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Review Article
Heated cooking oils and its effect on blood pressure 
and possible mechanism: a review
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Abstract: Studies have shown that oxidative stress and endothelial dysfunction involved in the development of 
hypertension. Repeated heating of cooking oils caused thermal oxidation which produces harmful products includ-
ing free radicals. Hence, repeatedly heated cooking oils may be responsible for an increase in blood pressure or 
hypertension. The present review compared the effect of few heated vegetable oils on blood pressure and possible 
mechanisms of the blood pressure raising effect were discussed. Studies have reported that heated oils cause 
oxidative stress, vascular inflammation leading to endothelial dysfunction. The impaired endothelial function then 
may interfere with the homeostasis of endothelial derived relaxing and constricting factors. This subsequently leads 
to an increase in vascular reactivity and blood pressure.
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Materials and methods

Ovid Medline (published between 1946 and 
2015) and Scopus (published between 1946 
and 2015) database were used for articles col-
lection. The search strategy involved a combi-
nation of the following sets of keywords (1) 
heated OR therm* OR oxidised OR oxidized 
AND; (2) vegetable oil* AND; (3) hypertens* OR 
blood pressure OR vascular OR endotheli*.

Introduction

Hypertension has been associated with cardio-
vascular morbidity and mortality due to stroke, 
myocardial infarction and kidney failure [1]. The 
prevalence of hypertension amongst Malaysian 
aged more than 30 years old has increased 
from 32.9% in 1996 to 40.5% in 2004 [2]. By 
2025, 29% of the world’s adult populations are 
expected to have hypertension [3]. Many fac-
tors contribute to blood pressure (BP) variation 
including genetic factors, dietary habit and life-
style. Various studies in humans and animals 
have been performed to determine the role of 
saturated and unsaturated fatty acids in hyper-
tension [4-7]. Consumption of diet rich in un- 

saturated fatty acids was found to decrease BP 
[8, 9]. Olive oil, a main ingredient of the Medi- 
terranean diet, was found to decrease systolic 
and diastolic BP [10]. There is a high tendency 
for public to reuse the frying oils in cooking to 
save cost of food preparation [11]. This practice 
is detrimental to health as repeatedly heat- 
ed oils undergo a series of chemical reaction 
known as thermal oxidation. Thermal oxidation 
products of heated oils include free radicals 
which are implicated in the pathogenesis of 
many diseases including hypertension [12]. 
Oxidative stress which is an imbalance between 
production of reactive oxygen species (ROS) 
and antioxidant dependence system is capable 
to induce lipid peroxidation and free radicals 
formation. Oxidative stress and lipid peroxida-
tion have been implicated in the pathogenesis 
of hypertension and atherosclerosis [13-15]. 
Oxidative stress-induced endothelial injury im- 
pairs endothelial-dependent vasodilation which 
subsequently increases vascular reactivity and 
resistance. ROS may enhance sequestration of 
nitric oxide-forming peroxynitrite which itself is 
a free radical. Furthermore, ROS cause vascu-
lar inflammation and activation of growth sig-

http://www.ijcem.com


Heated cooking oils and blood pressure

627 Int J Clin Exp Med 2016;9(2):626-636

nalling pathway [16, 17]. Evidences suggest 
link between oxidative stress and hyperten-
sion. Hypertensive patients have been report-
ed to have high levels of malondialdehyde 
(MDA) which is a breakdown product of lipid 
peroxidation and lower antioxidant activities. A 
recent study has demonstrated linear positive 
correlation between blood pressure and oxida-
tive stress [18]. On the other hand, there was a 
negative correlation between blood pressure 
and antioxidant activities [19]. Previous studies 
have shown that heated oils cause lipid peroxi-
dation and increase risk of atherosclerosis [20, 
21].

Since heated oil cause lipid peroxidation and 
oxidative stress play important roles in CVD 
including hypertension [22]. This review article 
compare the effect of heated monosaturated 
and polyunsaturated cooking oils on blood 
pressure. The possible mechanism of blood 
pressure raising effect of heated oil was high- 
lighted.

