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Abstract

Aim: To investigate the relation between the metabolic syndrome (MetS), and oxidized low density
lipoprotein (ox-LDL) and non-high density lipoprotein cholesterol (non-HDL-C), and to evaluate a dietary
therapy composed of a balanced hypocaloric regimen plus a supplement prepared from whole wheat
and tigernut flour (Cyperus Esculentus).

Material and Methods: Forty two obese Egyptian female volunteers (their mean age was 47.76± 0.90)
were given a low caloric balanced diet (900-1000 kcal) for 4 weeks, and then the supplement was used
to replace Baladi bread during the next four weeks. The metabolic syndrome was diagnosed according
to the International Diabetes Federation criteria.

Results: The prevalence rate of MetS was found to be 76.2%.The metabolic syndrome was significantly
associated with higher levels of total cholesterol (T.cholesterol), LDL-C, ox-LDL and non HDL-C.
Significant and sustained reduction in the levels of fasting blood glucose and HbA1c, normalization of
lipid profile, and decrease in the levels of ox-LDL were observed after the end of the two periods of the
dietary therapy.

Conclusion: Metabolic syndrome is associated with higher levels of circulating ox-LDL and non-HDLC.
The use of the dietary therapy composed of balanced hypocaloric regimen plus a supplement rich in
antioxidants and anti-inflammatory components, reduced obesity and the risky biochemical markers of
the MetS.

OPENACCESS

Introduction
The metabolic syndrome is a common and

complex disorder combining obesity, dyslipidemia,
hypertension and insulin resistance [1]. It is a primary
risk factor for diabetes and cardiovascular disease [2].

Obesity may induce systemic reactive oxygen
species (ROS), and in turn is associated with an irregular
production of adipokines that contribute to the
development of the metabolic syndrome [3]. Another

emerging risk factor for the development of Met S is
oxidized LDL (ox-LDL), which activates circulating
monocytes, thereby increasing their ability to infiltrate
the vascular wall. This increased infiltration is a primary
stage in atherogenesis [4], which were associated with
increased risk of future myocardial infarction, even after
adjustment of LDL-C and other established
cardiovascular risk factors [5].

Recent data suggest that increased oxidative
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stress in adipose tissue is an early instigator of the
metabolic syndrome and that the redox state in adipose
tissue is a potentially useful therapeutic target for the
obesity-associated metabolic syndrome [6].

The hallmark of atherogenic dyslipidaemia is
low levels of high-density lipoprotein cholesterol (HDLC)
as well as elevated triglyceride (TG) levels, while low
density lipoprotein cholesterol (LDL-C) may be marginally
elevated in this setting [7]. A single apolipoprotein B100
(apo B) molecule is present in all major atherogenic
particles of liver origin [very low and intermediate density
lipoprotein (VLD and IDL)], and LDL. Therefore,
measurement of Apo B provides direct information on
the number of atherogenic particles (LDL and non LDL),
irrespective of their size. Further, these atherogenic
particles, collectively known as non-HDL lipoproteins,
are associated with atherogenic dyslipidaemia, insulin
resistance, portal hyperinsulinemia and metabolic
syndrome [8, 9].

A research showed that a diet high in fat and
carbohydrates induces a significant increase in oxidative
stress (OS) and inflammation in persons with obesity
[10]. Weight loss through nutritional and pharmacological
treatment in addition to supplementation with antioxidant
nutrients such as vitamins E, A and C, and flavonoid,
among others, may be the key to the risk of developing
other pathologies related to OS [11]. Nuts and whole
cereal grains are rich sources of vitamins, minerals,
antioxidants, phytosterols and plant protein which could
be beneficial in such conditions. Botanical omega-3 fatty
acid (alphalinolenic acid/ALA) has been shown to alleviate
the prothrombotic and proinflammatory profile of the
metabolic syndrome [12, 13]. Nuts especially tigernut
has a high content of oleic acid that has a positive effect
on LDL-C oxidation, thereby preventing heart attacks
and thrombosis [14].

