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Abstract
Purpose Low testosterone (T) in Klinefelter’s syndrome (KS) can contribute to typical features of the syndrome such as 
reduced bone mineral density, obesity, metabolic disturbances and increased cardiovascular risk. The aim of the present study 
is to review and meta-analyze all available information regarding possible differences in metabolic and bone homeostasis 
profile between T treated (TRT) or untreated KS and age-matched controls.
Methods We conducted a random effect meta-analysis considering all the available data from observational or randomized 
controlled studies comparing TRT-treated and untreated KS and age-matched controls. Data were derived from an extensive 
MEDLINE, Embase, and Cochrane search.
Results Out of 799 retrieved articles, 21 observational and 22 interventional studies were included in the study. Retrieved 
trials included 1144 KS subjects and 1284 healthy controls. Not-treated KS patients showed worse metabolic profiles (includ-
ing higher fasting glycemia and HOMA index as well as reduced HDL-cholesterol and higher LDL-cholesterol) and body 
composition (higher body mass index and waist circumference) and reduced bone mineral density (BMD) when compared 
to age-matched controls. TRT in hypogonadal KS subjects was able to improve body composition and BMD at spinal levels 
but it was ineffective in ameliorating lipid and glycemic profile. Accordingly, TRT-treated KS subjects still present worse 
metabolic parameters when compared to age-matched controls.
Conclusion TRT outcomes observed in KS regarding BMD, body composition and glyco-metabolic control, are similar to 
those observed in male with hypogonadism not related to KS. Moreover, body composition and BMD are better in treated 
than untreated hypogonadal KS. Larger and longer randomized placebo-controlled trials are advisable to better confirm the 
present data, mainly derived from observational studies.
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Introduction

Klinefelter’s syndrome (KS) is the most frequent sex chro-
mosomal aneuploidy observed in men, with an estimated 
prevalence of 1:500-1:1000 [1, 2]. Much evidence has 
clearly documented that the traditional phenotype attrib-
uted to the syndrome and characterized by tall stature, 

small testes, gynecomastia, gynoid aspects of the hip, sparse 
body hairs, primary hypogonadism and mental retardation 
is rarely observed in the clinical setting [1, 2]. In the vast 
majority of cases, KS presents with a mild phenotype, often 
difficult to distinguish from the general population. Accord-
ingly, it has been reported that only 1 out of 4 patients with 
KS are correctly diagnosed during their life [1]. The final 
KS phenotype is probably the result of a combination among 
the severity of the genetic defects, androgen production 
and age at diagnosis [1]. Despite these considerations, the 
clinical hallmark of KS is still represented by small testes. 
Although some authors have suggested that subclinical 
signs of hypogonadism, can be observed even during pre-
pubertal period, the majority of KS subjects show normal 
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pubertal development with a physiological rise of testos-
terone (T) levels and enlargement of testes [3]. Very soon, 
however, a testis shrinkage occurs despite an increase in 
LH and FSH levels so that the testis size in KS remains 
much lower than normal adult males [2, 3]. In adulthood, 
serum T concentrations fall to the mid-low range of the 
young adult, although the age-onset of overt hypogonadism 
is quite variable [1, 2]. However, although direct prospec-
tive comparisons between KS and age-matched controls are 
lacking, it can be speculated that the age-depended decline 
of T observed in the general population occurs earlier in KS 
[1, 2]. In line with this hypothesis it has been suggested that 
low T in KS can contribute to the pathogenesis of typical 
KS features such as reduced bone mineral density, obesity, 
metabolic disturbances and increased cardiovascular risk 
[4]. Similar considerations have been also reported for the 
general population [5]. Data derived from long-term registry 
studies have suggested that T replacement therapy (TRT) 
might improve metabolic profile and body composition in 
overall hypogonadal men [6–9]. Although the latter results 
have not completely been confirmed when randomized con-
trolled trials (RCTs) have been considered [10–12], a pos-
sible role of hypogonadism in the stratification of CV risk 
in the general population has been suggested [5, 13, 14]. 
Similarly, although a positive increment of bone mineral 
density (BMD), particularly at spine level, has been reported 
after TRT in overall hypogonadal men, its contribution in 
reducing fracture risk in the general population is more con-
flicting [15].

