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Abstract
Background: Pituitary and gonadal dysfunctions resulting from increased adiposity
leading to disturbances of sexual and reproductive functions have been reported in
males with metabolic syndrome (MS) and type 2 diabetes mellitus (DM2). The aim
of this study was to evaluate sexual dysfunction, leptin, and reproductive hormones
in Nigerian males with MS and DM2.
Methods: Participants were 104 men (34 males with DM2, 17 men with MS and 53
men with normal body mass index (18.5-24.9 Kg/m2) without MS (controls)). The
International Diabetes Federation (2005) criteria were used for MS diagnosis. Reproductive history, anthropometry, blood pressure (BP) and 10 ml fasting blood
samples were obtained by standard methods. Fasting plasma glucose, total cholesterol, triglycerides and high density lipoprotein cholesterol were determined by enzymatic methods while low density lipoprotein cholesterol was calculated. Leptin,
follicle stimulating hormone (FSH), luteinising hormone (LH), prolactin, testosterone and oestrogen were determined by enzyme immunoassay (leptin by Diagnostic
Automation, Inc.; others by Immunometrics (UK) Ltd.) while oestrogen-testosterone
ratio was calculated. Data analyzed using ANOVA, Chi square and multiple regression were statistically significant at p<0.05.
Results: Testosterone was significantly lower in MS than controls while oestradiol
and ETR were significantly higher in MS compared with controls and DM2 group
(p<0.05). ETR significantly predicted testosterone in all groups (p<0.05). Significantly lower libido was observed in men in MS than controls and DM2 groups
(p<0.05).
Conclusion: Sexual and reproductive dysfunction may be related to increased conversion of testosterone to oestrogen in increased adipose mass in men with metabolic
syndrome and type 2 diabetes mellitus.
Keywords: Cardiovascular disease, Leptin, Lipids, Metabolic syndrome, Pituitary hormones,
Sex hormone, Sexual dysfunction, Type 2 diabetes mellitus.
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Introduction
he metabolic syndrome (MS), one of the major public health challenges worldwide is
well established in Nigeria (1). Described as

a complex entity of metabolic disorders-the concurrence of disturbed glucose and insulin metabolism, overweight and abdominal fat distribution,
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Metabolic Syndrome and Reproductive Dysfunctions

mild dyslipidaemia, and hypertension- the MS is
thought to be a pre-diabetic state and parallels rising rates of obesity worldwide (2, 3). Measures of
adiposity- body mass index (BMI), waist circumference (WC), percentage body fat (PBF), waist to
hip ratio (WHR), waist to height ratio (WHT), hip
circumference (HC)- are important risk factors for
metabolic diseases (4, 5).
Increasing incidence of the MS all over the
world accompanies adoption of modern Western
lifestyle. The main negative features of this lifestyle include positive energy balance (excessive
energy intake and low physical activity) and lowquality food (high fat, energy dense and poor in
micronutrients) (6, 7). The MS is known to increase the risk for cardiovascular diseases (CVD)
and DM2 in both sexes (8). The prevalence of
type 2 diabetes mellitus (DM2) is very high
worldwide and has risen to 20.5% in Nigeria (9,
10). It is characterized by chronic hyperglycaemia
with disturbances of carbohydrate, fat and protein
metabolism resulting from defects in insulin secretion, insulin action or both (11).
Sexual and reproductive dysfunctions are important complications in MS and DM2 and may contribute to metabolic dysfunction resulting in decreased quality of life-depressed mood, low libido, erectile dysfunction and fatigue in both men
and women (12-14). CVD and testosterone deficiency are both associated with visceral fat accumulation, MS, type 2 diabetes, increased inflammatory cytokines, hyperlipidaemia, and abnormalities of coagulation (15).
Men with MS and DM2 have low total and free
testosterone and low sex hormone–binding globulin (SHBG). Conversely, the presence of low testosterone and/or SHBG predicts the development
of MS and DM2. It is thought that visceral obesity, present in men with low testosterone, the MS,
and/or type 2 DM acts through proinflammatory
factors, which contribute to vascular endothelial
dysfunction with adverse sequelae such as increased CVD risk and erectile dysfunction (16).
Obesity suppresses SHBG and as a result total testosterone concentrations and alterations in SHBG
confound the relationship between testosterone
and obesity (17). However, low total and free testosterone and SHBG levels are associated with an
increased risk of developing the MS, independent
of age and obesity (18, 19). Aromatase, the enzyme that converts testosterone to oestradiol, is
mainly located in adipose tissue. Obesity is associated with elevated oestrogen in men, activating
18

