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OBJECTIVE

Incorporation of comorbidity burden to inform diabetes management in older
adults remains challenging. High-sensitivity cardiac troponins are objective, quan-
tifiable biomarkers that may improve risk monitoring in older adults. We assessed
the associations of elevations in high-sensitivity cardiac troponin I (hs-cTnI) and
T (hs-cTnT) with comorbidities and improvements in mortality risk stratification.

RESEARCH DESIGN AND METHODS

We used logistic regression to examine associations of comorbidities with ele-
vations in either troponin (‡85th percentile) among 1,835 participants in the
Atherosclerosis Risk in Communities (ARIC) Study with diabetes (ages 67–89 years,
43% male, 31% black) at visit 5 (2011–2013). We used Cox models to compare
associations of high cardiac troponins with mortality across comorbidity levels.

RESULTS

Elevations in either troponin (‡9.4 ng/L for hs-cTnI, ‡25 ng/L for hs-cTnT) were
associated with prevalent coronary heart disease, heart failure, chronic kidney
disease, pulmonary disease, hypoglycemia, hypertension, dementia, and frailty.
Over a median follow-up of 6.2 years (418 deaths), both high hs-cTnI and high
hs-cTnT further stratified mortality risk beyond comorbidity levels; those with a
high hs-cTnI or hs-cTnT and high comorbiditywere at highestmortality risk. Even
among those with low comorbidity, a high hs-cTnI (hazard ratio 3.0 [95% CI 1.7,
5.4]) or hs-cTnT (hazard ratio 3.3 [95% CI 1.8, 6.2]) was associated with elevated
mortality.

CONCLUSIONS

Manycomorbiditieswere reflectedbybothhs-cTnI andhs-cTnT;elevations ineither
of the troponins were associated with higher mortality risk beyond comorbidity
burden. High-sensitivity cardiac troponins may identify older adults at high
mortality risk and be useful in guiding clinical care of older adults with diabetes.
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Guidelines from several professional so-
cieties, including the American Diabetes
Association, endorse the individualiza-
tion of treatment goals on the basis of
comorbidity and functional status of
the older patient with diabetes (1–4).
However, there is a lack of clarity on
how to operationalize this information
(5). One approach presented by the Amer-
ican Diabetes Association suggests using
a count of comorbidities on the basis of
a prespecified list to inform manage-
ment of hyperglycemia in older adults
(6), with a high burden of multiple comor-
bidities defined as having three or more
co-occurring conditions, which include
arthritis, cancer, congestive heart fail-
ure, depression, emphysema, falls, hy-
pertension, incontinence, stage 3 or
worse chronic kidney disease, myocar-
dial infarction, and stroke (7). High
comorbidity burden is associated with
mortality risk (8) and diminished ben-
efits from stringent glycemic control,
which are typically realized over a rel-
atively long time frame (9). Despite
guideline recommendations to account
for comorbidity burden in older age,
objective approaches are lacking; it
remains unclear which comorbidities
to consider (10–12) and how to quan-
tify overall burden or use this infor-
mation specifically to guide treatment.
Furthermore, reliance on clinical co-
morbidities ignores the substantial burden
of subclinical disease in older adults (13).
Among older adults with diabetes, car-

diovascular disease is the leading cause
of death (14,15). Cardiac troponins have
served as the cornerstone for the di-
agnosis of acutemyocardial infarction for
decades (16).However,newhigh-sensitivity
assays are able to detect circulating con-
centrations of high-sensitivity cardiac
troponins I (hs-cTnI) and T (hs-cTnT) in
50–100%of the general ambulatory pop-
ulation (17). These concentrations of
hs-cTnI and hs-cTnT are far below the
diagnostic threshold for an acute cor-
onary event and are indicators of sub-
clinical myocardial damage. Prior studies
have demonstrated that hs-cTnI and
hs-cTnT are potent predictors of car-
diovascular morbidity and mortality
risk beyond traditional cardiovascular
risk factors in population-based studies
(18–22). Among middle-aged adults,
the two troponins are only moderately
correlated with each other, and their
correlates differ, with diabetes being

more strongly associated with hs-cTnT
than hs-cTnI (23). There is growing
evidence in ambulatory populations that
hs-cTnI and hs-cTnT are complementary,
rather than interchangeable, markers of
cardiovascular disease and mortality risk
(21,22). Both biomarkers are higher in
older age (24,25) and may reflect the
cumulative impact of various comorbid-
ities on cardiovascular health (26).
Whether hs-cTnI and hs-cTnT could serve
as objective markers of overall health in
older adults remains uncharacterized.

