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SUMMARY

Testosterone (T) replacement is being increasingly offered to older men with age-related decline in 

testosterone levels. The effects of long-term testosterone replacement and aromatase inhibition 

(AI) on glucose homeostasis and cardiometabolic markers were determine in older non-diabetic 

men with low testosterone levels. Men ≥65 years, mean age 71 ± 3 years with serum total T < 350 

ng/dL were randomized in a double-blind, placebo-controlled, parallel-group, proof-of-concept 

trial evaluating the effects of 5 g transdermal testosterone gel (TT) (n = 10), 1 mg anastrozole (n = 

10) or placebo (n = 9) daily for 12 months. Homeostatic Model Assessment of insulin resistance 

(HOMAIR) was the primary outcome. Secondary outcomes included OGIS in response to OGTT, 

fasting lipids, C-reactive protein (CRP), adipokines, and abdominal and mid-thigh fat by computed 

tomography. All outcomes were assessed at baseline and 12 months. After 12 months, absolute 

changes in HOMAIR in both treatment arms (TT group: −0.05 ± 0.21); (AI group: 0.15 ± 0.10) 

were similar to placebo (−0.11 ± 0.26), as were CRP and fasting lipid levels. Adiponectin levels 

significantly decreased in the TT group (−1.8 ± 0.9 mg/L, p = 0.02) and abdominal subcutaneous 

fat (−60.34 ± 3.19 cm2, p = 0.003) and leptin levels (−1.5 ± 1.2 ng/mL, p = 0.04) were 

significantly lower with AI. Mid-thigh subcutaneous fat was reduced in both treatment arms (TT 

group: −4.88 ± 1.24 cm2, p = 0.008); (AI group: −6.05 ± 0.87 cm2, p = 0.0002). In summary, in 

this proof-of-concept trial, changes in HOMAIR AI were similar in all three groups while the 

effects of intervention on subcutaneous fat distribution and adipokines were variable. Larger 
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efficacy and safety trials are needed before AI pharmacotherapy can be considered as a treatment 

option for low T levels in older men.
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INTRODUCTION

Serum testosterone levels decline as men age (Harman et al., 2001) and this decline has been 

associated with loss of muscle mass, reduced muscle strength, low bone mass, and sexual 

dysfunction (Katznelson et al., 1996). Hence, there has been great interest in testosterone 

replacement in older men with age-related decline in serum testosterone levels (Basaria, 

2013). Indeed, testosterone prescriptions written for middle-age and older men with low 

testosterone level have risen exponentially in recent years (Basaria, 2013; Jasuja et al., 
2015).

Although testosterone replacement in older men has resulted in improvement in body 

composition, muscle strength, and in some studies, physical function (Spitzer et al., 2013), 

recent reports have raised concerns regarding cardiovascular safety of exogenous 

testosterone therapy, especially in older men (Basaria et al., 2010, 2013; Vigen et al., 2013; 

Finkle et al., 2014; Layton et al., 2015). These findings are particularly important 

considering the pharmacokinetic shortcomings of available modalities of testosterone 

replacement. Indeed, there is significant variation in circulating serum testosterone 

concentrations in men on transdermal testosterone formulations while intramuscular 

injections, particularly with short-acting esters, are associated with peaks and troughs 

(Snyder & Lawrence, 1980; Swerdloff et al., 2015). Hence, stimulation of endogenous 

testosterone production in older men with aromatase inhibitors (AI) is an attractive option. 

As estradiol is a potent inhibitor of the pituitary/ gonadal axis, inhibition of its synthesis by 

AI results in an increase in circulating gonadotropins (Dias et al., 2015), which, in turn, 

stimulate testicular Leydig cells to increase endogenous testosterone production. We 

recently reported that 12-month intervention with AI in older men with low testosterone 

raised serum testosterone levels into the normal range and resulted in improvement in lean 

body mass and muscle strength (Dias et al., 2015). However, the long-term effects of AI on 

glucose homeostasis, insulin sensitivity and cardiovascular risk markers are unknown in this 

candidate population.

