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Abstract

Objective—During the aging process in men testosterone (T) levels progressively fall and
inflammatory biomarkers increase. Although a relationship between these two phenomena has
been tested in previous clinical trials, there is inconclusive evidence about the potential anti-
inflammatory action of T.

Methods—A total of 108 healthy men >65 years with serum T concentration <475 ng/dL were
recruited by direct mailings to alumni of the University of Pennsylvania and Temple University,
and randomized to 60-cm? T or placebo patch for 36-months. Ninety-six subjects completed the
trial. Information and stored serum specimens from this trial were used to test the hypothesis of T
inhibitory effect on inflammation. 70 men (42 in the T group) who had banked specimens
available for assays of T, C-reactive protein (CRP), Tumor necrosis factor (TNF)-alpha, soluble
TNF-alpha receptor-1 (TNFR1), interleukin-6 (IL-6) and soluble IL-6 receptors (sIL6r and
sgp130) at multiple time points, were evaluated.

Results—The mean age * SD at baseline was 71.8 + 4.9 years. Testosterone replacement therapy
for 36 months did not induce a significant decrease in inflammatory markers. A trend toward a
significant increase was observed in the placebo group for TNF-alpha (p=0.03) and sgp130
(p=0.01). Significant differences, in estimated means of TNFR1 (but not of other inflammatory
markers), with lower levels in T group, were observed at 36 month-time point. In T-treated
subjects we found an almost significant treatment-time interaction term TNFR1 (p=0.02)
independent of total body fat content assessed by DXA. No serious adverse effect was observed.
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Conclusions—Transdermal T treatment of older men for 36 months is not associated with
significant changes in inflammatory markers.
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INTRODUCTION

In men, from the age of 35, there is a progressive decline in serum testosterone (T) levels by
1% per year, due to attrition in testicular Leydig cells and slowing of the hypothalamic
GnRH pulse generator (1). The age-related impairment in T levels may coexist with a “low-
grade proinflammatory state” characterized by a slight increase in cytokines and acute phase
proteins levels (2,3). Epidemiologic studies in older men suggest that lower T and higher
levels of inflammatory markers are independently associated with increased risk of
sarcopenia, disability and mortality (4,5).

Experimental studies in steers show that exogenous T administration is involved in the
development of tolerance to repeated immune challenge (6). In mice and rats T suppresses
immune cell differentiation and macrophage activation (7). Moreover, castrated animals
show increased levels of interleukin-2 (IL-2) and interferon- y in peripheral T-cells (8).

Interestingly, hypogonadal men seem more prone to develop autoimmune diseases than
eugonadal men (9). Yesilova et al. (10) in idiopathic hypogonadotropic hypogonadal young
men found that T deficiency affects both cell-mediated and humoral immunity compared
with age-matched healthy controls. The hyperactivation of immune system is normalized
after 6-month androgen-stimulating therapy with human menopausal gonadotropin/hCG.
This data is also supported by the observation that men with Klinefelter Syndrome have a
higher incidence of autoimmune diseases than their age-matched counterparts (9). Thus, T
could play a role in the inflammatory process because of its anti-inflammatory and immune-
modulator properties.

However, inflammatory cytokines seem also to act as inhibitory factors at pituitary and
testicular level, impairing both the secretion of LH and T and T sensitivity to LH (11).
Indeed, in models of critical illness characterized by pro-inflammatory status (i.e. post-
operative period) there is a steeper decline of T levels (12).

Despite the increasing evidence from observational studies of an association between the
progressive decline in T levels and the increase in inflammatory markers (13,14), previous
clinical trials have reported inconsistent results without suggesting any potential underlying
mechanism. Testosterone replacement therapy has not been always able to lower
inflammatory markers including TNF-alpha, IL-6 and CRP, especially in older population
(15-18). On the contrary, in middle aged adult subjects a shift of the cytokines balance to a
state of reduced inflammation has been reported (19-21). However, several trials were
single-blind (20) or with open nonrandomized design (21), and almost all enrolling subjects
affected by frank hypogonadism and/or specific clinical conditions such as metabolic
syndrome (19) and diabetes (15).
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AIM OF THE STUDY

Because of the high discrepancy of data coming from prior clinical trials, the aim of this
study is devoted to better understand whether or not transdermal T has an inhibitory effect
on inflammatory markers in a cohort of older male subjects with low-normal T serum
concentrations. We focused on different components of both IL-6 and TNF-alpha systems.

