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Summary. The aim of the present study is to conduct a literature review on the mechanisms responsible for
altered high density lipoprotein (HDL) in obesity and the effect of weight loss by calorie restriction on HDL
function. Obesity, as a major modifiable risk factor for coronary heart disease (CHD), can influence the concentration and function of lipoproteins in plasma. HDL is associated inversely with CHD and acts through
its antioxidant and anti-inflammatory capacity, as well as stimulation of reverse cholesterol transport from
extrahepatic tissues to the liver for excretion into the bile. HDL structure and function is linked to its major
apolipoproteins (APO) including APO A-I and APO A-II, and its related enzymes such as paraoxonase
(PON) that cotransport with HDL in plasma and lecithin: cholesterol acyltransferase (LCAT) which contributes to HDL maturation. Through production of various cytokines which leads to inflammation, obesity
can affect these factors and changes their serum levels as well as their function. In this article, the mechanism
responsible for altered HDL in obesity and the effect of weight loss by calorie restriction, as the most commonly used therapy for obesity, on HDL concentration and its function will be reviewed.
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Introduction
The inverse relationship between plasma concentration of high-density lipoprotein (HDL) and cardiovascular disease (CVD) was reported for the first
time in 1970s and since then, several studies have been
conducted to identify the mechanisms underlying this
relationship (Rye and Barter, 2014). Based on several
studies, HDL is the strongest predictor of CHD risk
(Rader and Hovingh, 2014). HDL has antioxidant,
anti-inflammatory and anti-thrombotic properties as
well as a beneficial effect on the endothelium (Assmann and Gotto, 2004). The principal mechanism of
HDL as a cardio–protective agent is reverse cholesterol
transport (RCT) (Mooradian et al., 2008). Apart from
RCT, HDL have some important roles in LDL reduction, lipoprotein protection from oxidation, inhibiting

the production of cell adhesion and pro-inflammatory
molecules, endothelial cells stimulation to prostacyclin
synthesis, antithrombotic effect, inducing the expression and activation of endothelial nitric oxide synthase
(eNOS) (Arora et al., 2016; Calabresi et al., 2015).
It has been revealed that HDL functions depend
on the activity and concentration of HDL enzymes
such as paraoxonase-1 (PON1) and Lecithin: cholesterol acyltransferase (LCAT), and its apolipoproteins,
in particular APO A-I and APO A-II, the ratio of
APO A-II/APO A-I, and HDL particle size (Navab
et al., 2007). Genetic, environmental and lifestyle factors such as smoking, physical activity, obesity, composition of diet and nutrients, can affect HDL functions
(Siri-Tarino, 2011). Among these factors, obesity as a
global public health issue, could affect plasma HDL
level and its functions, as well as increasing the risk of
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chronic diseases (Rashid and Genest, 2007; Wang and
Peng, 2011). Nowadays, adipose tissue is considered as
an endocrine tissue due to production of various cytokines which leads to inflammation and chronic disease
(Keramat et al., 2015). The primary target for overweight or obese individuals is losing weight. A variety
of methods have been suggested for treating obesity,
but caloric reduction as a major strategy for weight loss
is the goal for the majority of cases (NIH et al., 2000)
The main aim of the present review is to clarify the
effects of obesity and weight loss through calorie restriction on HDL main enzymes, such as PON1 and
LCAT as well as APO A-I and APO A-II, as the most
abundant HDL apolipoproteins. Also the potential
mechanisms which contribute to these changes will be
explained.
The interaction between obesity and calorie restriction
with PON1 activity on HDL
The paraoxonase family consists of three enzymes,
PON1, PON2 and PON3, with anti-oxidative properties in blood circulation. All of these enzymes prevent
oxidative stress and fight inflammation (Précourt et al.,
2011). PON1 protects LDL against oxidation and reduces macrophage foam cell formation, thus prevents
atherosclerosis. It also suppresses the differentiation of
monocytes into macrophage, prevents accumulation of
oxidized LDL and stimulates cholesterol efflux from
macrophage (Aviram and Rosenblat, 2004; Kowalska
et al., 2015). PON3 shows the same functions, but it is
less efficient than PON1 (Liu et al., 2008).
The plasma concentration and activity rate of
PON1 are modulated by many factors such as age,
environmental chemicals, lifestyle, diet, physiological and pathological conditions (Costa et al., 2005).
