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Abstract
Background—Growth-differentiation factor-15 (GDF-15) is emerging as a prognostic marker in
patients with cardiovascular disease (CVD), but its prognostic value in community-dwelling adults
has not been reported. We hypothesized that GDF-15 would add incremental power for prediction
of mortality in a population of community-dwelling older adults without known heart disease.

Methods and Results—We measured plasma GDF-15, NT-proBNP, and CRP levels in 1391
Rancho Bernardo Study participants, mean age 70, with no history of CVD, and followed them for
a mean of 11 years. In models adjusted for traditional CVD risk factors, GDF-15 was a robust
predictor of all-cause, cardiovascular, and non-cardiovascular mortality. GDF-15 was a stronger
predictor of all-cause mortality than either NT-proBNP or C-reactive protein (hazard ratio [HR]
[95% confidence interval] per standard deviation log10 units 1.5 [1.3–1.8], p<0.0001 for GDF-15,
versus 1.3 [1.2–1.5], p<0.0001 for NT-proBNP; CRP was not a significant predictor). Among
biomarkers considered, only GDF-15 predicted non-cardiovascular death (HR 1.6 [1.4–2.0],
p<0.0001). Growth differentiation factor-15 improved discrimination and modestly but
significantly improved reclassification for all-cause, and noncardiovascular mortality with
borderline improvement for cardiovascular mortality; NT-proBNP significantly improved
reclassification for all-cause and for cardiovascular mortality; C-reactive protein did not improve
reclassification for any end point tested. Participants in the highest quartile of both GDF-15 and
NT-proBNP had an increased risk of death compared to participants with only NT-proBNP
elevated (HR 1.5 [1.1–2.0], p=0.01).

Conclusions—GDF-15 is a strong predictor of all-cause, cardiovascular, and non-
cardiovascular mortality in community-dwelling older individuals, adding incremental value to
traditional risk factors and to NT-proBNP and CRP levels.
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INTRODUCTION
Growth-differentiation factor-15 (GDF-15) is a divergent member of the transforming
growth factor-β cytokine superfamily that was previously called macrophage-inhibitory
cytokine-1 and is expressed by activated macrophages.1, 2 At baseline, GDF-15 is expressed
in most parenchymal tissues only at very low levels;3, 4 the only human organ that expresses
high levels of GDF-15 in healthy conditions is the placenta.5 However, in the presence of
ischemic injury6 or pressure overload,3 mouse models have demonstrated markedly
increased myocardial expression of GDF-15. In humans, GDF-15 is greatly upregulated in
the myocardium in the setting of massive myocardial infarction6; it is also expressed by
atherosclerotic plaques.7 GDF-15 is also overexpressed and prognostic in the setting of a
number of human malignancies,8, 9 where it may enhance tumorigenic activity.10

GDF-15 has previously been shown to add incremental prognostic information to standard
cardiovascular biomarkers and risk factors in patients with acute coronary syndromes and
with chronic heart failure.11–13 A community-based cross-sectional study of 70-year-old
Swedish adults found that GDF-15 levels are associated with endothelial dysfunction,
carotid plaque burden, left ventricular hypertrophy, left ventricular systolic dysfunction, and
prevalent cardiovascular disease (CVD), independent of traditional cardiovascular risk
factors.14 In addition, a nested case-control study of healthy elderly women from the
Women’s Health Study documented an increased 4-year risk of cardiovascular events
associated with higher levels of GDF-15.15 To our knowledge, the long-term prognostic
value of GDF-15 levels in the community has not been reported. We hypothesized that
GDF-15 is an independent marker of increased mortality risk among relatively healthy
community-dwelling older adults. We also sought to define the correlates of GDF-15 levels
and to evaluate the potential usefulness of GDF-15 levels to improve risk stratification.

