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Abstract

Background:Men with Klinefelter syndrome (KS) are routinely offered testosterone

replacement therapy (TRT) suggested to potentially promote platelet aggregation and

increase cardiovascular risk.

Objective:We investigated platelet aggregation inmenwithKSbefore andduring TRT.

Materials and methods: Forty-one adult men with KS participated, of which 20 had

no history of TRT at baseline, with 15 completing follow-up after 18 months TRT. Fur-

ther, we included 21 adult men with KS on long-term TRT (>10 years) and a male

reference population. We assessed platelet impedance aggregometry using adeno-

sine diphosphate (6.5 μM), thrombin-receptor-activating-peptide-6 (TRAP 32 μM),

and arachidonic acid (ASPI 0.5 mM) as agonists in KS compared to a male reference

population and stratified by route of TRT administration.

Results: Platelet aggregation among men with KS at baseline or during TRT was not

increased compared with the male reference population. For all three agonist, no

change was seen in platelet aggregation in KS at follow-up compared with baseline

(p ≥ 0.2). Platelet aggregation was not associated with total testosterone and fur-

thermore, platelet count was not affected by treatment with testosterone. Men with

KS treated with testosterone gel showed slightly increased TRAP- and ASPI-induced

platelet aggregation comparedwith those treatedwith testosterone injection (p=0.02

and p= 0.04, respectively).

Discussion and conclusions:Weobserved normal platelet aggregation in menwith KS

before TRT and following both short and long term treatment. Our findings do not

support an independent role of platelets in driving the cardiovascular risk in KS.
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1 INTRODUCTION

Klinefelter syndrome (KS), characterized by the presence of a super-

numerary X-chromosome in a man, results in primary testicular failure

and hypergonadotropic hypogonadism.1 Mortality due to cardiovas-

cular disease is increased in KS,2 and KS is associated with a higher

prevalence of numerous diseases associable to cardiovascular risk

such as hypercholesterolemia, hypertension, the metabolic syndrome,

and type 2 diabetes as well as a four times increased risk of venous

thromboembolism.1,2

Due to the many negative effects of male hypogonadism on physi-

cal health and overall well-being,3 men with KS are routinely offered

testosterone replacement therapy (TRT). However, very little data are

available describing the safety of TRT in men with KS, and a possible

association between TRT and increased cardiovascular risk has been

much debated.4

Rupture of a vulnerable arterosclerotic plaque leads to activation

and aggregation of platelets causing occlusion of a coronary vessel.5,6

The ability of a single parameter such as platelet aggregationmeasured

by impedance aggregometry to predict thrombotic events is limited.7

However, impedance aggregometry has been widely applied to evalu-

ate potential platelet contributions to the risk of cardiovascular events.

This includes, for example, cardiac transplant patients8 and essential

thrombocytosis where increased aggregation with effect sizes of more

than 10% was suggested to contribute to the increased thromboem-

bolic risk in the patient group.9 In addition, platelet aggregation seems

toplay a role in venous thromboembolism.10 Plateletsmight contribute

to the formation of venous blood clots through several mechanisms.

For instance, the activation of platelets is capable of inhibiting fibri-

nolysis by orchestrating clot contraction causing formation of tightly

bundled fibrin clots that are less accessible for fibrinolysis, while simul-

taneously releasing plasminogen activator inhibitor 1 (PAI-1), a potent

fibrinolysis inhibitor, from itsα-granules.11 Also,microparticlesderived

from platelets are able to promote coagulation activation and throm-

bin generation through binding of activated coagulation factors to the

phospholipid surface of the vesicle.10

Platelets are seemingly sensitive to testosterone. Both platelets

and their precursors, megakaryocytes, express androgen receptors,12

and platelet aggregation have been shown to be reduced in castrated

men13 and conversely stimulated by testosterone supplementation in

healthy men.14 Specifically, testosterone has been shown to regulate

platelet aggregation by increasing platelet thromboxane A2 receptor

density.13,14

Only few reports on platelet function in men with KS exist. Both

platelet hyperaggregability and normal platelet aggregability have

been demonstrated in blood samples from two individual cases of

KS, applying adenosine diphosphate (ADP) as agonist.15,16 More

recently, a cross-sectional study found increased platelet aggregabil-

ity in a group of 23 testosterone-treated men with KS compared with

46 age-matched controls evaluated in platelet-rich plasma samples

by light transmission aggregometry following platelet activation by

arachidonic acid.17 This suggests that testosterone treatment in KS

could increase platelet aggregation and thereby potentially increase

cardiovascular risk. On the contrary, a recent study did not find an

association between testosterone and thrombin generation performed

in platelet rich plasma from 52 men with KS compared with 43 age-

matched controls.18 As such, the role of platelets in relations to

cardiovascular risk in menwith KS is still controversial.