Regarding the relationship between this enzyme and
obesity, Zaki et al. reported that PON1 activity was
significantly lower in obese adolescent than controls,
which is due to the increased oxidative stress and
malondialdehyde and decreased nitric oxide level in
obese adolescent (Zaki et al., 2014). The same results
were reported by Ferretti et al. (Ferretti et al., 2005)
and Krzystek-korpacka et al. (Krzystek-Korpacka et
al., 2013).
It could be explained that obese subjects, in comparison with lean individuals, are more exposed to in-
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flammatory factors and these factors could reduce the
paraoxonase and subsequently PON1 activity (Abbott
et al., 1995). Besides, low levels of HDL in obese individuals are related to low PON1 activity (Kota et al.,
2013). These findings confirmed that obesity is correlated with lipoproteins oxidative damage which could
describe the higher risk of cardiovascular diseases in
obese individuals (Van Gaal et al., 2006). Figure 1.
There are some inconsistent reports about the
interaction between PON1 activity and the strategy for obesity treatment. For example, it was shown
that Orlistat or gastric banding treatment could significantly increase PON1 activity in morbidly patients (Audikovszky et al., 2007; Uzun et al., 2004).
Regarding the effects of weight loss through calorie
restriction, Liang et al. studied non-diabetic obese
individuals with metabolic syndrome and they found
that 3-month weight loss program with calorie restriction plus 2-3 light physical exercises per week could
result in 9.9 ± 5.4% weight reduction and significant
decrease of PON1 level, however, with significant increase of PON1 specific enzyme activity (Liang et al.,
2011). This result was in accordance with Kotani et al.
which showed that low calorie diet for two months in
overweight and non-morbidly obese women could significantly decrease the enzyme activity of PON1 lactonase, aryl esterase and tri-esterase by 6.1, 7.3 and 7.8
percent, respectively (Kotani et al., 2009). Moreover,
Moradi et al. showed that energy restriction and increasing fiber consumption could significantly reduce
serum PON1 level (Moradi et al., 2017a). In contrast,
Roberts et al. reported no changes in serum PON1
level and activity after short term course of weight loss
by diet and exercise in obese subjects (Roberts et al.,
2006). It was also shown that in 6-month diet, which

Figure1. Effect of obesity on plasma paraoxonase level and activity
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resulted in average 2.2±3.9 kg weight loss, PON1 activity was altered, but not significantly (Aicher et al.,
2012).
The interpretation of these inconsistent findings
is complicated. Obesity, as well as metabolic syndrome
(MetS), is associated with higher oxidative stress and
pro-inflammatory status. These endogenous inhibitors
could reduce paraoxonase activation in the circulation
or disturbed the interaction of paraoxonase with HDL
which could affect PON1 activity (Abbott et al., 1995).
As a result, hepatic production increases to compensate
the reduction of PON activity, and therefore reducing
these inhibitors through weight loss could result in less
need for hepatic synthesis (Rector et al., 2007).
Furthermore, higher oxidative stress in some
diseases such as obesity and type 2 diabetes mellitus
(T2DM) could lead to lower ratio of HDL-bound vs.
free form of paraoxonase. It is important to note that
free form of paraoxonase has a lower enzyme activity
than HDL–bound form (Mackness et al., 1991). In
weight loss, HDL-bound form of PON1 protein increases which results in higher enzyme activity (Liang
et al., 2011).
Altogether, it seems that weight loss through
calorie restriction could reduce PON1 activity. Since
PON1 is a protective factor against coronary heart disease (CHD), the reduction in PON1 activity could be
considered as a harmful effect of low calorie diet. This
reduction might be explained as a consequence of the
benefits of low calorie diet on CHD risk factors and
the metabolic changes of HDL. As already mentioned,
PON1 protects LDL against oxidation (Aviram and
Rosenblat, 2004; Durrington et al., 2001) and calorie
restriction diets lead to a noticeable reduction in LDL
oxidation, thus with these diets, there is less need for
LDL protection against oxidation (Shin et al., 2006).
In addition, decreased HDL level and PON1 activity
in response to low calorie diet may be a physiologically
appropriate or adaptive phenomenon and therefore it
may not be detrimental (Kotani et al., 2009).
The effects of obesity and calorie restriction on APO A-I
concentration and its function in HDL
The major apolipoproteins of HDL are APO
A-I and APO A-II, and the former is the most abundant apolipoprotein consisting 70% of the total HDL
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proteins. APO A-I is a single polypeptide chain with
28 KDa and 243 amino acids (Maïga et al., 2014). It
is confirmed that plasma APO A-I level is inversely
related to coronary heart disease (CHD) (Gotto and
Brinton, 2004) and obesity, specially visceral obesity,
impaired metabolism of HDL as well as APO A-I
(Wang and Peng, 2012).
