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Different definitions of metabolic syndrome  

Corona et al., Best Pract Res Clin Endocrinol Metab. 2011 25:337-53 
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Published data 

on the relation between 

overweight/obesity, semen 

parameters, endocrine 

status and human male 

fertility. Most 

overweight/obese men do 

not experience significant 

fertility problems, despite 

the presence of reduced 

testosterone alongside 

normal gonadotrophin 

levels. 



Five studies were suitable for 

pooling and the meta-analysis found no 

evidence for a relationship between BMI 

and sperm concentration or total sperm 

count. Overall review of all studies 

similarly revealed little evidence for a 

relationship with semen parameters and 

increased BMI. 



A total of 21 studies: 13 077 men 

 Obese: 1.28 (1.06-1.55)   

 Morbidly obese: 2.04 (1.59-2.62)  



* 

* 
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Testosterone levels according to # of MetS factors (IDF&AHA/NHLBI) and their 

relative age-adjusted hazard ratio (95% CI) for MetS and hypogonadsim (TT < 12 

nmol/L) in male subjects consulting for couple infertility at the University of 

Florence (n=351), Florence, Italy 
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Adj. r=-1.25±0.33 
p<0.0001 

Adj. for age 



0 1 2 3 ≥4

T
es

ti
s

U
S

 i
n

h
o

m
o

g
en

ei
ty

p
re

v
a

le
n

c
e

(%
)

Number of MetS components

Waist 

(≥102 cm)

Glycemia

(≥100 mg/dL)/t

HDLHDL

(<40 mg/(<40 mg/dL)/tdL)/t

Triglycerides

(≥150 mg/dL)/t

Blood Pressure

(≥130/85 mmHg)/t

All MetS factors

0.1 1 10
Testis US 

inhomogeneity

No testis US 

inhomogeneity

A

HR = 1.36 [1.09-1.70] 
p < 0.01 

Adj. for age 

Prevalence of testis US inhomogeneity according to # of MetS factors 
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Florence, Italy 



Final take-home messages for MetS and male infertility: 
• MetS ( waist, dyslipidaemia) is associated with LOH & testis inhomogeneity 
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Final take-home messages for MetS and male infertility: 
• MetS ( waist, dyslipidaemia) is associated with LOH & testis inhomogeneity 

• MetS ( BP) is associated with abnormal sperm morphology 



0,1 1 100.1 10 1 
No ED ED 

HR = 1.45 [1.08-1.95] 
p < 0.02 

Adj. for age 
          total testosterone 

Waist 

(≥102 cm)

Glycemia

(≥100 mg/dL)/t

HDLHDL

(<40 mg/(<40 mg/dL)/tdL)/t

Triglycerides

(≥150 mg/dL)/t

Blood Pressure

(≥130/85 mmHg)/t

All MetS factors

Erectile Dysfunction (IIEF-15-EFD score < 26)  according to # of MetS factors 

(IDF&AHA/NHLBI) and their relative age and T-adjusted hazard ratio (95% CI)  in 

male subjects consulting for couple infertility at the University of Florence (n=351), 

Florence, Italy 



n=203 

Wald 7.9, p=0.005 
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Adjusted for: 
-age 
-total testosterone 

Penile Basal peak systolic velocity according to  
# of MetS factors (IDF&AHA/NHLBI) in male  
subjects consulting for couple infertility  
at the University of Florence (n=203), Florence, Italy 
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Lotti et al., unpublished 



Final take-home messages for MetS and male infertility: 
• MetS ( waist, dyslipidaemia) is associated with LOH & testis inhomogeneity 

• MetS ( BP) is associated with abnormal sperm morphology 

• MetS ( waist,  BP) is associated with arteriogenic ED 



      Case-control (1:3 ratio) analysis  

Lotti et al., Andrology. 2013 Mar;1(2):245-50 
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Epididymal inhomogeneity and MetS  
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Final take-home messages for MetS and male infertility: 
• MetS ( waist, dyslipidaemia) is associated with LOH & testis inhomogeneity 

• MetS ( BP) is associated with abnormal sperm morphology 

• MetS ( waist,  BP) is associated with arteriogenic ED 

• MetS is associated with epididymal inhomogeneity and rete testis dilation  



Association between Mets and: 

 

 

