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Abstract
CVD are the leading cause of death in women globally, with ageing associated with progressive endothelial dysfunction and increased CVD
risk. Natural menopause is characterised by raised non-fasting TAG concentrations and impairment of vascular function compared with
premenopausal women. However, the mechanisms underlying the increased CVD risk after women have transitioned through the menopause
are unclear. Dietary fat is an important modifiable risk factor relating to both postprandial lipaemia and vascular reactivity. Meals rich in SFA
and MUFA are often associated with greater postprandial TAG responses compared with those containing n-6 PUFA, but studies comparing
their effects on vascular function during the postprandial phase are limited, particularly in postmenopausal women. The present review aimed
to evaluate the acute effects of test meals rich in SFA, MUFA and n-6 PUFA on postprandial lipaemia, vascular reactivity and other CVD risk
factors in postmenopausal women. The systematic search of the literature identified 778 publications. The impact of fat-rich meals on
postprandial lipaemia was reported in seven relevant studies, of which meal fat composition was compared in one study described in three
papers. An additional study determined the impact of a high-fat meal on vascular reactivity. Although moderately consistent evidence suggests
detrimental effects of high-fat meals on postprandial lipaemia in postmenopausal (than premenopausal) women, there is insufficient evidence
to establish the impact of meals of differing fat composition. Furthermore, there is no robust evidence to conclude the effect of meal fatty acids
on vascular function or blood pressure. In conclusion, there is an urgent requirement for suitably powered robust randomised controlled trials
to investigate the impact of meal fat composition on postprandial novel and established CVD risk markers in postmenopausal women, an
understudied population at increased cardiometabolic risk.
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Introduction

CVD, which include CHD (myocardial infarction and angina),
stroke and peripheral vascular disease(1), are a key contributor
to the burden of disease globally(2). Over the past 50 years, the
prevalence of CVD has fallen in Western populations; however,
CVD are currently the major cause of death in women in the
UK, accounting for 32% of all deaths(3). Furthermore, the pre-
valence of CVD is dramatically increasing in other areas,
including Eastern Europe, Asia and the Indian subcontinent(4).
The aetiology for CVD is multifactorial and includes several

modifiable risk factors, such as cigarette smoking, a sedentary
lifestyle, obesity, elevated blood pressure, dyslipidaemia, type 2
diabetes mellitus, and non-modifiable factors, such as advan-
cing age, sex, family history of heart disease and ethnicity(5,6).
Among the non-modifiable risk factors, ageing is associated
with progressive endothelial dysfunction (characterised by a
loss of vascular wall homeostasis leading to a decrease in vas-
cular reactivity and raised blood pressure) in both sexes,

although it appears to occur earlier in men than women(7). The
most prominent sex-related difference in physiological ageing is
the menopause (cessation of menstruation) in women, which
usually occurs between the ages of 45 and 55 years, with
51 years being the average age of menopause in the UK(8). This
natural part of ageing in women contributes a significant
cardiovascular milestone in terms of both physiology and
pathology since oestrogen deficiency is known to impair lipid
metabolism and endothelial function, and the menopause is a
recognised risk factor for CVD(9). It has further been shown by
van der Schouw et al.(10) that for each year of delay in the age
of onset of the natural menopause, CVD risk falls by 2%.

Diet is one of the most important modifiable risk factors in
relation to CVD(11). As a strategy to reduce the incidence of
CVD, public health policy makers recommend that intakes of
dietary SFA are reduced to <10% of total energy in the UK(12).
Substituting SFA with MUFA or PUFA may provide additional
benefits in relation to CVD risk factors, including reductions in
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the fasting lipid profile and improvements in endothelial func-
tion. A systematic review proposed that lowering dietary SFA
intake by modifying dietary fat composition, rather than redu-
cing total fat intake, may reduce cardiovascular events by
14%(13). Since individuals spend a large proportion of the day in
the fed (postprandial) state, modifications to the fatty acid
composition of our meals that are repeated on a daily basis may
have a significant impact on postprandial lipaemia and vascular
health, which over time could affect CVD risk. Therefore, the
aim was to systematically review and critically evaluate the
existing evidence from acute studies comparing meals rich in
SFA, MUFA and n-6 PUFA on postprandial lipaemia, vascular
reactivity, blood pressure and biomarkers of vascular function
and inflammation. We chose to specifically focus on post-
menopausal women since they represent an understudied
group within the population at increased CVD risk.
Before presentation of the methodology and results of the

literature review, we provide a general overview of post-
prandial lipaemia and vascular function, and describe the
individual impact of the menopause and dietary fat composition
on these CVD risk factors.