We hypothesized that hs-cTnI and
hs-cTnT may either replace or supple-
ment comorbidity burden in the pre-
diction of mortality risk in older adults
with diabetes. Therefore, we assessed
1) whether the comorbidities highlighted
in the American Diabetes Association
guidelines and geriatric syndromes (de-
mentia and frailty) were associated with
hs-cTnI and hs-cTnT and 2) whether hs-cTnI
and hs-cTnT could be used to improve
stratification of mortality risk beyond tra-
ditional risk factors and comorbidity burden
in older adults with diabetes.

RESEARCH DESIGN AND METHODS

Study Population
We included 1,835 older adults with
diabetes (ages 67–89 years) in the Ath-
erosclerosis Risk in Communities (ARIC)
Study who attended visit 5 (2011–2013).
We excluded participants according to
standard ARIC race-center exclusions
(self-reported race other than black or
white or low enrollment of blacks or
whites at certain study sites) or who had
missing covariate data (Supplementary
Fig. 1). Diabetes was defined as a self-
reported prior physician diagnosis, di-
abetes medication use, or a hemoglobin
A1c $6.5%. Details on the ARIC Study
design and data collection have been pre-
viously published (27). All ARIC protocols
were approved by institutional review
boards at each study site, and all partic-
ipants provided written informed consent.

Comorbidities
All comorbidities were assessed at visit
5 (2011–2013). History of coronary heart
disease or stroke was assessed on the
basis of self-report at ARIC visit 1 (1987–
1989) or a subsequent adjudicated hos-
pitalization diagnosis between visits
1and5.Historyof heart failurewasbased
on self-report at ARIC visit 1 or subsequent
hospitalizationbeforevisit 5.Cancerhistory

was ascertained through linkage to cancer
registries and prospective follow-up since
2011 (28). Depression was assessed on the
basisofaCenter forEpidemiologicalStudies
Depression Scale (29) screening score of
$16 or self-reported depression affect-
ing daily life. Emphysema or chronic ob-
structive pulmonary disease was assessed
through self-report at visit 5. History of falls
was determined using hospitalization
ICD-9 codesbefore visit 5.Historyof severe
hypoglycemia was ascertained from hos-
pitalization ICD-9 codes in the primary
positionon thebasisof records fromARIC
surveillance of local community hospitals
and medical record abstractions for hos-
pitalizations outside the ARIC surveil-
lance system (30). Additional events
were identified with linkage to Medicare
claims for hospitalizations, emergency
department visits, and ambulance serv-
ices available for participants enrolled in
Medicare fee-for-service Part B (31,32).
Arthritis status was ascertained on the
basis of self-report at visit 4 (1996–1998)
and updated on the basis of hospitaliza-
tion or Medicare claims (ICD-9 codes
714–715). Hypertensionwas defined as a
mean blood pressure$140/90mmHg or
prior diagnosis or hypertension medica-
tion use. Incontinence was defined on
the basis of hospitalization or Medicare
claims (ICD-9 code 788.3) before visit 5.
Stage 31 chronic kidney disease was
defined as an estimated glomerular fil-
tration rate ,60 mL/min/1.73 m2 as
calculated by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI)
equation using cystatin C and creatinine
(33). High comorbidity burden was de-
finedaccording to theAmericanDiabetes
Association recommendations of three
ormore of the above comorbidities (each
comorbidity was weighted equally). De-
mentia status was assessed on the basis
of detailed neurocognitive testing and
adjudication (34). Frailty was defined on
the basis of Fried et al. (35) criteria as
previously described in ARIC (36).

Biomarkers of Cardiomyocyte Injury
Level of hs-cTnI was measured in stored
plasma using the Architect STAT Troponin-
I assay (Abbott Diagnostics, Chicago, IL).
Values below the level of blank (1.2 ng/L)
were imputed to0.6ng/L. Level ofhs-cTnT
was measured in stored plasma using
the Elecsys Troponin T Gen 5 STAT assay
(Roche Diagnostics, Indianapolis, IN). Values
below the level of blank (3 ng/L) were
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imputed to 1.5 ng/L. While there is
higher imprecision of measurements
between the level of blank and level of
detection of these assays, we censored
at the level of blank because prior work
has demonstrated population-level prog-
nostic signal at the very low concentra-
tions between the level of blank and level
of detection (37).

