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Sex Hormone-Binding Globulin: A New Marker of Disease
Severity and Prognosis in Men With Chronic Heart Failure
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Introduction and objectives. Sex hormone-binding
globulin (SHBG) is a key regulator of the actions of anabolic
steroids. Chronic heart failure (HF) has been associated
with anabolic steroid deficiency, but its relationship with
SHBG is not known.

Methods. The study involved 104 men (53 [11] years)
with HF (ie, left ventricular ejection fraction [LVEF] <40%)
attending a specialist clinic on optimum treatment and in a
stable condition. At enrolment, the median and interquartile
range (IQR) SHBG level was determined, associated
hormone levels were measured, and known risk factors
were recorded. The study end-point was cardiac death
within 3 years.

Results. At enrolment, the SHBG level (median, 34.5
nmol/L; IQR, 27-50 nmol/L) was correlated with the
N-terminal probrain natriuretic peptide level (r=0.271;
P=.005), LVEF (r=-0.263; P=.007), body mass index
(r=-0.199; P=.020), and total testosterone level (r=0.332;
P=.001). The median SHBG level was higher in the
16 patients (15.4%) who died, at 48.5 nmol/L (IQR, 36—
69.5 nmol/L) versus 33 nmol/L (IQR, 25.3-48.7 nmol/L;
P=.001), and a high level was associated with an increased
risk of death (hazard ratio [HR] = 1.045; 95% confidence
interval [Cl], 1.021-1.069; P<.001). The association
remained significant after adjustment in Cox multivariate
regression modeling, at HR 1.049 (95% CI, 1.020-1.079;
P=.001). Analysis by SHBG tertiles showed mortality was
30% in the third tertile, 14% in the second, and 4% in
the first (log rank, 0.007; HR=3.25; 95% CI, 1.43-7.34;
P=.004).
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Conclusions. The SHBG level correlated with measures
of HF severity and was associated with a higher risk
of cardiac death. Further studies are needed to clarify
whether SHBG plays a role in HF pathophysiology.
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Globulina transportadora de hormonas
sexuales: nuevo marcador de severidad
y pronostico en varones con insuficiencia
cardiaca cronica

Introduccioén y objetivos. La globulina transportadora
de hormonas sexuales (SHBG) es una molécula clave en
la regulacién del efecto de los esteroides anabolizantes.
En la insuficiencia cardiaca croénica (IC) se ha descrito
un deterioro anabdlico, pero se desconoce el valor de la
SHBG.

Métodos. Se incluyeron 104 varones (53 + 11 afos)
con IC (FEVI < 40%) atendidos en una consulta espe-
cializada, con tratamiento optimizado y situacién clinica
estable. A la inclusién, se midieron los niveles de SHBG
(mediana [rango intercuartil]), otras hormonas relaciona-
das y factores de riesgo conocidos. Se estudié la apari-
cion de muerte cardiaca a los 3 afios.

Resultados. A la inclusion, los niveles de SHBG (34,5
[27,0-50,0] nmol/L) correlacionaron con los de NT-proB-
NP (r = 0,271, p = 0,005), la FEVI (r = -0,263, p = 0,007),
el indice de masa corporal (r = -0,199, p = 0,020) y la
testosterona total (r = 0,332, p = 0,001). Los niveles de
SHBG fueron mayores (nmol/L, 48,5 [36,0-69,5] frente a
33 [25,3-48,7], p = 0.001) en pacientes que fallecieron (n
=16, 15,4%) y se asociaron a un mayor riesgo de muerte
(HR 1,045, CI95% 1,021-1,069, p < 0,001), que fue signi-
ficativo tras el ajuste en un modelo multivariable de Cox
(HR 1,049, 95%CI 1,020-1,079; p = 0,001). El analisis por
terciles mostrd una mortalidad del 30% en el tercer ter-
cil; 14% en el segundo y 4% en el primer tercil (Log rank
0,007; HR 3,25, 1IC95% 1,43-7,34, p = 0,004).

