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Abstract. Cardiovascular disease (CVD) is recognized as 
a leading cause of death worldwide. Obesity, dyslipidemia, 
insulin resistance (IR), interconnected pathological conditions 
constitute risk factors that are closely associated with CVD. 
The aim of the present study was to highlight the association 
of IR with cardiovascular risk (CVR). The epidemiological, 
cross‑sectional, non‑interventional study was conducted over 
12 months (2019‑2020) within a research grant and included 
a sample of 400 subjects divided into 2 subgroups: group 1 
(control) subjects did not have diabetes (n=200) and group 2 
had type 2 diabetes (T2DM) (n=200). The Framingham risk 
score (FRS) was calculated according to the 2008 general CVD 
risk model from the Framingham Heart Study. Subsequent to 
a correlation of the value of homeostasis model assessment of 
insulin resistance (HOMA‑IR) with the degree of CVR, the 
IR was higher in both groups, and CVR also increased. After 
being quantified by the Spearman correlation coefficient, 
the correlation in group 2 was higher at 0.625 compared to 
group 1 where this coefficient had a value of 0.440. A high 
FRS (FRS of 20%) was significantly associated with IR. The 

results therefore show that HOMA‑IR is an independent risk 
factor for high FRS. New therapies focused on decreasing IR 
may contribute to decreased CVD.

Introduction

Cardiovascular disease (CVD) is recognized as a leading cause 
of death globally. Obesity, dyslipidemia, insulin resistance 
(IR), and interconnected pathological conditions are consid‑
ered risk factors closely associated with CVD. IR is defined as 
a reduction in insulin sensitivity in peripheral tissues (1). It is 
manifested especially in the tissues that depend on the action 
of insulin for intracellular transport of glucose: liver, muscle 
and adipose tissue. The effects of IR are, however, multiple, 
as insulin exerts physiological actions on carbohydrate, lipid 
and protein metabolism, as well as on endothelial function (2).

Excess adipose tissue is not an inert tissue, it can directly 
produce and release inflammatory cytokines and other 
atherogenic molecules and it is associated with a low insulin 
response (3). Similarly, the liver takes up increased amounts 
of lipids from increased endogenous production and absorp‑
tion of fatty acids from the blood, the consequence being the 
appearance of IR at this level. Insulin‑resistant liver increases 
gluconeogenesis and decreases glycogen synthesis, perpetu‑
ally increasing blood glucose levels (4). The combination of 
hepatic IR and high levels of circulating fatty acids also leads 
to increased very low‑density lipoprotein (VLDL) produc‑
tion, lower high‑density lipoprotein (HDL) cholesterol and 
low‑density lipoprotein (LDL) particles, all of which are asso‑
ciated with an increased risk of heart disease (5,6).

IR increases the release of free fatty acids from adipo‑
cytes, which increases circulating levels of free fatty acids, 
which stimulates the synthesis of triglyceride‑rich VLDL 
particles in the liver, leading to increased HDL and triglyc‑
eride (TG)‑rich LDL particles. The increase in triglycerides 
in lipid particles changes their metabolism. HDL particles 
are hydrolyzed more rapidly and HDL levels decrease. LDL 
particles are further subjected to lipolysis leading to the 
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formation of small and dense LDL particles. The resulting 
dyslipidemia is extremely atherogenic and represents at least 
part of the increased risk of CVD in insulin‑resistant individ‑
uals (7,8). Increased accumulation of lipids in the pancreas 
affects its response to increased plasma glucose levels and 
reduces insulin secretion (9).

At the level of the skeletal muscle, IR causes a decrease 
in peripheral glucose utilization, contributing to chronic 
hyperglycemia and/or hyperinsulinism  (10). In addition 
to these organ‑specific effects, hyperinsulinemia (itself a 
consequence of IR) increases blood pressure by activating 
the sympathetic nervous system (11). IR also decreases the 
synthesis and release of nitric oxide, which can directly affect 
vascular function thereby increasing cardiovascular risk 
(CVR) (12,13). In addition, hyperglycemia has been associ‑
ated with the increased production of reactive oxygen species 
in several organ systems, which has been independently 
linked to CVD (14,15).

