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Abstract

Background—Growth differentiation factor 15 (GDF-15) is produced by cardiomyocytes and
atherosclerotic lesions under stress conditions. Although higher circulating GDF-15
concentrations are associated with mortality across a spectrum of cardiovascular conditions, the
relationship of GDF-15 with atherosclerosis and mortality in the general population remains
undefined.

Methods—We measured plasma GDF-15 in 3219 participants of the Dallas Heart Study, a
population sample of adults ages 30-65 years (55% women, 49% black). GDF-15 was analyzed in
prespecified categories (<1200; 1200-1799; and =1800 ng/L) and continuously. End points
included prevalent coronary artery calcium (CAC >10 Agatston units), increased CAC (CAC =100
Agatston units) by electron beam computed tomography, and mortality through a median 7.3 years
of follow-up (120 deaths, 48 cardiovascular deaths).

Results—Increasing GDF-15 associated with older age, black race, hypertension, diabetes,
smoking, left ventricular (LV) mass/body surface area, and worse renal function (P < 0.0001 for
each). In multivariable models adjusted for traditional risk factors, renal function, and LV mass/
body surface area, GDF-15 =1800 ng/L was associated with CAC >10 (odds ratio 2.1; 95% ClI
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1.2-3.7; P=0.01), CAC =100 (odds ratio 2.6; 95% CI 1.4-4.9; P = 0.002), all-cause mortality
(hazard ratio 3.5; 95% CI 2.1-5.9, P < 0.0001), and cardiovascular mortality (hazard ratio 2.5;
95% CI 1.1-5.8, P = 0.03). Adding log GDF-15 to fully adjusted models modestly improved the ¢
statistic (P = 0.025), the integrated discrimination index (0.028; P < 0.0001) and the category-less
net reclassification index (0.42; P = 0.002). These findings remained significant with further
adjustment for high-sensitivity C-reactive protein, N-terminal pro—B-type natriuretic peptide, and
cardiac troponin T.

Conclusions—GDF-15 is independently associated with subclinical coronary atherosclerosis
and mortality, and its potential role for risk stratification in the general population merits further
evaluation.

Methods

Growth differentiation factor 15 (GDF-15),> a member of the transforming growth factor
superfamily, is produced and secreted by cardiomyocytes, activated macrophages (1, 2),
endothelial cells (3), vascular smooth muscle cells (4), and adipocytes (5). In ex vivo and in
vivo murine models, as well as human cardiomyocytes, GDF-15 is upregulated and actively
secreted from areas of myocardial infarction and ischemia and, via presumed paracrine
effects, reduces infarct size, apoptosis, and hypertrophy (2, 6).

In humans, circulating GDF-15 robustly associates with mortality across a spectrum of
cardiovascular disease states including chest pain, acute coronary syndromes, stable
coronary heart disease (CHD), and heart failure (7-12). Given the consistency of these
associations across multiple cardiovascular disease phenotypes, GDF-15 has emerged as a
promising novel biomarker for risk assessment (13, 14). To date, however, few data are
available evaluating the prognostic utility of GDF-15 in the general population; its potential
utility for cardiovascular risk assessment among low-risk individuals without established
cardiovascular disease remains unclear.

We assessed associations between plasma concentrations of GDF-15 and subclinical
coronary atherosclerosis and mortality in the Dallas Heart Study (DHS), a probability-based
population sample of ethnically diverse adults.

Study Population

The Dallas Heart Study is a probability-based sample of 6101 Dallas County residents ages
18-65 years, with intentional oversampling of self-identified African Americans (15). Data
collection occurred during 3 visits from 2000 to 2002. Visit 1 (n = 6101) entailed in-home
collection of demographic and survey information along with blood pressure and
anthropometric measurements for all participants. A subset of participants from visit 1
between the ages of 30 and 65 years received a second in-home visit (n = 3398) for the
collection of blood and urine samples. A final study visit was conducted at the University of
Texas Southwestern Medical Center at Dallas among participants completing visit 2 (n =
2971), where detailed cardiac and clinical phenotyping was performed. Demographics,
medical history, blood pressure, and body composition were similar between participants
completing visits 1 and 2, and standard laboratory values did not differ significantly between
those completing visits 2 and 3 (15). The present study is based on the 3291 participants

