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Introduction
Dyslipidaemia is on the rise in young people in both developed 

and developing countries. It is believed that with increasing prevalence 
of sedentary life styles and dietary changes, hyperlipidaemia is 
emerging as an important cause of adverse health outcomes including 
cardiovascular complications, obesity, metabolic disorders, infertility 
and so on [1].

According to an estimate global infertility ranges between 10-
15% of couple, affecting 50-80 million people all over the world. Male 
infertility has a substantial share of the total infertility burden [2,3]. 
Over the years, a number of population based studies have highlighted a 
trend towards deterioration of semen quality [4,5]. Due to environment 
contamination and change of life style, the infertility rate is going to 
increase in future. 

Lipids have an important role in the functional activity of sperm 
cells, sperm viability, maturity, capacitation and fertilization [6,7]. 
Excessive intake of high cholesterol or high fat diet may induce 
hypercholesterolemia/hyperlipidemia and disturb cholesterol 
homeostasis in the body which may adversely affect normal male 
reproductive functions. Several animal and clinical studies have 
been conducted to focus on the association of hyperlipidaemia/
hypercholesterolemia with male infertility. However, these studies show 
some variation in the results and also the exact molecular mechanism(s) 
of action are still poorly known. Therefore, the purpose of this review 
is to critically explore the links between hypercholesterolemia/
hyperlipidaemia and male infertility, to address how it disrupts the 
male reproductive function and fertility.

Significance of Lipids in Sperm Maturation
Lipids play multiple roles that either individually or collectively 

influence many cell processes. Cholesterol is one of the most important 
bio-molecule in animals and has significant role in cellular function 

and integrity. It is essential for membrane composition, permeability, 
fluidity, endocytosis and intracellular signalling. It is also a precursor of 
all sexual hormones [8,9]. Cholesterol has crucial functions in the area 
of male and female reproductive physiology, from sex differentiation to 
gamete formation.

The sperm membrane is composed from heterogeneous mixture of 
phospholipids, glycolipids and sterol [10] and plays an important role 
in sperm capacitation and fertilization. It is known that the acrosome 
reaction and sperm-oocyte fusion both are membrane associated events 
[11]. Besides this, the lipids of the spermatozoa have been suggested 
to be important for viability, maturation and function of spermatozoa 
[12]. Cholesterol’s ability to order saturated phospholipids contributes 
to the formation of rafts that have distinctive protein composition and 
are supposed to play an important role in signal transduction pathway 
[13].

Spermatozoa leaving testes are neither mobile nor fertile. As 
spermatozoa transverse through the epididymis and female genital tract, 
they undergo multiple biochemical and physiological modifications, 
such as the removal of seminal plasma proteins/glycoproteins absorbed 
to the surface of ejaculated spermatozoa, as well as modification 
and reorganization of sperm plasma membrane molecules [14]. As 
spermatozoa travel through the epididymis, modification in the 
content of cholesterol and different phospholipids takes place to 
promote membrane fluidity [15-19]. The modification of the sperm 
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Abstract

Hyper-Lipidemia/hypercholesterolemia is a major health problem all over the world and it is emerging as 
an important cause of adverse health outcomes including cardiovascular complications, metabolic disorders and 
infertility. Over the years, many population based studies have highlighted a trend towards deterioration of semen 
quality and decline of male fertility. The rise in worldwide dyslipidaemia combined with the trend of decreasing 
semen quality and male fertility, has called an attention of scientific community. A large number of research 
papers have been published to explore the links between hyperlipidaemia and male infertility. The aim of this 
review is to critically examine and summarize the data gathered during the past few years from both experimental 
animal models and human studies on the relation between hypercholesterolemia and semen parameters, 
endocrine status, spermatogenesis and male fertility. For this purpose, the PubMed, Scopus and Google Scholar 
databases were comprehensively searched with the help of various search terms. Experimental studies based on 
hypercholetrolemic/high fat diet fed animal models and studies conducted on normal infertile/obese infertile men 
clearly demonstrate a negative impact of hypercholesterolemia on testicular functions, reproductive hormone 
synthesis and secretion, sperm maturation, sperm quality parameters and ejaculatory functions leading to male 
infertility. Various mechanisms have been suggested for such actions. 
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cholesterol during epididymal maturation has been investigated in 
several mammalian species. A significant (50%) decrease in the level 
of sperm cholesterol has been reported in hamster [20], mouse [21], 
and rat [22] and ram [23] whereas no significant change in sperm 
cholesterol content was observed in boar [24] and a significant increase 
was observed in goat [25]. During epididymis transit, the relative 
proportion of Polyunsaturated Fatty Acids (PUFAs) in sperms has been 
reported to increase [26]. These biochemical modifications of sterols 
and fatty acids occurring in the epididymis have a direct influence 
on the sperm plasma membrane architecture and dynamics [27]. The 
loss of cholesterol results in the decrease of cholesterol/phospholipid 
ratio and consequently increases of the fluidity of sperm membrane. 
Cholesterol depletion is important in the remodeling of lipid rafts on 
the sperm surface [28]. Cholesterol diffusion was higher in the sperm 
head region than in the tail and shows heterogeneous distribution 
when detected with filipin [29]. Cholesterol efflux from the sperm 
plasma membrane triggers signal transduction pathway, facilitates Ca+2 
influx into sperm and is associated with changes in sperm membrane 
dynamics and structure, triggering the acrosomal reaction and sperm-
oocyte fusion [17,30-32].

Hyperlipidaemia and Male Fertility
In recent years much attention has been focused on the association 

of serum lipid profile with seminal plasma or sperm lipid content, semen 
quality and male infertility. A number of human studies have indicated 
an association between hypercholesterolemia and subsequently male 
infertility [33-36]. Contrary to these findings, others have found no 
correlation between serum cholesterol and the amount of cholesterol 
in the semen and in sperm or seminal plasma suggesting that sperm 
cholesterol content is regulated locally within the male reproductive 
tract [7,18,37-39]. It has been suggested that in male reproductive 
tract, lipid homeostasis is performed by testicular and post-testicular 
mechanism [7,40]. Khalili et al., [41] also showed that concentration 
of serum lipid was not generally related with the quality of sperm 
parameters.

There is a very little information regarding the direct association 
of serum Triglycerides (TG) with sperm parameters, independent 
of hypercholesterolemia. Zmuda et al., [42] reported a decrease in 
endogenous testosterone associated with an increase in triglycerides 
level. Alquabaty [43] also reported significant negative correlation 
between serum total testosterone level and triglycerides and insignificant 
correlation between serum testosterone and total cholesterol level 
in infertile men. Vignon et al., [44] also found that an increase in 
triglycerides have deleterious effect on spermatogenesis in men. 
Ergun et al., [45] have observed that increased triglycerides may have 
deleterious effect on spermatogenesis correlated with decrease sperm 
motility and testosterone in a group of infertile men. Contrary to these 
findings, Kulka et al., [46] showed no correlation between triglycerides 
concentration and sperm parameters (sperm concentration, motility 
and morphology). However, alteration in phospholipid concentration 
was associated with abnormal semen analysis. Change in fatty acid 
and phospholipid composition of human sperm membrane has also 
been reported in human asthenozoospermic samples. The cholesterol/
phospholipid ratio was found to be higher in spermatozoa obtained 
from patients with idiopathic infertility [47].

In the past few years, a large number of studies have also been 
carried out on high cholesterol/high fat diet fed animal models 

(mouse, rat and rabbit) to determine the association between serum 
lipid profile, seminal plasma or sperm lipid content and infertility 
(Table 1). The result of these studies have shown detrimental effect of 
hypercholesterolemia on testicular histology and functions including 
spermatogenesis and steroidogenesis, epididymal sperm maturation 
process, sperm quality parameters, sperm fertilitizing capacity and 
fertility index [48-57].

It has been demonstrated that modifying the dietary intake of fatty 
acids, modified the fatty acid composition of sperm plasma membrane 
in rabbit [58] and in boar [59,60]. In normal goats, level of HDL 
cholesterol is positively correlated with testicular histology, seminal 
parameters and serum testosterone level while high serum triglycerides 
level exert adverse effect on testicular and seminal parameters and 
serum testosterone level [61]. Diaz-fondevila et al., [62] and Diaz-
fondevila and Bustos-Obregan, [63] have reported that rabbits fed 
high cholesterol diet did not show increased cholesterol content 
of testis and seminal plasma. They suggested an adverse effect of 
cholesterol enriched diet on Leydig and Sertoli cells secretory function. 
Similar to this, Yammamoto et al., [51] also reported a significant 
reduction in sperm concentration, sperm motility and morphology in 
hypercholestrolemic rabbit. However, there was no significant difference 
in cholesterol concentration of seminal plasma or testicular tissue when 
compared with control. They suggested that hypercholesterolemia 
has a detrimental effect on Leydig and Sertoli cell secretory function, 
sperm maturation process and the overall sperm fertilizing capacity. 
Hypercholesterolemia in animals may cause a significant difference 
in filipin-sterol complex in plasma membrane of acrosome region of 
sperm which could modify the sperm membrane fusion capacity and 
functionality and decrease in kinetics of acrosome reaction [63].

Tanaka et al., [52] have suggested that hypercholesterolemia is 
an independent risk factor for testicular dysfunction in rats and the 
reduction in serum and testicular testosterone level is due, at least in 
part, to a reduction in testicular LH/HCG binding. Martinez-mortos 
et al., [64] have found that dietary cholesterol modulates bioactive 
peptides of the rennin-angiotensin system localized in the testis which 
result in inhibition of steroidogenesis and consequently decrease in 
testosterone production in Balb C mice.

Ouvrier et al., [56] have reported that an overload of dietary 
cholesterol in Lxr- deficient male mice (liver X receptor deficient 
mouse model) causes complete infertility. Spermatozoa of cholesterol 
fed Lxr deficient male mice were found to be dramatically less viable, 
less motile and highly susceptible to a premature acrosome reaction, 
although spermatogenesis was not affected, as shown by normal sperm 
count, testicular weight and histology. It was suggested that infertility 
resulted from post-testicular defect. High cholesterol diet alter the 
caput epididymal epithelium in a segment and cell specific manner, 
characterized by peritubular accumulation of cholesterol ester lipid 
droplets in smooth muscle lining of the epididymal duct which impair 
peristaltic contraction and consequently sperm progression in the 
lumen of the tubule, perturbing the finny orchestrated process of sperm 
maturation.

It has also been proposed that hypercholesterolemia induces 
reproductive and testicular damage by excessive generation of 
free radicals and increased oxidative stress, which are cytotoxic to 
spermatozoa [53,65-67]. Administration of antioxidants and lipid 
lowering agents has been shown to protect the testis and reproductive 
functions during hypercholesterolemia [53,65,66]. Furthermore, 
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S.N. Animals
Diet/ induction of 

hyperlipidemia (Dose 
and duration)

Lipid profile Effect on hormones Sperm parameters Effect on genital organs Reference

1. Male Wistar 
rat

2% cholesterol added 
in diet for 21 days

Serum cholesterol 
was significantly 

higher

No significant 
changes were seen 
in testosterone, LH 
and prolectin levels 
but the level of FSH 

was decreased 
significantly.

- -  [3]

2. Male rat and 
rabbit

Cholesterol feeding for 
120 days

The TC and LDL 
cholesterol values 

were increased 
while the HDL

cholesterol/TC ratio 
was significantly 

decreased

-

TC, TG and phospholipids 
concentration in the testes 
were increased, whereas, 
glycogen was significantly 

reduced. Significant 
reduction in secondary 

spermatocytes and 
spermatid cell population, 

seminiferous tubules, 
and Leydig's cell nuclear 

dimensions were observed 
in both cholesterol fed rats 

and rabbits.

 [48]

3.
New Zealand 

white
male rabbit

Chow containing 3% 
cholesterol for 12 

weeks

Total lipid and TC 
levels in serum 

were significantly 
higher. However, 

testicular cholesterol 
content showed no 
significant change.

Basal peripheral 
serum testosterone 

profiles were not 
significantly different. 

However, testosterone 
responses to HCG 
stimulation were 

significantly lower

Epididymal sperm 
content, percentage of 
motile spermatozoa, 

and motility grade were 
significantly lower in 

hypercholesterolemic 
rabbits.

Showed no significant 
effect on testicular weight. 
The proportion of cleaved 
oocytes to fertilize oocytes 
was significantly lower in 

hypercholestrolemic rabbits.

 [49]

4. Male albino 
rat

Cholesterol (400 mg/
kg) with 5% fats for 2 

months, orally

Serum TC and 
TG levels were 

significantly 
increased

 -  
Sperm motility and 

density were reduced 
significantly,

The seminiferus tubules 
from testes of HFD fed 
animals were wavy in 
outline and shrunken 

and showed inhibition of 
spermatogenesis. The 

testicular population of germ 
cells was reduced. The 
number of degenerative 
Leydig cells increased 

significantly.

 [50]

5.
New Zealand 
white male 

rabbit

Chow containing 3% 
cholesterol for 12 

weeks

Mean values 
of total lipids in 

peripheral serum, 
testicular tissue and 

seminal plasma 
samples were 

significantly greater. 
Cholesterol level 

in serum increased 
significantly; 

however, there 
was no effect on 

testicular or seminal 
plasma cholesterol 

concentration.

Basal peripheral 
serum testosterone 

profiles were not 
significantly different 

from control. In 
contrast, testosterone 

responses to HCG 
stimulation were 

significantly lower in 
hypercholestrolemic 

rabbits. 

Sperm concentration, 
sperm motility, length 
of sperm mid-piece 

was significantly lower 
in hypercholestrolemic 

rabbits.

