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Abstract 1 

Context. Testosterone therapy has been variably associated with increased thrombotic risk but 2 

investigations of global coagulation in this setting are lacking. 3 

Objective. To compare global coagulation of hypogonadal men before (T0) and 6 months after (T1) 4 

starting testosterone replacement therapy (TRT), and healthy controls. 5 

Design. Observational prospective cohort study. 6 

Setting. Two tertiary endocrinological ambulatory care centers. 7 

Patients. Thirty-eight men with hypogonadism (mean age 55, SD 13) and 38 age-matched healthy 8 

controls. 9 

Interventions. Thrombin generation assay (TGA) was performed at T0 and T1 in hypogonadal men 10 

and in controls. TGA is an in vitro procedure based on the continuous registration of thrombin 11 

generation and decay under conditions mimicking the process that occurs in vivo. 12 

Main Outcome Measures. The following TGA parameters were recorded: lag-time; thrombin-peak 13 

concentration; time-to-reach the peak, velocity index and endogenous thrombin potential (ETP), the 14 

latter representing the total amount of thrombin generated under the driving forces of procoagulants 15 

opposed by the anticoagulants. PC, antithrombin, factor (F)VIII, and fibrinogen were assessed. 16 

Results. No changes of TGA parameters were observed between T0 and T1. Hypogonadal men 17 

displayed significantly higher ETP, fibrinogen, and significantly lower antithrombin levels both at 18 

T0 and T1 compared to controls. Thrombin-peak of hypogonadal men was significantly higher than 19 

controls at T0 but not at T1. ETP and antithrombin were correlated with testosterone levels. 20 

Conclusions. Hypogonadal men display a procoagulant imbalance detected by increased thrombin 21 

generation. Short-term TRT does not worsen global coagulation, suggesting that the treatment can 22 

be safely prescribed to men diagnosed with hypogonadism.  23 
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Introduction 1 

 2 

Venous thromboembolism (VTE) is a multifactorial disease resulting from hemodynamic changes 3 

such as reduction of blood flow or turbulence, endothelial injury or dysfunction, and blood 4 

hypercoagulability (1).  Circumstantial risk factors that may influence VTE risk are recent surgery, 5 

cancer and prolonged immobilization, with sex hormones advocated as additional pathogenetic 6 

factors (2). 7 

An increased risk of thromboembolic events has been reported in association with oral 8 

contraceptive pills and hormonal replacement therapy in women (3–5). However, the role of 9 

endogenous testosterone and testosterone replacement therapy (TRT) in men remains controversial. 10 

Testosterone, at physiological concentrations, has a beneficial influence on the haemostatic system 11 

as measured in vitro. In fact, both testosterone and its 5 alpha-reduced derivative 12 

dihydrotestosterone exert an inhibitory effect on primary haemostasis, by preventing ADP-mediated 13 

platelet aggregation (6–8). Moreover, testosterone has an inhibitory effect on  coagulation  and 14 

promotes fibrinolysis (9). Consistently, low testosterone levels have been correlated with increased 15 

platelet activity and a procoagulant profile (10–13). Current evidence, however, failed to provide 16 

association between endogenous testosterone levels in the lower quartile of normal range and new 17 

incident cases of VTE as compared to subjects with testosterone levels in the middle or upper 18 

quartiles (14,15). 19 

It is well known that TRT leads to an increase of hematocrit, blood viscosity (16) and estrogen 20 

circulating levels (17), all factors that may potentially influence the VTE risk. Four population 21 

studies reported association between testosterone therapy and thrombotic risk (18–21). 22 

Interestingly, studies by Martinez et al and Walker et al showed that this association reached a peak 23 

within six months since the start of treatment (18,19). Nevertheless, three metanalyses of 24 

randomized controlled trials did not find an increased risk of VTE associated with TRT compared 25 

to placebo (22–24). 26 
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With this gap of knowledge, we aimed to investigate the variation in the global coagulation profile 1 

of hypogonadal men before and 6 months after starting TRT. Secondary aims were: to compare the 2 

global coagulation profile of hypogonadal men with healthy controls, and to assess the association 3 

of coagulation with hormonal and metabolic variables. Coagulation was assessed by thrombin 4 

generation assay (TGA), an in vitro procedure based on the continuous registration of thrombin 5 

generation (mediated by procoagulants) and decay (mediated by anticoagulants).  6 

Compared to traditional coagulation tests such as the prothrombin time, activated partial 7 

thromboplastin time or viscoelastometry, that hardly reflect the complex and integrated mechanisms 8 

of coagulation, TGA can be considered as the closest approximation to the process occurring in vivo 9 

(25). In fact, coagulation in TGA is activated by much smaller amounts of tissue factor and 10 

phospholipids than those used in other coagulation tests (26). Furthermore, the formulations of 11 

traditional tests do not include thrombomodulin, the physiological protein C activator; hence protein C 12 

in those tests cannot be optimally activated to represent what occurs in vivo. A growing body of 13 

evidence has demonstrated the ability of TGA to predict the risk of first and recurrent thrombotic events 14 

(27–29). 15 

 16 

Materials and methods 17 

 18 

Study design and procedures 19 

We conducted a multicentre, observational prospective cohort study to assess the effects of short -20 

term TRT on the global coagulation profile of hypogonadal men.  21 

Patients were selected among those followed up at two tertiary endocrinological units in Milan, 22 

Northern Italy (Fondazione IRCCS Ca’Granda Ospedale Maggiore Policlinico and IRCCS Istituto 23 

Auxologico Italiano). Male hypogonadism was defined by reduced levels of total and/or calculated 24 

free testosterone (<12.0 nmol/L and <220 pmol/L, respectively) in men with sexual dysfunctions 25 

(i.e., erectile dysfunction, decreased libido, reduced nocturnal/morning erections), according to 26 
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current guidelines (30). Clinical history was collected and radiological investigations and further 1 

hormonal assessments (in particular, luteinizing hormone, LH, and follicle stimulating hormones, 2 

FSH) were carried out as appropriate to differentiate between functional hypogonadism, organic 3 

primary and secondary hypogonadism (30). Adult patients (18 years old or older) with newly 4 

diagnosed hypogonadism and who had not received treatment with testosterone or gonadotrophins, 5 

were included.  Patients with known hereditary coagulation disorders, Klinefelter syndrome (1), or 6 

on anticoagulation (parenteral or oral) treatment, were excluded. Among patients with secondary 7 

hypogonadism, only those without pituitary hormones’ excess, and without uncompensated pituitary 8 

hormones’ deficiencies, were selected. 9 

Patients’ evaluations were scheduled before and six months after starting TRT (T0 and T1, 10 

respectively). Blood samples were collected for assessment of the coagulation profile.  11 

