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ك مستوى ون رم ى الذكورة ه ضى الرجال ف الزمة مر ض مت  األي

صطفى ر “ التابعى سميه “ شوشه م ي 'جورج س
القاهره جامعة الطب كلية ” الذريه الطاقه هيئة

العربى الملخص

 النده هرمونات و الذكوره هرمونات افراز ىف القصور بني العالقه دراسة اىل البحث يهدف
طه النخاميه الزمة مع 1يل المفث ى الدوليه المنظمه حددهتا كما الغذائى التمثيل مت ض ر م سكر ل  .ال

٦٠٣^٣ العمر متوسط )االيض مبتالزمة ملصابني١ الرجال عن ٤٠ د عن على احلث اجرىي
ملستشفى الصماء الغدد و أملكر عيادة على املتردنإ؛ن من املرضى هؤالء أختيار مت سذه(م
 التحاليل اجراء مت . األصحاء الرجال من ٢ ٠ عدد على الدراسه اجريت كما ٠ العيىن القصر
— بالدم الدهون توىي مس ب صائم سكر “ االنسولني مستوى ت هى و امنرضى هلؤالء اآلتية
 اجلسم هرمون ٠ املبيهش املنشط اهلرمون *احلر الششتريون ر التستوطريون هرمون مستوى
 ىف لوحظ ' النتائج .الذكوره هلرمونات الرابط اجللوبيلوين و , الربوالكتني هرمون ١ االصفر
النده وهرمونات التناسلية اهلرمونات ىف واضح نقص باملرض املصابه الرجال جمموعة
الرت الشتستريون— التستوطريون هرمونات مستوى ىف نقمن لوحظ كما ر %مآ ٠ بنسبه النخاميه

 فى بارتفاع عكسيا مرتبط هذا كان الذكوره.و هلرمونات الرابط اجللوبإ؛لوين مستوى فى ونقص —

 ستوى ر الدم خمر ر االنبساطى الدم ضغط ر االنقباضى الدم ضغط ر اجلسم كتلة مؤثر مستوى
 الدهىن الربوتني كوليستريول مع مباشرة ترتبط و الثالثيه الدهون مستوى ر االنسولني هرمون
هرمونات و التناطيه النده هرمونات ىف القصور ان الدراسه هذه من يستنتج و .الكثافه عأىل
ان ميكن و االيض متالزمة من يعانون الذين املرضى ىف عادة حيدث هلا املنثطه النخاشيه الغده
.املربض هلذا الشيب ىف تسهم

Abstract
Back Ground and Aim ofthe Work.• The numerous deleterious effects 
of nietabolic syndrome are being investigated throughout the medical
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community. H ^-androgeni$m ؛١١   men is a$$©ciated with features of 
the metabolic syndrome, even it may predict the metabolic syndrome, 
but the association with the metabolic syndrome itself using an 
accepted definition has not been described. A group of 40 men defined 
as metabolic syndrome were assessed to investigate the relationship 
between androgenic Hormones and parameters of the metabolic 
syndrome.
Research Design and Method. This case- control study was 
conducted 40 ه ا أ  men with metabolic syndrome as defined by new 
International Diabetes Federation definition (IDF), with an average 
age of 53±6.3 years, ?atients were recruited from subjects attending 
Diabetes-Endocrinology Clinic, Kasre-Alayni hospitals-Cairo 
University for management of different clinical aspects of the 
syndrome. They were compared to 20 healthy control volunteers. All 
patients underwent clinical and laboratory assessment including serum 
levels of insulin, fasting blood sugar, lipid profile, Endogenous 
testosterones, sex hormone binding globulin (SHBG), follicle 
stimulating hormone (FSH), luteinizing hormone (LH) and prolactin
(PRL).
Results: In this group of men with metabolic syndrome results
showed high incidence of h^-gonatotrophic hypogonadism (30%).
Total testosterone (TT), calculated free testosterone (cFT), and sex 
hormone binding globulin (SHBG) were inversely associated with 
body mass index (BMI), Diastolic blood pressure, fasting serum 
insulin level, fasting blood glucose, serum Triglycerides level, and 
directly correlated with high-density Lipoprotein cholesterol. 
Conclusion: H ^ -^ n a to tro p h ic  hypogonadism occurs commonly in 
patients with metabolic syndrome, and may contribute to its 
pathogenesis.
Key words: metabolic syndrome, hypogonadism, insulin resistance, 
cardiovascular disease