Taken together, these mechanisms suggested various 
pathways by which IR, hyperinsulinemia, and hyperglycemia 
directly contribute to the development and progression of 
atherosclerotic disease (16,17). The aim of the present study 
was to emphasize the association of IR with CVR.

Patients and methods

Study population. The epidemiological, cross‑sectional, 
non‑interventional study was conducted over 12  months 
(1  October, 2019‑30 September, 2020) and included 
400  subjects divided into 2  groups: group 1 (control) 
subjects did not have diabetes (n=200) and group  2 had 
type 2 diabetes (T2DM) (n=200). Subject characteristics are 
provided in Table I.

Caucasian subjects without a history of carbohydrate 
metabolism and patients diagnosed with T2DM at the begin‑
ning of the study were included, according to the criteria of the 
American Diabetes Association (ADA) with minor modifica‑
tions (18). Subjects with acute metabolic imbalance, acute or 
chronic diseases, drug treatments that potentially experience 
a secondary disruption of carbohydrate metabolism were 
excluded.

Informed consent was signed, in full knowledge of the 
facts, by each participant in the study, after all the necessary 
aspects were communicated to take a decision for or against 
participation in the study. This study was approved by the 
Academic and Scientific Ethics and Deontology Committee 
of the University of Medicine and Pharmacy in Craiova (regis‑
tration no. 18/2019) in accordance with the European Union 
Guidelines (Declaration of Helsinki), in accordance with good 
clinical practice, respecting the right to integrity, confidenti‑
ality, or the option of the subject to withdraw from the study 
at any time.

Demographic data (age, sex), personal pathological 
history (diabetes, treated/untreated hypertension), lifestyle 
data aimed at identifying smoker status were collected. In 
this regard, the patients completed a questionnaire, the 
answers being subsequently grouped into the categories: 
current smoker, former smoker and non‑smoker. Respondents 
admitting to consuming ≥100 cigarettes during their lifetime 
and who, at the time of the survey, smoked daily, or several 

days or weeks were defined as current smokers. Respondents 
who reported smoking ≥100 cigarettes during their lifetime 
and who, at the time of the survey, no longer smoked were 
regarded as former smokers. Respondents who stated that 
they smoked <100 cigarettes during their lifetime were inter‑
preted as non‑smokers (19). Blood pressure was measured 
using an automated sphygmomanometer after the subjects 
were relaxed and seated for >10 min.

Laboratory tests. Subjects were required to fast for ≥12 h 
and avoid a high‑fat diet or alcohol consumption prior to 
blood sampling. The blood samples obtained were stored in 
a refrigerator at 4˚C and subsequently sent to the hospital 
laboratory. Clinical biochemical tests measured were repre‑
sented by the fasting plasma glucose (FPG); fasting insulin; 
fasting lipid profiles, especially HDL cholesterol and total 
cholesterol (TC).

Assessment of IR. IR was assessed via HOMA‑IR (20), which 
was expressed as:

Subjects were considered to have IR if the value of HOMA‑IR 
index was ≥1.9.

CVR assessments. The 2008 Framingham risk score (FRS) 
assessments were employed to determine the risk of CVD (21). 
CVR stratification was performed in the 3 categories: low risk 
(<10%), moderate risk (10‑20%), and high risk (>20%).