Patients received transdermal testosterone 2% gel on a daily basis, or long-acting injectable 12 

testosterone undecanoate, which was administered at baseline, after 6 weeks (loading dose), and 13 

then every 12 weeks. 14 

Information on smoking habit, arterial hypertension, dyslipidemia, diabetes mellitus, 15 

thromboembolic events, body mass index (BMI), fasting plasma glucose, total cholesterol, 16 

triglycerides, low-density-lipoprotein (LDL) cholesterol, total testosterone, complete blood count 17 

and prostate specific antigen (PSA) were extracted from hospital records. Diagnostic delay was 18 

arbitrarily estimated as the time period between self-reported sexual symptoms’ onset and start of 19 

TRT. 20 

Healthy controls were recruited among male medical students and hospital staff. They were 21 

matched by age (±5 years) to the patient population and were free from current and past thrombotic 22 

events, anticoagulant drugs, or coagulation disorders known to affect TGA. 23 

All study procedures were in accordance with the principles set out in the Declaration of Helsinki. 24 

The study was approved by the Milan Area 2 ethics committee (approval ID 396). Written informed 25 

consent was obtained from all individuals included in the study. 26 
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 1 

Blood sampling and plasma preparation  2 

Blood was collected from an antecubital vein into vacuum tubes containing 1/10 volume of 3 

trisodium citrate 109 mM (Becton Dickinson). For hypogonadal patients receiving TRT, blood 4 

samples were taken 2 hours after application of testosterone transdermal gel, or at the end of the 5 

dosing interval in case of injectable long-acting testosterone undecanoate (31). Little variability in 6 

plasma testosterone concentrations is expected during treatment with either formulation (32,33). 7 

Nevertheless, this sampling schedule was established in accordance with current guidelines on 8 

testosterone treatment monitoring (31).  9 

Citrated whole blood was centrifuged for 20 minutes (controlled room temperature) at 2880g to 10 

prepare platelet poor plasma that was aliquoted in plastic-capped tubes, quickly frozen by 11 

immersion in liquid nitrogen, and stored at –70 °C until testing. To limit between-assay variability, 12 

an equal number of samples from patients and controls were tested in the same run. All the 13 

experimental procedures were conducted at the Angelo Bianchi Bonomi Hemophilia and 14 

Thrombosis Center, Ospedale Maggiore Policlinico, Milan, Italy.  15 

 16 

Thrombin generation assay (TGA) 17 

TGA was assessed according to Hemker et al (34) with a homemade method as described (35). 18 

Testing was based on the activation of coagulation after addition to plasma of small amounts of 19 

human recombinant relipidated tissue factor (rTF, 1 pM) (Recombiplastin 2G, Werfen) and 20 

synthetic phospholipids (PL, 1.0 μM) (Avanti Polar) as coagulation triggers. Testing was performed 21 

with addition of soluble rabbit thrombomodulin (Haematologic Technologies) (2 nM). 22 

Thrombomodulin is the physiological activator of protein C and is located on endothelial cells (25). 23 

Registration of thrombin generation was obtained with a fluorogenic substrate (Z-GlyGly-Arg-24 

AMC HCl, Bachem) (617 μM) by means of a dedicated fluorometer (Fluoroskan Ascent, Thermo 25 

Labsystems). The readings were recorded and analyzed with dedicated software (Thrombinoscope, 26 
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Thrombinoscope BV), which displays the curve of thrombin concentration as a function of time and 1 

calculates the following parameters: the time (minutes) between the addition of the triggers and the 2 

initiation of thrombin generation (lag time); the thrombin peak (nM); the time (minutes) needed to 3 

reach the peak (time to peak); the area under the curve, defined as endogenous thrombin potential 4 

(ETP) and expressed as nM × min; and the velocity index, defined as [peak/(TT peak – lag time)] 5 

and expressed as nM/min. 6 

 7 

Other coagulation parameters  8 

Protein C (PC) and antithrombin were measured as chromogenic activity by means of commercial 9 

kits (Hemosil antithrombin and Hemosil PC; Werfen). Factor (F)VIII, and fibrinogen were 10 

measured as described (36). FVIII results were reported as percentage activity relative to pooled 11 

normal plasma with an (arbitrary) activity of 100%. 12 

 13 

Hormonal assay 14 

Circulating total testosterone concentrations were assessed by an Elecsys Testosterone II (Calibrator 15 

reference: 05200067190) test marketed by Roche Diagnostics (RRID:AB_2783736). This method is 16 

standardized via isotope dilution–gas chromatography/mass spectrometry. The assay has a lower 17 

limit of detection of 0.087 nmol/L, a functional sensitivity of 0.4 nmol/L, and interassay or intra-18 

assay coefficients of variation of less than 5%. 19 

 20 

Endpoints 21 

The primary endpoint was the variation in the global coagulation profile of hypogonadal men from 22 

baseline to six-month-TRT, as defined by TGA and other coagulation parameters. 23 

Secondary endpoints were the comparison of the coagulation profile of hypogonadal men with 24 

healthy controls and the association of coagulation parameters with hormonal and metabolic 25 

variables. 26 
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 1 

Statistical analysis  2 

Distribution of quantitative variables was assessed by Shapiro-Wilk test. Normally distributed 3 

quantitative variables were expressed as mean and standard deviation (SD), whereas variables with 4 

a skewed distribution were reported as median and interquartile range (IQR) or min-max range; 5 

qualitative variables were represented as absolute frequencies. Paired or unpaired t  test was 6 

performed to compare means of normally distributed variables. Alternatively, the nonparametric 7 

Mann-Whitney and Wilcoxon tests were used. Comparisons among 3 groups were performed by 8 

Kruskal-Wallis test. Fisher’s exact test or Chi square were employed to compare frequencies of 9 

qualitative variables between 2 or more groups. Bonferroni’s correction for multiple comparisons 10 

was applied where indicated. Univariate association analysis was performed by Pearson correlation 11 

test or Spearman rank correlation test as appropriate. Correction for covariates was performed by 12 

Analysis Of Covariance (ANCOVA).  13 

A 2-sided P value was considered statistically significant when less than .05. Analysis was 14 

performed with GraphPad Prism (version 10) and IBM SPSS Statistics (version 29). 15 

 16 

Power analysis 17 

For power analysis, we used ETP as reference parameter.  18 

Given that no data about TGA in subject affected with hypogonadism are available, we considered 19 

our previously published data on TGA in a group of normal subjects compared to patients with 20 