                                                                       MetS                  No MetS  

                     

Somatized anxiety  symptoms (MHQ-S): 2.96 ± 2.82  vs.  1.86 ± 2.27            p = 

0.022 

 

 

Depression  symptoms (MHQ-D):            4.58 ± 2.85   vs.  3.00 ± 2.52            p = 

0.011 

 

 

 

Adjusted for  - age 

                        - total testosterone 

Lotti et al., Andrology. 2013 Mar;1(2):245-50 
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Depressive symptoms (MHQ-D) according to # of MetS factors 
(IDF&AHA/NHLBI) in male subjects consulting for couple infertility  
at the University of Florence (n=254), Florence, Italy 

Lotti et al., Andrology. 2013 Mar;1(2):245-50 



Final take-home messages for MetS and male infertility: 
• MetS ( waist, dyslipidaemia) is associated with LOH & testis inhomogeneity 

• MetS ( BP) is associated with abnormal sperm morphology 

• MetS ( waist,  BP) is associated with arteriogenic ED 

• MetS is associated with epididymal inhomogeneity and rete testis dilation 

• MetS is associated with depressive symptoms  



Age=36.5±8.3 years 
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Association between insulin  and prostate volume    in a consecutive series of infertile 

subjects (n=171) at the University of Florence, Florence, Italy 

Adjusted for: 

• age 

• testosterone 

Age=36.5±8.3 years 

Lotti et al., AJA, in press  
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Association between # of MetS components and prostate volume    in a consecutive 

series of infertile subjects (n=270) at the University of Florence, Florence, Italy 

Adjusted for: 

• age 

• testosterone 

Adj. r=0.298, p<0.0001 

Lotti et al., unpublished 



Association between # of MetS components and prostate transizional diameter   in a 

consecutive series of infertile subjects (n=270) at the University of Florence, Florence, 

Italy 
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Final take-home messages for MetS and male infertility: 

• MetS ( waist, dyslipidaemia) is associated with LOH & testis inhomogeneity 

• MetS ( BP) is associated with abnormal sperm morphology 

• MetS ( waist,  BP) is associated with arteriogenic ED 

• MetS is associated with epididymal inhomogeneity and rete testis dilation 

• MetS is associated with depressive symptoms 

• MetS ( waist, dyslipidaemia) is associated with  insulin and BPE  
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Lotti et al., AJA, in press  
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Age=36.5±8.3 years 

HR for increased pr. inhomogeneity 
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Association between # of MetS components and seminal IL-8   in a consecutive series 

of infertile subjects (n=171) at the University of Florence, Florence, Italy 

Lotti et al., AJA, in press  
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Final take-home messages for MetS and male infertility: 

• MetS ( waist, dyslipidaemia) is associated with LOH & testis inhomogeneity 

• MetS ( BP) is associated with abnormal sperm morphology 

• MetS ( waist,  BP) is associated with arteriogenic ED 

• MetS is associated with epididymal inhomogeneity and rete testis dilation 

• MetS is associated with depressive symptoms 

• MetS ( waist, dyslipidaemia) is associated with  insulin and BPE 

• MetS ( waist) is associated with prostate inflammation   





-150 -100 -50 0 50 100 150 200 250 300 350 400 

IL-1B 

IL-1RA 

IL-15 

MIP1β 

MIP1α 

G-CSF 

GM-CSF 

MCP1 

TNFα 

RANTES  

IL-12 

IP10 

IL-2 

IFNγ 

IL-9 

IL-4 

IL-13 

IL-5 

IL-7 

IL-17 

IL-10 

IL-6 

IL-8 

bFGF 

VEGF 

PDGFBB 

** 
** 

* 

* 

* 

* 

% variation vs. untreated hBPH cells 

Effect of oxLDL on cytokines/chemokines/growth factors secretion by hBPH cells 

*p<0.05; **p<0.01 

* 

* 

oxLDL (25microgr/mL for 24 hours) 

Vignozzi et al., Prostate. 2013 Jun;73(8):789-800. 



Effect of different metabolic stimuli on IL-8 secretion by hBPH cells 

Vignozzi et al., Prostate. 2013 Jun;73(8):789-800. 



