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ABSTRACT

Background: Androgen deficiency is correlated with the severity of chronic heart
failure (CHF). However, whether circulating androgen, including total testosterone
(TT), dehydroepiandrosterone sulfate (DHEAS), free testosterone (FT), as well as
higher sex hormone-binding globulin (SHBG), are predictive of the mortality in CHF
remain to be determined.

Results: Six cohort studies including 1342 CHF patients were included. With a
mean follow-up between 2.2 to 3.5 years, 456 mortality cases occurred. Results of
the meta-analyses showed that higher circulating TT (hazard ratio [HR] per 1 ng/ml
increment = 0.87, p < 0.001), DHEAS (HR per 100 ng/ml increment = 0.93, p = 0.006),
and FT (HR per 10 pg/ml increment = 0.93, p < 0.001) were independently associated
with lower mortality risk, while higher SHBG (HR per increment of 1 nmol/L = 1.05,
p < 0.001) was independently associated with higher mortality risk in CHF. Results
of subgroup analyses according to the study outcome suggested that the predictive
efficacies of TT, DHEAS, FT and SHBG were similar for both the outcomes of all-cause
mortality and cardiovascular mortality (p for subgroup difference all < 0.05).

Materials and Methods: A meta-analysis of prospective cohort study was
performed to evaluate the association between androgen at baseline and the mortality
risk in CHF. Relevant studies were identified by systematic searching of PubMed and
Embase. A random effect model was used to combine the results to incorporate the
potential heterogeneities.

Conclusions: Androgen deficiency may be independently associated with higher
mortality risk in male CHF patients.

INTRODUCTION

Despite significant improvements of the diagnosis
and treatment during recent decades, chronic heart failure
(CHF) remains one of the most important causes of
mortality and morbidity for people in both the developed
and developing countries [I-3]. Although many
characteristics have been established as the potential
predictors for the poor prognosis in CHF patients, such
as the severity of cardiac dysfunction, anemia, renal
dysfunction, and suboptimal use of evidence-based

medications et al. [4], identification of novel prognostic
factor remains important not only for the improvement
of risk stratification in CHF, but also for the discovery of
novel therapeutic targets [5].

Results of early studies suggested that androgen
deficiency may be an important feature of male patients
with CHF [6, 7]. Accumulating evidence indicated
that male patients with CHF often had lower levels of
circulating total testosterone (TT), free testosterone (FT),
but higher level of sex hormone-binding globulin (SHBG)
as compared with age-matched healthy volunteers [8, 9],
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suggesting gonadal dysfunction in these population.
Moreover, circulating dehydroepiandrosterone sulfate
(DHEAS), a component of androgen produced by adrenal
glands, was also found to be lower in patients with
CHF [8, 10]. Moreover, results of subsequent analyses
suggest that reduced circulating TT, FT and DHEAS
were correlated with the severity cardiac dysfunction in
CHF patients [8, 11]. However, pilot results regarding
the potential predictive values of androgen deficiency for
the prognosis in CHF patients were inconsistent [8—13],
and a quantitative summary of the findings by meta-
analysis has not been performed. Moreover, although
some randomized controlled trials (RCTs) have evaluated
the role of testosterone replacement in male CHF patients
[14, 15], to the best of our knowledge, none of these RCTs
were statistically adequate to evaluate the efficacy of
testosterone supplementation on clinical outcomes in these
patients. Therefore, in this study, we performed a meta-
analysis of prospective cohort studies to systematically
evaluate the potential predictive efficacies of circulating
TT, DHEAS, FT, and SHBG for the mortality in male CHF
patients.

RESULTS

Database searching result

The process of literature searching was summarized
in Figure 1. Briefly, 828 studies were identified by initial
database searching after exclusion of the duplications.
By screening via title and abstract, 808 studies were
subsequently excluded mainly because they were irrelevant
to the objective of the current study. The remaining 20
studies underwent full-text review, and 14 studies were
further excluded because seven of them were RCTs, three
were cross-sectional studies, two were not in CHF patients,
one was repeated report of an already included cohort, and
the other one did not report mortality outcome. Finally, six
prospective cohort studies were included [8—13].