Cushing’s syndrome, a condition proven to be related to hypercoagulability (37). In that study, 21 

normal subjects showed a mean (SD) ETP value of 902 (222) nM/min, while in CS patients ETP 22 

was 1284 (353) nM/min (mean difference: 302 (439) nM/min). Since current evidence on 23 

coagulative derangements in male hypogonadism is inconsistent, we assumed hypogonadal men at 24 

baseline to be similar to normal subjects. 25 
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For the primary outcome, using a t-test for dependent samples, a sample size of  25 subjects is 1 

required to reject the null hypothesis that the mean ETP is not different before and after treatment, 2 

with a power of 90% and a probability of type I error of 5%.  3 

For the secondary outcome a 1:1 ratio between the 2 groups (hypogonadal patients and controls) 4 

was set. Assuming a mean ETP of 982 (222) nM/min in the control group and of 1284 (353) in the 5 

experimental group, and  using a t-test for independent samples, a sample size of 22 subjects per 6 

group is needed to reject the null hypothesis that the mean levels of ETP are equal in the 2 7 

populations, with a power of 90% and a probability of type I error of 5%.  8 

 9 

Sensitivity analysis 10 

Different treatment formulations may provide different amounts of testosterone throughout the 11 

dosing interval  (38). For this reason, a sensitivity analysis was conducted by grouping participants 12 

according to the prescribed testosterone formulation (transdermal gel or long acting intramuscular 13 

injection). 14 

 15 

Results 16 

 17 

Thirty-eight hypogonadal patients and 38 controls were enrolled between November 2017 and July 18 

2020. All subjects completed the study. 19 

Table 1 summarizes baseline characteristics of hypogonadal patients and controls. Median BMI was 20 

significantly higher in the hypogonadal group compared to controls. Ten patients presented primary 21 

hypogonadism, 20 secondary hypogonadism and 8 functional hypogonadism. Except for a lower 22 

prevalence of arterial hypertension in patients with primary hypogonadism, no significant 23 

differences at baseline were observed among these three subgroups (Table 2). 24 

Two patients were treated with long-acting injectable testosterone undecanoate, while the remaining 25 

36 received transdermal testosterone 2% gel (median daily dose 30 mg, IQR 20.75-40 mg).  26 
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Mean/median testosterone concentrations, haemoglobin, haematocrit and PSA significantly 1 

increased from T0 to T1 (Tables 3 and 4). Testosterone increased from baseline in all patients and it 2 

was above the lower limit of normal (12 nmol/L) in 29/38 patients at T1. These parameters 3 

remained within safety limits (30) in all patients except 2: in one patient PSA increased by more 4 

than 1.4 ng/mL (PSA 3.5 ng/mL at T1), while in another patient haematocrit raised over 54%. 5 

 6 

Global coagulation profile in hypogonadal men 7 

No VTE event occurred during the six-month observation period. 8 

Baseline TGA parameters were not different among primary, secondary or functional hypogonadism 9 

(Table 2).  10 

No changes were observed in the whole cohort of hypogonadal men from T0 to T1 in ETP [1502 11 

(536) vs. 1485 (512) nM x min, p=0.77], lag time (p=0.81), thrombin peak (p=0.31), time to peak 12 

(p=0.59), and velocity index (p=0.21) (Figure 1).  13 

The activity of FVIII, PC, antithrombin and fibrinogen were comparable between the two time 14 

points (Figure 2).  15 

 16 

Sensitivity analysis 17 

Patients treated with long-acting injectable testosterone were (non-significantly) younger than those 18 

treated with testosterone gel. With the limitations of small samples’ size (n=2 and n=36 19 

respectively), no other significant difference in baseline characteristics was observed (Table 4).  20 

ETP and thrombin peak were comparable between the two subgroups at both time-points. TGA 21 

parameters did not show significant changes from T0 to T1 in either subset of patients (Figure 3), 22 

although, among injectable testosterone-treated subjects, (non-significantly) lower ETP, thrombin 23 

peak and velocity index were observed at T1 compared to T0. 24 

 25 

Comparison of the global coagulation profile between hypogonadal men and controls 26 
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Hypogonadal men at baseline displayed significantly increased ETP compared to controls [1502 1 

(536) vs. 1201 (438.1) nM x min, p=0.009] (Fig. 1). ETP in patients persisted higher than controls 2 

six months after starting TRT (p=0.01).   3 

The velocity index and thrombin peak showed a significant increase at baseline, but the difference 4 

was no longer significant after six months, compared to controls (Fig. 1). Lag time and time to peak 5 

were comparable to controls (Fig. 1).  6 

Since hypogonadal men had significantly higher BMI than controls, analysis was repeated including 7 

BMI as a covariate. A significant difference in ETP (p=0.009), thrombin peak (p=0.02) and velocity 8 

index (p=0.02) was confirmed after correcting by BMI. 9 

FVIII was lower in hypogonadal men (both at T0 and at T1) than controls (Fig. 2).  Antithrombin 10 

was lower and fibrinogen was higher in hypogonadal patients than in controls (Fig. 2).  The 11 

differences in FVIII, antithrombin and fibrinogen were no longer statistically significant after 12 

controlling by BMI. 13 

 14 

Correlations 15 

No correlation was observed for ETP, antithrombin and fibrinogen at T0, with: age; BMI; diagnostic 16 

delay; total cholesterol; triglycerides; arterial hypertension. 17 

Testosterone levels at baseline displayed a significant correlation with ETP (r=-0.49, p=0.002) and 18 

antithrombin (r=0.45, p=0.005) (Figure 4), but not with fibrinogen. 19 

 20 

Discussion 21 

 22 

An increased risk of VTE is observed for women of reproductive age or after menopause on oral 23 

contraceptive pills and hormonal replacement therapy (3–5). Whether this risk is increased in 24 

hypogonadal men treated with TRT has not been well established (23).  25 
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In women, the use of combined hormonal contraception and hormonal replacement therapy has 1 

been linked with alterations in plasma levels of nearly all proteins involved in fibrinolysis and 2 

coagulation (i.e. rises in coagulation factors II, V, VII-XII and decreases in Tissue Factor Pathway 3 

Inhibitor and antithrombin levels) (39–41). Therefore, oral contraceptives users have a VTE relative 4 

risk ranging from 1.3 to 5.6 depending on the dose of the estrogenic component, estroprogestinic 5 

formulation (3,42,43) and treatment duration (44), while women on hormonal replacement therapy 6 

have a different VTE risk depending on the route of administration of the estrogenic component, 7 

oral (OR 2.5, 95% CI, 1.9-3.4) or transdermal (OR 1.2, 95% CI, 0.9-1.7) (5).  8 

Herein we report that short term TRT does not affect the coagulation profile of hypogonadal men as 9 

measured with a global coagulation procedure that mimics much more than any other coagulation 10 

test the process that occurs in vivo. Hypogonadal men display a procoagulant imbalance compared 11 

to age-matched controls, which is correlated with testosterone deficiency but not with 12 

hypogonadism subtype (primary, secondary or functional) or with testosterone formulation 13 

administered.  14 

Testosterone replacement therapy could affect VTE risk leading to a raise of hematocrit, blood 15 

viscosity (16) and plasma estrogen concentration (17). In 2015 the US Food and Drug 16 

