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Gender differences in lipoprotein metabolism
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Summary. Gender-differences have been reported in lipid
metabolism. Physiologically, lipid profile is similar in the
two genders until childhood, but starting from puberty
lipoprotein levels tend to diverge. Lipid profile changes
more dramatically in women than in men, due to com-
plex hormonal modifications throughout their lifetime,
especially those related to pregnancy and menopause.
Menopause is therefore associated with a more athero-
genic lipid pattern, which is thought to influence increased
cardiovascular (CVD) risk in postmenopausal women. The
drop in oestrogens during this period is responsible, both
directly or indirectly through the modulation of adiposity,
for most of these lipid modifications. Genetic background
may influence lipid and lipoprotein plasma concentrations
and significant gene-gender interactions in several genetic
loci involved in lipid metabolism, such as apolipoprotein E
(APOE), APOC3 and cholesteryl ester transfer protein (CETP),
have been reported to modulate plasma lipids and their re-
sponse to diet or drugs. Also metabolic derangement asso-
ciated with diabetes differentially affects lipid levels in men
and women, having particularly adverse effects in women,
with serious consequences in terms of CVD risk. Another
important issue to consider is whether the relative CVD risk
associated with lipoprotein abnormalities may vary accord-
ing to gender, as data in the literature seem to indicate. All
these findings point to the urgent need of diagnosing and
treating lipid disorders differentially in men and women, in
order to reduce the impact of CVD, which is still the first
cause of mortality in women as well.
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Lipoproteine e loro metabolismo: differenze di genere

Riassunto. Esistono differenze legate al genere nel me-
tabolismo lipidico. Fisiologicamente, durante l'infanzia il
profilo lipidico € simile nei due sessi, ma gia a partire dall’a-
dolescenza i livelli di lipoproteine iniziano a discostarsi.
Nell'arco della vita, il profilo lipidico mostra cambiamenti
piu radicali nelle donne rispetto agli uomini, a causa delle
complesse modifiche ormonali che si verificano nelle don-
ne, soprattutto legate alla gravidanza e alla menopausa. In-
fatti, la menopausa si associa a un pattern lipidico piu ate-
rogeno e questo si pensa abbia una importante influenza
sull'aumentato rischio cardiovascolare (CV) che caratteriz-
za le donne nel periodo post-menopausale. La caduta del
tasso estrogenico in questo periodo é responsabile di larga
parte delle modifiche nel profilo lipidico, sia direttamente
che indirettamente, attraverso la modulazione del grado di
adiposita. Il background genetico puo influenzare le con-
centrazioni di lipidi e di lipoproteine e sono state identifi-

cate interazioni significative tra il sesso e diversi loci genici
coinvolti nel metabolismo lipidico, come quelli dell'apoli-
poproteina E (APOE), del’APOC3 e della proteina di trasferi-
mento del colesterolo esterificato (CETP), in grado di modu-
lare i livelli lipidici e la loro risposta a dieta o farmaci.
Anche le alterazioni metaboliche associate al diabete sem-
brano avere effetti diversi negli uomini e soprattutto nelle
donne, con gravi conseguenze in termini di rischio CV. Un
altro importante aspetto da considerare & se il rischio relati-
vo CV associato alle singole frazioni lipidiche sia diverso nei
due sessi, cosi come sembrano suggerire i dati disponibiliin
letteratura. Tutte queste evidenze indicano come sia ormai
necessario diagnosticare e trattare le dislipidemie in modo
diverso negli uomini e nelle donne, al fine di ridurre I'impat-
to delle malattie cardiovascolari, che sono ancora la prima
causa di morte anche nel sesso femminile.

Parole chiave. Genere, lipoproteine, metabolismo.

Lipid profile according to gender and age

Cardiovascular disease (CVD) is one of the most
important causes of morbidity and mortality in the in-
dustrialized world and it is the primary cause of death
in women as well.

As compared to men, women tend to develop coro-
nary heart disease (CHD) 10 to 20 years later, and the
risk of developing a major CVD event rises up to 25%
after the age of 40 years'?.

CVD has a multifactorial aetiology, and cigarette
smoking, hypertension, diabetes mellitus, low high-den-
sity lipoprotein cholesterol (HDL-C) and elevated low-
density lipoprotein cholesterol (LDL-C) levels have all
been recognized as independent risk factors®.