Study characteristics and quality evaluation

The characteristics of the included studies were
listed in Tables 1 and 2. Overall, our meta-analysis
included six prospective cohort studies [8—13] with a total
of 1342 male CHF patients. Five of them were performed
in Europe [8-12], while the other one was performed
in China [13]. The numbers of the included patients in
each study varied from 104 to 501. The mean ages of the
included patients ranged from 53.1 to 68.5 years. Both
ischemic and non-ischemic CHF were included. Five
of the studies only included patients with heart failure
with reduced ejection fraction (HFrEF) [8-10, 12, 13],
while the other one also included patients with heart
failure with preserved ejection fraction (HFpEF) [11].
The mean left ventricular ejection fraction (LVEF) of the
included patients at baseline varied from 28 to 42%, and

the baseline N-terminal pro B-type natriuretic peptide
(NT-proBNP) ranged between 993 and 1854 pg/ml.
Patients included in each study had already received the
evidence-based optimal medications for CHF, including
angiotensin converting enzyme inhibitors or angiotensin
II receptor inhibitors, B-blockers, and aldosterone receptor
antagonists. The baseline circulating levels of TT,
DHEAS, and SHBG were measured with immunoassays,
while FT was calculated based on the equation proposed
by Vermeulen [16]. With a mean follow-up between
2.2 to 3.5 years, 456 mortality cases occurred. Multiple
confounding factors, including age, cardiac function,
renal function, comorbidities, and concurrent medications,
were adjusted when reporting the predictive efficacy of
androgen deficiency for mortality in CHF. Four contacts
were made by Email to the corresponding authors to obtain
unavailable data, but only one of the authors provided the
outcome data of interest [9]. The qualities of the included
studies were generally good, with the Newcastle-Ottawa
Scale (NOS) varying from 8 to 9 points.

Circulating TT and the mortality risk of in CHF
patients

By pooling the results of six prospective cohort
studies [8—13], we found that every increment of 1 ng/ml
circulating TT was associated with 13% lowered mortality
risk in male CHF patients (adjusted hazard ratio [HR] =
0.87, 95% confidence interval [CI] 0.81 to 0.94, p < 0.001;
Figure 2A) with moderate heterogeneity (p for Cochrane’s
Q test = 0.29, I* = 19%). Results of subgroup analyses
showed that the association between TT and mortality risk
were consistent in studies that reported cardiovascular
(CV) mortality (adjusted HR = 0.83, 95% CI 0.74 to 0.93,
p =10.001) and those reported all-cause mortality (adjusted
HR = 0.89, 95% CI 0.80 to 0.99, p = 0.03).

Circulating DHEAS and the mortality risk of in
CHF patients

By pooling the results of five studies [8—12], we found
that every increment of 100 ng/ml DHEAS was associated
with 7% lowered mortality risk in male CHF patients
(adjusted HR = 0.93, 95% CI 0.88 to 0.98, p = 0.006; Figure
2B) with considerable heterogeneity (p for Cochrane’s Q
test =0.04, I = 61%). Results of subgroup analyses showed
that these results were consistent for studies that reported
CV mortality (adjusted HR = 0.95, 95% CI1 0.90 to 1.00, p =
0.03) and those reported all-cause mortality (adjusted HR =
0.86, 95% CI1 0.74 to 1.00, p = 0.05).

Circulating FT and the mortality risk of in CHF
patients

Meta-analysis of four cohorts [8, 9, 11, 13] showed
that every increment of 10 pg/ml was associated with 7%
lowered mortality risk in male CHF patients (adjusted
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Table 1: Baseline characteristics of the included studies

NYHA

NT-

Study Country PN b iy Age  BMI DM MM HEpE  class  LVEF pro ACEV BB ARA  Diurctics  Digoxin Aspirin  Statins
number etiology ARB
-1V BNP
years  kg/ % % % % % pg/ % % % % % % Y%
m2 ml
Jankowska  Poland 208 Caucasian 63 265 28 81 100 42 33 1824 97 87 NR 80 24 62 80
2006
Jankowska  Poland 501 NR s§ 268 28 71 100 44 28 1817 94 93 57 85 36 55 70
2009
Pascual-  Spain 104 NR 3 276 NR 16 100 14 29 NR 100 100 55 84 58 33 NR
Figal 2009
Guder Germany 191 NR 64 274 27 53 50 41 4 1108 83 6 27 77 38 81 77
2009
Jankowska  Poland 163 NR 60 281 30 66 100 32 31 993 95 93 35 80 28 56 74
2010
Wu2011  China 175 Asian 60 NR 18 55 100 36 36 1854 90 68 NR 9l 35 NR NR

BMI, body mass index; DM, diabetes mellitus; HFTEF, heart failure with reduced ejection fraction; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro
B-type natriuretic peptide; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor inhibitor; BB, B-blockers; ARA, aldosterone receptor antagonist; NR, not reported.