hypothalamic-oestrogen receptors, and triggering
inhibition of the hypothalamic-pituitary-gonadal
axis. Treatment with aromatase inhibitors reverses
the hypogonadotropic hypogonadism associated
with obesity (20).
It is hypothesized that continued positive energy
balance in MS results in the accumulation of adipose mass with increased aromatase activity. Testosterone is, therefore, metabolized to oestradiol
leading to a hypogonadal state. The resultant low
testosterone concentration increases lipoprotein
lipase enzyme activity and triglyceride uptake,
leading to increased obesity (greater fat deposition) with further androgen deficiency and visceral fat deposition. Progressive increase in insulin
resistance culminates in various features of the
metabolic syndrome (the hypogonadal- obesity
cycle) (21, 22).
Our previous study showed significant hypogonadism and sexual dysfunction characterized by
low testosterone, diminished libido, erectile dysfunction and poor nocturnal/early morning erection in 20-38% and 46-55% of men with MS and
DM2, respectively. It was proposed that deficient
glucose uptake by the pituitary and the gonads, a
consequence of insulin resistance could lead to
hypogonadism. Low concentration of circulating
high density lipoprotein cholesterol (HDLC) in
addition to deficient uptake of cholesterol by the
adrenals resulting from insulin resistance might
exaggerate the low concentration of circulating
testosterone (2).
Serum leptin correlates with BMI (22-24). Also,
increased serum leptin levels observed in participants with MS in our study were attributed to high
levels of adiposity measures present in them (25).
Increased levels of leptin associated with MS may
decrease testosterone levels, likely through a functional leptin receptor isoform on leydig cells. Thus,
therapeutic testosterone replacement or supplementation may decrease leptin levels and therefore
obesity (13, 26, 27). Since MS predisposes individuals to DM2, hormonal milieu and sexual function may have similar pathophysiology. This study
was, therefore, designed to evaluate sexual dysfunction, leptin, pituitary and gonadal hormones
in Nigerian men with MS and DM2.
Methods
Study Design: This study was a cohort study con-

ducted over a period of 6 months in the Department of Chemical Pathology, College of Medicine, UI. Ethical approval was obtained from the
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plasma and serum were aspirated in small aliquots
into clean vials and stored at -20C until analysis
was done. Urine was obtained from each subject
for the determination of creatinine and microalbumin.
Age, Reproductive History, Anthropometry and
Blood Pressure Measurements: Age, reproductive