We applied a longitudinal design to investigate platelet aggrega-

tion in men with KS before and during testosterone treatment and

compared to a normal reference population. We wanted to eluci-

date whether KS in itself was associated with hyperaggregability, and

secondlywe aimed to assess any associations between platelets aggre-

gation, hypogonadism, and testosterone treatment in men with KS.

We hypothesized that platelet aggregation in untreated KS would

be low to normal and that TRT would increase platelet aggrega-

tion in KS to some extent, but without causing a hyperaggregable

state.

2 MATERIALS AND METHODS

2.1 Participants and study design

Men, 18 years of age or older, with newly diagnosed 47,XXY KS and

no history of testosterone supplementation therapy were recruited

between 2015 and 2018 from endocrinology and fertility clinics in

Denmark and in corporation with the Danish Klinefelter Associa-

tion as previously described.19 Similarly, a second group of men with

47,XXY KS on long-term TRT was included. Exclusion criteria were

self-reported prior thrombosis, current anticoagulation therapy or

use of platelet inhibitors, current use of narcotics (e.g., marihuana,

amphetamine, cocaine etc.), diabetes mellitus, and prior severe head

trauma.

At baseline, untreated men with KS initiated TRT when present-

ing with carefully evaluated hypergonadotropic hypogonadism. This

was in accordance with the standard treatment protocol for men with

KS at our outpatient clinic.1 Patients were free to choose between

TRT with injectable testosterone or testosterone gel. Study follow-

up was after 18 months of TRT having to be continued for the entire

period.

To allow evaluation of platelet aggregation in KS compared with

non-KS individuals, data from a healthy male reference population

established in the clinical research laboratory at the Department

of Clinical Biochemistry, Aarhus University Hospital, Aarhus were

applied.9,20

2.2 Ethics

The overall study was approved by the Central Denmark Regional

Committees on Health Research Ethics (1-10-72-131-15), and the

Danish Data Protection Agency (1-16-02-472-15). Informed consent

was obtained from all participants, and the study was registered with

Clinicaltrials.gov (NCT02526628). Other data have been previously

published.19
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2.2.1 Assessment of platelet aggregation

Morning blood samples were collected from an antecubital vein after

overnight fasting. Blood samples for hematology, including platelet

count,were anticoagulatedwith ethylenediaminetetraacetic acid (Bec-

ton Dickinson Bioscience, CA) and then assessed using a hematology

analyzer (Sysmex XE-5000/XN9000, Sysmex Europe, Norderstedt,

Germany). Whole blood for platelet aggregation was collected in

hirudin tubes (Roche, Basel, Switzerland) rested for a minimum of

30 min after collection and was analyzed within 2 h using the Multi-

plate Analyzer (Roche, Basel, Switzerland).21 Hirudinized blood incu-

bated for 3 min after dilution 1:1 with 37◦C isotonic saline. Agonists

applied to induce platelet aggregation were ADP (ADPtest 6.5 μM),

thrombin-receptor-activating-peptide-6 (TRAP) (TRAP-6test 32 μM),

and arachidonic acid (ASPI) (ASPItest 0.5 mM) (all from Roche, Basel,

Switzerland). Platelet aggregationwas quantified as the area under the

curve (AUC, aggregation units [AU]×minutes). The aggregometer per-

forms two measurements in parallel and when these varied with more

than 20% from the mean, the experiment was repeated. The coeffi-

cient of variation (CV%) established in our laboratory is <15% for all

the applied agonists.

