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The ever-increasing incidence of hypertension and the high death rate of cardiovascular diseases raise

an issue of how to efficiently identify genes associated w ith the polygenic diseases of hypertension Significant gender differ

ences in hypertension have been recognized over one hundred years M ales have higher average values of blood pressure as

well as higher mcidence of hypertension as canpared to famales m many ethnic groups Genes or genetic polym orphisn s

goveming the higher nom al value of blood pressure nm alesm ay be the susceptible factors of hypertension H omone relat

ed genes or inprinting genes are considered as involvement in the developm ent of gender differences of nomal blood pres-

sure and hypertension The gender differences n responding to pro-hypertensive or antrrhypertensive agents have clmnical

mplications m clinical practice Additionally better understand ng the molecular genetics of nom al blood pressure differ

ences between gendersm ay yield the identification of genes associated w ith the developm ent of hypertension and eventually

benefit to the diagnosis and therapeutics of hypertension

Blood pressure is a phenotypic trait regulated by multiple
genes One of the most mportant pathologic statuses related to
blood pressure is hypertension Except for secondary hyperten-
sion prinary hypertension is wellrecognized as a polygenic dis-
ease """, Although the campletion of The Human Genane Pro-
ject has greatly accelerated the identification of genes causing
m any monogenic diseases the cloning of genes associated w ith
the primary hypertension is still a challenge in bimedical re-
search "*'. W e argue that the existence of blood pressure differ

310 1
L2101 ! used for

ence between genders and the identical criteria '
the diagnosis of hypertension may be one of the reasons that re-
strain the molecular genetic study of primary hypertension This
m inireview revisits blood pressure differences betveen genders

and discusses their mplications I basic hypertension research
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and clinical practice related to hypertension

1 Differences of blood pressure between genders

A lthough the criteria used for hypertension changes over
tme (Table 1), difference between genders has not been sug-

gested officially ',

Based on the identical diagnostic criteria
used for bothmale and fem ales clinical observations dem onstra-
ted a 2-3 folds higher ncidence of hypertension nmales as camn-

Bl One
debatable data is that the overall hypertension related death rate

pared to females n selected Chnese subpopulantions“Z

i males is not dram atically different fran that in females which
may be at least in part related to the gender differences of nomal
blood pressure in addition to the longer life span of females

Sin ilar to many other phenotypic traits such as hemoglobin con-
tents skeletalmuscle strength, and body heights the theoretr
cal values of pressure inmales that function physiologically m ay
be higher than that of fanales It is interesting that both experr
mental and clinical observation have reported significant differ

O] addition to the

ences betveen males and famales !
differences in physiological values betw een genders Se inz J et al
demonstrated the gender specific responsiveness to nitric oxide
antagon ists of cyproterone acetate or flitam ide in rats'"™. W hen

the male rats were testectan ized the gender specific response

was elm mated which had a therapeutic m plication
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Table . Camparison of an used and an updated diagnosis

criteria of hypertension

Category Systolic(mmH g) D iasto lic(mmH g)
1978 old criteria
Hypertension > 160 or 295
2004 new criteria
Nomal < 120 and < 80
Prehypertension 120~ 139 or 80~ 89
Hypertension
Stage 1 140~ 159 or 90~ 99
Stage 2 2160 or 2100

W e recently analyzed blood pressure values fran individu-
als under regular physical exan nation Significant differences
betw een genderswere observed in systolic and diastolic pressures
m easured during a regular physical exan mation i subgroups of
undergraduates ( Figure 1). Our data is consistent w ith m any
observations based on large Chinese populations and is also
consistent w ith reports fran large Caucasian populations ror g
is interesting that discrepancy exists anong ethnic groups in the
blood pressure differences bew een genders A beit the systolic
pressure in both A sia and Caucasian are higher nmales than fe-
males A frican fanales were reported to have the same or even

higher systolic pressure as canpared to A frican males "