Administration (FDA) reported a surge in TRT prescriptions, of which 28–40% were provided 17 

without a biochemical diagnosis of hypogonadism (45). Moreover, based on post marketing 18 

surveillance data, in June 2014 FDA and Health Canada issued a labeling change in the product 19 

information of all approved TRT formulations regarding the risk of VTE (23). Since then, several 20 

clinical trials and metanalyses have investigated the relationship between TRT and VTE risk, 21 

reporting conflicting results (18–24,46–48).  22 

Three metanalyses of randomized controlled trials documented no association between TRT and 23 

VTE risk compared to placebo (22–24). Similarly, three observational studies did not detect a 24 

significant link between testosterone therapy and risk of VTE (including deep vein thrombosis or 25 
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pulmonary embolism) in adult men with low testosterone levels compared to hypogonadal men not 1 

receiving TRT (46–48). 2 

However, four observational studies found an increased VTE risk among patients using testosterone 3 

(18–21). Martinez et al and Walker et al demonstrated that this association was most significant 4 

within six months since therapy start (18,19). 5 

However, in the study by Martinez et al most patients received TRT following the diagnosis of “non 6 

pathological” hypogonadism based only on clinical data, and in the study by Walker et al only 7.8% 7 

of the study population receiving TRT had a biochemical diagnosis of hypogonadism. Furthermore, 8 

Kavoussi et al. reported an increased risk of deep vein thrombosis only in those hypogonadal 9 

patients, diagnosed on the basis of Endocrine Society guidelines, receiving TRT and presenting 10 

other potential etiologies for deep venous thrombosis (i.e. venous stasis, trauma, genetic disorders). 11 

After exclusion of these cases, the overall incidence of thrombosis was similar to general population 12 

(20). 13 

In the present study, we show that the global coagulation profile of hypogonadal men was not 14 

affected by six month-TRT, and that a procoagulant imbalance is present in this category of patients 15 

compared to age-matched controls. Indeed, some TGA parameters, i.e. thrombin peak and velocity 16 

index, are significantly higher in hypogonadal men compared to controls at baseline, but no longer 17 

six months after starting TRT. This observation may suggest a trend towards the improvement of 18 

the procoagulant imbalance following TRT, but a longer time may be needed to achieve 19 

normalization. The need for a longer time to attain parameters’ normalization has already been 20 

observed in other endocrine disorders characterized by an increased thrombotic risk like Cushing’s 21 

syndrome (37). However, the effects of a longer duration therapy are still to be determined.  22 

We also observed paradoxical reduction in FVIII levels in the hypogonadal group, which could be 23 

regarded as a compensatory mechanism. Testosterone deficiency appears (at least in part) to 24 

contribute to this condition, since testosterone levels are inversely correlated with ETP and directly 25 

correlated with antithrombin. 26 
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Our results are consistent with previously published observations (6–9,11,13–15). Low testosterone 1 

levels have been correlated with increased platelet activity and a procoagulant profile (increased 2 

factor V, VII, X and fibrinogen and reduced antithrombin) (11,13). Conversely, both testosterone 3 

and dihydrotestosterone have an inhibitory effect on primary haemostasis as measured by in vitro 4 

tests, by preventing ADP-mediated platelet aggregation (6). This effect is obtained directly by the 5 

activation of a receptor on platelets membrane, and indirectly through the antiaggregatory effect of 6 

nitric oxide produced by the stimulation of endothelial lining cells via the androgen receptor (7,8). 7 

Moreover, testosterone increases the expression of tissue factor pathway inhibitor and tissue 8 

plasminogen activator and reduces the secretion of plasminogen activator inhibitor-1, thus 9 

inhibiting the coagulation cascade and promoting fibrinolysis (9).  10 

Taken together, these studies suggest that testosterone, at physiological concentrations, has a 11 

beneficial influence on haemostasis, thus reducing the risk of VTE. However, two population 12 

studies have documented no association between endogenous testosterone levels in the lower 13 

quartile and new incident cases of VTE as compared to subjects with testosterone levels in the mid 14 

or upper quartile in age-adjusted analysis (14,15). These results have been corroborated by a 15 

mendelian randomization study which failed to find association between testosterone concentrations 16 

and VTE risk (OR 1.02, 0.74-1.4, p = 0.92, for each 0.1 nmol/L increase in calculated free 17 

testosterone) (49). In conclusion, current evidence regarding the association between male 18 

hypogonadism and VTE is still scarce and controversial, but suggests that low testosterone levels 19 

may actually have a negative impact on the haemostatic system. 20 

It is worth of note that several studies have reported a higher prevalence of thrombophilic disorders 21 

(like Factor V Leiden or Lupus Anticoagulant) among patients receiving TRT and experiencing 22 

VTE, compared with both subjects with VTE not on TRT (17,50), and subjects treated with TRT 23 

and no thrombotic event (51). In our cohort no patient experienced VTE during the first six months 24 

of therapy, and subjects with previously known thrombophilia were excluded. In this way, our study 25 

may have missed to investigate a subset of subjects with the highest thrombotic risk. Further studies 26 
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are needed to explore the effects of testosterone therapy on thrombin generation in the presence of 1 

pre-existing prothrombotic conditions. 2 

Strengths of this study are the investigation of coagulation of a relatively large and well 3 

characterized group of patients by means of a global assay that takes into consideration much more 4 

than any other coagulation test the process that occurs in vivo. There are some limitations. First, 5 

hypogonadal patients had a considerably higher median BMI compared to controls, a condition 6 

which may be regarded as a potential confounding factor (52–54). Overweight and obesity are 7 

considered as comorbidities commonly associated to male hypogonadism and have a higher 8 

prevalence in this population (55). On the other hand, components of the metabolic syndrome, 9 

including visceral adipose tissue, can negatively affect thromboembolic risk (54). Nevertheless, it 10 

has been shown that male hypogonadism has a negative impact on hemostasis per se, independently 11 

from the association with metabolic syndrome (11–13). Additionally, TGA parameters in our study 12 

were still significantly increased in the hypogonadal group compared to the control group after 13 

correcting for BMI, and BMI values showed no correlation with ETP, fibrinogen and antithrombin. 14 

Conversely, testosterone levels had a significant association with ETP and antithrombin. Overall, 15 

our results may support a direct role of testosterone deficiency regardless of overweight/obesity. 16 

