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Metabolic Profile and the Risk of Early Atherosclerosis in Patients
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Obesity and Overweight have the highest rate of incidence and prevalence in the past 3 decades, as global
pathologies. The purpose of this study was to evaluate cardiovascular, classic and modern risk factors in
overweight and obese patients by studying lipid metabolism (total cholesterol, HDL-cholesterol, non-HDL-
cholesterol, LDL-cholesterol, serum triglycerides), glucose metabolism, insulin resistance and insulin
sensitivity, the prevalence of hypertension (HBP) and the prevalence of metabolic syndrome (MS). This
analytical study was performed on 111 subjects divided as follows: Group I consisting of 27 normal weight
subjects - NW; Group II consisting of 84 overweight and obese subjects - OW + O: 36 overweight patients
- OW; 33 patients with grade I obesity - O-I; 13 patients with grade II obesity - O-II; 2 patients with grade III
obesity - O-III. The overweight and obese, although unknown with heart disease, have significant metabolic
changes, such as atherogenic dyslipidemia, dysglycemia, high insulin resistance and low insulin sensitivity,
metabolic syndrome, these being the first steps towards endothelial dysfunction and early atherosclerosis.
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Overweight and obesity have come to rank fifth in the
world in mortality rates, especially through associated
comorbidities [1]. The prevalence of obesity has doubled
or even tripled in less than two decades, becoming a
concern in children, with percentages as high as 36% in
some regions of Europe [2]; in 2013, two-thirds of adult
North Americans are overweight, a third being obese [3].
Epidemiological data from 2016 look extremely worrying:
over 1.9 billion adults are overweight (39%), over 650
million with obesity (13%); 41 million children under 5 are
overweight or obese and over 340 million children and
adolescents aged 5-19 years [4]. In Romania, the ORO
study results show an obesity rate of 21.3% and a
prevalence of overweight of 31.1% in subjects aged 18-79
[5]. Thus, obesity affects 23% of men, compared to 20.3%
of women, while overweight 41.6% of males compared to
24.7% of women [5].

Obesity, especially visceral abdominal obesity, leads to
a number of systemic metabolic and inflammatory
complications, with important implications in the
pathogenesis of cardiovascular disorders: atherogenic dys-
lipidemia (LDL cholesterol increased, hypertriglyceridemia,
low HDL-cholesterol, apolipoprotein B increase and VLDL);
deterioration of plasma glucose and insulin (hyper-
glycaemia, dysglycemia, insulin resistance); adipokine
release (hypercoagulability, increase in inflammatory
markers); impairment of endothelial function; increased
oxidative stress [6-8].

Obesity risks can be classified into two broad categories
according to pathogenetic mechanisms, most often

interrelated: the risks arising from the mechanical effects
of fatty tissue, but especially the risks arising from systemic
metabolic and inflammatory changes associated with the
secretion of various adipokins by pathological adipose
tissue [6].

Experimental part
This was an experimental study conducted in the CF

University Hospital, Cluj-Napoca, Romania. The subjects
included in the study were randomly selected from about
7500 patients admitted to the Medical Department of the
CF Clinical Hospital Cluj-Napoca in the period of two years.
A systematic random sampling method was used. All the
patients selected by this method were included in the study,
after meeting the ethical criteria of presence of an informed
consent to participate in the study and also the absence of
a diagnosis and/or clinical complaints of heart disease or
any diagnosis interfering with survival over the next 2 years.
The study, conducted on human subjects, had the approval
of the Medical Ethics Committee, and each subject signed
an informed consent according to current legislation.

This analytical study was performed on 111 subjects
divided as follows: Group I consisting of 27 normal weight
subjects - NW; Group II consisting of 84 overweight and
obese subjects - OW + O: 36 overweight patients - OW;
33 patients with grade I obesity - O-I; 13 patients with
grade II obesity - O-II; 2 patients with grade III obesity - O-
III.