PATIENTS AND METHODS

Subjects

As described elsewhere, healthy men over 65 years of age were recruited by direct mailings
to alumni of the University of Pennsylvania and Temple University and by newspaper and
television advertisements (22-23). The study included men who had a serum T
concentration at least one SD below the mean for healthy young men (<475 ng/dL; 16.5
nmol/L) (22). A total of 108 men met these criteria and were randomized to receive a T or
placebo patch in a double blind fashion for 36 months. Ninety-six subjects completed 36
months of treatment. Other inclusion and exclusion criteria are described elsewhere (22).

The study reported here was performed 10 years later using banked serum specimens from
70 of these men, 42 in the T treatment group and 28 in placebo group, who had sufficient
sera remaining for assays. Time points for assays were baseline, 3, 6, 9, 12, 18, 24, 30 and
36 months. The flow diagrams for the original RCT and the post hoc data used in the current
analysis of the RCT are reported elsewhere (22). The study protocol was approved by local
ethic committee. All participants received a detailed description of the purpose and design of
the study and signed informed participation consent.

Study design

Testosterone was administered by scrotal patch (Testoderm; Alza Corp., Palo Alto, CA,
USA); placebo patches were identical in appearance to testosterone patches. Each subject
was asked to wear a patch at all times except when bathing, change the patch once a day, and
shaved the scrotum twice a week. Each subject began by wearing a 60-cm? testosterone
patch, which delivers approximately 6 mg testosterone/24 h, or a 60-cm? placebo patch. The
data manager reviewed serum T concentrations every 3 months and directed a decrease in
patch size to 40 cm? if a man's serum T was above 1000 ng/dL (34.7 nmol/L) or re-
education in patch technique if a man in the T-treated group had a value less than 250 ng/dL
above baseline. To maintain the blinding in both the above manipulations, the data manager
directed that a man in the placebo-treated group be treated similarly.

Storage of the samples

The samples were kept frozen at all times at —80°C. The freeze-thaw cycles that affect some
analytes, but not others were very limited.

Hormonal and Cytokine Measurements

Testosterone was measured together with the inflammatory markers in 2008. Total T was
assessed by electrochemiluminescence immunoassay with minimum detectable
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concentration (MDC) of 2 ng/dL and interassay coefficient of variation (CV) <10%. C-
Reactive protein (CRP) was assessed by Siemens BNII Nephelometry with MDC of 0.146
mg/L and interassay CV less than 5%. Interleukin 6 (IL-6), soluble IL-6 receptor, (SIL6r),
soluble gp130 (sgp130) and tumor necrosis factor receptor-1 (TNFR1) were assessed by
ELISA kits provided by R&D systems. The MDC of IL-6 was 0.156 pg/ml and the
interassay CV was less than 12 %. The MDC of sIL6r was 3120 pg/ml and interassay CV
less than 14%. The MDC of sgp130 was 25 ng/ml and interassay CV less than 9%. The
MDC of TNFR1 was 78 pg /ml and interassay CV less than 6%. TNF-alpha was assayed by
Bio-Rad Luminex Flow Cytometry provided by Millipore Panel B. The MDC was 0.64
pg/ml and interassay CV less than 10%.

Body composition

Body composition was determined by Dual energy X-ray Absorptiometry (DXA) using a
DPX scanner (Lunar Corp., Madison, WI) with acquisition software versions 3.1-3.61 and
body composition software version 1.3.

Statistical Analysis

Variables were reported as means + SD or medians and interquartile range, as appropriate.
For measures not normally distributed, log-transformed values were used in the analyses.
Differences in baseline characteristics across experimental groups were analyzed using
independent sample t tests. Changes within groups from baseline to treatment end were
evaluated with paired ¢tests.

The association between treatment and change in inflammatory markers over time was
examined using random-effect regression analyses, modeling an unstructured covariance
matrix with intercept and slope as random effects.

Random-effects models were valuable in this context allowing the detection of variation
between subjects and autocorrelation between repeated measurements of the same
participants over time, giving greater flexibility to model time effects, and handling missing
data. The different inflammatory marker measures were entered as dependent variables in
separate analyses.

The effect of the interaction between treatment and time has been evaluated by introducing a
treatment time interaction term in the mixed models (already including the main terms of
treatment and time) in order to test the change over time in inflammatory markers according
to treatment. Finally, in order to adjust the results for multiple testing, the significance of the
treatment*time interaction terms was additionally evaluated using False Discovery Rate
(FDR) q (24).