SNonstandard abbreviations: GDF-15, growth differentiation factor 15; CHD, coronary heart disease; DHS, Dallas Heart Study; CVD,
cardiovascular disease; MI, myocardial infarction; CHF, congestive heart failure; EBCT, electron beam computed tomography; eGFR,
estimated glomerular filtration rate; CAC, coronary artery calcium; LV, left ventricular; LVEF, LV ejection fraction; ICD-10,
International Classification of Diseases, Revision 10; hsCRP, high-sensitivity C-reactive protein; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; cTnT, cardiac troponin T; CKD, chronic kidney disease; IDI, integrated discrimination index; NRI, net
reclassification index; IQR, interquartile ran= HR, hazard ratio; GRACE, Global Registry of Acute Coronary Events.
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from the DHS ages 30-65 years with GDF-15 measurements, of whom 2564 underwent
coronary artery calcium scans and 2596 underwent cardiac MRI. This study was approved
by the Institutional Review Board of the University of Texas Southwestern Medical Center
and was conducted in accordance with institutional guidelines. All participants provided
written informed consent.

Study Definitions

Demographic information, anthropometric measurements, and other variable definitions
have been described in detail (15). Hypercholesterolemia was defined as a calculated LDL
cholesterol 2160 mg/dL (=4.14 mmol/L) on a fasting sample, direct LDL cholesterol >160
mg/dL (=4.14 mmol/L) on a nonfasting sample, total cholesterol >240 mg/dL (=6.21 mmol/
L), or use of statin medication. Low HDL cholesterol was defined as HDL cholesterol <40
mg/dL (<1.03 mmol/L) in men and <50 mg/dL (<1.29 mmol/L) in women. Hypertension
was defined as average systolic blood pressure >140 mmHg, diastolic blood pressure =90
mmHg, or use of antihypertensive medication. Diabetes was defined as a fasting glucose
level 2126 mg/dL (>7.0 mmol/L), nonfasting glucose >200 mg/dL (>11.1 mmol/L), or self-
reported diabetes coupled with the use of any glucose-lowering medication. History of
cardiovascular disease (CVD) was defined as a self-reported history of myocardial infarction
(M), congestive heart failure (CHF), or stroke or evidence of coronary revascularization on
electron beam computed tomography (EBCT). We calculated the estimated glomerular
filtration rate (eGFR) using the abbreviated Modification of Diet and Renal Disease
calculation, where eGFR [mL - min~1 - (1.73 m2)71] = 186 x (S in mg/dL)}154 x (age in
years) ~0-203 x 0,742 (if female) x 1.21 (if African American), where S is serum creatinine
concentration. eGFR was categorized into 5 clinically driven categories as defined by the
National Kidney Foundation clinical practice guidelines: stage | (normal) [eGFR =90 mL -
min~1 . (1.73 m2)71], stage 11 (reduced GFR) [60 < eGFR <90 mL - min~1. (1.73 m?)71],
stage 111 [30 < eGFR <60 mL - min~1 - (1.73 m?)71], stage IV [15 < eGFR <30 mL - min~1.
(1.73 m?)71], and stage V [eGFR <15mL - min~1 - (1.73 m2)~1 or on dialysis].

Imaging and Mortality End Points

We measured coronary artery calcium (CAC) twice by EBCT and averaged the results, with
prevalent CAC defined by an average score of >10 Agatston units, a data-derived threshold
determined to maximize signal-to-noise ratio, as described (16).

The MRI protocol to assess cardiac structure and function has been described (17). We
obtained short-axis breath-hold, electrocardiographic-gated cine 1.5 Tesla MR images from
the apex to the base of the left ventricle and used MASS (Medis Medical Imaging Systems)
software to analyze the data. Endocardial and epicardial borders were traced manually,
allowing calculation of ventricular volumes. Left ventricular (LV) mass, wall thickness, and
ejection fraction (LVEF) were calculated as described (17). LV mass was indexed to body
surface area.

We ascertained all-cause and cardiovascular mortality using National Death Index data
through December 31, 2008 [median follow-up time 7.3 (IQR 7.0-7.8) years].
Cardiovascular death was defined using International Classification of Diseases, Revision
10 (ICD-10) codes 100-199 (18).