The effect of heated vegetable oils on blood 
pressure (BP)

Earlier studies in humans and animals have 
been done to determine the relationship bet- 
ween heated cooking oil and hypertension. The 
earlier study that described the detrimental 
effect of heated vegetable oil on blood pres-
sure was done by Osim et al., 1996 [23]. The 
study reported the mean arterial blood pres-
sure of rats following chronic consumption of a 
diet that contained 15% oxidized palm oil was 
significantly increased compared to the control 
and fresh oil group. The detrimental effect of 

thermal-oxidized oil on blood pressure was fur-
ther demonstrated in human by Soriguer et al., 
2003 [12]. The study reported that polar com-
pounds which indicate the degradation degree 
of cooking oil were strongly and positively asso-
ciated with high blood pressure. On the other 
hand, the concentration of monounsaturated 
fatty acids and serum phospholipids were neg-
atively correlated to hypertension.

Subsequent studies were undertaken to deter-
mine the link between heated oil and blood 
pressure with emphasis on possible mecha-
nisms of action [24-32]. Jaarin et al., 2011 
reported that fresh palm and soy oil had no 
effect on blood pressure (BP) [27]. However, in 
contrast, heated twice, five times and ten times 
palm and soy oil increase blood pressure. The 
percentage increased in blood pressure with 
heated twice palm oil (2HPO), heated five times 
palm oil (5HPO) and heated ten times palm oil 
(10HPO) were 22.4%, 23.9% and 25.4% re- 
spectively. The same study demonstrated that 
heated once soy oil (1HSO), heated twice soy 
(2HSO), heated five times soy oil (5HSO) and 
ten times soy oil (10HSO) increase BP. The per-
centage increase in BP with soy oil were 16%, 
23.0%, 25.9% and 34.4% respectively. It thus 
appears that heated soy oil had a more detri-
mental effect on blood pressure (BP) as the sig-
nificant increase in BP was already noted with 
1HSO and the percentage increase was higher 
with heated ten times soy (34.4%) compared to 
palm oil (25.4%). In this study, it was reported 
that once heated soy oil (1HSO) already caused 
16% increase in BP compared to palm oil. This 
study stated that the percentage increase in BP 
was higher with increasing heating frequency 
[27]. Jaarin K et al., 2015 (unpublished data) 
reported a similar increase in BP occurred with 
heated corn oil. The study reported that five 
times heated corn oil (5HCO) and ten times 
heated corn oil (10HCO) produced 14.5% and 
15.3% increase in blood pressure respectively. 
Thus, it appears that the percentage increase 
in BP was significantly lower for heated corn oil 
compared to heated palm and soy oil. The rea-
son was unclear although both soy and corn oil 
are polyunsaturated oil. However, the effect of 
heated oil on BP was not supported by Bautista 
et al., 2014 as their study reported that heat- 
ed canola oil had no significant effect on BP 
despite reduced acetylcholine-induced vasore-
laxation and increased PE-induced vasocon-

Table 1. Effect of heated oil on blood pressure
Studies Effect
Osim et al., 1996 (palm oil) ↑
Soriguer et al., 2003 (human study) ↑
Yen PL et al., 2010 (Soy oil) No changes
Jaarin K et al., 2011 (Soy oil) ↑
Jaarin K et al., 2011 (Palm oil) ↑
Nurul-Iman BS et al., 2013 ↑
Bautista R et al., 2013 No changes
Hamsi MA et al., 2014 (virgin coconut oil) ↑
Beshel FN et al., 2014 (palm oil) ↑
Jaarin K et al., 2015 (Corn oil) ↑
↑ indicates increase.
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striction [32]. This finding was in line with Yen et 
al., 2010 that demonstrated heated soy oil had 
no effect on BP in Spontaneously Hypertensive 
rats (SHR) and normotensive rats [33]. The type 
of animal used in the studies and the duration 
of the study contributed to the discrepancy in 
the finding. Yen et al., 2010 and Bautista et al., 
2014 used SHR rats and Winstar rats respec-
tively [32, 33], whereas the previously men-
tioned studies [24-31] used Sprague-Dawley 
rats. The duration of study may be attributed to 
the different finding as the previously men-
tioned studies [24-31] studied the effect for 24 
weeks, whilst Yen et al., 2010 and Bautista et 
al., 2014 studied the effect for shorter period 
which was for 10 weeks [32, 33]. Finding by 
Nurul-Iman et al., 2013 was in line with Leong 
et al., 2009 which reported that heated 5 times 
palm oil increase blood pressure [24-26, 30]. 
However, the blood pressure raising effect of 
palm oil was attenuated by supplementation  
of virgin coconut oil (VCO) which is rich in anti-
oxidants. The protective effect of antioxidants 
on heated vegetables oil was also demonstrat-
ed by Perez-Hererra et al., 2013. This study 
reported that olive oil polyphenols protected 
oxidative stress induced by thermal oxidation 
of oil [34]. This finding again supported the role 
of stress oxidative and antioxidants in heated 
oil-induced hypertension. Although fresh VCO 
protects heated-oil induced hypertension, in 
contrast five times (5VCO) and ten times heat-
ed virgin oil (10HVCO) increase BP [31]. Recent 
study by Beshel et al., 2014 demonstrated that 
rats fed with photooxidized and thermally oxi-
dized palm oil had increased blood pressure 

