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ABSTRACT
OBJECTIVES This study hypothesized that biomarkers of subclinical myocardial injury (high-sensitivity cardiac troponin T
[hs-cTnT]) and hemodynamic stress (N-terminal pro-B-type natriuretic peptide [NT-proBNP]) would differentiate
heart failure (HF) risk among older adults with left ventricular hypertrophy (LVH).
BACKGROUND The natural history of LVH, an important risk factor for HF, is heterogeneous.
METHODS NT-proBNP and hs-cTnT were measured at baseline and after 2 to 3 years in older adults without prior HF or
myocardial infarction in the CHS (Cardiovascular Health Study). LVH and left ventricular ejection fraction were determined by echocardiography. HF events were adjudicated over a median of 13.1 years and classiﬁed as preserved or
reduced left ventricular ejection fraction (heart failure with preserved ejection fraction or heart failure with reduced
ejection fraction [HFrEF]). Adjusted risk of HF by LVH and biomarker tertiles, and by LVH and longitudinal increase in each
biomarker was estimated using Cox regression.
RESULTS Prevalence of LVH was 12.5% among 2,347 participants with complete measures. Adjusted risk of HF
(N ¼ 643 events) was approximately 3.8-fold higher among participants with LVH and in the highest biomarker tertile,
compared with those with low biomarker levels without LVH (NT-proBNP, hazard ratio [HR]: 3.78; 95% conﬁdence
interval [CI]: 2.78 to 5.15 and hs-cTnT, HR: 3.86; 95% CI: 2.84 to 5.26). The adjusted risk of HFrEF was 7.8 times higher
among those with the highest tertile of hs-cTnT and LVH (HR: 7.83; 95% CI: 4.43 to 13.83). Those with LVH and
longitudinal increases in hs-cTnT or NT-proBNP were approximately 3-fold more likely to develop HF, primarily HFrEF,
compared with those without LVH and with stable biomarkers.
CONCLUSIONS The combination of LVH with greater hs-cTnT or NT-proBNP levels, and their longitudinal increase,
identiﬁes older adults at highest risk for symptomatic HF, especially HFrEF. These biomarkers may characterize subphenotypes in the transition from LVH to HF and suggest modiﬁable targets for prevention. (J Am Coll Cardiol HF
2015;3:445–55) © 2015 by the American College of Cardiology Foundation.
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ypertension is present in more

The primary objectives of this study were to:

than 70% of older adults (1) and

1) determine whether our prior ﬁndings in middle-age

is commonly associated with left

adults with LVH would be applicable to older adults

ventricular hypertrophy (LVH) (2). Although

and whether there were differential associations with

LVH is associated with an increased risk

HFrEF versus HFpEF (older adults have a markedly

blocker

of progression to depressed left ventricular

higher incidence of HF, especially HFpEF, compared

BNP = brain natriuretic peptide

(LV) systolic function, heart failure (HF),

with younger adults, but also greater comorbidities

and death, the progression to a clinical end-

that can confound the interpretation of cardiac-

point is heterogeneous, occurring in only a

speciﬁc biomarkers); and 2) determine whether lon-

minority (3,4). In a prior study of middle-

gitudinal changes in NT-proBNP and/or hs-cTnT in

aged adults, we showed that biochemical

those with LVH are associated with the preferential

evidence of myocardial injury (as measured

development of HFrEF rather than HFpEF.

ACE = angiotensin-converting
enzyme

ARB = angiotensin receptor

CI = conﬁdence interval
EF = ejection fraction
eGFR = estimated glomerular
ﬁltration rate

HF = heart failure

by the high-sensitivity cardiac troponin T

HFpEF = heart failure with
preserved ejection fraction

[hs-cTnT] assay) or myocardial hemody-

HFrEF = heart failure with

namic stress (as measured by N-terminal

reduced ejection fraction

pro-B-type natriuretic peptide [NT-proBNP])

HR = hazard ratio

identiﬁed a “malignant” phenotype of LVH

hs-cTnT = high-sensitivity

more likely to progress to HF or death (5).

cardiac troponin T
SEE PAGE 456

LV = left ventricular

METHODS
STUDY

PARTICIPANTS. The

CHS

(Cardiovascular

Health Study) is a prospective observational study of
cardiovascular risk factors in older adults. Detailed
descriptions of the methods have been described (11).
Study

participants

included

community-dwelling

adults aged 65 years or more enrolled at 4 partici-

LVEF = left ventricular ejection
fraction

Currently, routine cardiac imaging to screen

pating centers. Participants (n ¼ 5,201) initially

LVH = left ventricular

for LVH in hypertensive patients is not rec-

enrolled in 1989 and 1990, and an African-American

hypertrophy

ommended, and several important questions

supplemental cohort (n ¼ 687) enrolled in 1992

LVM = left ventricular mass

remain before considering hs-cTnT or NT-

and 1993. For the present analysis, we excluded

LVMI = left ventricular mass

proBNP as part of a strategy to identify indi-

participants with a history of HF, myocardial infarc-

index

viduals with LVH at high risk for progression

tion, or estimated glomerular ﬁltration rate (eGFR)

NRI = net reclassiﬁcation

to HF (6). First, HF is heterogeneous with a

<30 ml/min/1.73 m 2 at the time of the initial echo-

improvement

near equivalent incidence of heart failure

cardiogram (described in the next section).