The difference in the mean 
values of left testicular 

weight between control and 
hypercholestrolemic rabbits 
was not significant. Mean 
androgen-binding protein 

activity in testicular cytosol 
was significantly lower, 
the hypercholestrolemic 

rabbits showed detrimental 
effect on Leydig and Sertoli 

cell secretary function, 
spermatogenesis, sperm 
maturation and overall 

sperm fertilizing capacity.

 [51]

6. Male SD rat 
Standard chow 
containing 2% 

cholesterol for 4 weeks

Serum TC was 
significantly higher

Serum testosterone, 
testicular testosterone 
and LH/HCG binding 

were significantly 
lower

- -  [52]
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7.
Adult male 
and female

SD rat

Cholesterol diet (400 
mg/kg body weight) for 

60 days, orally

Significant increase 
(p<0.001) in 

cholesterol and TG 
levels. -

Significant reduction
(p<0.001) in sperm 

motility and density in 
cauda epididymides 

and testes

A significant reduction 
(p<0.001) in epithelial cell 

height of caput, cauda 
epididymis and SV was 
observed. Significant 
reduction (p<0.001) in 
seminiferous tubules 

and Leydig cell nuclear 
diameters was also 

observed. Spermatocytes 
and spermatid numbers 
in seminiferous tubules 

were significantly reduced 
(p<0.001). There was 
significant reduction in 
the numbers of female 

impregnated, implantation 
sites and vital fetuses.

 [54]

8.

Male White 
New

Zealand 
rabbit

 Diet supplement with 
cholesterol (0.05%) for 

12 months

Significant 
increase in serum 

cholesterol.

-

Semen pH, sperm 
concentration 

and vitality were 
not affected by 

dietary cholesterol. 
However, ejaculate 
semen volume and 
sperm motility were 

significantly decreased. 
Moreover, sperm 

showed increased 
morphological 

alterations. 

Spermatozoa from 
cholesterol fed rabbits 

showed a reduced sperm 
membrane response to 

the hypo-osmotic swelling 
test and to the induction 

of protein tyrosine 
phosphorylation under 
capacitation condition. 
Hypercholesterolemia 

adversely affects semen 
quality, sperm motility, 

capacitation and acrosome 
reaction.

 [55]

9. Lxr-knockout 
mice

Lipid-enriched diet 
containing 1.25% 

cholesterol for 4 weeks

Significant 
increases in plasma 
TC, LDL, HDL and 

TG levels. -

Sperm morphology 
showed a significant 

increase in the 
percentage of broken 

cells and impaired 
motility but testicular 

sperm production was 
not affected

The delivery rate 
(percentage of mated 

females giving birth to live 
offspring) indicated that high 
cholesterol diet fed Lxrα;ß-/- 

male mice were totally 
infertile.

 [56]

10.
New Zealand 
white male 

rabbit

Cholesterol enriched 
diet (2% weight/weight 

ratio) for 12 weeks

serum TC level was 
elevated in rabbits

- -

Increase in inter-tubular 
connective tissue and 
diameter of vessels, 

abundant spermatogonia 
and primary spermatocytes 

along with reduced and 
disorganized germinal 

epithelium was noted in 
hypercholestrolemic rabbits.

 [57]

11. New Zealand 
white rabbit

Cholesterol alone 
or fish oil or PUFA 
enriched diet for 2 

months

Increased serum 
TC and LDL-

cholesterol levels. 
Nevertheless, the 

high cholesterol and 
total lipids levels in 
serum did not affect 

the cholesterol 
levels in seminal 
plasma but affect 

the seminal plasma 
total lipids.

-

Decreased capacity 
of sperm acrosome 

reaction as 
compared to control. 

The cholesterol/
phospholipid 

ratio in sperm of 
hypercholesterolemic 

rabbits remains 
unchanged. 

-

 [63]

12. Male Balb/C 
mice

Cholesterol 1% and 
cholic acid 0.5% with 
standard diet for 15 

days

Significant increase 
in serum TC level

Significant decrease in 
serum circulating level 

of testosterone due 
to modulation of RAS 
cascade at the testes 

level.

- -
 [64]

13. Male Swiss 
albino rat

Normal diet containing 
1% cholesterol, 0.5% 
cholic acid and 2% 

sheep fat for 2 months

Significant (p<0.01) 
increase in TC, 

TG and LDL 
levels but HDL 
level decreased 

significantly 
(p<0.01).

Plasma testosterone 
level significantly 
(p<0.01) declined

The value of sperm 
motility, sperm count 

decreased significantly 
(p<0.01), however 

sperm abnormality was 
increased significantly

Weight of the testes and 
SV decreased significantly 
(p<0.01) in cholesterol fed 

rats

 [65]
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14.

ApoE-
knockout 
C57BL/6J 
male mice 

HFD

- - -

Ultra structural observations 
showed dramatically 

histopathological 
alterations in testicular 
tissues. The basement 

membranes of seminiferous 
tubules were partially 

thickened and wavy-like, 
vacuolar degeneration of 
mitochondria and dilation 
of endoplasmic reticulum 
were identified as well as 

the number of mitochondria 
and lipid droplets decreased 
significantly in Leydig cells 

and Sertoli cells.

 [67]

15. 21 day old 
male SD rat HFD for 9 weeks

Plasma TG and TC 
levels increased 

remarkably.

The testosterone level 
decreased, estradiol 

concentraon also 
lowered at the end of 
the 3rd, 4th and 5th 

week but dramatically 
increased at the 9th 

week.

-

The testicular coefficient 
declined; however the 

Lees’s index showed an 
increase. Spermatogenic 
epithelial cells showed 

disordered arrangement; the 
spermatogenic cell layers 
and the number of mature 

sperms were reduced.

 [70]

16. 21 day old rat Fat-enriched diet for 6 
weeks 

-

The testosterone to 
estradiol ratio (T/E2) 
in model group was 

significantly lower than 
control. -

Impairment of seminiferous 
tubules development with 

only 4 germ cell layers 
showing disordered 

arrangement.

 [71]

17.

Male New 
Zealand 
rabbit 

(juvenile)

HFD

Concentrations 
of TC, TG and 

LDL-cholesterol 
increased

The levels of 
testosterone, LH and 

FSH decreased -

Penial length was short 
(P < 0.05) and testicular 

coefficient declined 
(P<0.01), alteration in 

testicular development with 
sabotage of spermatogenic 
epithelium was detected.

 [72]

 18.
Male 

C57BL/6J 
mice

HFD for 25 weeks 

Body fat percentage 
was significantly 

higher in high-fat-
fed mice

Measurement
of testosterone 

produced inconclusive 
results

There were no 
disparities in 

morphology or total 
sperm count collected 

from the cauda 
epididiymis but a 20% 

decrease in sperm 
motility was evident.

Significantly reduced 
numbers of plugs and 
pregnancies in female 
impregnated by obese 

male mice was observed. 
However, these obese mice 

exhibited no significant 
differences in the average 
weight of either testes or 

epididymis.

 [93]

19. C57BL6 male 
mice

HFD (21% fat) for 10 
weeks

Increased serum 
TC, TG levels and 

adiposity
Decreased serum 
testosterone level

Decreased sperm 
motility, sperm 

capacitation and 
increased abnormal 

sperm tail morphology.

Showed increase in sperm 
DNA damage, reactive 

oxygen species and 
mitochondrial membrane 

potential without any effect 
on sperm count

 [95]

20. Male Wistar 
rat

HFD with a content of 
20% fat for 15, 30 or 45 

weeks -

Serum testosterone, 
FSH and LH levels 
were similar, but 

estradiol and leptin 
levels were increased 

in HFD rats.

There was no 
statistically significant 
difference related to 

the number of mature 
spermatids in the 

testis and daily sperm 
production. However, 
an alteration in sperm 

motility parameters 
was recorded.

Reproductive organs 
weights did not show any 

differences except the 
relative weight of empty SV 
which was lower. There was 
no effect on sexual behavior 

but fertility potential was 
declined in HFD rats. 

 [97]

21.
21 days old 
SD male rat 
(Weaning)

HFD for 90 days

Showed an 
increase in BMI 

and body weight, 
serum glucose 
and cholesterol 

levels were 
non-significantly 

increased.

Reduction was 
observed in the 

testosterone levels 
while circulating leptin 

and estradiol levels 
showed a significant 

increase

Reduced sperm 
viability (-28.88%), 
motility (-26.49%) 
and concentration 

(-23.86%)

An increase in the lipid 
peroxidation rate in 

epididymis along with 
degenerative morphological 

changes was observed.

 [98]
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22. Male Wistar 
rat

Fed standard chow 
enriched with 4% 

cholesterol and 1% 
cholic acid, for 5 

months

Caused a significant 
elevation in serum 
TC and LDL levels, 
whereas HDL and 

TG levels were 
comparable to 

control

Plasma total 
testosterone and 
estriol levels did 

not differ between 
groups, but their free 
fraction, along with 
SHBG levels, were 

significantly affected

-

High cholesterol diet 
affected the structure of 
the ventral prostate and 

both absolute and relative 
weights of ventral prostate 

were significantly lower.

 [124]

23. C57BL/6 
mice

Atherogenic diet 
containing 15% fat, 

1.25% cholesterol, and 
0.5% sodium cholate 

for 8 weeks 

Atherogenic diet 
induced significant 
increase in serum 
TC and hepatic 

TC and TG levels, 
however, serum 
TG level showed 

a significant 
decrease. No 

significant change 
in testicular 

cholesterol was 
observed.

There was no 
statistically significant 
difference in the basal 
peripheral serum and 
testicular testosterone 
values between test 
and control group. 
In the meantime, 

testosterone 
responses to HCG 

stimulation in 
serum, testis, and 
liver were lower in 

hypercholesterolemic 
mice.

-

The expression of three 
testosterone regulated 
proteins (MUPs, CAIII 
and GST P2) in liver 

was statistically lower 
in hypercholesterolemic 

mice. The study suggests 
an adverse effect of 
atherogenic diet on 

testosterone biosynthesis.

 [178]

24.
Male Wistar 

rat
Fed normal diet 
containing 1.5% 

cholesterol for 4 weeks 

Induced a 
significant increase 
in serum TC level

Levels of FSH, LH and 
testosterone in serum 

of male rats were 
severely declined

The 
hypercholesterolemic 

rats have no live 
sperm in their semen, 
therefore, their sperm 
viability reached zero.

The ratio of testes and 
epididymis weight to BW 

in hypercholestrolemic rats 
were significantly low as 

compared to control group. 

 [179]

25. Male SD rat

HFD comprising 
the standard diet 

supplemented with 20% 
(w/w) pure

sunflower seed oil for 
6 weeks

- -

Sperm concentration, 
viability and motility 
were significantly 
decreased with an 

increase of damage in 
sperm DNA.

The testis and epididymis 
weight coefficient 

(expressed as relative to 
BW) of rats fed with high-
fat diet was significantly 

lowered. There was 
significant increase in lipid 
peroxidation and decrease 
of antioxidant parameters in 

serum and sperms.

 [180]

26. Male Wistar 
rat

High-fat and high 
caloric index cafeteria 

foods for 10 weeks

TG levels were 
significantly

higher (P < 0.05)

The testosterone level 
was significantly lower; 
however, the levels of 
LH, FSH and estradiol 
were not statistically 
different from control 

rats.

- -

 [181]

27. Male Wistar 
rat

HFD (composed of milk 
fat and approximately 
60% fat) for 12 weeks

The levels of 
serum TC, TG and 
HDL-cholesterol /
LDL-cholesterol in 
HFD group were 

significantly higher

-

Viability, motility and 
normal morphology 

of sperm significantly 
decreased

Induced pathological 
changes in seminiferous 

tubules and affected 
spermatogenesis.

 [182]

BW: Body Weight; CAIII: Carbonic Anhydrase; FSH: Follicle Stimulating Hormone; GST P2: Glutathione S-transferase; HCG: Human Chorionic Gonadotropin; HDL: High 
Density Lipoprotein; HFD: High Fat Diet; LDL: Low Density Lipoprotein; LH: Luteinizing Hormone; MUPs: Major Urinary Proteins; RAS: Renin Angiotesinogen System; SD: 
Sprague Dawley; SHBG: Sex Hormone-Binding Globulin; SV: Seminal Vesicle; TC: Total Cholesterol; TG: Triglycerides.
Table 1: Effect of Diet Induced Hyperlipidaemia/Hypercholesterolemia on Male Reproductive Function in Various Experimental Animals

treatment of hypercholesterolemia patients with statins at the dose 
effective in improving lipid profile has shown modulating effect on 
semen parameters and gonadal endocrine dysfunction [68,69].

Hyperlipidaemia and Testicular Development
High fat diet induces nutritional obesity, hyperlipemia, adverse effect 

on testicular development and hormonal profile in pubertal rat [70,71] 
and rabbit [72]. There was a significant decline in the testosterone and 
testosterone to estradiol ratio (T/Es). High lipid diet can induce obesity 
and increases the apoptosis of testicular spermatogenic cell population 
[71].

Hyperlipidaemia and Erectile function
Accumulative evidences also suggest that hyperlipidaemia is 

associated with erectile dysfunction. A high level of total cholesterol and 
low level of High Density Lipoprotein (HDL) cholesterol are important 
risk factors for erectile dysfunction [73-75]. Nikoobakht et al., [76] 
reported that plasma cholesterol and LDL level in individual suffering 
from erectile dysfunction were significantly higher than control. 
However, no difference in the mean plasma TG and HDL level was 
seen. Impairment of endothelium dependent relaxation of numerous 
vascular beds in men with hypercholesterolemia has been established 
by many workers [77-81]. These impairments have also been found to 
be reversible using lipid lowering therapies [82]. Oxidized low density 
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lipoprotein is the major causative cholesterol responsible for impaired 
relaxation response [83].