METHODS
Study Population

The Rancho Bernardo Study is a prospective, population-based study of the epidemiology of
cardiovascular and other chronic diseases in older adults. Between 1972 and 1974, all adult
residents ages 30 to 79 of Rancho Bernardo, a community in Southern California, were
invited to participate in a study of heart disease risk factors; 82% (n=5,052) enrolled. Nearly
all were Caucasian, middle to upper class, and relatively well-educated. In 1992–1996, 1781
of the surviving, locally resident participants attended a follow-up study visit. Of the 1740
(98%) who had sufficient blood banked for measurement of GDF-15, 1391 participants
(80%) had no history of CVD at the time of this study visit, and are the focus of the present
analyses. Prevalent CVD at baseline was defined as a history of physician-diagnosed
myocardial infarction, coronary revascularization, stroke, transient ischemic attack, or
peripheral arterial disease. As echocardiograms were not available, individuals with heart
failure but no other prevalent CVD (e.g. dilated cardiomyopathy) were included in analyses.
Since the primary focus was on CVD, we also did not exclude participants with a history of
malignancy. Four participants had no follow-up and were not included in outcomes
analyses. All participants provided written informed consent; the study protocol was
approved by the human research protection program at the University of California at San
Diego.
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Data Collection
Baseline data for these analyses were collected at the 1992–1996 research clinic visit and
included demographics, medical history (including history of cardiovascular events and
revascularization procedures), and lifestyle information. Medical histories and information
on physical activity (exercise 3+ times per week, yes/no), alcohol consumption (1+drinks
per day versus less or none), and current smoking (yes/no) were obtained using standard
questionnaires developed by the Rancho Bernardo Research Group. Current medication use
was validated by examination of pills and prescriptions brought to the clinic for that
purpose. Blood pressure was measured in seated, resting participants using the Hypertension
Detection and Follow-up Program protocol;16 the mean of two readings was used in
analyses. Height and weight were measured in the clinic with participants wearing light
clothing and no shoes, and body mass index (BMI; kg/m2) was calculated. Diabetes mellitus
was defined as a fasting morning plasma glucose level ≥126 mg/dl, reported physician
diagnosis, or use of diabetes-specific medication. Hypertension was defined as reported
physician diagnosis, use of anti-hypertensive medication, or resting blood pressure ≥140
mmHg systolic or 90 mmHg diastolic. Estimated creatinine clearance (CrCl) was calculated
using the Cockroft-Gault formula [CrCl (ml/min) = weight(kg)*(140-age)/(creatinine (mg/
dl)*72)*0.85(if female)].17, 18 Participants were followed with periodic clinic visits and
annual mailed questionnaires through July 30, 2009.

Definition of Endpoints
The primary outcome, all-cause mortality, was selected based on the well-known uncertainty
of cause of death in the elderly. Pre-specified secondary endpoints were fatal CVD and non-
cardiovascular death. Post-hoc exploratory analyses included neoplastic death, and the
combined endpoint of coronary revascularization (percutaneous coronary intervention or
coronary artery bypass graft surgery), myocardial infarction, or CVD death. Death
certificates were obtained for decedents and coded by a certified nosologist using the
International Classification of Disease–9th Revision criteria. CVD death included deaths
assigned codes 390–459. Neoplastic death included deaths assigned codes 140–239.

Laboratory Methods
Serum and plasma were separated from fasting blood samples, and stored frozen at −70°C.
Total cholesterol and triglyceride levels were measured using an ABA-200 Biochromatic
Analyzer (Abbott Laboratories, Irving, Texas). High-density lipoprotein (HDL) was
measured after precipitation of other lipoproteins with heparin and manganese chloride.
Low-density lipoprotein (LDL) was estimated using the Friedewald formula.19 NT-proBNP
was measured in 2010 using the Elecsys® proBNP sandwich immunoassay (measurable
range 5–35,000 pg/ml; Roche Diagnostics, Indianapolis, Indiana) in EDTA plasma that had
been stored at −70°C. Three of the 1391 participants did not have sufficient plasma for NT-
proBNP measurement. Also in 2010, GDF-15 was measured using a Luminex platform with
a sandwich immunoassay (measureable range 2–10,000 ng/L, limit of detection 2 ng/L, limit
of quantification 11 ng/L, Alere Inc., Waltham, MA) in EDTA plasma. Intra-assay CV was
7%, and inter-assay CV was 10% at a GDF-15 level of 1,950 ng/L. CRP was also measured
on the Luminex platform with a competitive immunoassay (measureable range 0.004–
10.000 mg/dL; intra-assay CV 7%, inter-assay CV 10%).

Statistical Analysis
Continuous variables are presented as means±standard deviation; most laboratory values
were not normally distributed, and are presented as medians (quartile 1–quartile 3).
Dichotomous variables are presented as percentages. For prospective analyses, the 1391
participants without a history of CVD were divided into quartiles of GDF-15 levels. Trends
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in differences in baseline levels of risk factors and clinical characteristics by GDF-15
quartile were analyzed with ANOVA with linear trend for normally distributed variables,
with Jonckheere-Terpstra tests for skewed variables, and with logistic regression for
nominal variables.

Single-predictor associations between the clinical variables listed in Table 1 and logGDF-15
levels were determined by linear regression analysis. Backward multivariable regression
analysis including variables with significant individual associations was used to determine
which covariates were independently associated with logGDF-15 levels; repeating the
analysis with forward regression analysis yielded identical results.