Few placebo controlled RCTs have investigated the role 
of TRT in patients with KS. A recent double-blind, placebo 
controlled RCT, involving 13 KS patients receiving oral 
T-undecanoate 160 mg per day or placebo for 6 months, 
showed that TRT produced favorable changes in body com-
position but limited effects on glucose homeostasis [16].

The aim of the present study is to review and meta-ana-
lyze all available information regarding possible differences 
in metabolic and bone homeostasis profile between TRT-
treated or untreated KS and age-matched controls.

Methods

This meta-analysis was performed in line with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) (see Supplementary file 1).

Search strategy

An extensive Medline, Embase and Cochrane search was 
performed including the following words ("testosterone" 
[MeSH Terms] OR "testosterone" [All Fields]) AND Kline-
felter [All Fields] for the selection of studies evaluating the 

relationship between T and Klinefelter’s Syndrome on sev-
eral outcomes. The search, which accrued data from January 
1, 1969 up to August 31, 2019, was restricted to English-
language articles and studies of human participants. The 
identification of relevant studies was performed indepen-
dently by six of the authors (A.P, W.V, R.C, R.P, A.R, G.R), 
and conflicts resolved by the other investigators. We did not 
employ search software. We hand-searched bibliographies 
of retrieved papers for additional references. The principal 
source of information was derived from published articles.

Study selection

We included all cross-sectional either retrospective or pro-
spective studies, comparing adulthood KS subjects and 
age-matched healthy controls (observational studies). In 
addition, we also included all interventional studies evalu-
ating the effect of TRT on adulthood KS when compared 
to untreated age-matched hypogonadal KS or healthy con-
trols. All studies without any arbitrary restriction were 
included (see also Supplementary Figure 1 and Tables 1, 2, 
3; [16–50]). Studies comparing KS with other populations 
than healthy controls were excluded from the analysis (see 
Supplementary Figure 1). Similarly, those studies investi-
gating the effects of an early T treatment in adolescents or 
newborn KS subjects were also excluded from the analysis 
(Supplementary Figure 1).

Outcome

The principal outcome of this analysis was the comparison 
between untreated KS patients and age-matched controls on 
several body composition and metabolic parameters. In addi-
tion, the analysis of BMD on lumbar and neck sites as well 
as the evaluation of some safety parameters including pros-
tate volume, PSA and hematocrit levels was also performed 
whenever possible. Secondary outcomes included the evalu-
ation of the effect of TRT on several parameters including 
body composition, metabolic parameters and BMD (see also 
Supplementary Table 3) in KS individuals when compared 
to untreated age-matched KS patients or healthy subjects.

Quality assessment

The quality of the studies was assessed using the Cochrane 
parameters [51]. In particular, in observational and phar-
maco-epidemiological studies we evaluated the follow-
ing criteria: the weaknesses of the designs that have been 
used (such as noting their potential to ascertain causality), 
the execution of the studies through a careful assessment 
of their risk of bias, especially the potential for selection 
bias and confounding to which all observational studies are 



1677Journal of Endocrinological Investigation (2020) 43:1675–1687 

1 3

susceptible, and the potential for reporting biases, including 
selective reporting of outcomes (Supplementary Table 1).

For each interventional study, we also assessed how the 
population was selected, the duration and route of TRT, the 
adequacy of study follow-up, and the funding source.

Statistical analysis

Heterogeneity was assessed using I2 statistics. Even when a 
low heterogeneity was detected, a random-effects model was 
applied, because the validity of tests of heterogeneity can be 

Table 1  Characteristics of observational trials included in the meta-analysis

Group A total testosterone < 12 nmol/L, Group B mixed patients (KS patients with either low or normal total testosterone), Treatment 0 = never 
treated with testosterone; 1 = mixed patients (KS patients either treated or not), KS Klinefelter patients group, CTRL control group, BMI body 
mass index

KS number KS age (mean),
years

KS Total Testos-
terone (mean), 
nmol/L

KS
BMI 
(mean), 
kg/m2

Group Treatment % of 
treated 
patients

CTRL number CTRL age 
(mean), 
years

Watanabe et al., 
1974 [17]

5 A 20

Horowitz et al., 
1992 [18]

22 37 10.1 26.1 B 1 45.5 22

Kamischke et al., 
2003 [19]

85 29.1 11.8 24.1 B 1 7 224 29.1

Yesilova et al., 
2004 [20]