Studies based on animal models of hypercholesterolemia also 
found a correlation between high concentration of LDL cholesterol 
and ejaculatory dysfunctions [84-86]. These hypercholestrolemic 
animals show both deficient endothelium and neurogenic dependant 
cavernously relaxation [84,85]. Manning et al., [87] also observed 
a correlation between high LDL and organic erectile dysfunction 
and a clear positive correlation between LDL and caverno-venus 
insufficiency. In contrast to above findings, other workers did not find 
any relationship between high blood cholesterol and TG levels and 
ejaculatory dysfunction [88-91]. There are also reports where high 
HDL-cholesterol [88] and low LDL-cholesterol [92] was inversely 
correlated with erectile dysfunction.

Hyperlipidaemia Induced Obesity and Male Fertility
Consumption of high fat diet for long term may cause blood 

hyperlipidaemia and may induce obesity. In diet induced obese male 
mice, decrease in sperm motility [93,94], fertilization rate [92], as well 
as increase in sperm DNA damage and Reactive Oxygen Species (ROS) 
without showing any significant change in sperm concentration in 
cauda epididymis have been reported [94]. It has also been reported 
that in obese mice, proteins regulating acetylation and DNA damage 
repair systems are altered [95]. In contrast to these reports, no 
impairment of fertility in male DBA/2J mice fed with high fat diet was 
observed by Tortoriello et al., [96]. Fernandez et al., [97] observed a 
significant increase in obesity index and serum leptin levels without 
any significant effect on serum testosterone level and sperm counts in 
testes and epididymis of rats fed high fat diet. However, there was an 
alteration in sperm motility parameters, reduction in fertility and an 
increase in estradiol level in these rats.

Vigueras-villasenor et al., [98] also reported a significant increase 
in circulating leptin and estradiol levels; however, the testosterone 
level was reduced in rats fed high fat diet. Although, they observed no 
structural alteration in seminiferous tubules but there was significant 
reduction in sperm viability, motility and concentration with an 
increase in lipid peroxidation.

Wang et al., [70] and Yang et al., [71] reported that in pubertal rats, 
the high fat diet induced an increase in total cholesterol and triglycerides 
levels, and poor development of testicles. There was a significant 
decrease in blood testosterone level, testosterone to estradiol ratio and 
increase in estradiol level. Chen et al., [99] reported significant increase 
in apoptotic index of spermatogenic cells in testes of pre-pubertal rats 
fed high fat diet.

The available evidences on the role of obesity and Body Mass Index 
(BMI) on male infertility are controversial [100-104]. Some studies 
related to man have shown association of BMI with reproductive 
parameters like poor semen quality [105], decreased sperm 
concentration [106], decreased number of normal motile sperm cells 
[107,108] increased Reactive Oxygen Species (ROS) and increased 
DNA fragmentation index [109,110]. Contrary to this, some workers 
showed little or no relation between obesity and sperm concentration 
[109,111,112], sperm motility or morphology [108,113] even when the 
serum concentration of sex hormones were altered [111,113]. Shukla 
et al., [114] concluded that obesity negatively affects male reproductive 
potential not only by reducing sperm quality but in particular, it 
alters physical and molecular structure of germ cells in the testes and 

ultimately affects the maturity and functions of sperm cells.

Hajshafiha et al., [115] reported that BMI was not found to be 
associated with mean values of semen parameters including sperm 
count, sperm morphology and sperm motility. However, a significant 
correlation was found between BMI and estradiol, Sex Hormone 
Binding Globulin (SHBG) levels and also the testosterone to estradiol 
ratio. Similarly, Strain et al., [116] and Pauli et al., [117] found no 
significant difference in the spermatic parameters between obese and 
normal humans.

Several studies have documented a negative effect of obesity on 
semen quality both in normal fertile [118,119] and sub fertile-infertile 
males [100,120]. Obese and overweight men exhibit a high incidence 
of infertility in association with metabolic disturbances and altered 
hormonal profiles (decreased serum testosterone, FSH, inhibin B levels 
and increased levels of estrogen) [100,120-122]. Evidences suggest that 
increased estrogen as a result of aromatization in the adipose tissue may 
be an important mechanism for hypoandrogenemia and altered sperm 
parameters [102].

Hyperlipidaemia and Prostate Growth and Function
Increased cell proliferation and enlargement of ventral prostate 

in rats kept on the diet rich in cholesterol or saturated fat has been 
reported by many workers [123-129]. Inclusion of saturated fat in the 
diet changed the expression of androgen receptor and peroxisome 
proliferation activated receptor Y (PPARY) [130]. Rahman et al., 
[126] reported increased expression of alpha-adrenergic receptors 
in the hyper-lipidemic rats. Increased oxidative stress and incidence 
of prostate adreno-carcinoma and hyperplasia were also observed in 
the rats kept on high cholesterol diet for long period [131]. Increased 
expression of NADPH oxidase subunits, activation of NF-KB signalling 
and decreased expression of glutathione peroxidase clearly indicated 
the increased oxidative stress and activation of inflammatory response 
in ventral prostate of rats fed high fat diet [132,133].

Presence of dyslipidaemia is a frequently observed condition 
in Benign Prostate Hyperplasia (BPH) patients. High levels of total 
cholesterol, LDL-cholesterol, triglycerides, low level of HDL-cholesterol 
increases the risk of BPH and cholesterol lowering treatment may 
reduce the risk [134,135]. Physical activity, which is known to decrease 
serum lipid level, is also associated with decreased risk for BPH [136]. 
Hyperlipidemia is closely associated with the obesity, higher Body Mass 
Index (BMI) and these parameters show a positive correlation with 
BPH [137-142].

Excessive fat intake is associated with adiposity, development 
of insulin-resistance and obesity, and these conditions are known 
to increase the expression of Autotoxin gene (ATX) and therefore, 
Lysophosphatic Acid (LPA) levels [143]. Kulkarni and Getzenberg, 
[144] proposed ATX-LPA axis as a possible link between excessive 
dietary fat intake and prostatic hyperplasia.

Epidemiological and preclinical studies suggest that high level of 
serum cholesterol plays a role in incidence and progression of prostate 
cancer, even hypercholesterolemia does not raise circulating androgen 
levels [145-154]. Circulating cholesterol level is directly correlated 
in tumoral expression of the key steroidogenic enzyme CYP17A, 
testosterone levels and tumor size with castration sensitive LNCaP 
xenograft mouse model, suggesting that hypercholesterolemia increases 
intra-tumoral de novo steroidogenesis resulting in acceleration of the 
growth of prostate tumor [155]. Some in vitro studies have suggested 
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that elevated levels of cholesterol in prostate tumor cells could be 
due to dysregulation of the key regulators of cholesterol homeostasis 
[99,156] which could have significant role in progression of prostate 
cancer into androgen independent state [157,158] while reduction in 
cholesterol level retards prostate cancer growth, possibly by inhibition 
of tumor angiogenesis [159,160]. A number of studies have also shown 
that use of cholesterol lowering drugs may reduce the risk of prostate 
cancer when used prior to cancer development [161-169]. However, 
some studies do not support these findings [170-172]. Godwin [173] 
suggested that serum cholesterol is not associated with the overall 
incidence of prostate cancer.

Hypercholesterolemic diet stimulates growth of LNCaP human PCa 
xenograft [160,174]. In Hypercholesterolemic environment, tumour 
accumulated more cholesterol in their membranes, exhibited enhanced 
activation of Akt (a kinase linked to aggressive Pca) and lower level of 
apoptosis [175-177].

Conclusion
Lipids, especially cholesterol play significant role in the structural 

and functional activity of spermatozoa. Excessive intake of high 
cholesterol/high fat diet may induce hypercholesterolemia and disturbs 
cholesterol homeostasis in the body. Experimental studies carried out 
in various Hypercholesterolemic animal models during the last few 
decades clearly demonstrate a negative impact of hypercholesterolemia 
on the structure and functions of testes and accessory sex organs, 
sperm maturation, sperm quality parameters and ejaculatory functions 
leading to male infertility. Numerous mechanisms have been proposed 
to explain such effects, like deregulation of hypothalamic- pituitary-
gonadal axis, impairment of steroid genesis and secretory function 
of Sertoli and Leydig cells, enhanced oxidative stress and excessive 
generation of free radicals and altered expression of some testicular 
genes. A large number of human studies have also indicated an 
association between hypercholesterolemia and poor semen quality 
and subsequent male infertility. However, most of these studies 
have been conducted on normal infertile or obese men. Whether 
the hypercholesterolemia has any impact on sperm/seminal plasma 
cholesterol/lipid content is still poorly known. Thus, on the basis of 
above reports it can be proposed that dyslipidaemia is an important 
factor contributing to male infertility. Therefore, regulation of serum 
lipid profile may be useful to some extent, for proper male reproductive 
functions and management of male infertility.

Acknowledgment

The authors are highly thankful to the Head of the Department and the CAS 
coordinator for providing necessary facilities. The first author acknowledges Indian 
Council of Medical Research, New Delhi for awarding JRF.

References

1.	 Zappalla FR, Gidding SS (2009) Lipid management in children. Endocrinol 
Metab Clin North Am 38: 171-183.

2.	 Moore FL, Reijo-Pera RA (2000) Male sperm motility dictated by mother’s 
mtDNA. Am J Hum Genet 67: 543-548.

3.	 Zarei A, Ashtiyani SC, Vaezi GH (2014) A study on the effects of the 
hydroalcholic extract of the aerial parts of Alhagi camelorum on prolactin and 
pituitary-gonadal activity in rats with hypercholesterolemia. Arch Ital Urol Androl 
86: 188-192.

4.	 Carlsen E, Giwercman A, Keiding N, Skakkebaek NE (1992) Evidence for 
decreasing quality of semen during past 50 years. BMJ 305: 609-613.

5.	 Swan SH, Elkin EP, Fenster L (2000) The question of declining sperm density 

revisited: an analysis of 101 studies published 1934-1996. Environ Health 
Perspect 108: 961-966.

6.	 Cross NL (1998) Role of cholesterol in sperm capacitation. Biol Reprod 59: 
7-11.

7.	 Maqdasy S, Baptissart M, Vega A, Baron S, Lobaccaro JM, et al. (2013) 
Cholesterol and male fertility: what about orphans and adopted? Mol Cell 
Endocrinol 368: 30-46.

8.	 Simons K, Ikonen E (2000) How cells handle cholesterol. Science 290: 1721-
1726.

9.	 Parton RG, Hancock JF (2004) Lipid rafts and plasma membrane 
microorganization: insights from Ras. Trends Cell Biol 14: 141-147.

10.	Parks JE, Lynch DV (1992) Lipid composition and thermotropic phase behavior 
of boar, bull, stallion, and rooster sperm membranes. Cryobiology 29: 255-266.

11.	Zalata AA, Christophe AB, Depuydt CE, Schoonjans F, Comhaire FH (1998) 
The fatty acid composition of phospholipids of spermatozoa from infertile 
patients. Mol Hum Reprod 4: 111-118.

12.	Sebastian SM, Selvaraj S, Aruldhas MM, Govindarajulu P (1987) Pattern of 
neutral and phospholipids in the semen of normospermic, oligospermic and 
azoospermic men. J Reprod Fertil 79: 373-378.

13.	Xu X, Bittman R, Duportail G, Heissler D, Vilcheze C, et al. (2001) Effect of 
the structure of natural sterols and sphingolipids on the formation of ordered 
sphingolipid/sterol domains (rafts). Comparison of cholesterol to plant, 
fungal, and disease-associated sterols and comparison of sphingomyelin, 
cerebrosides, and ceramide. J Biol Chem 276: 33540-33546.

14.	Abou-haila A, Tulsiani DR (2009) Signal transduction pathways that regulate 
sperm capacitation and the acrosome reaction. Arch Biochem Biophys 485: 
72-81.

15.	Haidl G, Opper C (1997) Changes in lipids and membrane anisotropy in human 
spermatozoa during epididymal maturation. Hum Reprod 12: 2720-2723.

16.	Jones R (1998) Plasma membrane structure and remodelling during sperm 
maturation in the epididymis. J Reprod Fertil Suppl 53: 73-84.

17.	Flesch FM, Gadella BM (2000) Dynamics of the mammalian sperm plasma 
membrane in the process of fertilization. Biochim Biophys Acta 1469: 197-235.

18.	Travis AJ, Kopf GS (2002) The role of cholesterol efflux in regulating the 
fertilization potential of mammalian spermatozoa. J Clin Invest 110: 731-736.

19.	Cross NL (2003) Decrease in order of human sperm lipids during capacitation. 
Biol Reprod 69: 529-534.

20.	Awano M, Kawaguchi A, Mohri H (1993) Lipid composition of hamster 
epididymal spermatozoa. J Reprod Fertil 99: 375-383.

21.	Rejraji H, Sion B, Prensier G, Carreras M, Motta C, et al. (2006) Lipid 
remodeling of murine epididymosomes and spermatozoa during epididymal 
maturation. Biol Reprod 74: 1104-1113.

22.	Aveldano MI, Rotstein NP and Vermouth NT (1992) Lipid remodelling during 
epididymal maturation of rat spermatozoa. Enrichment in plasmenylcholines 
containing longchain polyenoic fatty acids of the n-9 series. Biochem J, 283: 
235-241.

23.	Parks JE, Hammerstedt RH (1985) Development changes occurring in the 
lipids of ram epididymal spermatozoa plasma membrane. Biol Reprod 32: 653-
668.

24.	Nikolopoulou M, Soucek DA, Vary JC (1985) Changes in the lipid content 
of boar sperm plasma membranes during epididymal maturation. Biochim 
Biophys Acta 815: 486-498.

25.	Rana AP, Majumder GC, Misra S, Ghosh A (1991) Lipid changes of goat sperm 
plasma membrane during epididymal maturation. Biochim Biophys Acta 1061: 
185-196.

