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Diabetes is a serious health challenge
for the aging population, contributing
to morbidity and mortality primarily
through increased risk for ischemic heart
disease, heart failure, and stroke (1).
Approximately 25–30% of adults over
the age of 65 years have diabetes
(2,3), and this proportion is expected
to increase rapidly in the coming decades
(4). Older individuals with diabetes also
have higher rates of comorbidities in-
cluding functional disability, accelerated
muscle loss, chronic kidney disease, and
coexisting cardiovascular risk factors
compared with those without diabetes
(3). Since multiple comorbidity among
older adults with diabetes is common,
individualized risk assessment to guide
therapy using standard risk stratification
tools has proven to be challenging.
Therefore, new strategies are needed
to improve risk assessment and inform
use of novel and emerging therapies for
patients with diabetes given important
risk/benefit trade-offs between efficacy
and adverse effects in the older adult
population.
Incorporation of high-sensitivity car-

diac troponin (hs-cTn) into risk stratifi-
cation and treatment decision algorithms is
one such strategy that has the potential to
improve personalized diabetes care.
hs-cTn–based risk stratification (using
both the hs-cTnT and hs-cTnI isoforms)
has been extensively investigated inmul-
tiple population settings and formultiple

outcomes including coronary artery dis-
ease, heart failure, stroke, and mortality
(5–8). The association is strongest for
heart failure and mortality and weakest
for ischemic events (6). When measured
in ambulatory individuals without cardiac
symptoms, hs-cTn is a measure of sub-
clinical myocardial injury and provides
independent, additional prognostic infor-
mation beyond other cardiac biomarkers
and diagnostic tests such as electrocar-
diographic left ventricular hypertrophy,
N-terminal pro B-type natriuretic peptide,
and coronary artery calcium (9,10). Im-
portantly, although hs-cTn is commonly
elevatedbeyond thedetectable threshold
in older adults (;2/3 will have a level
of hs-cTnT $3 pg/mL), in the Cardiovas-
cular Health Study (mean age;73 years),
prevalent diabetes was associated with a
greater likelihood of elevated hs-cTnT and
participants with detectable hs-cTnT had a
greater comorbidity burden. Moreover,
both baseline and changes in hs-cTn
levels over time were linked with excess
risk for incident heart failure and cardio-
vascular death (11). These data clearly
demonstrate a pathophysiological link
between subclinical myocardial injury
represented by hs-cTn and medical co-
morbidity in older adults; however, the
joint associations between cardiac tro-
ponin and comorbidity and their poten-
tial interaction regarding mortality risk
among older adults with diabetes remain
unanswered.

In this issue of Diabetes Care, Tang
et al. (12) directly address these ques-
tions using the Atherosclerosis Risk in
Communities (ARIC) study cohort visit 5,
which included 1,835 older adults aged
67–89 years with self-reported or labo-
ratory-diagnosed diabetes, self-reported
or administrative assessment of medical
comorbidities specified by the American
Diabetes Association (2,13), and cardiac
troponin T and I measured with highly
sensitive assays (12). The cohort was a
broad representation of older adults in
theU.S.:;57% female,;31%black race,
and 61% with a “high” ($3) comorbidity
burden. As hypothesized, hs-cTns were
associatedwith greater comorbidity, and
both hs-cTnT and hs-cTnI and comorbid-
ity index were associated with higher
all-cause mortality, improving discrim-
ination of mortality risk beyond tradi-
tional risk factor models. Notably, the
utility of hs-cTn was predominantly re-
alized through downclassification of
risk for mortality among those with
undetectable levels. When considered
jointly, both hs-cTn and comorbidity
burden contributed independent prog-
nostic risk information for mortality
such that participants with high hs-cTn
($85th percentile in theARIC population
at visit 5) and high comorbidity were
at the highest risk for death, those
with either high hs-cTn or high comor-
bidity represented an intermediate risk
group, and those with low hs-cTn and
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low comorbidity had the lowest mor-
tality risk.
There were several strengths of this

