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Cardiac troponin is the preferred marker of myocardial 
cell necrosis.1 Recently, highly sensitive assays have 

become available that allow the detection of very low con-
centrations of circulating cardiac troponin in healthy indi-
viduals.2–5 Increasing troponin concentrations, even those 
well within the normal reference interval, are positively 
associated with adverse cardiovascular outcome in primary 
prevention populations. These adverse outcomes include 
myocardial infarction (MI), congestive heart failure, and 
cardiovascular death.2–6 Assays for B-type natriuretic peptide 

(BNP) are widely used for diagnosis and risk stratification 
of patients presenting with suspected heart failure.7,8 BNPs 
also have strong associations with adverse cardiovascu-
lar outcome in a variety of primary prevention and general 
populations.9–12
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Little is known about therapies that might improve car-
diovascular outcome in stable patients with troponin or 
BNP concentrations that identify them as being at increased 
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cardiovascular risk. In particular, whether statin therapy might 
mitigate this risk has not been well studied.

To address this question, we measured circulating cardiac 
troponin I with a novel high-sensitivity assay (hsTnI) and BNP 
in a contemporary cohort of patients without known cardiovas-
cular disease who were randomly allocated to active statin ther-
apy (rosuvastatin 20 mg daily) or placebo in the Justification 
for the Use of Statins in Prevention: an Intervention Trial 
Evaluating Rosuvastatin (JUPITER) trial. We sought to deter-
mine whether these markers of myocardial injury (hsTnI) 
and strain (BNP) were associated with adverse outcome in 
JUPITER and whether the effectiveness of statin therapy was 
modified by circulating hsTnI or BNP concentrations.

Methods
Study Population
JUPITER was a randomized, double-blind, placebo-controlled 
trial of rosuvastatin 20 mg/d conducted in 26 countries in men 

≥50 years and women ≥60 years of age without a history of dia-
betes mellitus or cardiovascular disease and with a low-density 
lipoprotein (LDL) cholesterol <130 mg/dL and a high-sensitivity 
C-reactive protein (hsCRP) ≥2.0 mg/L. The trial design and pri-
mary results have been described previously.13 In brief, rosuvas-
tatin was associated with a 44% (hazard ratio [HR], 0.56; 95% 
confidence interval [CI], 0.46–0.69; P<0.00001) reduction in 
the trial primary end point, a composite of nonfatal MI, nonfatal 
stroke, hospitalization for unstable angina, arterial revasculariza-
tion, or death resulting from cardiovascular causes. Of the 17 802 
participants included in the parent trial, 12 956 had baseline sam-
ples available for analysis. Institutional review boards approved 
the JUPITER protocol at each site, and each participant gave writ-
ten informed consent.

Study End Points
This study took as its primary end point the prespecified primary end 
point in the JUPITER trial: the occurrence of a first major vascu-
lar event, defined as the composite of nonfatal MI, nonfatal stroke, 
hospitalization for unstable angina, arterial revascularization, or 
death resulting from cardiovascular causes. All trial end points were 

Table 1. Baseline Characteristics of the Study Population

Characteristic* HsTnI Tertile 1 hsTnI Tertile 2 hsTnI Tertile 3 P Value

Range in men, ng/L <3.0 3.0–<4.6 ≥4.6

Range in women, ng/L <2.6 2.6–<3.9 ≥3.9

Events/at risk, men, n 34/2611 68/2887 119/2762

Events/at risk, women, n 14/1475 21/1645 48/1576

Median (Q1–Q3) time to event, y 1.83 (1.45–2.44) 2.03 (1.56–2.48) 2.02 (1.49–2.69) <0.0001

Age (Q1–Q3), y 63 (58–68) 66 (61–71) 68 (63–74) <0.0001

Race or ethnic group, n (%) <0.0001

  White 3217 (78.7) 3839 (84.7) 3538 (81.6)

  Black 334 (8.2) 243 (5.4) 367 (8.5)

  Hispanic 424 (10.4) 361 (8.0) 337 (7.7)

  Other 111 (2.7) 89 (2.0) 94 (2.2)

Hypertension, n (%) 1829 (44.8) 2473 (54.6) 2906 (67.1) <0.0001

Systolic blood pressure, mm Hg 130 (120–140) 134 (125–146) 139 (128–150) <0.0001

Diastolic blood pressure, mm Hg 80 (74–85) 80 (75–87) 80 (75–87) <0.0001

Body mass index, kg/m2 28.2 (25.1–31.9) 28.4 (25.6–32.0) 28.6 (25.6–32.1) <0.0001