Measurement of GDF-15 and Other Biomarkers

Venous blood was collected in standard blood collection tubes containing citrate EDTA, and
samples were maintained at 4 °C for <4 h and then centrifuged (1430gfor 15 min) at 4 °C.
Plasma was then removed and frozen at —80 °C until assays were performed. We measured
GDF-15 from thawed frozen plasma at Alere San Diego, Inc., using a proprietary sandwich
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platform (minimum detection limit 10 ng/L, maximum cutoff 7500 ng/L, within-assay CV
6%, interassay CV 9%). Assays were performed by individuals blinded to all clinical data.
Samples had been thawed once for aliquoting before biomarker measurement. As previously
described, we measured high-sensitivity C-reactive protein (hsCRP) (19) and N-terminal
pro—B-type natriuretic peptide (NT-proBNP) (20) using standard commercial assays (Roche
Diagnostics), and cardiac troponin T (cTnT) with a new highly sensitive assay
(Elecsys-2010 Troponin T hs STAT, Roche Diagnostics) (21).

Statistical Analysis

All analyses were based on the 3291 participants with available GDF-15 measurements. We
analyzed GDF-15 primarily as a categorical variable based on prior published cut points:
<1200 ng/L; 1200-1799 ng/L, and =1800 ng/L (10, 22). By way of sensitivity analyses, we
also analyzed GDF-15 as a log-transformed continuous covariate in all models. We used
age-adjusted Spearman correlations to assess univariable associations between GDF-15 and
continuous cardiovascular risk factors and biomarkers. All models assessing associations
between GDF-15 and CAC and mortality end points were adjusted for age, sex, race,
hypertension, diabetes, current smoking, hypercholesterolemia (including statin use), low
HDL cholesterol, body mass index (BMI), chronic kidney disease (CKD) stages, LV mass/
body surface area, and history of CVVD. Sensitivity analyses were conducted for all models
excluding participants with a history of CVD. Serial adjustments were made for hsCRP
>75th percentile, NT-proBNP >75th percentile, and cTnT >75th percentile (all subjects with
detectable cTnT with the highly sensitive assay). For models using log GDF-15 as a
continuous variable, we also analyzed eGFR, log hsCRP, log NT-proBNP, and quintiles of
cTnT (21) as continuous variables. We performed univariable and multivariable logistic
regression analyses to assess associations of GDF-15 with prevalent CAC (score >10) and
increased CAC (score =100) (23). We used multivariable Cox proportional hazards models
to assess associations of GDF-15 with all-cause death. Proportional hazards assumptions
were met for all models.

We analyzed the additional contribution of log GDF-15 beyond traditional risk factors in
predicting all-cause death using multiple metrics of biomarker performance, including
discrimination (c statistic), calibration (Hosmer-Lemeshow), and reclassification [integrated
discrimination index (IDI) and net reclassification index (NRI)]. All models included the
following risk factors: age, sex, race, hypertension, diabetes, current smoking,
hypercholesterolemia, low HDL cholesterol, BMI, eGFR, LV mass/body surface area, and
history of CVD. We also assessed incremental performance of log GDF-15 after serial
inclusion of log hsCRP, log NT-proBNP, and quintiles of cTnT. We calculated time-
dependent c statistics from Cox proportional hazards models using the Chambless c statistic
(24, 25), which directly incorporates survival function estimates. Improved discrimination is
reflected in higher c statistics. The IDI is a continuous measure of reclassification and
reflects the difference in discrimination slopes between 2 models, with positive values
reflecting improved discrimination. Time-dependent IDI was derived from Cox proportional
hazards models as described by Pencina et al. (26). Calibration of time-dependent models
was assessed using a modified Hosmer—Lemeshow x? statistic (27), with higher P values
indicating better calibrated models. Because there were no established thresholds of
predicting all-cause death, we calculated a category-less NRI from time-dependent models
(28). In addition, we used the Wald x2 values for each covariate derived from fully adjusted
Cox proportional hazards models for all-cause mortality to assess the contribution of
GDF-15 and other markers to model performance. All statistical analyses were performed
using SAS Version 9.2. For all statistical testing, 2-sided P values were reported, and a P
value <0.05 was considered statistically significant without correction for multiple
comparisons.

