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Aims Growth differentiation factor 11 and/or its homologue growth differentiation factor 8 (GDF11/8) reverses age-related
cardiac hypertrophy and vascular ageing in mice. We investigated whether GDF11/8 associates with cardiovascular out-
comes, left ventricular hypertrophy (LVH), or age in humans.

Methods We measured plasma GDF11/8 levels in 928 participants with stable ischaemic heart disease in the Heart and Soul
and results study. We adjudicated heart failure hospitalization, stroke, myocardial infarction, death, and their composite endpoint.
Left ventricular hypertrophy was evaluated by echocardiography. We used multivariable Cox proportional hazards
models to compare rates of cardiovascular events and death across GDF11/8 quartiles and logistic regression models
to evaluate the association between GDF11/8 and LVH. Four hundred and fifty participants (48.5%) experienced a car-
diovascular event or death during 8.9 years of follow-up. The adjusted risk of the composite endpoint was lower in the
highest compared with the lowest GDF11/8 quartile [hazard ratio (HR), 0.45; 95% confidence interval (Cl), 0.33—-0.60;
P < 0.001]. We replicated this relationship of GDF11/8 to adverse events in 971 participants in the HUNT3 cohort
(adjusted HR, 0.34; 95% ClI, 0.23—0.51; P < 0.001). Left ventricular hypertrophy was present in 368 participants
(39.7%) at baseline. Participants in the highest quartile of GDF11/8 were less likely to have LVH than those in the lowest
quartile (adjusted OR, 0.55; 95% Cl, 0.35—0.86; P = 0.009). GDF11/8 levels were lower in older individuals (P < 0.001).

Conclusion In patients with stable ischaemic heart disease, higher GDF11/8 levels are associated with lower risk of cardiovascular
events and death. Our findings suggest that GDF11/8 has similar cardioprotective properties in humans to those de-
monstrated in mice.

Keywords Growth differentiation factor 11 and 8 e Ageing e Cardiovascular outcomes o Epidemiology e Hypertrophy
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Introduction

Growth differentiation factor 11 (GDF11), a circulating TGF-
superfamily member, is a recently discovered anti-ageing factor in
mice." 3 Its age-related decline has been reported to lead to ageing
of the heart, brain, and skeletal muscle in mice.'~® Administration of
recombinant GDF11 to aged mice that restores circulating GDF11
to its youthful levels reverses age-related changes in cardiovascular
structure and function; it reverses age-related cardiac hyper‘crophy,2
and favourably affects vascular remodelling and blood flow." To
date, GDF11 has not been investigated in humans. Specifically, in hu-
mans no evidence links circulating levels of GDF11 to the risk of car-
diovascular events, all-cause death, cardiac hypertrophy, or to
advancing age.

Accordingly, we aimed to characterize the association of
GDF11 with (i) cardiovascular events and overall deaths, (ii) left
ventricular hypertrophy (LVH), and (iii) age, using data from the
San Francisco-based Heart and Soul study, a prospective cohort
of participants with stable coronary heart disease (CHD).** We hy-
pothesized that lower levels of GDF11 are associated with higher
rates of cardiovascular events, overall deaths, and LVH and that cir-
culating GDF11 levels are lower in older individuals. We replicated
the key findings from the Heart and Soul study in a European
(Norwegian) cohort of subjects with stable CHD from the
HUNT3 study.®

Myostatin (GDFB8) is a close structural homologue of GDF11,
with 90% amino acid sequence identity shared in their mature active
forms.” Growth differentiation factor 11 and 8 are also functionally
redundant as they share the same activin type Il receptors and acti-
vate the SMAD2/3, p38, and ERK pathways to a similar degree.®
Most assays, including ours and those in published studies,’ 3 do
not distinguish between these homologous |:>rotein58'9 and we will
thus refer to the protein as GDF11/8.

Methods

Study population

The Heart and Soul study is a prospective cohort study originally de-
signed to investigate psychosocial factors and health outcomes in pa-
tients with stable CHD. Recruitment methods and study design have
been published.* Briefly, between September 2000 and December
2002, we recruited 1024 outpatients with stable CHD from 2 Veterans
Administration Medical Centers (Palo Alto and San Francisco), 1 univer-
sity medical center (University of California, San Francisco), and 9 public
health clinics in the Community Health Network of San Francisco. Eli-
gible participants met one or more of the following criteria: (i) history of
myocardial infarction (Ml); (ii) evidence of at least 50% stenosis in one or
more coronary arteries on cardiac catheterization; (iii) evidence of
exercise-induced ischaemia by treadmill electrocardiogram or nuclear
perfusion stress imaging; or (iv) a history of coronary revascularization.
We excluded individuals with a history of Ml in the previous 6 months,
inability to walk one block, or planning to move out of the local area
within 3 years.