Current smoking, n (%) 767 (18.8) 606 (13.4) 597 (13.4) <0.0001

Family history of premature MI, n (%) 541 (13.3) 557 (12.3) 553 (12.8) 0.42

Diabetes mellitus, n (%) 13 (0.3) 20 (0.4) 31 (0.7) 0.03

Metabolic syndrome, n (%) 1484 (36.6) 1838 (40.9) 1897 (44.2) <0.0001

Impaired fasting glucose, n (%) 1228 (30.2) 1490 (32.9) 1496 (34.6) <0.0001

HbA
1c (Q1–Q3), % 5.7 (5.4–5.9) 5.7 (5.4–5.9) 5.7 (5.5–5.9) <0.0001

Fasting glucose (Q1–Q3), mg/dL 94 (88–101) 95 (88–102) 95 (88–103) 0.0002

Total cholesterol (Q1–Q3), mg/dL 184 (167–199) 187 (171–201) 187 (172–201) <0.0001

LDL cholesterol (Q1–Q3), mg/dL 106 (92–117) 110 (97–120) 110 (96–120) <0.0001

HDL cholesterol (Q1–Q3), mg/dL 49 (41–60) 49 (41–60) 50 (41–61) 0.88

hsCRP (Q1–Q3), mg/L 4.0 (2.7–6.6) 4.0 (2.7–6.5) 4.4 (3.0–7.5) <0.0001

Estimated GFR (Q1–Q3), mL/min 75.8 (66.6–88.4) 73.1 (64.9–82.2) 71.0 (60.5–81.0) <0.0001

Framingham Risk Score (Q1–Q3) 8 (5–12) 10 (6–16) 12 (8–20) <0.0001

Reynolds Risk Score (Q1–Q3) 7 (4–12) 10 (6–16) 13 (7–21) <0.0001

Random allocation to rosuvastatin, n (%) 2058 (50.4) 2286 (50.4) 2147 (49.5) 0.62

GFR indicates glomerular filtration rate; HbA
1c, hemoglobin A1c; HDL, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; 

hsTnI, high-sensitivity cardiac troponin I; LDL, low-density lipoprotein cholesterol; MI, myocardial infarction; and Q1–Q3, value at the 25th (Q1) and 
75th (Q3) percentiles.

*Continuous variables are presented as median (Q1–Q3).
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adjudicated by an independent committee of physicians blinded to 
treatment allocation. We also analyzed the association of baseline 
cardiac troponin and BNP concentrations with the individual com-
ponents of the primary end point, as well as all-cause mortality, the 
composite of the primary end point plus all-cause mortality, and the 
occurrence of coronary heart disease, which is a composite of coro-
nary revascularization, hospitalization for unstable angina, and all 
MI, including sudden death and nonfatal MI.

Laboratory Analysis
All biomarkers were measured in EDTA plasma samples in the 
BiomarCaRE laboratory in Hamburg, Germany. hsTnI concentra-
tions were determined by the ARCHITECT STAT hsTnI immu-
noassay (Abbott Diagnostics; ARCHITECT i2000SR). Because 
plasma volume was limited, we first measured hsTnI and then 
diluted the remaining plasma sample 1:1 before measurement of 
BNP. In total, adequate sample was available in 12 956 participants 
for hsTnI and 11 057 participants for BNP. The limit of detection 
for the hsTnI assay is 1.9 ng/L. The assay supported a 10% coef-
ficient of variation at a concentration of 5.2 ng/L. The intra-assay 
coefficient of variation was 4.96% to 5.73%, and the interassay 
coefficient of variation was 4.9% to 6.6%. The 99th percentile in a 
healthy reference population is 30 ng/L.14 However, other investi-
gators have reported an upper reference limit of 15 ng/L for women 
and 36 ng/L for men,15 which are consistent with other sex-specific 
upper reference limits.5,16

For measurement of BNP, a chemiluminescent microparticle 
immunoassay was used (BNP, Abbott Diagnostics; ARCHITECT 
i2000SR). The limit of detection is 20 ng/L. Participants with BNP 
concentrations lower than this limit of detection (n=4990) were 
assigned a value of 19 ng/L for the determination of sex-specific ter-
tiles and in analyses using natural logarithm (Ln)–transformed BNP 
concentrations as a linear variable. The intra-assay coefficient of vari-
ation for BNP was 5.47% to 5.38%, and the interassay coefficient of 
variation was 4.32% to 6.72%.