Clin Chem. Author manuscript; available in PMC 2014 February 17.
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The median [25th, 75th percentile] plasma concentration of GDF-15 in all participants was
670 ng/L [490, 930], and in those without prevalent CVD, was 650 ng/L [479, 889].
Previously reported GDF-15 cut points (10, 22) of 1200 ng/L corresponded to the 89th
percentile and 1800 ng/L the 96.3th percentile in participants without CVD. In unadjusted
analyses, increasing categories of GDF-15 associated with increasing age, black race,
hypertension, diabetes, smoking, and LV mass/body surface area and were inversely
associated with renal function and LDL cholesterol (Table 1). GDF-15 concentrations did
not associate with sex, BMI, or other anthropometric measures. Age was the most strongly
correlated continuous variable with increasing GDF-15 (p = 0.42, P < 0.0001), followed by
NT-proBNP, ¢cTnT, LV mass, and hsCRP (P < 0.0001 for all) (Table 2). LDL cholesterol,
total cholesterol, and estimated GFR were inversely correlated with GDF-15 (P < 0.0001 for
all) (Table 2).

Association of GDF-15 with Prevalent CAC

In unadjusted analyses, both prevalent CAC and CAC =100 increased significantly across
GDF-15 categories (Pyeng <0.0001 for both) (Fig. 1). These associations persisted in fully
adjusted analyses (odds ratio for GDF =1800 ng/L: CAC =10, 2.1, 95% Cl 1.2-3.7, P =
0.01; CAC =100, 2.6, 95% CI 1.4-4.9, P = 0.002). Analyzing GDF-15 as a continuous
variable confirmed significant associations with prevalent CAC and CAC =100 (see
Supplemental Fig. 1, which accompanies the online version of this article at http://
www.clinchem.org/content/vol58/issuel).

Association of GDF-15 with Mortality

Over a median follow-up of 7.3 years [interquartile range (IQR) 7.0-7.8], there were 120
total deaths and 48 cardiovascular deaths. All-cause mortality was 3.2% in the lowest
GDF-15 category (<1200 ng/L, n = 2846), 9.8% in the intermediate category (1200-1799
ng/L, n = 295), and 26.0% in the highest category (=1800 ng/L, n = 150) (log-rank P <
0.0001) (Fig. 2A). Similar associations were seen for cardiovascular mortality (Fig. 2B). In
Cox proportional hazards models adjusting for age, sex, race, hypertension, diabetes, current
smoking, hypercholesterolemia, low HDL cholesterol, BMI, CKD stage, LV mass/body
surface area, and history of CVD (base model), participants with GDF-15 concentrations
>1800 ng/L were at increased risk for all-cause [hazard ratio (HR) 3.5, 95% Cl 2.1-5.9, P <
0.0001] and cardiovascular (HR 2.5, 95% CI 1.1 -5.8, P = 0.03) death compared to those
with <1200 ng/L (Fig. 2). Further adjustment for hsCRP, NT-proBNP, and cTnT only
modestly attenuated the associations with all-cause mortality (HR 3.0, 95% CI 1.7 -5.1, P <
0.0001) and cardiovascular death (HR 1.9, 95% C1 0.8-4.8, P = 0.1). When analyzed as a
continuous variable, log GDF-15 was associated independently with all-cause (HR per 1 log
unit increase 2.4, 95% CI 1.7-3.4, P < 0.0001) and cardiovascular (HR 1.8, 95%CI 1.1-3.2,
P = 0.03) death (see online Supplemental Fig. 1). Use of continuous forms of risk factors,
including total cholesterol, HDL cholesterol, systolic blood pressure, and eGFR, did not
significantly alter the associations. Exclusion of participants with a history of CVD yielded
qualitatively similar results (Fig. 3 and online Supplemental Fig. 1).

For all-cause death, addition of log GDF-15 to the base model consisting of the covariates
listed above significantly improved the c statistic (from 0.822 to 0.839; P = 0.025), the time-
dependent IDI (0.028; P < 0.0001), and the category-less NRI (0.42; P = 0.002) (Table 3).
Moreover, when added to the base model, log GDF-15 had the highest Wald x2 value of any
of the variables (see online Supplemental Fig. 2). When log GDF-15 was added to a model
that contained hsCRP, NT-proBNP, and cTnT in addition to the base model, log GDF-15 did
not significantly improve the c statistic but did improve the IDI (0.01; P = 0.01) and NRI

Clin Chem. Author manuscript; available in PMC 2014 February 17.
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(0.29; P =0.01) (Table 3). Model calibration for all-cause death improved when log GDF-15
was added to a model containing hsCRP, NT-proBNP, and cTnT (Hosmer—Lemeshow P
value increase from 0.18 to 0.50).