history (parity, libido, sustained penile erection
during sex, nocturnal/early morning erection),
anthropometry (body weight (BW), height, BMI,
WC, HC, WHR, WHT, PBF and BP (systolic and
diastolic)) were obtained using methods described
elsewhere (2, 25).
Biochemical Indices in Blood: FPG and lipids- triglyceride, TC, HDLC- were estimated by enzymatic methods using commercial kits (Dialab Produktion, Austria) while low density lipoprotein
cholesterol (LDLC) was calculated using Friedwald’s formula as described elsewhere (25). Serum hormones were estimated by enzyme immunoassay using commercially available kits. Leptin
was estimated by kits obtained from Diagnostic
Automation, Inc., CA while anterior pituitary
hormones (follicle stimulating hormone (FSH),
luteinizing hormone (LH) and prolactin) and sex
hormones (testosterone and oestradiol) were estimated using kits obtained from Immunometrics
UK Ltd. Testicular endocrine milieu was determined by calculating oestrogen-testosterone (ETR).
Statistical Analysis: Data were analyzed using the
Statistical Package for Social Sciences (SPSS) software 15.0 version. Analysis of variance (ANOVA) and Duncan Post Hoc tests for multiple comparisons were used for comparison of variables.
Chi square test was used to find associations
while stepwise multiple regression model was
used to predict dependent variables. Data analyzed were significant at p<0.05.
Results
Table 1 shows comparison of mean plasma/serum levels of biochemical parameters in participants with MS, DM2 and controls using ANOVA.
Significant differences were observed in FPG,
HDLC, LDLC, testosterone, oestradiol and ETR
(p<0.05). Post hoc tests showed significantly
higher levels of FPG in DM2 compared with MS
and controls (p<0.05). HDLC was significantly
higher in controls compared with MS and DM2
(p<0.05). LDLC was significantly higher in DM2
than controls (p<0.05). Testosterone was significantly lower in MS than controls while oestradiol
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Joint Ethical Committee of University of Ibadan/
University College Hospital, Ibadan, Nigeria (UI/
UCH).
Participants: A total of 104 men aged 21-90 years
were purposely selected for this study. 34 had
DM2, 17 had MS while 53 were apparently
healthy (controls). These were part of 730 consenting healthy participants (men and women)
who were not aware of their metabolic status and
99 consenting participants (men and women) with
DM2, recruited by the study physicians into the
cohort study on Risk Assessment of DM2 in Individuals with MS in Ibadan, Nigeria. The men fulfilled the criteria for their respective groups. These participants were not on lipid lowering and
hormonal medications and they did not have any
known cardiovascular diseases.
Individuals with Type 2 Diabetes Mellitus: These
were participants diagnosed with type 2 diabetes
mellitus by consultant physicians who had no renal diseases. They were recruited while attending
the diabetic clinic at the Medical Out-Patient department of the UCH, Ibadan. Their mean (s.e)
microalbuminuria to creatinine ratio on spot urine
of 2.98 mg/g (1.71) was within normal reference
range (28).
Individuals with Metabolic Syndrome: These participants were recruited using International Diabetic Federation (IDF) criteria (abdominal obesity: WC>94 cm and at least two of the following:
hypertriglyceridemia (plasma triglycerides> 150
mg/dl), low HDLC (plasma HDLC<40 mg/dl),
high blood pressure (BP) (BP>130/85 mmHg) and
high fasting glucose (plasma glucose>100 mg/dl)
(29).
Controls: These were apparently healthy, nondiabetic participants with normal body mass index
(BMI) of >18.5-24.9 kg/m2 without MS using the
IDF criteria. Fasting plasma glucose was determined to exclude DM2.
Sample Collection: 10 ml of venous blood sample
was asceptically obtained by venipuncture from
the participants after an overnight fast (10-14 hr).
Next, 4 ml was dispensed into potassium ethylene
diamine tetra acid (K3EDTA) tube for the determination of lipid profile (total cholesterol (TC),
triglyceride and HDLC) and 2 ml was dispensed
into fluoride oxalate tube for plasma glucose estimation while 4 ml was dispensed into plain serum tubes and kept for 1-2 hr to clot to obtain serum for the estimation of hormones. All samples
were centrifuged at 500 g for 5 min after which
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Table 1. Comparison of mean plasma levels of biochemical indices in male participants with metabolic syndrome, type 2 diabetes
mellitus and controls
Index
Fasting plasma glucose (mmol/l)
Triglyceride (mmol/l)
Total cholesterol (mmol/l)
HDLC (mmol/l)
LDLC (mmol/l)
Leptin (µg/l)
Testosterone (nmol/l)
Oestradiol (pmol/l)
ETR
FSH (IU/l)
LH (IU/l)
Prolactin (mIU/l)

MS (n=17)
5.1 (0.3)
0.8 (0.1)
3.4 (0.2)
0.8 (0.1)
2.2 (0.2)
7.8 (1.3)
18.0 (3.2)
373.3 (54.2)
0.02 (0.02)
8.5 (1.8)
9.4 (2.0)
341.9 (120.2)

Control (n=53)
4.3 (0.1)
0.7 (0.0)
3.7 (0.1)
1.3 (0.0)
2.1 (0.1)
5.4 (0.6)
32.6 (2.5)
156.6 (18.6)
0.005 (0.007)
12.0 (1.3)
13.2 (1.0)
444.1 (103.7)

DM2 (n=34)
7.1 (0.5)
0.8 (0.1)
3.9 (0.1)
0.9 (0.1)
2.6 (0.2)
7.7 (1.2)
27.0 (3.0)
175.9 (24.1)
0.007 (0.008)
16.5 (2.5)
12.2 (2.1)
273.2 (52.7)

P-value *
0<0.001
0.38
0.208
0<0.001
0.036
0.124
0.01
0<0.001
0<0.001
0.055
0.356
0.427

Table 2. Sexual characteristics of male participants with metabolic syndrome, type 2 diabetes
mellitus and controls
Sexual characteristics
Libido
Sustained penile erection during sex
Nocturnal/Early morning erection

MS
12 (70.6%)
n=17
9 (69.2%)
n=13
13 (76.5%)
n= 17

DM2
26 (96.3%)
n=27
19 (79.2%)
n=24
25 (80.6%)
n=31

Control
50 (96.2%)
n=52
40 (85.1%)
n=47
46 (90.2%)
n=51

P-value *
0.002
0.420
0.288

MS=Metabolic Syndrome Group, DM2=Type 2 Diabetes Mellitus Group, *Chi square test

and ETR were significantly higher in MS compared with controls and DM2 (p<0.05).
Table 2 shows sexual characteristics of men participants with MS, DM2 and controls using Chi
square test. 26 (96.3%) men in the DM2 group
and 50 (96.2%) in the control group had significantly higher libido compared with 12 (70.6%)
men in the MS group. The association of the men
libido in MS, DM2 and controls was significantly
different (p<0.01).
Table 3 shows comparison of age, parity, anthropometry and BP in men participants with MS,
DM2 and controls using ANOVA. Significant differences were observed amongst MS, DM2 and
control groups in age, weight, BMI, WC, HC,
WHR, WHT, PBF, SBP and DBP. Post hoc tests
showed that men in MS and DM2 had higher age,
weight, BMI, WC, HC, WHR, WHT, SBP and
PBF than controls (p<0.05). Similarly, these parameters (except age and WHR) were higher in
men with MS than DM2. Age was higher in DM2
group than MS group while DBP was higher in
MS than controls and DM2 groups (p<0.05).
20

