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Background:Growth differentiation factor 15 (GDF-15) is amarker of cell senescence. Age is awell-known deter-
minant of GDF-15 levels, yet no study has analyzed the relationship between geriatric conditions and GDF-15.
We hypothesize that geriatric conditions reflecting biological age might be stronger determinants of GDF-15
than chronological age in elderly patients with acute coronary syndrome.
Methods: A total of 208 patients (mean age= 78.3± 7.0 years)were included. Prior to discharge, a thorough ge-
riatric assessment was performed and GDF-15 measured. Predictors of GDF-15 (transformed by its natural loga-
rithm) were determined with linear regression. Furthermore, Cox regression was used for the analysis of all-
cause mortality. The median follow-up was 728 days.
Results:Median GDF-15 concentration was 2432 pg/ml. In multivariate analysis, frailty (Fried score, p= 0.001),
and comorbidity (Charlson index, p = 0.003) were independent determinants of lnGDF-15 while age was not
significant (p = 0.17). Other covariates included in the model were male gender (p = 0.017), diabetes (p =
0.169), Killip class ≥2 (p = 0.046) and glomerular filtration rate (p = 0.001). The Fried score and Charlson
index provided significant incremental value in the R2 model (0.362 vs 0.447; p = 0.0001). A total of 66 (32%)
patients died. LnGDF-15 was a significant mortality predictor (HR = 1.82, 95% CI 1.12–2.94, p = 0.015) along
with the Fried score (p = 0.013) and the Charlson index (p = 0.030).
Conclusions: Geriatric conditions are strong determinants of GDF-15 levels on top of age in acute coronary syn-
dromes. Furthermore, GDF-15 was associated with mortality independently of geriatric status. Geriatric assess-
ment and GDF-15 are complementary tools.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Growth differentiation factor 15 (GDF-15) is synthetized by a wide
variety of cells in response to acute and chronic stressors such as cellular
aging, cellular growth, oxidative stress, inflammation, hypoxia and on-
cogene activation [1]. In health GDF-15 is weakly expressed in human
5; OLS, ordinary least squares;
lynomials.
pital Clínic Universitari, Blasco
tissues, but under pathological conditions it can be produced by cardio-
vascular cells, both in the myocardium and atherosclerotic plaques, as
well as by non-cardiovascular cells [2,3].

The factors determining circulating GDF-15 levels and the prognos-
tic value of GDF-15 after acute coronary syndrome have been evaluated
in several studies [1]. Age is a well-known determinant of GDF-15 blood
concentrations. We speculate, however, that geriatric conditions
reflecting biological age might be stronger determinants of GDF-15
than chronological age. To date, no study has analyzed the relationship
between geriatric status and GDF-15.

Thepresent study involved elderly patientswith acute coronary syn-
drome in whom a thorough geriatric evaluation was performed,
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assessing frailty, functional independence, instrumental activities of
daily living, cognitive impairment and comorbidities. The aims were
to investigate the influence of geriatric status on top of age on GDF-15
levels, and how geriatric status influences the predictive capacity of
GDF-15 for long-term mortality.
2. Patients and methods

2.1. Patient population

The study population included a total of 208 patients from 2 cohorts
of elderly (mean age 78.3 ± 7.0 years) patients hospitalized for acute
coronary syndrome at University Clinic Hospital in Valencia, Spain.
The first cohort consisted of 342 consecutive patients (from October 1,
2010, to February 1, 2012), older than 65 years and survivors of acute
coronary syndrome (either ST-segment elevation or non-ST-segment
elevation acute coronary syndrome). A detailed description of this co-
hort is reported elsewhere [4,5]. Biomarker sample was available in
120 participants. The second cohort included patients from the “Ran-
domized comparison between a strategy of intervention in frailty versus
the usual care in frail patients after an acute myocardial infarction” trial
(ClinicalTrials.gov ID: NCT02715453). The trial started in January 2016
and the first 88 patients recruited up to September 2017 were included
in the current study in order to allow a clinical follow-up period of at
least 1 year after biomarker determination. Inclusion criteria for the
trial were survivors after an acute myocardial infarction (with or with-
out ST segment elevation), older than 70 years andwith pre-frailty (1–2
points) or frailty (≥3 points) according to Fried's scale assessed 24 h be-
fore hospital discharge [6]. This trial's recruitment period finished in Oc-
tober 2018.

