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Abstract

Background: Circulating natriuretic peptide (NP) levels are markedly lower in healthy men than
women. A relative NP deficiency in men could contribute to their higher risk of hypertension and
cardiovascular disease. Epidemiologic studies suggest testosterone may contribute to sex-specific
NP differences.
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Objectives: We aimed to determine the effect of testosterone administration on NP levels using a
randomized, placebo-controlled design.

Methods: 151 healthy men (aged 20-50 years) received goserelin acetate to suppress endogenous
production of gonadal steroids, and anastrazole to suppress conversion of testosterone to estradiol.
Subjects were randomized to placebo gel or 4 different doses of testosterone (1%) gel for 12
weeks. Serum N-terminal-pro-B-type natriuretic peptide (NT-proBNP) and total testosterone levels
were measured at baseline and follow-up.

Results: Men who did not receive testosterone replacement (placebo gel group) after suppression
of endogenous gonadal steroid production experienced a profound decrease in serum testosterone
(median 540 to 36 ng/dl, p<0.0001). This was accompanied by an increase in median NT-proBNP
(+8 pg/ml, p=0.02). Each 1 g increase in testosterone dose was associated with a 4.3% lower NT-
proBNP at follow-up (95% confidence interval, —=7.9% to —0.45%; p=0.029). An individual whose
serum testosterone decreased by 500 ng/dl had a 26% higher predicted follow-up NT-proBNP than
someone whose serum testosterone remained constant.

Conclusions: Suppression of testosterone production in men led to increases in circulating NT-
proBNP, which were attenuated by testosterone replacement. Inhibition of NP production by
testosterone may partly explain the lower NP levels in men.
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CENTRAL ILLUSTRATION: Changes in N-Terminal Pro—B-Type Natriuretic Peptide Levels
With Respect to Changes in Serum Testosterone Levels

Central lllustration. Changes in NT-proBNP levels with respect to changes in serum
testosterone levels. Changes in log serum NT-proBNP levels, with respect to changes in serum
testosterone levels, from week 0 to week 12 are displayed. NT-proBNP, N-terminal pro b-type
natriuretic peptide.
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Natriuretic peptide (NP) levels are lower in men than women. These sex-related differences may
be clinically important, since NPs appear to exert cardioprotective effects. Observational studies
suggest testosterone may contribute to sex-specific NP differences, but randomized studies are
limited. In this randomized, placebo-controlled trial, men underwent suppression of endogenous
gonadal steroids and randomization to placebo gel or 4 different testosterone doses. Men receiving
placebo gel experienced profound decreases in testosterone levels, accompanied by increases in
NP levels. Higher testosterone doses were associated with lower follow-up NP levels. Inhibition of
NP production by testosterone may contribute to sex-specific NP differences.
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Introduction

The prevalence of hypertension and cardiovascular disease is higher in men compared with
women throughout most of the lifespan. However, the reasons for this are not well
established. The cardiac natriuretic peptide (NP) system plays a major role in salt balance,
blood pressure homeostasis, and cardiac remodeling. Atrial natriuretic peptide (ANP) and B-
type natriuretic peptide (BNP) promote natriuresis, vasodilation, and inhibition of the renin-
angiotensin-aldosterone system (1-3), leading to reduction of blood pressure. The protective
role of the NP system in cardiovascular physiology is supported by a large body of evidence
from experimental studies and human genetic investigations (4-6).

Interestingly, circulating NP levels are approximately 40% lower in healthy men compared
with healthy women (7). This makes sex the single largest determinant of inter-individual
variability in NP levels in healthy individuals (7). This phenomenon raises the possibility
that a relative “NP deficiency” in men might contribute to their higher propensity to develop
hypertension and cardiovascular disease.

Nonetheless, the reasons for sex-specific differences in NP levels are not firmly established.
Cross-sectional data from epidemiologic studies suggest that testosterone might account for
some of the differences in NP levels between the sexes (8,9). For instance, in a cross-
sectional analysis of participants in the Framingham Heart Study, free testosterone
concentrations were negatively associated with N-terminal pro B-type natriuretic peptide
(NT-proBNP) levels in both men and women (8). In contrast, results of prior investigations
on the association of estrogen concentrations with NPs have been inconclusive (8,10,11).