Postprandial lipaemia

With the pattern of meal ingestion in Western societies, a
greater part of the day is spent in the postprandial than fasting
state. Kolovou et al.(14) defined postprandial lipaemia as a
complex syndrome characterised by non-fasting hyper-
triacylglycerolaemia and its augmentation is associated with
an increased risk of cardiovascular events. Following a fat-
containing meal, there is a transient rise in circulating TAG-rich
lipoproteins (TRL), such as chylomicrons (CM) and VLDL. After
entering the circulation, the CM-TAG is hydrolysed into NEFA
by lipoprotein lipase (LPL), forming cholesteryl ester-rich CM
remnants, which are cleared by the liver via receptor-mediated
uptake. VLDL follows a similar route of metabolism in the cir-
culation as CM particles, although VLDL are hydrolysed at a
slower rate as the larger CM are the preferential substrate for
LPL. VLDL TAG depletion produces smaller VLDL (inter-
mediate-density lipoprotein or VLDL remnants), a proportion of
which are metabolised to form LDL before they are cleared via
hepatic LDL receptors using apo B-100 as a ligand. During the
postprandial period, there is an accumulation of TRL in the
circulation due to competition between intestinal and hepatic
TRL for the same lipolytic and receptor-mediated uptake(15).
A delayed clearance of TRL in the circulation enhances the
accumulation of TRL particles carrying acceptor sites for the
cholesteryl ester transfer protein, which transfers TAG from TRL
(CM and VLDL) and exchanges it with cholesteryl esters from
HDL and LDL. Remodelling of the lipid content of the LDL and
HDL particles make them suitable substrates for LPL and hepatic
lipase, leading to the formation of smaller and denser LDL
(LDL3) and HDL (HDL3) particles

(16). HDL3 is rapidly removed
from the circulation, decreasing circulating HDL-cholesterol
(HDL-C) concentrations, which is one proposed mechanism for
the inverse association between exaggerated postprandial
lipaemia and CVD risk(17). Another possible mechanism is that
LDL3 has a lower binding affinity for the LDL receptor, reducing

their rate of clearance from the circulation and enabling them to
infiltrate the arterial wall(16).

Since atherosclerosis is now also considered to be a post-
prandial phenomenon, three large prospective cohort studies
aimed to determine the link between cardiovascular events and
non-fasting TAG(18–20). In the Norwegian Counties Study,
hazard ratios of 1·2 and 1·03 for deaths from CVD per 1 mmol/l
increase in non-fasting TAG were reported in women and men,
respectively, after 27 years of follow-up in a total of 86 261
participants(20). Furthermore, the Copenhagen City Heart Study
that followed 7581 women and 6391 men for 31 years showed
that relative to women with non-fasting TAG of <1mmol/l,
hazard ratios for myocardial infarction ranged from 1·5 for
women with TAG between 1·0 and 1·99mmol/l rising to 4·2 for
those with TAG ≥5mmol/l(19). However, the corresponding
hazard ratios for men were lower at 1·3 and 2·1, respectively. In
the Women’s Health Study, fasting (n 20 118) and non-fasting
(n 6391) TAG predicted cardiovascular events after 11·4 years
of follow-up after adjusting for age, blood pressure, smoking
status and hormone therapy. The authors also reported that the
strongest association between cardiovascular events and non-
fasting TAG occurred 2–4 h after the last meal, with the asso-
ciation declining as the fasting time increased(18). These studies
have demonstrated the greater importance of non-fasting than
fasting TAG concentrations as a predictor of CVD risk in women
compared with men.

The impact of menopausal status on the variability of the
postprandial lipaemic responses has been reported in a number of
studies(21–24) (online Supplementary Table S1). In general, pre-
menopausal women have lower postprandial TAG responses than
men(25–28), which is in contrast to the higher reported responses
observed in postmenopausal women compared with men of a
similar age(29). In response to a single oral vitamin A fat loading
test, van Beek et al.(21) investigated whether a natural menopause
was associated with reduced protection from exaggerated post-
prandial lipaemia. Higher concentrations of postprandial plasma
TAG and retinyl palmitate (an indirect marker of CM) were
observed in postmenopausal compared with premenopausal
women of similar age, BMI, daily energy and fat intake, APOE
genotype, LPL activity, and HDL-C concentration, even after
adjusting for the confounding effect of fasting TAG. Relative to
premenopausal women, Masding et al.(23), Schoppen et al.(22) and
Jackson et al.(24) also reported significantly higher postprandial
TAG responses after single and sequential fat-rich test meals in
healthy postmenopausal women. Although raised LDL-cholesterol
(LDL-C) is an established risk factor for CVD, large prospective
studies have shown non-fasting TAG to be a better predictor of
CVD risk in women than fasting LDL-C(30–32). Post hoc analysis
of the Dietary Studies: Reading Unilever Postprandial Trials
(DISRUPT) menopausal groups according to age also revealed a
greater increase in non-fasting TAG than fasting LDL-C con-
centrations during the late premenopausal period, suggesting that
age and the menopause have a differential impact on these two
lipid CVD risk biomarkers(24).