All analyses were performed using SAS (v. 9.1; SAS Institute, Inc., Cary, NC, USA).
Significance level was set at p < 0.05.
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The characteristics of the subjects according to treatment group are listed in Table 1. The
two groups were comparable in terms of age, body fat mass and lean body mass. Body mass
index (BMI) was higher in the T treatment group, but the difference between the two groups
did not reach statistical significance. The two groups were also highly similar at baseline
with respect to all measured inflammatory markers (Table 1 and Table 3).

As expected, 36 months of T treatment was associated with an increase in T levels from 490
+ 23310 682 = 308 ng/dL. The delta change in T levels was 192.41 +282.41 and 6.86
+83.34 ng/dL in T and placebo group, respectively (Table 2).

A trend toward a significant increase was observed in the placebo group, but the trend was
significant only for TNFR1 (p=0.03) and sgp130 (p=0.01) and did not reach statistical
significance for sIL6r (p=0.12) (Table 3). There was no significant change in inflammatory
markers from baseline in the treatment group. The difference in inflammatory markers
between the two groups approached statistical significance only for TNFR1 (p=0.10) (Table
3).

The treatment-time interaction term was found almost significant only for CRP (p=0.03) and
TNFR1 (p=0.02). No significant difference was found for TNF alpha, IL-6, sIL6r or sgp130.
After adjusting for multiple testing using FDR statistical method, treatment*time interaction
term was not significant for all the inflammatory markers considered in the Study (Table 4).
After adjusting for body fat, the results did not substantially change (data not shown).

Figure 1 shows the adjusted means of TNFR1 at each time-point obtained from mixed
models with random intercept in which time-point was dummy-coded as a categorical
variable and appropriate treatment*time-point interaction terms were also included.
Significant difference (p<0.05), in estimated means of TNF-R1 (but not of other
inflammatory markers), with lower levels in T group, were observed at 36 month-time point.
After 36 months, we also found significant differences in estimated means of CRP. However,
at 36 months two participants in the placebo group had values of CRP > 4 SD. After the
removal of these outlier values the difference in estimated means of CRP at 36 months
across treatment groups was no longer significant (data not shown).

DISCUSSION

In older men with low-normal serum T concentrations we found no significant change in
inflammatory markers after 36 month T transdermal treatment. This is a further attempt to
understand the role of T in inflammatory pathways, giving the high inconsistency of findings
produced by prior RCTs.

To our knowledge this is the first RCT addressing this issue by focusing on different
components of both IL-6 and TNF-alpha systems, in a cohort of older men with detailed and
complete information on serum concentrations of CRP, TNF-alpha and TNFR1, IL-6 and
soluble IL-6 receptors, at baseline and multiple time points. Our data are consistent with
other RCTs performed in older subjects showing neutral effects of T on inflammation.
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Indeed, in hypogonadal, diabetic older men, short-term T administration did not seem to
adversely affect IL-6, CRP and TNF-alpha levels (15). Consistently, Basaria and colleagues
(17) in 209 older hypogonadal men with mobility limitation from the Testosterone in Older
Men with Mobility Limitations Trial did not show significant effects of Transdermal T
administration (10 g T gel daily for 6 months) on CRP and IL-6 serum concentration. Short-
term treatment with an aromatase inhibitor in elderly hypogonadal men, despite increasing T
levels, did not change CRP levels (16). Nakhai-Pour and colleagues (18) in older men with
moderately low T levels similarly did not find any significant variation in high-sensitivity
CRP levels after 26 week oral T undecanoate supplementation (TU 160 mg daily).

On the contrary, the majority of RCTs including middle-aged and adult subjects have
documented a shift of the cytokines balance to a state of reduced inflammation after T
administration (19-20; 25-27). In a recent randomized, placebo-controlled, double-blinded,
phase 111 trial of 184 men (aged 35-70), suffering from both the metabolic syndrome and
hypogonadism, T administration for 30 weeks (n = 113; TU; 1000 mg IM) resulted in lower
levels of CRP, IL-1B, IL-6, and TNF-alpha (19). Similarly, Malkin and colleagues (20) in a
single-blind RCT of 27 hypogonadal men (age, 62+/- 9 yr), the majority of whom had
coronary artery disease, found, after 1 month intramuscular T, a reduction in IL-1 B, and
TNF-alpha. In type 2 diabetic men with partial androgen deficiency was shown a reduction
ex vivo of IL-1, IL-6 and TNF-alpha by antigen-presenting cells after 12 month T
treatment (25). Similarly, 3-week T treatment before intracoronary stenting resulted in a
significant suppression in high sensitive CRP (hs-CRP) and interleukin-6 (IL-6) levels after
the stent implantation (26).