2.3 Reference data

For ADP and ASPI, reference data were available from 60 men (ADP,

mean ± standard deviation [SD], 746 ± 162 AUC; ASPI, mean ± SD,

951 ± 174 AUC; age, medianinterquartile range [IQR], 43 [28–53]

years; platelet count, median [IQR], 214 [195–240] *109/l).20 For

TRAP, reference data were available from 88 men (TRAP, mean ± SD,

1215 ± 174 AUC; age, median (IQR), 39 (27–53) years; platelet count,

median (IQR), 239 (207–281- *109/l) 9. Individuals included for the ref-

erence data were not treated with anticoagulation therapy or platelet

inhibitors.

2.4 Sex hormones

Testosterone and estradiol were measured by liquid chromatography

tandemmass spectrometry. The limit of detection was 0.1 nmol/L, and

the working range was 0.2–100 nmol/L with a coefficient of variation

of <10%. Follicle stimulating hormone (FSH) and luteinizing hormone

(LH) were quantitatively determined by immunoassay employing the

Cobas e601 electrochemiluminescence measuring unit (Cobas, Roche

Diagnostics Limited, Rotkreuz, Switzerland).

2.4.1 Metabolism

Body composition was assessed by dual-energy X-ray 129 absorp-

tiometry (DXA) using a Hologic QDR2000/w osteodensitometer

(Hologic, Inc., Waltham, 130 MA, USA). Metabolic syndrome was

assessed according to NCEP ATPIII criteria as the presence of three

or more risk factors; large waistline, high triglyceride levels, low

high-density lipoprotein, high blood pressure, or high fasting blood

sugar.

2.5 Statistical analysis

Data from the reference population were known a priori, and based

on these conditions, we calculated a sample size of n = 7 and n = 14

participants in the KS group to respectively detect a 20% or 15%

change in ASPI aggregation (α = 0.05, β = 0.20). Distribution of vari-

ables was evaluated by histograms and quantile-quantile plots. Data

are presented as mean± SD or median (IQR). Comparisons of continu-

ous variables between baseline and follow-up in normally distributed

variables were compared applying a paired t-test. Non-normally dis-

tributed variables were compared applyingWilcoxon signed rank test.

Group comparisons between the KS follow-up group and either the KS

long-term treated group or the reference population were performed

applying an unpaired t-test or Wilcoxon rank sum test according to

distribution. Comparisons between different types of treatment were

performed in a similar way. Additionally, multivariate regression with

treatment type as factor variable and adjustment for testosterone,

FSH, and LH was performed comparing treatment types. Association

between testosterone levels and platelet aggregation was evaluated

by univariate linear regression. Evaluation of associations between

changes in platelet aggregation and hormone-related variables from

baseline to follow-up amongmenwith KSwas performed bymultilevel

mixed-effects linear regression. Stata version 17.0 (StataCorp, College

Station, Texas, USA) was used for statistical analysis. Graphs were cre-

ated in GraphPad Prism version 6 (GraphPad Software, Inc., La Jolla,

California, USA).

3 RESULTS

3.1 Participant characteristics

Characteristics of the participants at baseline and follow-up are given

in Table 1. Twenty men with newly diagnosed KS were included at

baseline. Of these, five declined to participate in the follow-up consul-

tation. Among the 15 KS men completing follow-up, six were treated

with injectable testosterone (Nebido, Bayer), and nine were treated

with testosterone gel (1 with Tostran, Kyowa Kirin; 8 with Testogel,

Besins). As expected, higher levels of sex hormones as well as hemat-

ocrit and hemoglobin were seen post-treatment. Similarly a significant

reduction in total body fat was seen at follow-up (Table 1). Platelet

countwasnot affectedbyTRT. Twenty-oneKSmenwith long-termTRT

were included. Of these, 17 were treated with injectable testosterone

(Nebido, Bayer), and four were treatedwith testosterone gel (twowith

Tostran; two with Testogel). Median (IQR) duration of testosterone

treatment in the long-term treated KS group was 10.5 (9.5–19.5)

years.
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TABLE 1 Age, hormone characteristics, and hematology inmenwith KS evaluated at baseline and follow-up and inmenwith KS evaluated
after long-term testosterone replacement therapy

Baseline Follow-up Long-term treated

n= 15 n= 15 p-Value n= 21

Age (years) 38.8± 9.2 40.5± 9.2 44.4± 8.0

Hormones

Duration of testosterone

treatment (days)

557 (539–578) 3850 (3461-7128)

Total testosterone (nmol/l) 6.2 (5.1–12.0) 23.0 (14.3–33.0) 0.0007* 22.0 (12.0–28.0)