NT-proBNP = N-terminal pro-

with preserved ejection fraction (HFpEF)

The CHS was approved by the Institutional Review

and heart failure with reduced ejection frac-

Boards of the University of Washington and partici-

tion (HFrEF) (7). Identiﬁcation of those at

pating centers. All participants gave written informed

highest risk of HFrEF may be particularly advanta-

consent. The present analysis was approved by the

geous, because speciﬁc therapies exist to reduce pro-

Institutional Review Board of the University of

gression to symptomatic disease (8). However,

Maryland.

clinical and echocardiographic characteristics still

ECHOCARDIOGRAPHY. The methods for echocardio-

have a limited ability to differentiate who will prog-

graphic assessment have been described (12). Brieﬂy,

ress to HFrEF versus HFpEF (9,10). Our prior study

2-dimensional echocardiography was performed in

in middle-aged adults was not able to examine this

1989 and 1990 (main cohort only) and again among

heterogeneity in HF outcomes or determine whether

both cohorts in 1994 and 1995. M-mode measurement

longitudinal changes in cardiac biomarkers may

of left ventricular mass (LVM) was performed using

further modify the risk associated with LVH.

the method of Devereux et al. (13). LVM could not be

B-type natriuretic peptide

RWT = relative wall thickness
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T A B L E 1 Characteristics of Study Participants at Baseline, by LVH and Initial hs-cTnT (N ¼ 2,347)

No LVH
Tertile 1

Tertile 2

Tertile 3

932

584

<3.00–4.82
<3.00
71.2  4.6

72.7  5.1

73.1  5.6

Male

247 (26.5%)

250 (42.8%)

216 (40.4%)

African American

N

p Value Test
for Trend

LVH

p Value Test
for Trend

Tertile 1

Tertile 2

Tertile 3

535

87

79

128

4.84–9.23

9.32–43.89

<3.00–4.73

5.29–7.78

9.80–49.60

3.00–6.00

6.02–36.12

<3.00

3.12–5.98

6.55–71.82

<0.001

71.5  4.4

73.7  5.8

73.8  5.9

0.006

<0.001

24 (27.6%)

29 (36.7%)

61 (47.7%)

0.003

Range, pg/ml*
Men
Women
Age, yrs

143 (15.4%)

74 (12.7%)

88 (16.5%)

0.80

12 (13.8%)

8 (10.1%)

16 (12.5%)

0.80

Diabetes

92 (9.8%)

90 (15.4%)

119 (22.2%)

<0.001

12 (13.8%)

9 (11.4%)

28 (21.9%)

0.01

Coronary heart disease

78 (8.4%)

65 (11.1%)

58 (10.8%)

0.09

7 (8.0%)

15 (20.3%)

21 (16.4%)

0.13

Body mass index, kg/m2

26.1  4.1

26.3  4.4

27.0  4.8

<0.001

26.4  4.4

27.4  4.7

27.1  4.7

0.50

SBP

132.4  19.8

133.6  20.3

140.1  22.5

<0.001

139.2  22.8

143.8  19.6

144.9  24.0

0.07

DBP

70.2  10.3

70.4  10.8

71.4  11.4

0.06

71.4  11.6

72.2  11.2

70.9  13.2

0.70

Hypertensive medications

330 (35.4%)

245 (42.0%)

277 (52.0%)

<0.001

39 (44.8%)

46 (58.3%)

76 (59.4%)

0.04

112 (12.0%)

51 (8.7%)

51 (9.6%)

13 (13.9%)

6 (7.6%)

16 (12.5%)

Former

363 (39.0%)

260 (44.6%)

208 (39.0%)

24 (27.6%)

25 (31.7%)

55 (43.0%)

Never

455 (48.9%)

272 (46.7%)

275 (51.5%)

50 (57.5%)

48 (60.8%)

57 (44.5%)

eGFRMDRD <60

132 (14.2%)

100 (17.1%)

148 (27.7%)

<0.001

8 (9.2%)

17 (21.5%)

41 (32.0%)

Abnormal LVEF†

4 (0.4%)

5 (0.9%)

7 (1.3%)

0.06

1 (1.2%)

2 (2.5%)

14 (10.9%)

0.002

0.003

0.35 (0.28–0.43)

0.38 (0.31–0.42)

0.37 (0.30–0.43)

0.06

Smoking
Current

RWT

0.90

0.34 (0.30–0.39) 0.35 (0.30–0.40) 0.35 (0.30–0.40)

0.12

<0.001

LVMI, g/m2
Male

82.6 (71.5–92.9)

82.7 (68.5–96.2)

81.6 (69.8–95.3)

0.90

129.2 (119.8–147.5) 131.7 (126.2–138.8) 128.5 (121.4–152.4)

0.90

Female

71.3 (62.4–80.5)

72.4 (61.7–81.7)

73.8 (64.2–85.1)

0.04

106.4 (103.0–122.4) 112.8 (103.4–121.0) 113.1 (104.7–123.1)