Moreover, data from human physiologic studies involving testosterone administration are
limited, and confined to individuals with significant co-morbid conditions that might
separately influence NP levels (12-14). Also, one of the challenges of evaluating the effects
of testosterone supplementation is that testosterone undergoes conversion to serum estradiol
via aromatization. This has made it difficult in prior studies to analyze the effects of serum
testosterone, independent of estradiol, on the NP system. Therefore, we investigated the
effect of testosterone replacement on NP levels in a randomized, placebo-controlled study,
consisting of healthy men pre-treated with a gonadotropin releasing hormone (GnRH)

JAm Coll Cardiol. Author manuscript; available in PMC 2020 March 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bachmann et al.

Methods

Subjects

Page 4

agonist to suppress endogenous production of gonadal steroids (testosterone and estradiol).
Participants also received an aromatase inhibitor to suppress the conversion of testosterone
to estradiol.

Healthy men, aged 20 to 50 years, without a history of significant cardiac, renal, hepatic, or
pulmonary disease, malignancy, or hyperthyroidism were enrolled in the study. Subjects
taking testosterone, estrogens, or systemic glucocorticoids at the time of the screening visit
were excluded. Full inclusion/exclusion criteria, subject clinical characteristics, testosterone
levels, and estradiol levels have been published previously (15,16). The study protocol was
approved by the Partners Institutional Review Board, and written informed consent was
obtained from all participants.

Study design

This was a post-hoc analysis of a randomized, placebo-controlled trial; the design of the
parent trial has been previously described (15,16). All subjects received goserelin acetate
(Zoladex, provided by AstraZeneca) 3.6 mg subcutaneously at baseline and every 4 weeks
throughout the study in order to suppress endogenous production of testosterone and
estradiol, as well as anastrazole (Arimidex, provided by AstraZeneca) 1 mg daily in order to
inhibit the aromatization of testosterone to estradiol. Subjects were randomly assigned to
one of five testosterone replacement doses: 0 g (placebo gel), 1.25g,2.5¢9,5g,0r 10 g ofa
topical 1% testosterone gel (AndroGel, provided by AbbVie Inc.) daily. Originally, 202 men
were enrolled and underwent randomization. 161 men completed the week 12 visit (15). NT-
proBNP levels were available at week 0 (baseline, prior to receiving any study medications)
and week 12 in 151 subjects. Because our primary endpoint was NT-proBNP levels, only
those 151 subjects with NT-proBNP levels available at both baseline and week 12 are
included in the analysis. The group of 151 subjects had similar baseline clinical
characteristics and hormone levels as the entire cohort that underwent randomization.

Hormone measurements

During the trial, blood was collected, immediately processed for plasma and serum, and
aliquoted. NT-proBNP was measured from serum samples that had been stored at —80
degrees Celsius for 5-11 years and had undergone no more than one prior thaw cycle. Serum
NT-proBNP levels were measured using an automated double-incubation assay on the Roche
Cobas e411 (Roche Diagnostics, Indianapolis, IN) with an interassay coefficient of variation
<8%. The lower limit of detection of this assay was 5 pg/ml; levels below the lower limit of
detection were assigned a value of 4 pg/ml. We elected to measure NT-proBNP rather the
mature peptide (BNP, or C-terminal BNP), because NT-proBNP has a longer half-life in the
circulation, and, thus, displays less intra-individual variability. Serum estradiol levels had
been stored at —80 degrees Celsius, and were measured by liquid chromatography—-tandem
mass spectroscopy, with a threshold for detection of 1.25 pg/ml. Serum total testosterone
levels were measured in real-time by a solid-phase chemiluminescent immunoassay with the
use of an automated analyzer (ADVIA Centaur XP, Siemens) with a sensitivity of 20 ng/dl.
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Free testosterone concentration was available in 90 of 151 subjects, and was estimated using
total testosterone concentration, SHBG, and albumin using a previously validated method
(17). We analyzed NT-proBNP and testosterone levels at 12 weeks in order to allow the
testosterone levels to achieve an equilibrium after treatment with goserelin and testosterone
gel. Goserelin can lead to transient increases in testosterone levels in the first 2-4 weeks
after initiation. Further if increases in testosterone did occur early in response to goserelin,
this should be balanced between groups due to the randomized design.