26.	Wathes DC, Abayasekara DR, Aitken RJ (2007) Polyunsaturated fatty acids in 
male and female reproduction. Biol Reprod 77: 190-201.

27.	Jones R (2002) The epididymis: From molecules to clinical practice. Springer 
US.

28.	Kawano N, Yoshida K, Miyado K, Yoshida M (2011) Lipid rafts: keys to sperm 
maturation, fertilization, and early embryogenesis. J Lipids 2011: 264706.

http://www.ncbi.nlm.nih.gov/pubmed/19217518
http://www.ncbi.nlm.nih.gov/pubmed/19217518
http://www.ncbi.nlm.nih.gov/pubmed/10936105
http://www.ncbi.nlm.nih.gov/pubmed/10936105
http://www.ncbi.nlm.nih.gov/pubmed/25308581
http://www.ncbi.nlm.nih.gov/pubmed/25308581
http://www.ncbi.nlm.nih.gov/pubmed/25308581
http://www.ncbi.nlm.nih.gov/pubmed/25308581
http://www.ncbi.nlm.nih.gov/pubmed/1393072
http://www.ncbi.nlm.nih.gov/pubmed/1393072
http://www.ncbi.nlm.nih.gov/pubmed/11049816
http://www.ncbi.nlm.nih.gov/pubmed/11049816
http://www.ncbi.nlm.nih.gov/pubmed/11049816
http://www.ncbi.nlm.nih.gov/pubmed/9674986
http://www.ncbi.nlm.nih.gov/pubmed/9674986
http://www.ncbi.nlm.nih.gov/pubmed/22766106
http://www.ncbi.nlm.nih.gov/pubmed/22766106
http://www.ncbi.nlm.nih.gov/pubmed/22766106
http://www.ncbi.nlm.nih.gov/pubmed/15003623
http://www.ncbi.nlm.nih.gov/pubmed/15003623
http://www.ncbi.nlm.nih.gov/pubmed/1582232
http://www.ncbi.nlm.nih.gov/pubmed/1582232
http://www.ncbi.nlm.nih.gov/pubmed/9542967
http://www.ncbi.nlm.nih.gov/pubmed/9542967
http://www.ncbi.nlm.nih.gov/pubmed/9542967
http://www.ncbi.nlm.nih.gov/pubmed/3572873
http://www.ncbi.nlm.nih.gov/pubmed/3572873
http://www.ncbi.nlm.nih.gov/pubmed/3572873
http://www.ncbi.nlm.nih.gov/pubmed/11432870
http://www.ncbi.nlm.nih.gov/pubmed/11432870
http://www.ncbi.nlm.nih.gov/pubmed/11432870
http://www.ncbi.nlm.nih.gov/pubmed/11432870
http://www.ncbi.nlm.nih.gov/pubmed/11432870
http://www.ncbi.nlm.nih.gov/pubmed/19217882
http://www.ncbi.nlm.nih.gov/pubmed/19217882
http://www.ncbi.nlm.nih.gov/pubmed/19217882
http://www.ncbi.nlm.nih.gov/pubmed/9455842
http://www.ncbi.nlm.nih.gov/pubmed/9455842
http://www.ncbi.nlm.nih.gov/pubmed/10645268
http://www.ncbi.nlm.nih.gov/pubmed/10645268
http://www.ncbi.nlm.nih.gov/pubmed/11063883
http://www.ncbi.nlm.nih.gov/pubmed/11063883
http://www.ncbi.nlm.nih.gov/pubmed/12235100
http://www.ncbi.nlm.nih.gov/pubmed/12235100
http://www.ncbi.nlm.nih.gov/pubmed/12700200
http://www.ncbi.nlm.nih.gov/pubmed/12700200
http://www.ncbi.nlm.nih.gov/pubmed/8107019
http://www.ncbi.nlm.nih.gov/pubmed/8107019
http://www.ncbi.nlm.nih.gov/pubmed/16510839
http://www.ncbi.nlm.nih.gov/pubmed/16510839
http://www.ncbi.nlm.nih.gov/pubmed/16510839
http://www.ncbi.nlm.nih.gov/pubmed/1567371
http://www.ncbi.nlm.nih.gov/pubmed/1567371
http://www.ncbi.nlm.nih.gov/pubmed/1567371
http://www.ncbi.nlm.nih.gov/pubmed/1567371
http://www.ncbi.nlm.nih.gov/pubmed/3158356
http://www.ncbi.nlm.nih.gov/pubmed/3158356
http://www.ncbi.nlm.nih.gov/pubmed/3158356
http://www.ncbi.nlm.nih.gov/pubmed/3995037
http://www.ncbi.nlm.nih.gov/pubmed/3995037
http://www.ncbi.nlm.nih.gov/pubmed/3995037
http://www.ncbi.nlm.nih.gov/pubmed/1998692
http://www.ncbi.nlm.nih.gov/pubmed/1998692
http://www.ncbi.nlm.nih.gov/pubmed/1998692
http://www.ncbi.nlm.nih.gov/pubmed/17442851
http://www.ncbi.nlm.nih.gov/pubmed/17442851
http://link.springer.com/book/10.1007%2F978-1-4615-0679-9
http://link.springer.com/book/10.1007%2F978-1-4615-0679-9
http://www.ncbi.nlm.nih.gov/pubmed/21490798
http://www.ncbi.nlm.nih.gov/pubmed/21490798


Volume 4 • Issue 2 • 1000141
Andrology (Los Angel)
ISSN: 2167-0250 ANO, an open access journal 

Citation: Pushpendra A, Jain GC (2015) Hyper-Lipidemia and Male Fertility: A Critical Review of Literature. Andrology (Los Angel) 4:141. 
doi:10.4172/2167-0250.1000141

Page 9 of 12

29.	Christova Y, James PS, Cooper TG,  Jones R (2002) Lipid diffusion in the 
plasma membrane of mouse spermatozoa: changes during epididymal 
maturation, effects of pH, osmotic pressure, and knockout of the c-ros gene. 
J Androl 23: 384-392.

30.	Hermo L, Jacks D (2002) Nature’s ingenuity: bypassing the classical secretory 
route via apocrine secretion. Mol Reprod Dev 63: 394-410.

31.	Neild DN, Gadella BM, Agüero A, Stout TA, Colenbrander B (2005) Capacitation, 
acrosome function and chromatin structure in stallion sperm. Anim Reprod Sci 
89: 47-56.

32.	Keber R, Rozman D, Horvat S (2013) Sterols in spermatogenesis and sperm 
maturation. J Lipid Res 54: 20-33.

33.	Jones R, Mann T, Sherins R (1979) Peroxidative breakdown of phospholipids 
in human spermatozoa, spermicidal properties of fatty acid peroxides, and 
protective action of seminal plasma. Fertil Steril 31: 531-537.

34.	Padrón RS, Más J, Zamora R, Riverol F, Licea M, et al. (1989) Lipids and 
testicular function. Int Urol Nephrol 21: 515-519.

35.	Ramírez-Torres MA, Carrera A, Zambrana M (2000) [High incidence of 
hyperestrogenemia and dyslipidemia in a group of infertile men]. Ginecol 
Obstet Mex 68: 224-229.

36.	Schisterman EF, Mumford SL, Chen Z, Browne RW, Boyd Barr D, et al. (2014) 
Lipid concentrations and semen quality: the LIFE study. Andrology 2: 408-415.

37.	Grizard G, Sion B, Jouanel P, Benoit P, Boucher D (1995) Cholesterol, 
phospholipids and markers of the function of the accessory sex glands in the 
semen of men with hypercholesterolaemia. Int J Androl 18: 151-156.

38.	Saez F, Ouvrier A, Drevet JR (2011) Epididymis cholesterol homeostasis and 
sperm fertilizing ability. Asian J Androl 13: 11-17.

39.	Tavilani H, Vatannejad A, Akbarzadeh M, Atabakhash M, Khosropour S, et al. 
(2014) Correlation between lipid profile of sperm cells and seminal plasma with 
lipid profile of serum in infertile men. Avicenna J Med Biochem 2: e19607.

40.	Lobaccaro JMA, Brugnon F, Volle DH, Baron S (2012) Lipid metabolism and 
infertility: is there a link? Clin Lipidol 7: 485-488.

41.	Khalili MA, Aghaie-Maybodi F, Anvari M, Talebi AR (2006) Sperm nuclear DNA 
in ejaculates of fertile and infertile men: correlation with semen parameters. 
Urol J 3: 154-159.

42.	Zmuda JM, Cauley JA, Kriska A (1997) Longitudinal relation between 
endogenous testosterone and cardiovascular disease risk factors in middle-
aged men. A 13-year follow-up of former Multiple Risk Factor Intervention Trial 
participants. Am J Epidemiol 146: 609-617.

43.	Alqubaty ARA (2013) Serum testosterone level in hyperlipidemic Yemeni 
individuals. Yemeni J Med Sci 7: 8-13.

44.	Vignon F, Koll-Back MH, Clavert A, Cranz C (1989) Lipid composition of human 
seminal plasma. Arch Androl 22: 49-53.

45.	Ergün A, Köse SK, Aydos K, Ata A, Avci A (2007) Correlation of seminal 
parameters with serum lipid profile and sex hormones. Arch Androl 53: 21-23.

46.	Kulka P, Nissen HP, Kreysel HW (1984) [Triglycerides and phospholipids - 
relation to fertility]. Andrologia 16: 48-51.

47.	Sugkraroek P, Kates M, Leader A, Tanphaichitr N (1991) Levels of cholesterol 
and phospholipids in freshly ejaculated sperm and Percoll-gradient-pelletted 
sperm from fertile and unexplained infertile men. Fertil Steril 55: 820-827.

48.	Gupta RS, Dixit VP (1988) Effect of dietary cholesterol on spermatogenesis. Z 
Ernahrungswiss 27: 236-243.

49.	Shimamoto K, Sofikitis N, (1998) Effect of hypercholesterolaemia on testicular 
function and sperm physiology. Yonago Acta medica 41: 23-29.

50.	Purohit A, Daradka HM (1999) Effect of mild hyperlipidaemia on testicular cell 
population dynamics in albino rats. Indian J Exp Biol 37: 396-398.

51.	Yamamoto Y, Shimamoto K, Sofikitis N, Miyagawa I (1999) Effects of 
hypercholesterolaemia on Leydig and Sertoli cell secretory function and the 
overall sperm fertilizing capacity in the rabbit. Hum Reprod 14: 1516-1521.

52.	Tanaka M, Nakaya S, Kumai T, Watanabe M, Matsumoto N, et al. (2001) 
Impaired testicular function in rats with diet-induced hypercholesterolemia and/
or streptozotocin-induced diabetes mellitus. Endocr Res 27: 109-117.

53.	Shalaby MA, el-Zorba HY, Kamel GM (2004) Effect of alpha-tocopherol and 
simvastatin on male fertility in hypercholesterolemic rats. Pharmacol Res 50: 
137-142.

54.	Bataineh HN, Nusier MK (2005) Effect of cholesterol diet on reproductive 
function in male albino rats. Saudi Med J 26: 398-404.

55.	Saez Lancellotti TE, Boarelli PV, Monclus MA, Cabrillana ME, Clementi MA, et 
al. (2010) Hypercholesterolemia impaired sperm functionality in rabbits. PLoS 
One 5: e13457.

56.	Ouvrier A, Alves G, Damon-Soubeyrand C, Marceau G, Cadet R, et al. (2011) 
Dietary cholesterol-induced post-testicular infertility. PLoS One 6: e26966.

57.	Ashrafi H, Ghabili K, Alihemmati A,  Jouyban A,  Shoja MM, et al. (2013) 
The effect of quince leaf (Cydonia oblonga Miller) decoction on testes in 
hypercholesterolemic rabbits: a pilot study. Afr J Tradit Complement Altern Med 
10: 277-282.

58.	Gliozzi TM, Zaniboni L, Maldjian A, Luzi F, Maertens L, et al. (2009) Quality and 
lipid composition of spermatozoa in rabbits fed DHA and vitamin E rich diets. 
Theriogenology 71: 910-919.

59.	Rooke JA, Shao CC, Speake BK (2001) Effects of feeding tuna oil on the 
lipid composition of pig spermatozoa and in vitro characteristics of semen. 
Reproduction 121: 315-322.

60.	Mitre R, Cheminade C, Allaume P, Legrand P, Legrand AB (2004) Oral intake 
of shark liver oil modifies lipid composition and improves motility and velocity of 
boar sperm. Theriogenology 62: 1557-1566.

61.	Louei Monfared A (2013) Correlation of Serum Lipid P rofile with Histological 
and Seminal Parameters of Testis in The Goat. Int J Fertil Steril 7: 122-129.

62.	Díaz-Fontdevila M, Bustos-Obregón E, Fornés M (1992) Distribution of filipin-
sterol complexes in sperm membranes from hypercholesterolaemic rabbits. 
Andrologia 24: 279-283.

63.	Diaz-Fontdevila M, Bustos-Obregón E (1993) Cholesterol and polyunsaturated 
acid enriched diet: effect on kinetics of the acrosome reaction in rabbit 
spermatozoa. Mol Reprod Dev 35: 176-180.

64.	Martínez-Martos JM, Arrazola M, Mayas MD,  Carrera-González MP,  García 
MJ, et al. (2011) Diet-induced hypercholesterolemia impaired testicular 
steroidogenesis in mice through the renin-angiotensin system. Gen Comp 
Endocrinol 173: 15-19.

65.	Bashandy AES (2007) Effect of fixed oil of nigella sativa on male fertility in 
normal and hyperlipidemic rats. Int J Pharmacol 3: 27-33.

66.	Fang X, Xu QY, Jia C, Peng YF (2012) [Metformin improves epididymal sperm 
quality and antioxidant function of the testis in diet-induced obesity rats]. 
Zhonghua Nan Ke Xue 18: 146-149.