Association between # of MetS components and prostatic symptoms   in a consecutive 

series of infertile subjects (n=171) at the University of Florence, Florence, Italy 

Adjusted for: 

• age 

• insulin 

• testosterone 

Lotti et al., AJA, in press  

Age=36.5±8.3 years 

No association was found between MetS  

and prostate-related symptoms,  

as captured by both NIH-CPSI and IPSS  



Lotti et al., Andrology. 2013 Nov 28. doi: 10.1111/j.2047-2927.2013.00156.x. [Epub ahead of print]  



Lotti et al., Andrology. 2013 Nov 28. doi: 10.1111/j.2047-2927.2013.00156.x. [Epub ahead of print]  



Final take-home messages for MetS and male infertility: 

• MetS ( waist, dyslipidaemia) is associated with LOH & testis inhomogeneity 

• MetS ( BP) is associated with abnormal sperm morphology 

• MetS ( waist,  BP) is associated with arteriogenic ED 

• MetS is associated with epididymal inhomogeneity and rete testis dilation 

• MetS is associated with depressive symptoms 

• MetS ( waist, dyslipidaemia) is associated with  insulin and BPE 

• MetS ( waist) is associated with prostate inflammation 

• Prostatitis-like symptoms are not associated with semen abnormalities   



Association of increasing MetS factors and sonographic prostate  volume 
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Gacci et al, Prostate Cancer Prostatic Dis. 2013 Mar;16(1):101-6  



Adjusted for age 

↓ HDL 

 Triglyceride 

 Glycemia 

 Waist circumference 

 Blood pressure 

Age-adjusted Hazard Ratio for prostate volume > 60 cm3 as a function of MetS factors  

Multi-center restrospective study in BPH patients (n=244, mean age=687.5) 

Gacci et al, Prostate Cancer Prostatic Dis. 2013 Mar;16(1):101-6  



Multi-center restrospective study in BPH patients (n=244, mean age=687.5) 

Association between dyslipidaemia and sonographic prostate  volume 

Triglyceride (mg/dL) HDL cholesterol (mg/dL) 
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RANDOM-EFFECTS POOLED MEAN DIFFERENCE OF PROSTATE VOLUME  

(TRANSITIONAL ZONE) BETWEEN  MetS CASES AND CONTROLS 

Gacci & Corona et al., 2013 submitted 
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Regression of age on Difference in means
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p=0.02 
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Gacci & Corona et al., 2013 submitted 



Regression of waist on Difference in means

waist

D
if

fe
re

n
c

e
 i

n
 m

e
a

n
s

80,87 82,74 84,61 86,48 88,35 90,22 92,08 93,95 95,82 97,69 99,56

6,00

5,40

4,80

4,20

3,60

3,00

2,40

1,80

1,20

0,60

0,00

P
ro

st
at

e
 v

o
lu

m
e

  
d

if
fe

re
n

ce
 in

 m
e

an
s 

(m
l)

 

S: 0.26[0.08;0.45], p<0.005 
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Gacci & Corona et al., 2013 submitted 



Regression of HDL on Difference in means
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S: -0.33[-0.52;-0.14], p<0.0001 
I: 17.86[8.29;27.44], p<0.0001 

Gacci & Corona et al., 2013 submitted 
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p for trend=0.001 

Association of increasing MetS factors and prostate inflammatory score  

Multi-center restrospective study in BPH patients (n=244, mean age=687.5) 

Vignozzi et al., Prostate 73: 789–800, 2013  



Adjusted for age 
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Age-adjusted Hazard Ratio for prostate inflammatory score as a function of MetS factors  

Multi-center restrospective study in BPH patients (n=244, mean age=687.5) 

Vignozzi et al., Prostate 73: 789–800, 2013  



Age Adj.r= 0.396 p=0.009 

>4 

r= 0.409, p=0.009 

Association of increasing MetS factors and prostate CD-45 staining  

Restrospective study in BPH patients from FILUVA1 (n=42, mean age=70±7 ) 
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Vignozzi et al., Prostate. 2013 Sep;73(13):1391-402.  



r=0.662, p=0.0001 
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Inflammatory score (IS) 

Association between inflammation score and prostate CD-45 staining  

Restrospective study in BPH patients from FILUVA1 (n=42, mean age=70±7 ) 

Vignozzi et al., Prostate. 2013 Sep;73(13):1391-402.  