0.10

Values are mean  SD, n (%), or median (interquartile range). *Biomarker categories are stratiﬁed by age and sex; range for age 70 to 75 years shown. †LVEF <45% on initial echocardiogram.
DBP ¼ diastolic blood pressure; eGFRMDRD ¼ estimated glomerular ﬁltration rate Modiﬁcation of Diet in Renal Disease; hs-cTnT ¼ high-sensitivity cardiac troponin T; LVEF ¼ left ventricular ejection
fraction; LVH ¼ left ventricular hypertrophy; LVMI ¼ left ventricular mass index; RWT ¼ relative wall thickness; SBP ¼ systolic blood pressure.

estimated in approximately 34% of the main cohort,

baseline and again after 3 years (main cohort) or 2

who were more likely to be older, Caucasian, male,

years (supplemental cohort) and stored at 70 C

and of greater height and weight, and to have hy-

to 80 C. NT-proBNP and cardiac troponin T were

pertension, diabetes, and coronary disease (12). Ex-

measured on the Elecsys 2010 analyzer (Roche Di-

pected LVM was calculated on the basis of normative

agnostics, Indianapolis, Indiana), as previously re-

equations from CHS participants with neither clinical

ported (16,17). The performance characteristics of

heart disease nor hypertension; LVH was deﬁned as

both assays have been described (18).

an observed/expected LVM >1.45 (12,14). Left ventricular mass index (LVMI) was calculated as LVM
divided by body surface area. For analyses of baseline
biomarkers, LVM measured at baseline (main cohort)
or in 1994 and 1995 (supplemental cohort) was used
as the primary predictor variable; for analyses of
change in biomarkers, LV mass measured in 1994 and
1995 in both cohorts was used. Left ventricular ejection fraction (LVEF) was deﬁned as abnormal if
visually interpreted as <45%. Relative wall thickness
(RWT) was computed as previously described as
(2*posterior wall thickness)/(end-diastolic LV diameter) (15). Eccentric LVH was deﬁned as LVH with
RWT #0.42, and concentric LVH was deﬁned as LVH

PRIMARY OUTCOME. The primary outcome was inci-

dent HF, ascertained by participant interview at
semiannual study visits, medical record review, and
examination of Medicare claims data and conﬁrmed by
an expert adjudication panel as described previously
(19). An HF event was conﬁrmed if a physician
diagnosis was present along with documentation in
the medical record of a constellation of symptoms and
physical signs, supporting clinical ﬁndings, or a
medical therapy for HF. Events were characterized as
HFpEF (LVEF $45%) or HFrEF (LVEF <45%) on the
basis of clinical echocardiograms or other cardiac
imaging performed within 30 days of the HF event (14).
STATISTICAL ANALYSES. Participants were divided

with RWT >0.42 (15).
B i o m a r k e r m e a s u r e m e n t . NT-proBNP and hs-cTnT

into age- and sex-speciﬁc tertiles of each biomarker,

were measured in serum samples collected at

and differences across these tertiles were compared
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a priori. The method of Breslow (20) was used to
handle tied events. Joint associations were estimated

using

LVH*biomarker

interaction

terms

in adjusted models. Similar analyses were performed
using LVMI categories in place of LVH. We estimated
improvements in reclassiﬁcation and discrimination
of 10-year HF risk among those with LVH from the
addition of each biomarker measurement to traditional risk factors with the net reclassiﬁcation
improvement (NRI) and integrated discrimination
improvement statistics (21). Consistent with recent
recommendations (22), we used the category-less
form of the NRI, because there are no consensus
thresholds for classifying HF risk among those with
LVH. Bootstrapping was used to estimate 95% conﬁdence intervals (CIs) of each NRI.
To examine the joint association of LVH and
change in biomarkers with incident HF, Cox proportional hazards models were used, with follow-up time
deﬁned as the time from the second echocardiogram
(1994 to 1995). A signiﬁcant change in biomarkers was
deﬁned as: 1) an increase in NT-proBNP of >25% to a
ﬁnal level of $190 pg/ml; or 2) an increase in hs-cTnT
of >50% from baseline. For those participants with an
initial hs-cTnT below the level of blank, a level of 2.99
ng/l was imputed. Changes of this magnitude for
cardiac troponin T and NT-proBNP have been associated with marked increases in risk of incident HF
and cardiovascular death in the CHS (16,17). Adjustments were made for baseline biomarker levels and
the same confounding factors as described earlier,
measured at the time of the second echocardiogram
(except for eGFR, which was measured at the 1992 to
Incident HF ascertained as described in the Methods section and expressed as number of

1993 visit). LVH*biomarker change interaction was

incident events per 100 person-years. The study sample was divided into age- and sex-

tested in multivariate models using the likelihood

speciﬁc tertiles of each biomarker, as described in the Methods section. Rate of incident HF

ratio test. Similar analyses were performed using

varied between those with and without LVH (p < 0.001) and by tertile of NT-proBNP (A)
or hs-cTnT (B) (p < 0.001 for both). HF ¼ heart failure; hs-cTnT ¼ high-sensitivity cardiac
troponin T; LVH ¼ left ventricular hypertrophy; NT-proBNP [ N-terminal pro-B-type

LVMI categories in place of LVH.
Survival analyses were performed for all incident
HF and separately for incident HFrEF and HFpEF. At-

natriuretic peptide.

risk time was deﬁned as time from the echocardiogram to incident HF, with censoring on death or last
separately for those with and without LVH, using
analysis of variance for continuous variables and
Cuzick’s score test for binary variables. A total of 895
participants (38%) had undetectable hs-cTnT below
the level of blank (<3 ng/l) and were all placed in
the ﬁrst tertile with an imputed value of 2.99 ng/l.
Cumulative rates of HF among subjects stratiﬁed
by LVH and biomarker categories were compared

observed follow-up; for analyses of HF subtype, participants also were censored at the time of HF of any
other subtype. In sensitivity analyses, we used the
Fine and Gray method (23) to model the competing
risk of LVH and each biomarker with all-cause mortality. All statistical analyses were performed with
Stata/SE 12.1 (StataCorp LP, College Station, Texas).