A major biochemical change that occurs in women after the
menopause is a reduction in the secretion of endogenous
oestrogen and progesterone(33). These hormones not only play
a major role in sexual physiology, but are also involved in
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various physiological processes associated with the vasculature
and lipid metabolism. A reduction in oestrogen following the
menopause is associated with a detrimental impact on
lipoprotein metabolism, vascular reactivity and blood pressure
(Fig. 1). For example, there is much evidence to suggest that
oestrogen (endogenous and exogenous) lowers fasting plasma
concentrations of total and LDL-C, lipoprotein(a) and apo B,
whilst elevating HDL-C, apo AI and apo AII(34–36). The effects of
oestradiol (the predominant type of oestrogen) on lipid meta-
bolism is reported to contribute 25% of its protective effects on
the fasting lipid profile(37). One possible mechanism to explain
this effect, that was identified in in vitro animal studies, was an
increase in the number of high-affinity LDL-receptors on liver
cell membranes that enhance LDL uptake by the liver(36). Fur-
thermore, the administration of even short-term (2–6 weeks)
oestradiol therapy reduces the menopause-related rise in
postprandial TAG in postmenopausal women(38,39). These
findings indicate that 17β-oestradiol may accelerate the post-
prandial clearance of TRL and have a beneficial effect on
postprandial lipaemia.

Vascular function and blood pressure

Vascular function is a measure of cardiovascular health. The
components of impaired vascular function, including hyperten-
sion(40,41), arterial stiffness(42) and impaired endothelial dependent
vasodilation (endothelial dysfunction)(43,44), are all associated with
cardiovascular mortality. In a healthy blood vessel, the

endothelium, which is comprised of a monolayer of endothelial
cells that lines the blood vessel walls, regulates vascular wall
homeostasis by immediately responding to blood-borne and
locally produced stimuli to regulate blood flow, blood pressure
and vascular tone. It does so by maintaining a precise balance
between the release of endothelium-derived vasodilators (such as
NO) and vasoconstrictors (such as endothelin-I), which actively
regulates vascular permeability to plasma constituents, platelets
and leucocyte adhesion molecules(45) as well as aggregation and
thrombosis(46). However, when the synthesis or bioavailability of
NO is reduced, the resulting imbalance of these vasoactive sub-
stances disrupts vascular homeostasis. This ‘endothelial dysfunc-
tion’ is characterised by vasoconstriction, increased expression of
adhesion molecules and pro-inflammatory cytokines, platelet
activation and increased oxidative stress(47), and is becoming
increasingly recognised as an important step for the initiation of
coronary atherosclerosis(48) and increased CVD risk in post-
menopausal women(49).

There are a number of non-invasive methods that are used to
evaluate endothelial function(50). Flow-mediated dilatation
(FMD) is the ‘gold standard’ technique that uses ultrasound to
assess endothelium-dependent vasodilation in the conduit
arteries in the peripheral circulation and is used as a surrogate
measure of NO production(51). It is now recognised as a
screening tool to assess future CVD risk(43,49,52,53). Rossi et al.
reported that postmenopausal women in the lowest tertile of
percentage FMD response (reflective of impaired vascular
reactivity) had the greatest relative risk of cardiovascular events.
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Menopause oestrogen decline

Lipid metabolism

•  Reduced NO-mediated vasodilation via
    inhibition of the following processes:  

o  eNOS gene expression
o  eNOS phosphorylation that increases
       eNOS activity  
o  Expression of calmodulin for Ca
       activation of eNOS  

•  Decreased vasodilator PGI2 production by
    elevating levels of the two key synthetic
    enzymes, COX-1 and PGI2 synthase   
•  Increased vascular smooth muscle cell
    proliferation
•  Increased arterial stiffness 
•  Increased adhesion of leucocytes 
•  Promotion of adhesion molecule expression by
    endothelial cells  
•  Increased vascular inflammatory response via
    improved induction of vascular inflammatory
    mediators, such as iNOS and COX-2   
•  Increased production of ROS 