The study was reviewed and approved by the Clinical Research
Ethics Committee of the University Hospital Clinic in Valencia.
Table 1
Baseline patient characteristics across GDF-15 quartiles.

Variable Q1

Age (years) 75 ± 7
Frailty (Fried score, points) 1.7 ± 1.3
Comorbidity (Charlson index, points) 0.8 ± 0.9
Cognitive impairment (Pfeiffer test, no. mistakes) 0.4 ± 0.9
Functional independence (Barthel index, points) 97 ± 6
Instrumental activities (Lawton-Brody test, points) 6.6 ± 1.6
Male gender 27 (52%)
Current smoker 9 (17%)
Hypertension 39 (75%)
Hypercholesterolemia 29 (56%)
Diabetes mellitus 15 (29%)
Previous myocardial infarction 10 (19%)
Previous percutaneous coronary intervention 10 (19%)
Previous coronary artery bypass graft 2 (3.8%)
Previous admission for acute heart failure 5 (9.6%)
Previous stroke 1 (1.9%)
Peripheral artery disease 0 (0%)
Admission systolic blood pressure (mmHg) 140 ± 30
Admission heart rate (beats/min) 79 ± 19
Admission Killip class ≥2 7 (14%)
ST-segment elevation 14 (27%)
ST-segment depression 13 (25%)
Left bundle branch block 8 (15%)
Atrial fibrillation 3 (5.8%)
Troponin elevation 48 (92%)
Left ventricular ejection fraction at discharge (%) 55. ± 11
Admission hemoglobin (g/dL) 13.7 ± 1.8
Admission glomerular filtration rate (ml/min/1.73 m2) 66 ± 12
Invasive coronary angiography 48 (92%)
In-hospital revascularization 26 (50%)
GRACE score (points) 132 ± 27
Mortality 6 (12%)

GDF-15: Growth differentiation factor 15.
2.2. Geriatric assessment

Onday of hospital discharge, 5 geriatric conditionswere evaluated in
all patients: 1) Frailty, using the Fried score; parameters were uninten-
tional weight loss, physical activity, walk time, grip strength, and ex-
haustion [6]. 2) Functional independence, using the Barthel index [7].
3) Instrumental activities of daily living, using the Lawton-Brody scale
[8]. 4) Cognitive impairment, using the Pfeiffer questionnaire [9]. 5) Co-
morbid conditions, using the Charlson index [10]. Geriatric conditions
were assessed by 2 nurses trained for the purpose using predefined
standard instruments. In addition to the geriatric assessment, a number
of variables were collected including clinical patient characteristics
(age, gender, coronary risk factors, prior history of ischemic heart dis-
ease, prior hospitalization for heart failure, admission heart rate and
blood pressure, and Killip class), electrocardiograms (ST-segment devi-
ation, atrialfibrillation at admission), routine blood tests (high-sensitiv-
ity troponin T levels, admission hemoglobin level and glomerular
filtration rate), and echocardiograms (left ventricular ejection fraction).
The GRACE score for 6-month mortality was also calculated.

2.3. GDF-15 measurement

Blood sampleswere drawnbefore discharge, collected in EDTA tubes
and centrifuged immediately. Plasma samples were frozen in aliquots,
and stored at −70 °C until analyzed in the Biochemical Department of
the University Clinic Hospital in València. GDF-15 was determined
with the Elecsys GDF-15 immunoassay on the cobas e 801 analytical
unit (Roche Diagnostic).