The plasma level of HDL could be determined by
the APO A-I fractional catabolic rate (FCR) (Brinton
et al., 1994). A meta-analysis of 13 studies demonstrated that overweight and obese individuals, compared with lean subjects, had significantly higher APO
A-I FCR and production rate (PR). In these individuals, APO A-I FCR and PR were significantly associated with APO A-I level, however in the lean group,
APO A-I level was only significantly associated with
PR (Ooi et al., 2005).
Increasing the production of inflammatory cytokines, such as TNF-α and IL-1β, impaired insulin signaling, and carbohydrate intolerance have been shown
to downregulate the expression of APO A-I gene in
hepatocytes with a dose dependent manner (Haas et
al., 2003). TNF-α could also suppress the APO A-I
promotor activity through c-Jun N-terminal kinase
( JNK) and MEK/ERK pathways (Beers et al., 2006).
The promotor region of APO A-I contains several
binding sites for orphan and nuclear hormone receptors such as TNF-α and NF-κB by which the expression of APO A-I gene is suppressed in hepatocytes
(Haas et al., 2003; Morishima et al., 2003). Therefore,
it could be assumed that APO A-I is a primary target
for certain pro-inflammatory mediators. These cytokines can also negatively regulate the expression of
APO A-I gene by decreasing the level of RXR and
other nuclear hormone receptors, decreasing the glucocorticoid receptor activity, and interfering with coactivators such as Peroxisome proliferator-activated
receptor gamma coactivator 1-alpha (PGC-1α) (Haas
and Mooradian, 2010). Besides, two other important
modulators of APO A-I production are glucose metabolism and insulin signaling. In fact, glucose decreases and insulin increases the expression of APO
A-I protein (Murao et al., 1998).
Another mechanism for the reduction of APO
A-I production is the higher plasma clearance of this
molecule. In obese individuals, adipose tissue releases
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more free fatty acids which are the substrate for VLDL
formation in the liver. This process leads to higher rate
of TG transfer from VLDL to HDL by cholesterolester transfer protein (CETP), thus CETP activity
increases (Ginsberg, 2000). As a result, HDL particles become TG-rich which is hydrolyzed by hepatic
lipase, resulting in the release of lipid-poor APO A-I
and the formation of remnant HDL particles. Lipidpoor APOA-I is cleared more by kidney and HDL
remnants is degraded by liver or kidney (Ginsberg,
2000; Guendouzi et al., 1999).
Calorie intake and the consumption of some nutrient such as glucose, fructose, protein, fatty acid have
an important role in regulating the rate of both APO
A-I fractional clearance and APO A-I gene expression
(Mooradian et al., 2008). Regarding the effect of calorie restriction on APO A-I level, Aicher et al. revealed
that after 6-month of calorie restriction and an average 2.2±3.9 Kg weight reduction, the APOA-I level
increased but not significant (Aicher et al., 2012). In
another study, weight loss through calorie restriction
and exercise resulted in increased level of APO A-I
and HDL2b. Since HDL2b contains APO A-I, but
not APO A-II, increased level of HDL2b should be
associated with a predominant increase in APO A-I
level, without an increase in APO A-II concentration (Williams et al., 1992). According to Richard et
al., 5-15% reduction in body weight through calorie
restriction resulted in decreased APO A-IFCR, with
no changes in APO A-II PR (Richard et al., 2013).
However, in Theodore et al. study, hypocaloric, low-fat
diet versus a weight maintenance diet resulted in decreased catabolic (-13%) and production (-13%) rates
of HDL APO A-I, without altering the concentration
of plasma HDL and APO A-I (Ng et al., 2007).
Weight loss leads to a reduction in VLDL-TG concentration. As already mentioned, TG in VLDL is a
substrate for CEPT which exchanges TG between
neutral lipids and HDL particles. This process results
in the formation of triglyceride enriched HDL which
is catabolized and cleared more rapidly in the circulation. Therefore, weight loss could lead to the reduction
and delaying in APO A-I FCR (Lamarche et al., 1999;
Richard et al., 2013). Moreover, weight loss results in
increased plasma adiponectin level which subsequently
can inhibit hepatic lipase activity which correlates with
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decreased HDL and APO A-I FCR (Ng et al., 2007).