All participants completed a baseline examination that included an
interview, fasting blood draw, questionnaire, echocardiogram, and exer-
cise treadmill test. Of the 1024 original study participants, 85 were ex-
cluded because of missing or inadequate blood specimens and 11 were
excluded due to missing echocardiographic data. The remaining 928

participants are the analytic cohort for this study. This study complies
with the Declaration of Helsinki. The institutional review board ap-
proved this protocol, and all participants provided written, informed
consent.

Baseline measurements

Before the study appointment, participants fasted overnight except for
taking their prescribed medications. A 21-gauge butterfly needle was in-
serted intravenously in the forearm after a 30-min supine rest, and blood
samples were drawn into chilled EDTA tubes, divided into aliquots and
stored at —70°C. We measured plasma GDF11/8 levels using a modi-
fied aptamer-based proteomic platform (SOMAscan™, Somalogic,
Inc., Boulder, CO).” The lower limit of quantitation of this assay is
6.5 pg/mL and intra-assay and inter-assay CV is <6%.

Participants underwent transthoracic echocardiography at rest during
baseline examination. Details of echocardiographic methods in the
Heart and Soul cohort have been published.>'® Left ventricular mass
was derived from wall-thickness measurements using a truncated ellips-
oid technique and normalized to body surface area to calculate left ven-
tricular mass index (LVMI). We defined LVH as LVMI > 88 g/m? in
women and >102 g/m* in men per American Society of Echocardiog-
raphy/European Association of Cardiovascular Imaging guidelines."’
Left ventricular ejection fraction (LVEF) was calculated as end-diastolic
volume minus end-systolic volume divided by end-diastolic volume. Pat-
terns of LV diastolic dysfunction were based on mitral inflow E/A ratios
of peak velocities at early rapid filling (E) and late filling due to atrial con-
traction (A) and systolic or LV diastolic dominant pulmonary venous
flow using velocity time integral based on previously published criteria.'
A single experienced cardiologist (N.B.S.) who was blinded to all other
clinical information interpreted the echocardiograms.®'® Reliability of
LVMI measurements is presented in Supplementary material online.

Age, sex, race, medical history, and smoking status were determined
by questionnaire. We measured height and weight and calculated body
mass index (kg/m?). The New York Heart Association (NYHA) func-
tional classification was assessed as a self-reported limitation of physical
activity due to cardiovascular symptoms (fatigue, shortness of breath, or
chest pain).

We measured serum creatinine, cystatin C, total cholesterol, and
high-density lipoprotein from fasting blood samples drawn at the base-
line study appointment. Estimated glomerular filtration rate (eGFR) was
calculated using the CKD Epi equation.’

Follow-up

We conducted annual follow-up interviews with participants (or their
proxy) to inquire about death or interval hospitalization for ‘heart trou-
ble’. For any reported event, two independent and blinded physician
adjudicators reviewed medical records, electrocardiograms, death cer-
tificates, and coroner’s reports. If the adjudicators agreed on the out-
come classification, their classification was binding. In the event of a
disagreement, a third blinded adjudicator was consulted.

We defined heart failure (HF) as hospitalization for a clinical syn-
drome based on the Framingham congestive HF criteria."* Stroke was
defined as a new neurological deficit not known to be secondary to
brain trauma, tumour, infection, or other cause. Myocardial infarction
was defined using standard diagnostic criteria.'®> Death and cause of
death were determined through review of death certificates, medical re-
cords, and coroner’s reports. Cardiovascular death was defined as (i)
death during the same hospitalization in which an acute Ml was docu-
mented or (ii) death not explained by other causes and that occurred
within 1 h of the onset of terminal symptoms.
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HUNT3 cohort

We replicated the association of GDF11/8 with cardiovascular events
discovered in the Heart and Soul study in 971 individuals from the Euro-
pean HUNT3 cohort. The HUNT cohort is a population-based cohort
for health-related research in the Nord-Trgndelag County, Norway.®
A detailed description of the HUNT3 cohort can be found in the Sup-
plementary material online.