Introduction
The numerous deleterious effects of metabolic syndrome are being

'*  throughout the medical community, due to its association 
with the development of non-insulin-dependent diabetes Mellitus 
(NIDDM) and cardiovascular disease. Metabolic syndrome represents 
coexistence of Abnormalities, including overweight (visceral
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abdominal Fat di$tribut؛on), dyslipidemia, hypertension, and impaired 
glucose metabolism, with insulin resistance as the hypothesized 
underlying pathogenic mechanism [ل ا . The metabolic syndrome takes 
on more meaning. An early definition was made by the World Health 
Organization [2], but the definition by the International Diabetes 
Federation (IDF) is gaining Popularity ا3ا . It is estimated that around
20-25 per cent of the world’s adult population have the metabolic 
syndrome and the prevalence increases with age [4], They are twice as 
likely to die from and three times as likely to have a heart attack or 
stroke compared with people without the syndrome. In addition, 
people with metabolic syndrome have a fivefold greater risk of 
developing type 2 diabetes ا5ا . The underlying cause ofthe metabolic 
syndrome continues to challenge the experts but both insulin 
resistance and central obesity are considered significant Factors 

"  physical inactivity, Aging, pro-inflammatory state and
hormonal changes may also have a causal effect, but the role of these 
may vary depending on ethnic group [7, 8 ], The standard definition of
* by the Federal Drug Administration (FDA) and the
Endocrine Society is a total testosterone Value (<10.4 nmol/L). 
Although less than ideal, this is the commonly used definition in the 
literature [9]. Recently, the close association between hypogonadism 
and metabolic syndrome has received more attention. This is because 
the prevalence of hypogonadism has been shown to be higher than 
previously thought, both in epidemiological Studies [10], and in a 
survey of clinical Practice [11]. Testosterone itself may have a causal 
role in the pathogenesis ofthe metabolic syndrome or its components 
[1 2 ].The aim of this ' study was to investigate the relation
of endogenous testosterone, SHBG with metabolic syndrome 
parameters, as defined by the new International Diabetic Federation 
(IDF) definition, in middle-aged and elderly men.
Research Design and Methods
Subjeets: This study involved 40 patients with metabolic syndrome as 
defined by the new IDF definition for metabolic syndrome (Table 1)
[3], the patients were recruited from Faculty of Medicine, Cairo 
University for ' of different clinical aspects of the
syndrome including, diabetes, hypertension, and obesity. Informed 
consent obtained and they were compared to 2 0  healthy control 
volunteers.



Methods: All the patients were subjeeted to thorough history taking; 
patients with known history of hypogonadism, pan* or
chronic debilitating disease were excluded from the study. Physical 
examination was carried out including height, weight, and waist 
circumference. BMI was computed as the ratio of weight to the square 
of height (kg/m2). Blood pressure was measured with a random zero 
mercury sphygmomanometer (Hawksley,West Sussex, U.K.). Subjects 
were asked to fast for 1 2  h before blood sampling, which was done 
between 8:00 and 10:00 A.M "because of circadian variation [13], 
Fasting blood samples were then obtained to measure serum glucose, 
HbAlc, lipid profile and albumin. Serum insulin and sex hormones 
were measured including TT, SHBG, LH, FSH, and prolactin (PRJL) 
to determine the prevalence of hypogonadism in metabolic Syndrome 
and to differentiate whether the nature of hypogonadism is hypo- 
gonadotropic or hyper-gonadotropic. They were measured using 
radioimmunoassay kit (Linco research st,Chavles Mo).The Laboratory 
reference ranges were (2.6-24.9 Jig/ml), for fasting insulin, (9.71- 
27.76 nmol/1) for total testosterone 48.4-14.5 و  IU/mL for SHBG, 1.7- 
8 .6 ^IU/mL for LH, 1.5-12.4 ng/dL for FSH and 4.1-18.4 ng/dL for 
PRL. cPT was calculated from SHBG and T . For cFT, 0.225 
nmol/liter was taken as the lower limit of normal [14], Because FT is 
the gold standard for diagnosing hypogonadism was defined as low
FT [15].
Statistical analysis: Differences in baseline clinical and biochemical 
characteristics between patients and controls were tested for statistical 
significance with the Student’s ؛-test.
Results:All the patients had metabolic syndrome according to new 
IDF definition (Table 1), Clinical and biochemical characteristics of 
the study population were shown in (Table 2). Patients with metabolic 
syndrome were overweight, had a larger waist circumference, had 
higher glucose and insulin concentrations, and were more 
hypertensive and dyslipidemic at baseline. Baseline concentrations of 
serum total and calculated free te s to s te^ e  and SHBG were lower in 
patients with metabolic syndrome^ the difference was statistically 
significant. Table (3) shows that, increase in waist circumference is 
the main characteristic parameter in the study population (90%). The 
rise of SHBG was statistically significantp<0.05 across the age group, 
but there was a significant decrease in TT and cFT levels with age.