Age Adj.r= -0.379 p=0.016 

Association between dyslipidaemia and  prostate  CD-45 

Restrospective study in BPH patients from FILUVA1 (n=42, mean age=70±7 ) 

Vignozzi et al., Prostate. 2013 Sep;73(13):1391-402.  
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Age Adj.r= 0.468 p=0.003 

Association between dyslipidaemia and  prostate  CD-45 

Restrospective study in BPH patients from FILUVA1 (n=42, mean age=70±7 ) 

Vignozzi et al., Prostate. 2013 Sep;73(13):1391-402.  
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Pre-clinical studies on metabolic syndrome:  

The Florence experience 

MetS and male infertility 



0.5% cholesterol 

and 4% peanuts oil 

•High fat diet: HFD  

  3                            6                             9                        12  weeks   0 

•Standard diet: control 

Filippi et al., J Sex Med 2009, 6(12):3274-88 

Vignozzi et al., J Sex Med. 2011 Jan;8(1):57-77 

Vignozzi et al., J Endocrinol. 2012 Jan;212(1):71-84.  

infertility 

Metabolic syndrome 

Hyperglycaemia 

Reduced glucose tolerance (OGTT) 

Hypercholesterolemia 

Hypertriglyceridemia 

Hypertension 

Increased visceral fat mass 

 Overactivity of RhoA/ROCK 

 

MetS 

hypogonadism 
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o ↓ testosterone,  ↓  FSH and LH  
o ↓ prostate, seminal vesicles weight 
o ↓ testis weight 

Hypogonadotropic  
hypogonadism 

Filippi S et al., J Sex Med 2009, 6(12):3274-88  

Animal model of MetS and Hypogonadism 

•High fat diet: HFD 

  3                            6                             9                        12  weeks    0 

•Regular diet: RD (control) 
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↑Glucose 

↓ testosterone 

↓Kiss1R 
In the hypothalamus MetS is associated with: 

• inflammation 

• decreased expression of GnRH-related genes 



In prostate & bladder MetS is associated with: 

• inflammation 

• fibrosis 

• hypoxia 



In the testis MetS is associated with: 

• Decreased steroidogenic enzymes 

• No major changes in testicular histology 



p=0.005, Kruskal Wallis 

Effect of high fat diet on epididymal TNF gene expression in MetS rabbits 
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p=0.016, Kruskal Wallis 

Effect of high fat diet on epididymal aquaporin 1 gene expression in MetS rabbits 
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p=0.003, Kruskal Wallis 
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Effect of high fat diet on epididymal aquaporin 9 gene expression in MetS rabbits 

Marchiani et al., unpublished 



p=0.009, Kruskal Wallis 
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Effect of high fat diet on epididymal sperm morphology in MetS rabbits 

Marchiani et al., unpublished 
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Blood pressure 

Effect of high fat diet on epididymal sperm morphology in MetS rabbits 

Marchiani et al., unpublished 
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Glycaemia (g/L) 

Effect of high fat diet on epididymal sperm morphology in MetS rabbits 

Marchiani et al., unpublished 
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Triglyceride (mg/dL) 

Effect of high fat diet on epididymal sperm morphology in MetS rabbits 

Marchiani et al., unpublished 
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Testosterone (nmol/L) 

Effect of high fat diet on epididymal sperm morphology in MetS rabbits 



p=0.005, Kruskal Wallis 
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Effect of high fat diet on epididymal sperm motility  in MetS rabbits 



p=0.294, Kruskal Wallis 
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Effect of high fat diet on epididymal sperm concentration in MetS rabbits 

Marchiani et al., unpublished 



Final take-home messages for MetS and male infertility: 

• MetS ( waist, dyslipidaemia) is associated with LOH & testis inhomogeneity 

• MetS ( BP) is associated with abnormal sperm morphology 

• MetS ( waist,  BP) is associated with arteriogenic ED 

• MetS is associated with epididymal inhomogeneity and rete testis dilation 

• MetS is associated with depressive symptoms 

• MetS ( waist, dyslipidaemia) is associated with  insulin and BPE 

• MetS ( waist) is associated with prostate inflammation 

• Prostatitis-like symptoms are not associated with semen abnormalities   

MetS is associated with marginal  

changes of reproductive functions 
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