Kaplan Meier cumulative incidence plots were constructed to compare risk of death by
quartile of GDF-15, using the methods of Prentice et al to account for the presence of
competing risks;20 the log-rank test was used to compare survival across groups. Cox
proportional hazards regression models were used to determine the association of GDF-15
quartiles with each endpoint. Missing datapoints (<0.01% of data) were mean substituted.
Model 1 adjusted for age and sex. Model 2 additionally adjusted for traditional
cardiovascular risk factors, including categorically defined diabetes, hypertension, and
current smoking, plus continuously defined systolic blood pressure, total cholesterol, and
HDL. Model 3, the fully adjusted model, additionally adjusted for CrCl and BMI. Receiver-
operator characteristic (ROC) curves were constructed and areas under the ROC curves (C-
statistic) were calculated using a method adapted for survival models, to evaluate the
incremental benefit of logGDF-15, when combined with the fully adjusted model, for
predicting all-cause mortality.21

Model calibration was assessed using a Hosmer-Lemeshow test modified for use with Cox
proportional hazards models.22 Likelihood ratio tests were used to assess whether global
model fit improved with the addition of logGDF-15 to the fully adjusted models. Integrated
discrimination improvement (IDI) and net reclassification improvement (NRI) for the
addition of logGDF-15 to the fully adjusted models were calculated according to the
methods of Pencina et al.23 Cause-specific cut-points of <10%, 10–30%, and >30% for all-
cause mortality, and by tertiles of risk for both CVD mortality (<2%, 2–9%, >9%) and non-
CVD mortality (<5%, 5–16%, >16%), were chosen to define risk categories for the purposes
of NRI calculations. In addition, because NRI calculations are highly sensitive to chosen
cut-points the categoryless NRI was calculated.24 For reclassification analyses, we estimated
risk at 10 years. Finally, the relative utility of selected biomarkers was assessed by including
logGDF-15, logNT-proBNP, and logCRP together in the fully adjusted Cox model, with
results displayed in Forest plots. Participants were also divided into 4 groups based on
whether their GDF-15 and/or NT-proBNP levels were in the highest quartile, and new
Kaplan Meier cumulative incidence plots were constructed, again taking into consideration
competing endpoints.

An interaction of GDF-15 with sex was tested for in all models; none were significant, so
sex-specific analyses were not done. A two-tailed p<0.05 was considered statistically
significant. Data were analyzed using SPSS 12.0 (Chicago, IL).

RESULTS
Baseline Characteristics

Baseline characteristics of all 1740 participants with measured GDF-15, and of the 1391
without prior CVD are shown in Table 1. The median GDF-15 level overall was 1370 ng/L
(1008–1897); among the 349 participants with prevalent CVD, the median was 1740 ng/L
(1313–2415). All Subsequent analyses were performed only on the 1391 free of known
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CVD at baseline, whose mean age at baseline was 70 ± 11 years; 36% were men. The
median GDF-15 level in this group was 1268 ng/L (962–1781) and was higher in men than
in women (1349 ng/L vs. 1229 ng/L, p=0.001). The 95% range of GDF-15 concentrations
was from 634 to 2928 ng/L. Participants in the higher quartiles of GDF-15 levels were older
and more likely to be men, to use aspirin, and to be hypertensive and diabetic. They also had
lower CrCl and HDL levels and higher systolic blood pressure, waist-hip ratio, NT-proBNP,
CRP, and fasting plasma glucose; but lower total cholesterol and LDL levels.

Correlates of GDF-15 Levels
Variables with significant individual associations with log GDF-15 levels are shown in
Table 2. Older age, lower CrCl, higher systolic blood pressure, and higher levels of NT-
proBNP and blood urea nitrogen showed the strongest single-predictor associations with
GDF-15 levels. In multivariable analysis, variables independently associated with higher log
GDF-15 levels were older age, lower CrCl, higher NT-proBNP level, current smoking, male
sex, lower HDL and LDL levels, higher waist-hip ratio, diabetes, and higher blood urea
nitrogen and CRP levels. The adjusted R2 value of this model was 0.38.

GDF-15 Levels and Outcomes
During a mean follow-up of 11.0 ± 3.7 years (maximum 16.2 years), there were 436 deaths
(31%) of which 169 (39%) were cardiovascular and 108 (25%) were neoplastic. Overall,
101 participants suffered a fatal or non-fatal myocardial infarction during follow-up, and 75
underwent coronary revascularization (25 of whom also had a myocardial infarction). Figure
1 depicts Kaplan-Meier plots of cumulative cardiovascular, non-cardiovascular, and all-
cause mortality by quartile of GDF-15. In each case, the time to death decreased with
increasing quartile of GDF-15 (log-rank test p<0.0001 for each).