Based on Dr Zhou’ s polymomphisn frequency statement''® ',
the gender differences of blood pressure in Chinese population
and the discrepancy of such difference among ethnic groups
could be partially explained by the altered polymorphisn fre-

quencies through genetic drift

351

Female (n=6821)
301 Male (n=9607)

stribution (%)

Juenc
p—
o O
'

the frequenc

80 90 100 110 120

systolic pressure (mmHg)

Figure 1. Different average systolic pressures betw een m ale
and fen ale undergraduates These blood pressure valies were
obtaned usingm ercurial sphygn an anan eter A sign ificant d ifference w as
seen in themajor peaks betv een genders M ost fem ales w ere betv een 100

to 110 mmH g and most males were betveen 110 to 120 mmHg in their

systolic pressure

2 D ifferent hypertension canplications beteen gen-

ders
The Chinese and Caucasian male adulis have higher blood

L1021 Phis fact has

pressures as canpared to female adults
been under consideration empirically in the diagnosis of early
stage hypertension and particularly i the tin ing of anthyperten-
sive therapy regardless of an uentical criterion of hypertension
applied to bothmales and females The slow progression and de-
layed organ damage of prin ary hypertension prevent us fran bet
ter understanding the pathologies of early stage hypertension
particularly in young ages For exanple death rates fran heart
diseases in subpopulation beween 15 and 35 years old are about
the sane mmales and fem ales of any ethnic groups

End organ dam ages and relevant clinical mcidents of hyper
tension have been well recognized and are the focus of hyperten-
sion therapy However death rates caused by many of the hy-
pertension camp lications such as heart disease and cerebrovascu-
lar diseases are age race and living enviromm ent dependent
which may conceal the portion attributed to the factor of genders
H eart disease is the major canplication of hypertensiory how ev-
er it is difficult to reveal its gender difference when overall
heart disease death rates are canpared A's age and ethnics have
strong effects on hypertension and its canplications it needs to
be kept nm ind that gender effect is only able to be revealed m
carefully selected subpopulation A ccording to the 2007 USA
statistic data ( Figure 2), there is an ethnic group-dependent
difference betw een genders in the death rates of heart diseases in
subpopu lations excluding those younger than 25 or older than 65
years of age One emerged fran this latest statistic data is the

association of the gender differences of heart disease death rates

anong races with that of the aforementioned blood pressure

differences
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— 20}
L R 20
o ¥
S = 15|
7} o
- © 10
o
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Figure 2 Gender and race differences of heart disease
death rates These dataw ere refom atted fran 2007 N ationalV ital

Statistics R eports of USA.
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3 Differences in response to pro-hypertensive and

antirhypertensive agents between genders

In addition to the influence on the tin ing of anthypertens-
ive therapeutics gender differences of blood pressure have sub-

[ 18]

stantial effects on dmug responsiveness ' Fran the molecular

pomnt of view, it is the genetic polymorphisms of certan genes
that fom the gender differences of blood pressure anong races

rather than the gender detem ining gene Thus a clinical dilen-
ma is how to further classify patients into subgroups sinply de-
pending on their responsiveness to different types of dmgs or
drug canbmations Sm ilarly differences n response to pro-hy-
pertensive agents betv een genders have been well observed but
the clinical mplication has virtually ignored For exanple Kha-
lid reported that gonadectomy abolishes the hypertensive re-
sponse to salt overload decreases gene expression and density of
alpha-2B-adrenoceptors and prevents their salt-induced up-reg-

ulation !