Yet, further studies should compare the coagulation profile in overweight/obese men with and 17 

without hypogonadism. 18 

Second, other coagulation factors which influence thrombin generation (e.g. tissue factor pathway 19 

inhibitor, factor V, protein S and factor X) (56), platelet activity, endothelial function and 20 

fibrinolysis have not been evaluated in our study. Third, Martinez et al. (18) and Glueck et al. (50) 21 

reported that the incidence of VTE events peaked at 3 months since TRT start. Since in our study 22 

intermediate assessments were not performed, any TGA change occurring between 0 and 6 months 23 

may have been missed. 24 

In conclusion, this study shows that the procoagulant imbalance observed in hypogonadal men does 25 

not worsen following short term TRT,although robust longitudinal clinical data on the incidence of 26 
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VTE are lacking, As in the general population, antithrombotic prophylaxis should be warranted in 1 

hypogonadal men in case of exposure to other risk factors for venous thrombosis. Further studies 2 

are needed to evaluate whether longer term TRT is able to normalize the procoagulant profile of 3 

men with androgen deficiency. 4 

 5 

Data Availability 6 

Some or all datasets generated during and/or analyzed during the current study are not publicly 7 

available but are available from the corresponding author on reasonable request. 8 

 9 

References 10 

1. Indirli R, Ferrante E, Scalambrino E, Profka E, Clerici M, Lettera T, et al. Procoagulant 11 
Imbalance in Klinefelter Syndrome Assessed by Thrombin Generation Assay and Whole-Blood 12 
Thromboelastometry. The Journal of Clinical Endocrinology & Metabolism. 2021 Mar 13 
25;106(4):1660–72.  14 

2. Cohen AT, Agnelli G, Anderson FA, Arcelus JI, Bergqvist D, Brecht JG, et al. Venous 15 
thromboembolism (VTE) in Europe. The number of VTE events and associated morbidity and 16 
mortality. Thromb Haemost. 2007 Oct;98(4):756–64.  17 

3. de Bastos M, Stegeman BH, Rosendaal FR, Van Hylckama Vlieg A, Helmerhorst FM, Stijnen T, 18 
et al. Combined oral contraceptives: venous thrombosis. Cochrane Database Syst Rev. 2014 19 
Mar 3;(3):CD010813.  20 

4. Stegeman BH, de Bastos M, Rosendaal FR, van Hylckama Vlieg A, Helmerhorst FM, Stijnen T, 21 
et al. Different combined oral contraceptives and the risk of venous thrombosis: systematic 22 
review and network meta-analysis. BMJ. 2013 Sep 12;347(sep12 1):f5298–f5298.  23 

5. Canonico M, Plu-Bureau G, Lowe GDO, Scarabin PY. Hormone replacement therapy and risk 24 
of venous thromboembolism in postmenopausal women: systematic review and meta-analysis. 25 
BMJ. 2008 May 31;336(7655):1227–31.  26 

6. Karolczak K, Konieczna L, Kostka T, Witas PJ, Soltysik B, Baczek T, et al. Testosterone and 27 
dihydrotestosterone reduce platelet activation and reactivity in older men and women. Aging. 28 
2018 May 2;10(5):902–29.  29 

7. Campelo AE, Cutini PH, Massheimer VL. Cellular actions of testosterone in vascular cells: 30 
Mechanism independent of aromatization to estradiol. Steroids. 2012 Sep;77(11):1033–40.  31 

8. Campelo AE, Cutini PH, Massheimer VL. Testosterone modulates platelet aggregation and 32 
endothelial cell growth through nitric oxide pathway. Journal of Endocrinology. 2012 33 
Apr;213(1):77–87.  34 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgae317/7667216 by Biblioteca IR

C
C

S Fondazione Istituto Auxologico Italiano - M
ilano user on 15 M

ay 2024



18 
 

9. Jin H, Lin J, Fu L, Mei YF, Peng G, Tan X, et al. Physiological testosterone stimulates tissue 1 
plasminogen activator and tissue factor pathway inhibitor and inhibits plasminogen activator 2 
inhibitor type 1 release in endothelial cells. Biochem Cell Biol. 2007 Apr;85(2):246–51.  3 

10. Li S, Li X, Li J, Deng X, Li Y, Cong Y. Experimental arterial thrombosis regulated by androgen 4 
and its receptor via modulation of platelet activation. Thrombosis Research. 2007 5 
Jan;121(1):127–34.  6 

11. Bonithon-Kopp C, Scarabin PY, Bara L, Castanier M, Jacqueson A, Roger M. Relationship 7 
between sex hormones and haemostatic factors in healthy middle-aged men. Atherosclerosis. 8 
1988 May;71(1):71–6.  9 

12. De Pergola G, De Mitrio V, Sciaraffia M, Pannaccuilli N, Minenna A, Giorgino F, et al. Lower 10 
androgenicity is associated with higher plasma levels of prothrombotic factors irrespective of 11 
age, obesity, body fat distribution, and related metabolic parameters in men. Metabolism. 1997 12 
Nov;46(11):1287–93.  13 

13. Erem C, Kocak M, Hacihasanoglu A, Yilmaz M. Blood coagulation and fibrinolysis in male 14 
patients with hypogonadotropic hypogonadism: Plasma factor V and factor X activities increase 15 
in hypogonadotropic hypogonadism. J Endocrinol Invest. 2008 Jun;31(6):537–41.  16 

14. Svartberg J, Brækkan SK, Laughlin GA, Hansen JB. Endogenous sex hormone levels in men 17 
are not associated with risk of venous thromboembolism: the Tromsø study. European Journal 18 
of Endocrinology. 2009 May;160(5):833–8.  19 

15. Roetker N, MacLehose R, Hoogeveen R, Ballantyne C, Basu S, Cushman M, et al. Prospective 20 
Study of Endogenous Hormones and Incidence of Venous Thromboembolism: The 21 
Atherosclerosis Risk in Communities Study. Thromb Haemost. 2018 Nov;118(11):1940–50.  22 

16. Coviello AD, Kaplan B, Lakshman KM, Chen T, Singh AB, Bhasin S. Effects of Graded Doses 23 
of Testosterone on Erythropoiesis in Healthy Young and Older Men. The Journal of Clinical 24 
Endocrinology & Metabolism. 2008 Mar 1;93(3):914–9.  25 

17. Glueck CJ, Wang P. Testosterone therapy, thrombosis, thrombophilia, cardiovascular events. 26 
Metabolism. 2014 Aug;63(8):989–94.  27 

18. Martinez C, Suissa S, Rietbrock S, Katholing A, Freedman B, Cohen AT, et al. Testosterone 28 
treatment and risk of venous thromboembolism: population based case-control study. BMJ. 29 
2016 Nov 30;i5968.  30 

19. Walker RF, Zakai NA, MacLehose RF, Cowan LT, Adam TJ, Alonso A, et al. Association of 31 
Testosterone Therapy With Risk of Venous Thromboembolism Among Men With and Without 32 
Hypogonadism. JAMA Intern Med. 2020 Feb 1;180(2):190.  33 