32 21.66 19.14 A 0 0 20 21.4

Yesilova et al., 
2005 [21]

13 22.08 3.56 23.65 A 0 0 9 22.56

Bojesen et al., 
2006 [22]

35 25 12.7 27.3 B 0 0 71 36.4

Seo et al., 2007 
[23]

40 32.05 6.48 24.79 A 0 0 20 31.75

Høst et al., 2010 
[24]

19 34,8 11.3 26.6 B 0 0 20 35.8

Bojesen et al., 
2011 [25]

70 35.5 12.8 26.9 B 1 50 73 36.4

Ferlin et al., 2011 
[26]

112 32.2 10.1 26.2 B 0 0 51 33.5

Hieronimus et al., 
2011 [27]

26 30 11.5 25.4 B 0 0 39 27.8

Bak et al., 2012 
[28]

179 32.85 8.56 24.18 B 0 0 218 33.64

Foresta et al., 
2012 [29]

92 31.5 10.6 25.6 B 0 0 50 30.8

Pasquali et al., 
2013 [30]

21 30 16.32 27 B 0 0 48 29

Selice et al., 2013 
[31]

121 31.5 11.2 25.5 B 0 0 60 30.9

Shanbhogue et al., 
2014 [32]

31 35.8 15.9 27.6 B 1 67.7 31 35.9

Chang et al., 2015 
[33]

23 10.1 28 B 0 0 73

Ferlin et al., 2015 
[34]

127 31.5 10.5 26 B 0 0 60 30.9

Jorgensen et al., 
2015 [35]

21 36.1 9.9 28.6 B 0 0 62 36.6

Lee et al., 2017 
[36]

55 35 8.33 26.6 B 0 0 120 35.1

Host et al., 2019 
[16]

20 34.88 5.5 25.7 A 0 0 13 35
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limited with a small number of component studies. When 
possible data were extracted as mean ± standard deviation. 
In all other cases adequate analyses were used. To estimate 
possible publication or disclosure bias we used funnel plots 
and the Begg adjusted rank correlation test [51, 52]. How-
ever, because these tests have low statistical power when 
the number of trials is small, undetected bias may still be 
present. In addition, to be more conservative, all endpoint 

values were evaluated in a non-paired fashion (non-paired 
analysis).

A meta-regression analysis was performed to test the 
effect of different parameters whenever indicated. All anal-
yses were performed using Comprehensive Meta-analysis 
Version 2, Biostat (Englewood, NJ, USA). Multivariate 
analyses were performed on SPSS (Statistical Package for 
the Social Sciences; Chicago, USA) for Windows 22.0.

Table 2  Characteristics of interventional trials included in the meta-analysis comparing untreated with treated KS patients

KS Klinefelter patients group, CTRL control group, BMI body mass index, CTRL group: A = studies comparing same group of patients before 
and after testosterone treatment, B = studies comparing same group of patients either receiving or not testosterone treatment

KS number KS age 
(mean), years

KS total testosterone 
(mean), nmol/L

KS BMI 
(mean), kg/m2

CTRL group CTRL number

Sasagawa et al., 1989 [37] 8 29 8 A 8
Choi et al., 1995 [38] 20 26.5 5.3 A 20
Ozata et al., 1996 [39] 9 3.16 A 9
Ozata et al., 1997 [40] 14 21.4 2.7 A 14
Ozata et al., 1998 [41] 16 20.8 22.7 A 16
Shibasaki et al., 2001 [42] 11 34 8 A 8
Yesilova et al., 2004 [20] 32 21.66 19.14 A 32
Bojesen et al., 2006 [22] 35 35 12.7 25.1 B 35
Høst et al., 2010 [24] 20 36.4 13.6 28.3 B 19
Jiang-Feng et al., 2012 [43] 39 21.5 4.8 22.9 A 39
Condorelli et al., 2013 [44] 15 53.5 11 27 A 15
Jo et al., 2013 [45] 18 35.9 3.1 26.5 A 18
Pasquali et al., 2013 [30] 48 31 13.53 28 B 21
Selice et al., 2013 [31] 56 7.3 26 A 56
Chang et al., 2015 [46] 50 10.1 28 B 23
Ferlin et al., 2015 [34] 14 3.15 10.5 26 A 14
Jorgensen et al., 2015 [35] 41 36.1 9.9 28.6 B 21
Garolla et al., 2018 [47] 31 29.4 11.9 24.31 B 80
Granato et al., 2019 [48] 40 35.8 5.5 25.7 B 75
Host et al., 2019 [16] 13 34.88 8.5 27 A 13