Statistical analysis. Data were analyzed using the Statistical 
Package for the Social Sciences software, version 26.0 (IBM 
Corp.). Patient characteristics and clinical data are expressed 
as means ± standard deviations for continuous variables and 
countable with percentages for discrete variables. Descriptive 
statistics were provided. Differences among groups with 
varying HOMA‑IR levels were compared via one‑way ANOVA 
and Post Hoc Multiple Comparisons for continuous data and the 
Chi‑square test was used for categorical data. Pearson's analysis 
was used to evaluate the correlation of CVD risk factors and 
HOMA‑IR levels. Multiple logistic regression analysis was 
used to adjust for covariates. Receiver operating characteristic 
(ROC) curve was used to assess the utility of the HOMA‑IR 
to predict a high FRS. In addition, a favorable cut‑off point and 
the corresponding sensitivity, specificity, and area undercurve 
(AUC) were determined. P<0.05 (two‑sided) was regarded as 
statistically significant.

Results

Patient characteristics. The general characteristics of the partic‑
ipants are summarized in Table I. The groups were constructed 
without significant differences in terms of sex, age, mean of 
systolic blood pressure (SBP), personal history of hyperten‑
sion, HDL‑C and TC values. Evaluating the average value of 
HOMA‑IR in the two groups, an average value of 2.116±1.725 
was obtained for the group without DM. For the group with 
T2DM, an average value of 4.402±2.794 was obtained, with a 
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statistically significant difference (P<0.001) between the two 
groups. This confirms the close association of IR with T2DM.

Following evaluation of CVR for the two groups, an 
average value of 16.23±9.6 was obtained for the group without 
diabetes and 23.20±8 for the group with T2DM (Table I). The 
results indicated a statistically significant difference (P<0.001), 
confirming diabetes as an important factor in increasing 
CVR. Analyzing the groups regarding the presence of IR, the 
following data were obtained: in group 1 IR was registered in 
35.7% of patients, while in group 2 it was 79% (Table I). The 
results indicated a statistically significant difference (P<0.001) 
in favor of patients with diabetes.

Stratifying CVR by groups, in group  1 there were no 
significant differences among the CVR categories, unlike 
group 2 where most patients had a moderate or increased CVR 
(24 or 68%, respectively), with a statistically significant differ‑
ence (P<0.001) in favor of the T2DM (Table II).

The distribution of CVR in the two groups according to the 
presence of IR was evaluated. The results showed that most of 
the individuals without diabetes (group 1) and without IR were 
in the low CVR category (44.44%), while individuals with 
IR were predominantly in the high CVR category (65.71%) 
(Fig. 1A). In patients with T2DM (group 2), the risk was evenly 
distributed in those without IR, but for those with IR the 
present risk was predominantly increased (78.48%) (Fig. 1B).

After correlating the value of HOMA‑IR with the degree of 
CVR it was observed in both groups that as the IR increased, 
the CVR also increased. However, in group 2, the correlation 
was higher, quantified by a value of the Spearman correlation 
coefficient of 0.625, compared to group 1 where this coeffi‑
cient had a value of 0.440 (Fig. 2A and B).

In group 1, the area under the ROC curve for HOMA‑IR as 
a predictor of increased CVR (≥20%) was 0.797. The optimal 
cut‑off value of HOMA‑IR for high CVR prediction was 1.965 
with a sensitivity of 65.7% and specificity of 82.5% (Fig. 3A 
and Table III).

In group 2, the area under the ROC curve for HOMA‑IR as 
a predictor of increased CVR (≥20%) was 0.867. The optimal 
cut‑off value of HOMA‑IR for high CVR prediction was 2.926 
with a sensitivity of 82.4% and specificity of 75% (Fig. 3B and 
Table III).

Discussion

As expected, in the present study, IR was found at a higher 
percentage among patients with diabetes when compared 
with individuals without diabetes. In addition, the CVR was 
statistically significantly higher among patients with diabetes 

Table II. Stratification of cardiovascular risk in the two groups.

Framingham risk 
score	 Group 1 (%)	 Group 2 (%)	 P-value

Low	 34.67	 8	 P<0.001
Moderate	 29.6	 24	 P<0.005
High	 35.7	 68	 P<0.001

Group 1, control subjects without DM; group 2, subjects with type 2 
diabetes.

Table I. General characteristics of the study participantsa.

