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ABSTRACT

Background: Metabolic syndrome and the related co-morbidities can lead to impaired male reproductive
function, including adverse effects on spermatogenesis and steroidogenesis as illustrated by reduced sperm
number and quality, decreased testosterone levels and elevated inflammatory markers.

Objective: To evaluate the impact of metabolic syndrome on androgen / estradiol ratio, semen parameters
and testicular volume in adults.

Patients and methods: This study was carried out on 60 adult males recruited from Al-Azhar University
Hospitals outpatient clinics during the period between November 2016 and February 2021, divided into two
equal groups: Group A: Males with the criteria of metabolic syndrome, and Group B: Males without the
criteria of metabolic syndrome. All patients were subjected to: complete history taking, general and local
examination, laboratory investigations (including total and free testosterone, serum estradiol, lipid profile,
fasting blood glucose and Semen analysis) and scrotal duplex.

Results: Significant decrease in both free and total testosterone in the metabolic group than the non-
metabolic group. Significant inverse correlation between free testosterone / estadiol ratio and BMI, and an
inverse but non statically significant correlation between free testosterone / estadiol ratio and waist
circumference. Significant decrease was in both semen volume and total motility in the metabolic group than
the non-metabolic group, with no statically significant difference in total sperm count, Sperm concentration,
progressive motility or abnormal forms between both groups. Significant inverse correlation was found
between semen volumes with BMI. Significant inverse correlation between total sperm count and sperm
concentration with BMI. Significant inverse correlation was found between testicular volume on one side,
and both BMI and waist circumference (WC) on the other side.

Conclusion: Metabolic syndrome is directly related to a decrease in both free and total testosterone levels.
Higher BMI is associated with decreased free testosterone/ estadiol ratio.

Keywords: Metabolic Syndrome, Androgen/ Estradiol Ratio, Semen Parameters, Testicular.

INTRODUCTION include: central obesity, dyslipidemia,
high blood pressure and impaired glucose

Metabolic ndrome has become a ; )
e sy > metabolism (Kusuma and Siregar, 2018).

major public health challenge worldwide.
Key components of this syndrome
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In men, aging is associated with a
decrease in testosterone level, in contrast
to the sudden decrease in estrogen levels
associated with menopause in women,
This decrease accompanies changes in
body composition, including increases in
fat mass and decreases in lean body mass,
disorders of insulin and glucose
metabolism and dyslipidemia (Feldman et
al., 2010).

Some studies showed decrease in
androgen level in young men with
metabolic syndrome rather than healthy
men (Corona et al., 2011). Intervention
trials have demonstrated that exogenous
testosterone supplementation in young
men lowers high-density lipoprotein. In
contrast, testosterone replacement in older
men with low serum testosterone
compared with young healthy men,
increases lean body mass and decreases
fat mass, total cholesterol, and low-
density lipoprotein without affecting high
density lipoprotein (Page et al., 2010).

The age-related increasing prevalence
of MS has been linked with the parallel
decline in testosterone levels, perhaps due
to increased conversion of testosterone
into estradiol (E2) in obese individuals. It
has been proposed that the relative
increase of circulating levels of E2
derived from conversion of testosterone in
the adipose  tissue inhibits  the
hypothalamic-pituitary unit resulting in a
reduction of testosterone/estradiol ratio
and leading to the vicious cycle of “obese
estrogenic  hypogonadism” (Mah and
Wittert, 2010).

Nearly 70% of conditions causing
infertility in men can be diagnosed by
history, physical examination, testicular
volume estimation, hormonal and semen

analysis, scrotal ultrasound (Singh et al.,
2014).

Since the seminiferous tubules
comprise 70% to 80% of the testicular
mass, testicular volume is likely to reflect
spermatogenesis and semen profile in
infertile men. Testicular volume (TV) is
proposed to be a positive predictor of
male fertility status, because of the
relation known between the TV and the
seminiferous tubule content (Spaggiari et
al., 2020).

Ultrasound  (US) is  generally
recognized as the most accurate
noninvasive primary modality in the
evaluation of testicular function (Paltiel et
al., 2010). While the semen analysis
appears to be important in the evaluation
of testicular function, the testicular
volume has long been associated with
testicular function (Singh et al., 2014).

The aim of this study was to clarify
the  correlation  between  metabolic
syndrome and male factor infertility,
showing its effect on androgen / estradiol
ratio, seminal parameters and testicular
volume measured by scrotal duplex.