Dividing patients into hypogonadal and eug©nadal groups based on 
sex hormones. Both LH and FSH were significantly lower in the 
hypogonadal group. Hypogonadism was defined as low cFT. (30%) of 
Patients had levels less than 0.2nmol/liter and were therefore 
hypogonadal Table (4). Table (5) shows the correlation between TT, 
cFT, SHBG and parameters of metabolic syndrome. Calculated FT 
was positively associated with high density lipoprotein cholesterol 
concentrations, and inversely correlated with age, BM1, blood 
pressure, triglycerides, glucose and insulin. While TT levels had 
similar associations, although somewhat weaker, SHBG 
concentrations were also associated with components ofthe metabolic 
syndrome. Calculated FT was correlated significantly and negatively 
with LH and FSH levels. There was no significant correlation of either 
'fT or cFT with PRL. In this study PRL levels showed no statistically 
significant difference between patients and control, even after 
subgroup analysis in hypogonadal and eugonadal patients.
Table (ل): The new International diabetes federation (IDF) definition for

Metabolie syndrome 3 . [؛
According to the new IDF definition, for a person to be defined as having the 
metabolic syndrome they must have: central obesity (Defined as waist 
circumference* with ethnicity specific values) Plus any two o fth e أإاا؛ااهااه'، 
four factors (١ *-4*):

Waist circumference* Male >94 cm (Eastern Mediterranean and Middle 
East (Arab) populations Use European data until 
more specific data are available)

ا *٠  Raised triglycerides >150 mg/dL (1.7 mmol/L) or specific treatment for 
this lipid abnormality

2*- Reduced HDL 
cholesterol

<40 mg/dL (1.03 mmol/L) in males or specific 
treatment for this lipid abnormality

3*- Raised blood 
pressure

Systolic BP >130 or diastolic BP >85 mm Hg or 
tre^ment of previously diagnosed hypertension

4*- Raised fasting 
plasma glucose

(FPG) >100 mg/dL (5.6 mmol/L), or previously 
diagnosed type 2 diabetes .If above 5.6 mmol/L or 
100 mg/dL, OGTT is strongly recommended but 
is not necessary to define presence ofthe 
syndrome.

*JfBMI >30Kg/m2, central obesity can be assessed and waist circumference 
does not need to be measured



Table (2): Characteristics ه{ the ${٧ ٠  population
Patients Control ٨

Number 40 20

Age (years) 53±6.3 55±5.8 0.43
Systolic blood pressure 
(mmFlg)

134±7.5 118±2.1 0.003

Diastolic blood pressure 
(mmHg)

83±3.6 77±3A 0.001

BMI (kg/m2) 35±3.2 24±1.6 0.002

Waist girth (cm) 97±3 85±3.2 0.001

Fasting serum insulin ( ه/ا الآ ) 28±8.2 15±4.3 0.004
Fasting blood glucose (mg/dl) 134±5.9 87±4.5 0.001

Serum HDL cholesterol 
(mg/dll)

36ئ5.3 43±2.03 0.002

Serum triglycerides (mg/dl) 181±6.9 134±4.9 0.004
Serum total testosterone 
(nmol/1)

13.2±4.5 22.1±3.7 0.002

Serum cFT(nmo/l) 0.28±0.12 0.47±0.08 0.001

Serum SHBG (nmol/1) 26.5±7.6 35.9±5.6 0.003
Serum FSH (nmol/1) 4.7±2.6 8.55±2.7 0.02

Serum LH (m iu /m l 1) 3.75±1.9 5.5±1.5 0.03
Serum PRL (m iu /m l) 10±2.4 8.5±2.5 0.62

Values are presented as means ±SD 
entification o fth e  metabolic syndrome in this Study^ (3؛) Table

________________________according to IDF definition
Risk facto r Defining level this study ؛٨ Prevalence

Waist
circumference

Male >94 cm 90%

Blood pressure systolic BP >130 or diastolic BP >85
mm Hg or treatment o f  previously 
diagnosed hypertension

77%

Triglycerides >150 mg/dL or specific treatment for 
this lipid ^n o rm ality 65%

HDL
cholesterol

<40 mg/dL or specific treatment for 
this lipid abnormality 35%

Fasting glucose FPG) >100 mg/dL, or previously 
diagnosed type 2 diabetes If above 
100 mg/dL, OGTT is strongly 
reo m m en d ed  but is not necessary to 
define presence o fthe  syndrome