Outcome Ascertainment
Active surveillance for all-cause mortality
wasbasedon linkage to theNationalDeath
Index and semiannual telephone calls to
participants and/or their surrogates. The

last date of follow-up was 31 December
2018.

Statistical Analyses
In analyses of the independent associa-
tions of hs-cTnI and hs-cTnT with mor-
tality risk, we categorized each troponin
on the basis of equipercentile groups
starting at the 40th percentile (,40th,
40th to ,55th, 55th to ,70th, 70th
to ,85th, and $85th percentile). Be-
cause there are no predefined clinical
thresholds for hs-cTnI and hs-cTnT for
risk prediction among the general pop-
ulation, we defined high troponin as
concentrations $85th percentile in the

ARIC population at visit 5 ($24 ng/L
for hs-cTnT, $9.2 ng/L for hs-cTnI) cor-
responding to the highest percentile
category. We used logistic regression to
assess the associations of each comor-

biditywith elevations in either hs-cTnT or

hs-cTnI,with adjustment for age, sex, and

race-center. To estimate the sensitivity,

specificity, likelihood ratios, and positive

and negative predictive values for hs-cTnI

andhs-cTnTcutpointsatthe90th,95th,and

99th percentiles in the cohort, we consid-

ered mortality as a dichotomous outcome.
We used Cox proportional hazards

to model the association of cardiac

Table 1—Baseline characteristics of older adults with diabetes according to comorbidity burden: the ARIC Study, visit
5 (2011–2013), N 5 1,853

Low comorbidity burden
(,3 comorbidities)

High comorbidity burden
($3 comorbidities)

n 723 1,130

Age (years), mean (SD) 73.8 (4.4) 76.6 (5.2)

Male, % 45.0 41.5

Black race, % 31.8 29.8

Current smoker, % 5.7 5.8

BMI* (kg/m2), mean (SD) 30.1 (5.4) 31.2 (6.2)

Blood pressure (mmHg), mean (SD)
Systolic 129.3 (16.9) 131.0 (20.0)
Diastolic 66.1 (9.7) 64.2 (11.4)

Hypertension medication use, % 67.9 90.2

Total cholesterol (mmol/L), mean (SD) 4.4 (1.0) 4.3 (1.1)

HDL cholesterol (mmol/L), mean (SD) 1.3 (0.3) 1.2 (0.3)

Cholesterol-lowering medication use, % 63.2 74.4

American Diabetes Association comorbidities, %
Coronary heart disease 3.7 29.7
Heart failure 2.9 36.2
Stroke 1.5 7.7
Arthritis 48.7 86.4
Cancer 9.3 32.7
Chronic kidney disease, stage 31 14.4 65.0
Depression 0.4 5.0
Emphysema or COPD 1.8 11.3
History of hospitalized fall 0.6 5.7
History of severe hypoglycemia 0.4 4.7
Hypertension 72.3 93.4
Incontinence 1.7 19.6

Geriatric syndromes, %
Dementia 2.9 6.4
Frailty 4.8 13.9

hs-cTnI (ng/L), median (Q1, Q3) 2.8 (1.9, 4.5) 4.3 (2.8, 7.7)

hs-cTnT (ng/L), median (Q1, Q3) 10.0 (7.0, 14.0) 14.0 (9.0, 22.0)

Hemoglobin A1c (%), mean (SD) 6.5 (1.0) 6.7 (1.1)

Diabetes medication use, %
No medication 45.8 39.1
Oral only 43.2 43.1
Insulin only 4.7 8.8
Insulin and oral 6.4 9.0