Statistical analysis

GDF11/8 levels were normally distributed. We divided participants into
quartiles by plasma GDF11/8 levels. We compared baseline character-
istics by quartile of GDF11/8 level using x? tests for categorical charac-
teristics and analysis of variance for continuous characteristics.

Multivariable Cox proportional hazards models were used to com-
pare the rates of HF hospitalization, stroke, MI, death, and the compos-
ite of HF, stroke, MI, or death across quartiles of GDF11/8 level. Models
were adjusted for age, sex, race, hypertension, diabetes mellitus, history
of prior MI, LVEF, eGFR, and medication (B-blocker, statin, and
ACE-inhibitor or ARB) use. We also evaluated the association between
GDF11/8 as a continuous variable and cardiovascular events. Propor-
tional hazards assumptions and the absence of co-linearity were verified
for all models. No evidence of departure from linearity was present in
the continuous GDF11/8 model. We evaluated for interactions by age,
sex, race, the presence of LVH, LVEF < 50%, and eGFR << 60 mL/min.
Supplementary material online contains details of C-statistic and net re-
classification analysis.

For replication of Heart and Soul findings in the HUNT3 cohort, the
same analysis strategy was used. Models were adjusted for age, sex,
hypertension, diabetes, history of Ml, and eGFR. Models were not ad-
justed for race because the HUNT3 cohort is racially homogenous.
Models were not adjusted for ejection fraction or medication use
because this data was not available in the HUNT3 cohort.

Logistic regression models were used to estimate the association
between GDF11/8 and LVH in the Heart and Soul cohort. Models
were adjusted for age, sex, race, hypertension, diabetes mellitus, history
of prior MI, and LVEF. Analysis of variance was used to compare
GDF11/8 levels across age strata.

Analyses were performed using Stata versions 10.0 and 12.0 (Stata-
Corp, College Station, TX). All reported P-values are two-sided, with
a P-value of <0.05 considered to indicate statistical significance.

Results

Sample characteristics

The Heart and Soul cohort was 82.2% male and 60.2% white
(non-white = black: 16.5%, Hispanic: 8.5%, Asian: 11.5%, other:
3.2%), with a mean age of 66.9 years. Compared with participants in
the lowest quartile, those in the highest quartile of GDF11/8 were
younger, healthier, more likely male, and less likely white (Table 7).
They were less likely to have a history of Ml or HF. They were less like-
ly to have impaired left ventricular relaxation or NYHA Functional
Class lll or IV HF symptoms. They had better renal function.

Cardiovascular outcomes and death

After a median follow-up of 8.9 years, 367 participants (39.6%) died,
166 participants (17.9%) were hospitalized for HF, 45 participants
(4.9%) experienced a stroke, 128 participants (13.8%) suffered an
MI, and 450 participants (48.5%) experienced any cardiovascular
event or death (Figure 1 and Supplementary material online, Table ST).

When participants in the highest quartile of GDF11/8 were com-
pared with those in the lowest quartile in unadjusted analysis, hazard
ratios for individual cardiovascular outcomes or death ranged from
0.35 to 0.47 and were all significant at P < 0.05 level (Figure 1 and
Table 2). These relationships persisted after adjustment for demo-
graphic variables, clinical risk factors, and medication use. Notably,
participants in the highest quartile of GDF11/8 had a lower risk of
all-cause death than those in the lowest quartile [adjusted hazard ra-
tio (HR), 0.37; 95% confidence interval (Cl), 0.26—0.52; P < 0.001].
GDF11/8 was likewise associated with cardiovascular-specific mor-
tality (adjusted HR for Q4 vs. Q1, 0.26; 95% Cl, 0.14-0.46; P <
0.001). After multivariable adjustment, participants in the highest
quartile of GDF11/8 had lower risk of HF hospitalization (HR,
0.57; 95% Cl, 0.36—0.92; P = 0.02), stroke (HR, 0.32; 95% ClI,
0.12-0.83; P = 0.02), and MI (HR, 0.52; 95% ClI, 0.29-0.92; P =
0.03) than did participants in the lowest quartile of GDF11/8
(Table 2). Participants in the highest quartile of GDF11/8 had lower
risk of the composite endpoint (HF, stroke, Ml, or death) than those
in the lowest quartile in multivariable adjusted analysis (HR, 0.45;
95% Cl, 0.33-0.60; P < 0.001) (Table 2 and Supplementary material
online, Figure STA). Estimates of the association between GDF11/8
and cardiovascular events were not meaningfully changed (<5%
change in estimate) with the addition of LVH, LVMI, or diastolic
function to the model.