67%



______________________________________________
-versus hypo ا م؛ا س إ ؛ ) ( ا ا،ا biochemical features of س ا T،؛ble (4): Clinical ؛ا

Hypogonadal Eugonadal p
Number 1 2 28
Age (yr) 63.9±7.5 57.3±6.6 0.004
w c  (cm) 96.8±2.3 95.8±3.2 0.06
TT (nmol/liter) 8.1±0.5 0.004
cFT (nmol/liter) 0 .2 2 ±0 . 2 1 0.29±0.1 0.003
SHBG (nmol/liter) 19.1±3.3 27.08 ±1.8 0 . 0 1

FSH (nmol/liter) 4.25±4.5 5.5±2.7 0.03
LH (miu/ml) 3.9±3.4 5±2.5 0.04
FRL (miu/ml) 7.9±3.7 9.5±3.7 0 . 1 1

nd different parameters؛، Table (5): Correlations between sex hormones
_________________________of metabolic syndrome

ءا
Ag

(ys)

BM1 Systo
1-ic
BP

Diast
o-lic
BP

Triglyc
-erides

HDL FBG
insulin

Total testosterone:

٢
0.43* 0.49* 0.32*

-0.21 -0.43** 0.26* -0.41** -0.42**

م 0.04 0.02 0.05 0.2 0.02 0.03 0.007 0.006
:testosterone ،۴٢?،؛،

٢
0.34* 0.25* 0.26* 0.43*

-0.49** 0.42* -0.38* -0.28*

p 0.04 0.03 0.05 0.01 0.001 0.04 0.02 0.05
SHBG:
٢ 0.19* -0.62

0.32*
-0.29 -0.07 0.23 -0.18 -0.18

p 0لم7 0.04 0.06 0.68 0.15 0.26 0-25

*Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed).
Discussion
Systemic disease has been s^ w n  to influence male gonadal funetion 
[16]. An important question, therefore, is whether lower levels of sex 
hormones that were related to a higher prevalence of metabolic 
Syndrome are cause or effect [17], The current study reported that 
‘ ' is a common defect in metabolic
syndrome. In this study total testosterone (TT), calculated free 
testosterone (eFT) and sex hormone binding globulin (SHBG) levels
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were lower in 30% of the patients. This result is e©rroborated by 
Kupelian et al who reported that low TT and low SHBG levels were 
risk factors for metabolic syndrome, even when they restrict the 
assoeiation to men who were a^mptomatic from their androgen 
deficieney [18J.Previous study by Muller et al., confirmed high 
prevalence of low endogenous sex hormones with metabolic 
syndrome [ل و ]. Blouin et al., showed that men with fewer than three 
components ofthe metabolic syndrome had higher TT levels, and that 
men with three or more components of metabolic syndrome had lower 
levels ofTT [20]. This is in keeping with the findings of Kaplan et al., 
who found a definite inverse relationship between the number of 
components of metabolic syndrome and the TT levels, even in non- 
diabetic men [21]. These findings suggest that the more medical 
problems a man has, which puts more stress on his body, the lower his 
testosterone will be. However, Makhside suggested the addition of 
hypogonadism to the constellation of aberrations seen in metabolic 
syndrome [22].The prevalence of hypogonadism is much higher than 
that expected based on the age of subjects. This study demonstrated 
significant negative correlation between TT and cFT with the patients 
ages (Table 5), this in agreement with other longitudinal studies, from 
the Massachusetts Male Aging Study which revealed that fall in TT is 
gradual and constant over all decades and starts early in life, probably 
after the third decade [23]. Kupelian et al., and from the Baltimore 
Longitudinal Aging Study of Aging (BLSA), one ofthe most quoted 
Studies, describing age related decline of TT, the decrease in TT 
averaged 0 . 1 1  nmol/ liter per year, hypogonadism was described in 
that study as TT less than 11.28 nmol/liter [20]. Rodriguez et al., have 
confirmed that the prevalence of metabolic syndrome increases with 
aging and that it is related to hypogonadism [24], This study