•  Dyslipidaemia in
    the fasting state
    (↑ LDL-C and
    ↓ HDL-C)
•  Increased fasting
    and non-fasting
    TAG
•  Insulin resistance  

Activation of renin–
angiotensin system via 

•  Increased
    angiotensin II
    production due
    to increased
    AT-1 receptor
    density     
•  Increased ACE
    activity  

Vascular function Blood pressure

Fig. 1. Consequences of the decline in oestrogen during the menopause on lipid metabolism, vascular function and blood pressure. Adapted from Davis et al.(106).
ACE, angiotensin converting enzyme; AT-1; angiotensin 1 receptor; COX, cyclo-oxygenase; eNOS, endothelial NO synthase; HDL-C, HDL-cholesterol; iNOS, inducible
NO synthase; LDL-C, LDL-cholesterol; ROS, reactive oxygen species.
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Furthermore, it has been shown that endothelial function is
impaired across the stages of the menopause transition in
healthy women with the highest percentage FMD response
reported in premenopausal women, with a progressive decline
in perimenopausal and postmenopausal women, respec-
tively(54). These findings suggest that the perimenopausal stage
(the transition towards the menopause where oestrogen pro-
duction starts to fall) is a crucial turning point in women where
changes in CVD risk commence.
Majmudar et al.(55) revealed that menopausal status is asso-

ciated with reduced NO activity, which is restored with oes-
trogen replacement therapy and may be an important
mechanism facilitating the detrimental effect of the menopause
on CVD risk and mortality. Another study that acutely admi-
nistered oestrogen (17β-oestradiol) to postmenopausal women
demonstrated protective effects on forearm microvascular
responses to the endothelium-dependent vasodilator acet-
ylcholine via improvements in NO activity(56). Impaired blood
flow in the microcirculation has been proposed to be an
indicator of initial endothelial damage in individuals at risk of
CVD(57). Furthermore, it has been repeatedly shown that
17β-oestradiol stimulates the production of vasodilatory pros-
taglandins, such as prostacyclin (PGI2)

(58,59). These vascular
effects are believed to be partly responsible for the long-term
benefit of oestrogen therapy on cardiovascular risk in post-
menopausal women. However, findings from the Women’s
Health Initiative study have questioned the benefits of oestro-
gen therapy. After a short (6·8 years) or longer-term (18 years)
follow-up relative to a placebo, oestrogen therapy did not
protect against myocardial infarction or coronary death,
although the findings did show a lower CHD risk among the
younger postmenopausal women (50–59 years)(60,61). More
recently, a systematic review involving 43 637 women reported
the number of cardiovascular events to increase following the
long-term (>1 year) use of oestrogen therapy(62), whereas a meta-
analysis of peri- and post-menopausal women (n 40 048; aged 53–
79 years) showed a risk reduction for fractures and diabetes but
no significant impact on risk of CHD when oestrogen therapy was
compared with a placebo(63). In contrast, there is much evidence
to suggest that oestrogens (endogenous and exogenous) have
several cardioprotective effects (Fig. 1)(35,64,65). These include
reductions in plasma markers of endothelial activation (E-selectin),
fibrinogen, plasminogen activator inhibitor type 1 and tissue
plasminogen activator antigen(35,66). However, increases in plasma
markers of inflammation (C-reactive protein) and hypercoagul-
ability have also been reported(35,64).
Hypertension (high blood pressure) is one of the main age-

related disorders in postmenopausal women(67,68), which has
been identified as a leading risk factor for myocardial infarction
and stroke in women(69). The renin–angiotensin system (RAS) is
a hormonal cascade that plays a key role in the regulation of
fluid and electrolyte balance and arterial blood pressure. Upon
activation of the RAS cascade, angiotensin II is produced in the
liver by angiotensin-converting enzyme (ACE) following con-
version of angiotensin I to angiotensin II(70). Angiotensin II is a
potent vasoconstrictor which degrades bradykinin (a vasodi-
lator) causing arterioles to constrict, resulting in increased blood
pressure(71). It is well documented in the literature that

oestrogen acts on RAS at different points of the cascade,
including the inhibition of ACE activity. In vitro and in vivo
animal studies have also demonstrated the potential effects of
oestrogen on the endothelial-dependent vasodilator response
to acetylcholine in coronary and uterine arteries(72–74). Loss
of oestrogen-dependent cardiovascular protection induces
endothelial dysfunction, and may also be involved in the
activation of the RAS cascade. Evidence from both clinical and
animal studies has shown an inverse association between
oestrogen and the activation of RAS(75–78). This has been
proposed to occur due to oestrogen-induced down-regulation
of angiotensin receptor I expression leading to an augmented
level of angiotensin II(76). This is a major component of the RAS
system and has several harmful effects on the vascular wall
including vasoconstriction, vascular smooth muscle cell pro-
liferation, reactive oxygen species generation and endothelial cell
apoptosis(79–81). Oestrogen deficiency has also been reported to
lead to an up-regulation of ACE activity causing an accumulation
of angiotensin II(82).