Medical comorbidities

Status of cardiovascular risk factors at baseline are reported. Hypertension was defined by
the use of antihypertensive medications, or a systolic blood pressure = 140 mmHg, or a
diastolic blood pressure = 90 mmHg at baseline. Dyslipidemia was defined by the use of
dyslipidemia prescription, or LDL = 190 mg/dl, at baseline. Diabetes was defined by use of
antidiabetes medication at baseline, or baseline fasting glucose = 126 mg/dl. Pre-diabetes
was defined by reported history of pre-diabetes, or baseline fasting glucose between 100—
125 mg/dl.

Statistical Analysis

Clinical characteristic and hormone level data are reported as median, (lower quartile, upper
quartile) for continuous variables and as percentages for categorical variables. Clinical
characteristics and hormone concentrations at baseline were compared between the
testosterone dose groups using the Kruskal-Wallis test for continuous variables and the
Pearson Chi-square test for categorical variables. Changes in hormone concentrations
(Figure 1; Central Illustration) are presented in box plots displaying the median,
interquartile range, and upper and lower adjacent values.

The relationship of NT-proBNP with testosterone dose was analyzed using multivariable
linear regression. Because the distribution of NT-proBNP was highly skewed, it was log-
transformed before statistical analysis. First, multivariable linear regression was conducted,
with Week 12 log NT-proBNP as the dependent variable, and with testosterone dose and
baseline log NT-proBNP as the predictor variables. Testosterone dose was treated as a
continuous predictor for analyses determining the effect of dose on outcomes. Next, we
performed a second regression analysis that also included age, BMI, and race as predictors.
We had pre-specified that we would adjust for age, BMI, and race, as these variables are
known to be important determinants of NP levels in large population cohort studies (7,8,18—
20). Next, to analyze the relationship of NT-proBNP levels with serum testosterone levels,
we performed multivariable linear regression, using change in log serum NT-proBNP level
(week 12 minus week 0 level) as the dependent variable, and using change in serum
testosterone level, baseline serum testosterone level, and baseline log serum NT-proBNP as
the covariates. We then performed a second regression analysis that also included age, BMI,
and race as covariates. This model enabled us to calculate the relative difference of predicted
NT-proBNP level at week 12 in an individual given a specified change in serum testosterone
level, relative to an individual whose serum testosterone level remained constant.
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In addition, we constructed a hypothesized path model using a structural equation model, in
order to examine the effects of testosterone dose on NT-proBNP through serum testosterone
levels. In this type of two-wave mediation analysis (21), the path coefficients are estimated
simultaneously. The product of coefficients method (22) was employed to test whether
serum testosterone levels mediated the effects of testosterone dose on NT-proBNP levels.
For example, the product of the two pathways A*B (Figure 2) is the effect of testosterone
dose on NT-proBNP levels as mediated by serum testosterone levels. Because the product of
regression coefficients was usually not normally distributed, we employed 1000 bootstraps
to obtain 95% confidence intervals of the product of regression coefficients (23). Mediation
is assumed if the confidence interval for this product does not include zero.

Two-sided p-values <0.05 were considered statistically significant. Data for continuous
variables in figures are reported as means and standard errors of the mean. R version 3.3.1
(R foundation of Statistical Computing, Vienna, Austria) was used for statistical analyses.
K.N.B. had full access to all data presented in the current manuscript and takes
responsibility for the data integrity and data analysis.

