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Abstract

BACKGROUND—Men undergoing heart transplantation during the early 1990s had declines in
testosterone associated with rapid bone loss. It is unclear whether low testosterone still occurs in
an era of lower prednisone doses, whether cyclosporine A (CsA) contributes, whether
hypothalamic-pituitary-gonadal (HPG) suppression or direct testicular effects are responsible, and
whether low testosterone influences bone loss in men receiving therapy to prevent osteoporosis.

METHODS—We measured serum testosterone, estradiol, sex hormone binding globulin,
gonadotropins and bone density and recorded prednisone and CsA doses and levels for the first
two years after transplantation in a more recently transplanted cohort of 108 participants in a trial
comparing alendronate and calcitriol for prevention of post-transplant osteoporosis.

RESULTS—Total and free testosterone levels were lowest during the first month (257+131 and
6.2+3 ng/dl respectively) and normalized by two months. Gonadotropins were low in the majority,
suggesting HPG suppression. Low total testosterone persisted in 14% at one and 18% at two years.
Prednisone was the major predictor of serum testosterone. We detected no adverse effect of CsA
and no relationship between serum testosterone and bone density change.

CONCLUSIONS—Low serum testosterone levels still occur in the early post-transplant period,
probably related to HPG suppression by prednisone rather than direct testicular effects of CsA.
They are not associated with bone loss in men receiving therapies to prevent osteoporosis. At later
time-points, low testosterone levels are common and apparently related to primary gonadal
dysfunction, suggesting that long-term male heart transplant recipients should be evaluated for
hypogonadism.
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Introduction

Relatively few studies have evaluated serum testosterone levels in heart transplant
recipients. Several studies from the early 1990s reported low serum testosterone at various
times after transplantation, particularly early time points (1-4). In a study of the natural
history of bone loss and fracture after heart transplantation in the early 1990s, we measured
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serial serum testosterone levels in 52 men before and for three years after grafting (5). They
experienced a transient decline in serum testosterone immediately after transplantation, but
levels returned to the normal range by three months and remained there for the duration of
the study. Lower testosterone levels were associated with more rapid bone loss (5).

Although these studies have provided data on the time course of changes in serum
testosterone levels after heart transplantation, the pathogenesis of the low testosterone levels
has never been addressed in detail. Low serum testosterone levels could result from
suppression of hypothalamic-pituitary secretion of luteinizing hormone (LH), the
gonadotropin hormone responsible for stimulating testicular androgen synthesis. Such
central suppression of the hypothalamic-pitutitary-gonadal (HPG) axis occurs in the setting
of major illness or surgery (6-8) and high prednisone doses (9-12). Low testosterone levels
could also result from direct effects upon the testis itself. In this regard, rodent studies
suggest that Cyclosporine A lowers testosterone both by suppressing the HPGaxis and
reducing LHproduction (13), and by directly inhibiting testicular testosterone synthesis,
which was associated with corresponding elevations in gonadotropins (14). Also unclear is
whether similar changes occur in men transplanted more recently when prednisone doses are
typically lower than in the early 1990s, the proportion of men in whom low serum
testosterone levels persist and whether transient hypogonadism is associated with bone loss
in men receiving therapy to prevent osteoporosis.

To address these questions, we prospectively measured serum total testosterone levels, sex
hormone binding globulin (SHBG), the gonadotropins LH and follicle stimulating hormone
(FSH), in a new and larger cohort of men who were participating in a study comparing the
efficacy of antiresorptive drug alendronate and calcitriol, the active metabolite of vitamin D,
for prevention of bone loss during the first two years after heart transplantation. Although
the bone density and fracture data from that study have been published (15), the data on
serum testosterone levels in this report are new and provide additional information on the
pathogenesis of low testosterone levels and their prevalence in the long-term heart transplant
recipient.