Our aim was to investigate the relation between
the metabolic syndrome, and both of ox-LDL and non-
HDL-C. We also studied the effect of certain diets that
lower metabolic syndrome factors, and the levels of ox-
LDL and non-HDL-C in a sample of Egyptian obese
volunteers.

Materials and Methods

Materials
A formula that was designed in this study

prepared from whole wheat (30%), tiger nut flour (40%),

plus sesame seeds (10%), flax oil (10%), skimmed milk
(5%) and flavor. The tiger nut was purchased from the
local market, cleaned and dried at low temperature (40
ºC) and then grind in powder form. Vanilla was added as
a flavor. The formula was prepared as cookies each
weighing about 20 g.

Chemical analysis of the supplement
The macronutrient contents of the baked cookies

including protein, carbohydrates and total fat were
estimated [15]. Dietary fiber determination was done
[16]. The mineral contents of the sample were extracted
by ashing the dried sample in hot oven at 500 ºC for 24
hours, then dissolved by few drops of concentrated
hydrochloric acid, and the volume completed to 25 ml
with de-ionized water. The mineral contents were
measured by a Varian Model Spectra AA220, Flame
Atomic Absorption Spectrophotometer, with an
airacetylene and hollow cathode lamps run under the
conditions recommended by the manufacturer (Varian
Australia Pty., Ltd., Musgrave, Vic.3171, and Australia).
The wavelength, slit width and burner height were
adjusted according to suitable conventional values [17].
Fatty acids extraction was carried by the petroleum ether
extract of different plant materials according to AOAC
(2000) [18], then subjected to gas-liquid chromatography
(GLC) analysis of fatty acids using Helwett Packard: HP
6890-GC. Total polyphenols were determined according
to Adekanmiet. al., 2009 [19] (Table 1 & Figure 1).

Subjects
This study was conducted on a group of 42

obese Egyptian female volunteers; their age range was
36-54 years with a mean of 47.76±0.90. The protocol of
the study was approved by the National Research Center
Ethics Committee. In addition an informed consent was
obtained from each participant to be included in the
study. All the included females were evaluated by
standard physical examination and routine clinical
laboratory tests. They were divided into two groups after
the basal clinical and biochemical investigations:

Group (1) 32 women who fulfilled at least three
of the following five criteria denoting Met S according to
International Diabetes Federation, 2010 [20]:

1. Elevated waist circumference: Equal to or
greater than 80 cm.

2. Elevated blood pressure: Equal to or greater
than 130/85 mm Hg or use of medication for hypertension.
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3. Elevated serum triglycerides: Equal to or
greater than 150 mg/dl.

4. Reduced serum HDL cholesterol: Less than
50 mg/dl.

5. Elevated fasting blood glucose: Equal to or
greater than 100 mg/dl or use of medication for
hyperglycemia.

Their mean age was 49.00 ± 0.91 years, and
their mean BMI was 35.35 ± 0.58 kg/m².

Group (2) Ten women none of them fulfilled the
three standardized criteria, they were considered as
control group. Their mean age was 43.80 ± 2.04 years
and their mean BMI was 34.08 ± 2.02 kg/m².

The study lasted for 8 weeks, divided into two
equal periods of four weeks each. During the first period,
they followed a low caloric balanced diet that was
designed to supply 900-1000 K calories/ day, containing
24% proteins, 45% carbohydrates and 31% fats mostly
unsaturated. During the second period, they continued
on the same low caloric diet with replacement of Baladi
bread by the cookies in breakfast and dinner to supply
nearly the same calories (3 cookies/day).

All the included females were subjected to the
following: Full medical history, clinical examination, and
anthropometric measurements. Blood pressure was
measured with participants sitting quietly for 5 minutes
using a mercury sphygmomanometer. Mean of the three
readings were recorded.

Anthropometric measurements
Anthropometric measurements were recorded

with the subjects dressed in light clothing. Height and
weight were evaluated following the standard method of
Jelliffe, 1966 [21], and were used to calculate body mass
index (BMI) = weight in kg/square height in meters (kg/
m2) [22]. Waist circumference (WC) was measured at
the narrowest point superior to the hip using a flexible
light metal tape (minimal waist). All measurements were
taken by the same researcher to assure accuracy.