Impact of meal fat composition on postprandial lipaemia
and vascular function

The chronic effects of substitution of SFA with PUFA on fasting
lipid levels have been extensively studied(83), however, the acute
effects are less well known. One systematic review and meta-
analysis of randomised controlled trials (RCT) compared the
effects of oral fat tolerance tests with differing fatty acid compo-
sitions on postprandial TAG responses in men and women(84).
Relative to a single SFA-rich meal challenge, a PUFA-rich meal
significantly reduced the postprandial lipaemic response over 8 h,
whereas a trend for a reduced response was identified following a
MUFA-rich meal. However, differences were not evident at 4 h,
suggesting that a longer follow-up time after the test meal (i.e. 8 h)
is preferable to observe the acute effects of meal fat composition
on postprandial lipaemia. Of the eighteen studies included in the
review by Monfort-Pires et al.(84), none included postmenopausal
women, which reflects the paucity of postprandial data in this
population subgroup.

With regards to vascular function, West(85) suggested that con-
sumption of a single high-fat meal (50–105g of fat) can impair
postprandial FMD by 45 to 80%, which appears to occur within
2 to 5h after a high-fat meal(86–89). Prolonged postprandial
lipaemia is known to induce endothelial dysfunction by promot-
ing the formation of free radicals by accelerating the rate of
β-oxidation of NEFA (for example, superoxide radicals). Increased
production of reactive oxygen species or free radicals reduces the
amount of bioactive NO by chemical inactivation to form toxic
peroxynitrite(90). In addition, it has been shown that persisting
oxidative stress will render endothelial NO synthase dysfunctional,
markedly reducing NO production(91). Furthermore, high con-
centrations of TRL during the postprandial state enhance inflam-
mation by inducing the secretion of pro-inflammatory
cytokines(92) and expression of soluble cell adhesion
molecules(93).

Reviews by Hall(94) and Vafeiadou et al.(95) stated that the
acute effects of dietary fats on vascular function are less
researched. The authors concluded that high-fat meals have a
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detrimental effect on postprandial vascular function and that
there is limited and inconclusive evidence for the comparative
effects of test meals rich in MUFA or n-6 PUFA with SFA. Of
note, the data derived from these reviews were mainly from
studies where the effects of a single high-fat meal on post-
prandial vascular function in different subject groups were
determined; however, none of the studies identified included
postmenopausal women only.

Methods

A systematic approach was used to identify all relevant
published literature according to the method used by Vafeiadou
et al.(95). The PubMed (http://www.ncbi.nlm.nih.gov/pubmed/)
database was used to perform the literature search, which
included all studies published in English until October 2016.
A protocol that included search terms to conduct the literature
search was prepared by two authors (K. M. R. and M. W.),
which was agreed by all authors. Three categories of
search terms were identified: (i) study group search term
(postmenopausal or postmenopausal or post-menopause or
menopause or menopausal); (ii) exposure search terms
(which included descriptors of SFA, MUFA and n-6 PUFA, and
relevant food sources, for example, butter, safflower oil
and olive oil); and (iii) outcomes (which included descriptors
of vascular function, blood pressure, biomarkers of vascular
function and inflammation, and plasma lipids) (Supplementary

information). The Medical Subject Heading Browser
(http://www.nlm.nih.gov/mesh/MBrowser.html) was used to
identify relevant exposures and outcomes. Two additional stu-
dies were identified through hand searching of original articles
found using the PubMed search. The titles and abstracts of
every paper identified from the search were assessed for rele-
vance by one author (K. M. R.) and any uncertainties were
discussed with other members of the review team until a con-
sensus was reached. This review was restricted to epidemio-
logical studies (cross-sectional, case–control and cohort) and
RCT in postmenopausal women with respect to test meals rich
in SFA, MUFA and/or n-6 PUFA. Only published peer-reviewed
literature was considered (i.e. ‘grey’ literature, such as dis-
sertations, conference proceedings, reports, letters to editors
and other non-peer-reviewed research, was excluded). In the
present review, we only considered acute studies as our
objectives were to determine the impact of meal fatty acids on
non-fasting TAG responses, vascular function, blood pressure,
and biomarkers of vascular function and inflammation as
important CVD risk factors in postmenopausal women. Fig. 2
presents a summary of the literature search and reasons for
exclusion of the studies.

