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Abstract: The development of metabolic diseases such as diabetes is increasing. The prevalence 
increases with increasing sedentarism and with the adaptation of an inappropriate lifestyle. 
Dyslipidemia is an imbalance of lipids such as cholesterol, low-density lipoprotein (LDL-
cholesterol), triglycerides, and high-density lipoprotein (HDL-cholesterol). Cardiometabolic 
complications in both type 2 diabetes mellitus (DM2) and dyslipidemia have reached alarming 
levels in the last decade. Starting from the idea that 80% of cardiometabolic diseases can be 
prevented if they are recognized over time, this paper aimed at clinical, paraclinical and stress 
factors to outline the group of patients at cardiometabolic risk. The study group, which included 
462 patients diagnosed with non-insulin-dependent diabetes mellitus and metabolic syndrome 
(MS), was followed up and divided into 4 years of study. The assessment of the risk of 
atherogenic dyslipidemia was indirect by tracking diseases that are associated with both 
increased cardiovascular risk and atherogenic dyslipidemia. The quality of life assessment was 
carried out by completing the questionnaires. It has been observed that the highest risk is 
hypertension and obesity, but also hypercholesterolemia and sedentary lifestyle are a high risk 
factor. It was also reported that patients with higher levels of stress had a higher incidence of 
cardiovascular disease. 
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1. Introduction 
Atherogenic dyslipidemia in diabetes consists of elevated serum concentrations of 

triglyceride-rich lipoproteins, a high prevalence of dense low-density lipoproteins (LDL-
cholesterol) and low concentrations of high-density lipoproteins rich in high-density lipoprotein 
(HDL-cholesterol) [1]. This dyslipidemia is based on a lipoprotein abnormality, characterized by 
an increase in very low density lipoprotein (VLDL-cholesterol), and other lipoprotein 
abnormalities are metabolically related to elevated triglycerides. Insulin regulates serum VLDL-
cholesterol levels by suppressing liver production and stimulating VLDL-cholesterol removal by 
activating lipoprotein lipase [2]. 

Many patients do not receive adequate treatment for the type of dyslipidemia that is common 
in these disorders of the "atherogenic lipid triad" of high serum triglyceride levels, low serum 
cholesterol, high density lipoprotein (HDL-cholesterol), and a predominance of small particles. 
low-density lipoprotein cholesterol (LDL-cholesterol) [3]. 
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Hypertriglyceridemia is a strong predictor of coronary heart disease. There is also an inverse 
relationship between serum HDL-cholesterol and triglyceride levels in diabetic patients, with low 
serum HDL-cholesterol levels possibly representing an independent risk factor for cardiovascular 
disease. Small, dense, LDL-cholesterol particles are also very atherogenic because they are more 
likely to form oxidized LDL and are less easy to clean. Insulin resistance, which is essential for 
metabolic syndrome and type 2 diabetes, leads to high levels of very low density lipoprotein 
(VLDL), which contain a high concentration of triglycerides, resulting in high serum triglyceride 
levels and low serum triglyceride levels. HDL-C [3]. 

The increase in LDL-cholesterol resulting from the replacement of dietary saturated fats 
with carbohydrates or unsaturated fats is primarily due to the increase in high LDL-enriched 
cholesterol, with minimal changes in small, dense LDL particles and apolipoprotein B [4]. 

It is estimated that 20% -30% of the world's adults have metabolic syndrome. Metabolic 
syndrome is associated with an increased risk of type 2 diabetes, non-alcoholic fatty liver 
disease, myocardial infarction, and stroke. Thus, it is a major cause of worldwide morbidity and 
mortality. However, the molecular pathogenesis of metabolic syndrome is unknown. Recently, 
there has been interest in the role of mitochondria in the pathogenesis of metabolic problems, 
such as obesity, metabolic syndrome, and type 2 diabetes [5]. Mitochondrial dysfunction 
contributes to oxidative stress and systemic inflammation seen in metabolic syndrome. The role 
of mitochondria in the pathogenesis of metabolic syndrome is intriguing, but far from completely 
understood [6]. 