A significant interaction was present between race and GDF11/8 as
a continuous variable for the composite outcome (P = 0.02 for inter-
action). Compared with whites with low GDF11/8, whites with high
levels of GDF11/8 had a lower risk of the composite outcome
(adjusted HR, 0.67; 95% Cl, 0.56—0.80 per SD increase in GDF11/8
level), while GDF11/8 level was not significantly associated with
increased risk among non-whites (adjusted HR, 0.89; 95% ClI,
0.74—1.07 per SD increase in GDF11/8 level). The association
between GDF11/8 and the composite outcome did not vary by
age, sex, LVEF, LVH, or eGFR (P-value for interaction >0.10 for all).

In the Norwegian HUNT3 cohort, after a median follow-up of 4.5
years, 133 participants died, 107 participants were hospitalized for
HF, 62 participants experienced a stroke or transient ischaemic at-
tack (TIA), 90 participants suffered an Ml, and 273 participants ex-
perienced any cardiovascular event or death. The relationship
between GDF11/8 and key baseline characteristics observed in
the Heart and Soul cohort was reinforced in HUNTS3, with partici-
pants in the highest quartile being younger and more predominantly
male (Supplementary material online, Table S2). The relationship
between plasma GDF11/8 levels and individual cardiovascular end-
points (HF, stroke/TIA, Ml, and death) or their composite endpoint
observed in our Heart and Soul cohort was replicated in the Nor-
wegian HUNT3 cohort (Figure 2, Supplementary material online,
Table S3 and Figure S1B). Participants in the highest quartile of
GDF11/8 had markedly lower risk of composite cardiovascular
endpoint (HF, stroke/TIA, Ml, or death) than those in the lowest
quartile, both unadjusted (HR, 0.24; 95% Cl, 0.16—0.35; P < 0.001)
and in multivariable adjusted analysis (HR, 0.34; 95% Cl, 0.23—
0.51; P < 0.001).

While the focus of this study is on the cardiovascular pathobiol-
ogy of GDF11/8 in humans and not on GDF11/8 as a potential bio-
marker of cardiovascular risk, for interested readers we have
included discrimination and reclassification performance metrics


http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv385/-/DC1

GDF11/8, cardiovascular outcomes and mortality in humans 3429
Table | Baseline participant characteristics by quartile of GDF11/8% in the Heart and Soul study
GDF11/8 quartiles P-Value®
Q1 ........................ QZ ........................ Q3Q4 ...........
Range in quartile (units) 394-793°¢ 796-932 932-1106 1108-3333
n 232 232 232 232
Demographic factors
Age, mean (SD) 68.9 (11.7) 68.2 (10.7) 65.4 (10.1) 65.0 (10.4) <0.001
Male sex 166 (71.6) 193 (83.2) 200 (86.2) 204 (87.9) <0.001
White race 181 (78.0) 156 (67.2) 126 (54.3) 95 (41.0) <0.001
Clinical history
Hypertension 169 (72.8) 166 (71.6) 163 (70.3) 160 (69.6) 0.87
Revascularization 139 (59.9) 143 (61.6) 132 (56.9) 134 (58.3) 0.75
Diabetes 62 (26.8) 57 (24.6) 65 (28.0) 60 (26.0) 0.86
History of Ml 137 (59.3) 132 (57.1) 123 (53.0) 105 (45.9) 0.02
History of HF 54 (23.5) 44 (19.0) 36 (15.5) 27 (11.8) 0.008
Stroke 42 (18.1) 29 (12.5) 34 (14.7) 24 (10.5) 0.11
BMI, mean (SD) 28.1 (5.5) 28.1 (5.4) 29.0 (54) 28.3 (4.7) 0.21
Current smoking 53 (22.8) 44 (19.0) 43 (18.5) 43 (18.7) 0.60
NYHA Class Ill or IV 61 (26.4) 56 (24.1) 48 (20.7) 37 (16.0) 0.04
Medication use
Aspirin 164 (70.7) 168 (72.7) 183 (80.3) 168 (74.0) 0.1
Statin 136 (58.6) 156 (67.5) 155 (68.0) 151 (66.5) 0.12
ACE-inhibitor/ARB 130 (56.0) 110 (47.6) 113 (49.6) 123 (54.2) 0.24
B-blockers 124 (53.5) 135 (58.4) 144 (63.2) 137 (60.4) 0.19
Laboratory data
Cholesterol, mean (SD) (mg/dL)
Total 179 (46) 178 (41) 180 (42) 174 (39) 0.54
HDL 47 (17) 45 (14) 45 (14) 45 (12) 0.28
GFR, mean (SD) (mL/min) 64 (22) 70 (22) 74 (22) 75 (21) <0.001
Cardiac function
LVEF, mean (SD) (%) 60 (10) 62 (10) 62 (9) 62 (9) 0.09
Diastolic function 0.001
Normal 108 (52.4) 124 (58.0) 137 (66.5) 144 (72.0)
Impaired relaxation 66 (32.0) 65 (30.4) 51 (24.8) 32 (16.0)
Pseudonormal 20 (9.7) 16 (7.5) 6 (2.9) 13 (6.5)
Restrictive 12 (5.8) 9(42) 12 (5.8) 11 (5.5)

