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Abstract

There is little prospective information on the cardiometabolic risks of testosterone and growth
hormone (GH) replacement therapy to youthful levels during aging. We conducted a double-
masked, partially placebo controlled study in 112 men 65-90 years-old. Transdermal testosterone
(5g-vs-10g/day) using a Leydig Cell Clamp and subcutaneous recombinant GH (rhGH) (0-vs-3-
vs-5ug/kg/day) were administered for 16-weeks. Measurements included testosterone and IGF-1
levels, body composition by DEXA, and cardiometabolic risk factors (upper body fat, blood
pressure, insulin sensitivity, fasting triglycerides, HDL-cholesterol, and serum adiponectin) at
baseline and after 16 weeks of treatment. Some cardiometabolic factors improved (total and trunk
fat, triglycerides, HDL-cholesterol) and others worsened (systolic blood pressure, insulin
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sensitivity index [QUICKI], adiponectin). Cardiometabolic risk composite scores (CRCS)
improved (-0.69+1.55, p<0.001). In multivariate analyses, QUICKI, triglycerides, and HDL-
cholesterol contributed 33%, 16%, and 14% of the variance in CRCS, respectively. Pathway
analyses indicated that changes in fat and lean mass were related to individual cardiometabolic
variables and CRCS in a complex manner. Changes in BMI, reflecting composite effects of
changes in fat and lean mass, were more robustly associated with cardiometabolic risks than
changes in fat mass or LBM individually. In conclusion, testosterone and rhGH administration
was associated with diverse changes in individual cardiometabolic risk factors, but in aggregate
appeared not to worsen cardiometabolic risk in healthy older men after 4-months. The long term
effects of these and similar anabolic therapies on cardiovascular events should be investigated in
populations with greater funtional limitations along with important health disabilities including
upper body obesity and other cardiometabolic risks.
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INTRODUCTION

The obesity epidemic is now a global health problem. In the United States alone,
approximately two thirds of American adults (nearly 200 million) are overweight (33.3%) or
obese (35.9%) (1). With advancing age, upper body obesity and other cardiometabolic risk
factors may worsen with increases in blood pressure, insulin resistance, and abnormalities in
lipid metabolism, which together constitute the Metabolic Syndrome, although it has several
somewhat different definitions (2, 3).

The aging process per se is associated with the occurrence of increasing cardiometabolic
risks for heart attack, stroke, and peripheral vascular disease, as well as with declining
testosterone, growth hormone (GH), and insulin-like growth factor-1 (IGF-1) status (4).
Indeed, approximately 25-30% of men over 60 years-of-age have low levels of testosterone
(4, 5) that may be associated with upper body adiposity, increased cardiovascular disease
(CVD) risk, and mortality (6-8), although the directionality of this association remains
unclear (9). Declines in GH synthesis and release also occur with aging and have been
associated with similar co-morbidities including central adiposity and cardiometabolic risks,
even in persons with normal testosterone levels (10-15). Levels of IGF-1, a mediator of
several but not all anabolic effects of GH, continue to decline into the 8t and 9™ decades
and are associated with increases in adiposity (4).

In epidemiologic studies, low total testosterone levels have been associated cross-sectionally
with increased cardiometabolic risks (16, 17). However, in longitudinal analyses, sex
hormone binding globulin (SHBG) levels, but neither total nor free testosterone levels, were
significantly associated with the metabolic syndrome, as demonstrated in the Framingham
Heart Study (18). Thus, it remains unclear whether testosterone or SHBG is independently
associated with the increased cardiometabolic risks, although declines in both occur with
increases in upper body adiposity and aging. Similarly, therapeutic trials of supplementation
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with testosterone, recombinant human GH (rhGH) or the combination in older persons have
resulted in variable effects on cardiometabolic risk factors, with some studies showing
improvements in upper body obesity, insulin resistance, dyslipidemia and blood pressure
and others worsening or relatively little change in these markers (13, 19-27). Further, many
of these studies were relatively small, and the dose and formulation of the endocrine
replacements were variable, sometimes resulting in minimal changes in hormone levels or
fat mass. Thus, there is little prospective information on how restoring testosterone and
rhGH/IGF-1 to physiological levels typical of younger men affects the individual and total
constellation of the cardiometabolic risks in older persons.