Results and discussion

This systematic search identified 778 publications in total. Of
these, there were nine relevant articles describing seven
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Initial search
(n 1603)

After removal of duplicates
(n 776)

Relevant articles after
assessing titles and abstracts

(n 177)

Potentially eligible articles
after assessing the full text

(n 21)

Excluded (n 599)
•  Irrelevant animal
    and human studies

•  In vitro studies
•  No abstracts

•  Reviews
•  Not published in English 

Articles identified
through hand searching

(n 2)

Excluded (n 156)

•  Primary research
    question not
    relevant

Excluded (n 14)

•  Results not relevant

Eligible articles in the review
(n 9) describing seven
independent studies

Studies examining
postprandial lipaemia (n 9)* 

Studies assessing vascular
function (n 1)*

Fig. 2. Flow of information through the different phases of the review. * Of the studies included, one publication reported data on both postprandial lipaemia and
vascular function.
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independent studies in postmenopausal women that examined
the acute effects of meals enriched in SFA and/or MUFA and/or
n-6 PUFA on postprandial lipaemia(96–104). One of these studies
also determined the impact of a single high-fat meal with a
PUFA:SFA ratio of 0·06 on vascular reactivity(101) (Table 1). No
studies were identified that reported the acute effects of meal
fatty acids on postprandial blood pressure, or biomarkers of
vascular function and inflammation in postmenopausal women.
Only one single-blind RCT compared the effects of meal fat
composition on postprandial lipaemia using a sequential meal
protocol, the results of which were presented in three pub-
lications(97,98,100). As opposed to a single-meal protocol, the use
of a multiple-meal design by the researchers is considered
superior because it more closely mimics the eating pattern of
free-living individuals, particularly in Westernised societies, and
provokes a sustained lipaemic response. Five publications
described cross-sectional epidemiological studies, which were
single-arm studies that did not include comparator meals, and
whose fatty acid compositions varied(96,101–104). Among these
postprandial studies with blood samples collected between 6 to
10 h after the test meal, two studies(96,102) used a sequential
two-meal protocol, whereas the other three studies(101,103,104)

incorporated a single-meal approach. In addition, one case–
control study was identified that considered the responses of
normolipaemic, hypercholesterolaemic and mixed hyperlipi-
daemic postmenopausal women to a single high-fat meal(99).
Data on these human studies will be presented in two sec-

tions that address the effects of fatty acid composition on
(i) postprandial lipaemia and (ii) postprandial vascular function
in postmenopausal women.

Acute effects of meal fat composition on postprandial
lipaemia

The five cross-sectional studies, investigating both single and
sequential meals, provide consistent evidence that fat-rich
loads, irrespective of fatty acid composition, augment post-
prandial TAG in postmenopausal women(96,101–104) (Table 1).
Furthermore, Pirro et al.(99) reported a significantly greater
postprandial TAG response at 4, 6 and 8 h after a standardised
oral fat load (65 g of fat) in mixed hyperlipidaemic women
compared with hypercholesterolaemic and normolipidaemic
women, which may reflect their higher baseline TAG con-
centrations. As expected, other factors involved in lipid meta-
bolism, including increases in apo B-48(102), glucose(103) and
insulin(103) as well as reductions in HDL-C(99,103,104), glu-
tathione(101) and NEFA(103) were also observed postprandially
compared with fasting values. However, comparison of the
findings from the different studies are challenging due to dif-
ferences in the nature of the fats and oils used in the test meal,
the amount and composition of fat, and postprandial follow-up
times, as well as the use of both single and sequential test meal
protocols. They are also limited in their cross-sectional design in
that the lack of comparator meals prevents any conclusions
from being made regarding the impact of meal fat composition
on postprandial lipaemia. Among all nine articles (seven inde-
pendent studies) reported in Table 1, only one study described
in three publications compared the postprandial lipaemic

