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ABSTRACT

Objectives: Objectives: It is known that insulin resistance increases cardiovardiovascular risk. But it could
not obviously be understood whether insulin resistance itself or the metabolic syndrome parameters, like obe-
sity, that already exist in most of them, are responsible for this increased risk. Our aim is to determine cardio-
vascular risks in obese and non-obese insulin-resistant patients.

Methods: One hundred thirty-nine patients were included in the study. They were divided into 4 groups: Group
1 (having obesity and insulin resistance), Group 2 (having only insulin resistance but not obesity), Group 3
(having obesity but not insulin resistance), and Group 4 (having neither obesity nor insulin resistance). Patients
having any systemic disease were excluded. Insulin resistance is calculated via Homeostatic Model Assessment
of Insulin Resistance (HOMA-IR) formula. Electrocardiographic, echocardiographic and lipid parameters of
these patients were compared.

Results: High-density lipoprotein (HDL) levels of Group-4 were higher than Group 1 and Group 2. There was
no statistical difference in HDL cholesterol levels between Group 3 and the others. Triglyceride and very low-
density lipoprotein levels were higher in Group 1. There was no difference in P wave dispersion between the
groups. In echocardigraphy, epicardial fat tissue thickness of Group 1 was significantly higher. Prevalance of
diastolic dysfunction was higher in Group 1 compared to Group 4.

Conclusion: Insulin resistance itself is a risk factor for low HDL levels independent of obesity. When obesity
is added to insulin resistance, other cardiovascular risk factors appear, like high triglyceride levels, increase in
epicardial fat tissue thickness and presence of diastolic dysfunction. Early detection of insulin resistance may
alert us to the risks of cardiovascular diseases.
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Does insulin resistance increase cardiovascular risk?

HOMA-IR is calculated above 2.7. [1, 2].

Metabolic syndrome (MS) is a collection of car-
diometabolic risk factors that includes obesity, insulin
resistance, hypertension, and dyslipidemia [3]. In
many cases, metabolic syndrome or insulin resistance
is accompanied by obesity. To determine obesity,
mostly body mass index (BMI) and waist circumfer-
ence measurements are used. BMI over 30 kg/m2
shows obesity.

It is well known that obesity and metabolic syn-
drome are important risk factors for cardiovascular
diseases. The relation between metabolic syndrome
and cardiovascular diseases is thought to be based on
insulin resistance and the hyperinsulinemia following
it [4]. However, insulin resistance and all the compo-
nents of metabolic syndrome are accepted as cardiac
risk factors.

There are many studies in the literature that shows
an increased risk of hypertension, dyslipidemia, heart
failure, coronary artery diseases, and arrhythmias in
patients with metabolic syndrome or insulin resistance
[5-10]. Also, diastolic and systolic functions of the
heart are worse affected in those groups of patients.

In many of those studies, patients with insulin re-
sistance or metabolic syndrome also have increased
body mass index. As a result, it couldn’t obviously be
understood whether insulin resistance itself or obesity,
which is seen in most of them, is responsible for car-
diovascular risks in these patients. To our knowledge,
there are no studies evaluating cardiac risks in obese
and non-obese patients with insulin resistance.

Our aim in this study is to observe obese and non-
obese insulin-resistant patients in terms of determining
cardiovascular risks in this group.

METHODS

One hundred and thirty-nine patients, who were ad-
mitted to the outpatient clinic of Internal Medicine for
some reason without acute inflammatory or infectious
disease that could change blood sugar and insulin lev-
els and known systemic diseases were included in the
study. The demographic features of patients are shown
in Table 1. These patients were divided into 4 groups:
Group 1 (Patients that have both obesity and insulin
resistance), Group 2 (Patients that only have insulin
resistance but not obesity), Group 3 (Patients that only

have obesity but not insulin resistance), and Group 4
(Patients without obesity and insulin resistance; con-
trol group). These groups were matched in terms of
age and sex.

All the subjects were evaluated first for the pres-
ence of any systemic disease. Patients that have dia-
betes mellitus, hypertension, coronary artery disease,
heart failure, kidney failure, renal failure, cardiac ar-
rhythmias, hypothyroidism, hyperthyroidism, valvular
heart disease, electrolyte imbalance, age under 20 and
over 70 were excluded.