Interestingly, studies evaluating the effects of pharmacologically induced hypogonadism (by
GnRH agonist and aromatase inhibitor or Androgen Deprivation Therapy in prostate cancer)
on circulating inflammatory cytokines and CRP, have produced inconsistent findings (28—
31).

However, we found a significant trend toward an increase for TNFR1 in the placebo group
and significant differences in estimated means of TNFR1 only at 36 months time point.
Interestingly, a treatment-time interaction term was almost significant for TNFR1.

This data is of importance because the soluble receptors of the main pro-inflammatory
cytokines were not measured in the previous RCTs. This information represents one of the
main strength points of our study. In fact, TNFR1 is more sensitive than its respective
cytokine TNF-alpha (32). Moreover, the population here evaluated, in contrast to the
mentioned RCTSs, had mean baseline serum T concentration at the low-end of the normal
reference range. This factor can be accounted for the different and stronger anti-
inflammatory effects reported in moderately or severely hypogonadal men.

Limitations and Strengths

The present study has some limitations. The serum samples had been frozen for more than
10 years, and there are no data directly addressing the stability of inflammatory markers in
the freezer. However, the samples were stored at —80°C at all times, and freezing and
thawing was kept to a minimum. In addition, there are several reasons to think that
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inflammatory markers are stable for this length of time. The company that provided the
inflammatory marker kits assessed several proteins for stability and has not found evidence
of degradation in the freezer. In addition, many proteins have been studied, even in this study
population, in samples frozen for considerably longer than 10 years (23). Measurement of
CRP in the Honolulu Heart Program showed similar results in samples stored for up to 26
years as those collected more recently (33). Despite these considerations, we cannot exclude
the possibility that CRP and other inflammatory markers may have degraded over time and
that may have affected the findings.

We should acknowledge that the original study design was primarily aimed at evaluating T
effects on bone density and body composition. Thus, we cannot exclude that the present
study was underpowered to detect significant changes in some inflammatory markers.

Moreover, only 70 subjects of those 96 who completed 36 months of treatment had sera
available for laboratory measurements. This data together with the inclusion of individuals at
the low-end of the normal reference range could have led to potential selection biases.

Testosterone was not measured by liquid chromatography tandem mass spectrometry (LC-
MS/MS) which is the gold standard method to measure sex hormones in men (34).
Unfortunately, we did not have this methodical available for the hormonal assays.
Undoubtedly, the evaporation of T over time could be uneven between the storage tubes,
limiting the accuracy of the results in an uneven way between the samples. However, by
reanalyzing T concentrations, which was assessed in the original study, was demonstrated
linearity between the results which is an objective parameter of “freezer”-related accuracy.
These limitations are offset by important strengths.

First, this was a randomized, placebo-controlled trial. Second, participants had complete
data on serum concentrations of soluble receptors of TNF-alpha and IL-6, which are not
easily found in previous investigations. All the inflammatory markers were measured at
baseline and at multiple time points (3, 6, 9, 12, 18, 24, 30 and 36 months) allowing
statistical analysis by the random effects model which accounts for all data points and
missing data. The length of duration of treatment (36 months) is not easily found in other
RCTs. The methods for the assays of cytokines in body fluids are considered quite accurate.
Third, the study population here evaluated is composed of healthy subjects without mobility
limitation or clinical conditions including diabetes, metabolic syndrome negatively
influencing both T and inflammatory markers. All these enumerated points have justified the
decision to test this research question in a trial when inflammation was not a primary
outcome.