Table 4 showed multiple regression analyses of
testosterone, oestradiol and oestradiol testosterone
ratio in controls, MS and DM2. In controls, testosterone and oestradiol positively and significantly
predicted each other. Testosterone negatively predicted ETR and vice versa while oestradiol positively predicted ETR and vice versa (p<0.001).
The overall relationships were significant (R2=
0.626, F=41.888, p<0.001). In MS, ETR, triglyceride and HC had significant overall relationship
with testosterone (R2=0.515, F=4.602, p=0.021);
ETR, triglycerides, WHR, and DBP had significant overall relationship with oestradiol (R2=
0.625, F=4.995, p=0.013) while oestradiol, age,
FBG, TG, LDLC, WHR and testosterone had significant overall relationship with ETR (R2=0.769,
F=4.271, p=0.024). However, only ETR significantly and negatively predicted testosterone and
vice versa (p<0.05). In DM2, ETR and prolactin
had significant overall relation with testosterone,
ETR with oestradiol; and oestradiol, WHT, WC
and WHR with ETR (R2=0.235, F=4.749, p<0.05).
However, only the negative prediction of testos-
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Values are in mean (s.e), MS=Metabolic Syndrome Group, DM=Diabetic Group, HDLC=High Density Lipoprotein Cholesterol, LDLC=Low Density Lipoprotein Cholesterol, LH=Luteinizing Hormone, FSH=Follicle Stimulating Hormone, ETR=Oestradiol Testosterone Ratio, *One Way
ANOVA and Duncan Test; n for leptin=control=30, MS=16, DM=21
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Table 3. Comparison of age, parity, anthropometric and clinical parameters in male participants with
metabolic syndrome, type 2 diabetes mellitus and controls
Index

MS (n=17)

Controls (n=53)

DM2 (n=34)

P-value *

Age (years)

56.3 (3.5)
6.8 (0.8)
1.7 (0.0)
86.7 (4.1)
30.1 (1.3)
108.0 (2.9)
105.7 (2.2)

37.9 (1.7)
4.0 (0.6)
1.7 (0.0)
63.6 (1.0)
21.9 (0.3)
81.2 (0.8)
91.4 (0.7)

63.6 (2.0)
5.3 (0.7)
1.7 (0.0)
74.1 (2.6)
25.5 (0.8)
96.9 (2.1)
97.2 (1.6)

0<0.001
0<0.07
0.815
0<0.001
0<0.001
0<0.001
0<0.001

1.0 (0.0)
0.63 (0.0)
153.2 (7.1)
95.9 (3.3)
27.6 (0.7)

0.9 (0.0)
0.48 (0.0)
114.3 (0.8)
73.0 (0.7)
17.0 (0.6)

1.0 (0.0)
0.57 (0.0)
128.2 (3.5)
76.6 (1.8)
24.8 (0.9)

0<0.001
0<0.001
0<0.001
0<0.001
0<0.001

Parity
Height (m)
Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Hip circumference (cm)
WHR
WHT
Systolic BP (mmHg)
Diastolic BP (mmHg)
Percentage of body fat

terone by ETR and positive prediction of oestradiol and vice versa were significant (p<0.05).
Discussion
The finding of similar levels of LH and prolactin
in MS, DM2 and controls is contrary to reports of
pituitary hypofunction, supported by low testosterone and inappropriately low luteinizing hormone (LH) and follicle stimulating hormone (FSH)
concentrations in diabetics (30). Levels of FSH in
MS and DM2 were similar to controls in the present study. Our findings contrast with data from
animal studies, which showed that hyperglycemia
altered leydig cell function directly by reducing
both leydig cell number and consequently, testosterone secretion (31). FPG levels were significantly higher in DM2 compared with control and MS
groups (p<0.01) in this present study. Hypertriglyceridemia and hyperglycemia were the least
prevalent components of MS in the Nigerian population contrary to findings in other populations
implicating genetic differences (1).
In this present study, there was significant reduction in testosterone levels in MS group only compared with controls (p<0.02). Additionally, oestradiol levels and ETR were significantly higher
in MS compared with DM2 and controls (p<
0.001). It was observed that oestradiol, testosterone and ETR predicted each other in controls.
The relationship of oestradiol with testosterone
and ETR was lost in MS while the prediction of
ETR by testosterone was lost in DM2 (p<0.04).