Discussion

In a multiethnic cohort of middle-aged adults in the general population, we found that
increasing plasma concentrations of GDF-15 were associated with a number of CHD risk
factors, prevalent subclinical coronary atherosclerosis, and subsequent all-cause and
cardiovascular death. Prior reports have established associations of GDF-15 with mortality
in older cohorts free of CHD (29), as well as patients with stable CHD (30), acute coronary
syndromes (7, 9, 10, 30), and CHF (8). In this report, we extend the associations between
GDF-15 and cardiovascular risk, subclinical atherosclerosis, and cardiovascular and all-
cause mortality risk to a younger, multiethnic cohort that is representative of the general
population.

GDF-15 Regulation

GDF-15 is a member of the transforming growth factor superfamily and is secreted from
activated macrophages by stimulation from proinflammatory cytokines (1), as well as from
human endothelial cells (3), human vascular smooth muscle cells (4), and human adipocytes
(5). It is therefore plausible that circulating concentrations would be increased in individuals
with atherosclerosis, a chronic inflammatory condition involving macrophage accumulation
in lipid-laden arterial plaques (31). In support of this hypothesis, GDF-15 expression
increases in human atherosclerotic carotid artery specimens in response to oxidized LDL
(32). Whether GDF-15 contributes directly to atherosclerosis development has not been
established. The absence of induction of GDF-15 in macrophages after direct stimulation by
lipopolysaccharide suggests a possible counter-regulatory effect of GDF-15 rather than a
primary effect on macrophage activation (1). Infusion of re-combinant GDF-15 into
infarcted myocardium suppresses the inflammatory response, also suggesting a
counterregulatory cytokine role (33). GDF-15 has also been found to be secreted from
myocardial tissue in response to ischemia and reperfusion in murine models and is expressed
in infarcted human myocardium (2, 6), further supporting its role as a potential
cardiovascular biomarker.

GDF-15 and Cardiovascular Risk Factors

Prior reports of associations between circulating GDF-15 and cardiovascular disease have
largely been restricted to elderly individuals (22) or those with chronic or acute
cardiovascular disease (7-10, 30), and all have been performed in predominantly male
Europeans with normal orborderline BMI. One exception is a small nested case-control
study from the Women's Health Study (34). In those previous studies, increasing GDF-15
has been consistently associated with increasing age, diabetes, renal dysfunction, and
inflammatory markers such as CRP, consistent with our findings in a younger population
free of cardiovascular disease. Reported associations between GDF-15 and BMI, smoking,
hypertension, and NT-proBNP have been less consistent. In our younger multiethnic study
cohort of mostly overweight to obese individuals, 55% of whom were women, increasing
GDF-15 was significantly correlated with black race, smoking, hypertension, and increasing
NT-proBNP concentrations, but there were no associations with BMI and no differences by
sex.

GDF-15, CVD, and Mortality

In a nested case-control analysis within the Women's Health Study, GDF-15 concentrations
measured by a murine monoclonal antibody were associated with nonfatal MI and stroke in
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healthy women (median age 60), with levels above the 90th percentile associated with a 2.7-
fold increased risk after adjustment for other risk factors (34). In our population-based study
of younger men and women, increasing GDF-15 concentrations were associated with
prevalent CAC and increased CAC (=100). Our findings extend the only prior reported
associations between GDF-15 and atherosclerosis in humans, which demonstrated an
association between GDF-15 and extent of coronary disease in patients presenting with
acute coronary syndromes (35) and between GDF-15 and carotid plaque in elderly
individuals (36). Interestingly, although there was only a weak age-adjusted correlation
between LDL cholesterol and GDF-15, the correlation was inverse despite increased CAC
and other CVD risk factors with increasing GDF-15 concentrations, a finding also seen by
another study in older community dwellers (29).