Population studies have found that low serum testosterone levels are associated with 

prevalent and incident type-2 diabetes (Stellato et al., 2000; Selvin et al., 2007). Similarly, a 

high percentage of men with prostate cancer undergoing androgen deprivation therapy 

develop diabetes and metabolic syndrome (Braga-Basaria et al., 2006) and acute testosterone 

withdrawal (that also lowers estrogen levels) in healthy young men reduces insulin 

sensitivity (Yialamas et al., 2007). Indeed, a few mechanistic studies have shown that 

testosterone replacement improves insulin sensitivity because of improved muscle glucose 

uptake and reductions in abdominal fat mass (Marin et al., 1992; Boyanov et al., 2003; 
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Malkin et al., 2007; Yialamas et al., 2007). However, the relative contribution of estradiol to 

glucose homeostasis in male hypogonadism remains unclear. Furthermore, it also remains 

unclear whether the metabolic benefits seen with testosterone replacement are because of the 

direct action of testosterone or via its aromatization to estradiol, or some combination of 

both. Both laboratory and human studies indicate that testosterone and estradiol may have 

independent effects on glucose homeostasis and metabolism (Pitteloud et al., 2005; Faulds et 
al., 2012). Indeed, administration of estrogen to ob/ob mice improves glucose tolerance and 

insulin sensitivity (Gao et al., 2006). Similarly, administration of exogenous estrogen to men 

with congenital aromatase deficiency (who have normal testosterone levels) also improves 

insulin sensitivity (Rochira et al., 2007). These data suggest a distinct role of estradiol in 

glucose homeostasis in men. In contrast, two recent mechanistic studies in young men 

showed that withdrawal of estradiol had no impact on insulin sensitivity (Rubinow et al., 
2012; Juang et al., 2014); however, the role of estradiol in older men with age-related low 

testosterone remains unclear. As treatment with AI is being considered as a viable option for 

increasing endogenous testosterone levels in hypogonadal elderly men, one must ensure that 

long-term inhibition of estradiol production does not have detrimental metabolic 

consequences.

Raising endogenous testosterone levels via administration of AI vs. exogenous testosterone 

replacement offers a unique opportunity to dissociate effects of testosterone from estradiol 

on metabolism. Previous studies using AI in men were short term, did not evaluate glucose 

homeostasis comprehensively, included a mixed population of diabetic and non-diabetic 

men, and did not include comparison groups given transdermal testosterone and placebo. 

Hence, we performed this proof-of-concept mechanistic trial of 12 months duration to 

determine the effects of long-term treatment with AI on glucose homeostasis and 

cardiovascular risk markers in nondiabetic elderly men.

MATERIALS AND METHODS

Study subjects, recruitment, and eligibility

Community dwelling men aged 65 years and older with fasting morning (7–10 am) total T 

levels <350 ng/dL were enrolled. The trial was conducted at the National Institute on Aging 

(NIA) Intramural Research Program, where the first participant was screened in August 

2004 and the last subject completed the trial in March 2012. The protocol was approved by 

MedStar Harbor Hospital Institutional Review Board (ClinicalTrials.gov Identifier: 

NCT00104572). The study was a double-blind, randomized, placebo-controlled, proof-of-

concept trial of 12 months duration. Subjects were randomized to three groups: transdermal 

testosterone gel 5 g/day and placebo tablet (TT group, n = 10); Anastrozole 1 mg/day and 

placebo gel (AI group, n = 10), and placebo tablet and placebo gel daily (placebo, n = 9). 

The flow of participants, randomization scheme, and frequency of adverse events have been 

published (Dias et al., 2015). The participants were required to have normal levels of 

gonadotropins, prolactin, parathyroid hormone, and prostate-specific antigen levels ≤4.0 

ng/dL. Men with hematocrit <36%, Mini-Mental Status Exam score <24, erythrocytosis, 

history of diabetes, uncontrolled high blood pressure, severe benign prostatic hypertrophy, or 

recent acute coronary syndrome were excluded. Men were also excluded if they were 
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already prescribed AI, selective estrogen receptor modulators or anabolic agents. Subjects 

were requested to refrain from drinking more than 30 g of alcohol daily or smoking tobacco 

or cannabis products for the study duration. All participants provided written informed 

consent as previously described (13).