Free testosterone (nmol/l) 0.11 (0.08–0.24) 0.43 (0.30–0.65) 0.0007* 0.37 (0.26–0.74)

Total estradiol (pmol/L) 57.0 (46.6–81.0) 89.1 (65.9–111.0) 0.009* 73.8 (50.9–148.0)

Free estradiol (pmol/L) 1.2 (1.0–1.6) 1.8 (1.2–2.5) 0.03* 1.8 (1.0–3.1)

LH (IU/L) 26.5± 9.0 13.1± 9.8 0.001 1.6 (0.2–12.8)

FSH (IU/L) 39.1± 13.5 21.7± 15.6 0.002 1.6 (0.4–15.9)

Total body fat (%) 33.7± 8.5 27.2± 5.6 0.005 27.9± 4.9

Metabolic syndrome (n [%]) 6 (40) 8 (53) 13 (62)

Hematology

Platelets (10ˆ9/L) 216± 35 230± 59 0.2 212± 39

Hematocrit 0.43± 0.03 0.47± 0.02 0.0004 0.49± 0.05

Hemoglobin (mmol/L) 8.9 (8.6–9.3) 9.8 (8.8–10.1) 0.02* 10.3± 1.0

Note: Data are mean ± SD or median (IQR) except for metabolic syndrome, which is given as absolute numbers with percent of population. Comparison at

baseline and follow-up by paired T-test unless otherwise stated.
Abbreviations: FSH, follicle stimulating hormone; LH, luteinizing hormone.

*Wilcoxon signed-rank test.

3.2 Platelet aggregation

For all three agonists, no change in platelet aggregation was seen

among men with KS at follow-up compared with baseline (p ≥ 0.2,

Figure 1). Platelet aggregation was not different comparing the

untreated group of men with KS evaluated at baseline or at follow-up

with the second group of men with KS with long-term testosterone

treatment (p ≥ 0.2, Figure 1). Both TRAP- and ASPI-induced aggre-

gation was reduced in KS at base-line compared with the reference

population, while no difference was observed regarding ADP induced

aggregation (Figure 1). No change in platelet aggregation was seen

comparing either of the treated KS groups and the reference pop-

ulation. Compiling data from all testosterone treated men with KS

(n = 36), both TRAP- and ASPI-induced aggregation was reduced in

testosterone-treated KS compared with the reference population

(p = 0.0007 and p = 0.02, respectively), while no difference was

observed for ADP induced aggregation (p= 0.56).

3.2.1 Platelet aggregation and hormones in KS

Platelet aggregation at baseline was not associated with total testos-

terone, estradiol to testosterone ratio, hematocrit or hemoglobin (p ≥

0.27). At baseline, total estradiol was inversely associated with both

ADP- and TRAP-initiated platelet aggregation (β [95%CI]=−2.1[−4.0;

−0.2], p = 0.03) and β [95% CI] = −2,4[-4.7; −0.2], p = 0.04,

respectively) while ASPI-initiated platelet aggregation was inversely

associated with LH (β [95% CI] = −11.7 [−22.3; −1.1], p = 0.03).

At follow-up these associations were lost, and the only association

between platelet aggregation and the aforementioned hormone-

related variables was an inverse association between ADP initiated

platelet aggregation and hematocrit (β [95% CI] = −3397 [−6713;

−82], p = 0.045). When adjusting the regression models for platelet

count, only the inverse association between TRAP and total estradiol

and ASPI and LH at baseline remained significant (p = 0.046 and

p= 0.02, respectively).

In long-term treated KS, we observed an inverse association

betweenADP-initiatedplatelet aggregation andhemoglobin (p=0.02),

an inverse association between TRAP initiated platelet aggregation

and hematocrit and hemoglobin (p = 0.01), a positive association

between TRAP-initiated platelet aggregation and LH (p = 0.01), and

an inverse association betweenASPI-initiated platelet aggregation and

hematocrit (p = 0.04). However, all these associations were lost when

adjusting the regressionmodels for platelet count.