2.4. Outcomes

The primary end pointwas all-causemortality. The follow-up period
was considered to start at hospital discharge. Patients were followed
Q2 Q3 Q4 p value

78 ± 7 80 ± 7 80 ± 6 0.001
2.3 ± 1.0 2.7 ± 1.1 2.9 ± 1.2 0.0001
1.6 ± 1.3 2.4 ± 1.8 2.7 ± 1.6 0.0001
0.4 ± 0.9 0.9 ± 1.5 1.1 ± 1.8 0.01
94 ± 9 93 ± 9 92 ± 12 0.03

5.5 ± 2.3 5.8 ± 2.1 4.6 ± 2.0 0.0001
30 (58%) 24 (46%) 33 (64%) 0.3
4 (7.7%) 3 (5.8%) 5 (9.6%) 0.3
45 (87%) 45 (87%) 45 (87%) 0.3
29 (56%) 28 (54%) 36 (69%) 0.4
22 (42%) 31 (60%) 32 (62%) 0.002
17 (33%) 22 (42%) 25 (48%) 0.02
8 (15%) 13 (25%) 14 (27%) 0.5
3 (5.8%) 4 (7.7%) 6 (11.5%) 0.5
4 (7.7%) 6 (11.5%) 12 (23%) 0.09
8 (15%) 9 (17%) 6 (12%) 0.07
4 (7.7%) 6 (11.5%) 7 (13.5%) 0.07
141 ± 29 139 ± 29 137 ± 29 0.9
82 ± 18 81 ± 18 81 ± 20 0.9
12 (23%) 15 (29%) 25 (48%) 0.001
11 (21%) 12 (23%) 6 (12%) 0.3
14 (27%) 14 (27%) 15 (29%) 1.0
2 (3.8%) 4 (7.7%) 10 (19%) 0.06
9 (17%) 5 (9.6%) 6 (11.5%) 0.3
51 (98%) 50 (96%) 50 (96%) 0.6
55 ± 13 54 ± 12 51 ± 13 0.3

12.5 ± 1.9 12.1 ± 1.8 12.0 ± 2.1 0.0001
57 ± 14 49 ± 15 44 ± 17 0.0001
46 (89%) 47 (90%) 42 (81%) 0.3
29 (56%) 30 (58%) 23 (44%) 0.5
138 ± 24 150 ± 35 147 ± 25 0.008
13 (25%) 20 (39%) 27 (52%) 0.0001

http://ClinicalTrials.gov
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until September 1, 2016 in the first cohort and until September 2018 in
the second cohort. One patient from the first cohort and 2 patients from
the second cohort were lost to follow-up. Median follow-up for the en-
tire patient populationwas 728 days (range, 7–2103 days). Information
on mortality was collected from the hospital files or outpatient depart-
ment. In patients who did not return to the hospital or outpatient de-
partment, information was obtained by contacting the patient, the
general physician, or the regional mortality registry. Cardiovascular
death was defined as death due to a cardiovascular cause (such as
acute myocardial infarction, sudden cardiac death, heart failure, stroke,
cardiovascular procedures, cardiovascular haemorrhage, and other car-
diovascular causes). Death of unknown cause was classed as cardiovas-
cular death.

2.5. Statistical analysis

Patient population was categorized according to GDF-15 quartiles.
Continuous variables were expressed as mean ± 1 standard deviation
or median [interquartile range] when appropriate. Discrete variables
were summarized as frequency (percentages). Between-group compari-
sons were performed using Kruskal-Wallis test and chi-square test for
continuous and discrete variables, respectively. Likewise, correlation be-
tween GDF-15 levels and geriatrics scores (Fried, Charlson, Pfeiffer,
Barthel and Lawton-Brody scores) was assessed through Spearman's
rank correlation coefficient (rho). A univariate association between
GDF-15 quartiles with all-cause and cardiovascular mortality were
Fig. 1. Relationship between ln GDF-15, age and geriatric conditions (frailty and comorbidity)
myocardial infarction, peripheral artery disease, Killip class ≥2 and glomerular filtration rate a
block of the other covariates: 0.379 vs 0.422; ΔR2 = 0.043 (p = 0.001). B: Age lost its statistic
block of the other covariates: 0.445 vs 0.451; ΔR2 = 0.005 (p = 0.17). C: Frailty (Fried score
filtration rate, male gender, diabetes and Killip class ≥2. Fried score added value over the base
independent predictor of lnGDF-15. Model adjusted for Fried score, glomerular filtration ra
model: 0.423 vs 0.447 (ΔR2 = 0.025; p = 0.003).
depicted with Kaplan–Meier and the cumulative incidence function
methods, respectively. Their overall differences were tested by the log-
rank test and the Gray method, respectively.

