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Highlights
- This systematic review shows that adrenomedullin is an independent predictor of

death in patients with heart failure, as well as MACE and death in patients who have
suffered an acute myocardial infarction.

- Quantification of this peptide might contribute to improved risk stratification in
settings of heart failure and myocardial infarction.

ABSTRACT
We undertook this systematic review to determine the prognostic significance of
adrenomedullin (ADM) in heart failure and acute myocardial infarction (AMI) patients.
Given the difficulty in measuring mature ADM, its surrogate, mid-regional pro-

adrenomedullin (MRproADM), has been used in most studies. Systematic search of

original published studies via Medline and the Cochrane Collaboration databases
restricted to articles in English between 1st of January 1993 to 30th of June 2014 in
humans was undertaken. Heterogeneity of studies prohibited a meta-analysis. In heart
failure patients, the area under the curve (AUC) for prediction of mortality

by

MRproADM ranged from 0.68 to 0.81 (95% confidence intervals 0.63 - 0.91) across
studies. 1 nmol/l increase in MRproADM was associated with hazard ratios (HR)

ranging from 1.77 to 2.79 (95% confidence intervals (CI) 1.29 - 5.95) for death in heart
failure patients. In patients with AMI, the AUC for MRproADM predicting MACE ranged
from 0.64 to 0.80 (CI 0.51 - 0.87) across studies, and death 0.79 to 0.84 (CI 0.73 - 0.90).

1 nmol/l increase in MRproADM was associated with HR for MACE ranging from 1.78 to

4.10 (CI 1.20 - 10.12), while log10 of MRproADM had hazard ratios of 3.63 to 9.75 (CI

1.48 - 26.16) for MACE and 4.86 to 16.68 (CI 4.56 - 60.99) for death across studies in
AMI patients. In conclusion, adrenomedullin is an independent predictor of death in
patients with heart failure, as well as MACE and death in patients who have suffered an

AMI. Quantification of this peptide might contribute to improved risk stratification in
settings of heart failure and myocardial infarction.
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INTRODUCTION
Adrenomedullin (ADM) is produced from a large peptide precursor molecule

(preproadrenomedullin) which consists of 185 amino acids via a two-staged enzymatic

process into the mature form with 52 amino acids (1). The gene encoding for
adrenomedullin is located within the short arm of chromosome 11 (2). Measurement of

mature ADM as biomarker has been previously hampered by its short plasma half-life of

22 ± 1.6 minutes, the presence of a binding protein called human adrenomedullin

binding protein (AMBP-1) identified as complement factor H (3), and the immediate

binding of ADM to local receptors, which had rendered its accurate measurement
difficult to achieve (3, 4). A possible solution to this problem came from the

development of assays to identify mid-regional pro-adrenomedullin (MRproADM),

which is a more stable non-functional fragment of initial precursor peptide, consisting
of 45 to 92 amino acids. MRproADM is secreted in stoichiometric amounts to mature

ADM and therefore acts as a reliable surrogate of ADM levels (4). To the best of our
knowledge, no study has undertaken a systematic review or meta-analysis of ADM and

incident major cardiovascular events or mortality in heart failure patients or acute
myocardial infarction patients. We therefore undertook this systematic review with the

hope of including a meta-analysis if possible, to determine the prognostic significance
of ADM in heart failure patients and in post-acute myocardial infarction patients ( AMI).

METHODS
The methodology was guided by PRISMA (Preferred Reporting Items for

Systematic reviews and Meta-Analyses) (5). The inclusion criteria were prospective

studies published in adult patients with acute or chronic heart

failure or

acute

myocardial infarction or patients presenting with acute dyspnoea or acute chest pain or
stable or unstable angina. In addition they must have had adrenomedullin measured at

baseline and related to major adverse cardiovascular events or mortality. Excluded
were review articles, paediatric studies, and animal studies.

A systematic literature search was carried out on original published studies

using Pubmed (Medline) and the Cochrane Collaboration databases using Key words
and MeSH terms. For heart failure patients, the MeSH terms or key words were

("Adrenomedullin" OR "ADM" OR "MRproADM") AND "Heart Failure". For myocardial

infarction patients, these were ("Myocardial Infarction" OR ( "Angina Pectoris" OR
"Angina, Stable" OR "Angina, Unstable") AND ("Adrenomedullin" OR "ADM" OR
"MRproADM"). Searches of references of published articles obtained from the above

systematic search were also undertaken. The search was restricted to articles published

in English between 1st of January 1993 to 30th of June 2014, in humans. Figure 1 shows

the flow chart for selection for this systematic review.