Multivariable Cox proportional hazards models were used to quantify the adjusted risk of
death for each quartile of GDF-15 levels (Table 3). After adjusting for age and sex (Model
1), participants in the highest two quartiles of GDF-15 were at significantly increased risk of
all-cause and of non-cardiovascular death compared with participants in the lowest quartile.
Participants in the highest quartile were also at increased risk of cardiovascular death. After
further adjusting for traditional CVD risk factors (Model 2), participants in the highest
quartile had at least a 2.4 times increased risk of all-cause, cardiovascular, and non-
cardiovascular death. Further adjusting for CrCl and BMI did not materially change the
results (Model 3).

We performed an additional post-hoc analysis to determine the predictive value of higher
GDF-15 quartile for cancer death. GDF-15 levels were significantly associated with cancer
mortality, with a HR of 1.52 per increasing quartile in the fully adjusted Model 3 (95% CI
1.20–1.93, p<0.001). As shown in Table 3, there appears to be a threshold effect for
prediction of cancer death, with most of the increased risk appearing among patients with
GDF-15 levels in the highest quartile.

In addition, we evaluated the combined post-hoc endpoint of coronary revascularization,
myocardial infarction, or CVD death and found a significant linear trend, with an age- and
sex-adjusted HR of 1.23 per increasing GDF-15 quartile (Model 1, 95% CI 1.06–1.42,
p=0.007) and a fully adjusted HR of 1.17 per increasing quartile (Model 3, 95% CI 1.01–
1.36, p=0.03).
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Discrimination and Reclassification, and Comparison With NT-proBNP and C-Reactive
Protein

The addition of log GDF-15 to the fully adjusted model improved the area under the ROC
curve (c-statistic) for prediction of all-cause mortality from 0.801 to 0.811, with a highly
significant increment test in the Cox model (p<0.001). Adding log GDF-15 to a model that
included log NT-proBNP and log CRP in addition to the risk factors also improved the c-
statistic, from 0.806 to 0.815 (p<0.001). Reclassification as assessed by both the IDI and
NRI was modestly but significantly improved with the addition of log GDF-15 to the fully
adjusted model for all-cause and non-cardiovascular mortality, and improvement was of
borderline significance for cardiovascular mortality based upon the categoryless NRI, but
not the IDI or the NRI at the chosen cut-points (Figure 2). In the categoryless NRI,
improvement in reclassification was due to both correct upward reclassification of events
(net gain in reclassification of 0.13) and correct downward reclassification of non-events
(net gain in reclassification of 0.17) for all-cause mortality; for cardiovascular mortality, the
net gain in reclassification for events was 0.06 and for non-events was 0.11; for non-
cardiovascular mortality the corresponding numbers were 0.18 and 0.16, respectively. In
contrast, the addition of log NT-proBNP to the fully adjusted model improved
reclassification for all-cause and for cardiovascular mortality, but not for non-cardiovascular
mortality (except based on the categoryless NRI), whereas the addition of log CRP did not
significantly improve the NRI nor IDI for any of the endpoints (Table 4).

Combinations of Markers
To assess the predictive value of GDF-15 in conjunction with NT-proBNP and CRP, two
commonly used cardiovascular biomarkers, all three markers were included together in a
multivariable Cox proportional hazards model that also included the fully adjusted Model 3
risk factors. As shown in Figure 3, both GDF-15 and NT-proBNP, but not CRP, added
incremental value for prediction of all-cause and cardiovascular mortality, while only
GDF-15 was independently associated with non-cardiovascular death (HR per standard
deviation log10 unit [95% CI]: 1.6 [1.4–2.0], p<0.0001) and with cancer death (1.8 [1.3–2.4],
p<0.0001). Based on point estimates, GDF-15 was the strongest predictor of all-cause
mortality (HR 1.5 [1.3–1.8], p<0.0001 for GDF-15, versus 1.3 [1.2–1.5], p<0.0001 for NT-
proBNP), while NT-proBNP was a stronger predictor of cardiovascular mortality (HR 1.7
[1.4–2.1] for NT-proBNP, vs. 1.4 [1.1–1.8] for GDF-15), though CI’s showed considerable
overlap.