Although dyslipidaemia is a common CVD risk fac-
tor in both sexes, gender-differences have been reported
in the pathophysiology, diagnosis and treatment of lip-
id disorders*°. Lipid profile is similar in the two genders
until childhood, but starting from puberty lipoprotein
levels tend to diverge physiologically. LDL-C levels usu-
ally rise from young adulthood to the age of 60 years
in men and 70 years in women, and then the curves
decrease, probably for the selective survival of subjects
with lower LDL-C levels®.

Overall, through middle age, women have lower
LDL-C, non-HDL-C and total cholesterol (T-C) levels
than men, whereas by the time of menopause, LDL-C
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levels rise more in women than in men, inverting the
curves of LDL-C®’. Consequently in older age groups,
women show higher LDL-C levels than men.

This age-dependent increase of LDL-C levels has
been related to reduced catabolism due to the reduc-
tion of the activity of the LDL receptors in the liver, as
indicated by kinetic studies of LDL-apoB in a group of
subjects with a broad age range®.

In addition to age and sex-related quantitative mod-
ification in LDL-plasma levels, qualitative variances in
lipoproteins have also been noted between sexes. In the
Bogalusa Heart Study that evaluated lipid profile in a
large cohort of teenagers, boys had a smaller mean LDL
and larger very low-density lipoprotein (VLDL) particle
size as compared with girls®. This smaller LDL particle
size has been persistently shown in men, irrespective of
agem,ll.

Sex-related differences in lipid profile have been
clearly reported in the Framingham Offspring Study
that evaluated lipid profile in over 3,000 middle-aged
subjects, taking into account menopausal status. Mean
plasma levels of LDL-C and apoB were higher in men
than in women, but the age-related increment in LDL-C
was more evident in women than in men. LDL-C and
apoB levels were significantly higher in postmenopaus-
al than in premenopausal women, even after age- and
BMI-adjustment, indicating a hormonal effect on LDL
metabolism®.

Differences are reported also in lipoprotein(a)
(Lp[a]) concentration, which tends to remain constant
in men and increases with age in women®.

Also triglycerides are usually higher in men than
in women at every age®, whereas HDL-C concentra-
tions tend to decrease with ageing in men, but not in
women®'?, leading to a ~10 mg/dl difference in HDL-C
levels®®12. Gender-related differences in HDL subclass-
es have also been reported between male and female
adolescents. In the Bogalusa Heart Study, young males
showed smaller mean HDL particle size as compared
with females and this difference was evident even after
correction for HDL-C'.

Lipid profile in pregnancy and menopause:
role of oestrogen

Lipid profile changes more dramatically in women
than in men, due to complex hormonal modifications
throughout their lifetime, especially those related to
pregnancy and menopause.

During pregnancy, T-C, triglycerides and LDL-C lev-
els increase due to the effects of a number of hormones,
including human chorionic gonadotropin hormone,
beta-estradiol, insulin, and progesterone>!*1¢. Total
HDL-C, HDL2-C and apolipoprotein Al concentra-

tions increase in pregnancy'®, then going back to base-
line values in the post- partum!”'8. Due to the effects
of androgens or insulin-resistance, HDL-C levels remain
lower after post-partum so that parous women tend to
have lower HDL-C levels than nulliparous ones'”'®,

Lipid modifications typically occur after menopause.
Epidemiological studies have consistently shown higher
T-C and LDL-C, and lower HDL-C levels in postmeno-
pausal compared to premenopausal women. A decrease
in LDL-particle size has also been documented after
menopause'’, though with controversial reports'®%.

Adverse lipoprotein patterns found in postmeno-
pausal women are thought to be partly responsible for
their high CVD risk.

The fall of oestrogen levels after menopause is cer-
tainly responsible for most of these modifications,
either through direct effects on lipid metabolism or
through the regulation of body composition and energy
balance”*2. After menopause, women begin to show a
redistribution of body visceral fat and a typical abdom-
inal localization.

Oestrogen may also directly influence lipid metab-
olism through the suppression of gene expression and
activity of lipoprotein lipase (LPL), the rate limiting
enzyme in triglycerides metabolism?*?*, or through the
modulation of lipolysis by the up-regulation of «2-
adrenergic receptors®.

Moreover, it has been shown that oestrogen replace-
ment therapy in postmenopausal women decreases the
expression of several lipogenesis genes, such as sterol
regulatory element binding protein 1c, fatty acid syn-
thase, acetyl-CoA carboxylate, LPL and peroxisome pro-
liferator-activated receptor-y***¢. This treatment may
also impact cholesterol metabolism through the in-
crease in hepatic cell surface LDL receptors and faster
clearance of LDL particles?”. Furthermore, it has been
shown to increase cholesterol excretion in humans and
to decrease the conversion of VLDL into LDL in rab-
bits?8%.