We herein report for the first time how changes in serum hormone levels (testosterone and
IGF-1) and body composition after 16 weeks of treatment in the Hormonal Regulators of
Muscle and Metabolism in Aging (HORMA\) study were related to changes in individual
cardiometabolic risk factors and their composite summation for potential cardiovascular
complications. Further, we utilized a pathway statistical strategy to evaluate models to
assess predictors and mediators of these outcomes.

METHODS and PROCEDURES
Study Design

The full design of the HORMA Trial, a double-masked investigation of testosterone with or
without rhGH supplementation for 16 weeks in men 65-90 years old, was published
previously (28). End of treatment measurements were collected at either week 16
(assessment for adverse events and hormone levels) or week 17 (body compaosition and
muscle performance).

Study Participants

Participants provided written informed consent approved by the local IRBs. Eligible men
had screening morning total testosterone levels in the lower half (< 550ng/dL) of the adult
male range and serum IGF-1 in the lower tertile for adults (<130ng/mL), both typical of 65—
90 year old-men (28). Other inclusion criteria included PSA <4.0ug/L, hematocrit <50%,
and fasting blood glucose <126 mg/dL (28).

Treatment Regimens

Participants received a GnRH agonist (leuprolide acetate depot, 7.5mg intramuscularly (Tap
Pharmaceutical Products Inc., Lare Forest, IL) monthly for 12 weeks to suppress
endogenous testosterone production (Leydig cell clamp). Participants were randomized to
receive 5g or 10g of 1% testosterone transdermal gel (Abbott Pharmaceuticals Inc., Chicago,
IL) each morning and 0, 3 and 5ug/kg of rhGH (Nutropin, Genentech Inc., San Francisco,
CA) by subcutaneous injection each evening for 16 weeks.

Outcome Measures

Hormone Assays—Serum samples obtained at baseline and study weeks 16 were batch
tested. Testosterone levels were quantified using liquid chromatography-tandem mass
spectrometry (29) and SHBG was measured by a fluoremetric assay (interassay CVs were
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8.3%, 7.9% and 10.9% in low, medium, and high level pools) (30) at Boston University.
IGF-1, insulin and adiponectin levels were determined in the USC Clinical Translational
Research Institiute (CTSI) Core Laboratory using an automated chemiluminescent analyzer
(Immulite 1000, Siemens Healthcare Diagnostics, Deerfield, IL). Methods for IGF-1 and
insulin have been reported previously (29). For adiponectin, the sensitivity of the assay is
0.019ng/mL, and inter-assay CV=5.0% and intra-assay CV=5.4%.

BioNutrition Assessments—Entries in three-day food diaries at baseline and week 16
were reviewed with participants by study nutritionists. Total energy and macronutrient
intake were quantified using Nutritionist Pro (Axxya Systems, Stafford, Texas). Total and
regional lean tissue and fat mass were quantified by dual energy x-ray absorptiometry
(DEXA). Scans were analyzed at the USC DEXA Reading Center by a single DEXA-
certified technician and validated by a senior DEXA supervisor.

Statistical Considerations

Change in Study Outcomes—Paired t-tests were used to compare baseline values to the
week 16 and 17 post-treatment outcomes. Correlation analyses were used to assess the
overall relationship of changes in body composition and cardiometabolic variables.
Significance of group specific mean changes for each variable was examined using
independent t-tests within groups defined by absolute changes in LBM and fat mass greater
(high) or lower (low) than the median changes for each variable. For these multiple
comparison analyses, the Bonferroni adjusted p-value was set at 0.0125 (=0.05/4).