study over prior work that add to our
understanding of mortality risk in older
adults with diabetes. First, the cohort is
reflective of the contemporary older
adult populationwith diabetes and study
findings are likely generalizable to the
aging U.S. population. Second, the inves-
tigators analyzed both hs-cTnT and
hs-cTnI assays, which are known to be
nonredundant and provide complemen-
tary information (14). Third, the inves-
tigators included several noncardiovascular
comorbidities essential to mortality prog-
nostication specifically in older adults such
as dementia and frailty. Several limitations
also merit comment. The assessment of
comorbidities was relatively restricted, and
other comorbid conditions with potential
mortality impact (e.g., bleeding history)
were not included in the analysis. Further-
more, use of a simple count of the number
of comorbid conditions led to equal weight-
ing of all comorbidities despite the fact that
diseases such as stroke, heart failure, and
cancer are much more important con-
tributors to mortality compared with

incontinence and arthritis. Finally, the
focus on all-cause mortality as the study
end point does not present a full picture of
the outcomes relevant to an aging pop-
ulation. Future studies incorporating ex-
ercise capacity and nonfatal cardiac end
points would be of additional interest.

Integrating this work on mortality risk
prediction with prior studies of hs-cTn,
we can conceptualize a framework
throughwhich to interpret hs-cTn among
older adults, including those with diabe-
tes. It may be useful to consider hs-cTn
as a biomarker of myocardial “age,”
whereby individuals with undetectable
levels (or levels that are lower than age-
and sex-dependent normative values)
can be considered “young at heart.”
This concept is supported by the obser-
vations from Tang et al., where low
hs-cTn downgraded risk for mortality
even among older individuals with
high comorbidity burden. In contrast,
those with higher-than-expected hs-cTn
levels may be considered to have accel-
erated myocardial aging. Considering
these factors together, higherhs-cTn (rep-
resenting pathological myocardial aging)
and highmedical comorbidity burden can

be integrated to reflect a state of accel-
erated physiological aging. The presence
of one or both entities can shift the
trajectory of “normal” chronological
age toward “premature aging” such
that adverse outcomes aremore likely to
occur at a lower chronological age. Con-
versely, individuals with no significant
comorbidity and/or low hs-cTn can be
downgraded to lower mortality risk con-
sistent with a more “healthy aging” tra-
jectory (Fig. 1). This paradigm may be
utilized to downward classify risk in older
adults with negative troponins despite
existing medical conditions. Further-
more, as novel diabetes therapies (e.g.,
sodium–glucose cotransporter 2 in-
hibitors and glucagon-like peptide 1
agonists) are emerging as important
therapies for prevention of adverse
cardiovascular outcomes, hs-cTns may
prove useful as tools to identify older
adults with diabetes likely to derive the
most benefit from these risk-reducing
medications. Additional study isneeded,
however, to evaluate this hypothesis.

As prevailing evidence points to di-
abetes continuing to be a global chronic
illness burden in aging societies (15),
practitioners will need to shift focus
away from age as a number toward
age as a state of health. The study by
Tang et al. provides further evidence that
the age-risk relationship is modified by a
deeper recognition of physiological/
myocardial aging and that health tra-
jectories can inform care in older adults
with diabetes. Future therapeutic studies
in diabetes may utilize risk modifiers such
as hs-cTn in refiningand selecting the best
strategies to prevent and treat morbidity
and mortality in the aging population.

Funding. I.J.N. is supported by National Insti-
tutes of Health National Institute of Diabetes and
Digestive and Kidney Diseases grant K23DK106520
and by the Dedman Family Scholarship in Clinical
Care from UT Southwestern.
Duality of Interest. I.J.N. reports being an in-
vestigator on a trial of liraglutide (Novo Nordisk)
for obesity and being a former speaker/
consultant for Boehringer Ingelheim/Lilly Alli-
ance. J.A.d.L. has received grant support from
Roche Diagnostics and Abbott Diagnostics, hon-
oraria from participation in data and safety
monitoring board committees from Novo Nor-
disk and Eli Lilly, and consulting income from
Ortho Clinical Diagnostics. He has been named
as a co-inventor on a patent issued to the
University of Maryland (U.S. patent application
number 15/309754) titled “Methods for As-
sessing Differential Risk for Developing Heart

Figure 1—Relationship between physiological and chronological age and trajectory shifts by
elevated hs-cTns and medical comorbidities in older adults with diabetes. The relationship
between chronological and physiological age may be modified by considering high hs-cTn
(representing pathological myocardial aging) and highmedical comorbidity burden. The presence
of one or both entities can shift the trajectory of “normal” chronological age toward “premature
aging” such that adverse outcomes are more likely to occur at a lower chronological age.
Conversely, individuals with low hs-cTn and/or no significant medical comorbidity can be
downgraded in mortality risk consistent with a more “healthy aging” trajectory.
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