The patients underwent complete physical exam-
ination and laboratory tests including fasting blood
glucose, insulin, glycated hemoglobin (HbA1c), urea,
creatinine, hemogram, aspartate aminotransferase, ala-
nine aminotransferase, total cholesterol, low-density
lipoprotein (LDL)-cholesterol, high-density lipopro-
tein (HDL)-cholesterol, triglyceride, free t4, thyroid
stimulating hormone, sodium, potassium, calcium, and
magnesium. Insulin resistance is calculated via
HOMA-IR formula. The formula HOMA-IR = fasting
glucose(mg/dL) x insulin (U/mL) /405 was used to de-
termine the HOMA-IR score. Patients having HOMA -
IR values over 2.7 were accepted as insulin resistant.
Body mass indexes (BMI) were calculated for each of
the patients. The physical examinations and medical
evaluations of the patients were done by the same doc-
tor [1, 2].

Also, patients were evaluated by electrocardiog-
raphy (ECG) and echocardiography. P wave disper-
sions in ECG were calculated. Echocardiography was
performed by a cardiologist. In echocardiography, the
left ventricular mass index, epicardial fat tissue thick-
ness, myocardial performance index, sol atrial volume,
and E/E’ were the main parameters. Patients were also
investigated whether they had diastolic dysfunction.
Standard parasternal, apical, and subcostal views were
used using a 3. 5 MHz transducer from the VIVID 5S
GE Medical System in Istanbul, Turkey, for the two-
dimensional echocardiography. Measurements were
made in the parasternal long-axis view of the left
atrium (LA), left ventricular end-diastolic diameter
(LVEDD), and interventricular septum diameter
(IVSD). Using a two-dimensional picture of the LV
chamber during systole and diastole in the 4- and 2-
chamber apical views, the left ventricular ejection
fraction was determined using Simpson's formula. The
diagnosis of left ventricular hypertrophy (LVH) was
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Table 1. Distribution of demographical features

Mean£SD Min-Max

Age (year) 46.81+8.75 25-68
Height (cm) 162.28+7.85 146-186
Weight (kg) 78.77+£16.63 49-133
BMI (kg/m?) 29.89+5.87 19-47
Waist circumference (cm) 95.35+13.17 72-132
Gender n %

Female 113 81.3

Male 26 18.7

BMI=Body mass index, SD=standard deviation, Min=minimum, Max=maximum

made using the algorithm suggested by the American
Society of Echocardiography (ASE) for predicting LV
mass from 2D linear LV measures and indexed to body
surface area (the cut-off values were LVMI >115 g/m?
for men and >95 g/m? for women) [11]. The pulsed-
wave Doppler gate was positioned in the LV at the
level of the mitral valve margins, and mitral valve in-
flow was captured in the apical 4-chamber view. We
measured the phase E deceleration time and the E/A
ratio. The flow pattern via the aortic and mitral valves
could be registered and the isovolumic diastolic time
could be calculated simultaneously with the apical 5-
chamber image. Mitral annular velocity was measured
using tissue Doppler imaging in the apical views. The
sample volume was adjusted as necessary (often 5-10
mm) to cover the longitudinal excursion of the mitral

Table 2. Age and gender distribution of groups

annulus during diastole, with the sample being placed
at or within 1 cm of the septal insertion sites of the mi-
tral leaflets. Additionally, the E/E' ratio and mitral sep-
tal annulus early diastolic velocity (septal E') were
computed. LA volume measured by biplane area-
length method: Orthogonal apical views, apical four
and two-chamber views are obtained for determination
of LA area and length. The length is determined from
the middle of the plane of the mitral annulus to the
posterior wall. Left atrial volume is calculated on the
basis of the algorithm 0.85xA1xA2/L; where A1 and
A2 are the areas of LA in four and 5 two-chamber
views and L is the shortest of the lengths obtained
from the orthogonal views and indexed to body sur-
face area.

Epicardial adipose tissue (EAT) measurement by

Group 1 Group 2 Group 3 Group 4 P value
(Obese + IR) (IR) (Obese) (Control)
m=37) (n=32) (n=32) (n=38)
Age (years)
Mean+SD 46.97+9.11 46.63+8.03 47.63+10.59 46.13+7.44 0.913°
Median (Min-Max) 47 (28-68)) 46.5 (31-64)) 49 (25-65) 46.5 (29-61)
Gender, n (%)
Female 29 (78.4) 25(78.1) 27 (84.4) 32 (84.2) 0.842°
Male 8(21.6) 7 (21.9) 5 (15.6) 6 (15.8)

IR=insulin resistance, SD=standard deviation, Min=minimum, Max=maximum. *One Way Anova Test, ®Pearson Chi-Square

Test
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echocardiography is defined as an echo-free space
above the right ventricular free wall by transthoracic
echocardiography and measured the thickness from
the anterior aspect of the right ventricular free wall
through parasternal long axis window.