Clinical Characteristics

At baseline, there were no significant differences in age, BMI, or race across testosterone
dose groups (Table 1). In this cohort of subjects without significant cardiovascular disease,
the occurrence of cardiovascular risk factors (smoking, hypertension, dyslipidemia, diabetes,
and pre-diabetes) was low (Online Table 1) and balanced between testosterone dose groups.
Similarly, use of medications that could influence natriuretic peptide levels through salt and
water balance was low and evenly distributed across randomization groups (Online Table 2).

Changes in gonadal steroid levels

At baseline, there were no significant differences in gonadal steroid levels or NT-proBNP
levels across testosterone dose groups (Table 1). As expected, men who did not receive
testosterone replacement (placebo gel group) after suppression of endogenous gonadal
steroid production experienced a profound decrease in serum testosterone levels (median
540.5 to 36 ng/dl, p<0.0001), with week 12 serum testosterone levels comparable to those
found in women. In contrast, men who received 5 g or 10 g daily doses of testosterone
replacement achieved week 12 serum testosterone levels comparable to those found in
healthy men. Changes in serum testosterone from week 0 to week 12 are displayed in Figure
1A. Estradiol levels decreased significantly in all dose groups (p<0.0001) due to the
aromatase inhibitor, as expected. Although week 12 estradiol levels were higher in men who
received higher testosterone doses, final estradiol levels were very low in all men (<10
pg/ml) from a clinical perspective (Table 1).

Relationships between testosterone and natriuretic peptides

Men who received placebo gel experienced a significant increase in median NT-proBNP (+8
pg/ml, p=0.02). Median changes in NT-proBNP were 0 (p= 0.8), +7 (p=0.02), 0 (p=0.5),
and -2 (p= 0.41) pg/ml in men receiving 1.25 g, 2.5 g, 5 g, and 10 g of daily testosterone
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replacement, respectively. Changes in NT-proBNP from week 0 to week 12 with respect to
testosterone dose are shown in Figure 1B. Week 12 log NT-proBNP, adjusted for baseline
level, had a marginally significant, negative association with testosterone dose (p= 0.05).
After adjustment for baseline NT-proBNP, age, BMI, and race, week 12 log NT-proBNP had
a significant, inverse association with testosterone dose. Each 1 g increment in testosterone
dose was associated with a 4.3% lower NT-proBNP level at week 12 (95% confidence
interval, —7.97% to —0.49%; p=0.028). These findings were attenuated when testosterone
dose was analyzed as a categorical variable (5 dose groups; p=0.15) rather than as a
continuous variable. Of note, black individuals had a higher proportion of week 12 NT-
proBNP levels below the assay’s lower limit of detection (<5 pg/ml) compared with non-
blacks (35% vs. 15.6%, respectively, p = 0.035), which is consistent with findings in large
cohort studies of lower NP levels in blacks (18,19). Because the proportion of detectable
NT-proBNP levels was greater among non-blacks, we performed a subgroup analysis among
these individuals. Among non-blacks (N = 128), Week 12 log NT-proBNP, adjusted for
baseline level, had a significant negative association with testosterone dose (p = 0.011),
which persisted after adjustment for age and BMI.

Because we postulated that the effect of testosterone supplementation on NT-proBNP would
occur through changes in circulating testosterone levels, we examined the association
between week 12 serum testosterone and NT-proBNP. At week 12, log serum testosterone
had a significant inverse correlation with log NT-proBNP level (r = —=0.20, p = 0.014). This
association persisted after adjustment for baseline testosterone and NT-proBNP, age, BMI,
and race (partial r =-0.23, p = 0.01). Also, the higher the serum testosterone level at week
12, the more likely that the week 12 BNP level was below the assay’s lower limit of
detection. An increment in week 12 serum testosterone by 500 ng/dl was associated with an
odds ratio of 1.60 (95% confidence interval, 1.08-2.37; p=0.018) for having an undetectably
low NT-proBNP level at week 12. These relationships remained significant after adjustment
for baseline NT-proBNP and testosterone levels, age, BMI, and race.