The effects of oestrogens on lipid metabolism may
also be mediated by their action on adipose tissue. Oes-
trogens are potent regulators of adipogenesis and adi-
pose metabolism and oestrogen receptors (ERs), ER-a
and ER-{3 are expressed both in human and rodent adi-
pocytes, with a pattern that varies according to the stage
of adipocyte differentiation and adipose tissue localiza-
tion3*3,

The key role played by oestrogen in lipid metabo-
lism is corroborated by the common observation that
many of the menopause-related modifications in lipid
profile are reversible with hormonal replacement thera-
py (HRT). However, the effects of HRT on lipid metab-
olism depend on the type of oestrogen and progestin
combination, the route of administration and dosage?.
Many of the beneficial effects on lipid fractions seem
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to be mediated by the oestrogenic component, where-
as they are usually counterbalanced by the progestin
component. Exogenous oestrogen has been shown to
markedly decrease both LDL-C and ApoB levels in dys-
lipidaemic postmenopausal women3334, and to increase
HDL-C, HDL2-C, and triglyceride levels*. Data are also
available in pre-menopausal women from the Bogalu-
sa study*®, where oral contraceptive use was associat-
ed with significant modifications in T-C, triglycerides,
VLDL-C, and LDL-C, but no changes were reported in
HDL-C levels.

Gene-gender interaction affecting lipid profile

Both environmental and genetic factors play a role
in determining lipid and lipoprotein plasma concentra-
tions. The heritability of the most common forms of
dyslipidemias is polygenic, and specific mutations at
several candidate genes have been associated with al-
tered lipid levels, although these mutations usually ac-
count for a small proportion of the variability observed
in the general population®’3¢.

Although men and women share most genetic infor-
mation, significant gene-gender interactions affecting
plasma lipids have been reported.

Apolipoprotein E (APOE) offers a significant exam-
ple of the possible interactions between genes, gender
and environmental factors that ultimately modulate cir-
culating plasma lipids.

APOE serves as a ligand for the LDL receptor (LDLR)
and the LDL receptor-related protein (LDLRP). The
most commonly studied genetic variation at the APOE
locus results from 3 common alleles: E4, E3 (the most
frequent form in Caucasian populations) and E237 3,
Population studies have shown that APOE alleles af-
fect T-C, LDL-C, ApoB and triglycerides plasma levels,
accounting for up to 7% of the variation in T-C and
LDL-C concentrations in the general population, with
a greater effect in women than in men®’3. Significant
APOE-gender interactions have been reported in several
studies testing the genetic susceptibility to CHD and the
response to diet, and to hypolipidemic drugs®’3$. Inter-
actions of APOE gene with diet and alcohol consump-
tion has been observed in men but not in women, and
population studies showed significant APOE gene-gen-
der association with CVD risk®7-%.

An APOE-gender interaction modulating the lipid
response to statins has also been observed*’. Further-
more, Tsuda et al. showed that the APOE genotype may
modulate total and LDL-C response to HRT, with a re-
duction in T-C and LDL-C levels that was the greatest in
women E2 carriers, intermediate in E3/E3 carriers and
the lowest in carriers of APOE4 allele*!.

Another example of the modulating effect of sex on

the relationship between genetic background and plas-
ma lipids is related to the apolipoprotein C3 (APOC3)
gene, which is clustered with the APOA1, APOA4, and
APOAS5 genes on the long arm of human chromosome
11, a highly polymorphic region that has been exten-
sively studied. The common SstI polymorphism on
APOCS3 gene has been associated with increased tri-
glycerides and ApoCIII plasma levels*?. In the Framing-
ham Offspring Study the minor S2 allele was found to
be associated with lower concentrations of HDL-C and
HDL2-C and higher APOC3 non-HDL and triglyceride
levels in men; conversely, in women, the S2 allele was
associated with increased T-C, LDL-C and ApoB levels.
Lipoprotein subfractions were also examined using nu-
clear magnetic resonance (NMR) spectroscopy. S2 male
carriers had significantly lower concentrations of large
LDL and a significant reduction in LDL particle size,
while in female participants there was a significant in-
crease in intermediate LDL particles with no significant
effect on lipoprotein diameters* (Table 1).