Cardiometabolic Variable and the Composite Scores—Vital signs, including
controlled measurements of systolic blood pressure, trunk fat, insulin sensitivity, and serum
lipids (fasting triglycerides and HDL-C) were available in HORMA. These cardiometabolic
variables were used to derive the cardiometabolic risk composite score (CRCS). For insulin
sensitivity, the qualitative insulin sensitivity check index (QUICKI) (31) was chosen rather
than HOMA-IR because the former was log transformed and HOMA-IR was highly
correlated to QUICKI (r = -0.73, p<0.0001). Change in each cardiometabolic variable was
given a sub-score of +1 (unfavorable), 0 (no change), or —1 (favorable). Breakpoints were
predetermined as those likely to be clinically meaningful for changes in fasting triglycerides,
HDL-cholesterol, systolic blood pressure, and trunk fat. For QUICKI, the +1 and -1
boundaries were calculated based on 2-standard errors apart from 0 change. Appendix Table
1 shows the a priori breakpoints for each variable and the distribution of participants having
changes at the various thresholds after study therapy. The CRCS was calculated as the
summation of the five sub-scores. To understand the relative contribution of the
cardiometabolic variable to the CRCS, partial R? was estimated for each variables using
multivariate linear regression.

Changes in adiponectin levels (total and high molecular weight [HMW]) during study
therapy were evaluated. We only report HMW adiponectin since those values were closely
related to total adiponectin (r=0.85, p<0.001).
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Pathway Analysis—A correlation matrix was generated to examine the association of
changes in hormones (testosterone and IGF-1 levels), body composition (total and regional
LBM and fat mass, BMI), lipids, blood pressure, measures of insulin sensitivity, and HMW
adiponectin (Appendix Table 2). Based on the regression coefficients, pathway analyses
using structural equation modeling (32) were conducted to examine the direct and indirect
effects of the changes in hormone levels (predictors) on changes in total LBM, total fat, and
BMI (mediators), cardiometabolic risk components (outcomes), and CRCS (outcome).
Assuming linear relationships, the pathway model was fitted by analyzing the covariance
matrix, and the goodness of fit (GOF) of the overall model was assessed using the chi-
square test of the null hypothesis: the proposed path model provides an acceptable fit to the
data. Two other GOF indices, the non-normed fit index (NNFI) and the comparative fit
index (CFI), were also examined (33). In these models, the null hypothesis was accepted
when the p value was >0.1 and NNFI and CFI>0.99, suggesting that the model fits the data.

Body Composition Mediators—Because of the importance of upper body obesity in
cardiometabolic risks, the study cohort was divided into two groups of 56 participants with
those above and below the baseline median BMI of 27.4 (data not shown). The only
cardiometabolic risk factor that responded differently to the anabolic hormone interventions
in the two subgroups was trunk fat, which decreased more in the participants with higher
than lower BMI (-1.10+1.26kg versus —0.66+1.14kg lost, respectively; p=0.05). Further,
outcomes were generally not associated with study drug assignment but were related to a
broad range of changes in testosterone and IGF-1 levels regardless of the dose of
testosterone or rhGH (29). Thus, we examined outcomes for the study population as a whole
(n=112). Finally, since BMI proved to be the central mediator of the pathway analysis and
represents a composite change of the changes in total LBM and total fat mass, we sought to
understand the contributions of these two body composition variables to the changes in
BMI. Linear regression models were used to determine the relative effects (partial R2) of
changes in LBM and fat mass together on change in BMI.

All statistical analyses were carried out using Statistical Analysis System 9.2, Cary, NC.

Subject Characteristics

Characteristics of the study participants have been described previously (28). Briefly, of 242
potential participants screened, 122 were randomized and 112 completed 16 weeks of study
therapies. Participants were relatively healthy men, 70.8+4.2 years of age with an average
BMI of 27.4+3.4 (range 20.4-34.8), similar to the median BMI of 27.8 for US adults in the
most recent NHANES (1), and with average Framingham 10-year cardiovascular risk of
13.8+1.2%. Other baseline characteristics of importance to cardiometabolic risks are shown
in Table 1.