Table 3  Characteristics of interventional trials included in the meta-analysis comparing treated KS patients with healthy subjects

KS Klinefelter patients group, CTRL control group, BMI body mass index

KS number KS age 
(mean), years

KS total testosterone 
(mean), nmol/L

KS BMI 
(mean), kg/m2

CTRL age 
(mean), years

CTRL number

Ozata et al., 1998 [41] 16 20.8 22.8 20.6 20
Van den Bergh et al., 2001 [49] 52 39.1 14 25.4 37.9 14
Yesilova et al., 2004 [20] 32 21.66 13.6 19.14 22.56 20
Bojesen et al., 2006 [22] 35 38.7 29.79 25.1 36.4 71
Høst et al., 2010 [24] 20 36.4 7.3 28.3 35.8 19
Pasquali et al., 2013 [30] 48 30 27.5 29 48
Selice et al., 2013 [31] 56 14.09 26 30.9 60
Chang et al., 2015 [33] 50 18.1 73
Di Minno et al., 2015 [50] 23 31.45 27.5 20.6 20
Jorgensen et al., 2015 [35] 41 36.7 37.9 14
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Results

Out of 799 retrieved articles, 21 observational and 22 inter-
ventional studies were included in the study (Supplementary 
Figure 1).

Observational studies

Among observational reports, 20, 6, and 7 reported informa-
tion on metabolic, bone and safety parameters, respectively. 
The characteristics of the retrieved trials (including param-
eters on trial quality) are reported in Table 1 and Supplemen-
tary Tables 1, 2). Retrieved trials included 1149 KS subjects 
and 1,304 healthy controls. The mean age, baseline T levels 
and body mass index (BMI) of KS patients were 31.5 years, 
10.4 nmol/L, and 25.8 kg/m2, respectively. The studies dif-
fered in the mean T levels and baseline characteristics of 
enrolled individuals (Table 1). In particular, 5 studies con-
sidered only hypogonadal KS patients, whereas 16 surveys 
included a mixed population of eugonadal and hypogonadal 
KS individuals (Table 1). In addition, 4 studies included a 
mixed population of T treated and untreated KS, whereas 
16 studies evaluated only untreated KS patients and in one 
study this information was not available (Table 1).

Body composition and metabolic parameters

The 20 surveys reporting information on BMI included 1144 
KS subjects and 1284 controls. I2 was 76.5 (p < 0.001). Fun-
nel plot and Begg adjusted rank correlation test (Kendall’s τ: 
0.02; p = 0.92) suggested no major publication bias.

When compared to age-matched healthy controls, patients 
with KS had significantly higher BMI and waist circumfer-
ence (Fig. 1 and Supplementary Figure 2, panels A and B). 
The difference in BMI was confirmed when heterogeneity 
was reduced by removing outliers (I2 = 36.4; 1.74 [1.12; 
2.36]; p < 0.0001).

Similarly, body fat was significantly higher in KS indi-
viduals when compared to age-matched healthy controls 
(Fig. 1 and Supplementary Figure 2, panel C). Lean mass 
was reduced in KS when compared to healthy controls, but 
the difference did not reach statistical significance (Fig. 1 
and Supplementary 1, panel D). All these data were con-
firmed even when those trials with mean baseline T levels 
above 12 nmol/L were excluded from the analysis (Table 1) 
or when those surveys including patients on TRT were 
excluded (not shown). Meta-regression analysis showed that 
the differences between KS and controls on BMI were inde-
pendent of KS subject age and hormonal profile, including 
T, E2, LH or FSH levels (not shown).