Exclusion criteria: subjects with a diagnosis or
complaints of heart disease were excluded from the study.
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The purpose of the study was to evaluate cardiovascular,
classic and modern risk factors in overweight and obese
patients by studying: lipid metabolism: total cholesterol,
HDL-cholesterol, non-HDL-cholesterol, LDL-cholesterol,
serum triglycerides; studying glucose metabolism;
studying insulin resistance and insulin sensitivity; the
prevalence of hypertension (HBP) and the prevalence of
metabolic syndrome (MS) in these subjects.

Each participant was given a research report that
included: personal data, personal pathological history,
heredocolateral antecedents, anthropometric data:
weight, height, abdominal circumference, medication
used, smoking habits and consumption of alcoholic
beverages, physical activity, data on eating habits, data on
carbohydrate metabolism: glucose tolerance (VN = 80-
100 mg%), glucose tolerance test in those subjects with
indication with the KONELAB 60i apparatus, enzymatic
method, lipid metabolism data: total cholesterol (VN <100
mg%), non-HDL-cholesterol (VN ≤ 130 mg%), HDL
cholesterol (VN> 40 mg% serum triglycerides (VN <150
mg%), the KONELAB 60i by enzyme method, blood
pressure measurement, both arm and ankle (VN <140/90
mmHg), serum insulin (CMIA method, VN = 2.6-24.9 uUI /
mL) [9,10].

Patients were stratified in 3 classes by body mass index
(BMI): (BMI = 18.5 - 24.9 kg / m²), overweight (IMC = 25.0
- 29.9 kg / m²) and obese (BMI  ≥30 kg / m²).

The abdominal circumference (AC) was measured,
according to the standards, halfway between the coastline
and the upper iliac crest at the level of the mean axillary
line at the end of a normal expiration [11].

The metabolic syndrome was defined, according to the
consensus of the world’s cardiovascular disease study
societies in 2009, by the presence of any of three of the
following five criteria: waist circumference greater than
94 cm in men and over 80 cm in women, blood pressure
≥130 / 85 mmHg or antihypertensive therapy, fasting blood
glucose ≥100 mg% or type 2 diabetes diagnosis, serum
triglycerides ≥150 mg or therapy antidyslipidemic, HDL-
cholesterol values ≤40 mg% in men and ≤5 0 mg% in
women or ↑ HDL-cholesterol therapy [12].

Matthews’ HOMA-IR index (homeostasis model
assessment of insulinresistance), which measures insulin
resistance, was calculated based on the formula: basal
insulinemia (µU / mL) x basal glycaemia (mg%) / 405,
with normal values <2.5 [13]. The QUICKI (Quantitative
Insulin Sensitivity Check Index) score gives the measure
of insulin sensitivity and was calculated according to the
formula: QUICKI = 1 / [log10 (insulin (µL / mL)) + log10
(glycemia (mg / dL)], assuming that at its values ≤ 0.33
we can safely speak of insulin resistance [14]. The McAuley
score (McA), also measures insulin sensitivity and is
calculated by the following equation = exp [2.63 -0.28 In
(insulin in mU / L) -0.31 In (triglyceridemia in mmol / L)];
pathological values being at a McAuley score  ≤ 5.8 [15].

The statistical analysis was performed using SPSS 13.0
for Windows and Microsoft Excel. We tested the normal
distribution of continuous numeric variables using the
Kolmogorov-Smirnov and Shapiro-Wilk tests. The
differences between the means of the continuous
quantitative variables were assessed using the Student (t-
test) test, respectively ANOVA (in the case of the presence
of several categories). The analysis of the differences
between the means of the continuous variables whose
distribution does not meet the normality condition was done
with the help of the Mann-Whitney U test, respectively the
Kruskal Wallis one, in the case of the presence of several
categories. To analyze the differences between the

qualitative variables, the Z (Z-test) test and the Chi squared
test (χ2) were used χ.

A value of p <0.05 was considered statistically
significant.

Results and discussions
The study of lipid metabolism in overweight and obese
patients

Lipid metabolism was studied in overweight and obese
patients compared to normoponderal and detailed levels
of obesity, comparing the means of the following indicators:
total serum cholesterol, HDL-cholesterol, non-HDL-
cholesterol, LDL-cholesterol, serum triglycerides. The
Kolmogorov-Smirnov test confirms the normal distribution
of the continuous variables characterizing lipid metabolism
and thus allows the t test to verify whether the differences
between the means of the lipid metabolism indicators are
significant in overweight and obese compared to
normoweights.