Subjects and Methods
Study population

The study population included 108 adult men, aged 18 to 70, who underwent heart
transplantation between January 1999 and June 2001 at Columbia University Medical
Center or Newark-Beth Israel Medical Center. All participated in a randomized clinical trial
comparing alendronate (10 mg/day) and calcitriol (0.5 pg/day) for prevention of bone loss
during the first post-transplant year (15). The study also included a small nonrandomized
reference group who received only calcium and vitamin D. The 108 men described herein
were a subset of 149 men from the primary study who survived for at least 12 months and
had at least 3 measurements of serum testosterone. Exclusion criteria were those of the
primary study and included cancer, primary hyperparathyroidism, thyrotoxicosis,
sarcoidosis, serum creatinine above 2.5 mg/dl, active peptic ulcer disease, nephrolithiasis
and previous use of bisphosphonates.

All patients received prednisone and calcineurin inhibitors, predominantly cyclosporine A.
Intravenous methylprednisolone was administered intraoperatively and during the first 24
hours, followed by oral prednisone (50 mg/day) tapered rapidly to 30 mg/day by two weeks
and 5-10 mg/day by six months. Prednisone was not discontinued in any subject. Rejection
was managed with high-dose oral or intravenous glucocorticoids. Trough whole blood
cyclosporine A levels were maintained between 250-300 ng/ml for the first six months,
200-250 ng/ml for the second six months and 150-200 ng/ml for the second year.
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Study design

The initial evaluation was performed during the first month after transplantation (mean, 21
days). Serial measurements of renal and hepatic function, total testosterone, SHBG, LH,
FSH and estradiol (E2) were obtained at defined intervals for the next two years. Prednisone
and Cyclosporine A doses were recorded and whole blood Cyclosporine A levels were
measured at each visit. Bone density was measured by dual energy x-ray absorptiometry
(Hologic, QDR-4500) at baseline and every 6 months for two years.

Measurements

Fasting serum was obtained in the morning and stored at —70° until the end of the study. All
samples from each individual were analyzed in the same assay. Gonadal hormone and
gonadotropin measurements were performed in the laboratory of Dr. Christopher Longcope.
Total testosterone was measured by radioimmunoassay using Coat-a-Count kits (Diagnostic
Products Corp., Los Angeles, CA). The intra-and inter-assay coefficients of variation (CVs)
were 5.8% and 9.0% respectively. Estradiol was measured by radioimmunoassay using
Coat-a-Count kits (Diagnostic Products Corp., Los Angeles, CA). Intra-and inter-assay CVs
were 2% and 8%. LH was measured by chemiluminescence using the automated Immulite
system (Diagnostic Products Corp., Los Angeles, CA). Intra-and inter-assay CVs were 5.5%
and 9.5%. FSH was measured by chemiluminescence using the automated Immulite system
(Diagnostic Products Corp., Los Angeles, CA). Intra-and inter-assay CVs were 5.1% and
6.4%. SHBG was measured by chemiluminescence using the automated Immulite system
(Diagnostic Products Corp., Los Angeles, CA). Intra- and inter-assay CVs were 4.5
and7.9%, respectively. Free testosterone was calculated using the Rosner formula (16).
Percent Free Estradiol was calculated using the Sodergard formula (17). Renal and hepatic
function were measured by autoanalyzer (Technicon Instruments) in the laboratories of New
York-Presbyterian Hospital.

Statistical Analysis

Results

Using mixed linear model analysis, multiple regression and chi-square analysis, the trends in
hormone levels over time, the prediction of testosterone and bone density levels, and the
proportion of samples with hormone concentrations outside the normal range, respectively,
were evaluated. The normal range of total testosterone was defined by the laboratory normal
range (250-1100 ng/dl). To address the relationship between age and serum testosterone, we
also used age-specific lower limit of normal thresholds from the Massachusetts Aging
Study, also assayed in Dr. Longcope’s laboratory (18). Thelower limit of normal
testosterone for each age group in the Massachussetts Aging Study corresponds to the 2.5%
percentile of the data (18).

Characteristics of the study population

The baseline characteristics of the subjects are shown in Table 1. Mean age was 54 + 10
years and the majority was Caucasian. Most required transplantation for ischemic or dilated
cardiomyopathy.

Serum Total and Free Testosterone Levels

At baseline (mean 21 days after transplantation), mean total and free serum testosterone
were at the very low end of the normal range. Total testosterone measured 257131 ng/dl
(normal, 250-1100 ng/dl) and free testosterone measured 6.2+3 ng/dl (normal, 5-21 ng/dl).
Both total and free testosterone increased significantly by two months, remaining above
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baseline and well within the normal range for the remainder of the study (Table 2 and Figure
1).