Conclusiones. Los niveles de SHBG correlacionan con
medidas de severidad de la IC y se asocian a un mayor
riesgo de muerte cardiaca. Nuevos estudios deben acla-
rar si la SHBG tiene un papel en la fisiopatologia de la IC.
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ABBREVIATIONS

HF: heart failure

DHEA-S: dehydroepiandrosterone sulfate

IGF-1: insulin-like growth factor-1

NT-proBNP: N-terminal probrain natriuretic
peptide

SHBG: sex hormone-binding globulin

INTRODUCTION

Chronic heart failure (HF) is a progressive
disorder associated with a high mortality rate.! In
recent years, the existence of a complex interaction
between hormonal, metabolic and nutritional
changes, which could contribute to the progression
of HF, has been demonstrated.” In this respect,
data surrounding the role of anabolic hormones
is scarce and inconclusive: their levels are reduced
in patients with HF and the appearance of an
imbalance between anabolism and catabolism has
been associated with the development of cachexia
and a higher mortality during the progression of the
disorder.?” In addition to this, anabolic deficiency in
terms of free testosterone, dehydroepiandrosterone
sulphate (DHEA-S) and insulin-like growth factor
1 (IGF-1) is frequent in men with HF and has a
negative impact on their prognosis.3

Sex hormone-binding globulin (SHBG) is a
plasma glycoprotein that binds to steroid sex
hormones with high affinity, and which passively
regulates its anabolic action by determining
its free concentrations in plasma.® Thus, high
levels of SHBG result in increased binding to
the hormone and a reduced free fraction, which,
being biologically active, brings about reduced
hormonal activity. Recently, SHBG has also been
described as a multi-functional protein, capable
of actively regulating the response to the steroid
hormones and the entry of androgens in different
cells and tissues.’!? In addition to this, SHBG has
a significant correlation with nutritional state;
low levels are associated with central obesity and
metabolic syndrome, while high levels occur with
anorexia nervosa, protein-energy malnutrition and
some forms of cancer.'*!” Low levels of SHBG have
been associated with a higher cardiovascular risk in
asymptomatic men.'#!* However, its significance is
unknown in patients with HF.
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Based on these data, our hypothesis was that
SHBG could be of clinical signficance in patients
with HF. The aim of this study was to examine
the value of SHBG and other related hormones in
male patients with HF, and its relation with cardiac
death during the follow-up period.

METHODS
Study Population and Protocol

The study population consisted of 104 men
with an established diagnosis of heart failure,
consecutively enrolled in a specialist HF clinic over a
period of 2 years (January 2003 to December 2004).
The criteria for selection were: systolic dysfunction
(left ventricular ejection fraction [LVEF] <40%)
a stable clinical condition, defined as the patient
not being admitted to hospital or showing signs
of acute decompensation during the 4 previous
weeks; and optimal medical treatment, remaining
unchanged during at least the 4 previous weeks
(100% angiotensin II converting enzyme inhibitors
or angiotensin II receptor antagonists, 100% beta-
blockers, 84% loop diuretics, 58% digoxin, 55%
spironolactone). Due to the interaction between
thyroid hormones and SHBG, patients with a
history of thyroid disease or under treatment with
thyroid hormones were excluded.® Patients with
current cancer or with a history of cancer were also
excluded. Upon inclusion in the study, all clinical
variables were gathered prospectively, and blood
samples and a transthoracic echocardiography
was carried out (Sonos 5500, Philips, Andover,
Massachussets); the LVEF was calculated using the
modified Simpson’s rule, using second harmonic
imaging. The study was approved by the local ethics
committee and the informed consent of each patient
was obtained. All of the patients were monitored
for 3 years via visits to the clinic and telephone
calls. The event studied was cardiac death, defined
as secondary to refractory HF (including urgent
cardiac transplantation) or occurring as sudden
death unexplained by other causes. Monitoring of
the patients was carried out via visits to the clinic,
telephone calls and reviewing their medical records
and clinical history.