In conclusion, in older men with low-normal serum T concentrations, 36 month-T treatment
did not produce significant effects on inflammatory markers. Significant differences, in
estimated means of TNFR1, with lower levels in T group, were observed at 36 month-time
point. The substantially negative findings of the present study require future investigations to
address the current inconsistence between RCTSs in adult and older populations.
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FDR False Discovery Rate

GnRH Gonadotropin-releasing hormone
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IL-6 interleukin-6
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sIL6r and sgp130 soluble IL-6 receptors

T testosterone

TNF Tumor necrosis factor -alpha

TNFR1 soluble TNF-alpha receptor-1
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Adjusted means of TNFR1 at each time-point obtained from mixed models with random
intercept in which time-point was dummy-coded as a categorical variable and including
appropriate treatment*time-point interaction terms. Significant difference, in estimated
means of TNF-R1 (but not of other inflammatory markers), with lower levels in T group,
was observed at 36 month-time point (p<0.05).
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Table 1

Characteristics of study participants (N=70) at baseline according to treatment group.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Treatment (N=42) Placebo (N=28) p#
Age (years)? 719+4.7 715+53 0.75
BMI (Kg/im?)? 27.0£32 257+23 007
Testosterone (ng/dL)? 4022 (245.6) 3721(79.1)  0.06
Body Fat Mass (Kg)® 25.126.1 23.4%52 0.23
Lean Body Mass (Kg)? 54.9%5.2 54.515.4 0.74
IL-6 (pg/mL)” 26(L9) 26(L9) 0.85
CRP (ug/mL)? 15 (3.0) 158(33) 040
sIL6r (pg/mL)? 40359 (13934) 43464 (12447)  0.48
TNF @ (pg/mL)? 53(3.1) 55(9 068
TNF-R1 (pg/mL)? 2088 (687) 2148(823) 033
sgp130 (ng/mL)? 376 (62) 364(74) 054
aMeans + SD.

b . .
Medians * Interquartile range.

#
Based on t-test.
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Table 2

Serum testosterone concentrations (means + SD and delta) by treatment group at baseline and 36 months.

Baseline® 36 months delta pb pC

T (N=42) 490+233 682+308 192+282 0.0006 0.06
Placebo (N=28) 396 +102 404 +102 7+83 0.95 <.0001

NOTE:

At 36 months, 3 subjects had missing testosterone values. Therefore delta has been calculated only for participants (67) with available measures at
both time points.

a . .
The baseline values were the means of three different measurements.

b s
The p values compare the mean change from 0 to 36 months within the two treatment groups.

c
The p values compare the mean change from 0 to 36 months between the two treatment groups.
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Table 3

Concentrations of inflammatory markers (mean £ SD) and change from baseline (delta) by treatment group.

Baseline 36 months Delta pC
a
CRP (ug/mL)
T 2835 2841 -0.06+£29 0.40
Placebo 42+8.0 9.2+252 5.5+20.1 0.95
pb 0.40 0.23
a
IL-6 (pg/mL)
T 31+18 35+24 0.6+28 0.71
Placebo 3219 33+19 0.1£29 0.41
pb 0.85 0.69
a
sIL6r (pg/mL)
T 40280+11432 43686+10178 976+ 80016 0.30

Placebo  44436+11530 46971+13099  2498+8009 0.12

pb 0.48 0.27

sgp_130 (ng/mL) a

T 377+49 380+302 3+ 39 0.66
Placebo 371+49 395+49 23+44 001
pb 0.54 0.20
a
TNF-a (pg/mL)
T 53+23 6.2+36 04+22 084
Placebo 6.3+35 59+26 -0.4+ 2.6 0.84
pb 0.68 0.9
a
TNF_R1 (pg/mL)
T 20942427 2191+448  88+240  0.07
Placebo  2243+589 24874780 2224544  0.03
pb 0.33 0.10

NOTE: In order to obtain SD, delta was calculated only for participants with available measures at both time points
aMeans +SD.
b

The p values compare the mean change from 0-36 months between the two treatment groups.

C. .
The p values compare the mean change from 0-36 months within the two treatment groups
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Table 4

Effects of testosterone treatment on inflammatory markers.

Treatment by time

B +SE F P" FDRg*
CRP (ug/mL) -012+006 448 003  0.09
IL-6 (pg/mL) -0.01+£001 065 042 050
sIL6r (pg/mL) 1515+52.92 008 077 077
TNF alpha (pg/mL)  0.03 +0.03 1.16 0.28 0.42
TNFRI1(pg/mL)  -4.88+202 582 002  0.09
sgp130 (ng/mL) -042+023 348 006 0.2

N
treatment*time interaction term by mixed model including the main terms of treatment and time.

#oo . L . .
multiple testing treatment*time interaction terms evaluated by False Discovery Rate (FDR).
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