Statistical Analysis
hsTnI concentrations were divided into increasing tertiles with the 
use of sex-specific cut points of 3.0 and 4.6 ng/L in men and 2.6 
and 3.9 ng/L in women on the basis of the distribution of the bio-
marker within each sex. The limit of detection for hsTnI is 1.9 ng/L, 
but observed values <1.9 ng/L were used in calculating tertile cut 
points and in analyses with Ln-hsTnI used as a linear variable. BNP 
concentrations were divided into increasing tertiles with the use of 
sex-specific cut points of 20.0 and 28.6 ng/L in men and 20.0 and 
44.4 ng/L in women on the basis of the distribution of the biomarker 
within each sex. No values were observed below the BNP limit of 
detection of 20 ng/L. Participants with a BNP concentration below 
the limit of detection were assigned a value of 19.9 ng/L for deter-
mination of tertile cut points and in analyses with Ln-BNP used as 
a linear variable. Baseline characteristics were compared across ter-
tiles of hsTnI and BNP concentrations with Kruskal-Wallis rank-sum 

Table 2. Risk of a First Major Cardiovascular Event* According to Tertile of hsTnI or BNP 
Measured at Baseline

Tertile 1† Tertile 2 Tertile 3 P for Trend

Cardiac hsTnI

    Events, n/person-y of 
observation

48/8522 89/9851 167/9620

    Incidence rate per 100 
person-years of observation

0.56 0.90 1.74 <0.0001

   HR (95% CI)

     Model 1 1.0 (Referent) 1.41 (0.99–2.01) 2.32 (1.66–3.23) <0.0001

     Model 2 1.0 (Referent) 1.40 (0.98–2.00) 2.20 (1.57–3.09) <0.0001

     Model 3 1.0 (Referent) 1.40 (0.98–1.99) 2.19 (1.56–3.06) <0.0001

     Model 4 1.0 (Referent) 1.30 (0.86–1.94) 1.86 (1.25–2.76) 0.001

BNP

    Events, n/person-y of 
observation

64/9866 42/4872 130/7514

    Incidence rate per 100 
person-years of observation

0.65 0.86 1.73 <0.0001

   HR (95% CI)

    Model 1 1.0 (Referent) 1.28 (0.86–1.90) 1.99 (1.44–2.73) <0.0001

    Model 2 1.0 (Referent) 1.26 (0.85–1.88) 1.95 (1.41–2.69) <0.0001

    Model 3 1.0 (Referent) 1.26 (0.85–1.88) 1.94 (1.41–2.68) <0.0001

    Model 4 1.0 (Referent) 1.27 (0.85–1.89) 1.93 (1.40–2.66) <0.0001

Model 1: adjusted for age, race, sex, and study drug; model 2: adjusted for age, race, sex, study drug, body 
mass index, history of hypertension, current smoking, family history of myocardial infarction, total cholesterol, and 
high-density lipoprotein cholesterol; model 3: model 2 plus high-sensitivity C-reactive protein; and model 4: model 
3 plus natural logarithm–transformed BNP (for hsTnI effect estimates) or natural logarithm–transformed hsTnI (for 
BNP effect estimates). BNP indicates B-type natriuretic peptide; CI, confidence interval; HR, hazard ratio; and hsTnI, 
high-sensitivity cardiac troponin I. 

*A major cardiovascular event was defined as the occurrence of the Justification for the Use of Statins in 
Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) primary end point, a composite of nonfatal 
myocardial infarction, nonfatal stroke, hospitalization for unstable angina, arterial revascularization, or death 
resulting from cardiovascular causes.

†Sex-specific tertile cut points for hsTnI were 3.0 and 4.6 ng/L in men and 2.6 and 3.9 ng/L in women. Sex-
specific tertile cut points for BNP were 20 and 28.6 ng/L in men and 20 and 44.4 ng/L in women.
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tests for continuous variables and χ2 tests for categorical variables. 
The risk and 95% CIs of the JUPITER primary end point, the indi-
vidual components of the primary end point, all-cause mortality, the 
composite of any coronary heart disease event, and the composite of 
the primary end point or all-cause mortality according to increasing 
tertiles of hsTnI or BNP were calculated with Cox proportional haz-
ards models adjusted for cardiovascular risk factors and study drug 
allocation. Four models were constructed with adjustments for the 
following covariates: model 1: age, race, sex, and study drug alloca-
tion; model 2: model 1 covariables plus body mass index, history 
of hypertension, current smoking, family history of MI, and total 
and high-density lipoprotein cholesterol; model 3: model 2 covari-
ables plus hsCRP; and model 4: model 3 covariables plus Ln-BNP 
(for hsTnI effect estimates) or Ln-hsTnI (for BNP effect estimates). 
No violation of the proportional hazards assumption across tertiles 
of hsTnI (P=0.36) or BNP (P=0.91) was detected. The association 
per 1-SD of Ln-hsTnI and Ln-BNP was also calculated. Possible 
heterogeneity in the effects of statin therapy across biomarker ter-
tiles was evaluated in a proportional hazards model that included 
tertile indicators, an indicator of rosuvastatin assignment, and an 
interaction term combining statin assignment and biomarker tertile. 
Incidence rates of the primary end point were calculated for patients 
randomly allocated to active or placebo rosuvastatin. Absolute risk 
reductions were defined as the incidence rate differences and 95% 
CIs between the active and placebo arms. Incidence rate differences 
(95% CI) were used to estimate the 5-year numbers needed to treat 
(NNTs) according to tertile of baseline hsTnI or BNP and rosuvas-
tatin assignment.