An important component of atherogenic dyslipidemia is central obesity, which is defined as 
increased waist circumference and has recently been identified as a major predictor of metabolic 
syndrome in some patients. Another recent study found that both body mass index and waist 
circumference were very predictive of a possible development of the metabolic syndrome. 
Because atherogenic dyslipidemia usually precedes the clinical manifestation of the metabolic 
syndrome, strategies for its treatment are at the heart of pharmacological intervention [7]. 

Obesity, glucose intolerance, diabetes and metabolic syndrome are becoming more common 
and are often associated with atherogenic dyslipidemia, affecting the long-term risk of CVD. 
Recognition at the office is best done by testing the ratio of non-HDL or total HDL cholesterol. 
The success of the treatment consists in optimizing the diet and physical exercises. Of the 
available drugs, statins produce the most benefits and can be titrated to patient tolerance, rather 
than target LDL levels, which have a weak evidence base. The addition of fenofibrate may be 
considered in patients with elevated triglycerides and low HDL levels who have responded 
poorly or have not tolerated statins. 

Increasing the prevalence of obesity creates a risk of CVD that could be prevented not only 
by testing LDL cholesterol, but also by following the parameters associated with CVD [8]. 
Simple calculations from the results of a non-post lipid panel produce non-HDL levels and the 
total HDL-cholesterol ratio, both of which are superior for estimating risk in all patients [9]. 

The aim of this study is to establish a pattern of several risk factors for diseases associated 
with atherogenic dyslipidemia, which allows for a faster diagnosis of this complication, thus 
reducing mortality, and assess the importance of stress management in reducing of 
cardiovascular risk. 

2. Materials and Methods 
2.1. Body Analysis of Patients with MS 
The clinical and paraclinical analyzes were performed in a private medical office of nutrition 

in Oradea, Romania Echo laboratories. 
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2.1.1. Anthropometric Tests 
The clinical evaluation was performed with the Tanita MC780MA bioelectric impedance 

body analyzer (Tokyo, Japan) [10], and the results were evaluated using GMON 3.4.1 medical 
software (Chemnitz, Germany). BIA-type body analyzers are devices accepted by the WPHNA 
(World Public Health Nutrition Association) and were used to determine body composition with 
high accuracy. The margin of error was 0.1 kg. We followed the evaluation of the affinity for 
diet therapy with the non-invasive medical device Cnoga MTX (Or-Akiva, Israel), which helped 
to follow the changes of the clinical parameters as a whole, checking the oxygen saturation, the 
blood pressure, and the blood pH. Patients were evaluated on an empty stomach in the morning. 

The diagnosis of the metabolic syndrome was made following the visceral fat, BMI mixed 
dyslipidemia (cholesterol and triglycerides, hypertension, myocardial infarction, congestive heart 
failure, ischemic heart disease, and the quality of life by completing the ISMA stress 
questionnaire and quality of life - diabetic neuropathy version. The criterion for including 
patients in the current study was a diagnosis of diabetes mellitus type 2. Diabetes mellitus type 1 
and other independent diseases besides diseases associated with diabetes were the exclusion 
criteria. This study looked at the risk of cardiometabolic diseases, which have the most obvious 
changes due to stress, representing the highest risk for the unfavorable evolution of atherogenic 
dyslipidemia. 

We followed the variations in the four independent groups, depending on sex, age, 
rural/urban environment, clinical parameters such as BMI, visceral fat, cholesterol and 
triglycerides, hypertension, myocardial infarction, congestive heart failure, ischemic heart 
disease, and the quality of life by completing the ISMA stress questionnaire and quality of life - 
diabetic neuropathy version. 

The completion of the evaluation sheets of the patients included in the research study took 
place at the beginning of the study period by the participants. 

2.1.2. Tracking Metabolic Parameters 
Patients were evaluated at the beginning of the treatment with this device. With bare feet, 

they climbed on the base of the scale and held two electrodes in their hands. The measurements 
lasted up to 10 s after which the results were evaluated.  

2.1.3. Paraclinical Analyses 
Automated analyzer for clinical chemistry-SPOTCHEM EZ SP-4430-ARKRAY Inc. Koka-

Shi, Japan. Whole blood samples can be measured easily and promptly with a built-in centrifuge 
for pretreatment. Continuous measurement, up to 9 items, is available. 