Changes in NT-proBNP, with respect to changes in serum total testosterone levels, from
week 0 to week 12 are displayed in the Central Illustration. Changes in serum total
testosterone and NT-proBNP, controlling for baseline levels, were inversely associated with
each other (p= 0.005); this association persisted after adjustment for age, BMI, and race (p=
0.004). In the subset of men with free testosterone levels available, similar results were
obtained. In multivariable models derived from these data, an individual whose serum
testosterone decreased by 500 ng/dl had a 23% higher predicted week 12 NT-proBNP level,
relative to an individual whose serum testosterone remained constant.

Next, we constructed a conceptual path model to examine the effect of testosterone dose on
NT-proBNP levels through dose’s impact on circulating testosterone levels (Figure 2). The
negative relationship of testosterone dose and NT-proBNP was due to dose’s impact on
serum testosterone levels, which had a negative association with NT-proBNP (p=0.01).
These relationships remained significant after adjusting for age, BMI, and race.
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Discussion

We conducted a randomized controlled trial of men treated with GnRH agonists and
allocated to various doses of testosterone replacement or placebo. We found that testosterone
replacement was associated with lower NT-proBNP levels in a dose-dependent manner, and
changes in circulating testosterone concentrations were inversely associated with changes in
NT-proBNP levels. Our results support the hypothesis that testosterone reduces circulating
NT-proBNP, consistent with the epidemiologic observation that men have lower circulating
NP levels than women. Given the important role of the NPs in cardiovascular homeostasis,
our data have potentially important implications for sex-related differences in the risk of
hypertension and cardiovascular disease.

Comparison with prior studies

Several smaller studies have investigated the effect of testosterone supplementation on NP
levels. In men with type 2 diabetes mellitus, high cardiovascular risk, and mildly low
testosterone levels (<346 ng/dl), those randomized to testosterone supplementation had
decreases in NT-proBNP levels compared with placebo-treated men (13). In another study of
53 women with androgen deficiency due to hypopituitarism, those randomized to
testosterone replacement experienced decreases in NT-proBNP levels compared with those
randomized to placebo (12). In contrast, in a small nonrandomized study of men with
metabolic syndrome and testosterone deficiency, testosterone supplementation over a shorter
duration of 9 weeks was not associated with a change in NT-proBNP levels (14).

Aside from its substantially larger sample size, the present study differs from the prior
investigations in several important respects. First, we focused on healthy men, because
comorbidities such as diabetes mellitus or cardiovascular disease can influence the NP
system independently. Prevalence of cardiovascular risk factors was low, and only a very
small minority of subjects were taking medications that could potentially influence sodium
homeostasis or renal function (Online Table 2). Second, the use of a GhnRH agonist in all
subjects, followed by randomization to multiple doses of testosterone, resulted in final
circulating testosterone levels that spanned an extremely wide range (19 — 3,546 ng/dl).
Across this extensive range, final circulating testosterone levels exhibited a negative
relationship with final NT-proBNP levels, and furthermore, changes in circulating
testosterone levels had a negative relationship with changes in NT-proBNP levels. Third, the
concomitant use of an aromatase inhibitor reduced the confounding effect of estrogen, which
increases with testosterone supplementation. The suppression of estrogen levels in our study
differs from normal physiology, but allowed us the opportunity to determine the independent
effects of testosterone on NP levels, which had been very challenging in prior studies.

Implications of findings

Importantly, our results lend insight into mechanisms underlying the well-documented sex-
specific differences in NP levels (7,8). Serum total testosterone levels range from 325-800
ng/dl in healthy men (8,24), and 15-50 ng/dl in healthy women (8). With our protocol, we
achieved a broad range of final circulating testosterone levels that encompassed the low
levels observed in women as well as the higher levels observed in men. Our results suggest
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that decreases in testosterone levels comparable to the differences between healthy men and
women are associated with about 25% higher NT-proBNP levels. In observational studies,
NP levels are about 30—60% higher in healthy women than men (7). Therefore, our findings
suggest that the sex-specific differences in NP levels are explained partly, but not
completely, by differences in testosterone levels between men and women.