*Values expressed as number (percentage) unless otherwise indicated.

bSignificance tests for comparisons by quartile of GDF11/8 based on analysis of variance for continuous participant characteristics and Pearson’s x> test for categorical participant

characteristics.
“Units = relative fluorescence units.

for GDF11/8 when added to an existing clinical secondary cardio-
vascular risk prediction model (Supplementary material online, Ta-
bles S4 and S5).

Left ventricular hypertrophy

Of the 928 participants in the Heart and Soul cohort, 368 (39.7%)
had LVH by echocardiogram. The percentage of participants with
LVH increased with decreasing quartile of GDF11/8 (Figure 3).
Thirty-one per cent of participants in the highest quartile had
LVH compared with 46% in the lowest quartile (unadjusted OR,

0.55; 95% CI, 0.37—-0.80; P = 0.002, Table 3). This relationship re-
mained after adjustment for demographics and clinical risk factors
(OR, 0.55; 95% Cl, 0.35—0.86; P = 0.009). Similarly, when we mod-
elled GDF11/8 as a continuous variable, higher levels of GDF11/8
were associated with lower odds of LVH (adjusted OR, 0.80; 95%
Cl, 0.67-0.95; P = 0.01 per SD increase in GDF11/8 level).

GDF11/8 and age

In both the Heart and Soul and the HUNT3 cohorts, GDF11/8
levels were lower in older participants. Figure 4 demonstrates the
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Figure | Incidence of heart failure hospitalization, stroke, myocardial infarction, death, and composite endpoint in Heart and Soul cohort, un-
adjusted, stratified by quartile of GDF11/8. P-Values for trend are <0.001 for heart failure, death, and composite endpoint, 0.18 for stroke, and

0.004 for myocardial infarction.

Table 2 Association of GDF11/8 with cardiovascular events and death in the Heart and Soul study

Outcome Model Q4 vs. Q1 Per 1SD increase
HR (95% CI) P-Value HR (95% CI) P-Value
Heart failure hospitalization Unadjusted 0.47 (0.31-0.73) 0.001 0.67 (0.55-0.82) <0.001
Model 1* 0.49 (0.31-0.77) 0.002 0.69 (0.56—0.85) <0.001
Model 2° 0.57 (0.36—0.92) 0.02 0.79 (0.64-0.97) 0.02
Stroke Unadjusted 0.41 (0.17-0.97) 0.04 0.72 (0.50— 1.03) 0.07
Model 1 0.33 (0.13-0.81) 0.02 0.65 (0.44-0.97) 0.04
Model 2 0.32 (0.12-0.83) 0.02 0.69 (0.45-1.02) 0.06
Myocardial infarction Unadjusted 0.45 (0.27-0.76) 0.003 0.68 (0.55-0.85) 0.001
Model 1 0.42 (0.24-0.74) 0.002 0.67 (0.53— 0.85) 0.001
Model 2 0.52 (0.29-0.92) 0.03 0.75 (0.59-0.95) 0.02
Death Unadjusted 0.35 (0.26—0.47) <0.001 0.66 (0.58—0.76) <0.001
Model 1 0.33 (0.24-0.46) <0.001 0.67 (0.58-0.77) <0.001
Model 2 0.37 (0.26—0.52) <0.001 0.74 (0.64—0.85) <0.001
Composite HF/stroke/Ml/death Unadjusted 0.43 (0.32-0.56) <0.001 0.71 (0.63-0.80) <0.001
Model 1 0.40 (0.30-0.53) <0.001 0.70 (0.62-0.79) <0.001
Model 2 0.45 (0.33— 0.60) <0.001 0.76 (0.67—0.86) <0.001

?Cox proportional hazards Model 1, adjusted for age, sex, and race.