Table 2: Follow-up characteristics of the included prospective cohort studies

Author year Measurement methods Follow-  Outcome Variables adjusted Quality Scores
up (n)
years
Jankowska 2006 TT, DHEAS, SHBG: immunoassay; FT, 3.1 (6AY Age, NYHA class, LVEF, NT-proBNP, HF etiology, eGFR, 9
estimated from equation of Vermeulen mortality HGB, and presence of DM
(75)
Jankowska 2009 TT, DHEAS: immunoassay 2.2 All-cause  Age, NYHA class, NT-proBNP, HF etiology, eGFR, BMI, SBP, 9
mortality HGB, SUA, serum sodium, TC, presence of DM, history of
(171) hypertension, smoking, and HF medications
Pascual-Figal 2009  TT: immunoassay; DHEAS, SHBG: 3.0 All-cause  Age, NYHA class, LVEF, NT-proBNP, HF etiology, VO2max, 8
radioimmune analysis; FT, estimated from mortality and BMI
equation of Vermeulen (16)
Guder 2009 TT, DHEAS, SHBG: immunoassay; FT, 2.4 All-cause  Age, NYHA class, NT-proBNP, ¢GFR, TC, AF, and HF 8
estimated from equation of Vermeulen mortality ~ medications
(53)
Jankowska 2010 TT, DHEAS: immunoassay; 2.3 CV Age, NYHA class, LVEF, NT-proBNP, HF etiology, BMI, eGFR, 9
mortality HGB, and the presence of DM
87)
Wu 2011 TT, SHBG: immunoassay; FT, estimated 3.5 All-cause  Age, NYHA class, NT-proBNP, HF etiology, ¢cGFR, BMI, SBP, 9
from equation of Vermeulen mortality ~ HGB, TC, presence of DM, AF, history of hypertension, and
(54) HF medications

TT, total testosterone; DHEAS, dehydroepiandrosterone sulfate; SHBG, sex hormone binding-globulin; FT, free testosterone; CV, cardiovascular; NYHA, New York Heart
Association; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro B-type natriuretic peptide; HF, heart failure; eGFR, estimated glomerular filtrating rate; HGB,
hemoglobin; DM, diabetes mellitus; SBP, systolic blood pressure; SUA, serum uric acid; TC, total cholesterol; VO2max, maximal oxygen consumption; BMI, body mass index;

AF, atrial fibrillation.

HR =0.93, 95% CI 0.89 to 0.97, p < 0.001; Figure 3A)
with mild heterogeneity (p for Cochrane’s Q test = 0.88,
I = 0%). These results were consistent for studies that
reported CV mortality (adjusted HR = 0.94, 95% CI
0.89 to 0.99, p = 0.02) and those reported all-cause
mortality (adjusted HR = 0.92, 95% CI 0.86 to 0.97,
p=0.002).

Circulating SHBG and the mortality risk of in
CHF patients

Meta-analysis of three studies [9, 11, 13], all
reporting all-cause mortality, indicated that every
increment of 1 nmol/L of SHBG confers 5% higher risk
of mortality in male CHF patients (adjusted HR = 1.05,

95% CI 1.02 to 1.07, p < 0.001; Figure 3B) with mild
heterogeneity (p for Cochrane’s Q test = 0.82, I = 0%).

Publication bias

The funnel plots for the meta-analyses of the
predictive efficacies of TT, DHEAS, FT and SHBG for
mortality risk in CHF were shown in Figure 4A-D, which
appears to be symmetry for the meta-analyses of TT, FT
and SHBG, suggesting no significant publication biases.
The funnel plot for the meta-analysis of the predictive
efficacy of DHEAS seems to be asymmetry (Figure 4B).
Therefore, a “trim-and-fill” analysis was performed to
conservatively impute a hypothetical negative unpublished
study in order to produce a symmetrical funnel plot. The
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pooled analysis by incorporating the hypothetical study also
showed a statistically significant association between lower
DHEAS and increased mortality risk in CHF (adjusted HR
=0.94, 95% CI 0.88 to 1.00, p = 0.002; Figure 5).