RESULTS

with the log-rank test. Cox proportional hazards
models were used to estimate the joint association

STUDY

of LVH and biomarker levels with incident HF,

included in the baseline biomarker analyses (Online

PARTICIPANTS. Among

adjusting for potential confounding factors selected

Figure 1), 294 (12.5%) had LVH, among whom 210

2,347 participants
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T A B L E 2 Risk of Incident HF, by LVH and Initial Biomarker Level

F I G U R E 2 Rate of Incident HFrEF, by LVH and Tertile of NT-proBNP or hs-cTnT

Hazard Ratios (95% CI)
LVH by
Echocardiography

None

Yes

LVH by
Echocardiography

None

Yes

Tertile of
NT-proBNP

Unadjusted

Risk-Factor
Adjusted*

1

1.00

1.00

2

1.22 (0.96–1.50)

1.22 (0.97–1.52)

3

2.03 (1.64–2.50)

1.94 (1.56–2.41)

1

1.87 (1.20–2.91)

1.71 (1.10–2.67)

2

2.52 (1.69–3.76)

2.07 (1.38–3.10)

3

4.42 (3.28–5.94)

3.78 (2.78–5.15)

Tertile of
hs-cTnT

Unadjusted

Risk-Factor
Adjusted*

1

1.00

1.00

2

1.69 (1.36–210)

1.36 (1.09–1.69)

3

2.75 (2.23–3.38)

2.07 (1.67–2.56)

1

2.62 (1.80–3.81)

2.31 (1.58–3.36)

2

2.20 (1.41–3.44)

1.70 (1.08–2.66)

3

5.88 (4.37–7.90)

3.86 (2.84–5.26)

Interaction of LVH with NT-proBNP (p ¼ 0.5) and hs-cTnT (p ¼ 0.6). *Risk-factor
adjusted: age, race, sex, smoking, hypertension, diabetes, coronary heart disease,
body mass index, eGFR <60 ml/min/1.73 m2, LVEF <45%, and RWT.
CI ¼ conﬁdence interval; HF ¼ heart failure; NT-proBNP ¼ N-terminal pro-Btype natriuretic peptide; other abbreviations as in Table 1.

had eccentric LVH and 84 had concentric LVH. Prevalence of LVH was 8.6%, 10.9%, and 18.1% (p < 0.001)
across 1st, 2nd and 3rd NT-proBNP tertiles and 8.5%,
11.9%, and 19.3%, (p < 0.001) across 1st, 2nd and 3rd
hs-cTnT tertiles, respectively. Hypertension was
present in 74% of those with LVH and 55% of those
without.
Table 1 shows baseline clinical and echocardiographic characteristics, stratiﬁed by hs-cTnT and
presence of LVH. Those with greater hs-cTnT were
older, more likely to be male, and more likely to have
diabetes, abnormal LVEF, eGFR <60 ml/min/1.73 m 2,

(A) NT-proBNP; (B) hs-cTnT. HFrEF ascertained as described in the Methods section as

and higher blood pressure and body mass index.

incident HF with LVEF <45% based on clinical echocardiograms or other cardiac imaging

Similar trends across hs-cTnT were noted for those

performed within 30 days of the HF event and expressed as number of incident events per

with and without LVH. Among subjects without LVH,
those with higher NT-proBNP were less likely to be
African American and more likely to have coronary

100 person-years. The study sample was divided into age- and sex-speciﬁc tertiles of each
biomarker, as described in the Methods section. EF ¼ ejection fraction; HFrEF ¼ heart
failure with reduced ejection fraction; LVEF ¼ left ventricular ejection fraction; other abbreviations as in Figure 1.

heart disease, eGFR <60 ml/min/1.73 m2, abnormal
LVEF, and higher blood pressure and lower body
mass index (Online Table 1). Similar trends, although
typically not signiﬁcant, were observed among those

both) (Figures 1A and 1B, respectively). Those par-

with LVH. Correlations of NT-proBNP and hs-cTnT

ticipants with LVH and in the highest NT-proBNP

with LVMI at baseline were only modest ( r ¼ 0.12

tertile were more than 4 times as likely to have

and r ¼ 0.21, respectively).

incident HF compared with those without LVH and

ASSOCIATION OF LVH AND BASELINE CARDIAC

in the lowest NT-proBNP tertile (Table 2) (hazard

BIOMARKER LEVELS WITH INCIDENT HF. A total of

ratio [HR]: 4.42; 95% CI: 3.28 to 5.94). Adjustment

643 incident HF events occurred during a median

for demographic factors, comorbidity, RWT, and

13.1 years (interquartile range: 7.1 to 18.0) of follow-

LVEF attenuated this association only modestly (HR:

up. The rate of incident HF varied markedly between

3.78; 95% CI: 2.78 to 5.15). In contrast, those with

those with and without LVH (p < 0.001) and by

LVH, but in the lowest NT-proBNP tertile, were only

tertile of NT-proBNP and hs-cTnT (p < 0.001 for

at 1.71 (95% CI: 1.10 to 2.67) times the risk of incident
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215 (33.4%) had documented preserved ejection