67.	Zhang K, Lv Z, Jia X, Huang D (2012) Melatonin prevents testicular damage in 
hyperlipidaemic mice. Andrologia 44: 230-236.

68.	Bernini GP, Brogi G, Argenio GF, Moretti A, Salvetti A (1998) Effects of long-
term pravastatin treatment on spermatogenesis and on adrenal and testicular 
steroidogenesis in male hypercholesterolemic patients. J Endocrinol Invest 21: 
310-317.

69.	Dobs AS, Miller S, Neri G, Weiss S, Tate AC, et al. (2000) Effects of simvastatin 
and pravastatin on gonadal function in male hypercholesterolemic patients. 
Metabolism 49: 115-121.

70.	Wang Y, Liu XP, Qin DN, Chen S, Li YS (2007) [Diet-induced obesity affects 
testis development in pubertal rats]. Zhonghua Nan Ke Xue 13: 514-519.

71.	Yang AJ, Cui H, Cui Y, Ye HC, Li Y (2005) [Effects on development of the 
testicle in diet-induced obesity rats]. Wei Sheng Yan Jiu 34: 477-479.

72.	Zhu ZP, Huang YF, Pan LJ, Xu H, Xia XY (2005) [The effects of dietetic 
hyperlipidemia on the development of testes and penises in male New Zealand 
rabbits]. Zhonghua Nan Ke Xue 11: 904-907.

73.	Wei M, Macera CA, Davis DR, Hornung CA, Nankin HR, et al. (1994) Total 
cholesterol and high density lipoprotein cholesterol as important predictors of 
erectile dysfunction. Am J Epidemiol 140: 930-937.

74.	Schachter M (2000) Erectile dysfunction and lipid disorders. Curr Med Res 
Opin 16 Suppl 1: s9-12.

75.	Rao K, Du GH, Yang WM (2005) [Correlation between abnormal serum lipid 

http://www.ncbi.nlm.nih.gov/pubmed/12002440
http://www.ncbi.nlm.nih.gov/pubmed/12002440
http://www.ncbi.nlm.nih.gov/pubmed/12002440
http://www.ncbi.nlm.nih.gov/pubmed/12002440
http://www.ncbi.nlm.nih.gov/pubmed/12237956
http://www.ncbi.nlm.nih.gov/pubmed/12237956
http://www.ncbi.nlm.nih.gov/pubmed/16054782
http://www.ncbi.nlm.nih.gov/pubmed/16054782
http://www.ncbi.nlm.nih.gov/pubmed/16054782
http://www.ncbi.nlm.nih.gov/pubmed/446777
http://www.ncbi.nlm.nih.gov/pubmed/446777
http://www.ncbi.nlm.nih.gov/pubmed/446777
http://www.ncbi.nlm.nih.gov/pubmed/2613482
http://www.ncbi.nlm.nih.gov/pubmed/2613482
http://www.ncbi.nlm.nih.gov/pubmed/10902292
http://www.ncbi.nlm.nih.gov/pubmed/10902292
http://www.ncbi.nlm.nih.gov/pubmed/10902292
http://www.ncbi.nlm.nih.gov/pubmed/24596332
http://www.ncbi.nlm.nih.gov/pubmed/24596332
http://www.ncbi.nlm.nih.gov/pubmed/7558379
http://www.ncbi.nlm.nih.gov/pubmed/7558379
http://www.ncbi.nlm.nih.gov/pubmed/7558379
http://www.ncbi.nlm.nih.gov/pubmed/21042301
http://www.ncbi.nlm.nih.gov/pubmed/21042301
http://avicennajb.com/?page=article&article_id=19607
http://avicennajb.com/?page=article&article_id=19607
http://avicennajb.com/?page=article&article_id=19607
http://www.futuremedicine.com/doi/pdf/10.2217/clp.12.58
http://www.futuremedicine.com/doi/pdf/10.2217/clp.12.58
http://www.ncbi.nlm.nih.gov/pubmed/17559032
http://www.ncbi.nlm.nih.gov/pubmed/17559032
http://www.ncbi.nlm.nih.gov/pubmed/17559032
http://www.ncbi.nlm.nih.gov/pubmed/9345114
http://www.ncbi.nlm.nih.gov/pubmed/9345114
http://www.ncbi.nlm.nih.gov/pubmed/9345114
http://www.ncbi.nlm.nih.gov/pubmed/9345114
http://www.ust.edu/ojs/index.php?journal=yjmp&page=article&op=view&path%5B%5D=30
http://www.ust.edu/ojs/index.php?journal=yjmp&page=article&op=view&path%5B%5D=30
http://www.ncbi.nlm.nih.gov/pubmed/17364460
http://www.ncbi.nlm.nih.gov/pubmed/17364460
http://www.ncbi.nlm.nih.gov/pubmed/6721240
http://www.ncbi.nlm.nih.gov/pubmed/6721240
http://www.ncbi.nlm.nih.gov/pubmed/2010008
http://www.ncbi.nlm.nih.gov/pubmed/2010008
http://www.ncbi.nlm.nih.gov/pubmed/2010008
http://www.ncbi.nlm.nih.gov/pubmed/3239111
http://www.ncbi.nlm.nih.gov/pubmed/3239111
http://repository.lib.tottori-u.ac.jp/Repository/metadata/939
http://repository.lib.tottori-u.ac.jp/Repository/metadata/939
http://www.ncbi.nlm.nih.gov/pubmed/10641176
http://www.ncbi.nlm.nih.gov/pubmed/10641176
http://www.ncbi.nlm.nih.gov/pubmed/10357968
http://www.ncbi.nlm.nih.gov/pubmed/10357968
http://www.ncbi.nlm.nih.gov/pubmed/10357968
http://www.ncbi.nlm.nih.gov/pubmed/11428703
http://www.ncbi.nlm.nih.gov/pubmed/11428703
http://www.ncbi.nlm.nih.gov/pubmed/11428703
http://www.ncbi.nlm.nih.gov/pubmed/15177301
http://www.ncbi.nlm.nih.gov/pubmed/15177301
http://www.ncbi.nlm.nih.gov/pubmed/15177301
http://www.ncbi.nlm.nih.gov/pubmed/15806207
http://www.ncbi.nlm.nih.gov/pubmed/15806207
http://www.ncbi.nlm.nih.gov/pubmed/20976152
http://www.ncbi.nlm.nih.gov/pubmed/20976152
http://www.ncbi.nlm.nih.gov/pubmed/20976152
http://www.ncbi.nlm.nih.gov/pubmed/22073227
http://www.ncbi.nlm.nih.gov/pubmed/22073227
http://www.ncbi.nlm.nih.gov/pubmed/24146451
http://www.ncbi.nlm.nih.gov/pubmed/24146451
http://www.ncbi.nlm.nih.gov/pubmed/24146451
http://www.ncbi.nlm.nih.gov/pubmed/24146451
http://www.ncbi.nlm.nih.gov/pubmed/19121864
http://www.ncbi.nlm.nih.gov/pubmed/19121864
http://www.ncbi.nlm.nih.gov/pubmed/19121864
http://www.ncbi.nlm.nih.gov/pubmed/11226056
http://www.ncbi.nlm.nih.gov/pubmed/11226056
http://www.ncbi.nlm.nih.gov/pubmed/11226056
http://www.ncbi.nlm.nih.gov/pubmed/15451263
http://www.ncbi.nlm.nih.gov/pubmed/15451263
http://www.ncbi.nlm.nih.gov/pubmed/15451263
http://www.ncbi.nlm.nih.gov/pubmed/24520474
http://www.ncbi.nlm.nih.gov/pubmed/24520474
http://www.ncbi.nlm.nih.gov/pubmed/1530154
http://www.ncbi.nlm.nih.gov/pubmed/1530154
http://www.ncbi.nlm.nih.gov/pubmed/1530154
http://www.ncbi.nlm.nih.gov/pubmed/8318222
http://www.ncbi.nlm.nih.gov/pubmed/8318222
http://www.ncbi.nlm.nih.gov/pubmed/8318222
http://www.ncbi.nlm.nih.gov/pubmed/21536044
http://www.ncbi.nlm.nih.gov/pubmed/21536044
http://www.ncbi.nlm.nih.gov/pubmed/21536044
http://www.ncbi.nlm.nih.gov/pubmed/21536044
http://www.researchgate.net/publication/45947911_Effect_of_Fixed_Oil_of_Nigella_Sativa_on_Male_Fertility_in_Normal_and_Hyperlipidemic_Rats
http://www.researchgate.net/publication/45947911_Effect_of_Fixed_Oil_of_Nigella_Sativa_on_Male_Fertility_in_Normal_and_Hyperlipidemic_Rats
http://www.ncbi.nlm.nih.gov/pubmed/22568212
http://www.ncbi.nlm.nih.gov/pubmed/22568212
http://www.ncbi.nlm.nih.gov/pubmed/22568212
http://www.ncbi.nlm.nih.gov/pubmed/22260292
http://www.ncbi.nlm.nih.gov/pubmed/22260292
http://www.ncbi.nlm.nih.gov/pubmed/9648053
http://www.ncbi.nlm.nih.gov/pubmed/9648053
http://www.ncbi.nlm.nih.gov/pubmed/9648053
http://www.ncbi.nlm.nih.gov/pubmed/9648053
http://www.ncbi.nlm.nih.gov/pubmed/10647074
http://www.ncbi.nlm.nih.gov/pubmed/10647074
http://www.ncbi.nlm.nih.gov/pubmed/10647074
http://www.ncbi.nlm.nih.gov/pubmed/17615975
http://www.ncbi.nlm.nih.gov/pubmed/17615975
http://www.ncbi.nlm.nih.gov/pubmed/16229283
http://www.ncbi.nlm.nih.gov/pubmed/16229283
http://www.ncbi.nlm.nih.gov/pubmed/16398360
http://www.ncbi.nlm.nih.gov/pubmed/16398360
http://www.ncbi.nlm.nih.gov/pubmed/16398360
http://www.ncbi.nlm.nih.gov/pubmed/7977280
http://www.ncbi.nlm.nih.gov/pubmed/7977280
http://www.ncbi.nlm.nih.gov/pubmed/7977280
http://www.ncbi.nlm.nih.gov/pubmed/11329828
http://www.ncbi.nlm.nih.gov/pubmed/11329828
http://www.ncbi.nlm.nih.gov/pubmed/15755029


Volume 4 • Issue 2 • 1000141
Andrology (Los Angel)
ISSN: 2167-0250 ANO, an open access journal 

Citation: Pushpendra A, Jain GC (2015) Hyper-Lipidemia and Male Fertility: A Critical Review of Literature. Andrology (Los Angel) 4:141. 
doi:10.4172/2167-0250.1000141

Page 10 of 12

and erectile dysfunction]. Zhonghua Nan Ke Xue 11: 112-115.

76.	Nikoobakht M, Pourkasmaee M, Nasseh H (2005) The relationship between 
lipid profile and erectile dysfunction. J Urol 2: 40-44.

77.	Kugiyama K, Kerns SA, Morrisett JD, Roberts R, Henry PD (1990) Impairment 
of endothelium-dependent arterial relaxation by lysolecithin in modified low-
density lipoproteins. Nature 344: 160-162.

78.	Rosenfeld ME (1991) Oxidized LDL affects multiple atherogenic cellular 
responses. Circulation 83: 2137-2140.

79.	Tanner FC, Noll G, Boulanger CM, Lüscher TF (1991) Oxidized low density 
lipoproteins inhibit relaxations of porcine coronary arteries. Role of scavenger 
receptor and endothelium-derived nitric oxide. Circulation 83: 2012-2020.

80.	Hall SA, Kupelian V, Rosen RC, Travison TG, Link CL, et al. (2009) Is 
hyperlipidemia or its treatment associated with erectile dysfunction?: Results 
from the Boston Area Community Health (BACH) Survey. J Sex Med 6: 1402-
1413.

81.	Rao K, Du GH, Yang WM (2006) [Hyperlipidemia and erectile dysfunction]. 
Zhonghua Nan Ke Xue 12: 643-646.

82.	Leung WH, Lau CP, Wong CK (1993) Beneficial effect of cholesterol-lowering 
therapy on coronary endotheliumdependent relaxation in hypercholesterolaemic 
patients. Lancet 341: 1496-1500.

83.	Kim SC (2000) Hyperlipidemia and erectile dysfunction. Asian J Androl 2: 161-
166.

84.	Azadzoi KM, Saenz de Tejada I (1991) Hypercholesterolemia impairs 
endothelium-dependent relaxation of rabbit corpus cavernosum smooth 
muscle. J Urol 146: 238-240.

85.	Kim JH, Klyachkin ML, Svendsen E, Davies MG, Hagen PO, et al. 
(1994) Experimental hypercholesterolemia in rabbits induces cavernosal 
atherosclerosis with endothelial and smooth muscle cell dysfunction. J Urol 
151: 198-205.

86.	Huang YC, Ning H, Shindel AW, Fandel TM, Lin G, et al. (2010) The effect of 
intracavernous injection of adipose tissue-derived stem cells on hyperlipidemia-
associated erectile dysfunction in a rat model. J Sex Med 7: 1391-1400.

87.	Manning M, Schmidt P, Juenemann KP, Alken P (1996) The role of blood lipids 
in erectile failure. Int J Impot Res 8: D179.

88.	Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ, McKinlay JB (1994) 
Impotence and its medical and psychosocial correlates: results of the 
Massachusetts Male Aging Study. J Urol 151: 54-61.

89.	Feldman HA, Johannes CB, Derby CA, Kleinman KP, Mohr BA, et al. (2000) 
Erectile dysfunction and coronary risk factors: prospective results from the 
Massachusetts male aging study. Prev Med 30: 328-338.