DISCUSSION

In this study, by pooling the results of six
prospective cohort studies, we found that circulating
androgen deficiency is an independent predictor for
the morality risk in male patients with stable CHF.
Specifically, lower levels of circulating TT, DHEAS, and

FT, but higher level of SHBG were associated with higher
mortality risk in male CHF patients. Results of our study
confirmed that androgen deficiency and higher SHBG
as independent predictors for the mortality in male CHF
patients. Moreover, these results highlight the need for
an appropriately designed large-scale RCT to evaluate
the potential influence of androgen supplementation on
clinical outcomes in CHF patients.

Testosterone is the most important androgen in
men. Moreover, it is also one of the anabolic hormones.
Physiologically, most of testosterone is synthesized
from gonad, and secreted into blood with majority of

Articles identified through database searching (n = 828)

Articles excluded based on title and abstract (n = 808)
Not relevant studies

| Not prospective cohort studies in humans
Review articles, letters or editorials
Duplications
A 4

Potentially relevant articles(n = 20)

Articles excluded based on full-text review (n =14)
Randomized controlled trials(n=7)
Cross-sectional studies (n=3)

D ——
Not study in patients with heart failure (n=2)
Duplicated reports of included cohorts (n=1)
Outcome data notreported(n=1)

A 4

Articles included in systematic review (n=6)

|

Articles included in meta-analysis(n = 6)
Circulating androgens and the mortality risk in CHF patients

Figure 1: Flowchart of database searching and study selection.
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testosterone as a protein-bound form (about 98%, mainly
with SHBG) [17]. Therefore, the activity of testosterone
is dependent on the circulating level of FT, while the
level of SHBG may serve as a negative regulator of
circulating FT [17]. Moreover, androgen could also be
secreted from adrenal gland, which forms DHEAS in
peripheral circulation [17]. The above physiological
interactions among the components of androgen may
explain the results of our met-analysis which showed
that lower circulating TT, DHEAS, and FT, but higher
level of SHBG, were predictors of mortality in CHF. It
could be estimated that the predictive effect of SHBG for
mortality in CHF may depend on their influence on FT.
Currently the exact mechanisms underlying the potential

A

Study or Subgroup log[Hazard Ratio]

SE_Weight

association between lower androgen and higher mortality
in CHF remain to be determined. Previous studies suggest
that androgen deficiency may lead to metabolic disorder
[18] and enhanced inflammatory response [19], which may
accelerate the deterioration of cardiac function. Moreover,
results of the pilot RCTs indicated that supplementation
of testosterone in CHF may improve the maximal oxygen
consumption (VO, ) [20] during cardiopulmonary
exercise test, and restore the sensitivity of baroreflex
[21], a marker of autonomic function [22]. In view of the
fact that reduced VO,  [23] and impaired autonomic
function [24] have both been related to the poor prognosis
in CHF, we hypothesized that improvement of exercise
tolerance and correction of autonomic dysfunction may

Hazard Ratio Hazard Ratio

CV mortality
Jankowska 2006 -0.174353 0.0760319
Jankowska 2010 -0.198451 0.0832183

Subtotal (95% CI)
Heterogeneity: Tau? = 0.00; Chi? = 0.05, df = 1 (P = 0.83);
Test for overall effect: Z = 3.30 (P = 0.0010)

All-cause mortality

Jankowska 2009 -0.235722 0.0743244
Pascual-Figal 2009 -0.094311 0.1079905
Guder 2009 -0.127833 0.0975432
Wu 2011 -0.020203 0.062789

Subtotal (95% ClI)

Heterogeneity: Tau? = 0.00; Chi? = 4.96, df =3 (P = 0.17); I =40%

Test for overall effect: Z=2.18 (P = 0.03)

Total (95% ClI) 1

Heterogeneity: Tau? = 0.00; Chi? =6.18, df =5 (P = 0.29); I = 19%

Test for overall effect: Z = 3.78 (P = 0.0002)

18.3%
15.9%
34.2%
I2=0%

19.0%
10.2%
12.1%
24.5%
65.8%

00.0%

IV, Random, 95% CI 1V, Random, 95% CI
0.84 [0.72, 0.97] —
0.82[0.70, 0.97] —
0.83 [0.74, 0.93] S 4
0.79[0.68, 0.91] —
0.911[0.74, 1.12] —T
0.88 [0.73, 1.07] —
0.98 [0.87, 1.11] —u—
0.89 [0.80, 0.99] S 4
0.87 [0.81, 0.94] <&
05 07 1 15 2