Given that natriuretic peptides have been found to protect against hypertension and adverse
cardiac remodeling (5), the sex disparities in circulating NP levels have important
implications for cardiovascular health. However, relating absolute changes in NT-proBNP
levels to biological actions is challenging, because the natriuretic peptide hormones are
regulated by a negative feedback loop, so circulating levels represent the net effect of
efferent and afferent influences on the heart. Further, testosterone may be only one factor
affecting production and secretion of natriuretic peptides from the heart. That said,
Mendelian Randomization studies involving genetic variants affecting NP levels suggest that
relative changes in circulating NP levels as small as 10-20% can lead to clinically
significant differences in the risk of hypertension (5). The changes in NP concentrations
observed in the present study are substantially larger than those attributable to described
common genetic variants.

Based on our findings, we hypothesize that the lower NP levels in men reflect a decrease in
NP production, rather than an increase in NP clearance. This is because NT-proBNP, in
contrast to mature BNP, is not cleared by the NP clearance receptor or by neprilysin (25).
Prior experimental data support that androgens may negatively regulate NP production.
Testosterone suppresses ANP secretion induced by atrial distention in isolated perfused rat
atria (26). Moreover, androgen suppression appears to stimulate NP production; orchiectomy
in male rats leads to increases in atrial ANP contents and plasma ANP concentrations, and
the latter is reversed by testosterone replacement (27). On the other hand, some studies in
cardiomyocytes and rodents have not supported a negative effect of androgens on NP
production (28,29).

Study limitations

Our study has a few limitations. First, approximately 25 percent of the NT-proBNP values
were below the assay’s lower limit of detection, which reduced our statistical power. This
may partly explain why the association of testosterone dose and NT-proBNP was attenuated
in models with testosterone dose as a categorical variable. Analyzing NT-proBNP as a
dichotomous variable (detectable versus undetectable) yielded consistent, significant results.
Also, in a sensitivity analysis excluding subjects with undetectably low NT-proBNP values,
similar results were obtained. A second limitation is that circulating NP levels offer an
indirect index of NP production, secretion, and clearance. Unfortunately, there is no direct
way to fully interrogate the NP system in humans at the present time. Third, serum NT-
proBNP levels were not available at both baseline and week 12 in all men who were
originally randomized in the study. Because our primary endpoint was the change in NT-
proBNP levels, we included only the 151 individuals who had NP levels at both baseline and
week 12. These 151 individuals had similar baseline characteristics as the entire original
cohort. Next, circulating levels of the mature natriuretic peptides, ANP and BNP, were not
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measured. Notably, sex-related differences in the natriuretic peptides follow a consistent
pattern for ANP, BNP, and their pro-peptides (7-9,30,31). Further, levels of the pro-peptides
and mature peptides for ANP and BNP are highly correlated (32). While the Roche assay
has cross-reactivity with circulating proBNP, both proBNP and NT-proBNP reflect
natriuretic peptide production, rather than clearance, and NT-proBNP and mature BNP are
produced from proBNP in a one-to-one ratio. Finally, the reduction in NP levels due to
testosterone supplementation may have been partially offset by testosterone’s tendency to
cause salt and water retention, which would tend to bias our results toward the null.

Conclusions

Our findings suggest that testosterone reduces circulating NP levels and indicate that
gonadal steroids may play a role in the development of a relative NP deficiency in men
compared with women. Further investigation is needed to elucidate the mechanisms by
which testosterone suppresses NP levels, such as whether testosterone influences the
transcription of genes involved in NP production or regulation. Moreover, as the NP system
exerts cardioprotective effects, future studies are warranted to determine whether addressing
the relative NP deficiency in men can reduce cardiovascular risk.
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CLINICAL PERSPECTIVES

Competency in Medical Knowledge:

Natriuretic peptides (NP) play a protective role in cardiovascular physiology. By reducing
circulating NP levels, testosterone may contribute to relative NP deficiency in men,
helping to explain gender-based differences in cardiovascular risk.