vessel to contract (vasoconstriction) and relax 
(vasorelaxation) in response to certain concen-
trations of acetylcholine (ACH) or phenylephrine 
(PE). This study is called vascular reactivity 
study. Standard organ bath procedures in 
determining the vascular reactivity are invasive 
and practically suitable for animal study only. In 
human studies, the vascular response to vaso-
active substances such as ACH and sodium 
nitroprusside can be done non-invasively via 
laser Doppler fluximetry or imager combined 
with iontophoresis of the vasoactive substanc-
es across the skin for microvascular endotheli-
al function assessment [36], however to the 
best of our knowledge, no study had been done 
to see the effect of heated oil consumption in 
vascular response using this technique. Alter- 
natively, flow-mediated dilation (FMD) is anoth-
er non-invasive method to look at vascular 
reactivity and endothelial function. This meth-
od use flow stimulus, or more precisely shear 
stress instead of endothelial-dependent vaso-
dilator drugs in order to provoke the endothe- 
lium to release NO with subsequent endothe- 
lium-dependent dilation (EDD) [37]. Human 
study by Williams et al. 2001 shown there was 
no change in EDD after meals rich in heated 
olive and safflower oils [38]. Similarly, partially 
hydrogenated soy bean oil also demonstrated 
no difference on postprandial FMD [39]. How- 
ever these studies investigated in a small-size 
sample and short-term duration.

Heated oils had been reported to attenuate 
acetylcholine-induced vasorelaxation and en- 
hanced PE-induced vasoconstriction in the 

Table 2. Effect of heated oil on acetylcholine-induced vasodilation 
and phenylephrine-induced vasoconstriction

Studies
Acetylcholine-

induced 
vasodilation

Phenylephrine-
induced vasocon-

striction
Osim et al., 1996 (palm oil) Not done Not done
Owu DU et al., 1997 (palm oil) ↓ ↑ (Noradrenaline)
Soriguer et al., 2003 (human) Not done Not done
Yen PL et al., 2010 (Soy oil) Not done Not done
Jaarin K et al., 2011 (Soy oil) ↓ ↑
Jaarin K et al., 2011 (Palm oil) ↓ ↑
Nurul-Iman BS et al., 2013 ↓ ↑
Bautista R et al., 2013 ↓ No changes
Hamsi MA et al., 2014 (virgin coconut oil) ↓ ↑
Jaarin K et al., 2015 (Corn oil) ↓ ↑
Symbols indicate: ↑ increase; ↓ decrease.

while reduced glomerular fil-
tration rate (GFR) and renal 
plasma flow [35]. This study 
give a possibility that heat-
ed oil may adversely affect 
renovascular system thus 
increase BP [35]. The effect 
of heated oil on BP was 
summarized in Table 1.

Vascular reactivity

The blood pressure was 
determined by total periph-
eral resistance and cardiac 
output. The effect of heated 
oils on vascular resistance 
was determined by measur-
ing the ability of the blood 
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blood vessel of rat fed heated oils [24-26,  
30, 32]. These findings suggested that heated 
oil increase vascular reactivity and promoting 
vasoconstriction. Thus, it may be responsible 
for the blood pressure raising effect of heated 
oil. Study by Owu et al. 1997 shows rather simi-
lar altered response except that this study used 
noradrenaline as the contracting factor instead 
of phenylephrine [40]. These studies suggest-
ed that heated oils cause vasoconstriction and 
thus it increase BP. Effects of fresh and heated 
oil on vascular reactivity were summarized in 
Table 2.