The importance of the genetic effect on different lip-
id fractions is extremely variable, with more than 50%
of circulating HDL-C that is genetically determined*.
Besides APOA1 genetic variants®, a common TaglIB vari-
ant in gene coding for cholesteryl ester transfer protein
(CETP), a key enzyme in reverse cholesterol transport
(RCT), has been associated with lower CETP activity,
higher HDL-C levels and a greater atheroprotective HDL
subpopulations profile*>7.

Significant gene-gender interactions have been re-
ported also for this genetic variant: in male participants
of the Framingham Offspring Study, B2 uncommon al-
lele was associated with increased particle size for HDL
and LDL, but a similar effect was demonstrated only for
HDL particle size in females. Furthermore, the protec-
tive association of this genetic variant on CHD risk was
reported in men but not in women*’.

The effect of CETP TaqIB polymorphism on lipid
and lipoprotein profile, as well as on the distribution of
the HDL LpA-I and LpA-I:A-II subclasses, as determined
by two-dimensional gel electrophoresis, was also
explored in a group of women with and without type
2 diabetes*®. The effect of CETP polymorphism was
limited to diabetic women among whom it showed
significant interactions with HOMA(IR), BMI and
triglycerides concentrations (Table 2).

Diabetes, gender and lipid profile

CVD is the primary cause of morbidity and mortal-
ity in diabetic patients. Relative CHD risk is higher in
both type 2 and type 1 diabetic women than in diabetic
men49,50.

Among the various and not fully elucidated reasons
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for this excessive CVD risk associated with diabetes in
the female gender®-**, several lines of evidence indicate
that lipoprotein profile plays an important role.
Diabetic women usually have substantially higher tri-
glyceride concentrations and significantly lower HDL-C
levels than non-diabetic ones, even after adjustment by
age and body weight*>>*. Low levels of HDL-C seem to
have a peculiar role on CVD risk in this population. Low
HDL-C levels are a well-recognized CVD risk factor: data
from a 6-year follow-up of the PROCAM study showed
that the incidence of CHD decreased with higher levels
of HDL-C>. The Framingham study showed that high
levels of HDL-C reduce the risk of CHD at all levels

Table 1. Plasma lipids and lipoprotein according to gender.

Men (1,219) Women (1,266) P

Age (yrs) 52.0+10.1 514+9.8 NS

T-C (mg/dl) 203 =37 204 £ 39 NS

LDL-C (mg/dl) 133+ 34 127 £35 0.0001
HDL-C (mg/dl) 43.7£11.7 55.8+15.0 0.0001
HDL2-C (mg/dl) 54+39 9.7+57 0.0001
HDL3-C (mg/dl) 384+9.0 46.1 £11.1 0.0001
Triglycerides (mg/dl) 135+ 100 108 = 82 0.0001
Apo Al (mg/dl) 135+24 154 + 32 0.0001
Apo B (mg/dl) 102 +25 95 + 26 0.0001

Modified from Russo GT et al.** Values are n, mean + SD. T-C, total
cholesterol; LDL-C, low- density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; NS, not significant.

of LDL-C*°. Based on these and other epidemiological
studies, current Adult Treatment Panel I1I- ATP III Guide-
lines® identify HDL-C =60 mg/dL as a “negative” risk fac-
tor since it removes 1 risk factor from the total count.

However, recent findings suggest that the atheropro-
tective role of HDL-C is not limited solely to its circulat-
ing concentration, but depends on qualitative properties
of HDL particles, which may be dysfunctional despite
normal levels. Therefore, HDL is a heterogeneous class of
lipoproteins differing in size, density, charge, and com-
position. HDL particles can be divided into sub-fractions
by different methods, and some authors have demon-
strated that HDL qualitative properties may strongly
modulate CHD risk*.

The metabolic derangement associated with diabetes
may strongly impact HDL composition and function. In
a selected group of women with and without type 2 di-
abetes (T2DM), not taking hypolipidemic medications,
we compared apoA-I-containing HDL subclass distri-
bution, as determined by two-dimensional gel electro-
phoresis, taking also menopause into account. Diabetic
women showed lower levels of the large a-1, a-2, and
pre-a-1 HDL particles, and a higher concentration of the
small a-3 HDL particles when compared to non-diabetic
subjects, and this less atheroprotective HDL pattern was
evident also in pre-menopausal groups, independently
from HDL-C and triglyceride concentrations*. Notably,
these modifications in HDL subclass profile in diabetic
women without CHD were comparable both quantita-
tively and qualitatively with those found in men with
CHD?8,

Table 2. Plasma lipids, lipoprotein and apo-A-I-containing HDL subpopulations in CHD-free pre- and postmenopausal women with

and without type 2 diabetes.