Favours higher TT Favours lower TT

Test for subaroup differences: Chi2 = 0.80. df =1 (P = 0.37). 12 = 0%

Study or Subgrou log[Hazard Ratio

CV mortality

Jankowska 2006 -0.0834 0.03296 2
Guder 2009 -0.0305 0.0316 2

Subtotal (95% ClI)

Test for overall effect: Z=2.12 (P = 0.03)

All-cause mortality

SE Weight

5.0%
5.7%

50.6%
Heterogeneity: Tau? = 0.00; Chi? = 1.34, df = 1 (P = 0.25); I = 25%

Jankowska 2009 -0.462 0.14 3.6%
Pascual-Figal 2009 -0.107 0.062 13.3%
Jankowska 2010 -0.053 0.019 32.5%
Subtotal (95% CI) 49.4%

Heterogeneity: Tau? = 0.01; Chi? = 8.90, df =2 (P = 0.01); I =78%

Test for overall effect: Z=1.93 (P = 0.05)

Total (95% CI)

Test for overall effect: Z =2.74 (P = 0.006)

100.0%
Heterogeneity: Tau? = 0.00; Chi? = 10.33, df = 4 (P = 0.04); I? = 61%

Hazard Ratio Hazard Ratio

IV, Random, 95% CI IV, Random, 95% CI

0.92 [0.86, 0.98] -

0.97 [0.91, 1.03] -
0.95 [0.90, 1.00] L 2

063[0.48,083 —

0.90 [0.80, 1.01] —
0.95[0.91, 0.98] b

0.86 [0.74, 1.00] o

0.93 [0.88, 0.98] 2

05 07 1 15 2

Favours higher DHEAS Favours lower DHEAS

Test for subaroup differences: Chi2 = 1.27. df =1 (P = 0.26). I? =21.0%

Figure 2: Forest plots for the meta-analyses of the predictive efficacies of circulating TT and DHEAS for the mortality
risk in in male patients with CHF. (A) predictive efficacy of every increment of 1 ng/ml circulating TT for the mortality risk in CHF;
(B) predictive efficacy of every increment of 100 ng/ml circulating DHEAS for the mortality risk in CHF.

www.oncotarget.com

Oncotarget



be the potential mechanisms underlying the beneficial
effects of androgen to the prognosis in CHF patients.
Moreover, androgen deficiency has been suggested to be
correlated with the deterioration of the cardiac systolic and
diastolic function [25, 26]. Therefore, androgen deficiency
characterized of the lower circulating testosterone may
be a maker of the severity of CHF rather than a direct
cause of increased mortality. Obviously, further studies are
needed.

Ours study has limitations which should be
considered when interpreting the results. Firstly, since
there is no consensus of androgen deficiency currently,
androgen level was analyzed as continuous variable in all
of the included studies rather than a categorized variable.
Accordingly, results of our meta-analysis were also based
on the effects of continuous changes of TT, FT, DHEAS,
and SHBG on the mortality risk in CHF. Result of study
highlights a need for a consensus definition of androgen
deficiency and further investigation on its association
with mortality risk in CHF. Secondly, only six studies
were included. The limited number of the available
studies and the lack of access to individual-patient data
of the studies prevented us from further analyzing of the
source of heterogeneity. Therefore, the potential influence
of the study characteristics on the association between

A

androgen deficiency and mortality risk deserves further
investigation. Thirdly, only 6% of the included patients
were with HFpEF. Therefore, whether the association
between circulating levels of androgen and mortality
risk remained in these patients should be evaluated in
future studies. Fourthly, as our study is a meta-analysis of
observational studies, results of our study did not indicated
a causative relationship between androgen deficiency
and mortality risk in CHF. Fifthly, the mean follow-
up duration was about three years in the current meta-
analysis. Whether androgen deficiency is a predictive
factor for morality of CHF patients in long-term study
should be confirmed. Sixthly, in our study, FT was not
directly measured but calculated based on TT and SHBG,
which may also introduce bias. Finally, although most-
adequately adjusted HRs were used, we could not exclude
the existence of residual confounding factors, which
may affect the associations between circulating levels of
androgen and mortality risk.

In conclusion, results of our meta-analysis showed
that androgen deficiency and higher SHBG were
independent predictors of the mortality for male patients
with CHF. Whether androgen replacement could improve
the prognosis of CHF patients with androgen deficiency
should be investigated in large-scale RCTs.