Next, participants were stratified into those in the highest quartile of both GDF-15 and NT-
proBNP (n=171), those with elevated GDF-15 alone (n=176), those with elevated NT-
proBNP alone (n=174), and those with neither marker in the top quartile (n=863). In fully
adjusted models, participants with both GDF-15 and NT-proBNP levels in the highest
quartile had a significantly increased risk of all-cause mortality compared to those with only
elevated NT-proBNP (HR 1.5 [1.1–2.0], p=0.01), and compared to those with neither
marker in the top quartile (HR 2.6 [2.0–3.5], p<0.0001). Participants with only one marker
elevated had an intermediate risk of mortality which was still significantly higher than that
observed in participants with neither marker in the top quartile (adjusted HR 1.8 [1.3–2.4],
p<0.0001 for elevated NT-proBNP, and 2.0 [1.5–2.7], p<0.0001 for elevated GDF-15). A
Kaplan Meier plot was also constructed, and showed that participants with neither an
elevated GDF-15 nor NT-proBNP level were highly unlikely to die from CVD during the
following 11 years (Figure 4). The pattern was similar for all-cause mortality and for non-
cardiovascular death.
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DISCUSSION
Our study demonstrates that higher levels of GDF-15 are independently associated with an
increased risk of all-cause mortality, and of both cardiovascular and non-cardiovascular
death, in a cohort of older community-dwelling adults with no antecedent clinical CVD. We
also provide novel evidence that GDF-15 adds significantly to the predictive value of NT-
proBNP and CRP. To our knowledge, this is the largest study of community-dwelling
individuals to report the clinical factors associated with GDF-15, and the first longitudinal
community-based study to report the prognostic value of GDF-15.

Despite the covariance of GDF-15 with multiple traditional CVD risk factors and
biomarkers (which accounted for 38% of the variability in GDF-15 levels, based on the
model R2 value), GDF-15 remained a predictor of mortality even after adjusting for
traditional risk factors, CRP, and NT-proBNP. In addition, GDF-15 was a stronger predictor
of all-cause mortality than either NT-proBNP or CRP, and was the only one of the three
markers to predict non-cardiovascular mortality.

We found that GDF-15 levels were independently and positively associated with age, male
sex, reduced kidney function, current smoking, diabetes, and waist-hip ratio; and inversely
associated with HDL and LDL levels. These results are remarkably similar to the
associations found in the PIVUS study of 1004 community-based 70-year-olds from
Uppsala, Sweden,14 and in a study of patients from GUSTO-IV with non-ST elevation
myocardial infarction. 12 Like many CVD risk factors, GDF-15 had a relatively strong
association with age, which suggests that GDF-15 is upregulated by physiologic processes
(either normal or disease-related) associated with aging; nonetheless, levels remained
predictive even in age-adjusted analyses. Despite the positive association with traditional
risk factors in our study, GDF-15 associations with mortality were independent of these risk
factors. The association of GDF-15 levels with reduced renal function could reflect a
combination of altered renal clearance of GDF-15 along with increased expression in the
setting of renal dysfunction, as has been shown in animal models of kidney injury.25

GDF-15 levels are also correlated with NT-proBNP and CRP levels, yet remain predictive
of mortality independent of these two markers. The association with NT-proBNP levels
indicates that GDF-15 expression may be induced by myocardial strain, and is consistent
with animal models demonstrating an upregulation of GDF-15 in the setting of myocardial
ischemia and pressure overload states.3, 6 GDF-15 was only weakly associated with CRP in
our participants (adjusted rho 0.06), suggesting that while GDF-15 may be associated with
inflammation, other stronger influences are likely.