Biochemical Parameters

A blood sample was taken upon inclusion in the
study via puncture of the antecubital vein, following
a fasting period of at least 12 hours and a rest
period of 20 minutes. The plasma and the serum
fraction were obtained following centrifugation
at 2200 G for 20 minutes. The aliquots obtained
were stored at -80°C until the combined analysis.



The levels of SHBG (nmol/L) were measured in
duplicate in a specific radioimmune analysis test
(Orion Diagnostica, Espoo, Finland), as were
the levels of DHEA-S (ug/100mL) (Immunotech,
Marseille, France), IGF-1 (ng/mL) (Immunotech,
Marseille, France), cortisol (nmol/L) (Immunotech,
Beckman Coulter company, Prague, Czech
Republic) and tumour necrosis factor alpha (pg/
mL) (Biosource Europe S.A., Nivelles, Belgium).
The levels of total testosterone, N-terminal pro
B-type natriuretic peptide (NT-proBNP), free
thyroxine and triiodothyronine were measured
using an electrochemiluminescence immunoassay
in a Modular E 170 analyser (Roche diagnostics,
Mannheim, Germany). The serum levels of free
testosterone were calculated with the validated
equation of Vermeulen et al.?®@ The levels of
C-reactive protein (mg/dL) were measured using
an immunoturbidimetric test in a Modular P
800 analyser (Roche Diagnostics, Mannheim,
Germany).

Statistical Analysis

Normal distribution of the studied variables
was evaluated using the Kolmogorov-Smirnov
test. Given the skewed distribution of SHBG,
free testosterone, DHEA-S, LVEF, and NT-
proBNP; these values were expressed as median
[interquartile range] and for statistical analysis
their natural logarithmic transformation was
used. The quantitative variables with normal
distribution were expressed as mean (SD), and the
categorical variables as a number (percentage).
The study of the determinants of SHBG levels
of SHBG was carried out using Spearman’s
correlation analysis; the Student ¢ test for
unpaired samples; and the Mann-Whitney U test,
as appropriate. Those determinants with P<.01
were included in a multiple linear regression
analysis, also adjusted due to other regulatory
factors described (age, thyroid hormones, IGF-1,
and cortisol). Cox’s proportional hazard model
was used to evaluate the univariate association
between each variable and the event of the study.
Cox’s multivariate analysis was used to determine
the prognostic value following adjustment for
variables with P<.10 in the univariate analysis and
confounding factors (age, body mass index [BMI],
spironolactone, loop diuretics). The proportional
hazards (HR) were expressed with their confidence
intervals of 95% (95% CI). The adherence to the
assumptions of Cox’s proportional hazards model
was evaluated using cumulative hazard graphs
(Log), time-dependent covariates, and Schoenfeld
residuals; being verified with the representation
Ln(-Ln S)) for each variable after its categorisation.

Pascual-Figal DA et al. SHBG and Heart Failure

Kaplan—-Meier cumulative survival curves were
drawn and the log rank values were calculated
to evaluate the statistical significance of the
differences. A value of P<.05 was considered
significant. Statistical analysis was carried out using
SPSS 15.0 for Windows computer software (SPSS
Inc., Chicago, Illinois).

RESULTS

Sex Hormone Binding Globulin
and its Determinants

A total of 104 men with HF were included
in this study. The clinical characteristics of the
population upon inclusion in the study are shown
in table 1. The levels of SHBG were 34.5 [IQR,
27-50] nmol/L, and had a significant correlation
with the concentration of NT-proBNP (r=0.271,
P=.005), the LVEF (r=-0.263, P=.007), and
the body mass index (r=-0.200, P=.020). Table
2 shows the levels of the associated hormones;
the levels of SHBG demonstrated a positive
correlation with testosterone levels, but not with
the rest of the hormones. No other significant
correlations or differences were observed
with the rest of the clinical characteristics and
biochemical parameters (P>.1 in all analyses).
In a multiple linear regression analysis including
total testosterone, NT-proBNP, LVEF and BMI,
adjusted for other regulatory factors (age, thyroid
hormones, IGF-1, and cortisol), the concentration
of NT-proBNP was the only determinant of
SHBG levels (P=.006; Figure 1). In contrast with
SHBG, total testosterone, and free testosterone
did not demonstrate any correlation with the
concentration of NT-proBNP, LVEF, or any
other clinical characteristic (P>.1).

