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Abstract

Background—In the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT), a randomized, double-blind, practice-based, active-control, comparative
effectiveness trial in high-risk hypertensive participants, risk of new-onset heart failure (HF) was
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higher in the amlodipine (2.5-10 mg/day) and lisinopril (10-40 mg/day) arms compared with the
chlorthalidone (12.5-25 mg/day) arm . Similar to other studies, mortality rates following new-
onset HF were very high (=50% at 5 years), and were similar across randomized treatment arms.
After the randomized phase of the trial ended in 2002, outcomes were determined from
administrative databases.

Methods and Results—Using national databases, post-trial follow-up mortality through 2006
was obtained on participants who developed new-onset HF during the randomized (in-trial) phase
of ALLHAT. Mean follow-up for the entire period was 8.9 years. Of 1761 participants with
incident HF in-trial, 1348 died. Post-HF all-cause mortality was similar across treatment groups
with adjusted hazard ratios (95% confidence intervals) of 0.95 (0.81-1.12) and 1.05 (0.89-1.25),
respectively, for amlodipine and lisinopril compared with chlorthalidone, and 10-year adjusted
rates of 86%, 87%, and 83%, respectively. All-cause mortality rates were also similar among those
with reduced ejection fractions (84%) and preserved ejection fractions (81%) with no significant
differences by randomized treatment arm.

Conclusions—Once HF develops, risk of death is high and consistent across randomized
treatment groups. Measures to prevent the development of HF, especially blood pressure control,
must be a priority if mortality associated with development of HF is to be addressed.

Keywords

heart failure; hypertension; diuretics; mortality; ejection fraction

INTRODUCTION

Heart failure (HF) is the most frequent reason for hospitalization among older Americans
with annual dollar costs estimated at 37.2 billion. Its increasing prevalence in part reflects
longer survival of patients with hypertension and coronary heart disease (CHD). Over 5.8
million Americans have HF; more than 670 000 new cases are diagnosed annually. The cost
in lives lost remains high, with 1-year mortality exceeding 20% and 5-year mortality over
50%.1-4

Hypertension is a major risk factor for HF. Treatment of hypertension with long-acting
thiazide-type diuretics has been shown to reduce its incidence by 49%-64%.5-" Angiotensin
converting enzyme inhibitors (ACEIs) have been shown to reduce the incidence of HF in
patients at high risk for cardiovascular events by 20%-25%.8-10

The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT) was a multi-center, randomized, double-blind, active-controlled trial designed to
determine if the primary outcome of fatal CHD or non-fatal myocardial infarction (MI) is
lower for high-risk antihypertensive patients assigned to an ACEI (lisinopril), calcium
channel-blocker (CCB; amlodipine), or a-blocker (doxazosin) compared with a thiazide-type
diuretic (chlorthalidone). Several secondary endpoints were prespecified, including HF.11
After an average follow-up of 4.9 years (3.2 in the doxazosin/chlorthalidone comparison,
which was terminated early), we reported that the diuretic-based treatment was superior to
each of the comparator drugs in preventing new-onset HF (hazard ratio (HR)[95%
confidence interval (CI)])=1.38[1.25-1.52]; 1.19[1.07-1.31]; 1.80[1.61-2.02], respectively,
for the CCB, ACEI, and o-blocker compared with the diuretic).12 13

The randomized active treatment phase of ALLHAT ended in March, 2002. Since then, per
Protocol, ALLHAT participants were followed in administrative databases extending
through 2006.14 The main results of the extended follow-up for the amlodipine and lisinopril
comparisons with chlorthalidone have been presented.1® After an average 8.9 years of
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follow-up (4.9 years active treatment phase +4 years post-active follow-up), the risk of new-
onset HF (hospitalization or death without hospitalization) remained elevated in the CCB
group compared with the thiazide-type diuretic group (HR=1.12; 95% CI 1.02-1.22). The
HF rate was not significantly different for lisinopril compared with chlorthalidone.16 The
doxazosin/chlorthalidone comparison will be reported separately due to differential follow-
up duration. In this manuscript, we evaluate mortality among participants who developed
new-onset HF associated with hospitalization or death (with or without hospitalization)
during the active treatment phase of ALLHAT, overall, by randomized treatment
assignment, and by left ventricular ejection fraction (EF).