The hypogonadal state plays a central role in the
development of metabolic syndrome in younger
as well as elderly men (21). Our findings support
the hypothesis that continued positive energy balance results in the accumulation of adipose mass
which metabolizes testosterone to oestradiol probably through increased aromatase activity (21,
22).
Sexual function is a complex, multicomponent
biologic process that comprises central mechanism for regulation of libido and arousability as
well as local mechanisms for the generation of
penile tumescence, rigidity, orgasm, and ejaculation with overall sexual satisfaction. Testosterone
may affect the ability to achieve erections by
helping to stimulate the expression of nitric oxide
synthase and thereby increase the availability of
nitric oxide in cavernosal tissue (32). Androgendeficient men have decreased overall sexual activity (33).
An association between MS and erectile dysfunction has been reported in several studies (2,
34-36). Chughtai et al. (36) reported that in males
with MS, 96.5% had erectile dysfunction, 39.6%
had hypoactive sexual desire, 22.7% had premature ejaculation, and 4.8% had delayed ejaculation. The MS may lead to erectile dysfunction
through multiple mechanisms. It is postulated that
hypogonadism, which may be caused by the MS,
can lead to secondary erectile dysfunction through
altered testosterone: estrogen levels (37). In our
present study, 96.3% and and 96.2% of men in the
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Values are mean (s.e), BMI=Body Mass Index, WHR=Waist Hip Ratio, WHT=Waist Height Ratio, BP=Blood Pressure, MS=Participants with metabolic Syndrome, DM2=Participants with type 2 diabetes Mellitus, n for parity in
control, MS and DM2=29,6, and 7, respectively; n for height, waist circumference, hip circumference, WHR in
DM2=33 while that of WHtR=32, *One Way ANOVA and Duncan test
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Table 4. Multiple regression analyses of testosterone, oestradiol and oestradiol testosterone ratio in control,
metabolic syndrome and type 2 diabetes mellitus groups

Control

R2=0.626, F=41.888, p=0<0.001

R2=0.666, F=49.949, p=0<0.001

R2=0.689, F=55.503, p=0<0.001

R2=0.515, F= 4.602, p=0.021

Type 2 diabetes mellitus

Metabolic syndrome

R2=0.625, F=4.995, p=0.013

R2=0.769, F=4.271, p=0.024

R2=0.235, F=4.749, p=0.016

R2=0.325, F=15.406, p<0.001
R2=0.487, F=6.420, p=0.001

Dependent
parameter
Testosterone

Predictors

Regression
coefficient

P-value

Oestradiol
ETR

0.780
-0.832

0<0.001
0<0.001

Testosterone
ETR

0.696
0.816

0<0.001
0<0.001

Testosterone
Oestradiol

-0.691
0.760

0<0.001
0<0.001

ETR
Triglyceride
Hip circumference

-0.505
-0.129
-0.243

0.043
0.601
0.299

ETR
Triglyceride
Waist hip ratio
Diastolic blood pressure

0.300
0.253
-0.262
-0.324

0.253
0.251
0.242
0.111

Oestradiol
Age
Fasting plasma glucose
Triglyceride
LDLC
Waist hip ratio
Testosterone

0.598
-0.158
-0.129
-0.161
0.157
-0.006
-0.576

0.083
0.520
0.655
0.560
0.479
0.786
0.035

ETR
Prolactin
ETR

-0.371
0.226
0.570

0.030
0.176
0<0.001

Oestradiol
Waist height ratio
Waist circumference
Waist hip ratio

0.503
-0.035
0.053
0.388

0.001
0.938
0.902

Oestradiol

ETR

Testosterone

Oestradiol

ETR

Testosterone

Oestradiol
ETR

0.02

ETR=Oestradiol Testosterone Ratio, LDLC=Low Density Lipoprotein Cholesterol

DM2 and control groups, respectively had
significantly higher libido compared with 70.6%
men in the MS group (p<0.003). These observations may be related to reduced testosterone level
in MS. Hypogonadism was present more frequently in patients with MS (36).
Atherosclerosis can also lead to structural damage within the penile tissues. The MS can also
lead to endothelial dysfunction, which has been
implicated in vascular disorders. Endothelial dysfunction, therefore, leads to a decrease in vascular
nitric oxide levels, with resulting impaired vasodilation. The increase in free radical concentration
also leads to atherosclerotic damage (38-40). Hyperglycemia induces a series of cellular events
that increase the production of reactive oxygen
22