Sex Hormone-Binding Globulin
and Prognostic

After 3 years of monitoring, 16 patients (15.4%)
died, 12 due to refractory HF and 4 due to sudden
death. The patients that died showed greater levels
of SHBG (nmol/L, 48.5 [36-69.5] vs 33 [25.3-48.7],
P=.001; Figure 2). In the Cox univariate analysis
(Table 3), the predictors of cardiac death were
SHBG, LVEF and NT-proBNP; the rest of the
clinical variables and related hormones, including
the levels of total testosterone (P=.74) and free
testosterone (P=.13), did not have any statistical
significance. Following adjustment in a multivariate
analysis, the levels of SHBG remained a significant
hazard factor (HR=1.056; 95% CI, 1.017-1.096;
P=.004). Analysis of SHBG across tertiles (Figure 3)
also demonstrated a significant increase in the
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TABLE 1. Characteristics Upon Inclusion in the Total Population and According to the Median of Sex Hormone

Binding Globulin

Total (n=104) SHBG>34.5 (n=52) SHBG<34.5 (n=52) P
SHBG, nmol/L 34.5[27.0-50] 50 [41.2-59.5] 27 [21.2-31]
Age, mean (SD), y 53.1(10.6) 52 (12) 53 (8) 514
BMI, kg/m2 27.6(3.9) 26.8(3.9) 28.4(3.8) .038
NYHA class 2(0.6) 2(0.6) 2.1(0.6) .537
NV, % 14/72/14/0 14/69/15/2 14/75/8/4 .687
Ischaemic aetiology 17 (16%) 7 (14%) 10 (19%) 426
Sinusal rhythm 79 (77%) 38 (73%) 41 (81%) .352
Complete bundle branch block 51 (49%) 25 (48%) 26 (50%) .890
LVEF, % 29 [20-35] 25 [20-34] 30 [22-38] .291
Spironolactone 57 (55%) 27 (52%) 30 (58%) .554
Beta-blockers 104 (100%) - - -
ACEI or ARA 104 (100%) - - -
Digoxin 60 (58%) 31 (60%) 29 (56%) .691
Loop diuretics 87 (84%) 40 (77%) 47 (90%) 450
Statins 34 (33%) 18 (35%) 16 (31%) 676
Biochemistry
Creatinine, mg/dL 1.16 [1-1.31] 1.1[0.97-1.5] 1.2[1-1.3] .827
GFR, mL/min/1.73m? 72.6 (24.8) 72 (21) 73(17) .887
Haemoglobin, g/dL 14.8 (3.3) 14.5[13.3-15.6) 14.7 [13.6-15.3] .621
Sodium, mEg/L 139 (3.4) 139 (3.9 139 (2.9) .929
Potassium, mEq/L 4.7 (0.5 4.6 [4.4-5.2] 4.7 [4.4-5.0]] .597
Uric acid, mg/dL 71 (2 73(2.2) 6.9(1.7) .354
Cholesterol mg/dL 184 (40) 183 (41) 187 (39) 715
C-reactive protein, mg/dL 0.3[0.1-0.5] .2510.19-0.8] 0.3[0.1-0.4] .264
TNF-c, pg/mL 37 [25.8-49.5] 39 [25-51] 33 [21-44] .255

ACEI indicates angiotensin-converting enzyme inhibitor; BMI, body mass index; GFR, glomerular filtration rate; LVEF, left ventricle ejection fraction; NT-proBNP, N-terminal
pro-brain natriuretic peptide type B; NYHA, New York Heart Association; SHBG, sex hormone binding globulin; TNF-c, tumour necrosis factor alpha.