PATIENTS AND METHODS

This study was carried out on 60 adult
males recruited from Al-Azhar University
Hospitals outpatient clinics during the
period between November 2016 and
February 2021, divided into two equal
groups: Group A: Males with the criteria
of metabolic syndrome, and Group B:
Males without the criteria of metabolic
syndrome.

Exclusion criteria: Men with varicocele,
men with azoospermia, men with
cryptorchidism, a known case of primary
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hypogonadism, men receiving
medications affecting fertility or hormonal
status, men with chronic systemic disease
as liver cell failure, chronic renal failure,
...etc, and primary scrotal disease
identified by ultrasound evaluation as
hydrocele.

All subjects were subjected to the
following:

I. Complete History taking: (a)
Personal history (b) Medical history:
Hypertension  treatment,  diabetes
treatment, dyslipidemia treatment,
infertility treatment and any treatment
affecting fertility or hormonal state.

Il. Examination: (a) General body
examination including: Mean arterial
blood pressure, weight, height, BMI,
waist circumference, and secondary
sexual characters: were inspected. (b)
Local genital examination: Testicular
examination, vas palpation, spermatic
cord inspection and palpation, and
pubic area inspection.

I1l.Laboratory  investigations:  (a)
Fasting blood Glucose level (b) Lipid
profile (c) Hormonal assay (d) Semen
analysis.

IV. Imaging: Scrotal duplex to assess the
testicular volume, and to exclude
varicocele or any other abnormalities.

High frequency US was performed by
using 7.5 MHZ transducers (Mindray Z5)
with subjects in a supine position, and the
penis displaced over the pubis, covered
and held by the patient. The scrotum was
supported over the thighs of the patient

that were drawn together with an amount
of acoustic gel the temperature of which is
the same as room  temperature.
Examination started by gray scale system
of the scrotal contents, then Color Doppler
was used to examine the testis. Ultrasonic
Testicular volumes were calculated using
the prolate spheroid formula: volume=
lengthx width 2x0.52 (Lasiene et al.,
2020).

Statistical analysis:

Data were collected, revised, coded
and entered to the Statistical Package for
the Social Science (IBM SPSS) version 23
to find the Impact of Metabolic Syndrome
on Androgen / Estradiol Ratio, Semen
Parameters and Testicular VVolume. The
quantitative data were presented as mean,
standard deviations and ranges when
parametric and median, inter-quartile
range (IQR) when data found non-
parametric. Also qualitative variables
were  presented as  number and
percentages. The comparison between
both groups regarding quantitative data
and parametric distribution was done by
using Independent t-test while with non-
parametric distribution was done by using
Mann-Whitney test. Spearman correlation
coefficients were used to assess the
correlation between two quantitative
parameters in the same group. The
confidence interval was set to 95% and
the margin of error accepted was set to
5%. P value < 0.05 was considered
significant.
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RESULTS

The mean and standard deviation of
age in group A was 39.50 + 8.24 and in
group B was 3353 = 6.36 with a
statistically significant increase in age in
group A than group B.

The mean and standard deviation of
weight in group A was 105.00 + 22.85 and
in group B was 75.27 + 9.83 with
statistically significant increase in weight
in group A than group B. The mean and
standard deviation of height in group A
was 167.70 £ 18.19 and in group B was
17270 = 6.28 with no statistically
significant  difference  between both
groups. The mean and standard deviation
of BMI in group A was 38.66 + 12.32 and
in group B was 25.20 + 2.60 with a
statistically increase in BMI in group A
than group B. The mean and standard
deviation of waist circumference in group
A was 114.60 £ 14.94 and in group B was
89.17 + 9.16 with statistically significant
increase in waist circumference in group
A than group B.

The mean and standard deviation of
fasting blood glucose in group A was
110.30 % 39.99 and in group B was 86.73
+ 11.60 with a statistically significant
increase in fasting blood glucose in group
A than group B.

The mean and standard deviation of
cholesterol in group A was 217.00 + 37.82
and in group B was 171.60 + 28.68 with a
statistically ~ significant  increase in
cholesterol in group A than group B. The

mean and standard deviation of TG in
group A was 226.00 + 87.71 and in group
B was 91.67 + 37.47 with a statistically
significant increase in TG in group A than
group B. The mean and standard deviation
of HDL in group A was 50.49 £ 7.35 and
in group B was 66.84 + 12.89 with a
statistically significant decrease in HDL in
group A than group B. The mean and
standard deviation of LDL in group A was
134.17 £+ 38.61 and in group B was 96.28
+ 25.55 with a statistically significant
increase in LDL in group A than group B.