Cardiometabolic Risk Outcomes

For the entire cohort, total and regional LBM and fat mass improved (Table 1). Some
cardiometabolic variables improved (trunk fat, fasting triglycerides, HDL-cholesterol) and
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others worsened (systolic blood pressure, QUICKI, HMW adiponectin). The improvements
in aerobic endurance, skeletal muscle mass and physical strength across the study (28) were
not associated with decreases in resting heart rate (a measure of cardiovascular fitness) as
expected (data not shown). The cardiometabolic risk composite score (CRCS) calculated
from changes for the five cardiometabolic variables based on our apriori assignment of +1,
0, or —1 scores for each component improved and on average CRCS decreased by
-0.69+1.55 (p<0.001).

Pathway Analysis and Model

A correlation matrix to investigate the relationship of changes in testosterone and IGF-1
levels, lean and fat mass, lipids, QUICKI, systolic blood pressure, and adiponectin is shown
in Appendix Table 2. Based on these associations, several pathway models were considered.
The parsinmonius model that best described the data is shown in Figure 1. Changes in
testosterone and IGF-1 (pathway predictors) were both significantly associated with changes
in total LBM and total fat mass (pathway mediators; no interaction by multiple linear
regression) and changes in both body composition parameters were significantly associated
with alterations in BMI (second tier mediator). Changes in BMI were highly correlated with
four of the cardiometabolic variables (not systolic blood pressure). Overall, the model
provided a good fit to the data (chi-square statistic =39.65 with 32 degrees of freedom; p-
value=0.17). The other two goodness-of-fit indices (NNFI and CFI) also confirmed this
finding (both >0.99).

By linear regression, changes in LBM accounted for 64% and changes in fat mass accoutned
for 35% of the changes in BMI. These data along with separate bootstrap analyses (not
shown) confirmed that the changes in LBM had a greater effect on BMI than the changes in
fat, explaining the average increase in BMI (0.06+0.64kg/m?2, Table 1, Figure 1), thereby
explaining the overall increase in BMI.

Factors Affecting Cardiometabolic Risk Composite Score and Its Components

To better understand how changes in BMI components (fat mass and LBM) might affect the
CRCS and its components, participants with high and low absolute changes (i.e., above and
below the median) in LBM and fat mass were compared. The two groups with high changes
in fat mass had mean CRCS significantly lower than zero, regardless of whether there were
low (mean CRCS at -1.30£1.42; p<0.001) or high changes in LBM (mean CRCS at
-1.00+1.43, p<0.001; Figure 2). For the lipid variables, the largest (improvement) and only
significant change in fasting triglycerides (—28.2+51.8mg/dL; p=0.003) occurred in
participants who had large changes in both fat mass and LBM. By contrast, the largest
change (improvement) in HDL-cholesterol occurred in the group with large declines in fat
and low changes in LBM (5.7+7.6mg/dL; p=0.003).

Changes in total and trunk fat were positively correlated with changes in fasting
triglycerides and QUICKI (Table 2). For triglycerides, QUICKI, and HMW adiponectin,
there was no relationship with change in fat for participants who only received testosterone.
However, the associations of these three variables with fat changes were of greater
magnitude during treatment with testosterone plus rhGH than for the study population as a
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whole (Table 2). SHBG did not change during the 16 weeks of hormone treatments and was
not associated with any of the other cardiometabolic parameters.

In multivariate linear regression modeling to assess the independent effects of the
cardiometabolic variables on composite risks (CRCS), QUICKI, fasting triglycerides, and
HDL-cholesterol provided the largest contributions (33%, 16%, and 14%, respectively) to
the CRCS (Table 3). Of note, HDL-cholesterol, a major contributor to the CRCS in this
analysis, was not related directly to either change in LBM or fat mass but presumably
through an interaction of the two via BMI (r=-0.19, p=0.05, Appendix Table 2).

DISCUSSION

Strategies that reduce body fat are expected to improve cardiometabolic profiles. Little is
known about the cardiometabolic risks of combined anabolic hormone therapy in older
persons (23, 26). In the HORMA Trial, whole body fat mass, trunk fat, HDL-cholesterol and
triglycerides improved during anabolic therapy with testosterone and rhGH administration
for 4- months. However, other markers of cardiovascular risk such as blood pressure, insulin
sensitivity, and adiponectin levels worsened. In aggregate, there were modest improvements
in the cardiometabolic risk composite scores, which suggested that 4-months of therapy did
not adversely affect overall cardiometabolic risks in these relatively healthy, community-
dwelling men.