T A B L E 3 Risk of HFrEF, by LVH and Initial Biomarker Level

LVH by
Echocardiography

None

Yes

fraction (EF), 150 (23.3%) had reduced EF, and 278

Hazard Ratios (95% CI)

(43%) had no documented EF at the time of incident

Tertile of
NT-proBNP

Unadjusted

Risk-Factor Adjusted*

HF diagnosis. Among those with incident HFrEF, 37

1

1.00

1.00

(24.7%) had LVH at baseline. The rate of incident HF

2

1.03 (0.64–1.65)

1.00 (0.62–1.62)

with HFrEF differed signiﬁcantly by tertile of NT-

3

1.74 (1.11–2.21)

1.66 (1.05–2.62)

1

1.03 (0.64–1.65)

0.93 (0.28–3.04)

proBNP among those without (p ¼ 0.01) and with

2

3.49 (1.72–70.6)

2.92 (1.42–5.99)

(p ¼ 0.001) LVH (Figure 2A). The absolute difference

3

6.48 (3.82–10.97)

5.06 (2.89–8.86)

in HFrEF rates by NT-proBNP tertile was greater

Tertile of
hs-cTnT

Unadjusted

Risk-Factor Adjusted*

for tertiles of hs-cTnT, with a markedly greater risk

1

1.00

1.00

of HFrEF among those with LVH and the highest

2

2.30 (1.42–3.73)

1.77 (1.08–2.89)

tertile of hs-cTnT (Figure 2B). After adjustment for

3

3.64 (2.29–5.80)

2.62 (1.62–4.21)

potential confounders, those participants with LVH

1

2.70 (1.12–6.51)

2.19 (0.90–5.32)

in the highest tertile of NT-proBNP had a 5-fold

2

3.38 (1.40–8.14)

2.65 (1.10–6.46)

greater risk of incident HFrEF (HR: 5.06; 95% CI:

3

12.94 (7.5–22.23)

among those with LVH. Similar results were noted
LVH by
Echocardiography

None

Yes

7.83 (4.43–13.83)

Interaction of LVH with NT-proBNP tertiles (p ¼ 0.07) and hs-cTnT tertiles (p ¼ 0.4). *Risk-factor adjusted:
Adjustment covariates same as for Table 2.
HFrEF ¼ heart failure with reduced ejection fraction; other abbreviations as in Tables 1 and 2.

2.89 to 8.86) (Table 3), and those with LVH in the
highest tertile of hs-cTnT were at 7.8 times the risk
of incident HFrEF versus those without LVH in the
lowest hs-cTnT level tertile (HR: 7.83; 95% CI: 4.43
to 13.83).
Among those with incident HFpEF, 32 (15.0%) had
LVH at baseline. Rate of incident HFpEF also differed

HF compared with those without LVH, after adjust-

signiﬁcantly by tertile of NT-proBNP level among

ment. Those participants with LVH and the highest

those without (p ¼ 0.003) and with (p ¼ 0.02) LVH

tertile of hs-cTnT were at approximately 6 times

(Figure 3A). After adjustment for potential con-

higher risk of HF compared with those without

founders, those with LVH and in the highest tertile of

LVH and in the lowest hs-cTnT tertile (HR: 5.88; 95%

NT-proBNP were at approximately 3-fold greater risk

CI: 4.37 to 7.90) (Table 2). This association was

of HFpEF compared with those without LVH and with

attenuated only moderately after adjustment for

the lowest NT-proBNP (HR: 3.11; 95% CI: 1.80 to 5.37)

potential confounders (adjusted HR: 3.86; 95% CI:

(Online Table 5). Similar results were observed for hs-

2.84 to 5.26).

cTnT and LVH with regard to risk of HFpEF (Figure 3B,

Similar results were observed when LVMI was used

Online Table 5).

in place of LVH (Online Table 2). Compared with

LVH,

those in the lowest tertiles of LVMI and biomarker

INCIDENT HF. A total of 1,474 subjects had complete

levels, those in the highest tertile of LVMI and bio-

measures of change in biomarkers and complete LV

markers had 3.4 (NT-proBNP) and 3.3 times (hs-cTnT)

mass measures on the 1994 to 1995 echocardiogram,

the risk of incident HF, after adjustment for potential

and were without HF, myocardial infarction, or

confounders. In a competing risks model accounting

eGFR <30 ml/min/1.73 m 2. Of these, 193 (13.1%) had

for all-cause mortality, the associations found in

LVH.