Results
In total, 12 956 JUPITER participants had baseline samples 
available that were successfully analyzed for cardiac TnI, and 
11 057 had samples successfully analyzed for BNP. Compared 
with the JUPITER participants for whom no blood sample was 

available, the cohort with blood samples available for hsTnI 
testing was more likely to be male and white, among other 
differences (Table I in the online-only Data Supplement). The 
median follow-up time in this cohort was 2.0 years (quartile 
1–3 [Q1–Q3], 1.5–2.5 years).

The median hsTnI concentration was 3.4 ng/L (Q1–Q3, 
2.6–5.0 ng/L) and was higher in men (3.6 ng/L; Q1–Q3, 2.7–
5.3 ng/L) than in women [3.1 ng/L; Q1–Q3, 2.3–4.5 ng/L; 
P<0.0001). In total, 11 905 of 12 956 participants (91.9%) 
had hsTnI concentrations above the manufacturer’s limit of 
detection of 1.9 ng/L, and a higher proportion of men (7744 
of 8260, 93.8%) than women (4161 of 4696, 88.6%) had val-
ues above this threshold (P<0.0001). The proportion of men 
with a value at or above the proposed upper reference limit of 
36 ng/L was 2.9% (235 of 8260) compared with 4.1% (193 
of 4696) of women above the proposed upper reference limit 
of 15 ng/L. The median BNP concentration was 22.3 ng/L 
(Q1–Q3, 19.0–42.7 ng/L) and was lower in men (19.0 ng/L; 
Q1–Q3, 19.0–35.3 ng/L) than in women (29.2 ng/L; Q1–Q3, 
19.0–53.4 ng/L; P<0.0001).

Baseline characteristics stratified by baseline tertile of 
hsTnI are presented in Table 1, and baseline characteristics 
stratified by baseline tertile of BNP are presented in Table II in 
the online-only Data Supplement. Age, systolic and diastolic 
blood pressures, the prevalence of hypertension, total cho-
lesterol, LDL cholesterol, the Framingham Risk Scores, and 
the Reynolds Risk Score were all positively correlated with 
baseline hsTnI and BNP. The metabolic syndrome, impaired 
fasting glucose, fasting glucose, and hsCRP were positively 
correlated with hsTnI and inversely correlated with BNP. Both 
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Figure 1. Cumulative incidence of a first major cardiovascular event according to baseline tertile of high-sensitivity cardiac troponin I 
(hsTnI tertile; A) or B-type natriuretic peptide (BNP tertile; B). A first major cardiovascular event is defined as the Justification for the Use 
of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) primary end point (nonfatal myocardial infarction, nonfatal 
stroke, hospitalization for unstable angina, arterial revascularization, or death resulting from cardiovascular causes). The sex-specific 
tertile cut points for hsTnI were 3.0 and 4.6 ng/L in men and 2.6 and 3.9 ng/L in women. The sex-specific tertile cut points for BNP were 
20 and 28.6 ng/L in men and 20 and 44.4 ng/L in women. For the Kaplan–Meier analysis and log-rank P values presented here, follow-up 
was limited to 2.5 years, when 25% and 20% of patients remained in the hsTnI and BNP analyses, respectively.
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biomarkers were inversely correlated with estimated glomer-
ular filtration rate. In sex-stratified analyses of a variety of 
baseline biomarkers, hsTnI and BNP were correlated with one 
another (ρ=0.30 in men and 0.25 in women; Tables III and IV 
in the online-only Data Supplement).

The unadjusted incidence of the composite primary end 
point increased with increasing hsTnI category, from 0.56 
per 100 person-years in the first tertile to 1.74 events per 
100 person-years in the third tertile (P<0.0001; Table 2 and 
Figure 1A). Participants with an hsTnI lower than the limit of 
detection (1.9 ng/L) had an incidence of the primary end point 
of 0.14 per 100 person-years. After adjustment for age, race, 
sex, study drug assignment, cardiovascular risk factors, and 
hsCRP, the highest tertile of hsTnI was at more than double 
the risk of the composite cardiovascular outcome (model 3 
HR, 2.19; 95% CI, 1.56–3.06; P for trend <0.0001). Adjusting 
for BNP led to a modest attenuation of this estimate (HR, 
1.86; 95% CI, 1.25–2.76; P for trend=0.001). As a sensitiv-
ity analysis, we excluded those with hsTnI concentrations in 
the abnormal range, and the adjusted risk of the primary end 
point for those in the highest compared with the lowest ter-
tile was essentially unchanged (model 3 HR, 2.25; 95% CI, 
1.59–3.17; P for trend <0.0001). When analyzed as a linear 
variable, hsTnI demonstrated an independent association with 

the primary outcome (model 3 HR per 1-SD Ln-hsTnI, 1.12; 
95% CI, 1.05–1.21; P=0.002).