The data are expressed in median [interquartile range], median (SD) and number (%).

TABLE 2. Hormonal Correlations of Sex Hormone Binding Globulin

Hormone Levels r P

Total testosterone, ng/mL 4.35 (2.54) 0.332 .001
Free testosterone, pg/mL 75.2 [52.0-101.3] -0.085 .393
DHEA-S, ng/mL 1045 [560-1707] -0.017 .862
IGF-1, ng/mL 127.5 (52) -0.084 .561
Cortisol, nmol/L 19.3 (17.8) 0.187 .097
Thyroxine, pg/mL 3.24 (0.63) -0.159 192
Triiodothyronine, ng/dL 1.34 (0.35) 0.017 .889

DHEA-S indicates dehydroepiandrosterone sulphate; IGF-1, insulin-like growth factor 1; SHBG, sex hormone binding globulin.

associated hazard (HR=3.25; 95% CI, 1.43-7.34,
P=.004). Mortality after 3 years was at 30% for
patients in the upper tertile, 14% in the intermediate
tertile, and only 4.3% in the lower tertile (log rank,
0.007).

DISCUSSION

This study demonstrated for the first time
that SHBG, a regulatory protein of anabolic
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hormonal activity, may play a part in HF. This
role is suggested by the findings of the study, in
which high levels of SHBG correlate with other
parameters of severity of the HF and, in turn, are
associated with a worse prognosis in the long term
for men with HF.

In recent years, the presence of lower levels
of anabolic hormones in patients with HF has
been described, in terms of total testosterone, free
testosterone, DHEA-S, and IGF-1.>¢ In addition
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Figure 1. Scatter diagram of the levels of sex hormone binding globulin
versus amino-terminal pro B-type natriuretic peptide.

to this, it has been suggested that the presence of
anabolic deficiency gives rise to lower survival
rates in men with HF.> The appearance of an
imbalance between anabolism and catabolism, in
favour of the latter, is associated with increased
progression and increased mortality in patients
with HF.” Our study focussed on SHBG, as a
key molecule in the action of anabolic steroids,
which is regarded as having complex regulation
and multiple actions.’'>!" Due to its binding to
sex steroid hormones, it passively determines the
biologicallyactive free fraction; therefore, low levels
of SHBG give rise to increased biological hormonal
activity, and, inversely, high levels give rise to lower
anabolic activity. In the cardiovascular system,
low levels of SHBG have been associated with
hypothyroidism, polycystic ovary syndrome, central
obesity, resistance to insulin, dyslipidaemia and an
increased cardiovascular risk in men.!>!"!® High
levels are associated with anabolic deterioration
and a predominance of catabolism, and appear
in hypothyroidism, anorexia nervosa, protein-
energy malnutrition and some forms of cancer.!>!
However, there is no specific information
surrounding its possible role in HF.

Our study demonstrates a relationship between
higher levels of SHBG and the presence of HF

Figure 2. Box plot of the levels of sex hormone binding globulin according
to appearance or non-appearance of cardiac death during the 3-year
follow-up period.
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Figure 3. Kaplan-Meier survival analysis according to tertiles of sex
hormone binding globulin.

seventy parameters such as a greater concentration
of NT-proBNP and a lower LVEF; in addition
to total testosterone, which is its main in vivo
regulator. Following multivariate adjustment for
known regulatory factors, NT-proBNP appeared

TABLE 3. Cox’s Regression Analysis for the Prediction of Cardiac Death

Univariate Multivariate?
HR (95% ClI) P HR (95% ClI) P
SHBG, nmol/L 1.045 (1.021-1.069) <.001 1.049 (1.020-1.079) .001
NT-proBNP, 100 pg/mL 1.018 (0.999-1.037) .064 1.026 (1.004-1.050) 023
LVEF, % 0.931 (0.875-0.991) .024 0.949 (0.897-1.004) .070

LVEF indicates left ventricle ejection fraction; NT-proBNP, N-terminal pro B-type natriuretic peptide; SHBG, sex hormone binding globulin.