COPD, chronic obstructive pulmonary disease; Q, quartile. *n5 20 missing values for BMI (4 with low comorbidity burden, 16 with high comorbidity
burden).
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troponins and comorbidity burden (high
[three or more] vs. low [fewer than
three]) with all-cause mortality with ad-
justment for age, male sex, race-center,
current smoking, systolic blood pressure,
diastolic blood pressure, antihyperten-
sive medication use, total cholesterol,
HDL cholesterol, cholesterol-loweringmed-
ication use, and hemoglobin A1c. We as-
sessed the interactions of each association
with sex. To compare survival models
with and without hs-cTnI or hs-cTnT,
we calculated the change in C-statistics
(38) and the proportions reclassified
either at higher or at lower risk among
those with and without the outcome. A

base model included all covariates. The
basemodel was compared with models
that added high comorbidity, high hs-
cTnI, continuous hs-cTnI, high hs-cTnT,
or continuous hs-cTnT. Models with tro-
ponin measures were similarly com-
pared with a base model that included
high comorbidity. We also calculated
the weighted net reclassification in-
dex, which takes into account the prev-
alence of the outcome in weighting the
relative event and nonevent net reclas-
sification indexes (39). The 95% CIs for
the percent reclassified were calculated
using bootstrapping with 1,000 itera-
tions. To assess the association of each

comorbidity with mortality, we used Cox
models adjusted for age, sex, race-center
(model 1), current smoking, systolic
blood pressure, diastolic blood pres-
sure, antihypertensive medication use,
total cholesterol, HDL cholesterol, cho-
lesterol-lowering medication use, and
hemoglobin A1c (model 2). We further
adjusted for hs-cTnI (model 3a), hs-cTnT
(model 3b), or both (model 3c). In these
models, each troponin was modeled
using log2-transformation with five equi-
percentile linear spline knots. Statistical
significance was set at a two-sided a of
0.05.

RESULTS

Participants were 43% male and 31%
black with a mean (SD) age of 75.5 (5.1)
years. By American Diabetes Association
definitions, 61% of the participants had
high comorbidity burden. Those with a
higher burden were more likely to be
older, have higher hs-cTnI and hs-cTnT,
andhavea slightly higherhemoglobinA1c
(Table 1). Those with higher circulating
troponin had higher average blood pres-
sure, more comorbidities, and slightly
higher hemoglobin A1c (Supplementary
Tables 1 and 2).

Both hs-cTnI and hs-cTnT reflected
similar comorbidity profiles. High hs-cTnI
and hs-cTnT were both associated with
coronary heart disease, heart failure,
chronic kidney disease, emphysema or
chronic obstructive pulmonary disease,
and hypertension. Both troponins were
associated with frailty and dementia
(Fig. 1).

Over a median follow-up of 6.2 years
(maximum 7.6 years), there were 418
deaths. Higher levels of hs-cTnI and
hs-cTnT were associated with higher all-
causemortality risk in the full cohort (Fig.
2) and among those without a history of
cardiovascular disease (Supplementary
Fig. 2). The 4-year cumulative mortality
among those with troponin values,40th
percentilewas5.4%(hs-cTnI) and5.4% (hs-
cTnT) compared with 27.8% (hs-cTnI) and
29.4% (hs-cTnT) among those with hs-cTnI
or hs-cTnT $85th percentile. Considering
mortality status dichotomously over follow-
up, cut points of hs-cTnI and hs-cTnT at
the 90th, 95th, and 99th percentiles were
associated with high specificity (Supple-
mentary Table 3).

High comorbidity burden (three or
more comorbidities) was associatedwith

Figure 1—Age-, sex-, and race-center–adjusted odds ratios (95% CIs) of the association of each
comorbidity (prevalence)with highhs-cTnI ($85thpercentile) or high hs-cTnT ($85thpercentile).
COPD, chronic obstructive pulmonary disease.
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elevated mortality risk (hazard ratio 2.94
[95%CI 2.25, 3.85]) comparedwith those
with a low burden (fewer than three
comorbidities) andwas associatedwith
improvements in the C-statistic of pre-
dictive models for mortality (Table 2).
Both dichotomized and continuous
hs-cTnI and hs-cTnT modestly improved
the C-statistics associated with mortality
models compared with the base model.
C-statistics associated with models con-
taining either log2-transformed hs-cTnI
or hs-cTnT and traditional risk factors
were comparable to models containing
traditional risk factors and comorbidity
burden (Table 2). The inclusion of hs-cTnI
and hs-cTnT predominantly downclassi-
fied those who did not die during follow-
up (Supplementary Table 4).
When considered jointly, both high hs-

cTnI and high hs-cTnT added more prog-
nostic information beyond comorbidity

burden (Fig. 3 and Table 3). Models
including either hs-cTnI or hs-cTnT did
not differ in their C-statistics compared
with one another (all P . 0.05). The
addition of either hs-cTnI or hs-cTnT to
survival models with traditional risk fac-
tors and comorbidity burden predomi-
nantly reclassified down those who did
not die during follow-up (Supplementary
Table 5). Thosewith elevations in either
troponin and a high comorbidity burden
were at the highest mortality risk, while
isolated high cardiac troponin or isolated
comorbidity burden with low troponin
identified an intermediate-risk group
at comparable risk to one another (Fig.
3). No significant interactions were
observed with male sex (all Pinteraction .
0.05).