Blood sampling
Fasting blood samples (14 hours) were drawn

from all subjects before regimen, after 4 weeks and lastly
at the end of 8 weeks. 2ml of Blood samples were
collected on EDTA tubes for detection of glycated
hemoglobin (HbA1C) in the fresh whole blood. The rest
of the blood samples were collected on plain tubes, left

to clot and then centrifuged at 3000 rpm for 10 minutes
and the sera were separated. Fasting blood glucose was
determined on fresh sera; the remaining sera were
stored at -70 C° until used for determination of other
biochemical parameters.

Biochemical analysis
Quantitative colorimetric determination of

Glycated haemoglobin (HbA1c) was performed by cation
exchange resin. Stanbio-Laboratory no.102181Ce, USA
[23]. Blood glucose was determined using oxide
peroxidase method [24]. Serum total cholesterol, HDLC
and triglycerides were done using: cholesterol proceed
No 1010 [25], Stanbio, HDL-C proceed No 0599 [26] and
stanbio Liquicolor triglycerides proceed No 2100 [27]
respectively. Friedewald formula was used to calculate
LDL-C; LDL-C= (Total Cholesterol) - (HDL-C) - (TG/5)
[28].

Oxidized LDL (ox-LDL) was determined using
ox-LDL/MDA adduct Elisa Kit. Immundiagnostik AG,
Stubenwald-Allee 8a, D 64625 Bensheim (Germany)
[29]. Serum insulin was measured using Insulin AccuBind
ELISA Microwells, Product Code: 2425-300. Monobind,
INC, Costa Mesa, CA 92627 (USA) [30].

Homeostatic model assessment-insulin
resistance (HOMA-IR) was calculated using the following
equation: HOMA-IR=Fasting insulin (¼IU/ml) ×Fasting
glucose (mg/dl) / 405 [31].

Statistical analysis
This is a case-control study. The study was

designed to compare results and data between obese
cases and controls, and to find the correlation between
different included variables. Statistical analysis was
performed using SPSS software (SPSS Inc., Chicago,
IL, version 17.0, 2008). Data are expressed as means ±
SE. Independent-samples t tests compared the data
between cases and controls. Pearson’s correlation
coefficient (r) was calculated to find correlations between
different variables. P value is considered significant at<
0.05.

Results
Table 1 shows the macronutrients, the tannins

and some of the minerals contents of the formula used
in the dietary therapy (/100g of its dry weight).The tested
baked sample is characterized by its high content of
protein, carbohydrate (9.8 & 53.9% of its dry weight
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respectively), polyphenol compounds and potassium.

Figure 1 shows the percent of the fatty acids
content of the formula used in the dietary therapy. It is

Table 1: Composition of tested baked sample (/100g dry weight).

Figure 1: Relative area percentage of fatty acids contents of tested
formula. a: Palmetic (C16:0) 10.69%, b:Palmeto-oleic (C16:1) 0.19%,
c: Stearic (C18:0) 7.70%, d: Oleic (C18:1) 43.96%, e: Linoleic (C18:2)
21.73% and f:Linolenic (C18:3) 12.70%.

characterized by its low content of saturated fatty acids
(Palmetic and Stearic acids), and its high content of
unsaturated fatty acids: oleic acid (43.69% of total fatty
acids) and the omega-3 fatty acids, linoleic and linolenic
fatty acids ((21.73% and 12.70% respectively).

Values are mean± SE. a: Base obese vs. base MetS; b: Mid obese vs. Mid MetS; c: Last obese vs. Last MetS; *P<0.05; **P<0.01.

Table 3: Comparison of Metabolic syndrome criteria among the two studied groups at the different periods of dietary therapy.

Table 2: Anthropometric and biochemical parameters of the
studied sample at the different periods of the dietary therapy.

Values are mean ± SE. a: Base vs Mid; b: Mid vs Last; *P<0.05; **P<0.01.

parameters and the blood pressure decreased
significantly (p < 0.05-0.01) after the two periods of the
dietary therapy. The higher decreases of the WHR and
the DBP were detected after the end of the second
period when the supplement was added.