Type 2 diabetic women

Control women

Pre- Post- Post- P1 P2
menopause menopause menopause menopause

T-C (mg/dl) 189.0 £ 324 192.5 +26.9 179.8 £ 29.3 2039+ 24.7 NS 0.04
HDL-C (mg/dl) 459+ 13.8 48.6 + 134 56.9+11.8 55.6+11.7 0.0004 0.01
LDL-C (mg/dl) 1271 +£30.3 122.3 £ 24.6 116.3£27.4 134.2 £ 27.3 NS 0.04
VLDL-C (mg/dl) 28.0+20.3 20.8 £9.1 15.6 £5.3 19.4 £8.7 <0.001 <0.001
Triglycerides (mg/dl) 140.1 £ 101.5 104.1 £45.5 78.2£26.5 96.8 +43.7 <0.001 <0.001
Apo-A-I- containing HDL subpopulations
a-1 HDL (mg/dl) 18.2+8.2 20.2+9.6 22.8+8.1 23.8+10.8 0.02 0.01
a-2 HDL (mg/dl) 425+ 11.0 40.3+£8.2 459+ 8.6 45194 NS 0.01
a-3 HDL (mg/dl) 178 £ 6.7 18.5+4.3 164+ 3.6 16.3 £ 3.9 NS NS
Prea-1 HDL (mg/dl) 57+34 53+34 69+25 6.6 + 4.1 NS NS

Modified from Russo GT et al.*® Values are n, mean * SD. T-C, total cholesterol; -C, total cholesterol; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; VLDL, very low-density lipoprotein; NS, not significant. P1, pre-menopause diabetic vs controls; P2,

post-menopause diabetic vs controls.
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Besides their role in RCT, several lines of evidence
indicate that HDL particles may affect the atheroscle-
rotic process also through the modulation of subclini-
cal inflammation® and the differences in HDL size and
composition reported in diabetic women may also af-
fect their anti-inflammatory properties. This hypothesis
was explored in a group of CHD-free women with and
without diabetes by measuring inflammatory markers
and HDL subpopulations®. Compared to controls,
diabetic women showed greater subclinical inflam-
mation with higher hsCRP and IL-6 serum levels (age-
and BMI-adjusted P < 0.001). Notably, HDL subclasses
significantly correlated with inflammatory markers:
hsCRP inversely correlated with a-1 and pre-a-1 HDL,
while IL-6 inversely correlated with «-1, a-2, and
pre-a-1 HDL particles and positively with a-3 HDL, in-
dicating that more atheroprotective HDL subclasses are
associated with lower levels of inflammatory markers,
especially in diabetic women. These data suggest that
different HDL subclasses may influence CHD risk also
through the modulation of inflammation®.

Differences in lipid profile affecting CVD risk in
diabetic women are not limited to HDL particles, and
LDL-C levels remain the major goal of CHD preven-
tion also in subjects with T2DM®'. In a representative
sample of Italian T2DM patients, it has been reported
that women were 42% more likely to have LDL-C above
the recommended target of 130 mg/dL, as compared
to men, in spite of lipid-lowering treatment and in the
context of an overall lower quality of care®?, and this
finding has been consistently reported also in other
cohorts®*®, In order to better clarify this issue, we ex-
plored age- and gender-related differences in LDL-C
management in a large sample of 415,294 T2DM pa-
tients (45.3% women) from 236 diabetes outpatient
centers in Italy®>. Women were older and more obese
and had a slightly longer diabetes duration, higher T-C,
LDL-C and HDL-C serum levels and lower triglyceride
levels as compared to men. Lipid profile was mon-
itored in ~75% of subjects, women being monitored
less frequently than men, irrespectively of age. More
women (+6.2%) did not reach the LDL-C target as
compared to men, particularly in the subgroup treated
with lipid-lowering medications. Furthermore, this be-
tween-genders gap in reaching LDL-C targets increased
with age and diabetes duration, favoring men in all
groups®.

Nevertheless, the most striking finding of this study
was that T2DM women were not able to reach the rec-
ommended LDL-C targets as men, in spite of a similar
rate in the use of medications and a slightly higher use
of statins®.