Heated oil and inflammatory biomarkers

Vascular inflammation, oxidative stress and 
vascular dysfunction have been reported to 
play an important role in pathogenesis of car-
diovascular disease particularly hypertension 
and atherosclerosis [41-45]. The activated 
endothelium expresses adhesion molecules 
such as vascular cell adhesion molecule-1 
(VCAM-1), intercellular adhesion molecule-1 
(ICAM-1) and other chemotactic cytokines to 
accelerate and localise the inflammatory pro-
cess [28, 29, 44]. At the same time, endothelial 
activation leads to reduction in the bioavail- 
ability of endothelium-derived vasoactive com-
pounds such as NO, thus impairing endothe- 
lial function [45]. Altogether, these responses 
close a vicious, interlinking cycle between in- 
flammation, oxidative stress and endothelial 
dysfunction leading to the development of 
hypertension.

Studies have shown that heated palm and soy 
caused an increase in aortic VCAM-1 and ICAM-
1 expression (Table 4). The aortic VCAM-1 and 
ICAM-1 expression were found to be higher in 
rats fed with heated five times and ten times 

oil caused significant increase in (sVCAM-1), 
ICAM-1 (sICAM-1) and C-reactive protein [31]. 
Bautista et al., 2014 supported that heated 
once and 10 ten times canola oil induced pres-
ence of nitrotyrosine in the aorta which indica- 
te endothelial dysfunction [32]. Postprandial 
inflammatory response was increased after 
ingestion of heated sunflower oil as evidenced 
by increased NFkB and other inflammatory mol-
ecules like TNF-α, IL-1β and IL-6 in a random-
ized crossover study [46]. The effect of heated 
oil on inflammatory biomarkers was summa-
rized in Table 3.

Correlation between blood pressure, VCAM-1 
and ICAM-1 (Table 4)

Ng et al., 2012 demonstrated that there were 
strong positive correlation between VCAM-1, 
ICAM-1 and BP for heated palm oil and soy oil 
[28, 29]. The r values for VCAM-1 were 0.625, 
0.751 respectively and the r value for ICAM 
-1 were 0.364, 0.627 respectively (Table 4). 
Hamsi et al. 2015 reported significant positive 
correlation between changes in BP with SVCAM-
1, sICAM-1 and C reactive protein with r values 
of 0.592, 0.722 and 0.615 respectively [31]. 
However, only soluble ICAM-1 had a significant 
positive correlation with blood pressure for the 
corn oil (unpublished data by Jaarin K et al., 
2015). Vascular dysfunction was also noted 
with long term feeding with food fried with 
canola oil [32]. The strong positive correlation 
between blood pressure and inflammatory bio-
markers suggests that vascular inflammation 
plays important roles in pathogenesis of hyper-
tension with heated oil. These studies, there-
fore suggest that heated oil induces vascular 
inflammation which may contribute to vascular 
dysfunction and hypertension.

Table 3. Effect of heated oil on inflammatory biomarkers
Studies VCAM ICAM CRP
Sutherland WHF et al., 2007 ↑ Not done Not done
Ng CY et al., 2012a (soy oil) ↑ ↑ Not done
Ng CY et al., 2012b (palm oil) ↑ ↑ Not done
Bautista R et al., 2013 ↑ Not done Not done
Hamsi MA et al., 2014 (virgin coconut oil) ↑ ↑ ↑
Jaarin K et al., 2015 (Corn oil) ↑ ↑ ↑
Abbreviations: VCAM, vascular cell adhesion molecule; ICAM, intercellular 
adhesion molecule; CRP, C-reactive protein. Symbols ↑ indicate increase. a, b 
indicate studies by the same author in the same year.