species such as superoxide anion that inactivates
nitric oxide to form peroxynitrite and increases
oxygen-derived free radicals through activation of
protein kinase C and other cellular elements thus
leading to erectile dysfunction (38, 39). Hyperglycemia can also lead to glycation of penile cavernosal tissue, leading to an impairment of collagen turnover and potentially erectile dysfunction
(41). Contrarily, all groups (including DM2) had
similar percentage of men with sustained erection
during sex as well as nocturnal and early morning
erection in this present study.
In spite of the similar levels of total cholesterol
observed in this study, LDLC levels were significantly higher in DM2 than controls (p<0.01). Additionally, MS and DM2 groups showed signifi-
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Conclusion
Our findings show normal pituitary function in
both groups. However, reduced testosterone was
seen in MS compared with controls implicating
increased aromatase activity in converting testosterone to oestradiol and not leydig cell dysfunction. It is suggested that measures aimed at reduction of adiposity and hyperglycemia in MS and
DM groups may be beneficial in their management. This may improve their sexual function and
enhance good quality of life.
Acknowledgement
This study was partly funded by the University
of Ibadan MacArthur Foundation grant. The authors appreciate the financial contributions of Unyime A. Fabian for the analyses of pituitary and
gonadal hormones in the study.
Conflict of Interest
Authors declare no conflict of interest.

References
1. Charles-Davies MA, Fasanmade AA, Olaniyi JA,
Oyewole OE, Owolabi MO, Adebusuyi JR, et al.
Prevalent components of metabolic syndrome and
their correlates in apparently healthy individuals in
Sub-Saharan Africa. Int J Trop Dis Health. 2014;4
(2):740-52.
2. Umoh U, Charles-Davies MA, Adeleye J. Serum
testosterone and lipids in relation to sexual dysfunction in males with metabolic syndrome and type2
diabetes mellitus. Int J Med Med Sci. 2010;2:40212.
3. Moreira C, Santos R, Vale S, Santos PC, Abreu S,
Marques AI, et al. Ability of different measures of
adiposity to identify high metabolic risk in adolescents. J Obes. 2011;2011:578106.
4. Taylor AE, Ebrahim S, Ben-Shlomo Y, Martin RM,
Whincup PH, Yarnell JW, et al. Comparison of the
associations of body mass index and measures of
central adiposity and fat mass with coronary heart
disease, diabetes, and all-cause mortality: a study
using data from 4 UK cohorts. Am J Clin Nutr.
2010;91(3):547-56.
5. Charles-Davies MA, Arinola OG, Fasanmade AA,
Olaniyi JA, Oyewole OE, Owolabi MO, et al. Indices of metabolic syndrome in 534 apparently
healthy Nigerian traders. J US China Med Sci. 2012;
9(2):91-100.
6. Wilsgaard T, Jacobsen BK. Lifestyle factors and
incident metabolic syndrome. The Tromsø Study
1979-2001. Diabetes Res Clin Pract. 2007;78(2):
217-24.
7. Monteiro R, Azevedo I. Chronic inflammation in
obesity and the metabolic syndrome. Mediators Inflamm. 2010;2010. pii: 289645.
8. Faloia E, Michetti G, De Robertis M, Luconi MP,
Giorgio F, Boscaro M. Inflammation as a link between obesity and metabolic syndrome. J Nutr Metab. 2012;2012:476380.
9. Isezuo SA, Ezunu E. Demographic and clinical correlates of metabolic syndrome in Native African
type-2 diabetic patients. J Natl Med Assoc. 2005;
97(4):557-63.
10. Al-Sarraj T, Saadi H, Volek JS, Fernandez ML.
Metabolic syndrome prevalence, dietary intake,
and cardiovascular risk profile among overweight
and obese adults 18-50 years old from the United
Arab Emirates. Metab Syndr Relat Disord. 2010;
8(1):39-46.
11. American Diabetes Association. Diagnosis and
classification of diabetes mellitus. Diabetes Care.
2012;35 Suppl 1:S64-71.
12. Esposito K, Giugliano F, Martedi E, Feola G, Marfella R, D'Armiento M, et al. High proportions of

