary protein level, g/d

  Overall 0.53 (0.94) 0.40 (0.79)

  Men 0.61 (1.05) 0.42 (0.78)

  Women 0.41 (0.73) 0.38 (0.80)

Urinary protein–urinary creatinine ratio, mg/mg

  Overall 0.33 (0.52) 0.27 (0.49)

  Men 0.33 (0.51) 0.25 (0.44)

  Women 0.33 (0.53) 0.30 (0.56)

  % With urinary protein–urinary creatinine ratio >0.22

    Overall 32.8 27.1

    Men 34.3 27.1

    Women 30.4 27.2

SI conversion factor: To convert creatinine level to micromoles per liter, multiply by 88.4.

a
Data are given as mean (SD) or as percentages. Characteristics of those who did not experience the composite outcome during the trial phase and

hence who remained “at risk” for the composite outcome (doubling of the serum creatinine level, end-stage renal disease, or death) during the
cohort study.

b
Data are drawn from the last year of the trial rather than the initial cohort visit because those trial participants who died, reached end-stage renal

disease, or did not enroll in the cohort study did not attend the initial cohort visit.

c
Calculated as weight in kilograms divided by height in meters squared.
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