CHANGE

IN

BIOMARKER

LEVELS,

AND

Table 2 were only slightly attenuated and all re-

Participants with LVH and a signiﬁcant increase

mained signiﬁcant (Online Table 3). Among those

of NT-proBNP or hs-cTnT level had markedly higher

with LVH, additional adjustment for residual differ-

rates of incident HF (Online Figures 2A and 2B)

ences in LVMI did not change the associations of

(p < 0.001 for both biomarkers) compared with those

either biomarker with incident HF ( Db <5% for both

without LVH and with stable or declining biomarker

markers). Among those with LVH, the addition of hs-

levels. After adjustment for baseline NT-proBNP and

cTnT or NT-proBNP (as continuous variables) signiﬁ-

risk factors, there remained an approximately 3-fold

cantly increased model discrimination, and the

increased risk for incident HF when NT-proBNP

addition of hs-cTnT signiﬁcantly improved risk

level increased in those with LVH (Table 4). In

reclassiﬁcation for incident HF at 10 years when

contrast, those with LVH but without an increasing

added to traditional risk factors, LVEF, and RWT

NT-proBNP level were not at signiﬁcantly greater risk

(Online Table 4).

of incident HF. Compared with those with stable or

LVH, CARDIAC BIOMARKERS, AND INCIDENCE OF

declining hs-cTnT without LVH, those with LVH and

HFrEF VERSUS HFpEF. Among incident HF events,

an increase in hs-cTnT level were at a 3.1-fold greater
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risk of incident HF, after adjustment for baseline hscTnT and risk factors. Similar results were observed

F I G U R E 3 Rate of Incident HFpEF, by LVH and Tertile of NT-proBNP or hs-cTnT

using LVMI in place of LVH (Online Table 6). In
sensitivity analyses, we examined whether the relationship between change in biomarkers and incident
HF among those with LVH was explained by residual
differences in LVM between those with and without
biomarker increases. Among those with LVH, signiﬁcant increases of NT-proBNP or hs-cTnT were associated with markedly greater HF risk even after
additional adjustment for LVMI (as a continuous
variable).
An additional analysis was done to determine the
risk of HFrEF and HFpEF based on an increase in
biomarker level and the presence or absence of LVH.
Compared with individuals without LVH and with no
increase in NT-proBNP levels, an increase in NTproBNP among those with LVH was associated with
an adjusted HR of 3.46 (95% CI: 1.56 to 7.65) for HFrEF
but no signiﬁcant increase in the risk for HFpEF
(Table 5, Online Table 7, respectively). Likewise,
compared with individuals without LVH and with no
increase in hs-cTnT, an increase in hs-cTnT in the
subgroup with LVH was associated with an adjusted
HR of 6.95 (95% CI: 3.07 to 15.72) for HFrEF but no
increase in the risk for HFpEF (Table 5, Online Table 7,
respectively).

DISCUSSION
Among community-dwelling older adults without
prior HF or myocardial infarction, the HF risk
associated

with

LVH

was

heterogeneous

and

strongly inﬂuenced by baseline levels and changes
in NT-proBNP and hs-cTnT, biomarkers of subclini-

(A) NT-proBNP; (B) hs-cTnT. HFpEF ascertained as described in the Methods section as

cal hemodynamic stress and myocardial injury,

incident HF with LVEF $45% based on clinical echocardiograms or other cardiac imaging

respectively. Unique to this study was our ﬁnding

performed within 30 days of the HF event and expressed as number of incident events per

that

100 person-years. The study sample was divided into age- and sex-speciﬁc tertiles of each

baseline

biomarker

elevation

appeared

to

associate with increased risk for progression to
HFrEF to a greater extent than HFpEF among

biomarker, as described in the Methods section. HFpEF ¼ heart failure with preserved
ejection fraction; other abbreviations as in Figures 1 and 2.

those with LVH. The stratiﬁcation of risk for progression to HFrEF was even more powerful when
evaluating longitudinal change in cardiac-speciﬁc
biomarker levels. For example, an increase of

The implications of our ﬁndings are potentially

>50% in hs-cTnT level in combination with LVH

2-fold. First, this study provides clinical data to sup-

was

7-fold

port a recently proposed paradigm that identiﬁes

adjusted greater risk of HFrEF, whereas the same

associated

with

distinct pathophysiologies for HFrEF and HFpEF (24).

combination of both LVH and an increasing hs-cTnT

Second, the results of this study may provide a

conferred no increased risk for HFpEF. By following

rationale to develop and test a preventive strategy

longitudinal change, each subject can in effect act

using cardiac-speciﬁc biomarkers and cardiac imaging

as his/her own control, allowing characterization of

to identify asymptomatic older adults at highest risk

the dynamic processes that result in progression

for progression to HFrEF. Although HFrEF and HFpEF

from

often present with similar signs and symptoms, there

asymptomatic

symptomatic HF.

an

approximately

structural

heart

disease

to

has been debate as to the degree of commonality of
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We

T A B L E 4 Risk of Incident HF, by LVH and Change in Biomarkers (N ¼ 1,474)

Hazard Ratios (95% CI)
LVH by
Echocardiography

Increase in
NT-proBNP

None
Yes

have previously shown that changes in

NT-proBNP

and

hs-cTnT

were

associated

with

incident HF and cardiovascular death (16,17). In

% of LVH
Subgroup

Baseline-Adjusted

Risk-Factor
Adjusted*

No

1,046 (81.7%)

1.00

1.00

Yes

235 (18.3%)

1.51 (1.14–2.00)

1.33 (0.99–1.80)

No

129 (66.8%)

1.39 (0.97–1.99)

1.22 (0.83–1.78)

monstrated in older adults with initial low levels

Yes

64 (33.2%)

3.56 (2.46–5.15)