We observed similar findings when
we assessed the use of troponin to risk
stratify beyond health status levels de-
fined by a high comorbidity burden or
dementia or frailty. Those with high
hs-cTnI or hs-cTnI and the presence of
a high comorbidity burden or frailty
or dementia were at the highest risk
of mortality. Even among those with a
low comorbidity burden, no dementia,
and no frailty, high hs-cTnI or hs-cTnT
was independently associated with a
higher mortality risk (Supplementary
Fig. 3).

Whenconsidered independently, cor-
onary heart disease, heart failure, his-
tory of cancer, chronic kidney disease,
depression, emphysema or chronic ob-
structive pulmonary disease, history
of falls, severe hypoglycemia, and
both geriatric syndromes were inde-
pendently associated with elevated
mortality risk after adjustment for car-
diovascular risk factors (Table 4, model
2). The strongest associations were ob-
served with dementia (hazard ratio 2.81

[95% CI 2.08, 3.80]), heart failure (2.48
[2.03, 3.04]), hypoglycemia (2.39 [1.58,
3.61]), frailty (2.35 [1.83, 3.01]), and
chronic kidney disease (2.28 [1.84,
2.03]). These associations were attenu-
ated but persisted after additional ad-
justment for hs-cTnI (Table 4, model 3a),
hs-cTnT (Table 4, model 3b), or both
troponins (Table 4, model 3c). Stroke,
arthritis, hypertension, and incontinence
were not independently associated with
elevated mortality, even with minimal de-
mographic adjustment (Table 4, model 1).

CONCLUSIONS

Both high hs-cTnI and hs-cTnT are ro-
bustly associated with cardiovascular,
respiratory, and microvascular comor-
bidities listed in the American Diabetes
Association clinical guidelines. Levels of
hs-cTnI and hs-cTnT are also predictive
of mortality risk beyond traditional
cardiovascular risk factors and comor-
bidity burden in this community-based
population of older adults with diabetes.

Cardiovascular disease remains the
leading cause of mortality in the U.S.,
despite advances in risk factor control
(40,41). As the population ages, cardio-
vascular risk reduction in older adults
continues to be of utmost importance.
However, theheterogeneity in thehealth
of older adults presents challenges to
evaluating risk in older age. Clinical
guidelines have advocated for a ho-
listic approach to evaluation of older
adults with diabetes, with consideration
of functional and cognitive status and
comorbidity burden in addition to tradi-
tional risk factors. For older adults, the
potential side effects of glucose-lowering
pharmacologic interventionsmayat times
outweigh the benefits of intensive risk
factor reduction, which typically manifests
over a longer time scale (2,42).

Figure 2—Hazard ratios (95% CIs) of the
association of hs-cTnI and hs-cTnT percentile
categories with all-cause mortality, adjusted
for age, male sex, race-center, current smok-
ing, systolic blood pressure, diastolic blood
pressure, antihypertensive medication use,
total cholesterol, HDL cholesterol, choles-
terol-lowering medication use, and hemo-
globin A1c.

Table 2—C-statistics of models of all-cause mortality with the addition of comorbidity burden, hs-cTnI, or hs-cTnT compared
with a base model of cardiovascular risk factors

C-statistic (95% CI) DC-statistic (95% CI) P value

Base model* 0.6662 (0.6386, 0.6938) d d

Comorbidity burden ($3 comorbidities) 0.7024 (0.6781, 0.7267) 0.0362 (0.0194, 0.0530)† d

hs-cTnI $85th percentile 0.6862 (0.6586, 0.7138) 0.0200 (0.0067, 0.0333)† 0.09‡
Log2(hs-cTnI) 0.7030 (0.6766, 0.7295) 0.0369 (0.0223, 0.0514)† 0.94‡
hs-cTnT $85th percentile 0.6951 (0.6677, 0.7226)a 0.0289 (0.0143, 0.0436)† 0.45‡
Log2(hs-cTnT) 0.7172 (0.6912, 0.7432)b 0.0510 (0.0318, 0.0703)† 0.15‡