The study obtained approval from the local ethic
committee (no: 89513307/1009/ 284 and date:
06.05.2014)nd it has been carried out as per the
Helsinki Declaration. All the participants gave in-
formed consent before they were included in the study.

Statistical Analysis

The statistical analysis was conducted using the
NCSS (Number Cruncher Statistical System) 2007
Statistical Software (Utah, USA) application. The
Oneway Anova test was used for the intergroup com-
parisons of parameters with normal distribution during
the evaluation of the study data, regarding the com-
parisons of quantitative data as well as descriptive sta-
tistical methods (Mean, Standard deviation, median,
frequency, and ratio), and the Tukey HSD test was
used to determine the group causing the difference.
When comparing parameters between groups that did
not have a normal distribution, the Kruskal-Wallis test
was utilized, and the Mann-Whitney U test was used

Table 3. Distribution of laboratory findings

to identify the group that caused the difference and to
evaluate the performance of the two groups. For the
comparison of qualitative data, Yates Continuity Cor-
rection and Pearson Chi-Square tests were applied. At
a significance level of P<0.05, the data were assessed
using a 95% confidence interval.

RESULTS

A total of 139 participants, 81.3% (n=113) female and
18.7% (n=26) male, aged between 25-68 years, were
included in this study. Demographic parameters are
shown in Table 1. The patients were divided into 4
groups according to the presence of insulin resistance
and obesity. The age and sex distribution of the groups
are shown in Table 2. Lipid profiles, P wave dispersion
in ECG, and echocardiography parameters were com-
pared between the groups.

Laboratory parameters were shown in Table 3, and
lipid profile distributions of the groups were shown in
Table 4. There was no statistically meaningful differ-
ence between the groups in LDL-cholesterol and total
cholesterol levels (P>0.05). HDL-cholesterol levels of
Group 4 were higher than Group 1 and Group 2

Mean+SD Min-Max
Glucose (mg/dL) 95.60+10.00 76-121
HbAlc (%) 5.44+0.36 4.2-6.4
Insulin (nU/mL) 12.56+6.79 3.3-38.9
Urea (mg/dL) 27.65+6.79 13-51
Creatinine (mg/dL) 0.67+0.15 0.24-1.22
AST (U/L) 22.30£7.29 12-61
ALT (U/L) 24.83+20.71 6-209
Total cholesterol (mg/dL) 224.84+42.89 123-359
LDL cholesterol (mg/dL) 144.52+34.66 72-217
HDL cholesterol (mg/dL) 53.19+12.31 27-92
Triglyceride (mg/dL) 135.48+90.92 26 - 678
VLDL cholesterol (mg/dL) 26.96+17.94 6-136
HOMA-IR 2.99+1.72 0.74-11.10

HbAlc= glycated hemoglobin, AST= aspartate aminotransferase, ALT= alanine aminotransferase, HDL=high density
lipoprotein, VLDL=very low density lipoprotein, HOMA-IR= Homeostatic Model Assessment of Insulin Resistance,

SD=standard deviation, Min=minimum, Max=maximum
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Fig. 2. Triglyceride level distribution of groups.
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Fig. 3. VLDL cholesterol level distribution of groups.

(P<0.05). No statistical difference was detected in
HDL cholesterol levels between Group 3 and the oth-
ers (Fig. 1). Triglyceride and VLDL-cholesterol levels
of Group 1 were higher than Group 3 and Group 4
(P<0.01). Triglyceride and VLDL-cholesterol levels
of Group 2 were higher than Group 3 (P<0.05). (Figs.
2 and 3).

The results of echocardiography parameters were
shown in Table 5. There was no difference in P wave
dispersion, left ventricular mass index, myocardial
performance index, and E/E ratio between the groups
(P>0.05). Epicardial fat tissue thickness of Group 1
was significantly higher than Group 2, Group 3, and
Group 4 (P<0.01) (Fig. 4). Left atrial volumes of
Group 2 were statistically lower than Group 3 and
Group 4 (P<0.05) (Fig. 5).