Furthermore, lowered directory fat, resulted from calorie restriction, can decrease the expression of APO A-I
gene and its secretion from hepatic cells (Azrolan et
al., 1995).
The effects of obesity and calorie restriction on APO A-II
concentration and function in HDL
APO A-II is the second major apolipoprotein of
HDL which represents the 20% of total HDL proteins and it contains 77 amino acids (Maïga et al.,
2014). The effects of APOA-II level on atherogenesis
in transgenic animals and humans are controversial. In
several studies, increased plasma concentration of Apo
A-II was considered to be pro-atherogenic (Castellani
et al., 2001; Marzal-Casacuberta et al., 1998). In contrast, other studies showed that HDL enrichment of
APOA-II considered as anti-atherogenic (Koohdani
et al., 2016). It has demonstrated that HDL particles
that contain only APO A-I are more efficient in RCT
than those with both APO A-I and APO A-II (van’t
Hooft et al., 2001). Besides, it has proposed some beneficial effects for APO A-II such as increasing hepatic
lipase (HL) activity and inhibition of CETP activity.
Therefore, the role of apolipoprotein AII as an inhibitor or promoter of cholesterol efflux is yet to be discussed (Mooradian et al., 2008).
It has proposed that the body mass index (BMI)
is correlated positively with APO A-II level and negatively with APO A-I level (Williams et al., 1992).
Takahashi et al. revealed that overweight boys and
girls, aged 10-15 years, had significantly higher plasma
level of APO A-II than non-overweight children; and
in non-overweight boys whose body fat mass was over
20%, the plasma level of APO A-II was higher than
boys whose body fat mass was below 20% (Takahashi

Figure2. Effect of obesity on APO A-I level and gene expression

20

et al., 1996). In another study, diabetic patients with
CC genotype who had lower plasma APOA-II concentration consuming a high saturated fatty acids and
had higher BMI and appear more prone to obesity
and overweight than T-allele carriers who had upper
plasma APOA-II level (Basiri et al., 2015).
Although the precise mechanism is unclear, but it
was shown that increased level of APO A-II may have
some effects on hypertriglyceridemia and HDL reduction which are the two main abnormalities in obese and
T2DM patients. Based on in vitro studies, one possible mechanism is that APO A-II is more hydrophobic
than APO A-I, and in higher APO A-II levels, it can
replace APO A-I on the surface of HDL (Scanu and
Edelstein, 2008). APO A-I activates LCAT, whereas
APO A-II neither activates nor inhibits it. Therefore,
by replacing APO A-I with APOA-II on the surface
of HDL, it can inhibit LCAT activity indirectly and
inhibits the nascent HDL maturation (Maïga et al.,
2014). Besides, displaced APO A-I will be catabolized
rapidly in kidney which might be the cause of decreasing plasma HDL ( Julve et al., 2002).
In addition, increasing APO A-II in HDL inhibits Hepatic lipase (HL), endothelial lipase (EL) and
LPL activities by hindering LPL lipase access to lipoprotein surface. By inhibiting HL and EL on the
surface of HDL, APO A-II impairs remodeling of
HDL and eliminates the synergistic action of lipase
and scavenger receptor class B type I (SR-B1) (Dugué-Pujol et al., 2006; Weng et al., 1999).
Castellani et al. demonstrated that APO A-II
could contribute to visceral obesity in transgenic mice.
They hypothesized that overexpression of APO A-II
changes the composition of HDL and thus impairs
HDL interaction with skeletal muscle CD36. Therefore, the use of free fatty acids for energy production
reduces and fat mass increases (Castellani et al., 2001).
Another study on men with MetS showed that 16
weeks of low-caloric low-fat diet resulted in signification decrease of both the production rate (-23%)
and FCR (-12%) of HDL-APO A-II, which together
resulted i net reduction in APO A-II concentration
(-9%) (Ng et al., 2010).
The mechanism responsible for decreased APO
A-II through weight loss remains unclear. Weight
loss could decrease the hepatic secretion of VLDL
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APOB100 which is significantly correlated with
HDL-APO A-II. Therefore, lower production of
VLDL-APOB positively correlates with reduced
APOA-II production (Ng et al., 2010; Riches et al.,
1999). Moreover, weight loss causes the reduction in
plasma triglyceride levels and VLDL production, thus
decreasing the VLDL-triacylglycerol pool and subsequent CETP activity leads to the delay in the liver uptake of HDL and subsequent increase in plasma HDL
level (Ng et al., 2010).
LCAT is influenced by obesity and weight loss through
calorie restriction
LCAT plays a critical role in HDL metabolism.