*Age,male sex, race-center, current smoking, systolic bloodpressure, diastolic blood pressure, antihypertensivemedication use, total cholesterol, HDL
cholesterol, cholesterol-lowering medication use, and hemoglobin A1c. †P , 0.01. ‡Compared with base model 1 comorbidity burden ($3
comorbidities). aP 5 0.20 compared with base model with comorbidity burden ($3 comorbidities) 1 hs-cTnI $85th percentile. bP 5 0.09
compared with base model with comorbidity burden ($3 comorbidities) 1 log2(hs-cTnI).
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Consistent with prior studies in other
populations, we observed an increased
risk of mortality among those with a
higher comorbidity burden (43,44). The
AmericanDiabetesAssociation recommends
more relaxed glycemic targets in older
adultswithhighcomorbidityburden.How-
ever, we observed only a modest differ-
ence in hemoglobin A1c among those with
high comorbidity burden compared with
those without. There could be a number
of potential underlying reasons for this.
First, it may not be sufficient to consider
the number of comorbidities. This ap-
proach implicitly suggests an exchange-
ability between the distinct comorbidities.

Physiciansmay be acting on amore holistic
clinical impression of their patient, which
may also include the presence of other
comorbidities not explicitly named in the
guidelines and a consideration of the rel-
ative severity of the comorbidities that are
included. For example, two patients with
three comorbidities may have very differ-
ent risk/benefit profiles if one has heart
disease, diabetes, and congestive heart
failure and the other has osteoarthritis,
controlled hypertension, and mild stress
urinary incontinence. Second, this could
reflect the challenges of operationali-
zing comorbidity burden to direct clinical
care. Third, the achieved hemoglobin A1c
may differ from the clinically intended
target.

Our findings suggest that high-sensitivity
cardiac troponins could be used to im-
prove risk characterization and inform
clinical management strategies in older
adults with diabetes. In the general am-
bulatory population, hs-cTnI and hs-cTnT
are detectable in 50–100% (45) and re-
flect cardiac-specific damage but are not
disease specific. The use of objective
biomarkers may address the lack of
a uniform objective approach to assess-
ing and incorporating comorbidity bur-
den in treatment guidance.We observed
that participants with a high hs-cTnI
or hs-cTnT had high mortality risk com-
pared with those without across levels
of comorbidity burden. In addition to
the cardiovascular comorbidities, eleva-
tions in troponin were commonly ob-
served among participants with cognitive
(dementia, stroke) or physical (frailty)
dysfunction,which are key considerations

in older age. Prior work in the ARIC Study
has demonstrated that lifestyle factors,
such as smoking, diet, and physical activ-
ity, are associated with changes in
hs-cTnT (46), suggesting that lifestyle
modifications may track with changes
in troponin and be beneficial in reduc-
ing mortality risk.

Our results suggest that hs-cTnI or
hs-cTnT could be used to refine comor-
bidity burden to identify subgroups
of older adults at high mortality risk
to improve the individualization of car-
diovascular risk reduction strategies
in older age. While hs-cTnI and hs-cTnT
are more objective and concrete meas-
ures comparedwith comorbidity burden,
they may not be able to completely
replace the assessment of comorbidity
status because those with high comor-
bidity burden and low hs-cTnI or hs-cTnT
were also at an intermediate mortality
risk. Furthermore, when considering
individual comorbidities, additional ad-
justment for either or both of the
cardiac troponins attenuated but did
not completely explain the indepen-
dent association of several comorbidities
with mortality risk. Measurements of
hs-cTnI or hs-cTnT are not subjected
to concerns regarding patient recall
of medical history, which has been
shown to be poor in older adults
(47). Our results suggest a role for mea-
suring hs-cTnI or hs-cTnT to supple-
ment the overall clinical impression of
the patient.

The improvement in risk stratification
using hs-cTnI or hs-cTnT appeared to be
concentrated in downstratifying the risk

Figure 3—Hazard ratios (95% CIs) of cross
categories of highhs-cTnI or hs-cTnTandhigh
comorbidity burden with subsequent all-
cause mortality risk adjusted for traditional
cardiovascular risk factors (age, male sex,
race-center, smoking, systolic blood pressure,
diastolic blood pressure, antihypertensive
medication use, total cholesterol, HDL cho-
lesterol, cholesterol-lowering medication use,
and hemoglobin A1c).