Outcome measures

The trial is registered in on clinicaltrials.gov (NCT 0010457), change in bone mineral 

density was the primary outcome of the trial (Dias et al., 2015). Secondary outcomes, that 

were determined a priori, included glucose tolerance and lipid metabolism, which we report 

in the current paper. In the current manuscript, HOMAIR is the primary outcome while 

secondary outcomes included OGIS, fasting lipids, adipokines (leptin and adiponectin), 

CRP, and total (visceral and subcutaneous) abdominal and mid-thigh subcutaneous fat. The 

measurement methods for these endpoints are detailed below.

Evaluation of glucose homeostasis

All participants underwent standardized oral glucose tolerance test (OGTT) at baseline and 

after 12 months. After 10 h of overnight fast, an intravenous catheter was inserted in the 

ante-cubital vein of the participants. Serum and plasma samples were obtained by 

centrifugation, whereby blood was placed in BD ‘Vacutainer’ gel tubes (Franklin Lakes, NJ) 

and centrifuged for 15 min at 2500 rpm (1416 g) (refrigerated centrifuge Sorvall Legend RT, 

ON, Canada). Samples were stored at −80 °C until assayed. An oral 75-g glucose tolerance 

test was performed and blood samples were obtained at 0 (before ingestion of glucose), and 

5, 10, 15, 20, 40, 60, 80, 100, and 120 min after ingestion. Total body insulin sensitivity was 

calculated using the oral glucose insulin sensitivity [OGIS: 0 min, 90 min (mean of 80 and 

100 min), and 120 min of OGTT] (Rubinow et al., 2012). The homeostasis model 

assessment (HOMAIR) was used to determine insulin sensitivity and was calculated as: 

fasting insulin (µU/mL) × fasting glucose (mmol/L)/22.5 (Pacini & Mari, 2003). HOMAIR is 

primarily a measure of liver insulin sensitivity because it utilizes fasting levels only (the 

lower the HOMA value, the greater the insulin sensitivity). The area under the curve (AUC) 

was calculated using the trapezoidal rule and was used as a proxy of the amount of glucose 

in the circulation or hormones secreted.

Laboratory methods

Measurement of fasting serum insulin, glucose, steroid hormones, and 
adipocytokines—All samples were stored at −80 °C until analysis. Assays were 

performed in batch after the trial completion and aliquots were thawed only once. 

Quantitation of plasma glucose levels was performed using a glucose and lactate analyzer 

(YSI 2300 stata plus, YSI incorporated, OH). Plasma insulin levels were measured by 

ELISA (Mercordia, Uppsala, Sweden). Both testosterone and estradiol were measured using 

liquid chromatography tandem mass spectroscopy (Dias et al., 2015). Sex hormone-binding 

globulin (SHBG) was measured using electrochemiluminescence as previously described 

(Selvin et al., 2007). Leptin was measured by ELISA with an inter-assay coefficient of 

variation (CV) of 2.6–6.2% and intra-assay CV of 2.6–4.6% (Millipore, Billerica, MA). 

Total adiponectin was measured by RIA with an inter-assay CV of 6.9–9.3% and an intra-
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assay CV of 1.8–6.2% (Millipore, Billerica, MA). Serum high-sensitivity CRP (hsCRP) was 

measured by ELISA with an inter-assay CV of 11.6–13.8% and intra-assay CV of 5.5–6.0%, 

lower limit of detection 1.9 ng/mL, sensitivity 0.124 ng/mL (Alpco, Salem, NH).

Quantitation of abdominal and mid-thigh fat

Abdominal fat—Computed tomography (CT) scans were acquired using a Somatom 

Sensation 10 CT, multislice, helical CT Scanner (Siemens, Malvern, PA). A cross-sectional 

10-mm CT image of the abdomen at lumbar spine level L4–L5 was obtained from each 

participant. The total cross-sectional area of the abdomen was characterized as subcutaneous 

fat and visceral fat areas (cm2). GEANIE software version 2.1 (BonAlyse Oy, Jyvaskyla, 

Finland) was used to quantify the areas.

Mid-thigh fat—All scans were performed at the mid-thigh level, halfway between the 

femoral head and patella, with a 500 × 500 mm field-of-view, 512 × 512 image matrix, and 

10 mm image thickness. The mid-thigh scans provided subcutaneous fat measurements 

(cm2) and were analyzed using Tibest version 1.4, a semi-automatic image quantification 

platform developed in-house (Makrogiannis et al., 2012).