The unadjusted incidence of the composite primary end 
point increased with increasing BNP category, from 0.65 per 
100 person-years in the first tertile to 1.73 events per 100 per-
son-years in the third tertile (P<0.0001; Table 2 and Figure 1B). 
In models adjusted for age, race, sex, and study drug, the risk 
of the primary end point was approximately double among 
those in the highest compared with the lowest tertile of BNP 
(HR, 1.99; 95% CI, 1.44–2.73; P for trend <0.0001; Table 2). 
This estimate did not change substantially after adjustment for 
cardiovascular risk factors and for hsTnI (model 4 HR, 1.93; 
95% CI, 1.40–2.66; P for trend  <0.0001). When analyzed as a 
linear variable, BNP demonstrated an independent association 
with the primary outcome (model 3 HR per 1-SD Ln-BNP, 
1.38; 95% CI, 1.23–1.53; P<0.0001)

We observed no significant difference in the relationship 
between hsTnI or BNP and the JUPITER primary end point 
when analyses were stratified by random allocation to rosuvas-
tatin or placebo (Figure I in the online-only Data Supplement; 
P for interaction=0.53 and 0.20, respectively).

The association of hsTnI and BNP with the JUPITER pri-
mary end point was consistent across a number of key risk 
subgroups, including age ≥70 or <70 years, men and women, 
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Figure 2. Adjusted hazard ratios and 95% confidence intervals of a first major cardiovascular event for the highest vs lowest tertile of 
high-sensitivity cardiac troponin I (hsTnI) stratified by a number of key risk subgroups. Risk estimates are adjusted for age, sex, drug, 
race, hypertension, smoking, body mass index (BMI), total cholesterol, high-density lipoprotein (HDL) cholesterol, family history of 
coronary heart disease, and high-sensitivity C-reactive protein (hsCRP) at baseline. LDL indicates low-density lipoprotein. *Incidence rates 
are per 100 person-years of observation.
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white and nonwhite participants, and those with favorable 
and unfavorable lipid or metabolic traits (Figure 2). Similarly 
consistent associations were observed for BNP (Figure 3).

The independent associations of hsTnI with each of the 
individual components of the primary end point, as well as 

death and coronary heart disease, are displayed in Figure 4. 
Participants with hsTnI values in the top tertile were at 
increased risk of cardiovascular mortality (HR, 2.45; 95% 
CI, 0.97–6.18; P for trend=0.03), nonfatal MI (HR, 3.08; 
95% CI, 1.52–6.26; P for trend=0.0008), nonfatal stroke (HR, 
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Figure 4. Adjusted hazard ratios and 95% confidence intervals for the highest vs lowest tertile of high-sensitivity cardiac troponin I 
(hsTnI) for the individual components of the Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin 
(JUPITER) composite primary end point, as well as all-cause death, coronary heart disease, and the composite of the primary end point 
or all-cause death. Risk estimates are adjusted for age, sex, drug, race, hypertension, smoking, body mass index, total cholesterol, high-
density lipoprotein cholesterol, family history of coronary heart disease, and high-sensitivity C-reactive protein at baseline. *Incidence 
rates are per 100 person-years. Total N=12956.
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Figure 3. Adjusted hazard ratios and 95% confidence intervals of a first major cardiovascular event for the highest vs lowest tertile of 
B-type natriuretic peptide (BNP) stratified by a number of key risk subgroups. Risk estimates for are adjusted for age, sex, drug, race, 
hypertension, smoking, body mass index (BMI), total cholesterol, high-density lipoprotein (HDL) cholesterol, family history of coronary 
heart disease, and high-sensitivity C-reactive protein (hsCRP) at baseline. LDL indicates low-density lipoprotein. *Incidence rates are per 
100 person-years.
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1.84; 95% CI, 0.93–3.64; P for trend=0.04), and hospitaliza-
tion for unstable angina (HR, 3.36; 95% CI, 1.21–9.30; P for 
trend=0.01). We also observed a statistically robust relation-
ship between hsTnI and all-cause mortality (HR, 2.61; 95% 
CI, 1.81–3.78; P for trend <0.0001) and between the compos-
ite of the primary end point plus all-cause mortality (HR, 2.42; 
95% CI, 1.86–3.15; P for trend <0.0001). BNP demonstrated 
independent associations with MI, stroke, arterial revascular-
ization, all-cause mortality, coronary heart disease, and the 

composite of the primary end point plus all-cause mortality 
(Figure 5).