In our pathway model, changes in testosterone and IGF-1 levels induced by study
interventions were associated with signficant improvements in body composition but had no
direct relationship with changes in cardiometabolic risk variables. Whereas, the
improvements in LBM and fat mass during anabolic study interventions resulted in a net
increase in BMI, the final mediator in the pathway to cardiometabolic risk factors.
Generally, the percentage of fat mass and BMI are highly correlated (r=0.72-0.79) (34-36),
but in HORMA changes in LBM accounted for 64% of the variance in BMI. The pathway
analyses suggest that changes in both fat mass and lean body mass are related to overall
changes in the cardiometabolic risk composite score in a complex manner through their
diverse effects on the individual components of the metabolic risk. These observations are
consistent with a growing body of data suggesting that anabolic therapies by their effects on
multiple body composition components and at different anatomical sites may secondarily
affect multiple metabolic pathways (37).

The major contributors to the cardiometabolic risk composite scores were changes in the
insulin sensitivity index QUICKI (33%), HDL-cholesterol (14%), and fasting triglycerides
(16%). The changes in trunk fat explained only 5% of the variation in cardometabolic risk
composite score, but were significantly associated with changes in triglycerides and markers
of insulin sensitivity, such as adiponectin levels and the QUICKI index; these associations
were especially robust in participants receiving both testosterone and rhGH.

Although loss of upper body fat is usually associated with improvements in adiponectin, in
our study absolute decrements in total fat mass were less than the increases in LBM and thus
BMI increased. With the increases in LBM and BMI, HMW adiponectin levels declined;

Obesity (Silver Soring). Author manuscript; available in PMC 2014 February 20.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Heetal.

Page 8

levels also fell in participants treated with both hormones as their total fat mass decreased.
The explanation for these changes in adiponectin is unclear and again reflect the complex
interaction of changes in lean tissue and fat mass relative to different cardiometabolic
parameters.

The HORMA trial has many attributes of good clinical trial design: randomization, masked
subject allocation and interventions, and a relatively large population sample guided by a
priori considerations of effect size and power. In this context, the analytical approach
presented here provides a unique perspective on the overall cardiometabolic risk of anabolic
therapy using testosterone with and without rhGH.

Our study also has some limitations. The participants were relatively healthy, community
dwelling men and these findings may not apply to frail older men with multiple comorbid
conditions and/or disabilities, who may be at higher risk of adverse cardiovascular events.
Since study participants were not selected for obesity or metabolic condition, the outcomes
might be different in a population where all of the participants have, for example, increased
BMI (i.e. = 30kg/m?) prior to hormonal treatments. The cardiometabolic variables
investigated here represent surrogate markers of cardiometabolic risks, and the effects of
hormonal interventions on cardiovascular event rates may not always be concordant with the
changes in surrogate markers of cardiometabolic risk. We used trunk fat measured by
DEXA as a marker of abdominal adiposity instead of waist circumference or BMI. The 4-
month study duration was relatively short; the long term effects of anabolic therapy may
differ from those of short term therapy. These analyses represent secondary analyses and
need confirmation in prospective randomized trials of longer duration. The metabolic
syndrome concept has undergone considerable debate, and several different definitions have
been used. Thus, we have focused on individual cardiometabolic risk factors. The value as a
composite marker of cardiometabolic risk especially when individual components may show
directional divergence has been recognized, and the potential colinearity of its individual
components is also well known.