20. Kavoussi PK, Machen GL, Wenzel JL, Ellis AM, Kavoussi M, Kavoussi KM, et al. Medical 34 
Treatments for Hypogonadism do not Significantly Increase the Risk of Deep Vein Thrombosis 35 
Over General Population Risk. Urology. 2019 Feb;124:127–30.  36 

21. Yarnell CJ, Thiruchelvam D, Redelmeier DA. Risks of Serious Injury with Testosterone 37 
Treatment. The American Journal of Medicine. 2021 Jan;134(1):84-94.e6.  38 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgae317/7667216 by Biblioteca IR

C
C

S Fondazione Istituto Auxologico Italiano - M
ilano user on 15 M

ay 2024



19 
 

22. Ayele HT, Brunetti VC, Renoux C, Tagalakis V, Filion KB. Testosterone replacement therapy 1 
and the risk of venous thromboembolism: A systematic review and meta-analysis of randomized 2 
controlled trials. Thrombosis Research. 2021 Mar;199:123–31.  3 

23. Corona G, Dicuio M, Rastrelli G, Maseroli E, Lotti F, Sforza A, et al. Testosterone Treatment 4 
and Cardiovascular and Venous Thromboembolism Risk: What is ‘New’? Journal of 5 
Investigative Medicine. 2017 Aug;65(6):964–73.  6 

24. Houghton DE, Alsawas M, Barrioneuvo P, Tello M, Farah W, Beuschel B, et al. Testosterone 7 
therapy and venous thromboembolism: A systematic review and meta-analysis. Thrombosis 8 
Research. 2018 Dec;172:94–103.  9 

25. Tripodi A. Detection of procoagulant imbalance: Modified endogenous thrombin potential with 10 
results expressed as ratio of values with-to-without thrombomodulin. Thromb Haemost. 11 
2017;117(05):830–6.  12 

26. Tripodi A. Thrombin Generation Assay and Its Application in the Clinical Laboratory. Clin 13 
Chem. 2016;62(5):699–707.  14 

27. Binder NB, Depasse F, Mueller J, Wissel T, Schwers S, Germer M, et al. Clinical use of 15 
thrombin generation assays. Journal of Thrombosis and Haemostasis. 2021 Dec;19(12):2918–16 
29.  17 

28. Tripodi A, Legnani C, Chantarangkul V, Cosmi B, Palareti G, Mannucci PM. High thrombin 18 
generation measured in the presence of thrombomodulin is associated with an increased risk of 19 
recurrent venous thromboembolism. Journal of Thrombosis and Haemostasis. 2008 20 
Aug;6(8):1327–33.  21 

29. Van Hylckama Vlieg A, Baglin CA, Luddington R, MacDonald S, Rosendaal FR, Baglin TP. 22 
The risk of a first and a recurrent venous thrombosis associated with an elevated D‐dimer level 23 
and an elevated thrombin potential: results of the THE‐VTE study. Journal of Thrombosis and 24 
Haemostasis. 2015 Sep;13(9):1642–52.  25 

30. Isidori AM, Aversa A, Calogero A, Ferlin A, Francavilla S, Lanfranco F, et al. Adult - and late-26 
onset male hypogonadism: the clinical practice guidelines of the Italian Society of Andrology 27 
and Sexual Medicine (SIAMS) and the Italian Society of Endocrinology (SIE). J Endocrinol 28 
Invest. 2022 Aug 26;45(12):2385–403.  29 

31. Bhasin S, Brito JP, Cunningham GR, Hayes FJ, Hodis HN, Matsumoto AM, et al. Testosterone 30 
Therapy in Men With Hypogonadism: An Endocrine Society* Clinical Practice Guideline. The 31 
Journal of Clinical Endocrinology & Metabolism. 2018 May 1;103(5):1715–44.  32 

32. Morgentaler A, McGettigan J, Xiang Q, Danoff TM, Gould EM. Pharmacokinetics and drying 33 
time of testosterone 2% gel in men with hypogonadism: a multicenter, open-label, single-arm 34 
trial. Int J Impot Res. 2015 Mar;27(2):41–5.  35 

33. Schubert M, Minnemann T, Hübler D, Rouskova D, Christoph A, Oettel M, et al. Intramuscular 36 
Testosterone Undecanoate: Pharmacokinetic Aspects of a Novel Testosterone Formulation 37 
during Long-Term Treatment of Men with Hypogonadism. The Journal of Clinical 38 
Endocrinology & Metabolism. 2004 Nov;89(11):5429–34.  39 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgae317/7667216 by Biblioteca IR

C
C

S Fondazione Istituto Auxologico Italiano - M
ilano user on 15 M

ay 2024



20 
 

34. Hemker HC, Giesen P, Al Dieri R, Regnault V, de Smedt E, Wagenvoord R, et al. Calibrated 1 
automated thrombin generation measurement in clotting plasma. Pathophysiol Haemost 2 
Thromb. 2003;33(1):4–15.  3 

35. Chantarangkul V, Clerici M, Bressi C, Giesen PLA, Tripodi A. Thrombin generation assessed as 4 
endogenous thrombin potential in patients with hyper- or hypo-coagulability. Haematologica. 5 
2003 May;88(5):547–54.  6 

36. Tripodi A, Primignani M, Chantarangkul V, Dell’Era A, Clerici M, de Franchis R, et al. An 7 
Imbalance of Pro- vs Anti-Coagulation Factors in Plasma From Patients With Cirrhosis. 8 
Gastroenterology. 2009 Dec;137(6):2105–11.  9 

37. Ferrante E, Serban AL, Clerici M, Indirli R, Scalambrino E, Carosi G, et al. Evaluation of 10 
procoagulant imbalance in Cushing’s syndrome after short- and long-term remission of disease. 11 
J Endocrinol Invest. 2022 Jan;45(1):9–16.  12 

38. Zitzmann M, Cremers JF, Krallmann C, Kliesch S. The HEAT-Registry (HEmatopoietic 13 
Affection by Testosterone): comparison of a transdermal gel vs long-acting intramuscular 14 
testosterone undecanoate in hypogonadal men. The Aging Male. 2022 Dec 31;25(1):134–44.  15 

39. Morimont L, Haguet H, Dogné JM, Gaspard U, Douxfils J. Combined Oral Contraceptives and 16 
Venous Thromboembolism: Review and Perspective to Mitigate the Risk. Front Endocrinol. 17 
2021 Dec 9;12:769187.  18 

40. Wessler S, Gitel SN, Wan LS, Pasternack BS. Estrogen-containing oral contraceptive agents. A 19 
basis for their thrombogenicity. JAMA. 1976 Nov 8;236(19):2179–82.  20 

41. Bonnar J. Coagulation effects of oral contraception. Am J Obstet Gynecol. 1987 Oct;157(4 Pt 21 
2):1042–8.  22 

42. Spitzer WO, Lewis MA, Heinemann LA, Thorogood M, MacRae KD. Third generation oral 23 
contraceptives and risk of venous thromboembolic disorders: an international case-control 24 
study. Transnational Research Group on Oral Contraceptives and the Health of Young Women. 25 
BMJ. 1996 Jan 13;312(7023):83–8.  26 