• ' * an inverse correlation between TT and cFT levels with 
fasting serum insulin (Table 5). Results of this study agree with 
Robeva and associates who found total testosterone to be negatively 
correlated with insulin level [25]. Similar data were reported by Oh et 
al., from the prospective Rancho Bernardo Study, which found that 
low total testosterone levels predicted the subsequent development of 
NIDDM [26]. These observations are important when considering 
insulin resistance as the potential underlying aberration in metabolic 
syndrome, and may indeed be a common etiology for both



hy^g©nadism and onset of NIDDM [27]. Central or abdominal 
obesity, as measured by waist circumference and BMI, is a classical 
feature of the metabolic syndrome, and is the central feature of the 
IDF definition of metabolic syndrome. This study revealed negative 
correlation between cFT and TT with BMI, in agreement with Osuna 
et al., who reported inverse association between cFT and TI’ with 
BMI 2ا ر8 . In contradiction with other study reported by Svartberg et 
al., who suggested that waist circumference is better at predicting TT 
levels than is BMI [29]. The mechanisms by which T production is 
decreased as BMI increases are not fully understood, but several facts 
are known that might be pertinent. Numerous authors have noted that 
metabolic syndrome and several of its components, namely, obesity, 
insulin resistance, and dyslipidemia, are associated with increased 
systemic pro-inflammatory mediators such as TNF-a, IL-6 , C-react؛ve 
protein, and adhesion molecules [30] and increased oxidative stress 
with lipid peroxidation [31]. Obesity is associated with decreased 
SHBG production, which increases total TT but decreases free 
testosterone; this would seem contradictory, but other factors are at 
play. Obesity is associated with increased aromatization of TT to 
estradiol in peripheral fat tissue. Then decrease the pituitary 
production of gonadotropins, which, in turn, decrease testicular 
production of testosterone [28, 32]. It has also been hypothesized that 
elevated leptin levels in obese individuals interfere with LH/hCG 
stimulation of androgen production, thereby decreasing androgen 
levels [33]. Thus, the observed decrease in testosterone levels in obese 
males is likely due to several factors, including decreased synthesis of 
testosterone, inhibition of SHBG synthesis, and decreased 
gonadotropin secretion [34]. In this study SHBG level was found to be 
low and directly correlated with age (r=0.19, p=0.02). Men with low 
SHBG concentrations were not only several times more likely to have 
the metabolic syndrome than men with higher levels, but were also 
consistently more likely to have features associated with the metabolic 
syndrome. Mechanisms by which SHBG itself may directly influence
* ofthe  metabolic syndrome are unclear [19]. Calculated
free testosterone levels have also been found to be low in massively 
obese males, and the defect appears to be at the h^othalamic or 
pituitary level, in agreement with this study which showed that FSH 
and LH levels correlated significantly and negatively with cFT



concentrations. Thus, data from the literature in human$ and from our 
study seem to suggest that obesity/insulin resistance is associated with 
hypogonadism and that the hypogonadism appears to be hypo- 
gonadotropic in nature [34], Conversely, overall or abdominal obesity 
increases glucocorticoids turnover and production resulting in 
abnormal control of the l^othalamic-pitoiter^adrena؛ axis and 
possibly mild hypo-androgenism in men إ35إ . Hypertension has also 
been associated with hypogonadism, as well as its long known 
affiliation with cardiovascular risk. Mulligan et al., have shown that 
more men with hypertension have low TT levels [11]. This study 
revealed a significant negative correlation between TT, cFT levels 
with both systolic and diastolic blood pressure in agrrement with other 
studies reported by Svartberg et al., which have demonstrated a 
significant inverse relationship between blood pressure and both total 
serum testosterone, and free testosterone [36], This observed 

' between elevated blood pressure and decreased androgens
is not clear, although some authors suggest that androgen deficiency 
may be the root cause of hypertension by inducing increased arterial 
stiffness [30]. Lipid abnormalities are also part of the metabolic 
syndrome, in the form of elevated triglycerides and decreased HDL 
cholesterol. In this study TT and cFT significantly correlated with 
HDL concentrations (Table 5). This in agreement with GyJlenborg et 
al., who demonstrated that high TT and free testosterone levels to be 
associated with high HDL-cholesterol levels [37], Furthermore, this 
study showed that a decrease ط  endogenous TT and cFT is associated 
with an increase in triglycerides. The effect of endogenous 
testosterone on triglyceride levels may in turn be secondary to 
testosterone effects on body fat distribution, insulin and glucose 
metabolism [38].
Conclusion:
L©w total testosterone, calculated free testosterone and SHBG levels 
were strongly associated with components ofthe metabolic syndrome. 
Furthermore, even in the absence of late-stage consequences such as 
diabetes and cardiovascular disease, subtle derangements in sex 
hormones are present in the metabolic syndrome, and may contribute 
to its pathogenesis.

٦ ٨
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