. W hereas expermental data has clearly showed that
m aneuvers targeting androgen have significant effects on blood
pressurg no such treament has been enployed or suggested m

t "% Clinical trial using antrandrogen

clinical practice ye
drugs should be a choice m the tream ent of refractory hyperten-
sion or hypertension crisis and this w illm ake genetic polymor
phim data available in the near future

The renin-angiotensin system is the m ost m portant regu lator
for blood pressure ham eostasis and is believed to be far more
canplex enzymatic cascade than realized previously Significant
sex-specific differences in the regulation of the renin-angiotensin

systan and arterial pressure was observed n a study with rats

1 W hile lw-dose angiotensin Il did not have an effect in
males it significantly decreased arterial pressure n famales
(114 mmH g). This decrease i arterial pressure in females was
abolished by angiotensin II type 2 receptor (AT2R) blockade

W hen high-dose angiotensin Il was mfused the hypertensive
effect m fem ales was significantly lower than that n males ( 248
mmH g versus 425 mmH g). This observation by Amanda et al
m icht be a partial explanation for the different effectiveness of
angiotensin converting enzyme inhbitors (ACEI) beween male
and fanale patients '*'. As show in Table 2 wanen showed
less effect and more side effects after adm mistration of ACEI In
addition to the rennin-angiotensin system, experiments with rats
revealed sexual dimorphisn in cafeteria diet-induced hyperten-
sion " and in NG-nitro-L-arginine m ethy | ester (L-NAME) in-

21 Feeding male fanale and testoster

duced hypertension
one-treated fanale rats a cafeteria diet for 10 weeks ncreased
body fatmass plasna msulin and leptin levels in all rats Hy-
pertension only developed n male and testosterone-treated fe-
male cafeteria-fed rats and binding analysis revealed leptin re-
ceptor (Ob-R) protein down-regulation in hypertensive rats >,

A lthough the gender difference w ith nitric oxide inhbition is not
as dran atic as the one w ith cafeteria diet nduced hypertension

stil] male LINAM E-treated rats developed higher blood pressure
(BP),

than female rats Interestingly male rats were more resistant to

popular mtorcraft association ( PRA) and protenuria

the developm ent of card iac hypertrophy after the nhibition of nt

L .23
tric oxide production '

Table 2 Sex differences in response to pro- and antihypertensive reagents

Drugs M ale rats ormen

Feamale rats orwan en

Angiotensin II( low dose) Increase BP

Angiotensin 1T ( high dose) M ore ncrease n BP
ACE mhibitors
L-NAME

M ore increase in BP

Cafeteria diet hypertensive

M ore effective in prinary prevention of

A spirin e
M yocardial infarction

D igitalis
Beta-blockers

Less reported deaths

M ore effective

M ore effective less side-effect

D ecrease BP
Less mncrease in BP
Less effective more side-effect
Less increase in BP

Not hypertensive
M ore effective n prmary prevention of stroke

M ore reported deaths

Less effective more tachycard ia

The paran eters m italic obtaned fran expermental observation using rats

4  Impact on genetic dissection of hypertension

M ore than one thousand locior genes associated w ith m ono-
genic diseases have been either cloned or localized However it
ismore difficult to clone genes goveming polygenic traits or dis-
eases This is partially due to the technical bottleneck since the
association analysis used in cloning genes of polygenic traits is

less efficient as canpared to the linkage analysis for monogenic

trait dissection based on the law of segregation The fomer rely
on large number of individualy while the latter only requires a
sn all number of patients i one or a fev fam ilies One latest ex-
anple of cloning genes goveming polygenic traits is the detem r
nation of hum an higch mobility group AT-hook 2 (HMGA?2) gene
after genotyping nearly 30 thousands individuals ">, The genet
ic polym orphism of HM GA 2 w as reported to respond for approxr
mately @ 4 an increased adult height per C allele n Q 3% pop-
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ulation Clearly the key factor betw een m onogen ic and polygen-
ic genes is their penetrances The more genes mnvolved in the
regu lation of one trait it requires the lower penetrance of each
gene it possesses

Blood pressure is a vital trait for life which is regulated by
the nvolvem ent of a number of genes A ccordingly the cloning
of genes goveming the physiological range of blood pressure as
well as the developm ent of prin ary hypertension is labors due to
the technical difficulty in the detem nation of genotype-pheno-
type relationship A's discussed earlier the gender differences in
blood pressure in Asian subpopulation is the most significant a-
mong all ethnic groups Our recent study showed that the gender
differences of blood pressure are as nearly 10% of the nomal
level (Figure 1), which could be a precious genetic resource
and may facilitate the identification of genes associated w ith
blood pressure regulation aswell as in the developm ent of prim a-
1y hypertension