The mean and standard deviation of
free testosterone in group A was 10.73 +
4.17 and in group B was 15.79 £ 8.13 with
a statistically significant decrease in free
testosterone in group A than group B.
The mean and standard deviation of total
testosterone in group A was 4.15 + 1.89
and in group B was 5.60 + 1.63 with a
statistically significant decrease in total
testosterone in group A than group B. The
mean and standard deviation of estradiol
in group A was 34.65 £ 8.65 and in group
B was 38.51 + 13.04 with no statistically
significant difference in estradiol between
both groups.

The median (IQR) of free testosterone /
estradiol ratio in group A was 0.31 (0.22 —
0.4) and in group B was 0.38 (0.26 — 0.52)
with no statistically significant difference
in free testosterone/ estradiol ratio
between both groups (Table 1).
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Table (1): Age, body measurements, fasting blood glucose, lipid profile, hormonal
assay, and free testosterone / estradiol ratio distribution in both groups

Groups Group A Group B P-value
Parameters No. =30 No. =30
Mean + SD 39.50+8.24 33.53+6.36
Age Range 25_52 25_46 0.003
. Mean + SD 105.00 £ 22.85 75.27 £9.83
Weight Range 84_ 155 62_95 0.000
. Mean + SD 167.70 £ 18.19 172.70 £ 6.28
Height Range 115_178 161182 | >0
Mean = SD 38.66 + 12.32 25.20+2.60
BMI (kg/m2) Range 28.08— 68.05 20533102 | >0
Waist Mean + SD 114.60 £ 14.94 89.17+£9.16 0.000
circumference Range 104 — 148 70-107 '
. Mean = SD 110.30 + 39.99 86.73+11.60
Fasting blood Glucose Range 79714 79127 0.003
Mean = SD 217.00 + 37.82 171.60 + 28.68
Cholesterol Range 142 304 120 - 227 0.000
. . Mean = SD 226.00 £ 87.71 91.67 + 37.47
Triglycerides Range 96365 40— 145 0.000
Mean = SD 5049+ 7.35 66.84 + 12.89
HDL Range 42062 48_94 0.000
Mean = SD 134.17 + 38.61 96.28 + 25.55
LDL Range 78.4 210 54.3 -131 0.000
Mean = SD 10.73+4.17 15.79+£8.13
Free Testosterone Range 6.6_20.88 577 _3357 0.004
Mean + SD 415+1.89 5.60+1.63
Total Testosterone Range 1982 579_8.96 0.002
. Mean = SD 34.65 + 8.65 38.51+13.04
Estradiol Range 212-519 216-722 | 182
Free Testosterone / Median (IQR) 0.31(0.22-0.4) | 0.38(0.26 —0.52) 0214
Estradiol ratio Range 0.16—-0.58 0.11-155 '
There was a statistically significant between total testosterone and BMI. There
inverse  correlation  between  free was statistically significant inverse
testosterone and BMI. There was a correlation between free testosterone /
statistically significant inverse correlation estadiol ratio and BMI (Table 2).

Table (2): Correlation between free and total testosterone, free testosterone / estadiol
ratio with BMI in all patients

BMI (kg/m2)
Parameters R P-value
Free Testosterone -0.367** 0.004
Total Testosterone -0.596** 0.000
Free Testosterone / estadiol ratio -0.302* 0.019
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There was a statistically significant
inverse correlation between semen volume
and BMI. There was a statistically
significant inverse correlation between
total sperm count and BMI. There was a
statistically significant inverse correlation
between sperm concentration and BMI.
There was a non-statistically significant

correlation between total motility and
BMI. There was a non-statistically
significant correlation between
progressive motility and BMI. There was
a nonstatically significant correlation
between abnormal forms and BMI (Table
3).