It catalyzes the trans-esterification of free cholesterol
and transferring cholesterol ester (CE) to the HDL
core which results in the maturation of discoidal HDL
to form spherical HDL (Kunnen and Van Eck, 2012).
Bajnok et al. reported that LCAT correlates inversely with obesity, BMI, wait circumferences and
leptin levels. BMI is also an independent predictor of
LCAT (Bajnok et al., 2007). However, Dullaart et al.
showed that LCAT activity was not influenced by BMI
(Dullaart et al., 1994). Based on Akanji et al. study on
T2DM patients, the LCAT activity in plasma reduces
significantly in obese individuals in comparison with
non-obese population (Akanji and Agbedana, 1995).
Yet Faidon Magkos et al. found higher plasma LCAT
concentration (30%) in non-diabetic obese subjects
than lean individuals (Magkos et al., 2009).
The molecular basis which could explain the lower
LCAT activity in obese individuals is not yet clear. It
may be due to the effect of obesity on APO A-I as the
most potent activator of LCAT. In the state of obesity,
residence time of APO A-I reduces, also its clearance
and fractional catabolism increases which resulted in
reduced levels of APO A-I, and as a consequence,
plasma LCAT activity reduces (Akanji and Agbedana,
1995). Moreover, adipose tissue degrades HDL directly, and it may change the LCAT concentration and
therefore its activity. McEneny et al. revealed that only
HDL2-LCAT, but not HDL3-LCAT, is significantly
related to the weight in overweight and obese children
(McEneny et al., 2013). In addition, the obese subjects
probably have more immature HDL2 particles in comparison with lean individuals, because LCAT esteri-
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fied free cholesterol within pre-B HDL and HDL3
to form HDL2 as a final mature product. Therefore,
LCAT is found in former HDL particles and the level
of LCAT in HDL2 is minimum (Magkos et al., 2009;
McEneny et al., 2013). It was also showed that obese
individuals have smaller HDL particles size compared
with lean subjects (Magkos et al., 2008). Overall, plasma LCAT concentration positively correlates with the
concentration of small HDL particles and negatively
with the concentration of large HDL particles (Magkos et al., 2009).
Regarding the effect of weight loss through calorie restriction, Shoji et al indicated that LCAT concentration could decrease significantly after weight
loss (Shoji et al., 1992), and Weisweiler et al. reported
that during weight loss by low calorie diet (600 kcal/
day), the LCAT activity did not change, but its activity was increased in the period of weight stabilization (WEISWEILER, 1987). However, in another
study LCAT activity did not change after weight loss
(Moradi et al., 2017b). They suggested that lower HL
activity during weight loss and weight maintenance
may explain the HDL cholesterol esterification that
increases the capacity of HDL for RCT (Shoji et al.,
1992; WEISWEILER, 1987). This result is in agreement with Hietane et al. study in which LCAT activity
was decreased significantly during weight reduction
period. They claimed that LCAT activity is positively
correlated with changes in both cholesterol and triglyceride concentration and these parameters decrease
after weight loss (Hietanen et al., 1982). Furthermore,
another study revealed a strong correlation between
total cholesterol levels and LCAT activity (Williams
et al., 1990).

Conclusion
It is obvious that obesity is linked to reduction in
plasma HDL level and HDL-function is impaired in
obese people. Initially, calorie restriction in individuals with obesity may reduce the HDL concentration,
and it increases after weight stabilization, therefore,
HDL reduction after weight loss is not a risk factor
for CVD. Besides, the concentration of HDL in individuals with overweight and obesity can influence the

HDL function by altering HDL major apolipoproteins and related enzymes. Also, lifestyle modification
such as diet-induced weight loss leads to reduced enzymes and main HDL apolipoproteins, and since these
factors are protective against CHD, the reductions in
these parameters may be considered as a deleterious
effects of low calorie diets. It could be explained as a
consequence of the benefits of low calorie diets such as
reduction in oxidized LDL, and therefore, less need to
these factors. Only a few percent of overweight subjects
can achieve and maintain weight loss for a prolonged
period of time. Therefore, a combination of multiple
strategies such as behavioral and lifestyle changes, diet
and exercise interventions are needed to maintain the
weight loss and improve the HDL-C concentration in
individuals with obesity.
In the end, it should be noted that the diet composition such as protein, carbohydrate and fats, as well
as the effects of these ingredients on the HDL component, such as apolipoproteins and its enzymes needs
further investigations.
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