At baseline, total testosterone levels were subnormal in 63% of men while only 33% of men
had low free testosterone levels (Figure 2A). Thereafter, the proportion of men with low
total testosterone levels declined progressively to 33% by 2 months and 21% by 6 months.
Notably, however, low total serum testosterone levels were present in 14% of the men by
one year and 18% by two years. Ten percent of men had low free testosterone levels at all
times after baseline (Figure 2A).

Serum testosterone levels decline with increasing age. Our study subjects were generally
over age 50. As normal ranges for these assays were established in men of all ages,
measures contributed by younger men could increase the lower normal limit and lead us to
overestimate the proportion with low testosterone levels. When we compared our subjects to
healthy older men of comparable age participating in the Massachusetts Aging Study and
assayed in the same laboratory (23), fewer had low serum testosterone (48% at baseline,
20% at two months, and 9-12% at other time points). The pattern was similar for both total
and free testosterone (Figure 2B). However, even after considering the effect of age,
approximately 10% of the subjects had persistently and frankly low serum total testosterone
at one and two years.

Relationship of Serum Gonadotropin and Serum Testosterone Levels

In order to address the pathogenesis of the decline in serum testosterone, we measured
serum LH and FSH (Table 2). If low serum testosterone resulted from central suppression of
the HPG axis, one would expect low LH and FSH levels. If a direct effect on the testis was
the cause, LH and FSH levels should be elevated. Mean serum FSH and LH levels were
lowest during the first month when serum testosterone was at its nadir, suggesting
suppression of the HPG axis predominated at this point. FSH and LH increased significantly
at 2 and 6 months. Although mean levels were well within the normal range at every point,
the proportion of men with elevated levels increased progressively from 15% at baseline to
29% at 6 months. While this could suggest primary gonadal dysfunction, it is equally
plausible that this pattern could represent recovery of the HPG axis. At 24 months, 14% of
the men had elevated gonadotropins (Figure 3), comparable to the 18% and 10% with low
total and free serum testosterone levels, suggesting that primary gonadal dysfunction may be
the issue at later times. Total serum estradiol rose over time, likely because of the significant
increase in SHBG, as percent free estradiol did not increase.

Contribution of Prednisone and CsA to Serum Testosterone Levels

Daily prednisone dose declined from 29+13 mg at baseline to 4+3 mg at 24 months (Table
2). Daily prednisone dose correlated inversely with total testosterone at two months (r =
—0.32; p=0.002) and six months (r = —0.27; p=0.006), but to free testosterone only at two
months (r = —0.26; p=0.008). CsA levels also declined significantly from 246+114 ng/dl at
baseline to 195+93 at 24 months. CsA level was directly related to total (r = +0.30; p=0.003)
and free testosterone (r = +0.24; p=0.03) at 12 months. By multiple regression analysis,
daily prednisone dose (r2=0.07 p = 0.0004) and SHBG (r?= 0.43 p <0.0001) were the major
determinants of total testosterone at all time points, while the major determinants of free
testosterone were daily prednisone (r?= 0.11 p <0.0001) and age (r?=0.12 p <0.0001). The
underlying illness (dilated vs. ischemic cardiomyopathy) did not influence serum
testosterone at baseline or thereafter.
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Relationship Between Serum Testosterone and BMD

All subjects were participants in a larger trial comparing effects of alendronate and calcitriol
on rates of bone loss during the first year after heart transplantation (15). Neither age-
adjusted total or free testosterone levels, nor estradiol differed over time by treatment group
(alendronate versus calcitriol; p=0.78, p=0.47, and p=0.35 respectively). At one year, lumbar
spine BMD declined by 0.7% in the alendronate group, 1.6% in the calcitriol group and
3.2% in the reference group. At the total hip, BMD declined by 1.5% in the alendronate
group, 2.3% in the calcitriol group and 4.6% in the reference group. By multiple regression
analysis, we found no relationship between rates of bone loss during the first year and serum
total or free testosterone.