Fasting serum lipid profile—Fasting levels of total cholesterol, LDL-cholesterol, HDL-

cholesterol, and triglycerides were measured at baseline and at 12 months. Concentrations of 

lipids were determined enzymatically by using (ABA-200 ATC Biochromatic Analyzer; 

Abbott Laboratories) at Baltimore MedStar Harbor Hospital.

Statistical analysis

Assessment of normality—The data were assessed by plotting histograms and by 

performing the Shapiro–Wilk test and Kolmogorov–Smirnov test. All outcomes were 

approximately normally distributed.

Statistical power—The sample size was fixed since this is a secondary outcome of the 

study published (Dias et al., 2015). Therefore, we computed the minimal detectable 

difference based on two groups with n = 10 for each group, t-test/ANOVA; the comparison 

between the treatment groups and placebo groups had 80% power with type one error (α) of 

0·05 to detect minimal mean difference in change in HOMAIR from baseline to 12 months 

of 1.32 standard deviations.

Analysis—Twenty-nine subjects formed the analytic sample and absolute change from 

baseline to 12 months was computed for all outcomes. Data are presented as means ± SEM 

(standard error of the mean). Baseline characteristics were compared across the three study 

groups using F-test from analysis of variance (ANOVA). We used ANOVA to estimate the effect 

of the treatment assignment on 12-month change scores for all endpoints; F-tests were used 

to evaluate the difference in changes between the groups, no post hoc tests were performed 

for most of the analysis. However, two groups t-test was performed if the F-test was 

significant. As a secondary analysis, paired t-tests were used to evaluate for within-group 

12-month changes. Analyses were unadjusted for multiple comparisons based on the 

objective of this trial as a proof-of-concept mechanistic study, and a clear hierarchy of 
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primary and secondary endpoints. p-values (p) <0.05 were considered statistically 

significant.

RESULTS

Baseline characteristics

Baseline characteristics among the three groups were similar. The participants were 

overweight and non-diabetic as reflected by their fasting and 2-h glucose levels after OGTT 

(Table 1). Serum levels of gonadal steroids, glycemic parameters, fasting lipids, and 

adipocytokines were also similar between the three groups (Table 1).

HOMA-IR and other glucose homeostasis measures

At the end of the 12-month intervention, HOMAIR levels were not significantly altered in 

any of the three groups (Fig. 1A). OGIS was also not statistically altered by any of the 

treatment regimens (Fig. 1B). The fasting glucose (Fig. 2A, C, E) and insulin levels 

remained unchanged (Fig. 2B, D, F). The total AUC0–120 min for plasma glucose for the 

three groups was similar (Fig. 2G). However, on analyzing the total insulin response to the 

glucose challenge, the total AUC0–120 min for plasma insulin was significantly increased in 

the AI group at 12 months, compared to baseline (p = 0.04) (Fig. 2H) and was not 

significantly different in the other groups (p > 0.05). Upon further analysis, this increase was 

evident in the late post-glucose period, which is the muscle glucose uptake phase of insulin 

action (AUC Insulin 40–120 min = 8707.08 ± 2399.11 post-treatment, compared to pre-

treatment: 6390.12 ± 1579.27, p = 0.04). No increase was seen in the early post-glucose 

phase (AUC insulin 0–20 min).

Changes in gonadal hormones

In both the intervention groups, testosterone levels significantly increased from baseline into 

the target range, which was determined a priori to be 17.4–34.7 nmol/L. At 12 months, the 

fasting testosterone levels in the TT group were 16.4 ± 2.2 nmol/L and in the AI group were 

17.7 ± 1.8 nmol/L (13). Serum estradiol levels significantly increased in the TT group by 

(100.6 ± 14.7 pmol/L) while a reduction was seen in the AI group of −29.7 ± 4.4 pmol/L; 

estradiol levels were significantly different between the two groups (p = 0.02). Serum SHBG 

levels did not change during intervention in any of the groups. As expected, gonadotropin 

levels were suppressed in the TT group, whereas they increased in the AI group. These data 

have been published (13).

Adipocytokines

At 12 months, circulating CRP levels was not significantly altered in any of the groups (Fig. 