Table (3): Correlation between semen analysis and BMI in all patients

BMI (kg/m2)
Semen analysis r P-value

Volume (ml) -0.258* 0.046

Total sperm count -0.366** 0.004

Sperm concentration -0.338** 0.008
Total motility 0.232 0.075

Progressive motility 0.035 0.790
Abnormal forms 0.184 0.159

There was a statistically significant statistically significant correlation

inverse correlation between semen volume
and waist circumference. There was a
statistically significant inverse correlation
between total sperm count and waist
circumference. There was a statistically
significant inverse correlation between
sperm concentration and waist
circumference. There was a non-

between total motility and waist
circumference. There was a non-
statistically significant inverse correlation
between progressive motility and waist
circumference. There was a non-
statistically significant correlation
between abnormal forms and waist
circumference (Table 4).

Table (4): Correlation between semen analysis and waist circumference in all

patients
Waist circumference
Semen analysis r P-value

Volume (ml) -0.370** 0.004

Total sperm count -0.383** 0.003

Sperm concentration -0.274* 0.034

Total motility 0.156 0.234

Progressive motility -0.073 0.579

Abnormal forms 0.182 0.165

There was a statistically significant
inverse correlation between right testicular
volumes with BMI. There was a
statistically significant inverse correlation
between left testicular volumes with BMI.

There was a statistically significant
inverse correlation between right testicular
volume with waist circumference. There
was a statistically significant inverse
correlation between left testicular volumes
with waist circumference (Table 5).
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Table (5): Correlation between right and left testicular volume with BMI and waist

circumference in all patients

r P-value
BMI Right testicular volume (L*W"2*0.52) | -0.360** 0.005
(kg/m2) Left testicular volume (L*W"2*0.52) -0.539** 0.000
Waist Right testicular volume (L*W"2*0.52) -0.299* 0.020
circumference Left testicular volume (L*W"2*0.52) -0.447** 0.000

DISCUSSION

According to the results obtained the
mean and standard deviation of free
testosterone  showed a statistically
significant decrease in both free and total
testosterone in the metabolic group than
the non-metabolic group.

This was in agreement with Kaplan et
al. (2010) who demonstrated that the
combined effect of parameters of
metabolic syndrome resulted in a
reduction in mean total serum T levels of
approximately 150 ng/dl relative to that of
middle aged lean men who did not have
the metabolic syndrome. Also,
approximately 70% of men, in the obese
metabolic syndrome cohort had a total
serum T of 400ng/dl or less.

These results were corroborated also
by a study by Muller et al. (2010) who
demonstrated that total testosterone,
bioavailable testosterone, and SHBG were
inversely related to several of the risk
factors of MetS as defined by the National
Cholesterol Education Program.

In another study of middle-aged men
who had neither diabetes nor the
metabolic syndrome, after 11 years of
follow-up had a severalfold increased risk
of developing the metabolic syndrome and
diabetes (Laaksonen et al., 2010).

In a study of males with Metabolic
Syndrome, total and calculated FT and
SHBG were significantly lower in cases

with MetS than controls. Hypogonadism
was seen in 30% cases with MetS
compared to 3.1% in controls (Singh et
al., 2011).

Makhside  (2010) suggested the
addition of hypogonadism to the
constellation of aberrations seen in MetS.
The author points to observational studies
reporting that low levels of testosterone
and SHBG are significantly correlated
with MetS and its associated components
(including measures of BMI, waist
circumference, and waist-height ratio).

Regarding free testosterone / estradiol
ratio, in the present study, we did not find
a stastistically significant difference in the
median (IQR) of free testosterone /
estradiol ratio between the metabolic
group than the non-metabolic group. This
was in agreement with Muller et al.
(2010), who revealed that the estradiol
levels were not significantly associated
with metabolic syndrome or its risk
factors. Also, Kusuma and Siregar (2018)
found that estradiol to testosterone ratio in
aging metabolic syndrome men was
increased, but insignificant compared to
the nonmetabolic syndrome group.

In the present study, a significant
inverse correlation was found between
both  total testosterone and free
testosterone on one side and BMI on the
other side. This result was parallel to
Kaplan et al. (2010) who examined
baseline total serum testosterone in men
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participating in 2 lipid treatment studies
and demonstrated an inverse correlation
between BMI and serum testosterone in
men with and without MetS. Also this
result was in accordance with Zumoff et
al. (2010) who reported a negative
correlation between free testosterone and
body mass index (BMI).

Also, our study showed a statistically
significant inverse correlation between
free testosterone / estadiol ratio and BMI
and an inverse but non statically
significant  correlation  between  free
testosterone / estadiol ratio and waist
circumference. This result was nearly
parallel to Kusuma and Siregar (2018)
who found that estradiol to testosterone
ratio in metabolic syndrome men was
increased, but insignificant compared to
the nonmetabolic syndrome group.