We selected explanatory variables for the multivariable regression
models with subject-matter knowledge as the main criterion. Starting
with an initial (oversaturated) model, a backward elimination proce-
dure was applied by excluding variables with p-values ≥0.25. Simulta-
neous to the process of backward elimination, a multivariable
fractional polynomial transformation was applied to continuous vari-
ables whose functional form did not meet the linearity assumption.
This dual selection process ensured a final parsimonious model with
the minimum residual confounding [11].

Using this variables' selection strategy, two main multivariable re-
gression models were performed:

1) Ordinary least squares (OLS) regression was used to determine the
independent predictors of GDF-15. In order to ensure the normality
assumption of residuals, GDF-15was transformed by its natural log-
arithm. Due to high collinearity between chronological age and geri-
atric conditions, two OLS models were performed: 1) Age was
modelled together with the block of clinical variables (OLS1), and
2) age was replaced by geriatric conditions (OLS2). For either
model, the comparison ofΔR2 between the basemodel (clinical var-
iables) and the selected geriatric conditions was used as a metric of
the incremental value provided by the later.
. A: Age as independent predictor of lnGDF-15. Model adjusted for gender, diabetes, prior
s covariates. Age provided significant incremental value in the R2 of the model over the
al significance when modelled simultaneously with the geriatric conditions: R2 over the
) as independent predictor of lnGDF-15. Model adjusted for Charlson index, glomerular
model: 0.401 vs 0.447 (ΔR2 = 0.046; p = 0.001). D: Comorbidities (Charlson index) as

te, male gender, diabetes and Killip class ≥2. Charlson index added value over the base
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2) Cox regression, was used to determine the independent association of
GDF-15 and geriatric conditions with mortality. The proportional-
hazards assumption, which was met, was tested by means of scaled
Schoenfeld residuals and “log–log” plots. Together with the selected
geriatric indices, GDF-15wasmodelledwith either the blockof clinical
variables (Cox1) or the GRACE mortality score (Cox2).

3. Results

3.1. Determinants of elevated GDF-15

Median GDF-15 concentration was 2432 pg/ml (1750 to 3746 inter-
quartile range). Table 1 presents the baseline characteristics of the pa-
tient population across GDF-15 quartiles, in terms of age, geriatric
conditions, clinical data, electrocardiogram, blood tests and left ventric-
ular ejection fraction. A total of 185 (89%) patients underwent a coro-
nary angiogram and 72 (39%) showed multivessel disease. There was
a non-significant trend towards a high frequency of multivessel disease
in the upper GDF-15 quartiles: 12 (25%), 18 (39%), 22 (47%) and 20
(47%), p = 0.09. On the other hand, GDF-15 levels did not correlate
with peak high-sensitivity troponin T concentrations as a surrogate for
infarct size (rho = 0.05, p = 0.5).

Regarding geriatric conditions, patients with high GDF-15 levels
were older (p = 0.001) and had worse geriatric profiles in frailty (p =
0.0001), comorbidities (p = 0.0001), cognitive impairment (p =
0.01), functional independence (p = 0.03) and instrumental activities
of daily living (p=0.02). GDF-15 levels correlated with geriatric scores
(Fried: rho = 0.33, p = 0.0001; Charlson: rho = 0.49, p = 0.0001;
Pfeiffer: rho = 0.26, p = 0.0001; Barthel: rho = −0.23, p = 0.001;
Lawton-Brody: rho = −0.34, p = 0.0001).

