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4. Rationale: The newly developed highly sensitive assay for cardiac troponin T (hs-
cTnT) is now used in many parts of the world for diagnosing myocardial infarction but is
not yet available for use in the United States. By convention, the 99™ percentile troponin
value from a healthy reference population is the cutpoint used to diagnose myocardial
infarction.’ Studies to date have accepted and used a cutoff value of 14 pg/mL for the hs-
cTnT assay, selected as the value representing the 99" percentile of a healthy control
population. These normal reference range data were generated from two small studies.
One of these was performed by the manufacturer in “533 healthy volunteers,” and is
included in the product label, with no details of the cohort provided. The second study
combined “healthy volunteers” and blood donors, aged 20-71 years * with no phenotypic
characterization provided of the study populations. Although little attention is paid to the
normal reference range studies used to generate cutpoints for biomarker assays, a highly
accurate determination of the 99" percentile value is critical, given the central role
specific troponin values play in MI diagnosis.

Comparisons of the hs-cTnT assay with conventional troponin assays have reported
improved sensitivity but lower specificity for the hs-cTnT assay.®* Since the
conventional and hs-cTn assays are highly correlated, and both detect values at or below
the 99" percentile, it is not clear why sensitivity should be so notably increased with the
hs-cTnT assay. We propose that these findings are not valid due to poor characterization
of the 99™ percentile value for the hs-cTnT assay.

We recently published analyses from three large population-based cohorts in which ¢cTnT
was measured with the hs-cTnT assay: ARIC,” the Dallas Heart Study (DHS),® and the
Cardiovascular Health Study (CHS).” Although these studies were not performed to
determine the normal reference range for hs-cTnT, in each of the studies, it was noted
that a much larger than anticipated proportion of generally healthy individuals had cTnT
levels above the prespecified 99™ percentile value of 14 pg/mL. These three studies are
much larger, and have much more careful phenotype characterization, than the normal
reference range studies performed previously. These preliminary observations suggest
that the 99" percentile value is in fact considerably higher than suggested by the
manufacturer.

A more accurate determination of the 99" percentile value in well characterized
population cohorts would have immediate, and important, implications for MI diagnosis
throughout the world.

5. Main Hypothesis/Study Questions: Our hypothesis is that the currently
recommended 99" percentile value for the hs-cTnT value is incorrect, leading to Ml
misclassification. We speculate that the value currently used as the 99™ percentile is
likely closer to the 95" percentile value. Misclassification of “MI” rather than intrinsic
assay properties, may largely explain differences in test performance between highly
sensitive and conventional troponin assays.



We propose a simple paper in which we will perform parallel analyses from ARIC, DHS,
and CHS, creating 3 independent validation cohorts to define the true 99™ percentile
values for the hs-cTnT assay. We will also assess whether the 99" percentile values vary
based on sex, age, and race.

Finally, we will assess the implications of various restrictions on the “normal population”
on the 99" percentile cTnT value selected.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

The study design is a simple descriptive analysis of the distribution of cTnT values in a
series of subgroups of ARIC. Parallel analyses will be performed in the DHS and CHS
and the findings will be reported together in a single manuscript, with data reported
individually for each study. In the DHS, additional sensitivity analyses will exclude
individuals with subclinical atherosclerosis defined by the presence of coronary artery
calcium.

We will define the following subcohorts from ARIC

1. Free from recent hospitalization (6 months), clinical CVD (CHD, CHF, atrial
fibrillation, prior stroke)or stage 111 or greater CKD. This cohort will exclude all
individuals with previously diagnosed cardiovascular disease and those with an
estimated GFR < 60 cc/min.

2. Free from recent hospitalization, clinical and subclinical CVD or stage 111 or
greater CKD. This cohort will further exclude individuals with LVH or LVEF <
55% by echo, LVH by ECG and those with an NT-proBNP > 450 pg/mL. NT-
proBNP is now commonly used as a screening test to exclude occult CVD in
normal reference range studies.

3. ‘“Healthy normal cohort:” This group will further exclude individuals with
hypertension, and diabetes.

4. “Hypernormal cohort” This will further exclude individuals with GFR <90
cc/min.,

Analyses:

1. Distribution, box and whisker plots, 99™ percentile values for each subcohort

2. Stratified analyses based on sex, race, and age deciles.

3. Sensitivity analyses varying LVEF, NT-proBNP, and renal function thresholds for
exclusion. Will also do sensitivity analyses restricting to participants with self-
reported general health as good, very good, or excellent. In addition to assessing
the influence of these parameters on the 99™ percentile value, we will also
determine the influence of more restrictive exclusions on sample size, in order to
inform design of future reference range studies.
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