3A). Circulating leptin levels, however, were significantly decreased in the AI group only 

compared to baseline (p = 0.04) (Fig. 3B). In contrast, circulating adiponectin levels 

significantly decreased only in the TT group (p = 0.02) (Fig. 3C).
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Abdominal and mid-thigh fat

However, abdominal subcutaneous fat was significantly decreased in the AI group (p = 

0.003) (Fig. 3D) after 12 months while no changes in abdominal visceral fat was seen in any 

of the groups (Fig. 3E). Mid-thigh subcutaneous fat significantly decreased in both TT group 

(p = 0.03) and AI group (p = 0.004) compared to placebo (Fig. 3F).

Fasting lipid profile and BMI

At 12 months, BMI and waist circumference were not significantly different in any of the 

groups (p > 0.05: Fig. 4A, B) from baseline measurements. Furthermore, no significant 

changes were seen in fasting lipids after 12 months (Fig. 4C–F).

CONCLUSIONS

Recent reports have raised concerns regarding cardiovascular adverse effects of testosterone 

therapy in older men (He et al., 2013; Vigen et al., 2013; Xu et al., 2013; Finkle et al., 2014; 

Layton et al., 2015). As testosterone is aromatized to estradiol, it has been suggested that 

estradiol might be contributing, at least in part, to these adverse effects. Hence, there is a 

growing interest in the exploration of alternative treatment modalities such as AI that 

increase endogenous testosterone production via stimulation of gonadotropins. However, 

estradiol has independent effects on male metabolism (Ding et al., 2006; Gao et al., 2006; 

Rochira et al., 2007), and the effects of long-term suppression of estradiol on metabolism in 

men remain unclear. In this first double-blind, randomized, proof-of-concept trial using TT 

and AI in non-diabetic older men with low testosterone, the change in HOMAIR after 12 

months of treatment with AI did not significantly differ from other groups. The findings of 

this study are made all the more convincing by the strength of its design, including blinding, 

placebo and TT groups, concealed randomization, and parallel-group design. Randomization 

effectively generated three groups that were similar in their baseline glycemic parameters. 

Screening and on-treatment testosterone levels were measured using liquid chromatography–

mass spectrometry (LC-MS), the current gold standard method for sex hormone 

measurements. At baseline, mean total and free testosterone levels were well below the 

lower limits of established norms in community-based samples (Bhasin et al., 2011) and 

both interventions effectively raised testosterone levels into the target range. Lastly, this is 

the first study using AI that has performed in-depth evaluation of glucose homeostasis, 

inflammatory markers, and evaluation of abdominal and thigh adipose tissue.

After 12 months of study, fasting glucose and insulin levels were not altered by any of the 

treatments. This suggests that insulin sensitivity at the level of the liver was not influenced 

by either of the treatment arms. Furthermore, the total AUC for glucose during OGTT also 

did not differ between the groups. However, and interestingly, an increase in insulin 

secretion was observed during the muscle glucose uptake phase (40–120 min) of the OGTT 

in the AI group, pointing to reduced insulin action and illustrating the importance of 

studying the whole body response to a metabolic challenge. These findings suggest that 

estradiol is a modulator of muscle insulin sensitivity and are consistent with some animal 

studies showing that estrogen receptor-α is important for insulin action (Ribas et al., 2010). 

These findings should be confirmed in future trials.

Dias et al. Page 7

Andrology. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



At 12 months, men in the AI group experienced significant reduction in subcutaneous fat in 

both abdominal and thigh region was reflected by the reduction in serum leptin levels. Men 

in the TT group showed a reduction in thigh fat only, suggesting differential sensitivity of 

regional fat depots to gonadal steroids (Bhasin et al., 2007; Frederiksen et al., 2012; Gianatti 

et al., 2014). Even though significant reduction in subcutaneous abdominal and thigh fat was 

seen in the AI group, muscle insulin sensitivity, as described above, was reduced in this 

group. This underscores a direct estrogen effect in muscle, independent of changes in fat 

mass. Our findings are complementary to two recent meta-analyses showing that both 

endogenous testosterone and exogenous testosterone supplementation is negatively 

associated with fat mass (Corona et al., 2016a,b). However, our findings are in contrast with 

another study using AI in elderly men in which reduction in abdominal subcutaneous fat was 

not seen (Lapauw et al., 2009); however, in that study AI was administered for only 28 days, 

and therefore unlikely to be of sufficient duration to appreciate any change in fat 

distribution.