GDF-15 has been evaluated previously in several high-risk populations with ischemic heart
disease, including patients with ST-elevation Ml (7, 9), non-ST-elevation Ml (10), and
stable CHD (30). In these patient populations, increasing concentrations of GDF-15 were
associated with total and cardiovascular mortality but inconsistently with nonfatal Ml. In
these first studies, a threshold of 1200 ng/L was derived as the upper limit of normal (90th
percentile) in healthy elderly European men and women, and also represented the lower
tertile boundary in a trial of patients presenting with acute coronary syndromes (10). A
threshold of 1800 ng/L represented the upper tertile boundary in this same high-risk
population and was associated with increased mortality risk (10). ROC curve analyses
within the same cohorts confirmed the rounded value of 1800 ng/L as the optimal
concentration for prediction of 1-year mortality in patients presenting with acute coronary
syndromes, and subsequent studies have validated the 1800 ng/L threshold for increased
mortality risk (35). These associations with mortality have been extended to a stable CHF
population (8) and patients presenting with chest pain without MI (11) and have been
replicated by an independent group in a European post-MI sample (9) as well as in older
community dwellers (29). Furthermore, these consistent associations with mortality are
independent of levels of myocardial necrosis markers and natriuretic peptides. In our much
younger population-based study cohort, we report similar associations between increasing
GDF-15 concentrations and all-cause and cardiovascular mortality, with up to a 3-fold
increased risk of all-cause mortality in those with baseline GDF-15 =1800 ng/L compared to
those with < 1200 ng/L after adjusting for traditional risk factors as well as hsCRP, NT-
proBNP, and cTnT. These associations with all-cause mortality persisted when participants
with a history of CVD were excluded.

Most prior human studies of GDF-15 and CVD have been performed by a single
investigative group using an assay developed in their laboratory (22). It is thus encouraging
that our independent findings using a different assay are similarly robust. The median
concentration of GDF-15 in the DHS (650 ng/L) was similar to the range previously
reported for healthy participants <60 years old (circa 675 ng/L) using another assay (22).
Similar to observations in high-risk populations, most of the increased mortality risk in the
DHS cohort occurred in the group with baseline GDF-15 =1800 ng/L, with a 26% incidence
of death over a median follow-up of 7.3 years, a risk 8-fold higher than among those with
GDF-15 <1200 ng/L, and remarkable given the overall low risk of the cohort.

Despite consistent associations between increased GDF-15 and mortality risk across the
spectrum of baseline cardiovascular risk, the clinical utility of GDF-15 measurement to
further refine cardiovascular risk and dictate treatment strategies has not been well studied
(14). In the AtheroGene registry, addition of GDF-15 to risk factors improved the c statistic,
a measure of discrimination, for CHD mortality in patients with stable angina (CHD) but not
in patients with acute coronary syndromes (30). In patients presenting with chest pain, the
addition of GDF-15 to the Global Registry of Acute Coronary Events (GRACE) score, a
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validated risk assessment tool for mortality in acute coronary syndromes, yielded significant
improvement in the c statistic as well as the IDI (11). In our population-based cohort,
addition of GDF-15 to standard CVD risk factors resulted in modest but significant
improvements in the c statistic (discrimination) as well as reclassification, as measured by
the IDI and NRI for all-cause death. Compared to the Rancho Bernardo study of older
participants (mean age 70) (29), the category-less NRI for log GDF-15 in our younger
population (mean age 44) was higher (0.42 vs 0.30) (28), suggesting that the clinical utility
of GDF-15 may be greater in younger populations.

The consistent improvement in risk prediction for all-cause mortality with the addition of
GDF-15 was maintained despite adjustment for LV mass as measured by cardiac MR,
further supporting that GDF-15 adds prognostic information independent of not only
standard cardiovascular risk factors but also structural heart disease. This is the first study to
report a significant association between GDF-15 concentrations and subclinical coronary
atherosclerosis (CAC) as well as the first to report associations with mortality independent
of a newer, highly-sensitive cTnT assay that detected circulating troponin T in almost all
individuals with existing CHD (37) and in 25% of our population-based sample (21). When
the findings from multiple risk prediction metrics are considered together, we conclude that
GDF-15 provides modest but significant clinical utility for predicting all-cause death in our
population-based sample. Measuring GDF-15 in cohorts with longer follow-up periods
assessing clinically relevant nonfatal cardiovascular events and mortality will allow for
better assessments of the clinical utility of using GDF-15 concentrations in improving
cardiovascular risk prediction in the general population.

The DHS is a relatively young, population-based cohort, and the estimates for mortality in
the present study are based on a relatively small number of total deaths and cardiovascular
deaths, with resulting limited statistical power. Cardiovascular deaths were classified using
ICD-10 codes and are prone to misclassification. Owing to study sampling design, black
participants comprised 50% of the cohort, 60% of the group with GDF-15 21800 ng/L, and
75% of the total deaths. Therefore, caution should be used in extrapolating these findings to
dissimilar populations.