90.	Marumo K, Nakashima J, Murai M (2001) Age-related prevalence of erectile 
dysfunction in Japan: assessment by the International Index of Erectile 
Function. Int J Urol 8: 53-59.

91.	Moreira ED Jr, Abdo CH, Torres EB, Lôbo CF, Fittipaldi JA (2001) Prevalence 
and correlates of erectile dysfunction: results of the Brazilian study of sexual 
behavior. Urology 58: 583-588.

92.	Korkmaz S., Baspinar O, Bayram F, Simsek Y, Diri H, et al. (2015) The 
effects of statin therapy on adrenaland sexual functions in male patients with 
hyperlipidemia. Neurology 84: Suppl P1.287

93.	Ghanayem BI, Bai R, Kissling GE, Travlos G, Hoffler U (2010) Diet-induced 
obesity in male mice is associated with reduced fertility and potentiation of 
acrylamide-induced reproductive toxicity. Biol Reprod 82: 96-104.

94.	Bakos HW, Mitchell M, Setchell BP, Lane M (2011) The effect of paternal diet-
induced obesity on sperm function and fertilization in a mouse model. Int J 
Androl 34: 402-410.

95.	Palmer NO,  Bakos HW,  Owens JA,  Setchell BP,  Lane M (2012) Diet and 
exercise in an obese mouse fed a high-fat diet improve metabolic health 
and reverse perturbed sperm function. Am J Physiol Endocrinol Metab 302: 
E768-E780.

96.	Tortoriello DV, McMinn J, Chua SC (2004) Dietary-induced obesity and 
hypothalamic infertility in female DBA/2J mice. Endocrinology 145: 1238-1247.

97.	Fernandez CD, Bellentani FF, Fernandes GS, Perobelli JE, Favareto AP, et 

al. (2011) Diet-induced obesity in rats leads to a decrease in sperm motility. 
Reprod Biol Endocrinol 9: 32.

98.	Vigueras-Villaseñor RM, Rojas-Castañeda JC, Chávez-Saldaña M, Gutiérrez-
Pérez O, García-Cruz ME, et al. (2011) Alterations in the spermatic function 
generated by obesity in rats. Acta Histochem 113: 214-220.

99.	Chen WD, Wang YD, Meng Z, Zhang L, Huang W (2011) Nuclear bile acid 
receptor FXR in the hepatic regeneration. Biochim Biophys Acta 1812: 888-
892.

100.	Hammoud AO, Gibson M, Peterson CM, Meikle AW, Carrell DT (2008) Impact 
of male obesity on infertility: a critical review of the current literature. Fertil 
Steril 90: 897-904.

101.	Shayeb AG, Bhattacharya S (2009) Male obesity and reproductive potential. 
Br J Diab Vasc Dis, 9 (7): 7-12.

102.	Du Plessis SS, Cabler S, McAlister DA, Sabanegh E, Agarwal A (2010) The 
effect of obesity on sperm disorders and male infertility. Nat Rev Urol 7: 153-
161.

103.	Cabler S, Agarwal A, Flint M, du Plessis SS (2010) Obesity: modern man’s 
fertility nemesis. Asian J Androl 12: 480-489.

104.	Teerds KJ, de Rooij DG, Keijer J (2011) Functional relationship between 
obesity and male reproduction: from humans to animal models. Hum Reprod 
Update 17: 667-683.

105.	Magnusdottir EV, Thorsteinsson T, Thorsteinsdottir S, Heimisdottir M, 
Olafsdottir K (2005) Persistent organochlorines, sedentary occupation, obesity 
and human male subfertility. Hum Reprod 20: 208-215.

106.	Jensen TK, Andersson AM, Jørgensen N, Andersen AG, Carlsen E, et 
al. (2004) Body mass index in relation to semen quality and reproductive 
hormones among,558 Danish men. Fertil Steril 82: 863-870.

107.	Fejes I, Koloszár S, Szöllosi J, Závaczki Z, Pál A (2005) Is semen quality 
affected by male body fat distribution? Andrologia 37: 155-159.

108.	Egwurugwu JN, Nwafor A, Chike CP, Ufearo CS, Uchefuna RC, et al. (2011) 
The relationship between body mass index, semen and sex hormones in adult 
male. Niger J Physiol Sci 26: 29-34.

109.	Kort HI, Massey JB, Elsner CW, Mitchell-Leef D, Shapiro DB, et al. (2006) 
Impact of body mass index values on sperm quantity and quality. J Androl 27: 
450-452.

110.	Tunc O, Thompson J, Tremellen K (2010) Development of the NBT assay as a 
marker of sperm oxidative stress. Int J Androl 33: 13-21.

111.	Aggerholm AS, Thulstrup AM, Toft G, Ramlau-Hansen CH, Bonde JP (2008) 
Is overweight a risk factor for reduced semen quality and altered serum sex 
hormone profile? Fertil Steril 90: 619-626.

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

113.	Chavarro JE, Toth TL, Wright DL, Meeker JD, 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. Fertil Steril 93: 2222-
2231.

114.	Shukla KK, Chambial S, Dwivedi S, Misra S, Sharma P (2014) Recent scenario 
of obesity and male fertility. Andrology 2: 809-818.

115.	Hajshafiha M, Ghareaghaji R, Salemi S, Sadegh-Asadi N, Sadeghi-Bazargani 
H (2013) Association of body mass index with some fertility markers among 
male partners of infertile couples. Int J Gen Med 6: 447-451.

116.	Strain GW, Zumoff B, Kream J, Strain JJ, Deucher R, et al. (1982) Mild 
Hypogonadotropic hypogonadism in obese men. Metabolism 31: 871-875.

117.	Pauli EM, Legro RS, Demers LM, Kunselman AR, Dodson WC, et al. (2008) 
Diminished paternity and gonadal function with increasing obesity in men. 
Fertil Steril 90: 346-351.

118.	Koloszár S, Daru J, Kereszturi A, Závaczki Z, Szöllosi J, et al. (2002) Effect of 
female body weight on efficiency of donor AI. Arch Androl 48: 323-327.

119.	Stewart TM,  Liu DY,  Garrett C,  Jorgensen N,  Brown EH, et al. (2009) 
Associations between andrological measures, hormones and semen quality in 

http://www.ncbi.nlm.nih.gov/pubmed/15755029
http://www.ncbi.nlm.nih.gov/pubmed/15988546
http://www.ncbi.nlm.nih.gov/pubmed/15988546
http://www.ncbi.nlm.nih.gov/pubmed/2106627
http://www.ncbi.nlm.nih.gov/pubmed/2106627
http://www.ncbi.nlm.nih.gov/pubmed/2106627
http://www.ncbi.nlm.nih.gov/pubmed/2040062
http://www.ncbi.nlm.nih.gov/pubmed/2040062
http://www.ncbi.nlm.nih.gov/pubmed/2040054
http://www.ncbi.nlm.nih.gov/pubmed/2040054
http://www.ncbi.nlm.nih.gov/pubmed/2040054
http://www.ncbi.nlm.nih.gov/pubmed/19210709
http://www.ncbi.nlm.nih.gov/pubmed/19210709
http://www.ncbi.nlm.nih.gov/pubmed/19210709
http://www.ncbi.nlm.nih.gov/pubmed/19210709
http://www.ncbi.nlm.nih.gov/pubmed/16894947
http://www.ncbi.nlm.nih.gov/pubmed/16894947
http://www.ncbi.nlm.nih.gov/pubmed/8099379
http://www.ncbi.nlm.nih.gov/pubmed/8099379
http://www.ncbi.nlm.nih.gov/pubmed/8099379
http://www.ncbi.nlm.nih.gov/pubmed/11225973
http://www.ncbi.nlm.nih.gov/pubmed/11225973
http://www.ncbi.nlm.nih.gov/pubmed/2056597
http://www.ncbi.nlm.nih.gov/pubmed/2056597
http://www.ncbi.nlm.nih.gov/pubmed/2056597
http://www.ncbi.nlm.nih.gov/pubmed/8254813
http://www.ncbi.nlm.nih.gov/pubmed/8254813
http://www.ncbi.nlm.nih.gov/pubmed/8254813
http://www.ncbi.nlm.nih.gov/pubmed/8254813
http://www.ncbi.nlm.nih.gov/pubmed/20141586
http://www.ncbi.nlm.nih.gov/pubmed/20141586
http://www.ncbi.nlm.nih.gov/pubmed/20141586
http://www.ncbi.nlm.nih.gov/pubmed/8254833
http://www.ncbi.nlm.nih.gov/pubmed/8254833
http://www.ncbi.nlm.nih.gov/pubmed/8254833
http://www.ncbi.nlm.nih.gov/pubmed/10731462
http://www.ncbi.nlm.nih.gov/pubmed/10731462
http://www.ncbi.nlm.nih.gov/pubmed/10731462
http://www.ncbi.nlm.nih.gov/pubmed/11240826
http://www.ncbi.nlm.nih.gov/pubmed/11240826
http://www.ncbi.nlm.nih.gov/pubmed/11240826
http://www.ncbi.nlm.nih.gov/pubmed/11597544
http://www.ncbi.nlm.nih.gov/pubmed/11597544
http://www.ncbi.nlm.nih.gov/pubmed/11597544
http://www.neurology.org/content/84/14_Supplement/P1.287
http://www.neurology.org/content/84/14_Supplement/P1.287
http://www.neurology.org/content/84/14_Supplement/P1.287
http://www.ncbi.nlm.nih.gov/pubmed/19696015
http://www.ncbi.nlm.nih.gov/pubmed/19696015
http://www.ncbi.nlm.nih.gov/pubmed/19696015
http://www.ncbi.nlm.nih.gov/pubmed/20649934
http://www.ncbi.nlm.nih.gov/pubmed/20649934
http://www.ncbi.nlm.nih.gov/pubmed/20649934
http://www.ncbi.nlm.nih.gov/pubmed/22252945
http://www.ncbi.nlm.nih.gov/pubmed/22252945
http://www.ncbi.nlm.nih.gov/pubmed/22252945
http://www.ncbi.nlm.nih.gov/pubmed/22252945
http://www.ncbi.nlm.nih.gov/pubmed/14670988
http://www.ncbi.nlm.nih.gov/pubmed/14670988
http://www.ncbi.nlm.nih.gov/pubmed/21396114
http://www.ncbi.nlm.nih.gov/pubmed/21396114
http://www.ncbi.nlm.nih.gov/pubmed/21396114
http://www.ncbi.nlm.nih.gov/pubmed/20149418
http://www.ncbi.nlm.nih.gov/pubmed/20149418
http://www.ncbi.nlm.nih.gov/pubmed/20149418
http://www.ncbi.nlm.nih.gov/pubmed/21167938
http://www.ncbi.nlm.nih.gov/pubmed/21167938
http://www.ncbi.nlm.nih.gov/pubmed/21167938
http://www.ncbi.nlm.nih.gov/pubmed/18929048
http://www.ncbi.nlm.nih.gov/pubmed/18929048
http://www.ncbi.nlm.nih.gov/pubmed/18929048
http://dvd.sagepub.com/content/9/1/7.full.pdf
http://dvd.sagepub.com/content/9/1/7.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20157305
http://www.ncbi.nlm.nih.gov/pubmed/20157305
http://www.ncbi.nlm.nih.gov/pubmed/20157305
http://www.ncbi.nlm.nih.gov/pubmed/20531281
http://www.ncbi.nlm.nih.gov/pubmed/20531281
http://www.ncbi.nlm.nih.gov/pubmed/21546379
http://www.ncbi.nlm.nih.gov/pubmed/21546379
http://www.ncbi.nlm.nih.gov/pubmed/21546379
http://www.ncbi.nlm.nih.gov/pubmed/15567884
http://www.ncbi.nlm.nih.gov/pubmed/15567884
http://www.ncbi.nlm.nih.gov/pubmed/15567884
http://www.ncbi.nlm.nih.gov/pubmed/15482761
http://www.ncbi.nlm.nih.gov/pubmed/15482761
http://www.ncbi.nlm.nih.gov/pubmed/15482761
http://www.ncbi.nlm.nih.gov/pubmed/16266392
http://www.ncbi.nlm.nih.gov/pubmed/16266392
http://www.ncbi.nlm.nih.gov/pubmed/22314983
http://www.ncbi.nlm.nih.gov/pubmed/22314983
http://www.ncbi.nlm.nih.gov/pubmed/22314983
http://www.ncbi.nlm.nih.gov/pubmed/16339454
http://www.ncbi.nlm.nih.gov/pubmed/16339454
http://www.ncbi.nlm.nih.gov/pubmed/16339454
http://www.ncbi.nlm.nih.gov/pubmed/19076253
http://www.ncbi.nlm.nih.gov/pubmed/19076253
http://www.ncbi.nlm.nih.gov/pubmed/18068160
http://www.ncbi.nlm.nih.gov/pubmed/18068160
http://www.ncbi.nlm.nih.gov/pubmed/18068160
http://www.ncbi.nlm.nih.gov/pubmed/19889752
http://www.ncbi.nlm.nih.gov/pubmed/19889752
http://www.ncbi.nlm.nih.gov/pubmed/19889752
http://www.ncbi.nlm.nih.gov/pubmed/19889752
http://www.ncbi.nlm.nih.gov/pubmed/19261274
http://www.ncbi.nlm.nih.gov/pubmed/19261274
http://www.ncbi.nlm.nih.gov/pubmed/19261274
http://www.ncbi.nlm.nih.gov/pubmed/19261274
http://www.ncbi.nlm.nih.gov/pubmed/25269421
http://www.ncbi.nlm.nih.gov/pubmed/25269421
http://www.ncbi.nlm.nih.gov/pubmed/6811834
http://www.ncbi.nlm.nih.gov/pubmed/6811834
http://www.ncbi.nlm.nih.gov/pubmed/18291378
http://www.ncbi.nlm.nih.gov/pubmed/18291378
http://www.ncbi.nlm.nih.gov/pubmed/18291378
http://www.ncbi.nlm.nih.gov/pubmed/12230817
http://www.ncbi.nlm.nih.gov/pubmed/12230817
http://www.ncbi.nlm.nih.gov/pubmed/19351657
http://www.ncbi.nlm.nih.gov/pubmed/19351657


Volume 4 • Issue 2 • 1000141
Andrology (Los Angel)
ISSN: 2167-0250 ANO, an open access journal 

Citation: Pushpendra A, Jain GC (2015) Hyper-Lipidemia and Male Fertility: A Critical Review of Literature. Andrology (Los Angel) 4:141. 
doi:10.4172/2167-0250.1000141

Page 11 of 12

fertile Australian men: inverse relationship between obesity and sperm output. 
Hum Reprod 24: 1561-1568.