Translational Outlook:

Further research is needed to determine whether raising natriuretic peptide levels in men
can decrease their risk of hypertension and cardiovascular disease.
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Figure 1. Changes in serum testosterone and NT-proBNP levels with respect to testosterone dose.
Changes in log serum testosterone levels (panel A) and changes in log serum NT-proBNP

levels (panel B) from week 0 (baseline) to week 12 with respect to testosterone dose are
displayed. NT-proBNP, N-terminal pro b-type natriuretic peptide.
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“NT-proBNP (log)" = Week 12 log NT-proBNP level, adjusted for baseline NT-proBNP and log serum T

"Serum testosterone (log)" = Week 12 log serum testosterone level, adjusted for baseline level

Effect Size: Beta

Path  Description [95% CI] SE
A Effect of testosterone dose on log serum T 0.103 0.009
[0.086, 0.119]
B Effect of log serum T on log NT-proBNP -0.134 0.05
[-0.236, -0.038]
A*B Effect of testosterone dose, -0.014 0.005
as mediated by log serum T, [-0.024, -0.003]

on log NT-proBNP

p-value

< 0.001

0.01

0.01

Figure 2. Conceptual Path Model: Testosterone dose impacts NT-proBNP levels through its

effects on serum testosterone levels.

Higher testosterone doses led to higher serum testosterone levels at week 12 (Path A), which

were associated with lower NT-proBNP levels at week 12 (Path B). The negative
relationship of testosterone dose and NT-proBNP levels (Path A*B) was driven by the

negative association of serum testosterone levels with NT-proBNP levels (Path B). These
relationships remained significant after adjusting for age, BMI, and race. NT-proBNP, N-

terminal pro b-type natriuretic peptide; SE, standard error; T, testosterone
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Clinical characteristics and hormone levels

Table 1.

Page 16

Testosterone Dose (g/day)

BMI (kg/m?), Week 0

BMI (kg/m?), Week 12

Systolic BP, mmHg, Week 0
Diastolic BP, mmHg, Week 0

Serum testosterone (ng/dl), Week 0
Serum testosterone (ng/dl), Week 12
Serum estradiol (pg/ml), Week 0
Serum estradiol (pg/ml), Week 12
Serum NT-proBNP (pg/ml), Week 0
Serum NT-proBNP (pg/ml), Week 12

28.1(25.7, 30.3)
28.0 (25.8, 30.2)
122 (116, 127)
76 (71, 80)
540 (437, 628)
36 (32, 43)
33.5(27.0, 40.0)
0.9 (0.5, 1.1)
10.5 (4.0, 25.5)
19.5 (8.4, 30.5)

27.2 (22.9, 30.9)
27.4 (245, 31.6)
119 (114, 124)
74 (68, 78)
562 (405, 636)
160 (125, 251)
29.0 (24.0, 36.0)
1.0 (0.8,1.2)
15.0 (4.0, 31.0)
14.0 (7.9, 33.0)

25.9 (23.4, 29.7)
26.5 (24.0, 30.1)
118 (110, 124)
73 (66, 80)
523 (383, 606)
298 (184, 480)
28.0 (25.0, 34.5)
1.1(0.8,1.8)
12.0 (4.0, 18.0)
19.0 (7.7, 32.5)

27.3(25.3, 30.4)
27.6 (26.2, 30.5)
120 (116, 128)
77 (67, 81)
467 (371, 619)
536 (271, 724)
30.0(23.3,33.8)
1.6 (1.3, 2.4)
11.5 (4.4, 42.5)
135 (5.2, 32.0)

0 1.25 25 5 10
(N=22) (N=29) (N=31) (N=38) (N=31)
Age (years) 345(285,40.8) 32.0(28.0,39.0) 33.0(26.0,38.0) 335(30.0,38.0) 32.0(30.0,37.0)
Race, % White 68% 66% 65% 84% 84%

27.0 (24.4, 28.6)
27.4 (235, 29.9)
114 (111, 121)
72 (68, 78)
482 (386, 562)
818 (502, 1027)
25.0 (20.0, 33.0)
2.0(14,2.7)
17.0 (4.0, 32.5)
12.0 (5.2, 24.5)

NS, not significant. NT-proBNP, N-terminal pro b-type natriuretic peptide. BP, blood pressure.
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