Although the meanmean serum triglycerides level is
higher in the OW+O vs NW group, a p <0.05 value is
significant only for HDL-cholesterol, with normoponderal
values having a significantly higher mean value.

To study lipid metabolism, a second method of analysis
was used to compare the proportion of patients for whom
the values of the lipid metabolism indicators are outside of
the standard norms for normal weight individuals (NW)
compared to overweight and obese (OW + O) and on
degrees of obesity.

In the case of serum triglyceride mean values, the Chi-
square test indicates a double percentage, statistically
higher (p <0.05) than normal (VN <150 mg%) in the OW
+ O group compared to NW. Atherogenic dyslipidemia is a
well-known component of patients with metabolic
syndrome but is also recognized as a traditional factor of
modifiable cardiovascular risk [16, 17]. Dyslipidemia also
appears in the panel of metabolic complications of obesity
[11]. Atherogenic dyslipidemia involves elevated LDL
cholesterol, triglyceridemia, low HDL-cholesterol,
apolipoprotein B and / or VLDL elevation, increased serum
HDL-cholesterol being recently included in this series and
offering an easy clinical estimate of rich cholesterol in
atherogenic particles, including IDL, VLDL, Lp (a), LDL,
apoB100, apoC1 [18].

HDL-cholesterol is a lipid particle formed mostly of
cholesterol, phospholipids and proteins, produced and
secreted by the liver and intestine [19, 20]. HDL-cholesterol
protects the individual against atherogenesis by anti-
inflammatory, anticoagulant, antioxidant, antiaggregant,
and profibrinolytic properties [21-23]. High levels of HDL-
cholesterol are desirable because of their inverse
relationship with the risk of atherosclerosis and the risk of
coronary artery disease, HDL-cholesterol being the so-
called good cholesterol [23, 24]. In our study we found
that there is a downward trend in the mean value of HDL-
cholesterol in terms of weight gain, respectively as the
rate of obesity increases; statistically significant differences
(p <0.05) on mean values of HDL-cholesterol observed
between both normoponderal and overweight and obese,
and between grade I and Normoponderal obese and obese
grade II obese, but also between overweight and obese
grade I.

Hypertriglyceridemia is a well-known defining element of
metabolic syndrome at values exceeding 150 mg%, insulin
resistance-associated atherogenic marker [12]. It is also
proven that in obesity, excess triglycerides in the liver (fatty
liver - hepatic steatosis), skeletal muscles and visceral
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adipocytes with abnormal adipocyte growth lead to insulin
resistance and metabolic syndrome with increased
cardiovascular risk [25, 26]. In a recent meta-analysis, an
important correlation between body mass index and
serum triglyceride level was reported after adjusting the
data by age, gender, race, smoker status, or the amount of
alcohol consumed daily [27]. In our study, mean serum
triglycerides were elevated over the upper limit of normal
(≥150 mg%) in all obesity categories, with statistical
significance (p <0.05) in the proportion of overweight and
obese over the proportion of normoponderal (51% versus
26 %). Smoking cessation is very important for obese
smoker patients.[28, 29,30]

The study of carbohydrate metabolism in overweight and
obese patients.

In 42% of obese and overweight patients, a change in
carbohydrate metabolism (basal altered blood glucose,
glucose tolerance, diabetes mellitus) occurs as opposed
to only 22% in normoponderal patients (fig.  1).

Analyzing in detail, on subgroups of weight status, the
prevalence of diabetes in patients with grade II and III
obesity is statistically significantly higher (p <0.05) than in
normoponderal patients. Also, an almost doubling of the
percentage of patients with grade I obesity (27%) with
basal altered glycemia versus normoponderal (15%) is
observed.