Conclusion

In a multiethnic probability-based cohort representative of the general population,
circulating GDF-15 was independently associated with subclinical coronary atherosclerosis
and all-cause and cardiovascular mortality. The potential utility of GDF-15 measurement for
population screening of cardiovascular risk warrants further evaluation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Prevalent coronary calcium by GDF-15 groups

Adjusted odds ratios calculated for GDF-15 groups compared with GDF-15 <1200 ng/L,
from logistic regression models for CAC >10 and CAC = 100 in the general population and
in those without cardiovascular disease, adjusting for age, sex, hypertension, diabetes,
smoking, hypercholesterolemia, low HDL cholesterol, BMI, black or Hispanic race, eGFR,
and LV mass/body surface area. Model for general population additionally adjusted for
history of cardiovascular disease. CVD, self-reported history of MI, CHF, or stroke or
evidence of median sternotomy or coronary stent on EBCT.
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Fig. 2. GDF-15 groups and mortality in the general population

Unadjusted HR
(95% Cl)
>1800 9.2 (5.8-14.6)
ng/L P <0.0001

1200-1799 3.6 (2.3-5.8)
ng/L P <0.0001

<1200
ng/L

Unadjusted HR
(95% Cl)
21800 8.2(3.9-17.2)
ng/L P<0.0001

1200-1799 3.1 (1.4-6.7)
nglL P=0.004
<1200

ng/L

Page 13

(A), All-cause mortality. (B), Cardiovascular mortality. Unadjusted hazard ratios calculated
for GDF-15 groups compared with GDF-15 <1200 ng/L, from Cox proportional hazards
models for all-cause death (120/2754) and cardiovascular death (48/2754) in the general

population.

Clin Chem. Author manuscript; available in PMC 2014 February 17.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Rohatgi et al.

204

Death (%)

101

Number at risk
<1200 ng/L 2846

1200-1799 ng/L 295
21800 ng/L 150

B 151

-
o

CV death (%)
o

0
0

Number at risk

<1200 ng/L 2427
1200-1799 ng/L 198
21800 ng/L 101

Log-rank P <0.0001

21800
ng/L

Unadjusted HR
(95% ClI)
10.7 (6.1-18.7)
P<0.0001

1200-1799 3.0 (1.5-6.0)

‘/—/_r- s
<1200

———— v ng/L
2 4 6
Years
2827 2800 2771
294 285 217
140 126 18

Log-rank P <0.0001

>1800
ng/L

P=0.001

Unadjusted HR
(95% Cl)
8.9 (3.3-23.9)
P<0.0001

1200-1799 1.6 (0.4-6.9)

ng/L
<1200
v v ng/L
2 4 6
Years
2416 2396 2375
197 193 189
96 91 86

P=0.52

Fig. 3. GDF-15 groups and mortality in those without cardiovascular disease
(A), All-cause mortality. (B), Cardiovascular mortality. Unadjusted hazard ratios calculated
for GDF-15 groups compared with GDF-15 <1200 ng/L, from Cox proportional hazards
models for all-cause death (77/2288) and cardiovascular death (26/2288) in those without

cardiovascular disease.

Clin Chem. Author manuscript; available in PMC 2014 February 17.

Page 14



Rohatgi et al. Page 15

Table 1

Cardiovascular risk factors and biomarkers by GDF-15 categories: general population.2