In OLS1, age (years) was a powerful predictor of lnGDF-15 (p =
0.001) (Fig. 1A) independent of gender (p = 0.110), diabetes (p b

0.001), glomerular filtration rate (ml/min/1.73 m2, p = 0.001), prior
myocardial infarction (p = 0.029), peripheral artery disease (p =
0.208), and Killip class ≥2 (p = 0.006). In this model, age provided sig-
nificant incremental value in the R2 of the models over the block of the
other covariates: 0.379 vs 0.422; ΔR2 = 0.043 (p = 0.001). In a
Fig. 2. Kaplan-Meier curve for all-cause mortality according to GDF-15 quartiles (Q). Mortality
39%; Q4: n = 27, 52%; log-rank test, p = 0.0001).
sensitivity analysis (OLS2), age lost statistical significance when
modelled simultaneously with geriatric conditions (p = 0.17, Fig. 1B).

In OLS2, Fried score (points, p = 0.001, Fig. 1C) and Charlson index
(points, p= 0.003, Fig. 1D) were significant predictors of lnGDF-15, in-
dependent of gender (p= 0.017), diabetes (p= 0.169), glomerular fil-
tration rate (p = 0.001) and Killip class ≥2 (p = 0.046). In this model,
the Fried score and Charlson index provided significant incremental
value in the R2 of the models over the block of the other covariates:
0.362 vs 0.447; ΔR2 = 0.086 (p = 0.001).
3.2. Mortality

A total of 66 (32%) patients died during follow-up; in 42 (20%) pa-
tients, death was of cardiovascular origin. All-cause mortality rate in-
creased progressively across the GDF-15 quartiles (n = 6, 12%; n =
13, 25%; n = 20, 39%; n = 27, 52%; omnibus p-value = 0.0001; Fig.
2). Likewise, the cumulative incidence function for GDF-15 quartiles
shows a monotonic increase of risk for cardiovascular mortality (Gray
test = 0.0012).

In the Cox1 model (C-statistics = 0.795), lnGDF-15 was a signifi-
cant mortality predictor (HR= 1.82, 95% CI = 1.12–2.94, p=0.015)
(Fig. 3, top). The other covariates independently associated in the
model were: Fried score (p = 0.013), Charlson index (p = 0.030),
Lawton-Brody scale (points, p = 0.130), glomerular filtration rate
(p = 0.018), admission hemoglobin (g/dL, p = 0.003), admission
systolic blood pressure (mmHg, p = 0.034), and prior coronary ar-
tery bypass graft (p = 0.055).

In the sensitivity analysis (Cox2), where the GRACE score (points, HR
= 3.15, 95% CI = 1.31–7.56, p = 0.010) was included instead of the
block clinical variables, lnGDF-15 was also significantly associated
with mortality (HR = 1.75, 95% CI = 1.09–2.81, p = 0.019; Fig. 3, bot-
tom). In this model, the Fried score included with 2-degree fractional
polynomials [FP (3 3)] (p = 0.0033), and Charlson index (HR = 1.27,
95% CI = 1.07–1.50, p = 0.005), were also significant.
rate progressively increased from Q1 to Q4 (Q1: n=6, 12%; Q2: n= 13, 25%; Q3: n= 20,
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4. Discussion

To the best of our knowledge, this is the first study to investigate the
relationship between circulating GDF-15 and biological age, as defined
by geriatric status, in elderly patients with acute coronary syndrome.
The main finding was that frailty and comorbid conditions were strong
determinants of circulating GDF-15 levels on top of chronological age.
Indeed, age was only a significant determinant if geriatric status was
not considered. Furthermore, frailty, comorbidity and GDF-15 were in-
dependently associated with a higher mortality risk, indicating that
the prognostic information provided by geriatric conditions and GDF-
15 does not overlap.