Active Follow-up

Institutional

Design

Details of ALLHAT’s design have been published.1! Briefly, eligible participants were at
least 55 years old with a systolic blood pressure (SBP) of 140 mmHg or higher, and/or a
diastolic blood pressure (DBP) of 90 mmHg or higher, and/or were taking antihypertensive
medication (<3 drugs) with a blood pressure of 160/100 mmHg or lower at randomization,
and had at least 1 additional CHD risk factor (including preexisting cardiovascular and/or
cerebrovascular disease). Individuals with a history of symptomatic HF or left ventricular
EF<35% were excluded. Active follow-up of ALLHAT participants ended March 31, 2002.

Review Board Approval

It was recognized at the inception of ALLHAT that post-trial follow-up would be important
in assessing long-term antihypertensive treatment effects. Informed consent from ALLHAT
subjects was sought for participation in the study and for permission for post-study
morbidity and mortality follow-up. The University of Texas Health Science Center
Institutional Review Board (IRB) approved the long-term follow-up study.

ALLHAT’s Extension Study protocol can be found at http://allhat.sph.uth.tmc.edu/.14 The
prespecified primary outcome is cardiovascular disease (CVD) mortality (death due to CHD,
stroke, HF, or other CVD). Secondary outcomes include total and cause-specific mortality,
CVD (CVD mortality, hospitalized non-fatal Ml, stroke, or HF), CHD (CHD mortality or
hospitalized non-fatal MI), stroke (fatal or non-fatal hospitalized), HF (fatal or non-fatal
hospitalized), and end-stage renal disease.14

Heart Failure Outcome

During active patient follow-up, HF events were assessed at follow-up visits and reported to
the Clinical Trials Center (CTC). For all hospitalized events, copies of discharge summaries
and/or death certificates accompanied investigator-submitted reports and were evaluated at
the CTC for accuracy and completeness. The Endpoints Committee classified 10% of CHD
and stroke events; no such central review was specified in the initial ALLHAT protocol for
HF events.12 An extensive Heart Failure Validation Study undertaken at the end of active
follow-up centrally adjudicated in a blinded manner all investigator-reported hospitalized
HF events using established diagnostic criteria, including the prespecified ALLHAT
algorithm (previously used in the SHEP trial).> The ALLHAT Heart Failure Validation
Study also collected EF information from HF hospitalizations.1”: 18

During the extended follow-up, hospitalizations and deaths due to HF, and mortality in
participants with previously diagnosed HF, were ascertained using administrative
databases.1 Information on medications, BP, outpatient morbidity and treatment, and
laboratory data was not collected.

Circulation. Author manuscript; available in PMC 2012 October 25.
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Mortality Ascertainment

Cause of death was determined by the investigator during the trial. Mortality data were
available for the entire cohort during in-trial and post-trial periods, except for Canadian
participants, for whom database access was unavailable.

All-cause mortality was ascertained from the National Death Index (NDI) and the Social
Security Administration (SSA). A death identified through passive (administrative database)
surveillance was verified at the CTC after receipt from the appropriate administrative
jurisdiction of a death certificate, used solely for verification of participant identity. Cause of
death was then provided by the NDIPIus, and the International Classification of Diseases
(ICD)-10 codes obtained from NDIPIlus were collapsed into the 11 categories used in-trial.