palm and soy oil [28, 29]. A simi-
lar finding was noted for heated 
corn oil as heated once (1HCO), 
heated five times (5HCO) and  
ten times (10HCO) corn oil pro-
duced a significant increase in 
soluble VCAM-1 (sVCAM-1), ICAM-
1 (sICAM-1) and C-reactive pro-
tein (unpublished data by Jaarin 
K et al., 2015). The effect of heat-
ed oil on inflammatory biomark-
ers was supported by Hamsi MA 
et al., 2015 which reported that 
ten times heated virgin coconut 
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Oxidative stress

At high temperature heated oil undergoes a 
series of chemical reactions which include oxi-
dation, hydrolysis, polymerization and isomeri-
zation. The reactions are deleterious to the  
stability of fatty acids and other biochemical 
parameters of the oil [47, 48]. Thermally heated 
cooking oil has been shown to cause 15-fold, 
8-fold, 39-fold, 19-fold, 8.5-fold, 2.5-fold, in- 
crease in free fatty acid, peroxide value, p-ani-
sidine value, total oxidation value, thiobarbitu-
ric acid-reactive substances (TBARS) value and 
trans fatty acid isomers respectively compared 
to the control [49]. The primary lipid oxidation 
products such as peroxides and hydro perox-
ides are unstable; they react rapidly with each 
other to form secondary lipid oxidation prod-
ucts. The products include volatile are alcohols, 
aldehydes, acids and ketones. Whilst the non-
volatile compounds which includes carbonyls, 
polymeric and cyclic fatty acids. Several stud-
ies have examined the effect of heated vegeta-
ble oils on oxidative stress biomarkers in ani-
mal fed heated oil. The earlier study by Suomela 
et al., 2005 demonstrated that lipoprotein tria-
cylglycerol and total lipids were more oxidized 
in pigs fed with diet rich in oxidized sunflower 
seed oil [50]. Adam et al., 2008 and 2009  
demonstrated that heated palm and soy oil 
increased malondialydehyde (MDA) in rats fed 
heated oils [20, 21]. Yen et al., 2010 report- 
ed that heated soy oil increase thiobarbituric 
acid-reactive substances (TBARS) in rats [33]. 
The intake of heated sunflower oil-contained 
breakfast reduced plasma GSH levels and 
GSH/GSSG ratio, increased protein carbonyl 
levels and induced a higher gene expression of 
NADPH oxidase subunits, Nrf2-Keap 1 activa-
tion while addition of natural or artificial anti- 
oxidants could reduce postprandial oxidative 
parameters [34]. Total phenolics deteriorated 
with successive frying of virgin olive oil with 
only 20-30% of total phenolics left in the oil 

ing, more than 95% of α-tocopherol and 
α-tocotrienol in the palm oil were destroyed. 
After five times heating 82% of α-tocopherol  
in the soy oil was de-stroyed. γ-tocopherol and 
δ-tocotrienol appear to be more heat stable 
compared to α isomers. Ingestion of thermally 
oxidized sunflower oil increased postprandial 
plasma peroxides (5-11%) significantly in a trial 
for both men with stable coronary artery dis-
ease and healthy men [53]. These findings 
therefore suggested that heating cause oxida-
tive stress which may contribute to vascular 
dysfunction and hypertension.

Nitric oxide and blood pressure regulating 
enzymes

Vascular endothelium produces a vast range of 
chemical mediators to regulate cellular adhe-
sion, smooth muscle cell proliferation and  
vascular wall inflammation. Endothelial cells 
produce endothelial derived relaxing factors 
(EDRF) such as nitric oxide (NO) and prostacyc-
lin (PGI2). NO is widely recognized as an impor-
tant endothelium-derived vasodilator in regu-
lating blood pressure. NO activates guanylate 
cyclase which increases the formation of cyclic 
guanosine monophosphate (cGMP), which ulti-
mately causes vascular smooth muscle relaxa-
tion [54]. Prostanoids such thromboxane A2 
(TXA2) also produced by the vascular endothe-
lial cells to cause vasoconstriction. Imbalance 
or increase in TXA2 over (PGI2) (TXA2/PGI2) ratio 
may contribute to an increase in total peri- 
pheral resistance and hence hypertension. 
Excessive free radicals can induce endothelial 
dysfunction [45, 55]. Endothelial dysfunction 
may lead to reduction in NO availability. The 
reduction in availability of NO may result from 
both reduced production and increased break-
down of NO [56]. Free radicals react with NO to 
generate peroxynitrite, a highly pro-oxidative 