The prevalence of diastolic dysfunction was
higher in Group 1 compared to Group 4 (P<0.01).
(Fig. 6). The distribution of echocardiography param-
eters of all the groups were shown in Table 6

DISCUSSION

The leading cause of death in the world continues to

be diseases of the cardiovascular system. Cardiovas-
cular diseases (CVD) include hypertension, coronary
heart disease, congestive heart failure, atherosclerosis,
cerebrovascular diseases, peripheral artery diseases,
and conditions that often occur in combination. In
2012 and 2013, CVD was estimated to result in 17.3
million deaths worldwide on an annual basis [12, 13].

Table 5. Distribution of echocardiography
parameters

MeantSD  Min-Max

Left ventricular mass 71.40+15.13 37-134
index (g/m?)
Epicardial fat tissue 2.39+1.22 1-6
thickness (mm)
Myocardial performance 0.41£0.10  0.14-0.70
index
Left atrial voliime 17.49+4.42 7-30
(mL/m?)
E/E' 6.55+£1.69  3.40-11.20
Diastolic dysfunction n %
No 82 59.0
Yes 57 41.0
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Fig. 6. Presence of diastolic dysfunction distribution of groups.

And this number of deaths is expected to reach 23 mil-
lion by the year 2030. Many individuals in the general
population have one or more risk factors for CVD. The
five leading modifiable risk factors (hypercholes-
terolemia, diabetes, hypertension, obesity, and smok-
ing) are estimated to be responsible for more than half
of cardiovascular mortality [14]. The increase in risk
when multiple risk factors are present has been noted
in several studies [15, 16].

Many risk factors for CVD are modifiable by spe-
cific preventive measures. In this study we focused on
insulin resistance that can later lead to diabetes melli-
tus, which is reported as a coronary heart disease risk
equivalent, thereby elevating it to the highest risk cat-
egory. It has also been suggested as an important risk
factor in the development of metabolic syndrome, a
cluster of abnormalities comprising glucose intoler-
ance, dyslipidemia, high blood pressure, and impaired
fibrinolysis activity that is associated with an in-
creased risk of developing type 2 diabetes mellitus and
CVD. For this reason, detecting insulin resistance, di-
agnosing patients in the prediabetic stage, and taking
preventive measures by modifying environmental risk
factors may reduce total cardiovascular mortality in

the population. There are many studies that show in-
creased cardiovascular risk in insulin-resistant patients
[17, 18].

Obesity is the most important cause of insulin re-
sistance and also a component of metabolic syndrome.
It is well demonstrated that obesity is a risk factor for
type 2 diabetes and CVD [19]. In the literature, studies
made about insulin resistance and metabolic syndrome
mostly contain obese individuals also. This close as-
sociation between insulin resistance and obesity has
made it difficult to establish whether insulin resist-
ance, independent of obesity, is associated with car-
diovascular risk. But it must be borne in mind that
there are also non-obese insulin-resistant individuals.

Our study aimed to see the cardiovascular risks of
non-obese insulin-resistant patients. For this purpose,
we looked at the lipid profiles of these patients and
performed ECG, and echocardiography on each of
them. Then we compared the results with the control
and the obese group.

In the lipid profile, we saw that obesity alone does
not contribute to a decline in HDL levels. But insulin
resistance alone, without obesity, triggers low HDL
levels. In patients having both insulin resistance and
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obesity, HDL - cholesterol levels were lower than the
control group. Neither insulin resistance nor obesity
alone correlates with triglyceride levels. But in non-
obese insulin-resistant patients, triglyceride levels are
found higher than in the obese, insulin-sensitive group.
When obesity and insulin resistance come together,
triglyceride levels reach to significantly higher levels
compared to control group.

Results detected in triglyceride were also valid for
VLDL-cholesterol. There was no statistically mean-
ingful difference between the groups in LDL-choles-
terol and total cholesterol levels. These results were
similar to the ones found in the study done by Piché
et al.[20] in 2005. But differently, our study showed
that insulin resistance is a risk factor for low HDL-
cholesterol levels independent of obesity. Also,
triglyceride levels in insulin-resistant non-obese pa-
tients were found higher than insulin-sensitive obese
patients. This suggested that insulin resistance may be
a more important risk factor for high triglyceride lev-
els than obesity.