GDF-15 concentration

1duosnuey Joyiny vd-HIN

1duosnuey Joyiny vd-HIN

Variable <1200 ng/L 1200-1799 ng/L >1800 ng/L P trend
n 2846 295 150

Age 42 (35, 50) 52 (46, 57) 52 (45, 58) <0.0001
Men, % 44 44 53 0.06
Black, % 50 60 63 0.0002
White, % 30 28 17 0.0002
BMI, kg/m? 29.4 (25.6, 34.4) 28.2(24.3,34.8) 30.5(23.9,36.2) 0.21
Hypertension, % 30 53 63 <0.0001
Diabetes, % 9 21 34 <0.0001
Current smoking, % 27 45 40 <0.0001
History of CVD, % 15 33 33 <0.0001
Total cholesterol, mg/dL 177 (154, 203) 175 (151, 201) 166 (143, 191) 0.002
LDL cholesterol, mg/dL 105 (85, 127) 98 (73, 124) 84 (66, 112) <0.0001
HDL cholesterol, mg/dL 47 (40, 57) 47 (39, 61) 48 (40, 59) 0.52
Triglycerides, mg/dL 94 (67, 143) 104 (73, 158) 113 (81, 168) <0.0001
Non-HDL cholesterol, mg/dL 128 (104, 154) 121 (94, 153) 113 (92, 142) <0.0001
Systolic blood pressure, mm HG 121 (111, 133) 128 (116, 143) 129 (116, 148) <0.0001
LV mass/body surface area, g/m? ~ 79.8 (69.8,92.3)  83.2(71.0,100.4)  86.8(74.0,98.4)  <0.0001
LVEF, % 73 (68, 77) 73 (67, 78) 74 (67, 79) 0.55
eGFR, mL- min™ . (1.73 m?)~1 98.6 (85.9,113.4)  89.4(76.9,109)  84.6 (65.4,109.8) <0.0001
hsCRP, g/L 2.7(1.1,6.7) 4.1(1.8,9.4) 4.4(1.4,9.9) <0.0001
NT-proBNP, ng/L 26.7(12.2,54.6) 48.8(25.8,102.5)  60.9(28.2,218)  <0.0001
cTnT, % detectable 24 43 61 <0.0001

wduosnue Joyiny vd-HIN

aData are median (IQR) for continuous variables or % for categorical variables. CVD, self-reported history of MI, CHF, or stroke or evidence of
median sternotomy or coronary stent on EBCT. For conversion of cholesterol and triglycerides concentrations to mmol/L, multiply by 0.2586 and
0.01129, respectively.
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Table 2

Age-adjusted with Spearman correlations GDF-15.

General population (n = 3291)

Without CVD (n = 2726)2

Spearman p P value Spearmanp  Pvalue
NT-proBNP 0.14 <0.0001 0.10 <0.0001
cTnT 0.14 <0.0001 0.10 <0.0001
LDL cholesterol -0.11 <0.0001 -0.11 <0.0001
eGFR -0.10 <0.0001 -0.07 0.0006
LV mass/body surface area  0.09 <0.0001 0.05 0.001
Total cholesterol -0.08 <0.0001 -0.07 0.0002
hsCRP 0.07 <0.0001 0.07 0.0002
Systolic blood pressure 0.05 0.01 0.06 0.006
Triglyceride 0.03 0.08 0.03 0.13
BMI -0.02 0.27 -0.02 0.23
HDL cholesterol -0.01 0.61 0.01 0.68

a . . .
CVD, self-reported history of MI, CHF, or stroke or evidence of median sternotomy or coronary stent on EBCT.
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Table 3

Incremental performance of log GDF-15 for all-cause death from time-dependent models.2

Chambless c statistic IDI Relative IDI NRI

Model 1

Risk factors (RF) 0.822 (0.786-0.858)
Model 2

RF + GDF-15 0.839 (0.805-0.873)P  0.028 (0.015-0.041)P 0.26 0.42 (0.15-0.63)P
Model 3

RF + hsCRP + NT-proBNP + ¢TnT (834 (0.800~0.867)C  0.040 (0.019-0.061)C 0.37 0.25 (0.03-0.43)C
Model 4

Model 3 + GDF-15 0.842 (0.810-0.874)9  0.010 (0.002-0.018)d 0.07 0.29 (0.11-0.47)d

aData are mean (95% CI). All markers (GDF-15, hs-CRP, NT-proBNP, and cTnT) were log-transformed. Chambless c-statistic, time-dependent
IDI, and category-less NRI derived from Cox proportional hazards models for all-cause death. Risk factors included age, sex, hypertension,
diabetes, smoking, hypercholesterolemia, low HDL-C, BMI, black or Hispanic race, eGFR, LV mass/BSA, and history of CVD.

bModel 2 vs model 1: P = 0.025 for Chambless c statistic; P <0.0001 for IDI; P = 0.002 for NRI.

CModeI 3 vs model 1: P = 0.08 for Chambless c statistic; P = 0.0002 for IDI; P = 0.03 for NRI.

dModel 4 vs Model 3: P = 0.12 for Chambless c-statistic; P = 0.01 for IDI; P = 0.01 for NRI.
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