Applying multilevel mixed-effects linear regression, the changes

in both ASPI- and TRAP-initiated platelet aggregation over the

cause of follow-up were inversely associated with the concomitant

changes in LH (β [95% CI] = −7.9 [−13.8; −2.0], p = 0.01 and β
[95% CI] = −5.9 [−11.6; −0.1], p = 0.044, respectively) and con-

tinued to be so when adjusting for changes in platelet count. On

the other hand, changes in ADP-initiated platelet aggregation was

associated with changes in platelet count (β [95% CI] = 1.1 0.2; 1.9],
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F IGURE 1 Platelet aggregation inmenwith Klinefelter syndrome
(KS) evaluated at baseline, follow-up, and after long-term testosterone
replacement therapy and in amale reference population. Platelet
aggregation is initiated by either adenosine diphosphate (ADP),
thrombin-receptor-activating-peptide-6 (TRAP), or arachidonic acid
(ASPI). Data aremean± SD except for ASPI, which is median (IQR).

p = 0.01), which was not the case for ASPI- or TRAP-initiated platelet

aggregation (p≥ 0.57).

No associations were seen between changes in platelet aggrega-

tion and changes in total testosterone, total estradiol, estradiol to

testosterone ratio, hematocrit or hemoglobin.

Platelet aggregation was not associated with total body fat per-

centage or the presence of the metabolic syndrome in men with KS

(p≥ 0.18).

3.2.2 Effect of testosterone formulation

Studying all testosterone treated men with KS, both TRAP- and ASPI-

initiated platelet aggregation was increased in those treated with

testosterone gel compared with those treated with injection testos-

terone (Table 2). Also, ADP (AUC) was numerically increased in the

testosterone gel-treated group (Table 2). Total testosterone was not

different between gel treated and injectable testosterone treated

groups, but gonadotropin levels were higher in the gel treated group

than in men treated with injectable testosterone. However, adjust-

ing for hormone levels in a multivariate regression analysis only

strengthened the association, suggesting lower platelet aggregation in

men with KS treated with injection testosterone compared with gel

preparations (Table 2).

4 DISCUSSION

We present the first longitudinal assessment of platelet aggregation

in KS evaluated in the hypogonadal state and following both short-

term and chronic long-term TRT. Compared with data from sizeable

reference groups, we saw no indications of increased platelet aggre-

gation among men with KS. In fact, KS in the hypogonadal state was

associated with reduced levels of platelet aggregation. In spite of an

almost four-fold increase in testosterone levels posttreatment, we

saw no significant effects of testosterone supplementation on platelet

aggregation in KS.

We saw reduced TRAP- and ASPI-induced platelet aggregation at

baseline andwhen comparing all testosterone treatedmenwithKSand

the reference population, and we did not see any association between

platelet aggregation and testosterone levels in any of the KS groups.

Collectively, our data indicate that irrespective of testosterone treat-

ment status, KS is not associated with platelet hyperaggregability, and

thus platelet aggregation seems less likely as a driver of the excess

thrombotic risk in KS. Our findings further substantiate that testos-

terone treatment in KS, in addition to many well-known beneficial

effects,1,22,23 seems safe in relation to cardiovascular risk, reassuring

KS patients and health care professionals.

ASPI-induced platelet aggregation in the hypogonadal state was

significantly lower than the male reference population. It has been

proposed that increasing testosterone levels are associated with a

higher density of platelet thromboxane A2 receptors and increased

aggregation.13,14 The ASPI test applies arachidonic acid to induce

thromboxane A2-dependent platelet aggregation, and thus, hypogo-

nadism in KS could affect density of platelet thromboxane A2 recep-

tors. However, from our data, the effect size of substantially increasing

testosterone levels in KS on thromboxaneA2-mediated platelet aggre-

gation is negligible and probably not clinically relevant, considering

also the significant finding of overall lower ASPI-induced platelet

aggregation in even the testosterone-treated KS compared with the

reference population.