2Also adjusted due to age, body mass index, spironolactone, loop diuretics.
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as its main determinant in patients with HF.
These findings suggest that the levels of SHBG
could be influenced by the severity of HF, as has
been previously described for DHEA-S; however,
testosterone does not show this correlation, neither
in our study nor in other previous studies.>*®
Regulation of the levels of SHBG is multifactorial
and controlled by a balance of stimulant and
inhibitory factors, including numerous endocrine,
paracrine and growth factors.!” However, regulation
of this molecule remains an area for considerable
debate and, as our findings suggest, the natriuretic
peptide system may also participate.

In our population, high levels of SHBG were
associated with an increased risk of cardiac death,
even following adjustment for other known risk
factors. Given that higher levels of SHBG result
in a lower quantity of free hormone, which is
biologically active, the increase in SHBG could
contribute to a greater anabolic hormone deficiency
and/or identify those patients with greater
deterioration of this hormonal system. These
findings are consistent with those of Jankowska
et al, which demonstrated an association between
the number of anabolic hormone deficiencies and
a worse prognosis in men with HF.? In addition
to this, SHBG also actively regulates the response
to steroids in the different tissues, participating in
signalling in the cellular membrane and modifying
the local effects of steroid hormones.’!' As a result,
the concept of SHBG as a monofunctional protein
which binds steroids has changed to a protein
with multiple functions, although its actions are
still relatively unknown and it could act as an
inhibitor to the action of sex steroids in tissues and
dependent cells.!? In this respect, if SHBG has a
specific effect on the cardiomyocytes in the heart
of a patient with heart failure, it has not yet been
studied. Our findings suggest that SHBG could play
a part in the interaction between the deterioration
of anabolic hormones and HF, participating in
the pathophysiology of the disorder. However,
our study is observational and can only provide
a hypothesis in this respect; it is also possible that
SHBG is merely an indicator of severity. As a result,
the implementation of new studies, which clarify
the possible role of SHBG in HF, is necessary.

Levels of SHBG are also an indicator of
nutritional  state.!*!”  Deterioration of the
nutritional state results in an increase in SHBG,
and high levels of SHBG have been described in
patients with anorexia nervosa or protein-energy
malnutrition.'®!”2>25 In addition to this, high levels
of SHBG result in reduced muscular strength and
low bone density; for this reason, a more significant
role is attributed to this protein than to the sex
steroid hormones in these situations.’** Weight
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loss, cachexia, muscular atrophy and osteoporosis
are also findings in the progression of HF, which
in turn are associated with a worse prognosis.*
In male patients with coronary heart disease, low
levels of SHBG correlate with the presence of
central obesity and are associated with a greater
risk of cardiovascular events during the follow
up period.’*"® In contrast with this population,
in patients with HF it is weight loss, not obesity,
which results in a worse prognosis.>*® As a result,
the relationship observed in our study between
high levels of SHBG and increased mortality would
suggest that, in patients with HF, SHBG is also an
indicator of malnutrition. However, in this sense
the findings are limited given that we only found
a weak negative correlation between SHBG and
BMI; the lack of a complete nutritional assessment
prevents both other associations from being studied
and determination of whether this protein may act
as an nutritional indicator in patients with HF.

CONCLUSIONS

To conclude, this study demonstrates that in
patients with HF, high levels of SHBG correlate
with other measurements of severity of the disease
and are associated with an increased risk of cardiac
death in the follow-up period in the long term. These
findings suggest a possible role of SHBG in the
pathophysiology of the anabolic deterioration which
appears during HF progression, although it is not
possible to establish causal relationships due to the
fact this is an observational study. Further studies
are necessary to define the potential relationships
between SHBG and anabolic steroid hormones,
nutritional state, and the progression of HF.
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