Statistical Analysis

Statistical analyses were undertaken with the STATA software (version 11) (2009; Stata
Corporation, College Station, TX, USA).To compare baseline characteristics of HF
participants assigned to amlodipine or lisinopril versus chlorthalidone, and of those with
versus without in-trial HF, contingency tables and t-tests were used. Analyses of the
treatment effects on risk for primary and secondary outcomes were performed using Cox
regression. The follow-up period includes both the randomized trial (mean follow-up
duration, 4.9 years) and subsequent extension period follow-up (4 years). The estimated 10-
year event rates for CVD mortality, total mortality, and hospitalized HF mortality in the
chlorthalidone group were calculated using a Weibull survival model of observed results in
the original study. Statistical power for each analysis was obtained using these rates and the
sample sizes within the ALLHAT treatment groups and subgroups. For CVVD mortality, the
primary outcome, we estimated a 90% power with 0=0.017 to detect an 11% risk reduction
(HR=0.90) for the chlorthalidone group (10-year CVD mortality rate of 16%) compared to
either the amlodipine or lisinopril group.14 12 Post-HF mortality rates were calculated using
the Kaplan-Meier method. Adjusted mortality rates and adjusted treatment HRs were
calculated using Cox regression and baseline factors such as age, race, sex, and time to HF.
The proportional hazards model assumption for treatment was checked by adding a time
dependent covariate (treatment x log time) and by visual inspection of log-log survival plots
for each of the Cox models. Time-dependent Cox regression was used to estimate the HRs
associated with the treatment intervention separately for in-trial and post-trial periods.
Treatment HRs for mortality were calculated using HF development as a time-dependent
variable with tests for interactions to determine whether the effects of the treatment differed.
Treatment changes, captured in the database, occurred frequently following incident HF
hospitalizations during the active treatment phase of the trial. A shift in medication status
within treatment groups was reported as percent of participants prior to a HF event whose
medication changed, either going off or on a given medication, following the event. Given
the many multivariate, subgroup, and interaction analyses performed, statistical significance
at the 0.05 level should be interpreted cautiously.

RESULTS

A total of 32 804 participants (plus 553 Canadian participants) were randomized to the
ALLHAT chlorthalidone, amlodipine, and lisinopril arms. During the randomized treatment
phase (through March, 2002), 720 of the 15 002 chlorthalidone participants (4.8%), 572 of
the 8899 amlodipine participants (6.4%), and 469 of the 8904 lisinopril participants (5.3%)
had hospitalized or fatal HF (total 1761 events). Of the participants with in-trial hospitalized
or fatal HF events, 77%, or 1348 of the 1761, were dead at the end of the extended follow-
up period (through December, 2006): 196 as incident in-trial HF events, 627 additional in-
trial deaths, and 525 post-trial deaths (Figure 1 and Supplemental Table 1).
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Baseline characteristics for those with and without in-trial hospitalized or fatal HF are
provided in Table 1. Significant differences between those who developed HF during the
trial compared with those who did not were seen in most of the characteristics listed.
Notably, those who developed HF were older, had higher SBP and DBP, were more likely to
have a history of CVD, CHD, LVH, and type 2 diabetes, as well as lower estimated
glomerular filtration rates. There were no differences in gender, race, or total cholesterol.

Among those with in-trial hospitalized or fatal HF, the amlodipine group had significantly
more, and the lisinopril group trended to more, black participants compared with the
chlorthalidone group (P=0.04 and P=0.06, respectively; data not shown).

Mortality outcomes adjusted for characteristics associated with the initial in-trial
hospitalization for HF, overall and by EF status (Preserved EF [PEF], EF>50%; Reduced EF
[REF], EF<50%) at the initial hospitalization for HF, are shown in Table 2.17 Mortality rates
are similar across treatment comparisons, with adjusted 10-year all-cause mortality rates per
100 persons of 83 for chlorthalidone, 86 for amlodipine, and 87 for lisinopril. When divided
into CVD and non-CVD mortality, 10-year rates are again similar across treatment groups,
ranging from 57% in chlorthalidone to 66% in amlodipine for CVD mortality and from 55%
in amlodipine to 62% in lisinopril for non-CVD mortality. There were no in-trial vs. post-
trial treatment interactions affecting mortality outcomes for either treatment comparison
(Supplemental Table 2). For all-cause, CVD, and non-CVD mortality, adjusted 10-year
mortality rates are higher (though in some cases absolute numbers are quite small) for HF-
REF compared to HF-PEF, with the exception of all-cause and non-CVVD mortality in the
lisinopril group. In both treatment comparisons and in both HF-REF and HF-PEF groups,
mortality rates do not differ between treatment groups. Adjusted all-cause mortality curves
by treatment group are shown in 17 20Figure 2, and by EF status in Supplemental Figure 1.
There were no statistically significant differences in risk for any of the mortality outcomes
following HF-PEF or HF-REF for either treatment group comparison. The proportional
hazard assumption for treatment for post-HF mortality was not violated. Further, there were
no in-trial vs. post-trial treatment interactions affecting mortality outcomes for either
treatment comparison, whether for HF-REF or HF-PEF (Supplemental Table 3).