Table 3—C-statistics of models of all-cause mortality sequentially adding hs-cTnI or hs-cTnT to a base model including
comorbidity burden

C-statistic (95% CI) DC-statistic (95% CI)

Base model* with comorbidity burden ($3 comorbidities) 0.7024 (0.6781, 0.7267) d

hs-cTnI $85th percentile 0.7170 (0.6925, 0.7415) 0.0146 (0.0051, 0.0242)†
log2(hs-cTnI) 0.7243 (0.6999, 0.7486) 0.0219 (0.0113, 0.0325)†
hs-cTnT $85th percentile 0.7220 (0.6977, 0.7464)a 0.0197 (0.0091, 0.0302)†
log2(hs-cTnT) 0.7344 (0.7103, 0.7584)b 0.0320 (0.0180, 0.0459)†

Base model* with comorbidity burden ($3 comorbidities or
dementia or frailty) 0.7046 (0.6804, 0.7287) d

hs-cTnI $85th percentile 0.7201 (0.6958, 0.7445) 0.0156 (0.0060, 0.0252)†
log2(hs-cTnI) 0.7269 (0.7027, 0.7511) 0.0223 (0.0117, 0.0330)†
hs-cTnT $85th percentile 0.7238 (0.6995, 0.7480)c 0.0192 (0.0088, 0.0296)†
log2(hs-cTnT) 0.7363 (0.7123, 0.7602)d 0.0317 (0.0180, 0.0455)†

*Age,male sex, race-center, current smoking, systolic bloodpressure, diastolic bloodpressure, antihypertensivemedication use, total cholesterol, HDL
cholesterol, cholesterol-loweringmedication use, and hemoglobin A1c. †P, 0.01. aP5 0.35 comparedwith basemodel with comorbidity burden ($3
comorbidities)1 hs-cTnI$85th percentile. bP5 0.11 compared with base model with comorbidity burden ($3 comorbidities)1 log2(hs-cTnI).

cP5
0.47 compared with base model with comorbidity burden ($3 comorbidities or dementia or frailty)1 hs-cTnI$85th percentile. dP5 0.13 compared
with base model with comorbidity burden ($3 comorbidities or dementia or frailty) 1 log2(hs-cTnI).
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among those who did not die as opposed
to upstratifying the predicted risk for
mortality among those who did die. This
suggests that among older adults with
diabetes, low hs-cTnI or hs-cTnT identi-
fies the group that is at lower mortality
risk, potentially reflecting better overall
cardiovascular health. In this population,
despite its age and multimorbidity,
hs-cTnI or hs-cTnT might identify older
patients with longer life expectancy and
greater potential to benefit from more
aggressive treatment of cardiovascular
risk factors, such as more stringent gly-
cemic control.
Few prior studies have focused on the

mortality implications of novel cardiac
biomarkers in the setting of diabetes,
especially in older age. Our findings
suggest that inclusion of troponins im-
proved discrimination similarly tomarkers
such as coronary artery calcium. In the
Diabetes Heart Study (ages 34–86 years),
inclusion of coronary calcium into logistic
models for mortality (7.4 years of follow-
up) significantly improved model dis-
crimination (area under the curve 0.72
[95% CI 0.70, 0.74]) (48), similar to the
improvements we observed among
older adults in ARIC with time-to-death
analyses. Inclusionofhs-cTnI andhs-cTnT
may improve discrimination more than
other biomarkers, such as CRP. A pooled
analysis of participants with diabetes
from four cohorts in the U.K. did not
observe an improvement in C-statistics

with the inclusion of CRP in cardiovas-
cular mortality models (49).

There are some limitations to our
study. First, some of the comorbidities
were based on self-report, which may
miss milder cases and be subjected to
recall by the participant. This, however,
could reflect usual clinical care, where
patients often inform their physicians
of their medical history. Conditions
that were examined used validated,
objective measures from laboratory
results, medical records, and current
medications. Second, we only followed
participants for a median of 6.2 years.
Time to benefit is an important clinical
consideration in the management of
older patients. Because many older
adults are expected to live longer, better
characterization of life expectancy is
important in weighing the potential ben-
efits of treatment against the possible
risks.