It has been commonly recognized that drug regis-
tration trials are usually sex-unbalanced, often includ-
ing smaller group of women, and they rarely take into

account women in different phases of their hormonal
pathway, and this also applies to lipid lowering trials
with statins. However, meta-analyses have demonstrat-
ed that statin therapy is efficacious in reducing LDL-C
and CHD risk also in women with or without T2DM®.
While waiting for ad hoc studies that are needed in or-
der to clarify this important issue, to date there is no
indication for having a different approach in the pre-
scription of lipid lowering agents in men and women?®.

Relative impact of lipid fraction on CVD risk
according to gender

Another important issue to consider is whether
the relative risk associated with each lipoprotein
abnormality may vary according to gender. Several
lines of evidence point to a differential role of lipid
profile in men and women.

Although LDL-C levels are the primary target for
CVD prevention in both men and women, other lipid
abnormalities seem to have a stronger impact on CVD
risk in the female gender.

The Lipid Research Clinics’ Follow-up Study®’ cal-
culated the risk associated with different lipoprotein
abnormalities in 1,405 women aged 50-69 vyears.
They noted that low HDL-C (<50 mg/dl) and high tri-
glycerides (>200 mg/dl) were strong predictors of CVD
death while LDL-C and T-C were poor predictors.

Furthermore, a meta-analysis evaluating the asso-
ciation between elevated triglycerides and CHD risk
showed that elevated triglycerides were associated with
an approximately 30% increased risk for men and a
75% increased risk in women®*.

To date, only few studies have explored the gender
differences in the relation between CVD risk and LDL
particle size®7, A recent report from the Women'’s Car-
diovascular Health Study, which enrolled young wom-
en aged 18 to 44 years, showed up to a 3.5-fold increase
in risk of premature myocardial infarction associated
with smaller LDL size®®.

The role of small dense LDL on CHD risk has also
been explored in a cohort of T2DM?.

After taking into account several potential predic-
tors, including metabolic and lipid profile, as well as
fasting plasma levels of total homocysteine, folate, vi-
tamin B12, hsCRP, IL-6, and VCAM-1, impaired renal
function and sdLDL were the strongest predictors of
CHD risk in this population, whereas no significant as-
sociation was noted with LDL-C™.

All these findings suggest that beyond LDL-C, more
subtle alterations of LDL particles, together with other
quantitative and qualitative modifications of lipid
profile, may be stronger contributors to CHD risk in
women as compared with what is observed in men.
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Conclusions

Lipid profile differs by sex and age: in men, lipid
profile is modified by ageing, in women by ageing and
oestrogen status. Menopause has the strongest impact
on lipid fractions which shift toward a more atherogen-
ic pattern in terms of both quantity and quality of cir-
culating lipoproteins. While HRT usually reverses lipid
abnormalities, this is not translated into a reduction of
CHD risk so that health costs/benefits ratio must drive
its use. Furthermore, metabolic derangements like those
observed in diabetes seem to have a stronger impact on
lipid profile in women than in men.

Also genetic background may modulate plasma lip-
ids, their response to diet or drugs, and all these aspects
are dependent on multiple genes-gender interactions.

The relative impact of different lipoprotein fractions
on CVD risk may also differ by gender: LDL-C appears to
be a relatively weaker CHD risk factor, whereas HDL-C/
triglycerides have a stronger influence in women as com-
pared to men. Finally, hypolipidemic treatments may be
less efficacious in women, at least in diabetic ones, due
to lack of adherence or some still unknown biological
mechanisms.

It is increasingly clear that it is necessary to consider
men and women separately in the CVD risk assessment
and prevention, as recently stated by the American Heart
Association, which established specific indications for
women”'.

While awaiting an elucidation of the pathophysio-
logical bases of these gender differences in CVD, correc-
tion of all modifiable risk factors, first and foremost lipid
abnormalities, is still the only strategy for primary and
secondary CVD prevention in both men and women.

Key messages

m Gender-differences have been reported in lipid me-
tabolism.

m Physiologically, starting from puberty lipoprotein
levels tend to diverge in the two genders.

m Lipid profile changes more dramatically in women
than in men, due to complex hormonal modifica-
tions, especially those related to pregnancy and
menopause.

m Genetic background may influence lipid and Ii-
poprotein plasma concentrations and significant
gene-gender interactions in several genetic loci in-
volved in lipid metabolism have been reported.

m The relative risk associated with lipoprotein abnor-
malities may vary according to gender, with a high-
er impact of low HDL-C and higher triglycerides on
coronary heart disease risk in the female gender.
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