2.90 (1.98–4.27)

of hs-cTnT and NT-proBNP and a normal LVEF that

LVH by
Echocardiography

Increase in
hs-cTnT

% of LVH
Subgroup

Baseline-Adjusted

Risk-Factor
Adjusted*

None

No

1,062 (82.9%)

1.00

1.00

asymptomatic reduced LVEF (27). Histologic ﬁnd-

Yes

219 (17.1%)

2.15 (1.63–2.84)

1.88 (1.40–2.50)

ings from myocardial biopsies also support evidence

No

144 (74.6%)

1.71 (1.23–2.39)

1.51 (1.06–2.16)

of greater myocyte cell loss in those with HFrEF

Yes

49 (25.4%)

4.27 (2.85–6.38)

3.08 (2.03–4.67)

compared with HFpEF (28). In contrast, HFpEF was

Yes

Baseline-adjusted: Adjusted for baseline biomarker concentration. Interaction of LVH with increase in
NT-proBNP: (p ¼ 0.04) and in hs-cTnT (p ¼ 0.8). *Risk-factor adjusted: Adjusted for baseline biomarker level,
age, race, sex, smoking, hypertension, diabetes, coronary heart disease, body mass index, LVEF <45%, eGFR <60
ml/min/1.73 m2, and RWT.
Abbreviations as in Tables 1 and 2.

support of the concept that myocyte loss—reﬂected
in increases of these biomarkers—is critical to
the progression of symptomatic HF, we also de-

an increase in 1 or both biomarkers was associated
with an increased incidence of progression to

associated with greater myocyte hypertrophy versus
HFrEF irrespective of the extent of collagen deposition (28).
LVH SUBTYPE AND HF RISK. LVH is a well-known

structural intermediary in the progression of hypertension to HF (3,14). However, the progression of
pathophysiology between HFrEF and HFpEF (25). Our
ﬁndings provide support to the contention that if
HFpEF is preceded by myocyte cell hypertrophy, it is
without cell death, whereas HFrEF, although potentially preceded by hypertrophy, is also associated
with progressive myocyte death and increased wall
stress (24,26). This hypothesis is supported by the
differences in HF prediction associated with longitudinal change in biomarker levels, which may reﬂect
not only the background milieu of cardiovascular risk
factors but also the pace of asymptomatic myocyte
loss and increasing wall stress.

LVH to an abnormal LVEF or symptomatic HF is
heterogeneous and cannot be explained on the basis
of hypertension alone (3). In other cohorts, dividing
LVH into concentric versus eccentric subtypes only
moderately differentiated participants at increased
risk of HFpEF versus HFrEF (10). This lack of prognostic utility may be secondary to the current
2-tiered classiﬁcation of LVH, which does not account for the presence or absence of LV dilation (29).
In the current study, we did not ﬁnd that NT-proBNP
or hs-cTnT was associated with RWT or greater LV
mass in those with LVH, nor was there a difference
in HFrEF or HFpEF risk by LVH subtype. Overall,
our ﬁndings suggest that risk stratiﬁcation among
those with LVH may be better achieved by bio-

T A B L E 5 Risk of Incident HFrEF, by LVH and Change in Biomarker Levels (N ¼ 1,474)

chemical phenotyping compared with stratiﬁcation
by RWT.

Hazard Ratios (95% CI)
LVH by
Echocardiography

None
Yes

Increase in
NT-proBNP

% of LVH
Subgroup

Baseline-Adjusted

Risk-Factor
Adjusted

No

1,046 (81.7%)

Yes

235 (18.3%)

1.00

1.00

1.17 (0.60–2.29)

1.14 (0.55–2.35)

No

129 (66.8%)

2.08 (1.07–4.06)

1.99 (0.97–4.08)

Yes

64 (33.2%)

4.77 (2.36–9.77)

3.46 (1.56–7.65)

% of LVH
Subgroup

Baseline-Adjusted

Risk-Factor
Adjusted

CLINICAL

IMPLICATIONS. Current

guidelines

for

hypertension and appropriateness criteria for cardiac imaging do not recommend screening for LVH
in hypertensive patients or differentiating treatment
on the basis of its presence (6,30). This is in large
part based on the low positive predictive value of

LVH by
Echocardiography

Increase in
hs-cTnT

None

No

1,062 (82.9%)

1.00

1.00

Yes

219 (17.1%)

2.65 (1.45–4.86)

2.48 (1.29–4.77)

No

144 (74.6%)

2.87 (1.53–5.39)

2.21 (1.08–4.54)

levels of cardiac-speciﬁc biomarkers in the presence

Yes

49 (25.4%)

6.94 (3.22–14.96)

6.95 (3.07–15.72)

of LVH stratiﬁes these subjects with particularly

Yes

LVH for HF and no obvious change in treatment
strategy based on its identiﬁcation. However, we
and others have previously identiﬁed that elevated

high-risk HF (5,31). With extension of this ﬁnding in
Cell values are HRs (95% CI) from Cox proportional hazards models. HRs adjusted for baseline biomarker level,
age, race, sex, smoking, hypertension, diabetes, coronary heart disease, body mass index, eGFR <60 ml/min/1.73
m2, RWT, and LVEF <45%. Interaction between LVH and change in NT-proBNP: p ¼ 0.5. Interaction between
LVH and change in hs-cTnT: p ¼ 0.7.
Abbreviations as in Tables 1 to 3.