Table 4. Correlation between blood pressure (BP) and VCAM-1 or 
ICAM-1 with heated oil

Studies VCAM-1 
& BP

ICAM-1 
& BP

CRP  
& BP

Ng CY et al., 2012b (palm oil) r = 0.625 r = 0.364 Not done
Ng CY et al., 2012a (soy oil) r = 0.751 r = 0.627 Not done
Hamsi MA et al., 2014 (virgin coconut oil) r = 0.592 r = 0.722 R = 0.615
Jaarin K et al., 2015 (corn oil) r = 0.125 r = 0.345 Not done
a, b indicate studies by the same author in the same year.

after eighth frying [51]. An- 
drikopoulos et al., 2002 and 
Adam et al., 2007 demon-
strated that heating reduces 
vitamin E concentration of 
heated oil [51, 52]. Adam et 
al., 2007 reported that more 
than 50% of α-tocopherol 
and α-tocotrienol were de- 
stroyed after once heating 
[52]. After five times heat-
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species that propagate the chain of lipid peroxi-
dation [45], leading to oxidative stress. Pro- 
longed consumption of heated oil was found  
to profoundly decrease nitric oxide (NO) in rats 
[25, 26, 30]. Leong et al., 2009 suggested  
that reduction in NO may be responsible for 
attenuation of endothelium-dependent relaxa-
tion response by acetylcholine and increased 
vasoconstriction response to phenylephrine 
[26]. Yen et al., 2010 however reported an ele-
vation in plasma NO in spontaneously hyper-
tensive rats (SHR) fed heated oil for ten weeks 
[33]. The elevation is thought to be due to the 
release of NO from endothelial cells to combat 
pro-hypertensive state [57]. Based on these 
findings, the release of NO during acute inges-
tion of heated oil might be initially an adaptive 
action to fight against hypertension, but it even-
tually becomes maladaptive after a chronic 
period. Nurul-Iman et al., 2013 reported that 
heated oil produced reduction in NO. The reduc-
tion in NO with heated palm oil improved with 
virgin coconut oil [30]. Again, this finding sup-
port that heated oil caused oxidative stress 
which subsequently contribute to reduction in 
NO.

Prostacyclin (PGI2) is another substance that 
plays an assisting role with NO in regulating 
blood pressure. Ng et al., 2012 has shown that 
repeatedly heated soybean oil increases plas-
ma TXA2/PGI2 ratio in experimental rats [28]. 
This finding was consistent with Hamsi et al., 
2015 which demonstrated that heated virgin 
coconut oil increase thromboxane B2 while re- 
ducing PGI2 [31]. These results may suggest 
heated oil not only reduces NO but might  
cause an imbalance between vasodilation or 
and vasoconstriction factors produce by vascu-
lar endothelium. While PGI2 protects against 
elevated blood pressure and leukocytes adhe-
sion, thromboxane A2 (TXA2) triggers platelet 
aggregation and vasoconstriction, counteract-
ing the function of PGI2. An increase in TXA2/
PGI2 ratio potentiate vasoconstriction effect  
of TXA2 and attenuates vasodilation action of 
PGI2, leading to the elevation of blood pressure 
[28]. Reduction in PGI2 observed in heated oil 
groups may be due to the increased oxidative 
stress as it has been reported to impair the  
aortic generation of PGI2 in rats [58]. Therefore, 
it is suggested that excessive oxidation com-
pounds from lipid oxidation may induce oxida-

tive stress and impairs endothelial function 
which regulates blood pressure [59-61].