120.	Nguyen RH, Wilcox AJ, Skjaerven R, Baird DD (2007) Men’s body mass index 
and infertility. Hum Reprod 22: 2488-2493.

121.	Sallmén M, Sandler DP, Hoppin JA, Blair A, Baird DD (2006) Reduced fertility 
among overweight and obese men. Epidemiology 17: 520-523.

122.	Hammoud AO, Wilde N, Gibson M, Parks A, Carrell DT, et al. (2008) Male 
obesity and alteration in sperm parameters. Fertil Steril 90: 2222-2225.

123.	Cai X, Haleem R, Oram S, Cyriac J, Jiang F, et al. (2001) High fat diet 
increases the weight of rat ventral prostate. Prostate 49: 1-8.

124.	Ploumidou K, Kyroudi-Voulgari A, Perea D, Anastasiou I, Mitropoulos D (2010) 
Effect of a hypercholesterolemic diet on serum lipid profile, plasma sex steroid 
levels, and prostate structure in rats. Urology 76: 1517.

125.	Vikram A, Ramarao P (2012) Dyslipidemia - from prevention to treatment. 
Intech.

126.	Rahman NU, Phonsombat S, Bochinski D, Carrion RE, Nunes L, et al. 
(2007) An animal model to study lower urinary tract symptoms and erectile 
dysfunction: the hyperlipidaemic rat. BJU Int 100: 658-663.

127.	Vikram A, Jena G, Ramarao P (2010) Pioglitazone attenuates prostatic 
enlargement in diet-induced insulin-resistant rats by altering lipid distribution 
and hyperinsulinaemia. Br J Pharmacol 161: 1708-1721.

128.	Vikram A, Jena GB, Ramarao P (2010) Increased cell proliferation and 
contractility of prostate in insulin resistant rats: linking hyperinsulinemia with 
benign prostate hyperplasia. Prostate 70: 79-89.

129.	Vikram A, Jena G, Ramarao P (2011) Insulin-resistance reduces botulinum 
neurotoxin-type A induced prostatic atrophy and apoptosis in rats. Eur J 
Pharmacol 650: 356-363.

130.	Escobar EL, Gomes-Marcondes MC, Carvalho HF (2009) Dietary fatty acid 
quality affects AR and PPARgamma levels and prostate growth. Prostate 69: 
548-558.

131.	Homma Y, Kondo Y, Kaneko M, Kitamura T, Nyou WT, et al. (2004) Promotion 
of carcinogenesis and oxidative stress by dietary cholesterol in rat prostate. 
Carcinogenesis 25: 1011-1014.

132.	Sekine Y, Osei-Hwedieh D, Matsuda K, Raghavachari N, Liu D, et al. (2011) 
High fat diet reduces the expression of glutathione peroxidase 3 in mouse 
prostate. Prostate 71: 1499-1509.

133.	Vykhovanets EV, Shankar E, Vykhovanets OV, Shukla S, Gupta S (2011) High-
fat diet increases NF-ÎºB signaling in the prostate of reporter mice. Prostate 
71: 147-156.

134.	Moyad MA, Lowe FC (2008) Educating patients about lifestyle modifications 
for prostate health. Am J Med 121: S34-42.

135.	Parsons JK, Bergstrom J, Barrett-Connor E (2008) Lipids, lipoproteins and 
the risk of benign prostatic hyperplasia in community-dwelling men. BJU Int 
101: 313-318.

136.	Parsons JK, Kashefi C (2008) Physical activity, benign prostatic hyperplasia, 
and lower urinary tract symptoms. Eur Urol 53: 1228-1235.

137.	Hammarsten J, Högstedt B, Holthuis N, Mellström D (1998) Components of 
the metabolic syndrome-risk factors for the development of benign prostatic 
hyperplasia. Prostate Cancer Prostatic Dis 1: 157-162.

138.	Hammarsten J, Hogstedt B (1999) Clinical, anthropometric, metabolic 
and insulin profile of men with fast annual growth rates of benign prostatic 
hyperplasia. Blood Press 8: 29-36.

139.	Dahle SE, Chokkalingam AP, Gao YT, Deng J, Stanczyk FZ, et al. (2002) Body 
size and serum levels of insulin and leptin in relation to the risk of benign 
prostatic hyperplasia. J Urol 168: 599-604.

140.	Parsons JK, Carter HB, Partin AW, Windham BG, Metter EJ, et al. (2006) 
Metabolic factors associated with benign prostatic hyperplasia. J Clin 
Endocrinol Metab 91: 2562-2568.

141.	Parsons JK, Sarma AV, McVary K, Wei JT, et al. (2009) Obesity and benign 
prostatic hyperplasia: clinical connections, emerging etiological paradigms 
and future directions. J Urol 182: S27-31.

142.	Kim BH, Kim CI, Chang HS, Choe MS, Jung HR, et al. (2011) Cyclooxygenase-2 
overexpression in chronic inflammation associated with benign prostatic 
hyperplasia: is it related to apoptosis and angiogenesis of prostate cancer? 
Korean J Urol 52: 253-259.

143.	Ferry G, Tellier E, Try A, Gres S, Naime I, et al. (2003) Autotaxin is 
released from adipocytes, catalyzes lysophosphatidic acid synthesis, and 
activates preadipocyte proliferation. Upregulated expression with adipocyte 
differentiation and obesity. J Biol Chem 278: 18162-18169.

144.	Kulkarni P, Getzenberg RH (2009) High-fat diet, obesity and prostate disease: 
the ATX-LPA axis? Nat Clin Pract Urol 6: 128-131.

145.	Freeman MR, Solomon KR (2004) Cholesterol and prostate cancer. J Cell 
Biochem 91: 54-69.

146.	Platz EA, Till C, Goodman PJ, Parnes HL, Figg WD, et al. (2009) Men with 
low serum cholesterol have a lower risk of high-grade prostate cancer in 
the placebo arm of the prostate cancer prevention trial. Cancer Epidemiol 
Biomarkers Prev 18: 2807-2813.

147.	Ahn J, Lim U, Weinstein SJ, Schatzkin A, Hayes RB, et al. (2009) Prediagnostic 
total and high-density lipoprotein cholesterol and risk of cancer. Cancer 
Epidemiol Biomarkers Prev 18: 2814-2821.

148.	Moses KA, Abd TT, Goodman M, Hsiao W, Hall JA, et al. (2009) Increased low 
density lipoprotein and increased likelihood of positive prostate biopsy in black 
americans. J Urol 182: 2219-2225.

149.	Iso H, Ikeda A, Inoue M, Sato S, Tsugane S; JPHC Study Group (2009) Serum 
cholesterol levels in relation to the incidence of cancer: the JPHC study 
cohorts. Int J Cancer 125: 2679-2686.

150.	Mondul AM, Clipp SL, Helzlsouer KJ, Platz EA (2010) Association between 
plasma total cholesterol concentration and incident prostate cancer in the 
CLUE II cohort. Cancer Causes Control 21: 61-68.

151.	Hayashi N, Matsushima M, Yamamoto T, Sasaki H, Takahashi H, et al. (2012) 
The impact of hypertriglyceridemia on prostate cancer development in patients 
aged â‰¥60 years. BJU Int 109: 515-519.

152.	Van Hemelrijck M, Garmo H, Holmberg L, Walldius G, Jungner I, et al. (2011) 
Prostate cancer risk in the Swedish AMORIS study: the interplay among 
triglycerides, total cholesterol, and glucose. Cancer 117: 2086-2095.

153.	Kitahara CM, Berrington de González A, Freedman ND, Huxley R, Mok Y, et al. 
(2011) Total cholesterol and cancer risk in a large prospective study in Korea. 
J Clin Oncol 29: 1592-1598.

154.	Mittal A, Sathian B, Chandrasekharan N, Lekhi A, Yadav SK (2011) Role of 
hypercholesterolemia in prostate cancer--case control study from Manipal 
Teaching Hospital Pokhara, Nepal. Asian Pac J Cancer Prev 12: 1905-1907.

155.	Mostaghel EA, Solomon KR, Pelton K, Freeman MR, Montgomery RB (2012) 
Impact of circulating cholesterol levels on growth and intratumoral androgen 
concentration of prostate tumors. PLoS One 7: e30062.

156.	Krycer JR, Kristiana I, Brown AJ (2009) Cholesterol homeostasis in two 
commonly used human prostate cancer cell-lines, LNCaP and PC-3. PLoS 
One 4: e8496.

157.	Ettinger SL, Sobel R, Whitmore TG, Akbari M, Bradley DR, et al. (2004) 
Dysregulation of sterol response element-binding proteins and downstream 
effectors in prostate cancer during progression to androgen independence. 
Cancer Res 64: 2212-2221.

158.	Leon CG, Locke JA, Adomat HH, Etinger SL, Twiddy AL, et al. (2010) 
Alterations in cholesterol regulation contribute to the production of intratumoral 
androgens during progression to castration-resistant prostate cancer in a 
mouse xenograft model. Prostate 70: 390-400.

159.	Murtola TJ, Visakorpi T, Lahtela J, Syvala H, Tammela TL (2008) Statins and 
prostate cancer prevention: where we are now, and future directions. Nat Clin 
Pract Urol 5: 376-387.

160.	Solomon KR, Pelton K, Boucher K, Joo J, Tully C, et al. (2009) Ezetimibe is an 
inhibitor of tumor angiogenesis. Am J Pathol 174: 1017-1026.

161.	Graaf MR, Beiderbeck AB, Egberts AC, Richel DJ, Guchelaar HJ (2004) The 
risk of cancer in users of statins. J Clin Oncol 22: 2388-2394.

162.	Platz EA, Leitzmann MF, Visvanathan K, Rimm EB, Stampfer MJ, et al. (2006) 
Statin drugs and risk of advanced prostate cancer. J Natl Cancer Inst 98: 