-3,00

-2,00

-1,00

0,00

1,00

2,00

3,00-3        -2       -1          0         1         2         3
Mean/SM difference Diff in mean/SMD            LL            UL          p       Source # Trials   

1,16 0,61 1,72 0,00

0,33 -0,71 1,36 0,54

0,85 0,33 1,36 0,00

1,27 0,89 1,65 0,00

-0,50 -0,72 -0,27 0,00

0,37 -0,47 1,22 0,39

-0,05 -0,72 0,62 0,88

0,28 0,00 0,55 0,05

0,23 -0,04 0,50 0,09

0,78 0,50 1,01 0,00

-0,30 -0,80 0,21 0,25

1,54 1,13 1,95 0,00

Body mass index (Kg/m2)

KS vs. controls 20

KS treated vs. KS untreated 13

KS treated vs. controls 9

Body fat mass (SD)

KS vs. controls 5

KS treated vs. KS untreated 6

KS treated vs. controls 3

Body lean mass (SD)

KS vs. controls 4

KS treated vs. KS untreated 4

KS treated vs. controls 2

Waist circumference (SD)

KS vs. controls 7

KS treated vs. KS untreated 5

KS treated vs. controls 1

Fig. 1  Weighted mean/standardized differences (with 95% CI) of body mass index (BMI), body lean and fat mass and waist circumference 
between KS and controls. Waist circumference was reported as SD for graphical purposes. SD standardized mean
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When glyco-metabolic parameters were considered, 
patients with KS showed higher fasting glucose levels and 
HOMA index when compared to healthy controls (Fig. 2 
and Supplementary Figure 2, panels E, F). In addition, 
higher LDL cholesterol and lower HDL cholesterol levels 
were also observed in subjects with KS when compared 
to controls (Fig. 2 and Supplementary Figure 2, panels 
G, H). Differences related to glyco-metabolic parameters 
were confirmed even when those trials with mean baseline 
T levels above 12 nmol/L were excluded from the analysis 
(Table 1) or when those surveys including patients on TRT 
were excluded (not shown). Finally, no differences between 
KS and controls were observed when total cholesterol and 
triglycerides levels were considered (not shown).

Bone parameters

The 6 studies reporting information on bone status included 
406 KS subjects and 303 controls. All studies used data 
derived from dual-energy X-ray absorptiometry (DEXA) to 
assess BMD (see Table 1 and Supplementary Tables 1, 2). I2 
on lumbar BMD was 93.3 (p < 0.001). Funnel plot and Begg 
adjusted rank correlation test (Kendall’s τ: − 0.13; p = 0.71) 
suggested no major publication bias.

KS showed significantly reduced BMD when either 
lumbar, neck or hip sites were considered (Fig.  3 and 

Supplementary Figure 3, panels A–C). The difference 
in lumbar BMD was confirmed when heterogeneity was 
reduced by removing outliers (I2 = 11.5; − 0.53 [− 0.77; 
− 0.29]; p < 0.0001). No sufficient data were available to 
perform further sensitivity analyses.

Safety parameters

Among observational studies considered, 5, 2 and 3 con-
trols reported data on prostate volume, PSA and HTC lev-
els, respectively (see Table 1 and Supplementary Tables 1, 
2). I2 on prostate volume was 96.2 (p < 0.001). Funnel plot 
and Begg adjusted rank correlation test (Kendall’s τ: 0.0; 
p = 1.0) suggested no major publication bias. The differ-
ence in prostate volume was confirmed when heterogeneity 
was reduced by removing outliers (I2 = 0.0; − 9.15 [− 9.71; 
− 8.60]; p < 0.0001).

KS showed significantly reduced prostate volume and 
HCT when compared to controls (Fig. 4 and Supplemen-
tary Figure 3, panels E, F). In addition, lower PSA levels 
were also detected in KS when compared to age-matched 
controls but this difference did not reach statistical signifi-
cance (Fig. 4, Supplementary Figure 3, panel D).
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2,40-0.8    -0.4     0        0.4    0.8    1.2     1.6     2.0      2.4
Mean/SM difference Diff in mean/SMD            LL            UL          p       Source # Trials   

0,23 0,11 0,35 0,00

-0,05 -0,20 0,10 0,51

0,42 0,24 0,60 0,00

0,91 0,71 1,11 0,00

-0,12 -0,54 0,30 0,58

1,17 0,09 2,25 0,03

-0,13 -0,22 -0,04 0,00

-0,19 -0,50 0,12 0,23

-0,13 -0,21 -0,05 0,00

0,39 0,05 0,74 0,03

0,09 -0,43 0,62 0,73

0,19 0,05 0,34 0,01

Fasting glycemia mM
KS vs. controls 7

KS treated vs. KS untreated 6

KS treated vs. controls 3

HOMA index
KS vs. controls 4

KS treated vs. KS untreated 4

KS treated vs. controls 2

HDL cholesterol mM
KS vs. controls 8

KS treated vs. KS untreated 9

KS treated vs. controls 4

LDL cholestrerol mM
KS vs. controls 3

KS treated vs. KS untreated 6

KS treated vs. controls 2

Fig. 2  Weighted mean/standardized differences (with 95% CI) of fasting glycemia, HOMA index, high density lipoprotein (HDL) and low den-
sity lipoprotein (LDL) cholesterol between KS and controls
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-3      -2      -1       0        1       2        3
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1,17 0,59 1,76 0,00