Table 3 presents the Cox multivariate regression analyses using HF as a time-varying
covariate, i.e., does the occurrence of HF increase the subsequent risk of death? The HRs by
mortality outcome and treatment group showed significantly increased risk of death due to
all causes, CVD, and non-CVD. Results were the same when analyzed by EF group, with
HRs slightly higher among those with HF-REF compared with HF-PEF, with the exception
of non-CVD deaths for amlodipine and lisinopril. Overall, there were no statistically
significant treatment-by-incident HF interactions in either of the analyses in Table 3.

For patients with medication data available before and after the HF event, there were
significant medication shifts following hospitalization, including 39% of patients in each of
the amlodipine and lisinopril groups having a diuretic added and 72% of chlorthalidone-
assigned patients going off atenolol. (Supplemental Table 4).

DISCUSSION

Using national databases, we examined mortality in the 1761 participants who developed in-
trial new-onset HF requiring hospitalization, and for whom mortality data were available
(>99% of the cohort). Over three-quarters (77%) of the 1761 ALLHAT participants with
initial HF events, fatal or requiring hospitalization, during the active, randomized phase of
ALLHAT died over the extended follow-up period (mean follow-up time, 8.9 years).
Mortality was high regardless of treatment group or EF category: all-cause 10-year mortality
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rates ranged from 83% in the chlorthalidone group to 87% in the lisinopril group.
McCullough, et al., using administrative data sets exclusively, saw similar mortality rates
among patients with heart failure in the community.2! In ALLHAT HF participants,
mortality, whether attributed to any cause or limited to CVD or non-CVD causes, did not
differ across randomized treatment comparisons; 10-year rates were 57%-66% for CVVD and
55%-62% for non-CVD mortality. Among those with REF, 10-year mortality rates were
similar across treatment groups (83%-87%); among those with PEF, mortality rates ranged
from 81% in the chlorthalidone group to 89% in the lisinopril group.

The in-trial HF results of ALLHAT showed that the risk of HF defined as fatal, hospitalized
or treated without hospitalization (ALLHAT prespecified endpoint) was higher in all
comparator arms versus chlorthalidone (relative risk [RR]=1.38; 95% CI 1.25-1.52 and 1.19,
95% CI 1.07-1.31 for amlodipine and lisinopril, respectively, compared to chlorthalidone).
For the amlodipine/chlorthalidone comparison for hospitalized or fatal HF, results were
similar (RR=1.35; 95% CI 1.21-1.50); the lisinopril/chlorthalidone comparison showed no
significant difference (RR=1.10, 95% CI 0.98-1.23).11. 12 These findings evoked questions
as to diagnostic accuracy, relationship of HF to initial antihypertensive medications, and the
eventual fate of the HF patients.22

Central adjudication validated the hospitalized HF diagnoses in the majority of patients
(80% by Framingham criteria,23 71% by ALLHAT criteria, and 84% by reviewing
cardiologists’ judgment), thus confirming results reported for the ALLHAT prespecified HF
outcome (RR=1.46, 95% CI 1.27-1.68, P<0.0001; and 1.18 [CI 1.02-1.28], P=0.04, using
ALLHAT diagnostic criteria for the amlodipine and lisinopril comparisons, respectively,
with chlorthalidone).1”

We have previously reported that the greatest benefit of thiazide-type diuretics in prevention
of HF occurred during year 1 of follow-up.29 In seeking explanations for the early benefit,
we explored whether discontinuation of medications at study entry could have contributed to
the excess new-onset HF in the other drugs compared to chlorthalidone. A study of pre-
ALLHAT medications taken by patients with incident in-trial HF showed no treatment
group differences.?*

We next sought to determine whether there were post-HF differences in survival (or,
conversely, mortality) once patients were no longer subject to randomized medication
assignments. The passive-follow-up of ALLHAT participants afforded us the opportunity to
investigate long-term outcomes of the participants who developed their first hospitalized HF
event during the active trial. It is clear from these data that, while randomized treatment
groups did differ in HF incidence, mortality was similar and, as might be anticipated, high
throughout.