Adiponectin is an adipokine which displays antidiabetic effects (Lanfranco et al., 2004). We 

observed a significant reduction in circulating adiponectin levels in the TT group, a finding 

consistent with other studies (Lanfranco et al., 2004; Ding et al., 2006), however, it was not 

accompanied by reduced insulin sensitivity. In contrast, no significant changes were seen in 

adiponectin in the AI group, a finding that is also in agreement with previous short-term 

studies (Lapauw et al., 2009). These observations suggest that suppression of adiponectin by 

testosterone administration might be mediated via estradiol. Serum concentration of CRP, a 

marker of inflammation, did not worsen in either intervention groups, findings consistent 

with previous short-term studies of administration of testosterone (Dougherty et al., 2005; 

Kapoor et al., 2007) and aromatase inhibitors (Dougherty et al., 2005).

The fasting lipid profile did not worsen in the TT group or AI group. Previous studies of 

testosterone administration have reported a slight reduction in HDL-cholesterol and either 

no change or reduction in total cholesterol, LDL-cholesterol, and triglycerides (Basaria, 

2014), however, studies of AI in men have shown conflicting results. One short-term trial 

using AI in young eugonadal men showed an increase in triglyceride levels (Lapauw et al., 
2009) while another short-term study in older men demonstrated no such effect (Dougherty 

et al., 2005).

This study has some limitations. First, this study has a relatively small sample size. 

However, this was a proof-of-concept trial that was designed to answer mechanistic 

questions and the sample size of this trial is larger than some other mechanistic studies 

(Pitteloud et al., 2005; Yialamas et al., 2007). Indeed, the findings of this trial will provide 

impetus for a larger trial with AI in older men. Second, we did not perform whole body 

magnetic resonance imaging which would have provided volumetric information regarding 

fat depots. However, the majority of previous trials of replacement with gonadal steroids 

have utilized CT scans to determine changes in fat depots. Third, we did not perform fat or 

muscle biopsies, which would have provided deeper mechanistic insights into signaling of 

gonadal steroids. We recommend that future mechanistic studies include these outcomes.
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In this proof-of-concept trial, change in HOMAIR after 12 months of AI did not differ 

significantly from T replacement or placebo. The effects of the intervention on subcutaneous 

fat and adipokines were variable. Larger efficacy and safety trials are needed before AI 

pharmacotherapy can be considered as a treatment option to raise serum testosterone levels 

in older men with low testosterone.
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Figure 1. 
Changes in homeostasis model assessment (A) and oral glucose insulin sensitivity (B) after 

12 months of treatment. Data are presented as mean±sem. Between group comparisons were 

performed with ANOVA (F-test) and within-group comparisons were performed with paired t-
test. F-test (A) p = 0.62, (B) p = 0.31.
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Figure 2. 
The profiles of fasting plasma glucose and insulin, and area under the curve for both glucose 

(A, C, E, G) and insulin (B, D, F, H) after 75 g oral glucose at baseline and 12 months. Data 

are presented as mean±sem. + p < 0.05 compared to baseline. Between group comparisons 

were performed with ANOVA (F-test) and within-group comparisons were performed with 

paired t-test. F-test (G) p = 0.08, (H) p = 0.61.
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Figure 3. 
Serum changes in CRP (A), leptin (B), and adiponectin (C), and abdominal fat (D, E) and 

thigh fat quantity (F) after 12 months of treatment. Thigh fat was assessed in placebo (n = 

8), TT group (n = 7), AI group (n = 8). Data are presented as mean±sem. *+p < 0.05, **++p 
< 0.01 compared to placebo (*) and to baseline values (+). Between group comparisons were 

performed with ANOVA (F-test) and within-group comparisons were performed with paired t-
test. F-test (A) p = 0.22, (B) p = 0.62, (C) p = 0.13, (D) p = 0.12, (E) p = 0.12, (F) p = 0.005, 

post hoc Dunnett Placebo vs. TT group p = 0.03; Placebo vs. AI group p = 0.004, TT group 

vs. AI group p = 0.83.
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Figure 4. 
Changes in body mass index (A), waist circumference (B) and fasting lipids (C–F) after 12 

months of treatment. Data are presented as mean±sem. Between group comparisons were 

performed with ANOVA (F-test) and within-group comparisons were performed with paired t-
test. F-test (A) p = 0.94, (B) p = 0.65, (C) p = 0.53, (D) p = 0.11, (E) p = 0.46, (F) p = 0.42.
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Table 1