In summary, anabolic therapy using testosterone and rhGH was associated with diverse
changes in individual risk factors for metabolic and cardiovascular disease that appeared
related to a complex interaction of changes in LBM and fat mass. In aggregate, these
therapies appeared not to worsen cardiometabolic risk in relatively healthy, community-
dwelling older men. The aging of human populations along with the associated increase in
the prevalence of aging-associated functional limitations has provided the impetus for the
development of a number of function promoting anabolic therapies. The long term effects of
such anabolic therapies, including not only anabolic strategies used in this study but growth
hormone releasing peptides and mimetics, selective androgen or estrogen receptor agonists,
and antimyostatin strategies on cardiovascular events should be investigated in other aging
populations with obesity, metabolic syndrome, sarcopenia or functional limitations, for
whom anabolic therapies may be indicated. These individuals with high burden of comorbid
conditions may have high baseline risk of cardiovascular disease, and may yet need careful
screening and monitoring to mitigate potential cardiovascular risk.
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Baseline Characteristics of the Study Population and Change After Hormone Treatment

Entire Cohort (N=112) Baseline Change after16 weeks P value
Hormones
Total testosterone?, ng/dL 493+170 3204478 <0.001
Free testosterone?, pg/mL 112+50 127+199 <0.001
IGF-18 ng/mL 125434 5859 <0.001
Body Composition
BMIb, kg/m? 27.4+3.4 0.16+0.64 0.01
Total fat, kg 22.4+7.2 -1.33+£1.74 <0.001
Total LBMC, kg 58.2+6.7 1.79+1.89 <0.001
Appendicular LBM, kg 255+3.3  0.85%1.15 <0.001
Bionutrition Descriptors
Energy intake, kcal/day 2198+484 1054613 0.09
Fat intake, g/day 87.0+42.4 3.6+52 0.48
Physical activity score of elderly ~ 147+65 5.9+68 0.40
Cardiometabolic Components
Fasting triglycerides, mg/dL 126461 -18.2457.0 0.001
HDL-cholesterol, mg/dL 43+12 3.546.7 <0.001
QUICKIa’d 0.16+0.02 -0.004+0.015 0.003
Systolic blood pressure, mmHg 117+14 12+14 <0.001
Trunk fat, kg 12.7+4.3 —0.88+1.21 <0.001
Other Markers of Cardiovascular Risks
HMWE adiponectin, ng/dL 191109 -0.18+0.76 0.02
LDL-cholesterol, mg/dL 106+27 4423 0.08
54.3+20.8 -0.1x11.6 0.92

SHBG &f mydL

Page 14

a . . Lo R T .
Results of samples batch tested after completion of the study in the Boston University and University of Southern California research laboratories
of the investigators, as described in the Methods

bBody mass index

c
Lean body mass

dQualitative insulin sensitivity check index = 1/[log (If) + log (Gf)], where (If) is the fasting insulin level (uU/ml) and (Gf) is the fasting glucose

level
e .. .
High molecular weight

fSex hormone binding globulin
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Table 3

Contributions of Cardiometabolic Components to the Composite Risk Score

Cardiometabolic Component Partial R2P  P-value
Ain QUICKIA 33% <0.001
A in fasting triglycerides mg/dL 16% <0.001
A in HDL-cholesterol mg/dL 14% <0.001
Ain trunk fat kg 5% <0.001
Ain systolic blood pressure mmHg 2% 0.02

a o L .
A = change; qualitative insulin sensitivity check index

b R .
By multivariate linear regression
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Appendix Table 1

Cardiometabolic Parameters and Particpant Allocation To Subscore Categories

Metabolic Parameter Criteria N  Sub-core Mean+SD
A>10 26 +1 44.7+35.6
Change in triglycerides mg/dL  -10<A <10 29 0 -2.2+54
A<-10 57 -1 -55+50
A<-5 12 +1 -8.4+3.4
Change in HDL-C mg/dL -5<A<5 52 0 0.9+2.7
A>5 48 -1 9.3+4
Baseline <130 & WK16 2140 17 +1 28.4+7.9
Change in systolic BP mmHg  Otherwise 95 0 9.5+13.4
Baseline 2140 & WK16<130 0 -1 None
A<-0.14D 52 +1 -0.743+0.613
Change in QUICKI& —0.0028< A <0.0028 17 0 0.0004+.0018
A>0.0028bP 32 -1 0.0128+.0068
A>025 13 +1 0.91£0.72
Change in trunk fat kg -0.25<A<0.25 21 0 0.04+0.12
A<-0.25 78 -1 -1.43+0.98

a T e .
Qualitative insulin sensitivity check index

bBreakpoint is 2 X the standard error from the mean change
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