	 Total	 Group 1	 Group 2
Variables	 (n=400)	 (n=200)	 (n=200)	 P‑value

Age (years)	 62±10.261	 61.83±10.231	 62.16±10.313	 0.728
Sex (%)
  Women	 50	 50	 50
  Men	 50	 50	 50
SBP (mmHg)	 139.16±22.09	 139.88±20.09	 138.44±23.95	 0.515
The presence of IR (%)		  35.7	 79	
HOMA‑IR index	 3.259±2.586	 2.116±1.725	 4.402±2.794	 <0.001
FRS (%)	 19.75±9.48	 16.23±9.6	 23.20±8	 <0.001
Smoker (%)	 12	 17	 7	
HTN (%)	 69.5	 59	 80	
DM (%)	 50	 ‑	 100	
HDL‑C (mg/dl)	 52.71±16.10	 56.19±18.44	 49.23±12.47	 <0.001
TC (mg/dl)	 207.54±49.70	 221.04±54.00	 194.04±40.86	 <0.001

aClinical characteristics are expressed as the mean ± SD for continuous variables and n (%) for categorical variables. P‑values were derived 
from a one‑way analysis of variance (ANOVA) for continuous variables and Chi‑square tests for categorical variables. SBP, systolic blood pres‑
sure; IR, insulin resistance; FRS, Framingham risk score; HOMA‑IR, homeostasis model assessment of insulin resistance; HTN, hypertension; 
DM, diabetes mellitus; HDL‑C, high‑density lipoprotein‑cholesterol; TC, total cholesterol. Group 1, control subjects without DM; group 2, 
subjects with type 2 diabetes.
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Figure 1. Distribution of cardiovascular risk according to the presence of IR. (A) Patients without diabetes (group 1), and (B) with T2DM (group 2). IR, insulin 
resistance; HOMA‑IR, homeostasis model assessment of insulin resistance; T2DM, type 2 diabetes mellitus.

Figure 2. Correlations between the value of HOMA‑IR and FRS. (A) Patients without diabetes (group 1), and (B) with T2DM (group 2). HOMA‑IR, homeo‑
stasis model assessment of insulin resistance; T2DM, type 2 diabetes mellitus; FRS, Framingham risk score. 

Figure 3. Receiver operating characteristic (ROC) curve for the HOMA‑IR index as a predictor of the FRS. (A) Patients without diabetes (group 1), and 
(B) with T2DM (group 2). HOMA‑IR, homeostasis model assessment of insulin resistance; FRS, Framingham risk score; T2DM, type 2 diabetes mellitus. 
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vs. individuals without diabetes. CVR was significantly 
higher among people with IR with or without DM providing 
that IR is a pathological condition with adverse cardiovas‑
cular influences.

Early identification of IR, lifestyle and dietary interventions 
could decrease the development and progression of IR and its 
detrimental consequences on the liver, kidney, blood pressure, 
heart and endothelium (22‑27). Lifestyle interventions include 
body weight loss of >5% of initial weight, physical activity for 
150 min/week or more, or a regular exercise program. Dietary 
interventions include daily calorie restriction by reducing 
500 Kcal from regular food intake, fructose restriction and 
choosing a Mediterranean diet.

Supplementation with antioxidants, amino acids, vitamins, 
n‑3 polyunsaturated fatty acids and prebiotics/probiotics may 
have benefits; however, further studies are needed to confirm 
these benefits (22). Nevertheless, the present study has some 
limitations. First, the study was cross‑sectional; therefore, a 
cause‑and‑effect relationship could not be established between 
the FRS and IR. Second, we did not have a direct measure 
outcome of CVD. Finally, the size of our sample was relatively 
small; thus, further studies are required.

In conclusion, a high FRS (FRS >20%) was significantly 
associated with IR. The homeostasis model assessment of 
insulin resistance (HOMA‑IR) is an independent risk factor 
for high FRS. New therapies focusing on decreasing IR may 
contribute to a decreased CVD.
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