Previously, a nested case-control analysis from the Women’s Health Study found that
GDF-15 levels were higher at baseline in 257 apparently healthy older women who
subsequently had cardiovascular events, compared with 257 matched controls.15 They also
found the association was at least additive to CRP, although limitations of the case-control
design may weaken some of these findings. In the PIVUS cross-sectional study,
investigators found that GDF-15 levels were independently associated with clinical
manifestations of coronary artery disease and heart failure.14 However, because PIVUS
assessed GDF-15 levels and disease status concurrently, the temporal relationship could not
be assessed. The fact that we demonstrated that elevated levels of GDF-15 in individuals
without known CVD are predictive of mortality, and that the predictive value persists even a
decade later, supports the hypothesis that GDF-15 is not merely a consequence of CVD nor
a passive biomarker of the disease process, but may in fact play an active role in the
pathophysiology of CVD.
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In addition, since the prognostic value of GDF-15 was independent of both NT-proBNP and
CRP and not specific to cardiovascular death, our results suggest that GDF-15 may reflect
more than just cardiomyocyte strain and inflammation. Mouse models demonstrate that
GDF-15 is expressed in the setting of cardiac ischemia, where it exerts a protective effect,
limiting infarct size, myocyte apoptosis, and hypertrophy.3, 6 In the present study of
community-dwelling, relatively healthy participants, it seems unlikely that a large number
had silent ischemia, and it is unclear exactly what the elevated GDF-15 levels are reflecting
in these individuals. Previous studies have shown that elevated GDF-15 levels are associated
with reduced endothelium-dependent vasodilation in the microcirculation.14 In addition,
GDF-15 levels may in part reflect atherosclerotic burden,14 as GDF-15 is expressed in
human atherosclerotic plaque activated macrophages.7 It is noteworthy, however, that
GDF-15 levels were more strongly associated with mortal events than with outcomes
encompassing non-fatal coronary events. This is consistent with previous studies of GDF-15
levels in the setting of acute coronary syndromes, which also found a stronger association
with mortality than with recurrent myocardial infarction.12, 26, 27 Elevations of GDF-15 may
therefore reflect triggers from abnormalities in novel pathophysiologic pathways.

The strong relation of GDF-15 with non-cardiovascular death, an association not seen with
NT-proBNP and CRP, suggests additional pathophysiologic mechanisms for GDF-15
expression and action. In post hoc analyses undertaken to evaluate this relation, we found a
significant association between GDF-15 levels and increased risk of death from cancer,
especially among those with levels in the highest quartile. GDF-15 is expressed in a number
of aggressive malignancies including pancreatic,28 breast, and ovarian cancers,29 and it has
been associated with tumorigenicity and worse prognosis in a variety of cancers including
prostate,8 colorectal,30 and gastric cancers,31 melanoma,9 and glioblastoma.32 Although
generally considered to be antitumorigenic as an inducer of apoptosis via both p53-
dependent and p53-independent pathways,33 GDF-15 plays a complicated pathophysiologic
role, and also may modulate tumor progression and invasiveness.10 GDF-15 expression is
also increased in the settings of inflammation and tissue injury.10 The strong association
between GDF-15 levels and non-cardiovascular mortality seen in the present study may
reflect some of these triggers. Misclassification of cause of death is high in the elderly,
which could partly explain the non-cardiovascular association.

Many cardiovascular risk prediction models that are based on traditional risk factors,
including the Framingham Risk Score, show decreased predictive value in older
individuals,34 yet identification of risk and preventive treatment in the elderly is still
important.35 As a robust predictor of risk in older adults, GDF-15 has the possibility of
improving prevention strategies for this growing population if confirmed in other cohorts.

The ultimate aim of any method of risk stratification is to identify individuals at high (and
low) risk so that appropriate interventions may be undertaken to modify this risk. As
described in recent guidelines for evaluation of novel markers of cardiovascular risk,36 risk
stratification and the subsequent development of therapeutic interventions or methods of
prevention are intricately related, both comprising integral parts of the evaluation of a novel
risk marker. As GDF-15 is a relatively novel marker with little prospective clinical data
(especially in the community-based setting), the aims of the present manuscript were to
define the determinants of GDF-15 levels as well as their prognostic value in this
population, and to assess the potential usefulness of GDF-15 for risk stratification. GDF-15
may ultimately be a worthy target for therapeutic interventions to prevent cardiovascular
events, when the mechanism of action is clarified and predictive associations are confirmed
in other cohorts.
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Study Strengths and Limitations
Significant strengths of this study include the well-characterized, population-based sample
of older adults, and the high rate of long-term follow-up. There are also limitations. The
Rancho Bernardo Study population is largely white and middle to upper-middle class,
therefore, these results may not be generalizable to other populations; however, this
limitation is a strength to the extent that it limits confounding by socioeconomic status and
access to health care.

Another limitation is the possible misclassification of prevalent CVD. Echocardiograms
were not available, and participants with unreported angina and/or undiagnosed heart failure
may be included in the study cohort. Prevalent CVD was based on self-report of a
revascularization procedure or a physician diagnosis of CVD. However, the long-term
participation in the Rancho Bernardo Study plus the relatively high education level among
study participants, tend to improve health literacy and the reliability of self-reports. We
confirmed 85% of reported cardiovascular events by medical record reviews of a 30% subset
at an earlier Rancho Bernardo Study visit. In addition, the incidence plots continued to
separate even a decade later, suggesting that the results are less likely to reflect occult
disease.