As regard to semen parameters, there
was a statistically significant decrease in
both semen volume and total motility in
the metabolic group than the non-
metabolic group with no statistically
significant difference in total sperm count,
Sperm concentration, progressive motility
or abnormal forms between both groups.
This was in agreement with Fejes et al.
(2010) who studied the semen quality in a
total of 81 males involved in the study
during the 1 year. The mean age of the
study population was 322 + 5.6
years and they stated that there was a
significant decrease in semen volume
inversely to BMI. Also this result was in
accordance with Bhattacharya et al.
(2014) who stated that in addition to the
negative effects on sperm count, motility,
and DNA integrity, lower ejaculate
volumes were also observed in diabetic
men. This also was supported by

Leisegang et al. (2021) who stated that
obesity and its underlying mediators result
in a negative impact on semen parameters,
including sperm concentration, motility,
viability and normal morphology.

In the present study, a significant
inverse correlation was found between
semen volume with BMI, a significant
inverse correlation between semen volume
and waist circumference (WC), a
statistically significant inverse correlation
between total sperm count and sperm
concentration with BMI, a significant
inverse correlation between total sperm
count and WC, and a significant inverse
correlation between sperm concentration
and WC. This result was parallel to
Chavarro et al. (2010) who found that the
ejaculate volume decreased steadily with
increasing BMI levels. Our result was in
contrast to MacDonald et al. (2010) who
found no relationship between male BMI
and semen parameters. Hammiche et al.
(2012) found that waist circumference
>102 cm, a measure for central adiposity,
was inversely associated with with
gjaculate volume, sperm concentration
and total motile sperm count. Also, this
result was in agreement with Eisenberg et
al. (2014) who sated that the ejaculate
volume showed a linear decline with
increasing BMI and WC. Similarly, the
total sperm count showed a negative linear
association with WC.

In the present study, the relations
between semen analysis with free
testosterone, total testosterone and
estradiol levels were analyzed. There was
a statistically significant correlation
between semen volume and a significant
inverse correlation between abnormal
forms with free testosterone. There was a
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statistically significant correlation
between total sperm count and sperm
concentration with total testosterone. This
result was in agreement with Tang et al.
(2012) who included 90 infertile men aged
25 - 40 years in their study and stated that
the The percentage of morphologically
normal sperm was positively correlated
with the levels of serum FT.

A significant inverse correlation was
found between testicular volume on one
side and both BMI and WC on the other
side. This result was in contrast to Bahk et
al. (2010) who concluded that testicular
volume is positively correlated with
height, body weight and BMI. Also, this
was in contrast to Ku et al. (2010) who
found significant but weak correlations
between testicular volumes and height,
body weight and body mass index. This
contrast could be due to ethnic variations
or difference in the number of patients
between our study and these studies.

CONCLUSION

Metabolic syndrome was directly
related to a decrease in both free and total
testosterone levels. Higher BMI was
associated with decreased free
testosterone/ estadiol ratio. Metabolic
syndrome was strongly associated with a
decrease in both semen volume and total
motility Higher BMI and Waist
circumference were closely related to poor
semen quality. Low androgen level is
significantly correlated with abnormal
semen parameters. BMI and waist
circumference were significant risk factors
for lower testicular volume.

REFERENCES

1. Bahk JY, Jung JH, Jin LM and Min SK.
(2010): Cut-off value of testes volume in
young adults and correlation among testes

volume, body mass index, hormonal level, and
seminal profiles. Urology, 75(6): 1318-1323.

Bhattacharya SM, Ghosh M and Nandi N
(2014): Diabetes mellitus and abnormalities in
semen analysis. J Obstet Gynaecol Res.,
40:167-171.

Chavarro JE, Toth TL, Wright DL, Meeker
JD and Hauser R. (2010): Body mass index
in relation to semen quality, sperm DNA
integrity, and serum reproductive hormone
levels among men attending an infertility
clinic. Fertility and Sterility, 93(7): 2222-
2231.

Corona G, Monami M, Rastrelli G, Aversa
A, Tishova Y, Saad F, Lenzi A, Forti G,
Mannucci E and Maggi M. (2011):
Testosterone and metabolic syndrome: a meta-
analysis study. The journal of Sexual
Medicine, 8(1): 272-283.