New-onset HF is a common complication of hypertension and is associated with very high
subsequent mortality, making prevention of HF an important goal of antihypertensive
therapy.* 23 25In ALLHAT, 6-year incidence rates of adjudicated hospitalized HF were
comparable in magnitude to those of stroke (5.6%) and were about half those of CHD (CHD
death or non-fatal M1; 11.4%).17 These data reiterate that, in spite of current treatments for
HF, once it develops, the outcome is poor.26: 27 ALLHAT demonstrated that blood pressure
control is an achievable goal in high-risk patients treated in diverse medical settings,16: 28
and that a regimen that includes a thiazide-type diuretic remains unsurpassed in the
treatment of hypertension, especially in the prevention of HF within the population.

This study has several limitations. The high-risk hypertensive population of ALLHAT may
not represent the general community, and outcomes may not be generalizable to a lower-risk
population. Nonetheless, similar mortality rates among HF patients in the community have
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been reported.20 Lacking post-trial medication data on the HF participants, we cannot assess
the impact of antihypertensive medications prescribed during the follow-up period. We do
know that the majority of participants across the treatment groups were prescribed diuretics
following the HF event. It is likely that many of the participants’ medications were altered
as new events arose or new medications became available. Further, other post-trial
management strategies, including revascularization, implantable devices, and medical
therapy as directed by professional treatment guidelines, could modify biologic effects of
prior treatment. However, during the in-trial phase, which included the incident HF event,
the randomization process assured that, except for the randomized treatment, all other
factors, including medications, should not have differed across treatment groups. As noted,
in-trial hospitalized HF events were adjudicated via outside reviewers according to strict
criteria.1” We did not, however, classify events according to ischemic vs. nonischemic HF.
Finally, although the ALLHAT CTC Endpoints Department reviewed all in-trial events
(through discharge/death summaries and death certificates), no such review or adjudication
was possible for post-trial deaths, for which cause of death was derived from NDI-provided
ICD codes. Patient identities associated with these documents were, however, vigorously
confirmed through a complex algorithm, and so only specific causes of death may have been
inconsistently reported.

In a national and international setting of increasing HF incidence and consequent high costs
in lives lost and dollars, addressing modifiable risk factors must be a priority. In ALLHAT,
treatment group differences in the risk of developing HF are clear; yet, once the HF
develops, neither the type of HF as denoted by EF category nor initial antihypertensive
treatment significantly impacts the very high subsequent mortality rates. Prevention of HF is
a public health imperative, and a diuretic-based antihypertensive regimen remains a
fundamental component of HF prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Consort diagram for heart failure extension

*Wilcoxon test for equality of survival function p values are: A vs C: P=.12; L vs. C: P<.
001

tSeparate from/does not include incident HF deaths

+Among In-Trial (Limited Access Data Set; LADS) Hospitalized HF Cases
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Figure 2. Adjusted KM curves by treatment group for all-cause mortality of participants with
hospitalized heart failure*

*Adjusted for baseline characteristics of age, race, gender, smoking, education, treatment of
hypertension, SBP, DBP, pulse, type Il diabetes, LVH by ECG, history of CHD, BMI,
eGFR, and time to HF.

Approximately 92% of participants with hospitalized (including hospitalized fatal) heart
failure events during ALLHAT were part of the Heart Failure Validation Study (HFVS).
This figure reflects only those participants with events meeting ALLHAT HF definition in
the Validation Study’: 20 and eligible for Extension.

HF=heart failure
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Baseline characteristics of ALLHAT participants (excluding Canadian participants) with vs. without in-trial

hospitalized or fatal heart failure.

