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Abstract: Background-AIMS: Little is known about the prognostic significance of elevated serum relaxin in acute
myocardial infarction (AMI) patients. The present study is designed to investigate the potential association between
serum relaxin levels and the risk of AMI. Materials and methods: We measured circulating relaxin levels in 80 pa-
tients (median age 62.3 years) who presented with first-time AMI 8 hours after the incident. The circulating relaxin-2
levels in 80 healthy volunteers (median age 61.5 years) was also measured. Relaxin-2 was detected using enzyme
immunoassay in both groups. Results: Serum relaxin levels were significantly higher in patients with AMI (27.4 +
6.3 ng/ml) compared to controls (9.2 + 2.3 ng/ml) (P < 0.01). We found that a relaxin level > 13.8 ng/ml had a
sensitivity of 79% and a specificity of 86% for predicting AMI. Relaxin revealed the higher sensitivity and specificity
for diagnosing AMI. Conclusions: Elevated relaxin in plasma may be a novel biomarker for early detection of AMI.
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Introduction

Acute myocardial infarction (AMI) is the world’s
leading cause of morbidity and mortality. An
early and correct diagnosis may warrant imme-
diate initiation of reperfusion therapy to poten-
tially reduce the mortality rate [1]. Biomarkers,
used to establish a diagnosis in patients with
AMI, have emerged largely from targeted analy-
ses of known myocardial proteins and become
more and more important for diagnosis of AMI
[2, 3]. Current biomarkers such as creatine
kinase-MB isoenzymes, cardiac myoglobin, and
troponins have been widely applied in clinical
diagnosis [4]. Among these, cardiac troponins
are currently considered as the ‘gold standard’
for AMI diagnosis [5]. However, the exploration
of new biomarkers with high sensitivity and
specificity in early diagnosis of AMI never stop.

The relaxin peptide family in humans consists
of seven members, relaxin-1, -2 and -3 and
insulin-like (INSL) peptides 3, 4, 5 and 6 [6, 7].
Since human relaxin-2 (H2 relaxin) is the equiv-
alent of relaxin-1 in non-primate species, both
will be simply referred to as relaxin [7].

Relaxin is mainly known as a reproductive hor-
mone which is produced by the corpus luteum
and/or placenta in many species. There are
varying effects of relaxin on the cervix, mam-
mary glands, nipples, pubic symphysis and
uterus of different species [8]. Relaxin medi-
ates various physiological processes of normal
pregnancy and parturition, for example, in the
relaxin knockout (KO) mouse [9] and relaxin
immunoneutralized rat [10], pup delivery was
prolonged and difficult thus significantly reduc-
ing their survival. It is also crucial for the remod-
eling and growth of the uterus, cervix and vagi-
na throughout pregnancy. It has recently found
human recombinant relaxin significant reduc-
tion of plasma histamine, increase in cardiac
histamine content and decrease in cardiac
mast cell degranulation [11]. Furthermore,
human relaxin could counteract reperfusion-
induced cardiac injury, afford a clear-cut protec-
tion to the heart of swine with induced myocar-
dial infarction [12].

Recent reports show that relaxin are also pres-
ent in various biological fluids, including blood,
and the levels of relaxin are linked to the diag-
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Table 1. Baseline characteristics of study subjects

Sep. 2012 to the Department of inter-

nal medicine-cardiovascular, the people’s

Factor AMI group  Control group P-value
Number 80 80 -
Age (years) 62.3+124 61.5+12.2 0.53
Sex, male (%) 63 (78.7%) 61 (76.2%) 0.48
BMI (kg/m?) 27.2+536 269+5.18 0.96
Weight (kg) 71.8+12.4 69.3+13.3 0.27
Waist (cm) 105.7£9.2 106.4 +10.6 0.93
SBP* (mmHg) 140 +22.8 118.4 +19.3 0.000
DBP* (mmHg) 88.2+14.7 759+11.3 0.000
Cholesterol (mg/dL) 184.5+38.2 182.0+24.8 0.73
TG (mg/dL) 1376 +78.3 127.3+45.0 0.74
HDL" (mg/dL) 422 +9.76 46.3+11.8 0.016
LDL" (mg/dL) 110.5+37.8 118.3+25.3 0.24
FBS (mg/dL) 1124+ 156 974 +16.5 0.000
Relaxin (ng/mL) 274 +6.3 9.2+23 0.001

hospital of weifang and controls were ran-
domly selected from participants of the
center of physical examination of the peo-
ple’s hospital of weifang. Patients with
inflammatory diseases, infectious diseas-
es, renal or liver problems, diabetic pati-
ents, pregnancy and those with any history
of myocardial infarction were excluded.
The study was approved by the people’s
hospital of weifang. All participants formal-
ly consented to participate in all stages of
the study.

Anthropometric measurements and clini-
cal assessments

Mean + SD was reported: BMI: Body mass index; SBP: Systolic
blood pressure; DBP: Diastolic blood pressure; FBS: Fasting blood
sugar; HDL: High-density lipoprotein; LDL: Low density lipoprotein;

“Log transformed data were used in t-test.