It can only be speculated whether testosterone in a similar fash-

ion is modulating the density of the platelet thrombin receptor PAR-1,
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TABLE 2 Hormones and platelet aggregation inmenwith Klinefelter syndrome (KS) treated either with injectable testosterone or
testosterone gel

Injection Gel

n= 23 n= 13 p-Value

Hormones

Total testosterone (nmol/L) 24.0 (15.3–32.0) 20.0 (13.7–32.0) 0.6*

Total estradiol (pmol/L) 82.4 (88.8) 86.2 (40.1) 0.6

LH (IU/L) 1.6 (0.2–14.8) 13.4 (9.7–25) 0.03*

FSH (IU/l) 1.7 (0.2–18.3) 20 (17.3–34) 0.006*

Hemoglobin (mmol/l) 10.1± 1.2 9.7± 0.6 0.2

Platelet aggregation

ADP (AUC) 709± 111 760± 158 0.3

TRAP (AUC) 1046± 167 1183± 160 0.02

ASPI (AUC) 821 (737–863) 884 (863–962) 0.04*

Note: Data aremean± SD ormedian (IQR). Comparison by paired T-test unless otherwise stated.
Abbreviations: ADP, adenosine diphosphate; ASPI; arachidonic acid; FSH, follicle stimulating hormone; LH, luteinizing hormone; TRAP, thrombin-receptor-

activating-peptide-6.

*Wilcoxon rank sum test.

causing the lower TRAP-induced platelet aggregation seen in hypogo-

nadal menwith KS comparedwith the reference population.

Our findings are in contrast with a previous cross-sectional report

byDiMinnoet al. finding increased thromboxaneA2-mediatedplatelet

aggregation in 23 testosterone-treated men with KS.17 Platelets have

been shown to partake in complex interactions with both erythrocytes

and leukocytes during activation, recruitment, and aggregation,24 and

the use of plasma-based light transmission aggregometry in that study

neglects any potential regulation of platelet aggregation by erythro-

cytes or leukocytes. Testosterone, as an anabolic agent, promotes

erythropoiesis and by that affects the balance between formed ele-

ments of the blood. It can be speculated that in KS, testosterone

might indirectly counterbalance any direct effects on platelet aggre-

gation via modulation of secondary regulatory mechanisms related

to erythrocyte and leukocyte function. Also, concordance between

platelet aggregation-induced by arachidonic acid measured by either

light transmission aggregometry or, as in our case, multiple electrode

aggregometry has been found tobe around80%,with overallmoderate

agreement between measurements (Kappa statistics = 0.48).25 This

further hinders direct comparison between the two studies. Compared

with our follow-up group, participants in the study by DiMinno et al.17

were on average 9 years younger and presented with lower levels

of total testosterone (14.1 ± 9.5 nmol/L) and higher levels of estra-

diol (106.4 ± 14.6 pmol/L). This variation in age and hormonal status

between the two study populations could affect platelet aggregation,

although neither study saw any association between platelet aggrega-

tion and hormone levels. Also, in the study by DiMinno et al.17 platelet

aggregation was lower in controls even though the men in the control

group expressed higher levels of testosterone than the testosterone-

treated KS group. This could further indicate that testosterone

might not be the most prominent regulator of platelet aggregation

in KS.

In a recent study by Indirli et al., the contribution of platelets did

not significantly alter the respective coagulability in 52 men with KS

compared with 43 healthy age-matched male controls, neither when

platelet activity was inhibited during thromboelastometric evaluation

of coagulation nor when comparing thrombin generation in platelet-

poor or platelet-rich plasma.18 Platelet aggregation was not directly

evaluated in that study, but the finding supports our notion that

plateletsmaynotplay aprominent role indriving theexcess thrombotic

risk in KS.

The absence of an association between testosterone and platelet

aggregability seen among our groups of men with KS, who are treated

to obtain physiological levels of testosterone, is in line with previ-

ous studies on effects of exogenous testosterone applied to achieve

physiological testosterone levels, while the administration of exoge-

nous testosterone to obtain supraphysiological levels of testosterone

is widely believed to have detrimental effects on normal platelet

function.26,27 This underlines the need for careful monitoring of

testosterone treatment in menwith KS.

The association between estrogens and platelet aggregation is

somewhat controversial with one study finding no effect on platelet

aggregation after preincubating plasma with estrogens,28 and another

study finding indeed reduced platelet aggregation in the luteal phase of

menstruation representing higher estrogen levels versus the follicular

phase associated with comparably lower estrogen levels.29 It has also

previously been suggested that estrogen might play a role in inhibiting

platelet aggregation by increasing NO synthesis,30 and more recently

that high physiologic estrogen levels have a significant inhibitory effect

on platelet aggregation.31 During follow-up, we saw an insignificant

increase in platelet aggregation among men with KS despite a con-

comitant increase in estradiol by more than 50%, indicating that if

estrogen was to exert any inhibitory effect on platelet aggregation

as suggested by the inverse association between both ADP- and
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TRAP-initiated platelet aggregation and estradiol observed in the

untreated state at baseline, this effect is lost following TRT. Controver-

sially, we found that the insignificant increase in platelet aggregation

during the cause of follow-up was in fact associated with the halv-

ing of LH, seen as a consequence of negative feedback by improved

androgenisation with increased testosterone and estrogen levels.