4.1. Age and GDF-15

The multiple stressors potentially involved in triggering GDF-15 cell
production explain the interindividual variation in GDF concentrations.
Age is a well-known determinant of GDF-15 levels [12–14]. To date,
however, no study has adjusted age for the geriatric conditions. Chrono-
logical age is only a rough estimate of senility; geriatric conditions
Fig. 3. Top: Independent association of GDF-15 with all-cause mortality. HR are depicted
against the median value of GDF-15 (2432 pg/ml). Overall p-value for the trajectory =
0.0148. GDF-15 values truncated at its upper 95 percentiles. Analysis adjusted for the
Fried score, Charlson index, Lawton Instrumental Activities of Daily Living Scale, admission
systolic blood pressure, glomerular filtration rate, hemoglobin levels and previous coro-
nary bypass surgery. Bottom: Independent association of GDF-15with all-causemortality.
The GRACE score (HR= 3.15, 95% CI= 1.31–7.56, p=0.010) was included instead of the
block clinical variables. LnGDF-15 was significantly associated with mortality (HR= 1.75,
95% CI = 1.09–2.81, p = 0.019). In this model, Fried score and Charlson index were also
significant.
reveal biological age and provide more solid prognostic information
than age in acute coronary syndrome [5]. A close relationship between
GDF-15 level as a marker of cell senescence and geriatric status, seems
plausible. Our study confirmed this hypothesis since frailty and comor-
bidity indexes determined GDF-15 levels on top of age. This result sug-
gests a potential role for GDF-15 as a marker of biological age.

Renal function was another strong determinant of GDF-15 levels. Pre-
vious studies have also found increased GDF-15 in patients with poorer
renal function [12–15]. This association might be due to impaired GDF-
15 clearance when renal function declines, or alternatively to the deleteri-
ous effect caused by GDF-15 itself through direct kidney or vascular dam-
age [15]. Other determinants of blood GDF-15 levels, such as male gender
and admission Killip class ≥2, were also found in other studies [12,13].

4.2. GDF-15 and prognosis

Previous studies have shown the association between elevated GDF-
15 and mortality in acute coronary syndromes [13,14,16–21]. The pres-
ent study underscores the prognostic value of the biomarker beyond
standard predictors and geriatric conditions. Indeed, the prognostic
value of GDF-15was not adjusted for geriatric status in previous studies.
According to our findings, GDF-15 concentrations are not only a marker
of biological age in acute coronary syndromes; in fact, GDF-15 is pro-
duced in the atherosclerotic plaques of the coronary arteries and in
the myocardium after acute myocardial infarction [2,3]. On the other
hand, frailty and comorbidity provided robust prognostic information
additional to GDF-15 levels. In this sense, while not a substitute for thor-
ough geriatric assessment, GDF-15 serves as a complementary tool and
its role as a simple and practical surrogate for geriatric status could be
considered.

4.3. Limitations

Several limitations deserve to be acknowledged. First, though inde-
pendently associated with frailty, GDF-15 levels cannot be considered
a pure marker of frailty status since they were also associated with co-
morbidities and other clinical characteristics. Second, this is a small
study performed in a single center; these two factors might increase
the possibility of selection bias limiting the generalization of these re-
sults to other populations. Third, there are limitations inherent to the
observational nature of the design. Fourth, the lack of a universally ac-
cepted cut-off for dichotomization of markers, precluded further deter-
mination of the marker's diagnostic accuracy. However, modelling the
marker in its continuum form provides the most solid evidence of its
performance. On the other hand, strengths include the novelty of the re-
sults which, added to future additional evidence, could dictate the fu-
ture role of this marker in daily clinical practice.

4.4. Conclusions

Geriatric conditions, such as frailty and comorbidities are strong de-
terminants of GDF-15 levels in acute coronary syndromes. Furthermore,
in this population GDF-15 was shown to be associated with mortality
independently of geriatric status. Thus, geriatric assessment and GDF-
15 seem to be complementary tools.
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