the present study that now identiﬁes HFrEF as a
primary sequela of elevated or increasing cardiacspeciﬁc biomarker levels in the presence of LVH in
older adults, speciﬁc therapies could be considered.
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In

asymptomatic

patients

with

reduced

LVEF,

STUDY

LIMITATIONS. LV

mass

measures

were

inhibitors

missing in approximately one third of participants,

reduce the progression to symptomatic HF and

with missing measures more likely among older

along with beta-blockers remain a class I indication

male subjects and those with cardiovascular risk

for treatment (8). In patients with LVH and systolic

factors (12). This differential lack of LV mass data

hypertension, an angiotensin receptor blocker (ARB)

may have led to biased estimates of the associa-

was superior to beta-blockers to prevent a variety of

tion with incident HF. However, the fact that

cardiovascular outcomes, including HF (4). Further

these associations persisted after adjustment for

implicating the activation of the renin-angiotensin-

demographics and risk factors, and are consistent

angiotensin-converting

enzyme

(ACE)

aldosterone system as an upstream mechanism

with our prior ﬁndings in younger adults with

resulting in biochemical measures of myocyte loss

LVH, suggests these associations are robust. Bio-

and progression to HFrEF are ﬁndings from the

markers were missing in an additional 25% of

HOPE

Evaluation)

participants; as previously reported (16,17), those

study in patients with normotensive vascular risk,

with complete biomarker measurements differed

in whom a higher dose of ramipril prevented a

modestly from those with missing measurements,

decrease in LVEF and increase in LV dimensions

which also could have introduced bias. We only

compared with a low-dose or placebo (32). We

measured 2 biomarkers, and other biomarkers may

suggest that our ﬁndings provide a basis for iden-

have better prognostic utility for HFpEF. Last,

tifying older adults who could be targeted for

measures of LVEF at incident HF were incomplete

HF prevention with renin-angiotensin-aldosterone

and not adjudicated by a core echocardiography

system antagonism irrespective of whether they

laboratory, which may have biased the results

have hypertension. Furthermore, even many pa-

of associations with HF subtype. However, on the

tients with hypertension may not be treated with an

basis of the large number of events with point-

ACE inhibitor or ARB, and if they are treated, the

of-care echocardiograms, it is unlikely that the

doses can be low and there may be beneﬁt to up-

robust

ward titration.

versus HFpEF based on biomarkers and LVH would

(Heart

Outcomes

Prevention

For example, by testing a biomarker strategy to

be

differences

nulliﬁed.

in

Finally,

the
no

prediction
statistical

of

HFrEF

adjustments

Vincent’s

to the type I error rate were made for multiple

Screening To Prevent Heart Failure) trial found that

testing, and we cannot exclude a false-positive

intensifying management in primary care patients

ﬁnding.

modify

care,

the

STOP-HF

(Saint

with at least 1 cardiovascular risk factor based on
mild elevations in brain natriuretic peptide (BNP)
resulted in a trend toward reduced new-onset HF
(33). These results were in large part driven by
differences in the use of ACE inhibitors and ARBs in
patients with a known BNP >50 pg/ml, compared
with the control group with a BNP value >50 pg/ml
for which the values were unknown to the clinician
or patient. Further reﬁning this strategy by evaluating for LVH and measuring NT-proBNP or hs-cTnT
could identify a high-risk cohort for progression to
HFrEF in which speciﬁc therapies may be beneﬁcial.
A pilot and feasibility study of this approach for
primary HF prevention is currently being developed. Lifestyle interventions also may be efﬁcacious, as we have shown in a randomized pilot
study that 1 year of physical activity in previously

CONCLUSIONS
LVH, as measured by echocardiography, was present in a substantial minority of older adults,
particularly in those with elevated levels of NTproBNP and hs-cTnT. The presence of LVH and
elevated or increasing biomarker levels, independent of risk factors and subclassiﬁcation of LVH,
identiﬁed participants at high risk for new-onset
HF, particularly HFrEF. These ﬁndings identify a
cohort
may

of

community-dwelling

ultimately

beneﬁt

from

individuals
careful

who

follow-up

and consideration of speciﬁc medical and lifestyle
interventions to prevent progression to symptomatic HF.

sedentary older adults signiﬁcantly blunts an increase in hs-cTnT level (34). Greater attention to
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: LVH has

TRANSLATIONAL OUTLOOK: LVH is a heterogeneous

long been an electrocardiogram and imaging biomarker of

process at a cellular level. Mildly elevated levels of bio-

risk for incident HF and cardiovascular death. Baseline

markers of cardiac injury and strain likely identify ongoing

levels and upward trajectories of highly sensitive blood-

subclinical myocyte cell death, potentially through a

based cardiac-speciﬁc biomarkers of cardiac injury

process of apoptosis rather than ischemic necrosis.

(troponin T) and strain (NT-proBNP) recently have been

Further studies are needed to determine whether this

shown to predict similar outcomes. The combination of

subclinical process can be interrupted through pharma-

either biomarker with imaging evidence of LVH identiﬁes

cological or lifestyle interventions.

older adults at particularly high risk for developing HFrEF,
suggesting that the cardiac-speciﬁc biomarkers identify a
“malignant” subtype of hypertrophy.
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