43. van Hylckama Vlieg A, Helmerhorst FM, Vandenbroucke JP, Doggen CJM, Rosendaal FR. The 27 
venous thrombotic risk of oral contraceptives, effects of oestrogen dose and progestogen type: 28 
results of the MEGA case-control study. BMJ. 2009 Aug 13;339:b2921.  29 

44. Martinelli I, Maino A, Abbattista M, Bucciarelli P, Passamonti SM, Artoni A, et al. Duration of 30 
oral contraceptive use and the risk of venous thromboembolism. A case-control study. Thromb 31 
Res. 2016 May;141:153–7.  32 

45. Nguyen CP, Hirsch MS, Moeny D, Kaul S, Mohamoud M, Joffe HV. Testosterone and “Age-33 
Related Hypogonadism” — FDA Concerns. N Engl J Med. 2015 Aug 20;373(8):689–91.  34 

46. Cole AP, Hanske J, Jiang W, Kwon NK, Lipsitz SR, Kathrins M, et al. Impact of testosterone 35 
replacement therapy on thromboembolism, heart disease and obstructive sleep apnoea in men. 36 
BJU Int. 2018 May;121(5):811–8.  37 

47. Ramasamy R, Scovell J, Mederos M, Ren R, Jain L, Lipshultz L. Association Between 38 
Testosterone Supplementation Therapy and Thrombotic Events in Elderly Men. Urology. 2015 39 
Aug;86(2):283–6.  40 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgae317/7667216 by Biblioteca IR

C
C

S Fondazione Istituto Auxologico Italiano - M
ilano user on 15 M

ay 2024



21 
 

48. Sharma R, Oni OA, Chen G, Sharma M, Dawn B, Sharma R, et al. Association Between 1 
Testosterone Replacement Therapy and the Incidence of DVT and Pulmonary Embolism. Chest. 2 
2016 Sep;150(3):563–71.  3 

49. Mohammadi-Shemirani P, Chong M, Pigeyre M, Morton RW, Gerstein HC, Paré G. Effects of 4 
lifelong testosterone exposure on health and disease using Mendelian randomization. Elife. 5 
2020 Oct 16;9:e58914.  6 

50. Glueck CJ, Goldenberg N, Wang P. Thromboembolism Peaking 3 Months after Starting 7 
Testosterone Therapy: Testosterone–Thrombophilia Interactions. Journal of Investigative 8 
Medicine. 2018 Apr;66(4):733–8.  9 

51. Freedman J, Glueck CJ, Prince M, Riaz R, Wang P. Testosterone, thrombophilia, thrombosis. 10 
Translational Research. 2015 May;165(5):537–48.  11 

52. Brand JS, Rovers MM, Yeap BB, Schneider HJ, Tuomainen TP, Haring R, et al. Testosterone, 12 
Sex Hormone-Binding Globulin and the Metabolic Syndrome in Men: An Individual Participant 13 
Data Meta-Analysis of Observational Studies. Cignarella A, editor. PLoS ONE. 2014 Jul 14 
14;9(7):e100409.  15 

53. G. Corona, G. Rastrelli, A. Morelli, L. Vignozzi, E. Mannucci, M. Maggi. Hypogonadism and 16 
metabolic syndrome. Journal of Endocrinological Investigation [Internet]. 2011 Jul [cited 2023 17 
Aug 19];34(7). Available from: https://doi.org/10.3275/7806 18 

54. Tripodi A, Primignani M, Badiali S, de Ruberto F, Granelli P, Tosetti G, et al. Body mass index 19 
reduction improves the baseline procoagulant imbalance of obese subjects. J Thromb 20 
Thrombolysis. 2019 Jul;48(1):52–60.  21 

55. Corona G, Mannucci E, Forti G, Maggi M. Hypogonadism, ED, metabolic syndrome and 22 
obesity: a pathological link supporting cardiovascular diseases. Int J Androl. 2009 23 
Dec;32(6):587–98.  24 

56. Dielis AWJH, Castoldi E, Spronk HMH, Van Oerle R, Hamulyák K, Ten Cate H, et al. 25 
Coagulation factors and the protein C system as determinants of thrombin generation in a 26 
normal population. Journal of Thrombosis and Haemostasis. 2008 Jan;6(1):125–31.  27 

  28 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgae317/7667216 by Biblioteca IR

C
C

S Fondazione Istituto Auxologico Italiano - M
ilano user on 15 M

ay 2024



22 
 

Tables and figures legends. 1 

 2 

Table 1. Characteristics of hypogonadal patients at baseline (Hypo) and of healthy controls 3 

(HC). 4 

Results are presented as mean (SD) or median [IQR] for quantitative variables, and as absolute 5 

frequencies for categorical variables. LDL, low-density-lipoprotein. PSA, prostate specific antigen. 6 

N/A, not available. N.A., not applicable. ns, not significant. 7 

*BMI was available in 35 patients and 28 controls. 8 

 9 

Table 2. Baseline characteristics and coagulation parameters assessed before starting 10 

testosterone replacement therapy (T0) in patients with primary, secondary and functional 11 

hypogonadism.  12 

Median and interquartile range are reported for continuous variables. Absolute frequencies are 13 

reported for categorical variables. 14 

 15 

Table 3. Changes in testosterone concentrations, complete blood count and prostate specific 16 

antigen (PSA) in hypogonadal men before (T0) and six months after starting testosterone 17 

replacement therapy (T1). 18 

Results are reported as mean (SD) or median [IQR]. 19 

 20 

Table 4. Baseline characteristics and coagulation parameters assessed before (T0) and six 21 

months after starting testosterone treatment (T1), according to testosterone formulation.  22 

Median and min-max range are reported. 23 

 24 

Figure 1. Comparison of thrombin generation assay parameters in hypogonadal men before 25 

(T0) and six months after starting testosterone replacement therapy (T1), and age-matched 26 
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healthy controls (HC). Panel (A): Endogenous Thrombin Potential, which accounts for the total 1 

amount of thrombin generated in the assay (area under the curve). Panel (B): thrombin peak. Panel 2 

(C): Velocity index, which results from the following formula: [peak/(time to peak – lag time)]. 3 

Panel (D): Time to peak, i.e. the time (minutes) needed to reach the thrombin peak. Panel (E): Lag 4 

Time, i.e. the time (minutes) between the addition of the triggers and the initiation of thrombin 5 

generation. 6 

ns, not significant, * p<0.05, ** p<0.01. 7 

 8 

Figure 2. Comparison of other coagulation parameters in hypogonadal men before (T0) and 9 

six months after starting testosterone replacement therapy (T1), and age-matched healthy 10 

controls (HC). Panel (A): antithrombin (AT). Panel (B): fibrinogen. Panel (C): Factor VIII (FVIII). 11 