-1,09 -2,00 -0,19 0,02

0,40 -0,34 1,13 0,29

-0,48 -0,75 -0,20 0,00

Fig. 3  Weighted standardized mean differences (with 95% CI) of bone mineral density (BMD) at lumbar neck and hip sites between Klinefelter’s 
syndrome (KS) and controls
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Fig. 4  Weighted standardized mean differences (with 95% CI) of prostate specific antigen (PSA) prostate volume and hematocrit between Kline-
felter’s syndrome (KS) and controls. Prostate volume has been reported as standardized mean (SD) for graphical reasons
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Interventional studies

Among the included studies, 20 and 10 surveys investi-
gated possible differences between T-treated KS subjects 
and untreated KS individuals or age-matched healthy con-
trols. The characteristics of the retrieved trials (including 
parameters on trial quality) are reported in Tables 2, 3 and 
Supplementary Tables 1, 3 and 4. Retrieved trials compar-
ing treated and untreated KS patients included 530 subjects 
and 536 controls with a mean follow-up of 68.2 weeks and 
the mean age of the enrolled treated cohort was 29.8 years. 
In addition, studies evaluating the effects of TRT on KS in 
comparison to healthy controls included 373 KS individuals 
(mean age 31.9 years with a mean follow up of 77.6 weeks) 
and 359 controls.

KS treated vs. untreated

I2 performed on BMI was 77.6 (p < 0.0001). Funnel plot 
and Begg adjusted rank correlation test (Kendall’s τ: − 0.14; 
p = 0.50) suggested no major publication bias. By meta-ana-
lyzing these studies we found that TRT resulted in a sig-
nificant improvement of body composition (reduction in fat 
mass and increase in lean mass; Fig. 1 and Supplementary 
Figure 4, panels A, B). Conversely, we did not observe any 
modification in BMI, waist circumference (Fig. 1 and Sup-
plementary Figure 4, panels C, D) or in several of the meta-
bolic parameters considered, including fasting glycaemia, 
HOMA index, LDL-cholesterol, HDL cholesterol (Fig. 2 
and Supplementary Figure 4, panels E, H), total cholesterol 
and triglyceride levels (not shown). The lack of the differ-
ence in BMI was confirmed when heterogeneity was reduced 
by removing outliers (I2 = 28.4; − 0.18 [− 0.89; − 0.53]; 
p = 0.62).

In addition, a significant increase in lumbar but not in 
neck BMD was also observed (Fig. 3 and Supplementary 
Figure 4, panels I–L). Finally, KS treated subjects had signif-
icantly higher PSA, prostate volume, and HTC levels when 
compared to untreated KS patients (Fig. 4 and Supplemen-
tary Figure 4, panels M–O).

KS treated vs. controls

I2 performed on BMI was 63.03 (p < 0.001). Funnel plot 
and Begg adjusted rank correlation test (Kendall’s τ: 0.19; 
p = 0.47) suggested no major publication bias. When com-
pared to age-healthy controls KS patients under TRT still 
had higher BMI but no difference in fat and lean body mass 
was observed (Fig. 1 and Supplementary Figure 5, panels 
A–C). In addition, higher fasting glucose levels, HOMA 
index as well as LDL-cholesterol and reduced HDL cho-
lesterol were also observed in T treated KS patients when 
compared to controls (Fig. 2 and Supplementary Figure 5, 

panels D–G). Finally, no difference in total cholesterol and 
triglycerides levels between the two groups was observed 
(not shown).

The difference in BMI was confirmed when heterogene-
ity was reduced by removing outliers (I2 = 5.41; 1.01 [0.60; 
1.42]; p < 0.0001). No enough data were available to per-
form possible analyses for bone and safety parameters.