The ox-LDL and the components of the lipid
profile decreased significantly at p< 0.01 after the two
periods of therapy, except HDL-C which increased
significantly. FBG and HbA1c decreased significantly at
p<0.05&0.01 after the end of the two periods. Insulin and
HOMA-IR decreased significantly by the end of the first
period and decreased only numerically by the end of the
second period.

Table 3 represents the metabolic syndrome
criteria as Mean± SE for cases and controls at the
different periods of dietary therapy. Comparing the two
groups, significant differences were found between them
at the three visits regarding all the criteria (p<0.05&

Table 2 shows the mean characteristic
anthropometric and biochemical parameters of the whole
studied sample at three visits during the dietary therapy.
The results showed that all the anthropometric
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0.01), except waist circumference and SBP which showed
significant difference between the two groups at the
basal visit only, and at the basal and last visits respectively.

Table 4 shows mean± SE of the other
anthropometric and biochemical parameters among the
obese control subjects and the metabolic syndrome
patients at the different periods of dietary therapy. MetS
patients were older and shorter. No significant differences
were found between the anthropometric parameters,
except WHR at the three visits. Lipid profile and ox-LDL
showed significant differences between the two groups
during all visits at p<0.05-0.01. Regarding HbA1c, a
significant difference was observed between the two
groups all over the study and was more prominent at the
mid and last visits (p<0.01). The levels of insulin and
HOMA-IR decreased in both groups but with no significant
difference.

Table 5 represents the correlations between
different variables and both of non-HDL-C and ox-LDL
among metabolic syndrome patients. A high significant

negative correlation was found between HDL- C and
non HDL-C at the basal and mid visits only, while a high
significant positive correlation was observed between
the later and the waist circumference at the basal visit
only. Also a significant difference is seen regarding ox-
LDL and both of insulin concentration all over the period
of the study, and DBP at the last visit only.

Discussion
MetS is characterized by an increase in the total

body fatness and preferential upper body accumulation
of fat that tend to develop more insulin resistance,
hyperinsulinemia, glucose-intolerance and dyslipidemia
than obese women with greater proportion of lower body
fat [32].

According to the International Diabetes
Federation [20], 76.2% of the investigated obese women
in our study proved to be MetS patients. Our data
showed that the MetS patients were significantly older,

Table 4: Comparison of Anthropometric and biochemical parameters among the two studied groups at the different periods of dietary
therapy.

Values are mean± SE. a: Base obese vs. base Met s; b: Mid obese vs Mid Met s; c: Last obese vs. Last Met s; *P<0.05; **P<0.01.

Table 5: Pearson’s Correlations between each of Non HDL-C and ox-LDL, and the criteria of the MetS among the MetS patients at
the different periods of dietary therapy.

Numbers presented in this table are the value of r =correlation coefficient. *Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed).
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shorter, had higher mean waist circumference, waist to
hip ratio and disturbed lipid profile, compared to the
obese women not suffering from MetS. In addition the
mean concentrations of the FBG and HbA1C, insulin
and HOMA-IR values were higher.

Atherogenic dyslipidemia which is one of the
most important component of MetS is associated with
increased risk of cardiovascular disease [8]. Accordingly,
two approaches had been used in this study to investigate
the abnormality in the lipid profiles among both obese
and MetS patients, by determining ox-LDL-C, a marker
of lipoprotein-associated oxidative stress, and non HDLC,
and their response after using the two different dietary
methods.

Our data are in agreement with the previous
observation which reported that circulating ox-LDL is
associated with obesity, and that weight loss results in
decreased ox-LDL level [33]. Fat taken from visceral
compartment, in comparison with subcutaneous tissue
fat is a metabolically active organ [34], composed of
large insulin resistant adipocytes has a well-developed
vasculature with infiltration of inflammatory cells [35]. In
this study decreased waist circumference and WHR
were associated with a decrease in the mean level of ox-
LDL in both the investigated groups. Protection of LDL
oxidation by nut intake has been documented in some
but not all clinical studies [36].It has been reported that
every dietary plant contains numerous types of
antioxidants with different properties. A diet rich in fruits,
vegetables, minimal refined cereals and nuts is
associated with lower risk of degenerative diseases.
Since oxidative stress is common in chronic degenerative
diseases, it has been assumed that dietary antioxidants
may explain this protective effect [37].