Hazard Ratio Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% CI
CV mortality

Jankowska 2006 -0.061875 0.0271642 53.2% 0.94 [0.89, 0.99] L

Subtotal (95% Cl) 53.2% 0.94 [0.89, 0.99] L 2
Heterogeneity: Not applicable

Test for overall effect: Z = 2.28 (P = 0.02)

All-cause mortality

Pascual-Figal 2009 -0.105361 0.0480614 17.0% 0.90 [0.82, 0.99] -

Guder 2009 -0.083382 0.0470163 17.7% 0.92[0.84, 1.01] |

Wu 2011 -0.072571 0.0569244 12.1% 0.93[0.83, 1.04] -7
Subtotal (95% CI) 46.8% 0.92 [0.86, 0.97] <
Heterogeneity: Tau? = 0.00; Chi?2 = 0.21, df =2 (P = 0.90); I2 = 0%

Test for overall effect: Z = 3.06 (P = 0.002)

Total (95% Cl) 100.0% 0.93 [0.89, 0.97] L 4
Heterogeneity: Tau? = 0.00; Chi? = 0.67, df = 3 (P = 0.88); I> = 0% '0_5 0i7 1 1f5 2'

Test for overall effect: Z = 3.75 (P = 0.0002)

Test for subaroup differences: Chi2 = 0.45. df = 1 (P = 0.50). 12 = 0%

Study or Subgroup log[Hazard Ratio] SE Weight
Pascual-Figal 2009 0.04879 0.01458 81.4%
Guder 2009 0.02956 0.0324 16.5%
Wu 2011 0.07696 0.09157 2.1%
Total (95% ClI) 100.0%

Heterogeneity: Tau? = 0.00; Chi* = 0.41, df =2 (P = 0.82); I’ = 0%

Test for overall effect: Z = 3.51 (P = 0.0004)

Favours higherFT  Favours lower FT

Hazard Ratio
IV, Random, 95% CI

B

Hazard Ratio
1V, Random, 95% CI
1.05[1.02, 1.08]

1.03[0.97, 1.10] ™
1.08 [0.90, 1.29] T
1.05 [1.02, 1.07] ]

0.5 0.7 1 1.5 2
Favours higher SHBG  Favours lower SHBG

Figure 3: Forest plots for the meta-analyses of the predictive efficacies of circulating FT and SHBG for the mortality
risk in in male patients with CHF. (A) Predictive efficacy of every increment of 10 pg/ml circulating FT for the mortality risk in CHF;
(B) predictive efficacy of every increment of 1 nmol/L circulating SHBG for the mortality risk in CHF.
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MATERIALS AND METHODS

We followed the instructions of the Meta-analysis
of Observational Studies in Epidemiology (MOOSE) [27]
and the Cochrane’s Handbook [28] guidelines during the
study design, implementation, data analysis, and results
reporting processes of the meta-analysis.
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Database searching

PubMed and Embase databases were searched for
relevant studies using the combine of the following three
groups of terms: (1) “testosterone”, “sex hormone-binding
globulin”, “androgen”, or “dehydroepiandrosterone”;

(2) “heart”, “cardiac”, or “ventricular”’, couple with

Hazard Ratio

0.2

0

0.02T

0.04

0.06 T

0.1

0.5

0.5 0.7 1

SE(log[Hazard Ratio])

Hazard Ratio
1.5 2

0.7 1

Figure 4: Funnel plots for the meta-analyses of the predictive efficacy of androgen deficiency for mortality risk in CHF.
(A) funnel plot for the predictive efficacy of every increment of 1 ng/ml circulating TT for the mortality risk in CHF; (B) funnel plot for
the predictive efficacy of every increment of 100 ng/ml circulating DHEAS for the mortality risk in CHF; (C) funnel plot for the predictive
efficacy of every increment of 10 pg/ml circulating FT for the mortality risk in CHF; (D) funnel plot for the predictive efficacy of every
increment of 1 nmol/L circulating SHBG for the mortality risk in CHF. For Figure 4B, the black square indicates the imputed study by “trim

and fill” method to generate a symmetry funnel plot.

r I |
Jankowska 2006
Jankowska 2009
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Jankowska 2010
Imputed study
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0.90 [0.79, 1.03] —
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Figure 5: Forest plot for the meta-analysis of the predictive efficacy of every increment of 100 ng/ml circulating
DHEAS for the mortality risk in CHF after including the hypothesized negative study imputed by “trim and fill”
method. The imputed study was labeled in blue square.

www.oncotarget.com

Oncotarget



EEINTS4 LEINT3

“failure”, “insufficiency”, “dysfunction” or “inadequacy”,
or “cardiomyopathy”; and (3) “cohort”, “follow-up”,
“followed”, “prospective”, “prospectively”, “risk” or
“longitudinal”. We limited the searching to studies in
humans and published in English. The reference lists of
the related original and review articles were also manually
screened for potential relevant studies. The final literature
searching was performed on April 14, 2017.