Discussion

In this study we systematically reviewed and meta-analyzed, 
for the first time, all studies comparing metabolic profile 
and BMD status in TRT-treated and untreated KS patients 
in comparisons to age-matched controls. We found that not-
treated KS patients have worse metabolic profile and body 
composition as well as a reduced BMD when compared to 
age-matched controls. TRT in hypogonadal KS subjects is 
able to improve body composition and BMD but its role 
is ineffective in ameliorating lipid and glycemic profile. 
Accordingly, TRT-treated KS subjects still present worse 
metabolic parameters when compared to age-matched 
controls.

The role of TRT in aging men represents a debatable 
issue [53, 54]. In particular, data derived from epidemio-
logical population-based studies have suggested that associ-
ated morbidities influence the age-dependent reduction of T, 
which can be potentially reversible with the improvement 
of the underlying disorders [55–57]. In addition, cardiovas-
cular (CV) safety of TRT has been questioned [58–60]. In 
line with this evidence the concept of functional vs. organic 
hypogonadism is emerging. In particular, the former repre-
sents a condition potentially reversible with borderline low 
T levels, mainly associated with sexual symptoms, whereas 
the latter includes the well-known organic conditions caus-
ing irreversible primary or secondary HG [61]. Lifestyle 
changes and/or removing the underlying conditions is the 
recommended strategy to increase endogenous T in func-
tional hypogonadism, whereas the role of TRT is debatable 
[61]. This position has been endorsed by the US Endocrine 
Society [62] and by the Endocrine Society of Australia [63]. 
In addition, the US Food and Drug Administration (FDA) 
[64] along with Health Canada [65] recommend TRT only 
in those subjects with proven “organic” damage of the HPT 
axis.

KS represents probably one the most frequent cause 
of “organic” HG. Present study showed that TRT in men 
with KS resulted in similar outcomes than that observed 
in patients with functional hypogonadism. In particular, 
when overall population is considered, TRT has been 
found to reduce fat mass and improve lean mass either 
when both observational and placebo-controlled studies 
are considered [9–11]. Data derived from a meta-analysis 
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of available RCTs documented that the TRT-induced mod-
ification of fat mass and lean muscle is essentially of the 
same amount preventing the observation of body weight 
loss [11]. The only meta-analysis which systematically 
analyzed all the results obtained from observational and 
registry studies documented that TRT can result even in 
weight loss, particularly after 2 years of treatment [9]. The 
presence of different baseline clinical characteristics of the 
patients enrolled, including lower T levels, larger BMI and 
longer follow up, have been advocated to justify the dif-
ferent outcomes observed between observational studies 
and RCTs [9–11]. However, it is important to highlight 
that data derived from observational studies are recog-
nized to be characterized by important limitations and a 
high risk selection bias due to the non-random assignment 
of T exposure. Accordingly, physicians often prefer to 
treat healthier individuals, and healthier individuals more 
often request treatment for their hypogonadism-related 
problems. In addition, other limitations rely on the lack 
of information regarding the level of T before and during 
TRT, as well as on the limited data regarding the type of 
T preparation used and the follow-up performed during 
treatment.

Despite these considerations, available data seem to con-
firm the hypothesis that TRT can act mainly by modify-
ing body composition (increasing lean mass and reducing 
fat mass) without any effect on body weight. Accordingly, 
data from experimental studies have documented that T is 
able to regulate the commitment of fat tissue stem cells sup-
porting their development to muscle lineage [11].The ini-
tial improvement of muscle mass, can, in turn, help obese 
patients with hypogonadism to overcome their overfed, 
inactive state and to become physically and psychologically 
ready for changing their lifestyle which can eventually result 
in weight loss.

Interestingly, despite the body composition improvement 
observed in T-treated KS subjects, no modification of the 
metabolic parameters analyzed has been observed. In addi-
tion, T-substituted KS patients still present worse glyco-
metabolic profile when compared to age-matched controls. 
Much evidence has documented that KS is associated with 
a higher risk for developing metabolic disorders and obesity, 
although the underlying etiological factors have not been 
completely clarified so far. The specific genetic profile, the 
association with hypogonadism and the unfavorable socio-
economic conditions, which characterizes many KS sub-
jects, are all factors used to explain the latter association [2, 
4]. Present results seem to suggest that the genetic factors 
play a more important role than hypogonadism. Accordingly, 
the specific genetic pattern of KS has been correlated to the 
clinical phenotype [1, 2]. Unfortunately, no data were avail-
able to investigate the contribution of TRT in KS according 
to different genetic backgrounds.