Onemystery in regulating gender differences is genetic in-
printing mechanisn. It is possble that sane mprinting genes
play their effects on blood pressure regulation m a way depend-
ent on the different homones betveen genders and same other
morinting cenes mav have their effects indenendent on sex hor-

2! Ttwas reported thatm atemal low protein diet ( LPD,

mones
Yo casemn vs 18 casemn control) fed exclusively during the rat
premp lantation period mduced low birth weight altered posma-
tal grow th and hypertension n a genderspecific manner A sig-
nificant reduction nH19 (9 4% ) and Igf2 (10 % ) mRNA
was also observed mmale but not m fanale fetal liver at day
20 postcoium I response to m atemal LPD restricted to the pre-

! How these o inprinted genes regulate

mplantation period
gender specific posinatal hypertension is still to be evaluated As
prinary hypertension is a polygenic disease it is a technical
challenge in developing method to dissect the molecular basis of
sexual difference ethnic difference and interaction of genes
and gene-enviroomental factors A recent bioinfomatic study
may pave a new avenue for themolecular dissection of genes in-
volved i the sexual differences m hypertension By analyzing
Fram nghan H eart Study data nmne SNPs with mprinting effect
were identified A lthough the associations of five of these nine
SNPs have been reported in human studies Kwong et al have
found the associations of four additional SNPs in hum ans
11979148 1517476063 1513076104 and 1s9866277, which
were only reported in rat before Furthemore there is no prevr
ous report of mprinting orm atemal effect for any of the nine de-
tected SNPs whereas the model detected potential mprinting
effects for three and m atemal effects for five of the SNPs .

W hether genes or gene polym orphism s govem ing the gender

differences of blood pressure are also associated w ith the devel

opment of hypertension camplications is to be elucidated Theo-

retically the genes regulating these camplex traits are superm-
posed sane polygenic loci associated w ith hypertension are re-
lated to the developm ent of hypertension camplications but sam e
others may not be Interestingly a recently study reported same
cand idate genotypes associated with coronary heart disease m

males of the United K ingdam "

It is possible that the canplex
traits other than reproductive system regulated by genes or gene
polym orphisn s w ith gender differences are much more than what
we previously thought Thereforg critical study about gender
differences has enomous wle m the cloning of genes associated
w ith polygenic diseases which will evenally facilitate the pro-

gress of ndividualized medicine

5 Concluding ran arks

H ypertension is one of the lead ng diseases mn civilized socr
eties Genetic analysis of this and m any other polygenic diseases
is an urgent issue i bimm edical research i the postgenam ic era
This paper focused on the gender differences of blood pressure
and suggested their enomous potentials in cloning genes related
hypertension Based on these discussions aboutmolecular genet-
ics of blood pressure and hypertension, we have leamt san e gen-
eral know ledge regard ing to studies of the genotype-phenotype re-
lationships Firstly significant phenotypic differences betw een
subpopulations such as by gender or race are precious genetic re-
sources in molecular dissection of polygenic trails or polygenic
diseases Secondly not all abnom alities of polygenic traits are
necessarily polygenic disease samemay consist of am x ofmon-
ogenic and polygenic diseases and san e others may merely be a
set of monogenic diseases Finally it is possble that sane
genes associated w ith polygenic traits are not highly mutable or
notmutable at all In other words same genes are traitlevel
housekeepers Currentmolecular dissection for genotype-pheno-
type employs linkage analysis formonogenic diseases and assoct
ation analysis for polygenic diseases New advances m biotech-
nologies ncluding conditional gene knockout and sRNA silen-

cing are expected to facilitate the pace n molecular genetics of

polygenic diseases
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