Eisenberg ML, Kim S, Chen Z, Sundaram
R, Schisterman EF and Buck Louis GM.
(2014): The relationship between male BMI
and waist circumference on semen quality:
data from the LIFE study. Human
Reproduction (Oxford, England), 29(2): 193—
200.

Fejes 1, Kolloszar J, Szollosi Z and
Zavaczki A. (2010): Is semen quality affected
by mala body fat distribution? Andrologia,
39:155-9.

Feldman HA, Longcope C, Derby CA,
Johannes CB, Araujo AB, Coviello AD,
Bremner WJ and McKinlay JB (2010): Age
trends in the level of serum testosterone and
other hormones in middle -aged men:
longitudinal results from the Massachusetts
male aging study. J Clin Endocrinol Metab.,
87:589-598.

Hammiche F, Laven JS, Twigt JM,
Boellaard WP, Steegers, EA and Steegers-
Theunissen RP. (2012): Body mass index and
central adiposity are associated with sperm
quality in men of subfertile couples. Human
reproduction (Oxford, England), 27(8): 2365—
2372.

Kaplan SA, Mcchan AG and Shah A.
(2010): The age related decrease in
testosterone is significantly exacerbated in



1600

10.

11.

12.

13.

14.

15.

16.

17.

18.

MOHAMMED ABD EL-SHAKOUR etal.,

obese men with the metabolic syndrome.
What are the implications for the relatively
high incidence of erectile dysfunction
observed in these men? J Urol., 176: 1524-
1528.

Ku JH, Kim ME, Jeon YS, Lee NK and
Park YH. (2010): Factors influencing
testicular volume in young men: results of a
community-based survey. BJU International,
90(4): 446-450.

Kusuma R and Siregar Y. (2018): Estradiol
to testosterone ratio in metabolic syndrome
men aged started 40 years above. In IOP
Conference Series: Earth and Environmental
Science. I0P Publishing, 125(1): 12164-70.

Laaksonen DE, Niskanen L, Punnonen K,
Nyyssonen K, Tuomainen TP, Valkonen
VP, Salonen R and Salonen JT. (2010):
Testosterone and sex hormone-binding
globulin predict the metabolic syndrome and
diabetes in middle-aged men. Diabetes Care,
27(5): 1036-1041.

Lasiene K, Gasiliunas D, Juodziukyniene N,
Dabuzinskiene A, Vitkus A and Zilaitiene
B. (2020): Age-related morphological
peculiarities of human testes. Folia Morphol.,
80(1): 122-126

Leisegang K, Sengupta P, Agarwal A and
Henkel R. (2021): Obesity and male
infertility: Mechanisms and management.
Andrologia, 53(1):13617-25.

MacDonald AA, Herbison GP, Showell M
and Farguhar CM. (2010): The impact of
body mass index on semen parameters and
reproductive hormones in human males: a
systematic review with meta-analysis. Human
Reproduction Update, 16(3): 293-311.

Mah PM and Wittert GA. (2010): Obesity
and testicular function. Mol Cell Endocrinol.,
316(2):180-6.

Makhside N. (2010): Hypogonadism and
metabolic ~ syndrome:  implications  for
testosterone therapy. J Urol., 3(174):827-834.

Muller M, Grobbee DE, den Tonkelaar I,
Lamberts SW and van der Schouw YT.
(2010): Endogenous sex hormones and

19.

20.

21.

22.

23.

24,

25.

metabolic syndrome in aging men. J Clin
Endocrinol Metab., 90(5): 2618 —2623.

Page ST, Amory JK, Bowman FD, Anawalt
BD, Matsumoto AM, Bremner WJ and
Tenover JL (2010): Exogenous testosterone
(T) alone or with finasteride increases
physical performance, grip strength, and lean
body mass in older men with low serum T. J
Clin Endocrinol Metab., 90:1502-1510.

Paltiel HJ, Diamond DA, Di Canzio J,
Zurakowski D, Borer JG and Atala A.
(2010): Testicular volume: comparison of
orchidometer and US measurements in dogs.
Radiology, 222(1):114-9.

Singh AK, Tomarz S, Chaudhari AR,
Singh R and Verma N. (2014): Type 2

diabetes mellitus affects male fertility
potential. Indian J Physiol Pharmacol.,
58:403-406.