Besides metabolic disturbances, bone impairment rep-
resents another important feature of KS. Fractures and 
osteoporosis are more frequent among KS individuals 
when compared to the general population [2]. Accordingly, 
present data showed that BMD was reduced in KS when 
compared to healthy controls. Sex steroids are, in fact, cru-
cial for the maintenance of a good balance bone metabo-
lism either in men or women [15]. Severe hypogonadism 
(total T < 3.5 nmol/L) is frequently associated with bone 
loss and osteoporosis, independently from the patient’s age, 
whereas the association between milder forms of hypog-
onadism and osteoporosis/osteopenia is less evident [15]. 
Available meta-analyses performed in the general popula-
tion have documented that TRT resulted in increasing BMD, 
particularly at the lumbar level [66, 67]. Similar data have 
been derived from the TTrials, a coordinated set of 7 ran-
domized placebo-controlled trials including 788 hypogo-
nadal (TT < 9.4 nmol/L) men older than 65 years (mean age 
72 years) treated with T gel 1% for 52 weeks [54]. Present 
data performed in KS are in line to what observed in men 
with hypogonadism not related to KS with better results 
observed at spine level. Some authors have suggested that 
KS is characterized by reduced levels of 25-hydroxy-vitamin 
D and low insulin-like factor 3 which can both contributed 
to the observed reduced BMD [2]. Nonetheless, no sufficient 
information on these parameters was available. Similarly, no 
enough data were available to evaluate possible difference in 
bone markers or in the risk of bone fractures.

When safety parameters were investigated, KS was asso-
ciated with reduced HTC levels as well as reduced prostate 
volume and PSA. TRT induced a rise in all the aforemen-
tioned parameters without inducing the development of 
serious adverse events. All these data are in line to what 
observed in men with hypogonadism not related to KS and 
revised elsewhere [58–60]. Hence when correctly used TRT 
is not associated with serious adverse events.

The interpretation of the results of the present meta-
analysis should be cautious because of the relevant potential 
biases. Although specific analyses seem to exclude a pub-
lication bias in this case, high heterogeneity among studies 
was documented. Few placebo controlled RCTs are available 
and the majority of the data were derived from observational 
studies. In observational studies the completeness of follow-
up and the management of missing data represent another 
potential source of bias. Meta-analyses are based on the syn-
thetic reports of the average results obtained in each study, 
without access to patient-level data. For this reason, some 
of the original information of each study is lost in meta-
analyses. On the other hand, the possibility of combining a 
large number of investigations allows for a much greater sta-
tistical power, limiting the problem of casual results because 
of small sample size. It is also possible that some of the 
results noticed here are caused by the effects of unadjusted 
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confounders. Hence, great caution is required in the inter-
pretation of results, which should be confirmed in large-
scale placebo controlled RCTs. The cardiovascular safety 
of TRT, especially in men with functional hypogonadism 
still represents a conflicting topic [58–60, 68]. No sufficient 
information regarding long-term CV safety in KS is avail-
able in this study [69]. Some authors have suggested that 
earlier TRT can result in better outcomes especially consid-
ering neurobiological outcomes. No information regarding 
this issue can be derived from the present meta-analysis. 
No sub-analysis of non-mosaic or mosaic KS patients, was 
possible due to missing information. The contribution of the 
duration of TRT on the different outcome analyzed was not 
possible due to limited available data. Some observational 
studies included a mixed population of treated and untreated 
KS patients. No specific sub-analysis comparing eugonadal 
or hypogonadal KS to controls was possible. However, the 
main results were confirmed when those trials with mean 
baseline T levels above 12 nmol/L or when those surveys 
including patients on TRT were excluded from the analysis. 
Finally, the present meta-analysis was not previously regis-
tered on PROSPERO.

In conclusion present data, performed on one of the most 
frequent and well recognized organic form of hypogonadism, 
indicate that TRT outcomes observed in KS regarding BMD, 
body composition and glyco-metabolic control are similar 
to that observed in other organic forms of hypogonadism. 
Moreover, our analysis shows that TRT improves both 
body composition and BMD when comparing treated and 
untreated hypogonadal KS. Larger and longer randomized 
placebo-controlled trials are advisable to better confirm pre-
sent data, mainly derived from observational studies.
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