To study the incidence of insulin resistance in overweight
and obese patients with glucose metabolism disorder, two
methods were used:

-The mean values of insulin resistance and insulin
sensitivity scores (HOMA-IR, TGL / HDL-col, QUICKI,
McAuley score) were compared in overweight and obese
patients with glucose metabolism disorder compared to
the rest of the batch-(fig. 2);

- The percentage of patients with pathological values in
insulin resistance and insulin sensitivity scores (HOMA-IR,
TGL / HDL-col ratio, QUICKI, McAuley score) was
calculated and then studied whether this percentage was
increased in overweight and obese metabolic disorders
carbohydrate compared to the rest of the batch- Figure 3.

Applying the Mann-Whitney test, the mean values of
HOMA-IR insulin resistance scores are highly statistically
significant (p <0.001) and TGL/HDL-col ratio statistically
significant (p <0.05) higher in overweight and obese
patients with modified carbohydrate metabolism im
compatison to the remainder of the batch and are
significantly less significant (p <0.001) and statistically
significant (p <0.05) for the mean values of the QUICKI
and McAuley insulin sensitivity scores respectively. The
percentage of overweight and obese patients with
pathological metabolic disorders is significantly higher than
their percentage in the rest of the batch for three out of four
insulin resistance and insulin sensitivity scores: HOMA-IR,
QUICKI and McAuley.

In the present study, overweight and obese patients have
a 42% change in carbohydrate metabolism (basal altered
blood glucose, altered glucose tolerance, type 2 diabetes),
noting that 46% of those with grade II obesity and 50%
those with grade III obesity have diabetes, compared with
only 7% normoponderal and 18% overweight (p <0.05).
Also, the percentage of patients with basal altered blood
glucose is double in subjects with grade I obesity compared
to normoponderal subjects.

The Nurse’s Health study [31], a 20-year follow-up study
on 121,700 women aged 30-55 years, found that the risk
of developing type 2 diabetes was 49 times higher among
women whose body mass index was initially> 35 kg / m²,
compared to women with a body mass index was initially
<22 kg / m² and weight gain of 7.0-10.9 kg after the age of

Fig. 1.  Changes in the carbohydrate
metabolism in the studied group (NW vs.

OW+O)

Fig. 2. Mean values of insulin resistance scores
in overweight and obese patients with

Carbohydrate metabolism disorder
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18 years was associated with a 2-fold increase in the risk
of type 2 diabetes, the increase in risk being proportional to
weight gain [31].

Some data from the literature describe that in the same
degree of obesity, individuals may have normal blood
glucose levels, impaired glucose tolerance or type 2
diabetes, the factors determining glycemic status being
insulin sensitivity and reserve capacity of β-pancreatic cells
[25] which is why we also studied 2 insulin sensitivity
indexes (QUICKI, McAuley) and 2 insulin resistance indices
(HOMA-IR, serum triglyceride ratio / total serum
cholesterol). The present study demonstrated that mean
HOMA-IR insulin resistance scores are highly significant
(p <0.001) and TGL / HDL-col significantly (p <0.05) higher
in overweight and obese patients with modified
carbohydrate metabolism compared to the rest of the batch
and are significantly lower significantly (p <0.001) and
statistically significant (p <0.05) for the mean values of
QUICKI insulin sensitivity scores, respectively McAuley.

The prevalence of HBP in overweight and obese patients
Hypertensive patients were considered to be those

already known for this diagnosis and who were on
antihypertensive therapy or not, and those subjects who
were diagnosed with this pathology only at the time of
inclusion.

The percentage of overweight and obese hypertensive
patients is almost twice as high as the percentage of
hypertensive normoponder, the difference being
statistically significant (p <0.05). At the detailed level of
weight status subgroups, there are statistically significant
differences (p <0.05) between the prevalence of systemic
hypertension in obese versus normoponderal and
overweight versus obese (fig. 4).

Blood hypertension is a modifiable cardiovascular risk
factor, one of the five defining elements of metabolic

syndrome, the prevalence of metabolic syndrome
hypertension in a 2010 study in the general population of
Germany, Spain and Italy being of 36%, 11% and respectively
10% [32]. Of all the patients with hypertension, 61%, 22%
and 21% also had metabolic syndrome [32]. High blood
pressure is a condition commonly associated with obesity,
which has been confirmed by numerous epidemiological
studies, eg in the Swedish Obesity Study, hypertension was
present in 44-51% of the subjects studied [6,33].