Blood samples were stored for 14–18 years prior to measurement of GDF-15 levels, which
raises questions about stability of the analyte. Although the long-term stability is difficult to
assess directly, the fact GDF-15 levels were prognostic of outcomes argues that there is
sufficient stability to preserve a clinical signal. It seems unlikely that there would be
differential degradation of antigen associated with different participant outcomes, thereby
creating a clinical signal where there was not one originally. However, the question of
stability could still raise concerns of whether the particular cut-points identified would be
the same in fresher samples. If some decay had occurred, this would lower the specific
values identified.

Finally, while absolute values of improvement in model discrimination and reclassification
were modest, they were nonetheless significant. Beyond showing improved risk prediction,
another novel aspect of this study is its potential to provide insight into new
pathophysiologic pathways.

Conclusion
GDF-15 levels are associated with increased all-cause, cardiovascular, and non-
cardiovascular mortality among community-dwelling older individuals free from prior
known CVD, adding incremental information to traditional risk factors and to NT-proBNP
and CRP. This emerging biomarker may be a useful addition to current tools for risk
stratification, if results are confirmed in other cohorts. The appropriate intervention for
individuals with elevated levels of a marker of both CVD and cancer mortality is uncertain,
but elevated GDF-15 levels could provide individuals with an incentive to make healthier
lifestyle choices, which have beneficial effects for both.

Clinical Summary
The goal of risk stratification for primary prevention of cardiovascular disease (CVD) is
to identify individuals who may be candidates for interventions that could improve
outcomes. Current risk stratification tools remain imperfect, and biomarkers that reflect
novel pathophysiologic pathways could improve risk assessment as well as provide
insight into potential therapeutic targets. Growth differentiation factor-15 (GDF-15) is a
divergent member of the transforming growth factor-β cytokine superfamily that is
upregulated in the myocardium after ischemic injury. Previous community-based studies
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have shown that higher levels of GDF-15 are associated with prevalent CVD. The present
study of older community-dwelling adults free of known CVD from the Rancho
Bernardo Study evaluated the association of GDF-15 levels with cardiovascular
outcomes and mortality, and found that GDF-15 was a robust predictor of all-cause,
cardiovascular, and non-cardiovascular mortality, even after adjusting for traditional
CVD risk factors, renal function, and body size. In models containing all 3 markers, both
GDF-15 and NT-proBNP, but not CRP, added incremental value for prediction of
cardiovascular and all-cause mortality. When associations are confirmed in other cohorts,
and when further studies clarify the mechanism of action, GDF-15 may ultimately be a
worthy target for therapeutic interventions to prevent cardiovascular and all-cause death.
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Figure 1.
Kaplan Meier curves adjusted for competing types of mortality, by GDF-15 quartile. Cut-
points for GDF-15 quartiles are <962, 962–1268, 1269–1780, and >1780 ng/L. Log rank p-
value <0.001 for each.
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Figure 2.
Reclassification based on GDF-15 levels. Individuals in the unshaded diagonal boxes did not
change classification with the addition of GDF-15. Green shading indicates the number
(percent) of individuals who were reclassified in a desirable direction when GDF-15 was
added to the baseline model; red shading indicates individuals who were reclassified in an
undesirable direction.
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Figure 3.
Forest plot of adjusted hazard ratio and 95% confidence interval (CI) for risk of death per 1-
standard deviation increase in log10GDF-15, log10NT-proBNP, and log10CRP level.
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Figure 4.
Kaplan Meier curves adjusted for competing type of mortality, based on GDF-15 and NT-
proBNP levels. Four groups are compared: those with both GDF-15 and NT-proBNP in the
highest quartile (n=171; 56 cardiovascular, 64 non-cardiovascular deaths), those with only
GDF-15 in the highest quartile (n=176; 38 cardiovascular, 61 non-cardiovascular deaths),
those with only NT-proBNP in the highest quartile (n=174; 35 cardiovascular, 41 non-
cardiovascular deaths), and those with neither marker elevated (n=863; 39 cardiovascular,
101 non-cardiovascular deaths). Three participants did not have NT-proBNP measured. Log
rank p-value <0.001 for each.
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Table 2