The diminished antilipolytic activity of insulin can
be used to explain the independent role of insulin re-
sistance in the variation in triglyceride concentrations.
This causes a rise in the amount of free fatty acids in
the blood and their flow to the liver, which can pro-
mote the synthesis of triglycerides [21]. Another study
found that the dysregulation of intramyocellular fatty
acid metabolism was related to insulin resistance in
the skeletal muscle of healthy, young, thin, insulin-re-
sistant offspring of people with type 2 diabetes. These
changes in fatty acid metabolism might serve as a con-
nection between insulin resistance and hypertriglyc-
eridemia [22].

In a different study conducted in 2003 by Nieves
et al. [23], they discovered that non-obese insulin-re-
sistant patients had different lipid-lipoprotein profiles
than non-obese insulin-sensitive individuals (higher
concentrations of triglycerides, LDL cholesterol, and
apo-B, and lower concentrations of HDL cholesterol).
In the electrocardiography of patients, there was no
meaningful difference between groups in terms of P
wave dispersion. In echocardiography, we found that
neither obesity nor insulin resistance alone has an in-
dependent risk for developing diastolic dysfunction.
But when they are seen together, diastolic dysfunction
prevalence increases. Carvalho et al. [24] discovered

that people with increased insulin resistance had lower
diastolic function measures in their study. In addition,
Dinh et al. [25] showed that insulin resistance was a
separate factor in the development of LVDD in a sam-
ple of chosen non-diabetic patients undergoing elec-
tive coronary angiography. In another study performed
by Russo et al. [26], they demonstrated an independ-
ent association between LVDD and obesity.

Subclinical left ventricular diastolic dysfunction
(LVDD) is widespread in the population and is known
to be a significant indicator of long-term mortality and
heart failure. The identification of these asymptomatic
abnormalities in left ventricular function and the early
detection of its primary risk factors are of particular
importance, according to current heart failure recom-
mendations [27]. According to certain research,
changes in diastolic function, which are already pres-
ent in pre-diabetic patients [28], may be linked to the
condition of insulin resistance and occur before the
onset of diabetes. MS, also known as insulin resistance
syndrome, is a collection of risk factors for cardiovas-
cular disease that have been demonstrated to work in
concert to raise the chance of unfavorable cardiovas-
cular events as well as to cause subclinical alterations
in heart structure and function. Indeed, LVDD is more
common among patients with metabolic syndrome
[29].

In our study, like diastolic dysfunction, it is found
that obesity or insulin resistance alone are not directly
related to increased epicardial adipose tissue (EAT)
thickness. But when they are seen together, this causes
an increase in EAT thickness.

EAT is a part of the visceral fat deposit. It has en-
docrine, paracrine, vasocrine, and inflammatory ef-
fects and is related to metabolic syndrome, insulin
resistance, coronary artery disease, and hypertension
[30, 31]. EAT produce various cytokines and vasoac-
tive peptides such as free fatty acids, interleukin-6 (IL-
6) and tumor necrosis factor-o (TNF-a), angiotensin
I1, and plasminogen activator inhibitor, all of which
increase the cardiovascular risk [32]. In patients with
significant coronary artery disease, higher levels of
chemokines and cytokines were detected in epicardial
fat tissue [33]. Also, a relationship between EAT thick-
ness and coronary artery calcification score and sever-
ity of coronary heart disease was detected in a study
by Picard et al. [34].
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Limitations

Main limitations of this study is its low sample
size and being unable to rule out contribution of ge-
netic factors which are very important for cardiovas-
cular risk determinants.

CONCLUSION

In conclusion, early detection of insulin resistance
may alert us to the risks of cardiovascular diseases. In-
sulin resistance itself is a risk factor for low HDL-cho-
lesterol levels independent of obesity. We should also
consider cardiovascular risk factors in cases of insulin
resistance not accompanied by obesity and we should
screen these patients for dyslipidemia. When obesity
1s added to insulin resistance, other cardiovascular risk
factors appear, like high triglyceride levels, an increase
in epicardial fat tissue thickness, and the presence of
diastolic dysfunction. Future studies will evaluate
whether administering medications that boost insulin
sensitivity can enhance the structure and function of
the myocardium, particularly diastolic function, or
have a positive impact on the lipid profile.
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