Also, one study shows that, including at younger age,
weight gain predisposes to early systemic arterial
hypertension [34]. The study on 18 to 20 year old students
showed that only a slight weight gain of 1.5 pounds (0.68
kg) is sufficient to increase systolic blood pressure by 3-5
mmHg [34].

As we can see in our study, the prevalence of
hypertension reaches about 2-fold higher values in
overweight and obese patients compared to normo-
ponderal patients (74% vs. 41%), statistically significant
differences being obtained also in the case of overweight
versus normoponderal .

The study of insulin resistance in overweight and obese
patients

For the assessment of insulin resistance, as I said above,
2 calculation formulas were used: the HOMA-IR index and
serum triglyceride / HDL-cholesterol (TGL / HDL-col) ratio,
and for the assessment of insulin sensitivity, 2 scores were
calculated: QUICKI and McAuley.

The mean values for all four scores are statistically
significantly different (p <0.05) in overweight and obese
versus normoponderal, higher for HOMA-IR and TGL / HDL-
col ratio, respectively for QUICKI and McAuley score - Table
1,(fig. 5).

Insulin resistance occurs when body cells (hepatic,
striatal, adipose) become less sensitive and possibly insulin-

Fig. 3.  Relationship between insulin resistance –
carbohydrate metabolism - weight status

Fig. 4. Prevalence of HBP normalweight versus
overweight versus obese
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resistant, so that glucose can no longer be absorbed by
cells and remains in the blood, being a trigger for the
secretion of as much as possible insulin (hyperinsulinism)
[35, 36, 37]. In fact, the mechanisms of insulin resistance
in patients with obesity are much more complex: the
increase in adipose cell diameter and infiltration of
macrophages into adipose tissue leads to the release of
proinflammatory cytokines that promote insulin resistance;
additional contributions also bring about insulin secretion
abnormalities in the insulin receptor signal [36]. These
anomalies may result from obesity with relative increase
in the level of free fatty acids and changes in insulin
distribution, which accumulate in adipose tissue [36].

It is also known that normal weight patients may also
have insulin resistance, called metabolic obese, with
normal body weight, but with visceral adipose tissue
growth; in agreement with several theories that analyze
visceral adiposity, while in obese patients there is an
increased flow of free fatty acids that reach the liver through
splanchnic circulation, in those with abdominal fat lipolysis
releases free fatty acids directly into the systemic
circulation, avoiding hepatic metabolism [38-40].

A study by Reaven concludes that obese people with
decreased and / or loss of insulin sensitivity are more likely
to develop cardiovascular disease, but not all overweight
or obese people are insulin resistant [41]. Moreover, insulin
resistance leads to endothelial dysfunction, especially in
combination with other traditional cardiovascular risk

factors, but new direct mechanisms are proven: the
existence of the same insulin-related abnormal cell signals
in striatal muscles, adipose tissue and endothelial cells
[42]. Some clinical trials demonstrate that non-
pharmacological and pharmacological strategies targeting
obesity and / or insulin resistance improve endothelial
function and systemic inflammation, thus lowering the risk
of cardiovascular disease [42].

In this study we demonstrated that there is a statistically
significant difference in both insulin resistance and insulin
sensitivity between the two large studies groups,
overweight and obese versus normoponderal by the study
of the four different scores.

The prevalence of metabolic syndrome in overweight and
obese patients.

Metabolic syndrome (MS) is present in almost 3 quarters
of the patient population (72%), its prevalence being slightly
higher in males than in females, but with no statistical
significance. The prevalence of metabolic syndrome is
double in overweight and obese compared to
normoponderal, the difference being statistically
significant (p <0.001), this difference also beign present
in women- Figure 6.

The prevalence of metabolic syndrome increases as the
degree of obesity increases, the presence being twice as
high, statistically significant (p <0.001)  in subjects with
grade I obesity than in normoponderal ones and statistically

Fig. 5.  The mean values of insulin resistance
and insulin sensitivity scores

Table 1
THE MANN-WHITNEY TEST RESULT

APPLIED TO MEAN VALUES OF INSULIN
RESISTANCE AND INSULIN SENSITIVITY

SCORES

Fig. 6. The prevalence of metabolic
syndrome according to weight status and

sex
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significantly higher (p <0.05) at subjects with grade II
obesity rather than normoponderal subjects - Figure 7.