Study selection

Studies were included if they fulfilled all of the
following criteria: 1) published as full-length article
in English; 2) designed as prospective cohort studies,
without limitations of the sample size and follow-up
duration; 3) including adult patients of stable CHF,
regardless the etiologies of CHF; 4) circulating androgen
levels, including TT, DHEAS, and FT, as well as the level
of SHBG were measured at baseline; 5) documented
outcomes of all-cause mortality or CV mortality during
the follow-up; and 6) reported multivariable adjusted risks
for mortality according to the baseline levels of androgen.
Letters, editorials, none prospective cohort studies,
baseline circulating androgens or SHBG not reported or
measured, or those did not report outcomes of all-cause
mortality or CV mortality were excluded. When repeated
reports of the same cohort were found, the results with
the longest follow-up durations were included in the meta-
analysis.

Data extraction and quality evaluation

Two authors independently performed literature
searching, data extraction, and quality assessment
according to the predefined inclusion criteria.
Discrepancies were solved by consensus and discussion
with the third author. The extracted data included the
details regarding study characteristics (name of the first
author, year of publication, the location of the study,
and total number of CHD patients included), patient
characteristics (mean age, mean body mass index [BMI],
proportions of patients with diabetes mellitus [DM],
proportions of patients ischemic etiology, proportions of
patients with each subtypes of HF according to systolic
function, and baseline levels for the parameters of cardiac
function, including LVEF and NT-proBNP), administration
of concurrent medications for CHF. Follow-up information
and the data related to study outcomes were also extracted,
including measurements of TT, DHEAS, FT, and SHBG,
mean follow-up duration, numbers of patients with
interested outcomes, and potential confounding factors
adjusted when presenting the results. The effect sizes
reported including HR with their corresponding 95% Cls
were extracted. If the data of interest was not reported in
original articles, the corresponding authors were contacted
for help. When data of various degrees of adjustment

were reported, we only extracted the most adequately
adjusted data. We evaluated the quality of the include
studies using the NOS [29]. This scale judges the quality
of each cohort study regarding three aspects: selection of
the study groups; the comparability of the groups; and the
ascertainment of the outcome of interest [29].

Statistical analyses

We used HRs as the measures for the associations
between levels of TT, DHEAS, FT, and SHBG at baseline,
and the subsequent risks of mortality in CHF patients.
Data of HRs and their corresponding stand errors (SEs)
were calculated from 95% CIs or p values, and were
logarithmically transformed to stabilize variance and
normalized the distribution [28]. The heterogeneity among
the included studies was detected by the Cochrane’s Q
test and the I? test. If I* > 50%, a significant heterogeneity
was considered [30]. A random-effect model was applied
to synthesize the results because it is a more generalized
method which incorporates the heterogeneity of the
included studies [28]. Predefined subgroup analyses
were performed according to the different mortality
outcome reported (all-cause or CV). Potential publication
bias was assessed by visual inspection of the funnel
plot [31]. The nonparametric “trim and fill” procedure
was also performed to further assess the possible effect
of publication bias in our meta-analysis. This method
considers the possibility of hypothetical “missing” studies
that might exist, imputes their HRs, and recalculates a
pooled HR that incorporates the hypothetical missing
studies as though they actually existed [28]. Since the
HRs for mortality were reported according to a standard
changes of the androgens and SHBG in each of the
included studies, we summarized the HRs for morality
according to standard increments of TT (per 1 ng/
ml), DHEAS (per 100 ng/ml), FT (per 10 pg/ml), and
SHBG (per 1 nmol/L). RevMan (Version 5.1; Cochrane
Collaboration, Oxford, UK) and STATA software (Version
12.0; Stata Corporation, College Station, TX) were used
for the meta-analysis and statistics.
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