Rosuvastatin was equally effective in preventing the occur-
rence of the primary end point across different baseline 
concentrations of either hsTnI or BNP (Table 3 and Figure 
II in the online-only Data Supplement). For example, rosu-
vastatin therapy was associated with a 42% reduction in the 
adjusted relative risk of the primary end point in the first ter-
tile of hsTnI and a 50% reduction in the third tertile (P for 

Incidence Rate*

Events Tertile 1 Tertile 2 Tertile 3
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Figure 5. Adjusted hazard ratios and 95% confidence intervals for the highest vs lowest tertile of B-type natriuretic peptide (BNP) for the 
individual components of the Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) 
composite primary end point, as well as all-cause death, coronary heart disease, and the composite of the primary end point or all-cause 
death. Risk estimates are adjusted for age, sex, drug, race, hypertension, smoking, body mass index, total cholesterol, high-density 
lipoprotein cholesterol, family history of coronary heart disease, and high-sensitivity C-reactive protein at baseline. *Incidence rates are 
per 100 person-years. Total n=11 057.

Table 3. Risk of the JUPITER Primary End Point for Rosuvastatin Versus Placebo Stratified by Tertile 
of Baseline hsTnI, Tertile of BNP, or Framingham Risk Score

Rosuvastatin Placebo

Tertile of Risk 
Marker at Baseline*

Events/At 
Risk, n

Incidence 
Rate†

Events/At 
Risk, n

Incidence 
Rate†

Absolute Risk 
Reduction‡ (95% CI) HR (95% CI) §

P for 
Interaction

hsTnI 0.53

  1 18/2058 0.42 30/2028 0.71 0.30 (−0.02 to 0.62) 0.58 (0.32 to 1.04)

  2 34/2286 0.68 55/2246 1.13 0.44 (0.07 to 0.82) 0.60 (0.39 to 0.93)

  3 56/2147 1.17 111/2191 2.29 1.12 (0.59 to 1.64) 0.50 (0.36 to 0.69)

BNP 0.20

  1 19/2510 0.38 45/2475 0.91 0.53 (0.21 to 0.85) 0.42 (0.25 to 0.72)

  2 15/1195 0.61 27/1204 1.12 0.51 (−0.02 to 1.03) 0.56 (0.30 to 1.05)

  3 51/1829 1.36 79/1844 2.10 0.74 (0.15 to 1.33) 0.62 (0.43 to 0.88)

Framingham Risk 
Score, %

0.40

  ≤5 9/1494 0.30 14/1420 0.49 0.20 (−0.13 to 0.52) 0.61 (0.26 to 1.42)

  >5–≤10 24/1840 0.60 38/1842 0.94 0.34 (−0.04 to 072) 0.67 (0.40 to 1.12)

  >10 74/3148 1.05 144/3198 2.05 1.00 (0.58 to 1.41) 0.50 (0.37 to 0.66)

A test for interaction between each of the risk markers and allocation to rosuvastatin or placebo revealed no evidence of 
interaction. BNP indicates B-type natriuretic peptide; CI, confidence interval; HR, hazard ratio; hsTnI, high-sensitivity cardiac 
troponin I; and JUPITER, Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin. 

*Sex-specific tertile cut points for hsTnI were 3.0 and 4.6 ng/L in men and 2.6 and 3.9 ng/L in women. Sex-specific tertile cut 
points for BNP were 20 and 28.6 ng/L in men and 20 and 44.4 ng/L in women.

†Incidence rates are per 100 person-years of observation.
‡Absolute risk reduction is per 100 person-years of observation and is defined as the incidence rate difference (95% CI) 

between the active and placebo arms.
§Adjusted for age, sex, race, study drug, body mass index, history of hypertension, current smoking, family history of myocardial 

infarction, total cholesterol, high-density lipoprotein cholesterol, and high-sensitivity C-reactive protein.
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interaction=0.53). These results are consistent with the overall 
effect of rosuvastatin on the primary end point in this subco-
hort of JUPITER (HR, 0.55; 95% CI, 0.43–0.69; Figure II in 
the online-only Data Supplement) and in the trial as a whole.13

The absolute risk of the JUPITER primary end point 
appeared to increase across categories of hsTnI (Table 3). 
The absolute risk reduction, calculated as the difference in the 
incidence rates of the primary end point between the active 
and placebo arms, was 0.30 (95% CI, −0.02 to 0.62) in the 
lowest tertile of hsTnI, yielding an estimated 5-year NNT of 
67. In the highest tertile of hsTnI, the absolute risk reduction 
of the primary end point between active and placebo was 1.12 
(95% CI, 0.59–1.64), for an estimated 5-year NNT of 18. 
These results are similar to those observed when the cohort 
is stratified by Framingham Risk Score (Table 3), which had 
an NNT of 103 for the lowest risk scores (≤5%) and 20 for 
the highest (>10%). BNP did not appear to have as strong a 
relationship with absolute risk, with absolute risk reductions 
ranging from 0.53 (95% CI, 0.21–0.85) for the lowest tertile 
to 0.74 (95% CI, 0.15–1.33) in the highest tertile (Table 3). 
NNTs for BNP ranged from 38 for the lowest tertile to 27 for 
the highest tertile.