responses to test meals containing oils rich in SFA (palm oil),
MUFA (olive oil), n-6 PUFA (safflower oil) and a mixture of n-6
PUFA and n-3 PUFA (safflower and fish oils)(97,98,100). In this
study by Jackson and colleagues(97,98,100), ten postmenopausal
women ingested a high-fat breakfast containing 40g of the
assigned test fat followed by a low-fat, high-carbohydrate lunch
(5·4 g total fat) given 5h later. The authors observed significantly
higher concentrations of plasma NEFA and lower insulin sensi-
tivity following the SFA meal compared with the other test
oils. During the postprandial state it has been shown that up to
50% of the liberated NEFA is dietary-derived CM-TAG due to
the action of LPL upon TAG to release NEFA(100). Although
Robertson et al.(100) did not determine the specific fatty acid
composition of the circulating NEFA after consumption of the
meals, a similar study reported the postprandial change in the
plasma NEFA profile to represent the fatty acid composition of
the test meals(105). Based on the same sequential-meal study,
Jackson et al.(98) further examined the postprandial TAG and apo
B-48 (the apolipoprotein specifically associated with CM)
responses, including the responses in three distinct TRL sub-
fractions, and reported significant differences in the apo B-48
time-course profiles between the four different test oils(98). In
particular, the MUFA meal resulted in the formation of a greater
number of both large (Svedberg flotation rate (Sf) >400 fraction)
and moderately (Sf 60–400 fraction) sized apo B-48 particles
compared with the other three study meals. The findings from
this study suggested that olive oil may enhance CM formation
and Jackson et al.(97) hypothesised that MUFA may modify the
activity or expression of intestinal microsomal TAG transfer
protein, which is involved with TRL assembly.

Acute effects of meal fat composition on vascular function

Only one study examined the acute impact of total fat and/or
SFA and/or MUFA and/or n-6 PUFA on vascular reactivity in
postmenopausal women. A significant decrease in the percen-
tage FMD response at 2 h (2·3 (SD 2·6) %) compared with
baseline (7·7 (SD 2·8) %; P< 0·05) was observed in healthy
women after a 65 g oral fat load with a PUFA:SFA ratio of
0·06(101) (Table 1). The lack of comparator meal in this
study makes it difficult to draw conclusions regarding the
impact of fatty acid composition on vascular function in
postmenopausal women.

Summary

A systematic approach was used to review the literature on
the impact of meal fat composition (SFA, MUFA and n-6 PUFA)
on postprandial lipaemia, blood pressure, vascular function
and biomarkers of vascular function and inflammation in
postmenopausal women. However, there is at present an
extremely limited number of RCT that have investigated the
effects of meal fatty acid composition on measures of post-
prandial lipaemia and vascular function in this population
subgroup. Furthermore, differences in study designs (such as
the absence of a comparator test meal, and differences in meal
fat composition, study duration and outcome measures) pre-
vent any firm conclusions being drawn from the present lit-
erature review.
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Table 1. Acute test-meal studies investigating the effects of meal fat content and composition on postprandial lipaemia and vascular function in postmenopausal women

Reference
Subject group, age (mean) and
subjects (n) Study design Meal type

Amount of fat (% meal fat if
available) Fatty acid composition

Time of
postprandial

data
Postprandial measurements
(plasma/serum)

Significant outcomes compared with
baseline, unless otherwise stated

Postprandial lipaemia
Westerveld et al. (1996)(104) 59 years (n 16) normolipidaemic Cross-sectional* Single 50 g (40%) PUFA:SFA 0·06 8h TAG, HDL-C and HDL-apo A-1 ↓ HDL-C at 3 to 8 h (P< 0·05)

↓ HDL-apo A-1 at 3 and 6 h (P< 0·05)
↑ TAG at 8 h (P<0·05)

Pirro et al. (2001)(99) 57 years (n 17) normolipaemic,
54 years (n 17)
hypercholesterolaemic and
55 years (n 16) mixed
hyperlipaemic

Case–control Single 65 g (83%) PUFA:SFA 0·06 8h TC, TAG, HDL-C, HDL2 HDL3,
LDL, LDL particle size and
Lp(a)

↑ TAG at 4, 6 and 8h, ↓ HDL-C at 6 h
and ↓ Lp(a) at 4 and 6h in
normolipaemic PoM (P<0·05)

↑ TAG at 4, 6 and 8h, ↓ HDL-C at 4 and
6 h, ↓ HDL2 at 4 h and ↓ Lp(a) at 4 h
in hypercholesterolaemic women
(P< 0·05)

↑ TAG at 4, 6 and 8h, ↓ LDL size at 4
and 6h, ↓ HDL-C at 4, 6 and 8 h,

↓ HDL2 at 6 h and ↓ Lp(a) at 4 and 6 h
in mixed hyperlipaemic PoM
(P< 0·05)

Silva et al. (2005)(102) 52–76 years (62 years) (n 17) Cross-sectional* Sequential Breakfast: 30 g (46%E)
Lunch: 44 g (52%E)