http://www.ncbi.nlm.nih.gov/pubmed/19351657
http://www.ncbi.nlm.nih.gov/pubmed/19351657
http://www.ncbi.nlm.nih.gov/pubmed/17636282
http://www.ncbi.nlm.nih.gov/pubmed/17636282
http://www.ncbi.nlm.nih.gov/pubmed/16837825
http://www.ncbi.nlm.nih.gov/pubmed/16837825
http://www.ncbi.nlm.nih.gov/pubmed/18178190
http://www.ncbi.nlm.nih.gov/pubmed/18178190
http://www.ncbi.nlm.nih.gov/pubmed/20974489
http://www.ncbi.nlm.nih.gov/pubmed/20974489
http://www.ncbi.nlm.nih.gov/pubmed/20974489
http://www.intechopen.com/books/dyslipidemia-from-prevention-to-treatment
http://www.intechopen.com/books/dyslipidemia-from-prevention-to-treatment
http://www.ncbi.nlm.nih.gov/pubmed/17590178
http://www.ncbi.nlm.nih.gov/pubmed/17590178
http://www.ncbi.nlm.nih.gov/pubmed/17590178
http://www.ncbi.nlm.nih.gov/pubmed/20726985
http://www.ncbi.nlm.nih.gov/pubmed/20726985
http://www.ncbi.nlm.nih.gov/pubmed/20726985
http://www.ncbi.nlm.nih.gov/pubmed/19790233
http://www.ncbi.nlm.nih.gov/pubmed/19790233
http://www.ncbi.nlm.nih.gov/pubmed/19790233
http://www.ncbi.nlm.nih.gov/pubmed/20940009
http://www.ncbi.nlm.nih.gov/pubmed/20940009
http://www.ncbi.nlm.nih.gov/pubmed/20940009
http://www.ncbi.nlm.nih.gov/pubmed/19143008
http://www.ncbi.nlm.nih.gov/pubmed/19143008
http://www.ncbi.nlm.nih.gov/pubmed/19143008
http://www.ncbi.nlm.nih.gov/pubmed/14764460
http://www.ncbi.nlm.nih.gov/pubmed/14764460
http://www.ncbi.nlm.nih.gov/pubmed/14764460
http://www.ncbi.nlm.nih.gov/pubmed/21374652
http://www.ncbi.nlm.nih.gov/pubmed/21374652
http://www.ncbi.nlm.nih.gov/pubmed/21374652
http://www.ncbi.nlm.nih.gov/pubmed/20632379
http://www.ncbi.nlm.nih.gov/pubmed/20632379
http://www.ncbi.nlm.nih.gov/pubmed/20632379
http://www.ncbi.nlm.nih.gov/pubmed/18675616
http://www.ncbi.nlm.nih.gov/pubmed/18675616
http://www.ncbi.nlm.nih.gov/pubmed/18005202
http://www.ncbi.nlm.nih.gov/pubmed/18005202
http://www.ncbi.nlm.nih.gov/pubmed/18005202
http://www.ncbi.nlm.nih.gov/pubmed/18358592
http://www.ncbi.nlm.nih.gov/pubmed/18358592
http://www.ncbi.nlm.nih.gov/pubmed/12496910
http://www.ncbi.nlm.nih.gov/pubmed/12496910
http://www.ncbi.nlm.nih.gov/pubmed/12496910
http://www.ncbi.nlm.nih.gov/pubmed/10412880
http://www.ncbi.nlm.nih.gov/pubmed/10412880
http://www.ncbi.nlm.nih.gov/pubmed/10412880
http://www.ncbi.nlm.nih.gov/pubmed/12131317
http://www.ncbi.nlm.nih.gov/pubmed/12131317
http://www.ncbi.nlm.nih.gov/pubmed/12131317
http://www.ncbi.nlm.nih.gov/pubmed/16608892
http://www.ncbi.nlm.nih.gov/pubmed/16608892
http://www.ncbi.nlm.nih.gov/pubmed/16608892
http://www.ncbi.nlm.nih.gov/pubmed/19846130
http://www.ncbi.nlm.nih.gov/pubmed/19846130
http://www.ncbi.nlm.nih.gov/pubmed/19846130
http://www.ncbi.nlm.nih.gov/pubmed/21556211
http://www.ncbi.nlm.nih.gov/pubmed/21556211
http://www.ncbi.nlm.nih.gov/pubmed/21556211
http://www.ncbi.nlm.nih.gov/pubmed/21556211
http://www.ncbi.nlm.nih.gov/pubmed/12642576
http://www.ncbi.nlm.nih.gov/pubmed/12642576
http://www.ncbi.nlm.nih.gov/pubmed/12642576
http://www.ncbi.nlm.nih.gov/pubmed/12642576
http://www.ncbi.nlm.nih.gov/pubmed/19204739
http://www.ncbi.nlm.nih.gov/pubmed/19204739
http://www.ncbi.nlm.nih.gov/pubmed/14689582
http://www.ncbi.nlm.nih.gov/pubmed/14689582
http://www.ncbi.nlm.nih.gov/pubmed/19887582
http://www.ncbi.nlm.nih.gov/pubmed/19887582
http://www.ncbi.nlm.nih.gov/pubmed/19887582
http://www.ncbi.nlm.nih.gov/pubmed/19887582
http://www.ncbi.nlm.nih.gov/pubmed/19887581
http://www.ncbi.nlm.nih.gov/pubmed/19887581
http://www.ncbi.nlm.nih.gov/pubmed/19887581
http://www.ncbi.nlm.nih.gov/pubmed/19806465
http://www.ncbi.nlm.nih.gov/pubmed/19806465
http://www.ncbi.nlm.nih.gov/pubmed/19806465
http://www.ncbi.nlm.nih.gov/pubmed/21812901
http://www.ncbi.nlm.nih.gov/pubmed/21812901
http://www.ncbi.nlm.nih.gov/pubmed/21812901
http://www.ncbi.nlm.nih.gov/pubmed/21523720
http://www.ncbi.nlm.nih.gov/pubmed/21523720
http://www.ncbi.nlm.nih.gov/pubmed/21523720
http://www.ncbi.nlm.nih.gov/pubmed/21422422
http://www.ncbi.nlm.nih.gov/pubmed/21422422
http://www.ncbi.nlm.nih.gov/pubmed/21422422
http://www.ncbi.nlm.nih.gov/pubmed/22292623
http://www.ncbi.nlm.nih.gov/pubmed/22292623
http://www.ncbi.nlm.nih.gov/pubmed/22292623
http://www.ncbi.nlm.nih.gov/pubmed/22279565
http://www.ncbi.nlm.nih.gov/pubmed/22279565
http://www.ncbi.nlm.nih.gov/pubmed/22279565
http://www.ncbi.nlm.nih.gov/pubmed/20041144
http://www.ncbi.nlm.nih.gov/pubmed/20041144
http://www.ncbi.nlm.nih.gov/pubmed/20041144
http://www.ncbi.nlm.nih.gov/pubmed/19866465
http://www.ncbi.nlm.nih.gov/pubmed/19866465
http://www.ncbi.nlm.nih.gov/pubmed/19866465
http://www.ncbi.nlm.nih.gov/pubmed/19866465
http://www.ncbi.nlm.nih.gov/pubmed/18542103
http://www.ncbi.nlm.nih.gov/pubmed/18542103
http://www.ncbi.nlm.nih.gov/pubmed/18542103
http://www.ncbi.nlm.nih.gov/pubmed/19179610
http://www.ncbi.nlm.nih.gov/pubmed/19179610
http://www.ncbi.nlm.nih.gov/pubmed/15197200
http://www.ncbi.nlm.nih.gov/pubmed/15197200
http://www.ncbi.nlm.nih.gov/pubmed/17179483
http://www.ncbi.nlm.nih.gov/pubmed/17179483


Volume 4 • Issue 2 • 1000141
Andrology (Los Angel)
ISSN: 2167-0250 ANO, an open access journal 

Citation: Pushpendra A, Jain GC (2015) Hyper-Lipidemia and Male Fertility: A Critical Review of Literature. Andrology (Los Angel) 4:141. 
doi:10.4172/2167-0250.1000141

Page 12 of 12

1819-1825.

163.	Flick ED, Habel LA, Chan KA, Van Den Eeden SK, Quinn VP, et al. (2007)
Statin use and risk of prostate cancer in the California Men’s Health Study
cohort. Cancer Epidemiol Biomarkers Prev 16: 2218-2225.

164.	Jacobs EJ, Rodriguez C, Bain EB, Wang Y, Thun MJ, et al. (2007) Cholesterol 
lowering drugs and advanced prostate cancer incidence in a large U.S.
Cohort. Cancer Epidemiol Biomarkers Prev 16: 2213-2217.

165.	Murtola TJ, Tammela TL, Lahtela J, Auvinen A (2007) Cholesterol-lowering
drugs and prostate cancer risk: a population-based case-control study. Cancer 
Epidemiol Biomarkers Prev 16: 2226-2232.

166.	Solomon KR, Freeman MR (2008) Do the cholesterol-lowering properties of
statins affect cancer risk? Trends Endocrinol Metab 19: 113-121.

167.	Hoque A, Chen H, Xu XC (2008) Statin induces apoptosis and cell growth
arrest in prostate cancer cells. Cancer Epidemiol Biomarkers Prev 17: 88-94.

168.	Breau RH, Karnes RJ, Jacobson DJ, McGree ME, Jacobsen SJ, et al. (2010)
The association between statin use and the diagnosis of prostate cancer in a
population based cohort. J Urol 184: 494-499.

169.	Gutt R, Tonlaar N, Kunnavakkam R, Karrison T, Weichselbaum RR, et al.
(2010) Statin use and risk of prostate cancer recurrence in men treated with
radiation therapy. J Clin Oncol 28: 2653-2659.

170.	Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, et al. (2005) Efficacy 
and safety of cholesterol-lowering treatment: prospective meta-analysis of
data from 90,056 participants in 14 randomised trials of statins. Lancet 366:
1267-1278.

171.	Dale KM, Coleman CI, Henyan NN, Kluger J, White CM (2006) Statins and
cancer risk: a meta-analysis. JAMA 295: 74-80.

172.	Browning DR, Martin RM (2007) Statins and risk of cancer: a systematic
review and metaanalysis. Int J Cancer 120: 833-843.

173.	Godwin OI (2012) Ambiguity of plasma cholesterol levels as a biomarker of
prostate cancer. J Mol Biomark Diagn 3: e112.

174.	Zhuang L, Kim J, Adam RM, Solomon KR, Freeman MR (2005) Cholesterol
targeting alters lipid raft composition and cell survival in prostate cancer cells
and xenografts. J Clin Invest 115: 959-968.

175.	Malik SN, Brattain M, Ghosh PM, Troyer DA, Prihoda T, et al. (2002)
Immunohistochemical demonstration of phospho-Akt in high Gleason grade
prostate cancer. Clin Cancer Res 8: 1168-1171.

176.	Kreisberg JI, Malik SN, Prihoda TJ, Bedolla RG, Troyer DA, et al. (2004)
Phosphorylation of Akt (Ser473) is an excellent predictor of poor clinical
outcome in prostate cancer. Cancer Res 64: 5232-5236.

177.	Shimizu Y, Segawa T, Inoue T, Shiraishi T, Yoshida T, et al. (2007) Increased
Akt and phosphorylated Akt expression are associated with malignant
biological features of prostate cancer in Japanese men. BJU Int 100: 685-690.

178.	Feng Y, Zhu Y, Chen X, Sha J, Fan L, et al. (2005) Effects of diet-induced
hypercholesterolemia on testosterone-regulated protein expression in mice
liver. J Nanosci Nanotechnol 5: 1273-1276.

179.	Alzubaidin AK, Al Diwan MA (2013) The effect of taurine on reproductive
efficiency in male rats fed high cholesterol diet. Bas J Vet Res 12: 30-40.

180.	Chen XL, Gong LZ, Xu JX (2013) Antioxidative activity and protective effect
of probiotics against high-fat diet-induced sperm damage in rats. Animal 7:
287-292.

181.	Erdemir F, Atilgan D, Markoc F, Boztepe O, Suha-Parlaktas B, et al. (2012)
[The effect of diet induced obesity on testicular tissue and serum oxidative
stress parameters]. Actas Urol Esp 36: 153-159.

182.	Mortazavi M, Salehi I, Alizadeh Z, Vahabian M, Roushandeh AM (2014)
Protective Effects of Antioxidants on Sperm Parameters and Seminiferous
Tubules Epithelium in High Fat-fed Rats. J Reprod Infertil 15: 22-28.

http://www.ncbi.nlm.nih.gov/pubmed/17179483
http://www.ncbi.nlm.nih.gov/pubmed/17971519
http://www.ncbi.nlm.nih.gov/pubmed/17971519
http://www.ncbi.nlm.nih.gov/pubmed/17971519
http://www.ncbi.nlm.nih.gov/pubmed/17971518
http://www.ncbi.nlm.nih.gov/pubmed/17971518
http://www.ncbi.nlm.nih.gov/pubmed/17971518
http://www.ncbi.nlm.nih.gov/pubmed/18006910
http://www.ncbi.nlm.nih.gov/pubmed/18006910
http://www.ncbi.nlm.nih.gov/pubmed/18006910
http://www.ncbi.nlm.nih.gov/pubmed/18199714
http://www.ncbi.nlm.nih.gov/pubmed/18199714
http://www.ncbi.nlm.nih.gov/pubmed/20620405
http://www.ncbi.nlm.nih.gov/pubmed/20620405
http://www.ncbi.nlm.nih.gov/pubmed/20620405
http://www.ncbi.nlm.nih.gov/pubmed/20421534
http://www.ncbi.nlm.nih.gov/pubmed/20421534
http://www.ncbi.nlm.nih.gov/pubmed/20421534
http://www.ncbi.nlm.nih.gov/pubmed/16214597
http://www.ncbi.nlm.nih.gov/pubmed/16214597
http://www.ncbi.nlm.nih.gov/pubmed/16214597
http://www.ncbi.nlm.nih.gov/pubmed/16214597
http://www.ncbi.nlm.nih.gov/pubmed/16391219
http://www.ncbi.nlm.nih.gov/pubmed/16391219
http://www.ncbi.nlm.nih.gov/pubmed/17131313
http://www.ncbi.nlm.nih.gov/pubmed/17131313
http://www.omicsonline.org/ambiguity-of-plasma-cholesterol-levels-as-a-biomarker-of-prostate-cancer-2155-9929.1000e112.php?aid=8647
http://www.omicsonline.org/ambiguity-of-plasma-cholesterol-levels-as-a-biomarker-of-prostate-cancer-2155-9929.1000e112.php?aid=8647
http://www.ncbi.nlm.nih.gov/pubmed/15776112
http://www.ncbi.nlm.nih.gov/pubmed/15776112
http://www.ncbi.nlm.nih.gov/pubmed/15776112
http://www.ncbi.nlm.nih.gov/pubmed/11948129
http://www.ncbi.nlm.nih.gov/pubmed/11948129
http://www.ncbi.nlm.nih.gov/pubmed/11948129
http://www.ncbi.nlm.nih.gov/pubmed/15289328
http://www.ncbi.nlm.nih.gov/pubmed/15289328
http://www.ncbi.nlm.nih.gov/pubmed/15289328
http://www.ncbi.nlm.nih.gov/pubmed/17542985
http://www.ncbi.nlm.nih.gov/pubmed/17542985
http://www.ncbi.nlm.nih.gov/pubmed/17542985
http://www.ncbi.nlm.nih.gov/pubmed/16193991
http://www.ncbi.nlm.nih.gov/pubmed/16193991
http://www.ncbi.nlm.nih.gov/pubmed/16193991
http://www.iasj.net/iasj?func=fulltext&aId=76186
http://www.iasj.net/iasj?func=fulltext&aId=76186
http://www.ncbi.nlm.nih.gov/pubmed/23031185
http://www.ncbi.nlm.nih.gov/pubmed/23031185
http://www.ncbi.nlm.nih.gov/pubmed/23031185
http://www.ncbi.nlm.nih.gov/pubmed/21959063
http://www.ncbi.nlm.nih.gov/pubmed/21959063
http://www.ncbi.nlm.nih.gov/pubmed/21959063
http://www.ncbi.nlm.nih.gov/pubmed/24696792
http://www.ncbi.nlm.nih.gov/pubmed/24696792
http://www.ncbi.nlm.nih.gov/pubmed/24696792

	Corresponding author
	Keywords
	Introduction
	Significance of Lipids in Sperm Maturation
	Hyperlipidaemia and Male Fertility
	Table 1
	Hyperlipidaemia and Testicular Development
	Hyperlipidaemia and Erectile function
	Hyperlipidaemia Induced Obesity and Male Fertility
	Hyperlipidaemia and Prostate Growth and Function
	Conclusion
	Acknowledgment
	References