Table 2. Pearson correlation coefficients
between plasma relaxin and other variables
in study subjects

Variables Correlation coefficient  P-value
Waist -0.146 0.36
SBP 0.130 0.24
DBP 0.053 0.652
Cholesterol -0.076 0.309
TG -0.007 0.942
HDL -0.062 0.53
LDL -0.038 0.838
FBS 0.005 0.92

nosis and prognosis for diseases [13-15]. We
hypothesized that the relaxin might release into
the circulation during AMI and the elevated
relaxin in plasma from AMI patients could be
potential biomarkers for the diagnosis of AMI.

Materials and methods
Study population

Our case-control study included 80 patients
who presented with AMI for the first time and
were assessed 4 hours after the incident.
Controls consisted of 80 healthy individuals
matched by the “frequency matching method”
for age, sex, and body mass index (BMI). Cases
presented with AMI from Oct. 2010 through
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Elevation of myocardial necrotic markers

in the serum and ST segment elevation

on electrocardiogram was diagnosed with

AIM. BMI was calculated using the interna-

tional standard equation (weight/height?)
and recorded as kg/m? [16]. Waist circumfer-
ence was defined as the measurement around
the narrowest diameter between the lower cos-
tal margin and iliac creat [16]. Hip circumfer-
ence was defined by measuring around the wid-
est diameter over the greater trochanters [16].
These findings were used to calculate the waist-
to-hip ratio (WHR). Blood pressure was mea-
sured at least 10 minutes before blood sam-
pling in both groups.

Laboratory procedures

The patients of two groups were given 10-12
hours of fasting, then the blood samples were
collected from them. Blood samples were then
centrifuged, coded and stored at -70°C until
analyzed. Serum levels of triglycerides, high
density lipoprotein (HDL), total cholesterol
(TCH), low density lipoprotein (LDL), and fasting
blood sugar (FBS) were checked with enzymatic
methods. A commercially available ELISA Kit
(Guangzhou, China) was used to checked
serum relaxin levels. The mean inter- and intra-
assay coefficients of variation were < 10% for
all assays.

Statistical analysis

The results were reported as mean #* standard
deviation and all statistical analyses were
performed with the use of computer software
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Figure 1. ROC curve used for the definition of the cut-
off value of relaxin that best characterizes AMI and
control groups.

(SPSS, version 11, SPSS Institute, Chicago, IL,
USA). Baseline variables were compared bet-
ween two groups using the independent stu-
dent’s t- and chi-square tests. Distributions of
continuous variables were analyzed using the
Shapiro-Wilks test for normality. As distribution
of variables such as relaxin levels, systolic
(SBP) and diastolic blood pressure (DBP), HDL
and triglyceride levels, and WHR were little-
to-mild skewed toward the right, their log-
transformed values were used for analysis.
Correlations between serum relaxin levels and
independent variables were analyzed using
Pearson’s correlation coefficient. The Receiver
Operating Characteristic (ROC) curve was used
to describe relaxin concentrations as a poten-
tial diagnostic factor and the optimal cut-off
point was estimated. P-values less than 0.05
were considered statistically significant.

Results
Relaxin levels in AMI and healthy individuals

A total of 80 patients with new onset AMI and
no histories of any such prior incident as well as
80 healthy individuals (control group) were
recruited for the study. There were 100 male
and 60 female participants within the age
range of 25-83 years (mean =61.2, SD = 9.76).
Serum relaxin levels were significantly higher in
patients with AMI (27.4 + 6.3 ng/ml) compared
to controls (9.2 + 2.3 ng/ml) (P < 0.01, Table 1).
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Pearson correlation coefficients showed that
no relation was found between plasma relaxin
and other variables in study subjects (Table 2).

Correlation of relaxin with other clinical char-
acteristics

Sensitivity of relaxin to detect AMI: The ability
of log relaxin to detect patients with AMI was
explored using a ROC curve. The area under the
ROC curve was 0.82 (95% Cl: 0.7-0.91). A relax-
in value > 13.8 ng/ml (log relaxin > 0.92) had a
sensitivity of 79% and a specificity of 86% for
detecting individuals with AMI (Figure 1).

Discussion

Relaxin is produced by the heart and as the
specific heart receptors [17-20]. It has been
recently validated as a cardiotropic hormone.
The significant function of relaxin in heart is to
increase coronary blood flow and positive chro-
notropism and inotropism [21, 22]. It could also
be able to counteract the pathophysiological
mechanisms of ischemic heart disease [23].
Furthermore, relaxin could result in systemic
vasodilation and extracellular body fluid expan-
sion [22, 23], and convert the cardiocirculatory
apparatus to the needs of pregnancy [22].

Our study showed that serum relaxin levels
were significantly high in AIM patients com-
pared to controls. This finding was consistent
with other studies in cancer [13]. Furthermore,
a relaxin level > 13.8 ng/ml had a sensitivity of
79% and a specificity of 86% for detecting indi-
viduals with AMI. We believe that relaxin may
be considered as a biomarker for predicting the
probability of AMI in the future. Elevated relaxin
in AMI patients might be a protective mecha-
nism. Our finding support existing literature
regarding the role of relaxin in the process of
AMI.

In the present study, we did not find significant
relation between relaxin and other biochemical
parameters.

The case-control design limited our ability to
infer a causal relationship between increased
serum relaxin levels and AMIL.

In conclusion, this report has showed elevat-
ed serum relaxin concentrations in Chinese
patients with AMI. Relaxin may be considered
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as a biomarker for predicting the probability of
AMI. However, a large-scale prospective cohort
study is necessary to resolve the potential
causal relationship between relaxin and AMI.
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