Baseline characteristic of the participants

Parameters Placebo (n = 9) TT group (n = 10) AI group (n = 10) p-value

Age (years) 72 ± 3 70 ± 3 70 ± 3 0.31

  BMI (kg/m2) 27.6 ± 3.5 29.9 ± 1.2 27.7 ± 1.4 0.31

  Waist circumference (cm) 97.8 ± 9.8 102.6 ± 3.6 99.8 ± 3.9 0.65

Sex steroids

  Total testosterone (nmol/L) 10.5 ± 3.3 10.4 ± 2.9 10.6 ± 2.9 0.25

  Estradiol (pmol/L) 5.9 ± 1.5 7.3 ± 2.5 6.2 ± 1.8 0.28

  SHBG (nmol/L) 58.6 ± 21.3 43.7 ± 23.6 39.9 ± 20.7 0.17

  LH (mLU/mL) 12.2 ± 10.1 10.3 ± 7.8 7.1 ± 2.5 0.35

  FSH (mLU/mL) 8.2 ± 10.8 5.6 ± 2.7 6.8 ± 5.9 0.73

Metabolic parameters

  Fasting glucose (mmol/L) 5.32 ± 8.3 5.35 ± 13.4 5.31 ± 8.4 0.99

  2-h glucose (mmol/L) 8.00 ± 1.9 7.21 ± 1.3 7.37 ± 1.7 0.55

  Fasting insulin (µU/mL) 10.0 ± 9.6 9.3 ± 5.0 7.1 ± 2.6 0.58

  2-h insulin (µU/mL) 70.2 ± 51.9 53.4 ± 15.4 68.0 ± 50.5 0.64

  HOMAIR 2.5 ± 1.2 2.2 ± 0.4 1.7 ± 0.6 0.61

  OGIS (mL/min/m2) 378.41 ± 59.2 398.0 ± 56.8 375.7 ± 71.8 0.88

  Glucose total AUC0–120 (mg/dL × min) 18,521.1 ± 3906.9 17,510.0 ± 2532.7 17,851.7 ± 3161.5 0.96

  Insulin total AUC0–120 (µU/mL × min) 7082.9 ± 4866.5 6386.6 ± 2792.6 7600.6 ± 5264.3 0.55

Lipid profile

  Cholesterol (mmol/L) 4.2 ± 0.7 4.9 ± 0.7 4.5 ± 0.6 0.12

  Triglyceride (mmol/L) 2.8 ± 0.7 2.9 ± 0.7 3.0 ± 0.7 0.95

  HDL (mmol/L) 1.3 ± 0.3 1.1 ± 0.3 1.2 ± 0.3 0.39

  LDL (mmol/L) 2.4 ± 0.5 3.5 ± 0.6 2.9 ± 0.7 0.03

Adipokines and Inflammatory markers

  Leptin (ng/mL) 7.4 ± 4.0 7.7 ± 5.6 7.0 ± 7.0 0.98

  Adiponectin (mg/L) 12.51 ± 8.5 11.5 ± 5.6 8.81 ± 7.4 0.73

  C-reactive protein (mg/L) 1.15 ± 1.0 2.38 ± 3.2 3.64 ± 2.1 0.13

Abdominal and thigh fat

  Abdominal subcutaneous fat area(cm2) 258.7 ± 61.8 282.3 ± 154.6 238.8 ± 97.3 0.70

  Abdominal visceral fat area (cm2) 148.3 ± 80.4 152.5 ± 45.6 134.9 ± 49.2 0.79

  Mid-thigh subcutaneous fat area (cm2) 61.8 ± 25.7 63.3 ± 26.7 56.2 ± 19.8 0.82

Data are expressed as mean ± SD, placebo n = 8, TT group (n = 7), AI group (n = 8) for thigh fat. Statistical analysis were done by ANOVA F-test.
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