Amlodipine/Lisinopril/Chlorthalidone Comparison

Baseline Characteristic NO[:|2_3-T5623HF Hospitalilgei_c-ii ;r):fllFatal HF pt
Age in years, mean(SD) 66.7(7.6) 70.3(8.2) <0.001
Age range in years, n(%)
55-64 13 435(43.3) 464(26.4) <0.001
>65 17 608(56.7) 1297(73.6)
Race, n(%)
Black 11 146(35.9) 626(35.6) 0.76
Non-Black 19 897(64.1) 1135(64.4)
Women, n(%) 14 597(47.0) 796(45.2) 0.14
Education in years, mean(SD) 11.0(4.0) 10.7(3.9) 0.01
Medication use, n(%)
Antihypertensive treatment 27 992(90.2) 1641(93.2) <0.001
Aspirin 10 934(35.2) 759(43.1) <0.001
Blood Pressure in mm Hg, mean(SD)
SBP/DBP 146(16)/84(10) 148(16)/82(11) <0.001/<0.001
Treated SBP/DBP 145(16)/84(10) 147(16)/81(11) <0.001/<0.001
Pulse in beats/minute, mean(SD) 74(11) 75(11) <0.001
Eligibility risk factors™
Cigarette smoker 6846(22.1) 323(18.3) <0.001
Ascvpt 15 728(50.7) 1140(64.7) <0.001
History M1 or stroke 6949(22.4) 635(36.1) <0.001
History coronary revascularization 3843(12.4) 381(21.6) 0.001
Other ASCVD 7175(23.1) 540(36.7) <0.001
Major ST depression or T-wave inversion 3151(10.3) 215(12.4) 0.005
Type 2 diabetes 12 069(41.9) 941(57.1) <0.001
HDL-C<0.9065 mmol/L 3622(11.7) 190(10.8) 0.26
LVH by echo or ECG 6168(19.9) 384(21.8) 0.048
History CHD 7589(24.6) 649(37.2) <0.001
LVH(Minnesota code) 3415(12.9) 261(17.3) <0.001
Body mass index, mean(SD) 29.7(6.2) 30.4(7.0) <0.001
Biochemical measures, mean(SD)
Total cholesterol(mmol/L) 5.59(1.12) 5.63(1.24) 0.20
Potassium(mmol/L) 4.31(.51) 4.36(.55) <0.001
Fasting glucose(mmol/L) 6.79(3.14) 7.74(3.83) <0.001
eGFR(mlI/min/1.73m?2 78.1(19.6) 71.7(21.1) <0.001

*
For 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.
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THistory of myocardial infarction or stroke; history of coronary revascularization; major ST segment depression on T wave inversion on any ECG
in the past 2 years; other ASCVD (history of angina pectoris; history of intermittent claudication, gangrene, or ischemic ulcers; history of transient
ischemic attack; coronary, peripheral vascular, or carotid stenosis 50% or more documented by angiography or Doppler studies; ischemic heart
disease documented by reversible or fixed ischemia on stress thalium or dipyridamole thalium, ST depression =1 mm for >1 minute on exercise
testing or Holter monitoring; reversible wall motion abnormality on stress echocardiogram; ankle-arm index <.9; abdominal aortic aneurysm
detected by ultrasonography, CT scan, or X-ray; carotid or femoral bruits).

iP value for contingency tables calculated using the Pearson chi-square statistic.

HF=heart failure; SBP/DBP=systolic blood pressure/diastolic blood pressure; ASCVD=atherosclerotic cardiovascular disease; HDLC=high density
lipoprotein cholesterol; LVH-Ieft ventricular hypertrophy; CHD=coronary heart disease; eGFR=estimated glomerular filtration rate (derived from
application of the following simplified MDRD equation based on serum creatinine level, age, race, and sex; Estimated GFR=186.3x(Serum
creatinine)_1-154><(Age, y)_0-203><1.212(if black)x0.742(if female)28; body mass index calculated by the weight in kilograms divided by the
square of height in meters
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