J Reprod Infertil, Vol 17, No 1, Jan-Mar 2016

23

Downloaded from http://www.jri.ir

cantly lower differences in HDLC levels compared with controls (p<0.04). These observations
suggest that disordered metabolism in MS and
particularly in DM2 could contribute to cardiovascular risk. Increased leptin levels in our population have been attributed to an increase in adipose tissue mass observed in MS and DM2 (25).
The similar levels of leptin in all groups in this
study may reflect the lower adipose mass in men
compared to females. Our findings in males do
not support the review by Chou et al. (2014) that
linked leptin to reproductive dysfunction due to
energy imbalance (42).
The number of men with MS in this study was
small (17) and non-inclusion of glycated haemoglobin measurement to identify men with DM2
with and without control are the limitations of this
study. However, the association of measures of
adiposity depicting central or subcutaneous obesity and hypertension as CVD risk factors in Nigerians have already been reported (5, 43). Short
term dietary modulation of CVD risk factors, oxidative and inflammatory parameters in individuals
with MS proved to be beneficial (44). Akinloye et
al. (2014) recommended the inclusion of routine
measurement of the testosterone level in the management of patients that present with both diabetes and hypertension. They suggested that these
patients could benefit from testosterone replacement therapy (45).

JRI

Metabolic Syndrome and Reproductive Dysfunctions

erectile dysfunction in men with the metabolic
syndrome. Diabetes Care. 2005;28(5):1201-3.
13. Kapoor D, Aldred H, Clark S, Channer KS, Jones
TH. Clinical and biochemical assessment of hypogonadism in men with type 2 diabetes: correlations
with bioavailable testosterone and visceral adiposity. Diabetes Care. 2007;30(4):911-7.
14. Rice D, Brannigan RE, Campbell RK, Fine S, Jack
L Jr, Nelson JB, et al. Men's health, low testosterone, and diabetes: individualized treatment and a
multidisciplinary approach. Diabetes Educ. 2008;
34 Suppl 5:97S-112S.
15. Blake GJ, Otvos JD, Rifai N, Ridker PM. Lowdensity lipoprotein particle concentration and size
as determined by nuclear magnetic resonance spectroscopy as predictors of cardiovascular disease in
women. Circulation. 2002;106(15):1930-7.
16. Wang C, Jackson G, Jones TH, Matsumoto AM,
Nehra A, Perelman MA, et al. Low testosterone associated with obesity and the metabolic syndrome
contributes to sexual dysfunction and cardiovascular disease risk in men with type 2 diabetes. Diabetes Care. 2011;34(7):1669-75.
17. Laaksonen DE, Niskanen L, Punnonen K, Nyyssonen K, Tuomainen TP, Valkonen VP, et al. The
metabolic syndrome and smoking in relation to hypogonadism in middle-aged men: a prospective
cohort study. J Clin Endocrinol Metab. 2005;90
(2):712-9.
18. Allan CA, McLachlan RI. Androgens and obesity.
Curr Opin Endocrinol Diabetes Obes. 2010;17(3):
224-32.
19. MacDonald AA, Herbison GP, Showell M, Farquhar CM. The impact of body mass index on semen
parameters and reproductive hormones in human
males: a systematic review with meta-analysis.
Hum Reprod Update. 2010;16(3):293-311.
20. Loves S, Ruinemans-Koerts J, de Boer H. Letrozole once a week normalizes serum testosterone in
obesity-related male hypogonadism. Eur J Endocrinol. 2008;158(5):741-7.
21. Muller M, Grobbee DE, den Tonkelaar I, Lamberts
SW, van der Schouw YT. Endogenous sex hormones and metabolic syndrome in aging men. J
Clin Endocrinol Metab. 2005;90(5):2618-23.
22. Kapoor D, Clarke S, Channer KS, Jones TH. Erectile dysfunction is associated with low bioactive
testosterone levels and visceral adiposity in men
with type 2 diabetes. Int J Androl. 2007;30(6):5007.
23. McConway MG, Johnson D, Kelly A, Griffin D,
Smith J, Wallace AM. Differences in circulating
concentrations of total, free and bound leptin relate
to gender and body composition in adult humans.
Ann Clin Biochem. 2000;37(Pt 5):717-23.
24