®Cox proportional hazards Model 2, adjusted for age, sex, race, hypertension, diabetes, history of myocardial infarction, eGFR, ejection fraction, and B-blocker, angiotensin
converting enzyme-inhibitor or angiotensin receptor blocker, and statin use.

relationship of plasma GDF11/8 levels to age in the Heart and Soul
(A) and HUNT3 (B) cohorts.

Discussion

To the best of our knowledge, this is the first study to investigate the
association of GDF11/8, factor(s) that putatively regulate the ageing

process in mice,“3 with cardiovascular outcomes and all-cause
mortality in humans. In two independent cohorts across two conti-
nents totalling 1899 subjects with stable CHD, we found markedly
reduced risk of incident HF hospitalization, stroke, MI, and all-cause
death in those with higher circulating GDF11/8 levels. These rela-
tionships remained significant after adjustment for demographic
and clinical covariates. Additionally, we found that higher levels of
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Figure 3 Prevalence of left ventricular hypertrophy by quartile
of GDF11/8. Unadjusted. Left ventricular hypertrophy defined as
left ventricular mass index >88 g/m? in females, >102 g/m? in
males. P-Value is 0.02.

GDF11/8 are associated with lower prevalence of LVH. We also
found that GDF11/8 levels are lower in older individuals. These
data suggest that GDF11/8 characteristics in humans are similar to
those reported in mice.? Taken in the context of mechanistic studies
in mice," our findings support the hypothesis that GDF11/8 is a cir-
culating factor that protects against adverse cardiovascular events,
cardiac hypertrophy, and death.

Despite the relatively narrow age range of our human subjects
compared with the extremes of age reported in mice, we detected

an age-related decline in GDF11/8 in both cohorts (Figure 1A and B).
In context of the studies in mice relating biological ageing to a de-
cline in GDF11/8 levels,® our findings support the hypothesis
that age-related decline in GDF11/8 might also contribute to cardio-
vascular ageing in humans.

We also found that GDF11/8 levels vary by sex, being lower in
females compared with males (Table 1 and Supplementary material
online, Table $2), a finding not previously described in mice. Further-
more, we found that whites compared with non-whites had both
lower levels of GDF11/8 (Table 1) and a stronger link between cir-
culating GDF11/8 levels and adverse cardiovascular outcomes. This
finding may explain why the association between GDF11/8 and car-
diovascular events was numerically stronger in HUNT3, a homoge-
neous white cohort, compared with the racially mixed Heart and
Soul cohort.

The overarching purpose of our study was to establish whether
the protective cardiovascular and anti-ageing characteristics of
GDF11/8 described in mice may apply to humans, a goal met af-
firmatively. The potential biological mechanisms behind these ob-
servations in humans have to be viewed in context of parallel
experimental investigations. GDF11/8 in mice has both myocardial
(anti-hypertrophic) and vascular effects (favourable vascular remod-
elling and increased blood flow).™ In our study, LVH and diastolic
dysfunction were not found to meaningfully weaken the association
between GDF11/8 and outcomes when added to the models as
covariates. The reasons for this finding are not entirely clear, as
we have demonstrated the association of GDF11/8 with both
LVH and outcomes, and it is well documented that LVH is associated
with outcomes of HF, stroke, MI, and death.>1016-18 Perhaps the ac-
curacy of measurement was not sufficient to characterize this rela-
tionship. However, it is also likely that the favourable impact of
GDF11/8 on cardiovascular outcomes and cardiovascular deaths
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Table 3 Cross-sectional association of GDF11/8 with left ventricular hypertrophy in the Heart and Soul study

Q4 vs. Q1 Per 1SD increase

oR (95% CI) ............................. PRV OR (95% CI) ............................. PRV
Unadjusted 0.55 (0.37-0.80) 0.002 0.79 (0.69-0.92) 0.002
Model 17 0.47 (0.31-0.70) <0.001 0.75 (0.64-0.88) <0.001
Model 22 0.55 (0.35-0.86) 0.009 0.80 (0.67-0.95) 0.01

?Logistic regression model Model 1, adjusted for age, sex, and race.
PLogistic regression Model 2, adjusted for age, sex, race, hypertension, diabetes, history of myocardial infarction, and ejection fraction.