Breakfast: 27%E SFA, 12%E
MUFA, 5%E PUFA and 2%E
trans-fatty acids
Lunch: 27%E SFA, 18%E
MUFA, 5%E PUFA and 2%E
trans-fatty acids

10h TAG, and apo B-48 ↑ TAG at 3·5 h after breakfast and 1 h
after lunch

↑ apo B-48 at 2·5 h after breakfast and
1 h after lunch

Alssema et al. (2008)(96) 60·1 years (n 76) Cross-sectional* Sequential Both breakfast and lunch
compositions:
Fat-rich meal:
50 g fat,
56 g CHO,
28 g protein
CHO-rich meal:
4 g fat,
162 g CHO,
22 g protein

No information 8h TAG, HDL-C and CETP ↑ TAG at 8 h (P<0·05), ↓ HDL-C at 8 h
(P< 0·05) after the fat-rich meal

↑ TAG at 8 h (P<0·05), ↓ HDL-C at 8 h
and ↑ CETP after the CHO-rich
meal (P< 0·05)

Wassef et al. (2012)(103) 58 years (45–74 years)
(n 19) obese

Cross-sectional* Single 13C-labelled breakfast 80 g fat
(68%) + 0·017g
13C-triolein/g fat

25%E SFA, 26%E MUFA, 10%E
PUFA and 6%E other sources

6h TAG, glucose, NEFA and insulin ↓ NEFA between 1 and 2 h
Plasma peak TAG at 4 h
Plasma peak glucose at 1 h
Serum peak insulin at 1 h

Robertson et al. (2002)(100)

Jackson et al. (2002)(98)

Jackson et al. (2002)(97)

50–63 years (56 years) (n 10) Single-blind randomised
cross-over

Sequential Breakfast: 41 g†
Lunch: 6 g

High SFA (g/100g): 10 g n-6 PUFA,
0 g n-3 PUFA, 40 g MUFA and
50 g SFA

High MUFA (g/100 g):
11 g n-6 PUFA, 0 g n-3 PUFA,
72 g MUFA and 17 g SFA

High n-6 PUFA (g/100 g):
74 g n-6 PUFA, 0 g n-3 PUFA,
15 g MUFA and 11 g SFA

High n-3/n-6 PUFA (g/100 g):
39 g n-6 PUFA, 22 g n-3 PUFA,
22 g MUFA and 19 g SFA

8h Glucose, NEFA and insulin
TAG and apo B-48 in plasma

and three TAG-rich
lipoprotein subfractions

Insulin response: SFA>n-6 PUFA=
n-3 PUFA=MUFA (P< 0·006)

Glucose: No significant effect
↑ NEFA at 5 h following high SFA

breakfast
Insulin sensitivity: n-6 PUFA=n-3

PUFA=MUFA>SFA
↑ Sf> 400 fraction apo B-48 response

after MUFA than SFA, n-6 PUFA
and n-3/n-6 PUFA meals
(P≤ 0·002)

↑ apo B-48 IAUC in the Sf >400
fraction after the MUFA than SFA,
n-6 PUFA and n-3/n-6 PUFA meals
(P< 0·04)

Postprandial lipaemia and
vascular function
Siepi et al. (2002)(101) 57 years (n 10) Cross-sectional* Single 65 g PUFA:SFA 0·06 6h TAG and GSH

Brachial FMD
↑ TAG at 4 and 6h (P< 0·05)
↓ GSH at 2 h (P< 0·05)
↓ FMD at 2 h (P< 0·05)

HDL-C, HDL-cholesterol; ↓, decrease over time relative to baseline (fasting) unless otherwise specified; ↑, increase over time relative to baseline (fasting) unless otherwise specified; TC, total cholesterol; Lp(a), lipoprotein(a); PoM, postmenopausal women; %E, energy percentage;
CHO, carbohydrate; CETP, cholesteryl ester transfer protein; IAUC, incremental AUC; FMD, flow-mediated dilatation; GSH, glutathione.

* No comparator group.
† Fatty acid values given per 100 g of test oil, of which 41 g was included in the breakfast.
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Conclusions

In conclusion, there is an urgent requirement for suitably
powered RCT to investigate the effects of meal fat composition
on postprandial lipaemia and vascular function in post-
menopausal women. With the increased prevalence of
non-communicable diseases in women, especially after the
menopause, future studies should consider both healthy post-
menopausal women and those at increased cardiometabolic
risk using well-standardised measures of vascular function.
Since non-fasting TAG is an important CVD risk factor for
women, it would be preferable to use robust test-meal protocols
that are more reflective of habitual eating patterns to gain a
greater understanding of the day-long postprandial handling of
different dietary fats.
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