Discussion

In this study, the majority of men transplanted at our center between 1999 and 2001 had low
serum total testosterone levels at some point during the first two years. This was most
common and severe immediately after grafting and resolved by 6 months in most. As FSH
and LH levels were also at their nadir then, low serum testosterone appeared to be due to
central suppression of the HPG axis rather than to a direct testicular effect. Although recent
major surgery likely influenced the baseline measures, prednisone was also a major
contributor. We found no evidence of any adverse effect of CsA on serum testosterone.
Although low serum testosterone has been associated with higher rates of post-transplant
bone loss in older studies (4,5), we found no evidence of such an effect, probably because
most were taking calcitriol or alendronate. This observation provides reassurance that both
therapies are effective in preventing post-transplant bone loss regardless of gonadal status,
and is consistent with another study that reported that alendronate increased BMD in men
regardless of gonadal status (19). It is noteworthy that a substantial proportion of men had
frankly low serum testosterone levels at one and two years. As hypogonadism is associated
with troubling symptoms and decreased quality of life, our results suggest that long-term
male heart transplant recipients should be evaluated for hypogonadism.

Our study lacked a control group of normal men and therefore we cannot ascertain whether
hypogonadism was more common in our patients that in men of comparable age. Harman et
al. (20) reported low serum testosterone levels, defined as < 325 ng/dl, in 12% and 19% of
healthy men in their 50s and 60s respectively. Similarly, we found that 14-18% of heart
transplant recipients still had low serum testosterone levels at one and two years. However,
our lower normal limit was considerably lower (250 ng/dl), suggesting that biochemical
hypogonadism may not be more common in men who have had a heart transplant than in
normal men of the same age (18).

Serial gonadotropins suggest that the pathogenesis of low serum testosterone levels differ
according to time post-transplantation. Immediately after transplantation, low testosterone
was associated with normal or low gonadotropin levels in most, a pattern consistent with
hypothalamic suppression rather than primary testicular dysfunction. Large doses of
prednisone suppress the HPG axis (6,9-11), as does major surgery (6,8), (21). However,
some men (14%) had elevated gonadotropins, consistent with another study that suggests
that both primary and secondary hypogonadism can occur (7). By 2 and 6 months, there
were significant increases in serum testosterone, FSH and LH, a pattern consistent with
recovery of HPG function. Lower prednisone doses were probably a very significant factor
in this recovery, since prednisone was a major determinant of both total and free testosterone
at all times. At 1 and 2 years however, 14% and 18% respectivelyof the study population
had low serum testosterone and 17% and 14% had elevated gonadotropins. This pattern is
more likely to reflect primary gonadal dysfunction as the surgery was relatively distant and
prednisone doses were much lower.
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Our study provides some insight into whether CsA adversely affects gonadal or HPG
function in humans. CsA directly inhibited testosterone biosynthesis in rat Leydig cells, as
well as several adrenal enzymes involved in testosterone biosynthesis (14,22). However,
another rodent study showed that CsA lowers serum testosterone levels by suppressing the
HPGaxis and LHproduction (13). In contrast, we did not find an adverse effect of CsA on
total or free testosterone levels, and in fact observed a positive relationship between whole
blood trough CsA levels and testosterone at some points. Our results are thus consistent with
findings from two smaller kidney transplant studies (23) (24) and suggest that CsA, at doses
currently used in transplant regimens, does not adversely affect gonadal function. The
positive association between CsA and serum testosterone at some points is intriguing, may
even suggest a beneficial effect on gonadal function and deserves further evaluation.

In previous prospective longitudinal studies, we and others have found that low serum
testosterone was related to higher rates of bone loss in men after cardiac transplantation
(25,26). In this study, we did not detect such a relationship, likely because the men were
receiving either calcitriol or alendronate for prevention of bone loss (15). Neither medication
is known to affect sex hormone concentrations.

The high prevalence of men with low serum testosterone levels at one and two years post-
transplantation, suggests that it is important to assess gonadal status in long-term heart
transplant recipients. Unfortunately, the diagnosis of male hypogonadism is not
straightforward. Symptoms (depression, decreased libido, erectile dysfunction, anemia,
reduced muscle and bone mass) are nonspecific and overlap with other common ailments.
Biochemical diagnosis is also difficult, as it is not clear which testosterone assay to use,
whether total or free testosterone is more accurate, which lower limit of normal is most
appropriate, and whether the diagnosis should be made in the context of age and health
status.