Discussion
In this prospective examination of 12 956 men and women 
with normal cholesterol levels and no prior cardiovascular 
disease, we demonstrated a statistically robust association 
between baseline concentrations of circulating cardiac TnI, as 
measured by a high-sensitivity assay, and the occurrence of 
major vascular events and death. This association was con-
sistent across a variety of subgroups and was observed for a 
number of clinically important end points, including all-cause 
mortality, cardiovascular mortality, MI, stroke, and hospital-
ization for unstable angina. Similarly robust associations were 
observed for BNP. Rosuvastatin offered similar relative reduc-
tions in the risk of major vascular events regardless of base-
line hsTnI or BNP concentrations. In the highest category of 
baseline hsTnI, rosuvastatin therapy was associated with the 
most substantial reduction in the absolute risk of cardiovascu-
lar events and therefore the lowest NNTs.

We believe these results have clinical implications for 
a number of reasons. First, the men and women enrolled in 
JUPITER had no prior evidence of cardiovascular disease 
or diabetes mellitus and were required to have an LDL cho-
lesterol <130 mg/dL to be eligible. Nonetheless, nearly 94% 
of men and 89% of women had detectable concentrations of 
circulating cardiac troponin. These results are comparable to 
those obtained from a population based study in a European 
cohort5 and are consistent with reports from clinical trials of 
patients with atrial fibrillation and stable coronary artery dis-
ease.17,18 hsTnI concentrations in JUPITER participants are 
lower than those in populations with prevalent cardiovascu-
lar disease. In primary prevention or general populations, the 
prevalence of circulating cardiac troponin T ranges from 30% 
among healthy middle-aged women2 to ≈70% among men and 
women with a mean age >70 years.4

Most of the men and women in JUPITER had circulat-
ing hsTnI concentrations that were lower than thresholds 
that have been proposed as a diagnostic cutoff for MI in the 

appropriate clinical context.5,15 In this contemporary primary 
prevention population, 2.9% of men and 4.1% of women had 
TnI concentrations above proposed sex-specific upper refer-
ence limits.5,15,16 Nonetheless, we observed a clear gradient 
of risk among those with hsTnI concentrations below these 
thresholds such that the men and women with a hsTnI in the 
top tertile (≥4.6 ng/L in men and ≥3.9 ng/L in women) were at 
2.2-times higher risk of a first major vascular event, including 
cardiovascular mortality, with an absolute rate of 2.3 events 
per 100 person-years of observation in the placebo arm. These 
observations are consistent with those in patients with exist-
ing coronary artery disease and in those with atrial fibrillation, 
among whom hsTnI was correlated with the risk of stroke/
systemic embolism, cardiac mortality, and major bleeding.17,18

Rosuvastatin was equally effective in reducing the relative 
risk of major vascular events across categories of hsTnI and 
BNP. These results are similar to those seen for hsCRP in a 
previously published analysis of all 17 802 JUPITER par-
ticipants.19 In this study, hsTnI appeared to be more closely 
related to the absolute risk of the primary end point than did 
BNP. The absolute benefit of rosuvastatin increased with 
increasing hsTnI level, and the calculated NNT for 5 years 
to prevent 1 primary end point in the highest tertile of hsTnI 
(NNT=18) compares favorably with the estimated NNT for a 
Framingham Risk Score >10% (NNT=20) or the highest ter-
tile of BNP (NNT=27). When the results reported here are 
viewed in the context of previously published analyses of the 
NNT in JUPITER, hsTnI appears as useful as other accepted 
markers of high absolute risk such as advanced age, a history 
of hypertension, or low high-density lipoprotein cholesterol 
in helping to identify a group of patients with an NNT <20.20 
This number compares favorably with other interventions in 
primary prevention populations such β-blockers or diuret-
ics for hypertension or aspirin.20–23 The absolute risk reduc-
tions observed with statin therapy in secondary prevention 
populations, however, are more substantial.24 For example, the 
NNT for only 1 year in the Cholesterol and Recurrent Events 
(CARE) trial, a secondary prevention trial of pravastatin 40 
mg in patients with prior MI and LDL between 115 and 174 
ng/L, was 33 (95% CI, 20–99).24,25