A Heart and Soul Cohort
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Figure 4 GDF11/8 levels by age, unadjusted. Inner line = median, box 25th—75th percentile, outer whiskers denote adjacent value 1.5 times
height of box. Units = relative fluorescence units. (A) Heart and Soul cohort and (B) HUNT3 cohort. P-Value is <0.001 for both Heart and Soul

and HUNT3 cohorts.

is mediated largely by its known benefits on arterial remodellingand  :  with benefits of GDF11/8 that extend beyond the cardiovascular
blood flow." The remarkably strong association between GDF11/8 . systemto other organs. This notion is supported by the broad tissue
and overall deaths observed in both of our cohorts is also consistent  :  distribution of GDF11 and GDF8.8
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Clinical implications

Given reports of GDF11/8 in mice as cardioprotective and anti-
ageing,”3 now reinforced with our human outcomes data, it is
plausible to consider targeting this pathway to reduce cardiovascu-
lar risk and other adverse outcomes associated with ageing.

Limitations

We have studied two cohorts of subjects with stable CHD across
two continents. Future studies will need to generalize our findings
to other populations, including populations free of cardiovascular
disease and populations with higher proportions of women (18%
in Heart and Soul and 28% in HUNT3). In this study, as in any obser-
vational study, residual confounding may influence results. Because
of their high structural homology, our assay does not distinguish cir-
culating GDF11 and GDF8.2 This does not diminish the significance
of our findings as the functions of the two circulating proteins ap-
pear identical, both proteins binding to the same activin Il receptors
and activating the same effector pa‘chways.8 The relative contribu-
tions of GDF11 and GDF8 will require further study as more select-
ive SOMAmer reagents become available.”

In summary, in two independent cohorts with baseline CHD, we
found that lower levels of GDF11/8 are associated with higher rates
of incident cardiovascular events and overall deaths as well as higher
prevalence of LVH. GDF11/8 levels are lower with higher age, a find-
ing relevant to understanding the biology of human ageing. Based on
findings in mice' 3 translated to humans in our study, GDF11/8 may
represent a valuable therapeutic target for treating cardiovascular
diseases and possibly even modulating the ageing process.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Isolated cardiac sarcoidosis: critical role of cardiac MRI for diagnosis
and management
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A 49-year-old female was referred for further A Elfe o _ g
evaluation of exercise-induced symptomatic 2nd : '” ' . =
degree 2: 1 atrioventricular (AV) block (Mobitz vesmueyspazzn isavased gan RS LA B Lt s o
type 2, Panel A). Several days of telemetric surveil- mammas s, : : ' ' WM ‘

lance confirmed intermittent AV block but did imiiisauasynnsantissssumamnnssanunnusamannaas
not reveal evidence of any other arrhythmias. [
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Coronary angiography showed normal coron-
ary arteries. However, despite overall normal left
ventricular ejection fraction, laevography showed
an unusually deformed left ventricular endocar-
dial border due to several protuberances of the
ventricular wall, which were particularly obvious
in systole (Panel B, arrows). Cardiac magnetic res-
onance imaging (MRI; delayed enhancement im-
aging) revealed multiple large, discrete areas of
hyperenhancement throughout the left ventricu-

lar myocardium and not confined to a coronary
territory (Panel C, arrows). In addition, T,.
-weighted imaging showed diffuse left ventricular oedema (Panel D, arrows). Clinical and MRI findings raised the suspicion of cardiac sar-
coidosis. However, an extensive work-up did not reveal evidence of extracardiac sarcoidosis, and right ventricular endomyocardial
biopsy could not establish a pathological diagnosis of sarcoidosis either.

Given the highly suggestive MRI findings, the extensive left ventricular involvement, the well-known high sampling error of right ven-
tricular endomyocardial biopsy, and the high risk of ventricular arrhythmia associated with cardiac sarcoidosis an implantable cardiac
defibrillator (ICD) was implanted after extensive discussion with the patient.

One month after hospital discharge the patient fainted, which on ICD interrogation was found to have been due to ventricular fib-
rillation successfully terminated by an appropriate ICD shock (Panel E, ICD strip).

The present case highlights the pivotal role of cardiac MRI for the diagnosis of cardiac sarcoidosis.
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