There are few studies on testosterone replacement after cardiac transplantation. Steif et al.
found testosterone replacement was associated with improvement of sexual function and
mood in hypogonadal cardiac transplant recipients (26). In our opinion, treatment
considerations should vary according to the proximity to transplantation. Our data suggest
that therapy of hypogonadism that occurs shortly after transplantation is not required, as it is
usually transient and not associated with rapid bone loss in patients on effective treatments
for osteoporosis. In contrast, therapy should be considered for long-term cardiac transplant
recipients with permanent hypogonadism, as they may have troubling symptoms that
respond to testosterone therapy (improved sexual function and quality of life, increased lean
body mass, decreased body fat). On the other hand, the potential risks of testosterone
therapy, including the possibility of stimulating the growth of an occult prostate cancer and
the potential for immune system modulation (27), are not trivial. In this regard, there is a
recent case report of acute cardiac allograft rejection that developed after initiation of
testosterone replacement therapy (28). Referral to an endocrinologist may be helpful, with
regard to both diagnosis and treatment.

This study has several limitations. Availability of information on symptoms of
hypogonadism would have more clearly defined the clinical relevance of the biochemical
measurements. As pre-transplant serum testosterones were not available, it is possible that
low serum testosterone levels might have antedated transplantation, as has been reported in
men with congestive heart failure (29) (26). However, in our previous study, mean serum
testosterone levels were normal prior to transplantation (489 ng/dl; nl, 300-1200), and only
below normal at one month post-transplantation (19). Thus we believe it most likely that the
low levels we observed in this study were a post-transplant phenomenon.
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In summary, we found that low serum testosterone levels were most common and severe in
the early post-transplant period. In the majority, low serum testosterone levels were
associated with low FSH and LH, suggesting the mechanism was suppression of the HPG
axis related to high prednisone doses and recent major surgery. Although serum testosterone
levels normalized in the majority, they remained low in a substantial proportion of the study
population at the one and two year points. As gonadotrophins were elevated at that time
point, primary gonadal dysfunction was the more likely mechanism. We found no evidence
that CsA adversely affected serum testosterone or gonadotropin levels or that serum
testosterone influenced the response to osteoporosis therapy. The high prevalence of low
serum testosterone observed at one and two years after heart transplantation, and the adverse
effect of hypogonadism on health and quality of life, suggest that long-term male heart
transplant recipients should be evaluated for hypogonadism. Further studies are needed to
assess the clinical implications of low testosterone levels in cardiac transplant recipients and
the risks and benefits of testosterone replacement.
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FIG 1.

Free testosterone following cardiac transplantation. * p< 0.05 compared to 1 month.
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Panel A: Percentage of men with low total (solid) and free (cross hatched) testosterone using
laboratory normal values (lower limit of normal for total testosterone 250 ng/dl and free
testosterone 5 ng/dl); Panel B: Percentage of men with low total (solid) and free (cross
hatched) testosterone and using age adjusted normal values. Lower limit of normal for total
testosterone 251, 216, 196 and 156 ng/dl and free testosterone 5.3, 4.2, 3.7, and 2.2 ng/dl for
men in their 40s, 50s, 60s and 70s respectively (18). * p< 0.05 compared to 1 month.
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FIG 3.
Percentage of men with elevated gonadotrophins following cardiac transplantation. * p<
0.05 compared to 1 month.
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Baseline Characteristics of Study Subjects

n 108
Age (yrs) 54 +10
BMI (kg/m?) 25.4+3.7
Ethnicity
Caucasian 76 (70%)
African American 17 (16%)
Hispanic 10 (9%)
Asian 1(1%)
Other 4 (4%)
Diagnosis
Ischemic 64 (60%)
Congenital 3 (3%)
Valvular 7 (6%)
Dilated 33 (31%)
Hypertrophic 1 (1%)
Days after Transplant (1 month) | 22 +13
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