There are a number of strengths in our
study. To our knowledge, this is one of
the few studies on comorbidities in older
adults with rigorous measurements of
key cardiovascular risk factors and bio-
markers with follow-up for mortality. As
one of few studies with simultaneous
measurements of hs-cTnI and hs-cTnT,
we were able to assess and compare the
associations of both troponins in risk
stratification. Moreover, the ARIC Study
is a community-based cohort, with
both black and white participants who

underwent a comprehensive visit that in-
cluded a physical examination, depression
screening, and renal function tests, allow-
ing us to objectively ascertain certain co-
morbidities. Finally, we were able to
consider the contribution of dementia
and frailty to mortality risk.

Cardiovascular, respiratory, and renal
comorbidities were reflected by both
hs-cTnI and hs-cTnT. Elevations in either
of the cardiac troponins were associated
with higher mortality risk across comor-
bidity levels, with or without accounting
for dementia and frailty. These findings
support the potential use of high-sensitivity
troponins as objective measures of mor-
tality risk to guide clinical care of older
adults with diabetes.
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Table 4—Hazard ratios (95% CIs) of the association of each comorbidity with all-cause mortality risk

Model 1 Model 2 Model 3a Model 3b Model 3c

ADA comorbidities
Coronary heart disease 1.92 (1.56, 2.38) 1.87 (1.50, 2.33) 1.55 (1.24, 1.94) 1.60 (1.28, 2.00) 1.50 (1.20, 1.87)
Stroke 1.09 (0.73, 1.61) 1.07 (0.72, 1.58) 0.99 (0.67, 1.47) 0.97 (0.65, 1.44) 0.96 (0.65, 1.43)
Heart failure 2.54 (2.08, 3.10) 2.48 (2.03, 3.04) 2.08 (1.69, 2.57) 2.03 (1.65, 2.50) 1.94 (1.57, 2.39)
Arthritis 1.11 (0.88, 1.40) 1.14 (0.90, 1.44) 1.09 (0.87, 1.38) 1.03 (0.81, 1.30) 1.01 (0.80, 1.28)
Cancer 1.65 (1.35, 2.02) 1.65 (1.35, 2.03) 1.66 (1.35, 2.03) 1.52 (1.24, 1.87) 1.55 (1.26, 1.90)
Chronic kidney disease 2.32 (1.89, 2.86) 2.28 (1.84, 2.82) 1.83 (1.47, 2.28) 1.67 (1.34, 2.09) 1.58 (1.26, 1.98)
Depression 1.69 (1.10, 2.61) 1.64 (1.06, 2.54) 1.58 (1.02, 2.46) 1.67 (1.08, 2.59) 1.58 (1.02, 2.46)
Emphysema or COPD 1.92 (1.44, 2.55) 1.90 (1.43, 2.54) 1.85 (1.38, 2.47) 1.72 (1.29, 2.30) 1.78 (1.33, 2.37)
Falls 1.82 (1.22, 2.72) 1.75 (1.17, 2.62) 1.47 (0.98, 2.21) 1.64 (1.09, 2.45) 1.55 (1.03, 2.33)
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Geriatric syndromes
Dementia 2.82 (2.09, 3.80) 2.81 (2.08, 3.80) 2.47 (1.83, 3.34) 2.71 (2.00, 3.66) 2.61 (1.93, 3.53)
Frailty 2.27 (1.77, 2.91) 2.35 (1.83, 3.01) 1.95 (1.52, 2.52) 1.76 (1.36, 2.27) 1.67 (1.29, 2.16)

Model 1: adjusted for age, sex, and race-center.Model 2:model 11 current smoking, systolicbloodpressure, diastolic bloodpressure, antihypertensive
medication use, total cholesterol, HDL cholesterol, cholesterol-lowering medication use, and hemoglobin A1c. Model 3a: model 21 log2-transformed
hs-cTnI with five linear equipercentile spline knots. Model 3b: model 21 log2-transformed hs-cTnTwith five linear equipercentile spline knots. Model
3c: model 21 log2-transformed hs-cTnI with five linear equipercentile spline knots and log2-transformed hs-cTnTwith five linear equipercentile spline
knots. ADA, American Diabetes Association; COPD, chronic obstructive pulmonary disease.
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