24. Lee RK, Chughtai B, Te AE, Kaplan SA. Sexual
function in men with metabolic syndrome. Urol
Clin North Am. 2012;39(1):53-62.
25. Fabian UA, Charles-Davies MA, Adebusuyi JR,
Ebesunun MO, Ajobo BM, Hassan OO, et al.
Leptin concentrations in African blacks with metabolic syndrome and type 2 diabetes mellitus. J US
China Med Sci. 2011;8(8):493-500.
26. Caprio M, Isidori AM, Carta AR, Moretti C, Dufau
ML, Fabbri A. Expression of functional leptin receptors in rodent Leydig cells. Endocrinology.
1999;140(11):4939-47.
27. Luukkaa V, Pesonen U, Huhtaniemi I, Lehtonen A,
Tilvis R, Tuomilehto J, et al. Inverse correlation
between serum testosterone and leptin in men. J
Clin Endocrinol Metab. 1998;83(9):3243-6.
28. Whaley-Connell A, Pavey BS, Chaudhary K, Saab
G, Sowers JR. Renin-angiotensin-aldosterone system intervention in the cardiometabolic syndrome
and cardio-renal protection. Ther Adv Cardiovasc
Dis. 2007;1(1):27-35.
29. International Diabetes Federation [Internet]. Brussels: International Diabetes Federation; c 2015.
The IDF consensus worldwide definition of the
metabolic syndrome. 2005 [cited 2014 Aug 28].
Available: http://www.idf.org/webdata/docs/IDF
Metasyndrome definition.pdf.
30. Dandona P, Dhindsa S, Chaudhuri A, Bhatia V,
Topiwala S, Mohanty P. Hypogonadotrophic hypogonadism in type 2 diabetes, obesity and the
metabolic syndrome. Curr Mol Med. 2008;8(8):
816-28.
31. Jackson FL, Hutson JC. Altered responses to androgen in diabetic male rats. Diabetes. 1984;33(9):
819-24.
32. Reilly CM, Zamorano P, Stopper VS, Mills TM.
Androgenic regulation of NO availability in rat
penile erection. J Androl. 1997;18(2):110-5.
33. Carani C, Qin K, Simoni M, Faustini-Fustini M,
Serpente S, Boyd J, et al. Effect of testosterone and
estradiol in a man with aromatase deficiency. N
Engl J Med. 1997;337(2):91-5.
34. Heidler S, Temml C, Broessner C, Mock K, Rauchenwald M, Madersbacher S, et al. Is the metabolic syndrome an independent risk factor for erectile
dysfunction? J Urol. 2007;177(2):651-4.
35. Borges R, Temido P, Sousa L, Azinhais P, Conceiçao P, Pereira B, et al. Metabolic syndrome and
sexual (dys)function. J Sex Med. 2009;6(11):295875.
36. Chughtai B, Lee RK, Te AE, Kaplan SA. Metabolic syndrome and sexual dysfunction. Curr Opin
Urol. 2011;21(6):514-8.

J Reprod Infertil, Vol 17, No 1, Jan-Mar 2016

Downloaded from http://www.jri.ir

JRI

Fabian UA, et al.
37. Corona G, Mannucci E, Forti G, Maggi M. Following the common association between testosterone
deficiency and diabetes mellitus, can testosterone
be regarded as a new therapy for diabetes? Int J
Androl. 2009;32(5):431-41.
38. Nishikawa T, Edelstein D, Du XL, Yamagishi S, Matsumura T, Kaneda Y, et al. Normalizing mitochondrial superoxide production blocks three pathways
of hyperglycaemic damage. Nature. 2000;404(6779):
787-90.

39. Beckman JA, Goldfine AB, Gordon MB, Creager
MA. Ascorbate restores endothelium-dependent vasodilation impaired by acute hyperglycemia in humans. Circulation. 2001;103(12):1618-23.
40. Huang PL. eNOS, metabolic syndrome and cardiovascular disease. Trends Endocrinol Metab. 2009;
20(6):295-302.

World J Urol. 1995;13(6):369-75.
42. Chou SH, Mantzoros C. 20 years of leptin: role of
leptin in human reproductive disorders. J Endocrinol. 2014;223(1):T49-62.
43. Charles-Davies MA, Fasanmade AA, Olaniyi JA,
Oyewole OE, Owolabi MO, Adebusuyi JR, et al.
Metabolic alterations in different stages of hypertension in an apparently healthy nigerian population. Int J Hypertens. 2013;2013:351357.
44. Rahamon SK, Charles-Davies MA, Akinlade KS,
Olaniyi JA, Fasanmade AA, Oyewole OE, et al.
Impact of Dietary Intervention on selected biochemical Indices of Inflammation and Oxidative
Stress in Nigerians with Metabolic Syndrome: a pilot study. Eur J Nutr Saf. 2014;4(2):137-9.
45. Akinloye O, Blessing Popoola B, Bolanle Ajadi M,
Gregory Uchechukwu J, Pius Oparinde D. Hypogonadism and metabolic syndrome in nigerian
male patients with both type 2 diabetes and hypertension. Int J Endocrinol Metab. 2014;12(1):e10749.

Downloaded from http://www.jri.ir

41. Jiaan DB, Seftel AD, Fogarty J, Hampel N, Cruz
W, Pomerantz J, et al. Age-related increase in an
advanced glycation end product in penile tissue.

JRI

J Reprod Infertil, Vol 17, No 1, Jan-Mar 2016

25