Analyzing the percentage of patients with pathological
values in the insulin resistance scores, according to
international consensus, in each of the four categories of
weight status and metabolic syndrome prevalence (NW-
MS, NW + MS, OW + O-MS, OW + O + MS ), the following
statistically significant differences (p <0.05) - Figure 8-
were found:

-The percentage of patients with pathological values at
the TGL / HDL-col ratio is higher at OW + O with MS
compared to NW without MS and OW + O without MS;

-The percentage of patients with pathological values at
the TGL / HDL-col ratio is higher in NW with MS compared
to NW without MS and OW + O without MS;

-The percentage of patients with pathological values at
the QUICKI score is higher at OW + O with MS compared
to OW without MS and OW + O without MS.

As is well known, metabolic diseases are the major
health problem of this century, including in our country
[43]. The prevalence of obesity has increased threefold in
the last 10 years in Romania, with a predisposition to
metabolic diseases with extremely adverse consequences
for the individual as well as for the family and society [5].

The prevalence of metabolic syndrome in the present
study was 72%, higher among males (79%) and statistically
significantly higher among overweight and obese
compared to normoponderal (82% vs. 41%), underlining
the fact that the prevalence of metabolic syndrome
increases significantly as obesity increases. The data from
this study is comparable to population studies in the United
States of America that demonstrated a 45% prevalence of
metabolic syndrome in people over 65 years, given that in
our study the mean age of subjects was 58 years [44, 45].
Data from the literature on the prevalence of metabolic
syndrome are different and often controversial. These

Fig. 7.  The prevalence of metabolic syndrome according
to detailed weight status

Fig. 8. he percentage of patients with
pathological values at different insulin resistance
scores based on weight status and prevalence of

metabolic syndrome

differences, including the present study, can be explained
by the lower number of patients enrolled in our analysis,
but also by the definition used in the diagnosis of metabolic
syndrome, criteria in which obesity is no longer considered
mandatory for the diagnosis of metabolic syndrome and
the value of pathological glycemia is e” 100mg% [43, 46,
47].

It is known that the main pathogenetic link of the
metabolic syndrome is insulin resistance, insulin
hyperproduction leading to depletion of â-pancreatic cells
and thus to hyperglycemia and type 2 diabetes even before
this pathology is diagnosed when atherogenic dyslipidemia
[35-37].

We also intend to study insulin resistance and insulin
sensitivity through multiple scores among obese and
overweight subjects who associate metabolic syndrome
(HOMA-IR, TGL / HDL-col, QUICKI, McAuley). We obtained
statistically significant differences (p <0.05) both by
comparing batch of overweight and obese with metabolic
syndrome with normoponderal without metabolic
syndrome and by comparing overweight and obese groups
with and without metabolic syndrome, thus proving that
the metabolic syndrome is the main “culprit” for insulin
resistance increased insulin sensitivity associated with
weight gain.

Study limits: the existence of a small number of subjects
with grade III obesity included in the study due to the initial
exclusion criterion from the study of the presence of
symptoms and / or diagnosis of cardiac disease.

Conclusions
Overweight and obese patients show changes in
atherogenic lipid metabolism, glucose metabolism,
diabetes being about 7 times more common among people
with grade II and III obesity compared to normoponderal
subjects.
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Systemic arterial hypertension and obesity have a directly
proportional relationship, the prevalence of hypertension
increasing with weight gain, overweight status increasing
the risk of being hypertensive about 2-fold.

Overweight and obese patients have both increased
insulin resistance and low insulin sensitivity compared to
normoponderal subjects, at risk of developing metabolic
syndrome 2 times higher than normoponderal individuals.
The metabolic syndrome is the main “culprit” for increased
insulin resistance and low insulin sensitivity associated with
weight gain.

In conclusion, this study has shown that the overweight
and obese, although unknown to have heart disease, have
significant metabolic changes, which are the first steps
towards endothelial dysfunction, subclinical athero-
sclerosis and early cardiovascular disease.
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