The main outcome measure of this systematic review for heart failure patients

was death. The outcome measure for myocardial infarction patients was major adverse

cardiovascular events (MACE) as primary endpoint measure, with death as secondary

endpoint. The endpoint, MACE, was defined variably across studies as a composite of
myocardial infarction, stroke, hospitalization for heart failure, and all-cause mortality,
although in some studies not all these components were present.

Two authors independently perused all the relevant titles and abstracted data

from selected articles with any disagreements settled by a consensus or opinion from

other co-authors. Some studies had very small sample sizes, but we included given the small
number of studies.

Due to the high level of heterogeneity across studies, no quantitative pooling of

results from various studies through a meta-analysis was undertaken. This
heterogeneity was mainly due the discrepancy in type of adrenomedullin measured

(mature ADM versus its surrogate MRproADM), discrepancy in units of ADM used by
different studies, the varying use of ADM as a continuous and a categorical variable

across studies, the different cut-offs of ADM when used as a categorical variable, and
differing logarithmic transformations or unit change of ADM when used as a continuous
variable in various statistical models.
RESULTS
Table 1 shows studies which looked at the relationship between ADM and

mortality in heart failure patients. We identified 14 studies in total and these were

mainly cohort studies. Baseline plasma levels of MRproADM were significantly higher in

patients who died during follow-up compared to those who survived. The area under
the curve (AUC) for adrenomellin predicting mortality was only reported for 12 studies

using MRproADM in heart failure patients, and this ranged from 0.68 to 0.81 (95%
confidence intervals

0.63 - 0.91) across studies. Overall the earlier studies using

mature adrenomedullin demonstrated a statistically significant association from hazard

ratios and 95% confidence intervals with all-cause mortality (6, 7). Subsequent studies

using MRproADM showed similar results. When taken as a continuous variable, a 1
nmol/l increase in MRproADM was associated with hazard ratios (HR) ranging from

1.77 to 2.79 (95% confidence intervals (CI) 1.29 - 5.95) for death in heart failure

patients. When taken as a log10 of MRproADM measured in nmol/l, the hazard ratios

ranged from 1.82 to 10.26 for death (95% CI 1.26 - 80.50). Various cut-offs were used
for categorical adrenomedullin as shown in table 1 and these included upper tertile,
ROC optimal cut-off, and above the median value. Only one study showed a negative
result of MRproADM on mortality in heart failure patients (8).

Table 2 depicts studies which looked at the relationship between

adrenomedullin and MACE in acute coronary syndrome patients . We identified 9 cohort
studies in total. Baseline plasma levels of MRproADM were significantly higher in

patients who experienced a MACE during follow-up compared to those who did not.

The AUC for MRproADM predicting MACE ranged from 0.64 to 0.80 (95% CI 0.51 - 0.87)

across studies in AMI patients. When taken as a continuous variable, 1 nmol/l increase
in MRproADM was associated with hazard ratios for MACE ranging from 1.78 to 4.10

(95% CI 1.20 - 10.12), while log10 of MRproADM had hazard ratios of 3.63 to 9.75

(95% CI 1.48 - 26.16) for MACE across studies in AMI patients. Only one study showed

a negative result of MRproADM on MACE in AMI patients (9). This review also

identified studies which have shown that MRproADM significantly enhances the

integrated discrimination improvement (IDI) and the net reclassification improvement
(NRI) when added to other risk markers like BNP and the Grace Score in AMI patients

(9, 10). For example, one study showed a NRI of 34.1 % (range 18.6 - 49.5%) for 30-day
mortality when MRproADM was added to the Grace score (10).

Table 3 depicts studies which looked at the relationship between

adrenomedullin and death in acute myocardial infarction patients . We identified 8

cohort studies in total. The area under the curve (AUC) for MRproADM predicting death

ranged from 0.79 to 0.84 (95% CI 0.73 - 0.90) across studies in AMI patients. When

taken as a log10 of MRproADM measured in nmol/l, death was associated with hazard

ratios ranging from 4.86 to 16.68 (95% CI 4.56 - 60.99) across studies in AMI patients.
One study showed a negative result of MRproADM on mortality in AMI patients (11).