Ox-LDL showed positive association with the
different criteria of the MetS. Significant correlations
were observed between ox-LDL levels and insulin
concentrations all over the studied periods, and with the
diastolic blood pressure at the end of the supplementation
period. A study reported that hyperinsulinemia and
impaired glycaemic control independent of lipid level
were associated with increased in vivo LDL oxidation, as
reflected by the higher prevalence of highly oxidized LDL
[5]. Ox-LDL is reported to interfere with the homeostasis
of adipose tissue by altering the normal balance between
differentiation and proliferation in preadipocyte, which
potentially contributes to the appearance of insulin
resistance [38].

Our results showed that LDL-C concentrations

were within the normal range in both groups, yet its level
was higher among Mets patients. It has been stated that
metabolic syndrome patients with overt type 2 diabetes,
non-HDL-C may be stronger predictor of CVD than
LDLC or TG because it correlates highly with atherogenic
lipoproteins. Target goal for LDL-C and non-HDL-C in
patients are below 100 mg/dl, and below 130 mg/dl
respectively. Failure to consider the importance of non-
HDL-C in patients may result in under treatment of them
[39]. In this study our MetS patients successfully reached
these desired levels mainly after the daily supplement
containing H≈ 24 g/day tigernut. In a systemic review, it
was concluded from randomized controlled intervention
trials that consumption of 50-100 g (approximately 1.5-
3.5 servings) of nuts five or more times/ week as a part
of heart healthy diet with a total fat content (high in MUFA
and/ or PUFA) of approximately 35% E. may significantly
decrease total cholesterol and LDL-C [40].

The positive significant correlation between non-
HDL and the waist circumference only at the beginning
of the study, adds weight to the known role played by the
visceral obesity in the promotion of the atherogenic
status among MetS patients. It is well known that low
levels of HDL-C are associated with an increased risk of
CVD independent of LDL-C, and raising HDL-C has
been shown to significantly lower cardiovascular risk.
Non HDL-C represents the cholesterol concentration of
atherogenic lipoprotein (VLDL, IDL and LDL-C). The
Negative significant correlation between the non HDL-C
and HDL-C in our study, pointed to the risky effect of this
negative association among the MetS patients at the
beginning of the study, yet it was pointed to the beneficial
effect of the dietary therapy in the other two periods. One
potential mechanism that might mediate the decrease in
the level of the atherogenic non HDL-C was the high fiber
content of the dietary supplement used in this study.
Tigernut contains a relative high level of fiber (21.3%) for
the seeds [41], while wheat is characterized by high
insoluble fiber [42]. In addition, tigernut was found to be
rich in oleic (MUFA) and linoleic (PUFA) fatty acids [43].
Chemical results of our supplement revealed that it
contains 43.9% and 21.73% of its oil content as oleic and
linoleic acids respectively. MUFA in the diet has two
important effects; decreasing in LDL-C and maintaining
the HDL-C at a higher level. Furthermore, LDL-C particles
rich in oleate have been shown to be less susceptible to
oxidation (44). However, the decreased risk of
cardiovascular disease and metabolic syndrome
associated with nut consumption is not solely related to
fatty acid profile, but may be due in part to the presence
of other bioactive components (arginine, fiber, copper
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and magnesium). In addition, they also supply significant
amounts of tocopherols, squalene and phytosterol that
are relevant compounds with antioxidant properties [45].

In conclusion, our findings proved that the
metabolic syndrome in obese Egyptian women was
associated with increased atherogenic dyslipidemia.
The dietary therapy combining hypocaloric regimen,
and the supplement composed of tigernut and whole
wheat, proved to be effective in the management of
obese and MetS patients. Reduction of body weight,
waist circumference and others metabolic syndrome
factors were associated with a reduction of oxidized LDL
and non HDL-C. The current data warrant further
investigations into the role of lifestyle and nutritional
interventions that inhibit tissue-associated oxidation of
LDL in the prevention of the metabolic syndrome.
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