Significant Individual and Multivariable Covariates of logGDF-15 Levels

Individual Multivariable*

Variable r p β p

Demographics

      Age 0.54 <0.0001 0.33 <0.0001

      Male Sex 0.10 0.0001 0.09 0.011

Vital Signs

      SBP 0.26 <0.0001

      DBP −0.06 0.03

Cardiovascular Risk Factors

      Hypertension 0.21 <0.0001

      Current Smoking 0.06 0.033 0.10 <0.0001

      Diabetes 0.13 <0.0001 0.07 0.001

Nutrition and Activity

      Waist-Hip Ratio 0.16 <0.0001 0.07 0.041

Laboratory Values

      log NT-proBNP 0.39 <0.0001 0.14 <0.0001

      log CRP 0.14 0.0001 0.06 0.007

      log Fasting Glucose 0.10 0.0001

      log BUN 0.31 <0.0001 0.07 0.004

      log CrCl −0.42 <0.0001 −0.16 <0.0001

      log Total Cholesterol −0.16 <0.0001

      log HDL −0.08 0.002 −0.09 0.0006

      log LDL −0.14 <0.0001 −0.09 <0.0001

Abbreviations as in Table 1.

*
R2 = 0.38, β = standardized regression coefficient.
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Table 3

Multivariable Cox Proportional Hazard Models for Predicting CVD Events and Mortality by Quartile of
GDF-15.

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile

(<962 ng/L) (962–1268 ng/L) (1268–1780 ng/L) (>1780 ng/L)

HR (95% CI) HR (95% CI) HR (95% CI)

MI, Coronary Revascularization, or CVD Death

      # of Events 25 51 68 110

      Unadjusted Reference 1.87 (1.15–3.01) 2.77 (1.75–4.39)** 5.08 (3.28–7.86)**

      Model 1 Reference 1.25 (0.76–2.03) 1.39 (0.85–2.27) 1.86 (1.12–3.06)

      Model 2 Reference 1.17 (0.72–1.92) 1.20 (0.73–1.97) 1.61 (0.97–2.66)

      Model 3 Reference 1.15 (0.70–1.88) 1.20 (0.73–1.97) 1.59 (0.96–2.64)

CVD Death

      # of Deaths 9 23 43 94

      Unadjusted Reference 2.50 (1.16–5.41) 5.24 (2.55–10.76)** 16.92 (8.53–33.58)**

      Model 1 Reference 1.31 (0.60–2.84) 1.56 (0.74–3.27) 3.00 (1.44–6.27)*

      Model 2 Reference 1.16 (0.53–2.54) 1.29 (0.61–2.72) 2.42 (1.15–5.07)

      Model 3 Reference 1.17 (0.53–2.55) 1.29 (0.61–2.72) 2.46 (1.17–5.18)

Non–CVD Death

      # of Deaths 20 50 72 125

      Unadjusted Reference 2.42 (1.44–4.07)** 3.84 (2.33–6.31)** 9.91 (6.17–15.90)**

      Model 1 Reference 1.52 (0.90–2.58) 1.71 (1.02–2.88) 2.93 (1.73–4.96)**

      Model 2 Reference 1.44 (0.85–2.44) 1.56 (0.92–2.64) 2.61 (1.53–4.44)**

      Model 3 Reference 1.46 (0.86–2.47) 1.57 (0.93–2.65) 2.62 (1.53–4.47)**

Cancer Death

      # of Deaths 15 16 22 55

      Unadjusted Reference 1.05 (0.52–2.12) 1.52 (0.78–2.95) 5.52 (3.11–9.78)**

      Model 1 Reference 0.82 (0.40–1.68) 1.02 (0.50–2.08) 2.86 (1.43–5.73)*

      Model 2 Reference 0.79 (0.38–1.63) 0.97 (0.47–2.00) 2.68 (1.32–5.42)*

      Model 3 Reference 0.78 (0.38–1.60) 0.96 (0.47–1.98) 2.55 (1.26–5.18)

All-Cause Death

      # of Deaths 29 73 115 219

      Unadjusted Reference 2.45 (1.59–3.76)** 4.27 (2.84–6.43)** 12.07 (8.19–17.79)**

      Model 1 Reference 1.43 (0.93–2.21) 1.64 (1.07–2.50) 2.94 (1.92–4.50)**

      Model 2 Reference 1.32 (0.85–2.04) 1.44 (0.94–2.21) 2.53 (1.65–3.89)**

      Model 3 Reference 1.33 (0.86–2.07) 1.45 (0.94–2.22) 2.56 (1.66–3.94)**

Model 1 - Adjusted for age and sex.

Model 2 - Adjusted for Model 1 + diabetes, hypertension, and current smoking (dichotomous variables) and systolic blood pressure, total
cholesterol, and HDL.

Model 3 - Adjusted for Model 2 + creatinine clearance and body mass index.
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Bold values are significant at p<0.05.

*
values are significant at p<0.01.

**
values are significant at p<0.001.
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