Another possible mechanism by which heated 
oil increase BP is via affecting angiotensin con-
verting enzymes (ACE) and heme oxygenase-1 
(HO-1). Leong et al., 2012 reported that heat- 
ed palm olein reduced heme-oxygenase [62]. 
Heme-oxygenase plays an importance role in 
modulating BP and vascular tone as the by-
products of HO which are carbon monoxide 
(CO) and biliverdin which have antioxidant prop-
erties [63]. Sabaawy et al., 2001 reported over-
expression of HO gene and increase in HO 
activity reduce BP [64]. Heme oxygenase (HO) 
and CO may contribute to the prevention of 
endothelial dysfunction. Increased in HO activ-
ity may be responsible for up regulation of anti-
oxidant defence systems [65]. Reason for the 
reduction in HO with heated oil is not clear and 
postulated that it could be due to oxidative 
stress that overwhelming body antioxidants 
defence mechanism including HO system [62]. 
Interpretation of HO activity is not straight-for-
ward since the oxidative stress-induced upreg-
ulation of HO gene expression, although cause 
increased HO protein, may reciprocally be asso-
ciated with reduction of HO activity [66-68]. 
This phenomenon is due to the nuclear localiza-
tion of HO-1 protein during stimulation by oxida-
tive stress that mediates the protective genes 
as well as determines the active or non-active 
state of enzymatic activity [68]. Another theory 
is that peroxynitrite causes the inactivation of 
HO [67]. Leong et al., 2012 demonstrated that 
heated palm olein increased angiotensin con-
verting enzymes (ACE) [62]. ACE is required for 
the formation of angiotensin I to angiotensin  
II which is a potent vasoconstrictor agent. 
Angiotensin II promoting oxidative stress via 
activation of NADPH oxidase that produces 
reactive oxygen species (ROS). The blood pres-
sure raising effect of angiotensin II is mediated 
via the vasoconstriction property as well as 
reduction in NO secondary to interaction of 
ROS with NO to produce peroxynitrite. Since 
heated oil activated ACE activity therefore, the 
blood pressure raising effect of heated oil may 
be mediated via an increase in angiotensin II. 
The reason for activation of ACE with heated oil 
was unknown. There is possibility that reduc-
tion in NO activate ACE and verse versa as 
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Michael et al., 1997 reported that NO has 
antagonizing effect on angiotensin II [69].

Indeed, another study will be required to clarify 
this issue since ACE is membrane-bound pro-
tein which localized on plasma membranes of 
various cell types including vascular endotheli-
al cells, renal and neuroepithelial cells while 
soluble plasma ACE may only reflect the turno-
ver and clearance of the membrane-bound 
ACE. Therefore, tissue ACE is thought to be 
more important and convincing interpretation 
regarding ACE activity [70]. The link between 
ACE and heated oil consumption is extremely 
limited. Study by Beshel et al., 2014 which 
shows chronic consumption of heated palm oil 
caused decreased in GFR and renal blood flow 
while increased BP may reflect a possibility of 
renovascular hypertension and renin-angioten-
sin-aldosterone system (RAAS) dysregulation 
had been occurred [35].

Conclusion

The current review showed that heated cook- 
ing oils increased BP. The magnitude of the 
increase in BP was more with repeated heating. 
Although once-, five- and ten-time-heated oils 

derived vasoactive compounds like nitric oxide, 
prostacyclin and thromboxane. The reduction 
in endothelial derived relaxant factors is 
responsible for an increase in vascular reactiv-
ity as reflected by attenuation of vascular relax-
ation response to acetylcholine and enhanced 
vasoconstriction response to phenylephrine. 
The increased in vascular reactivity is respon-
sible for the rise in blood pressure. Activation of 
ACE and reduction in HO may contribute to 
blood pressure raising effect of heated oil 
which warrants further elucidation. The detri-
mental effect of heated oil on BP was most 
likely due to oxidative stress as reflected by an 
increase in peroxide value which was coupled 
with reduction in vitamin E content of heated 
oil. The oxidatives stress causes vascular 
inflammation and dysfunction. The possible 
mechanism is explained in Figure 1.
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Figure 1. Possible mechanism of blood pressure raising effect of heated oil.

increased BP, the percent-
age increase was higher 
with the oil which was 
reheated ten times com-
pared to heated once. It was 
shown that at the smallest 
and highest heating fre-
quency, the percentage in- 
crease was highest for heat-
ed soy compared to heated 
corn and palm oil. It was 
reported that the percent-
age increased in BP was 
lowest for corn oil compared 
to soy despite both is poly-
unsaturated oils. The blood 
pressure raising effect of 
heated oil was associated 
with an increase in inflam-
matory biomarkers VCAM-1, 
ICAM-1 and CRP which sug-
gest that heated oil induce 
vascular inflammation lead-
ing to vascular dysfunction 
which interferes with the 
release of endo-thelium-
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