DISCUSSION
This systematic review has demonstrated that ADM is an independent predictor

of death in patients with heart failure. An expanding number of studies have shown

diagnostic and prognostic significance of ADM in heart failure patients. Initial cross-

sectional studies demonstrated that ADM levels were significantly raised in patients
with established heart failure compared to controls. ADM is elevated in cardiac failure
proportionally to the severity of the disease assessed by NYHA class and to the degree
of left ventricular impairment (9, 12). ADM also has diagnostic and prognostic value

alongside the natriuretic peptides in acute dyspnoea and in chronic heart failure (12-

20), and in diastolic dysfunction (21). In post-AMI patients with new heart failure (9),

patients with established heart failure (12, 22), and patients presenting with acute

dyspnoea in emergency settings (13-15, 23), MRproADM has been shown to have

independent prognostic significance for major adverse cardiovascular outcomes. It is

also predictive of adverse outcomes in community patients with symptoms of heart
failure (24). Our findings therefore highlight the possible usefulness of ADM as a risk
stratifying measure in heart failure patients.

This systematic review has shown that ADM is independently predictive of

MACE in patients who have suffered an acute myocardial infarction and strongly
support

the results of various individual studies. ADM is a known independent

predictor of future MACE in coronary disease. It significantly predicts fatal and non-

fatal cardiovascular events and all-cause mortality in patients with stable angina (25-

28), patients with acute coronary syndromes (9-11, 25, 29-34), and patients presenting

with acute chest pain (35-37). Our findings corroborate the above observations and
help to enhance the importance of ADM as prognostic marker in acute coronary
syndromes

independent of other established risk markers like the GRACE score and

natriuretic peptides. Initial studies used free mature ADM to relate to cardiovascular

outcomes (11, 29, 31), while more recent studies have used the surrogate MRproADM

to study this relationship (9, 10, 25, 26, 30, 35-37). We have reported on the few results for

mature ADM. Although we acknowledge that the reliability of some of these results might be
questionable due to known problems with mature ADM detection given its short half life, the

studies using mature ADM did show a consistent significant prognostic effect on outcomes.
Majority of the studies identified in this systematic review used MRproADM, which given the
reliability of its measurement should remain the main contemporary method of detecting this
peptide.

There were only three negative studies identified in this systematic review for

ADM and some outcomes (mortality in heart failure (8) , MACE in AMI (9), and death in
AMI (11)) and these could be attributed to small sample sizes, or broadening of
composite endpoint to include softer outcomes or shorter duration of follow-up of the

studies. A net reclassification improvement and integrated discrimination improvement

have been observed with the addition of MRproADM into risk assessment models of
mortality in patients with acute coronary syndromes (9, 10).

Abundant evidence has accrued suggesting the important role ADM might be

playing in cardiovascular disease. ADM plasma levels are increased in atherosclerosis in
coronary and peripheral circulation, and there is augmented expression with severity of

plaque formation/stenosis and degree of ischemic heart disease syndromes, e.g. less

expression in patients with stable angina compared to unstable angina. ADM is

significantly raised in acute myocardial infarction, and correlates with severity of AMI
(38). ADM levels in acute myocardial infarction are independently associated with
subacute left ventricular systolic dysfunction via ejection fraction measurements (29).

Intravenous ADM infusion to AMI patients significantly reduces infarct size and
prospectively reduces regional wall motion abnormality on cardiac magnetic resonance

imaging. ADM levels in community patients with pre-existing cardiovascular disease
are predictive of long-term adverse cardiovascular outcomes (39). ADM is associated
with degree of systemic hypertension, and pulmonary hypertension and also correlates

with functional outcomes in ischemic stroke patients. ADM plasma levels increase with
increasing degree of renal impairment (2).

Actions of adrenomedullin are generally protective to organs and tissues, from

vasodilation, natriuresis, diuresis, to anti-inflammation (2). The receptors of ADM are
a complex of receptor-activity modifying proteins (RAMP) and calcitonin receptor-like
receptor (CRLR) (40). The mechanisms of action of ADM are thought so far to be

through the generation of nitric oxide via nitric oxide-cyclic guanine monophosphate
pathway or through increased intracellular cyclic adenosine monophosphate which
activates protein kinase A which then activates nitric oxide

synthase or through

phosphatidylinositol kinase -3 activation and Akt phosphorylation resulting in
enhanced stimulation of endothelial nitric oxide synthase (2, 38).

The marked heterogeneity mainly due to discrepancy in adrenomedullin

measures across studies prohibited the quantitative combination of data through a

meta-analysis. This was a major limitation of the systematic review. Another limitation

was the small sample size of some studies and the small number of outcome events in

some studies. The variability in study design when including several studies, specifically
regarding the definition of MACE as outcome which varied across studies remains a
challenge that needs to be considered when performing a systematic review.
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