Panel (D): Protein C (PC).  12 

ns, not significant, * p<0.05, ** p<0.01. 13 

 14 

Figure 3. Comparison of coagulation parameters at baseline (T0) and six months after 15 

starting testosterone treatment (T1), according to testosterone formulation.  16 

ETP: Endogenous thrombin potential; ns, not significant. 17 

 18 

Figure 4. Correlation of basal testosterone concentrations in hypogonadal men with 19 

endogenous thrombin potential (ETP, left panel) and antithrombin (right panel).  20 

r, Spearman rank correlation’s coefficient.  21 ACCEPTED M
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Table 1. 1 

 Hypo 

(N=38) 

HC 

(N=38) 

p-value 

Age (years) 55 (13) 55 (13) ns 

*Body Mass 
Index (Kg/m2) 

28 [26.9-31] 25 [22.9-26.5] <0.0001 

*BMI classes 
<18.5 Kg/m2 
18.5-24.9 Kg/m2 

25-29.9 Kg/m2 
30-34.9 Kg/m2 

35-39.9 Kg/m2 
>40 Kg/m2 

 
0 
1 

20 
10 

2 
2 

 
0 
14 

12 
1 

1 
0 

 
<0.001 

Diabetes 
mellitus (n) 

3 4 ns 

Arterial 

hypertension (n) 

12 14 ns 

Dyslipidaemia 
(n) 

18 11 ns 

Smoke (n) 4 6 ns 

Thromboembolic 

events (n) 

0 0 ns 

Diagnostic delay 
(months) 

12 [6-25] N.A. - 

Fasting plasma 

glucose (mg/dL) 

95 [86-104] N.A. - 

Total cholesterol 
(mg/dL) 

182 (36) N.A. - 

Triglycerides 

(mg/dL) 

129 [90-206] N.A. - 

LDL cholesterol 108 (31) N.A. - 

 2 

 3 

 4 

  5 
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Table 2. 1 
 2 
 Primary 

Hypogonadism 

(N=10) 

Secondary 

hypogonadism 

(N=20) 

Functional 

hypogonadism 

(N=8) 

p-value 

Age (years) 48 (42-71) 57 (46-66) 62 (41-68) 0.95 

Body Mass Index 
(Kg/m2) 

28.4 (27.0-30.7) 28.0 (26.8-32.0) 29.0 (26.2-31.7) 0.99 

Diabetes mellitus 

(n) 

0 2 1 0.55 

Arterial 
hypertension (n) 

0 8 4 0.04 

Dyslipidaemia (n) 5 8 5 0.55 

Smoke (n) 0 4 0 0.13 

Diagnostic delay 

(months) 

18 (5-84) 7 (6-24) 15 (12-24) 0.63 

Endogenous 
thrombin potential 

T0 (nM x min) 

1353 (988-1812) 1849 (1282-1984) 1481 (1068-1724) 0.13 

Thrombin peak T0 
(nM) 

278 (172-377) 376 (262-422) 304 (227-409) 0.48 

Velocity Index T0 

(nM/min) 

111 (57-175) 156 (103-181) 126 (91-196) 0.56 

Lag Time T0 (min) 9.2 (8.5-9.5) 10.0 (9.0-11.1) 9.8 (8.5-10.5) 0.15 

Time to peak T0 
(min) 

11.8 (10.6-12.3) 12.3 (11.4-13.6) 12.0 (10.9-12.8) 0.30 

 3 
  4 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgae317/7667216 by Biblioteca IR

C
C

S Fondazione Istituto Auxologico Italiano - M
ilano user on 15 M

ay 2024



26 
 

Table 3. 1 
 T0 T1 Absolute 

difference 

(median) 

p-value 

Testosterone 

(nmol/L) 

6.4 [2.6-8.7] 16.0 [12.5-27.0] 9.9 <0.0001 

Haemoglobin 
(g/dL) 

14.1 (1.1) 15.1 (1.2) 1.1 <0.0001 

Haematocrit (%) 41.7 (3.1) 44.6 (3.3) 2.9 <0.0001 

PSA (ng/mL) 0.55 [0.33-1.03] 0.66 [0.50-1.27] 0.17 <0.0001 
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 1 
Table 4. 2 
 3 

 
Transdermal 

testosterone 2% gel 

Long-acting 

injectable 

testosterone 

undecanoate 

p-value 

N 36 2 - 

Age (years) 58 (27-80) 41 (34-48) 0.12 

Body Mass Index 
(Kg/m2) 

28 (22-42) 28 (28-28) 0.92 

Testosterone T0 

(nmol/L) 
6.4 (0.1-12.5) 8.0 (5.5-10.4) 0.62 

Testosterone T1 
(nmol/L) 

16.5 (4.3-85.3) 14.1 (12.8-15.5) 0.49 

Haemoglobin T0 

(g/dL) 
14.0 (11.7-17.7) 14.9 (14.6-15.2) 0.19 

Haemoglobin T1 
(g/dL) 

14.8 (12.7-18.1) 16.6 (15.7-17.5) 0.11 

Haematocrit T0 (%) 41.2 (36.1-51.4) 43.2 (41.8-44.7) 0.39 

Haematocrit T1 (%) 44.0 (38.9-54.6) 47.9 (46.2-49.6) 0.10 

Prostate Specific 

Antigen T0 (ng/mL) 
0.65 (0.00-2.18) 0.47 (0.39-0.55) 0.61 

Prostate Specific 
Antigen T1 (ng/mL) 

0.76 (0.13-3.49) 0.56 (0.56-0.56) 0.65 

ETP T0 (nMxmin) 1579 (131-2373) 1857 (1624-2090) 0.31 

ETP T1 (nMxmin) 1551 (169-2368) 1438 (1125-1751) 0.90 

Thrombin peak T0 

(nM) 
331 (17-535) 369 (313-426) 0.70 

Thrombin peak 
T1(nM) 

292 (24-542) 279 (201-357) 0.67 

Velocity index T0 

(nM/min) 
137 (3-294) 170 (157-183) 0.33 

Velocity index T1 
(nM/min) 

111 (4-298) 110 (79-140) 0.74 

Lag Time T0 (min) 9.5 (7.3-13.8) 7.7 (7.3-8.2) 0.03 

Lag time T1(min) 9.5 (7.5-13.5) 8.0 (7.9-8.1) 0.07 

Time to peak T0 (min) 12.2 (10.0-17.3) 9.9 (9.7-10.2) 0.02 

Time to peak T1 (min) 12.2 (10.2-17.7) 10.5 (10.4-10.7) 0.08 
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 1 

Figure 1 2 
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Figure 2 2 
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Figure 3 2 
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