We were unable to determine whether rosuvastatin therapy 
altered circulating hsTnI or BNP concentrations because of a 
lack of follow-up blood samples. However, secondary analy-
ses of the Controlled Rosuvastatin Multinational Trial in HF 
(CORONA) study reported no difference in high-sensitivity 
cardiac troponin T concentrations after 3 months of rosuvas-
tatin 10 mg/d.26

We observed similarly robust associations between base-
line BNP concentrations and the occurrence of major vascu-
lar events. Both cardiac troponin and BNP appear to provide 
independent information on future cardiovascular risk in 
JUPITER, observations that are consistent with those from 
other primary prevention cohorts that have measured both car-
diac troponin and natriuretic peptides.3,4,27

The cause for the ongoing troponin release in otherwise 
stable individuals is incompletely understood. Age, male sex, 
black race, renal function, diabetes mellitus, hypertension, left 
ventricular hypertrophy, and a history of heart failure have all 
been reported as determinants of circulating cardiac troponin 
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T concentrations,2–4,6 and data from a secondary prevention 
cohort suggest that the determinants of cardiac troponin T 
and TnI are similar.18 In the Apixaban for Reduction in Stroke 
and other Thromboembolic Events in Atrial Fibrillation 
(ARISTOTLE) data, the determinants of hsTnI concentra-
tion were similar to those reported for cardiac troponin T 
but also included permanent or persistent atrial fibrillation.17 
The mechanisms of troponin release in patients enrolled in 
JUPITER and other stable patients are likely to represent a 
combination of a number of different pathophysiological 
processes, including myocardial cell necrosis, apoptosis, 
hemodynamic stress, and metabolic abnormalities. Some 
have proposed increased rates of myocardial cell turnover or 
changes in cell wall permeability.28,29

Strengths of our study include the relatively large sample 
size of individuals without known pre-existing vascular dis-
ease, its prospective nature, the number of women, and the 
random allocation of statin therapy in the parent trial. These 
strengths, plus the relatively large number of vascular events 
and deaths, allow the estimation of the association of each 
hsTnI and BNP with adverse outcome and the assessment 
of whether statin therapy alters that relationship. Limitations 
include the fact that participants were followed up for a median 
of 2 years (maximum, 5 years), so the longer-term implica-
tions of hsTnI and BNP concentrations cannot be determined 
in this cohort. In addition, although we had adequate plasma 
for the hsTnI assay, the lack of adequate plasma for BNP 
means that many participants have no BNP value or have a 
value that is below the limit of detection in a diluted sample.

Conclusions
In this population of patients with normal LDL cholesterol 
concentrations and no known pre-existing cardiovascular 
disease, cardiac TnI can be detected in 92% and exceeds sex-
specific reference limits in 3% of participants. We observed a 
statistically robust relationship between baseline measures of 
myocardial injury (cardiac TnI) and myocardial strain (BNP) 
and the risk of a vascular events, as well as death, in the entire 
cohort and in a variety of high- and low-risk patient subgroups. 
The benefits of rosuvastatin compared with placebo were sub-
stantial and consistent regardless of baseline hsTnI or BNP 
concentrations. Cardiac TnI appeared to be able to identify 
individuals at particularly high absolute risk of vascular events, 
a group among whom rosuvastatin offered a substantial reduc-
tion in the absolute risk of these clinically important events.
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CLINICAL PERSPECTIVE
Circulating concentrations of cardiac troponin and B-type natriuretic peptide (BNP) as markers of myocardial necrosis and 
strain, respectively, have shown strong, consistent associations with adverse cardiovascular outcomes, including myocardial 
infarction, stroke, and cardiovascular death. Little is known about therapies that might improve outcomes for patients with 
cardiac troponin or BNP concentrations that place them at increased cardiovascular risk. In this study, we sought to deter-
mine whether statin therapy might be particularly effective in patients with higher concentrations of either cardiac biomarker. 
We measured cardiac troponin I with a novel, high-sensitivity assay (hsTnI) and BNP in 12 956 men and women enrolled 
in the Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) trial, a 
randomized, double-blind, placebo-controlled trial of rosuvastatin 20 mg/d in patients without pre-existing cardiovascular 
disease. Patients with either hsTnI or BNP concentrations in the highest tertile were at approximately double the risk of a first 
major vascular event, even after adjustment for a wide variety of cardiovascular risk factors. This relationship was consistent 
across a broad array of high- and low-risk subgroups and was also seen for all-cause mortality. The effects of rosuvastatin 
were substantial and were consistent across baseline hsTnI or BNP concentrations, with a 40% to 50% reduction in the risk 
of a major vascular event for all participants. Because hsTnI appeared to identify individuals at high absolute risk of vascular 
events, rosuvastatin use in participants with higher hsTnI concentrations led to a substantial reduction in the absolute risk of 
these clinically important events.