We have previously demonstrated a four-fold increased risk of

venous thromboembolisms and nondifferential rates of arterial throm-

bosis among 1155 men with KS compared to a large age-matched

population-based comparison cohort.2 Our current finding of normal

platelet aggregation, irrespective of testosterone treatment, is in line

with these findings considering the classical concept of plateletsmainly

being involved in the pathology leading up to arterial thrombosis.10

Also, our findings do not support an independent role of platelets in

driving the observed excess risk of venous thromboembolism among

men with KS. It seems likely that the excess thrombotic risk observed

in men with KS is a result of complex interactions caused by the pres-

ence of a supernumeary X chromosome transcending all aspects of

physiology by causing differentiated expression of genes and proteins,

inducing clinical hypogonadism and an unfavorable metabolic profile

with skewingof thehemostatic balance. Importantly, however, so far no

study has demonstrated any detrimental effects of TRT on clinical car-

diovascular risk in men with KS, with results from an epidemiological

study rather pointing toward a protective effect of TRT.2

We find higher platelet aggregation in men with KS treated with

testosterone gel compared with testosterone injection. Testosterone

injection is commonly believed to carry the highest risk cardiovascu-

lar impact due to relatively high testosterone levels immediately after

injections compared to the more steady delivery of testosterone using

gel formulations.32 In our recent epidemiological study,2 we did not

see an effect of testosterone formulation on the risk of venous throm-

boembolism or arterial thrombosis in KS. Also, among available cohort

studies in non-KS populations, only one large study found higher car-

diovascular risk associated with testosterone injection,32 while most

other studies have not been able to demonstrate any effect of testos-

terone formulation on rates of cardiovascular outcomes.33 A larger

cohort study is needed to clarify whether route of testosterone admin-

istration is a modifier of cardiovascular risk in KS, and based on the

current study, we have not been able to demonstrate what causes this

difference in platelet aggregation.

We applied a longitudinal design and a standard of care regimen of

testosterone treatment, but the relatively low number of participants

could be affecting our estimates and could limit the external validity

of our findings. Due to the exploratory nature of the current study, we

did not correct or adjust for multiple inferences. In addition, a starter

effect of testosterone treatment has been proposed with increased

cardiovascular risk during the first 3–6 months of treatment.34 Hav-

ing more data points closer to the onset of treatment would have

been preferable, but this was not feasible here. Previously, from our

epidemiological studies, we showed that the shortest time from the

initiation of testosterone treatment in a man with KS and first throm-

bosis was 1.2 years,2 speaking against such a starter effect in KS. We

did not adjust for the timing of treatment in thosemenwith KS treated

with injectable testosterone. It can be speculated that platelet aggre-

gation might differ immediately before and after injections. However,

as stated, we did not find an association between platelet aggrega-

tion and testosterone levels. In the current study, participants were

relatively young men with KS, and it cannot be ruled out that platelet

aggregation in KS with increasing age will follow a different path than

in controls. Also, the included men with KS were free of comorbidi-

ties such as diabetes and previous cardiovascular diseases. Again, it

can only be speculatedwhether platelet aggregationwould be affected

differently in KS compared with controls with an increasing comorbid-

ity burden. The KS males on long term TRT and the KS males on short

term TRT resembled each other concerning most measured variables,

exceptFSHandLH,whichwere somewhathigher among short termKS,

likely because more in this group received transdermal TRT. However,

we cannot exclude the possibility that there were still discrete differ-

ences in relation to unmeasured androgen-dependent variables such

as body composition, bone, and brain function.

In conclusion, we demonstrated normal platelet aggregation in men

with KS both in a paired design following 18 months of testosterone

treatment and in a cross-sectional design following long-term testos-

terone treatment. Our findings support that testosterone treatment is

safe in regard to cardiovascular risk in menwith KS.
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