Singh SK, Goyal R and Pratyush DD.
(2011): Is hypoandrogenemia a component of
metabolic syndrome in males? Official
journal, German Society of Endocrinology,
119(1): 30-35.

Spaggiari G, Granata AR and Santi D.
(2020): Testicular ultrasound inhomogeneity
is an informative parameter for fertility
evaluation. Asian J Androl., 22(3):302-308.

Tang WH, Jiang H, Ma LL, Hong K, Zhao
LM, Mao JM, Yang Y, Zhang X, Huang X
and Qiao J. (2012): Detection of spermatozoa
in the testicular tissue of non-obstructive
azoospermia  patients:  cell  suspension
examination versus histopathology. Zhonghua
Nan Ke Xue., 19(1):68-71.

Zumoff B, Strain GW, Miller LK, Rosner
W, Senie R, Seres DS and Rosenfeld RS.
(2010): Plasma free and non-sex-hormone-
binding-globulin-bound  testosterones are
decreased in obese men in proportion to their
degree of obesity. The Journal of Clinical
Endocrinology and Metabolism, 71(4): 929—
931.



IMPACT OF METABOLIC SYNDROME ON ANDROGEN/ ESTRADIOL... 1601

Osan 85 S35 gasa A o (¥ da jMe il
sl Bl a0 g0l i) cpadll) b dpadl) ane s
Ao dana (LAY AL ) daal (S daaa g e Badal) ae ) gSallae daaa
% a9l sl )

A Al ccal) A0S ELSIOY) U gl LY 6B g8 g ALl g Apala) (a1 janid

E-mail: dr.mohammedabdelshakour@gmail.com

P DS (URNDNVS PR SN PREICACH W [0\ | PRGNS S\ PO G | S LS
gl LaS celaa¥) e ad e e (V) A e G ) silry pd ]l (aa all
13 ol el eV ol s SA N e a el eldaclia i g, AN el jall sy

el e Y s (8 aall (8 ) gaall (5 sl s (sl el )

=N sSA N e A e YA a3 Bl S i sl (e gl
ol 8 Gpeadll ana 5 (s giall il Jila s o sl i) ) s pa

Gl 5SS W G0 60 (e Ayl od sy jal rdanl) (§pmta g ia sal)
cpm Las,wll JSE R 5 a 3V A aals il e A s Al clal el e fpaa i)
Ao genall 1oyl uiia Gffie 5—ene (1) Cpa—aibia € 2021 852016 e s
il g9 ) 5—S3 1@ Ae gaaall (A J el A Bl sl s gt 5SS
(JalSl g il A Al ) el e a2 B SR el A Dl
O sindll L1y 3L ay) A il Gla gl 5 ¢ aia gall g alall el
a5 Slallal agegsan W ety cJ adl Jal 5wlg oy ally K

Oinall a5 (s siall Bl Jalasi

Sy sl ot il G e p e IS (S (al S35 s pdan) il
A uSe i Ble g V) ;e A seaali A e VI Ao gendll 8
Bl g ol AU ) S5a58 ) all J i WY/ O i il Bl G 8 S
8l J sl / O 5 s sl A (s Al an ) A Vo @l e (Sl dy Se
Sl Jldl o sa e IS 8 ) b adil S an 8y adlllay aag
CPEPIRETSY S PRI U W VEON PR S J P FICTH (| S VEON Y RN |



mailto:dr.mohammedabdelshakour@gmail.com

1002 MOHAMMED ABD EL-SHAKOUR etal,
gl 3 55 g A siall Gl gadloa o Maa) 840 an) Ao ) (54,8
Aa s e s —enall (A adall 5 e JE SV A el A< al) A sl
A Sle ol IS 5 e s tall Bl o (A e e e A B
Sl gl 3 €A il gl s ame A A WA Se
A Is Ay e A Bl e s el o Sa By o el A KS , Sea iy il
b aall LS ) d5e e A Syaal sl o Ladll aaa (o Al ias)
AV il e juadll

st aae Gl 8200 15 LTl ) 13 sl) O el A e Jasi 5 sl
el 1S 5 Ggepldjldad y uy I aa¥ly pall Gyt gl o aa
oAl J BV /5 b sl (G a8 A (alaily

(Jsdl i w1 /s g 5 N i PN Al Jfall A o 3dlia cd 1l clal<l)
Aradl) g siall Bl D lklas