By reading the “magnetic card” attached to each test strip, variations among lots and 
changes with the timing of test strips are automatically calibrated. The users are totally free from 
complicated operations. 

Improvement of the sampling mechanism almost doubled the measurement speed at its 
maximum compared to the current model. 

Measurement principle: Optical measurement of reflection intensity-five different types of 
optical filters (five wavelengths), and the optimal wavelength is selected for each parameter 
measured (tested). 

240 microliters of whole blood are collected. It is placed in a special tank with heparin and 
placed in the device. The analyzer has a built-in centrifuge, processes the sample, and in 10 min 
the result is printed by the built-in printer. 

Reagent type: dry chemistry 
2.1.4. Statistical analyses 
The descriptive and analytical analysis was performed with the statistical program SPSS 20 

(New York, NY, USA), we could follow both the final result compared to the initial values and 
the possible correlations between health. 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-8, Issue-1, January 2022 
ISSN: 2395-3470 

www.ijseas.com 

42 
 

2.1.5. Quality of life questionnaires 
The quality of life was assessed by completing the questionnaires on: 
- stress through Stress Questionnaire © International Stress Management Association UK-

2013 
- quality of life through the Quality of Life Questionnaire (QOL-DN) - Diabetic neuropathy 

version 
Interventionary studies involving animals or humans, and other studies that require ethical 

approval, must list the authority that provided approval and the corresponding ethical approval 
code. 

3. Results 

3.1.1. Demographic description 
The research study included 462 patients, divided into 4 years, presented graphically in Figure 1 
(A).  
The distribution of patients according to sex, described in figure 1 (B), without significant 
differences, is as follows: in 2017 65 (14.1%) men and 96 (20.8%) women, in 2018 31 (6.7%) of 
men and 47 (10.2%) of women, in 2019 the number of men included 43 (9.3%), and 66 (14.3%) 
of women, and in the last year of study (2020) 52 (11.3%) men and 62 (13.4%) women were 
included. In the cohort, 17.4% more women were present than men, a percentage that is reflected 
in each year of study. 
In terms of the environment of origin, it can be seen that most patients come from urban areas 
with 52.4% compared to rural areas, also shown in Figure 1 (C). In 2017 122 (26.4%) of patients 
from urban areas and 39 (8.4%) of people from rural areas were registered, in 2018 from urban 
areas 57 (12.3%) from people and from the environment rural (21%) of people included, in 2019 
17.3% (80 patients) came from urban areas and 29 (6.3%) from rural areas, and in 2020 out of a 
total of 114 93 patients (20.1%) came from urban areas and only 21 (4.5%) from rural areas. 
Following the age, we can see in 2017 the average age being 38.65 years (SD ± 14.33), in 2018 it 
was 43.28 (SD ± 14.04), in 2019 the average age was 39.68 (SD ± 14.28), and in 2020 the 
average age is 39.59 years (SD ± 16.23), per cohort being presented in figure 1 (D). 
3.1.2. Anthropometric results 
Obesity is the main risk factor for cardiovascular disease. Thus, in order to follow obesity as a 
risk factor, the body mass index (BMI) and visceral fat, presented in table 1, were followed, both 
at the level of the cohort and in each year of study. The evaluation of the patients included in the 
study in terms of weight status, an average BMI of 30.3 (SD ± 4.74) was obtained, ie the patients 
were in the degree of grade I obesity. Following the evaluation of each year can be seen that only 
in 2020 they were in the overweight field (BMI = 29.61 kg / m2), in the other three years of 
study, the average value of BMI has always reached the threshold of grade I obesity. 
3.1.3. Paraclinical results 

To verify the effect of the type of intervention on cholesterol, we used the ANOVA statistical 
test for the 4 independent groups and obtained F=0.212, p=0.881, so compared to the research 
years cholesterol does not differ significantly. The results obtained with the BONFERRONI Post 
Hoc tests indicate insignificant differences between the groups as follows: between 2018 and 
2020 (p>0.05), and between 2018-2017, 2018-2019, there were also statistically insignificant 
differences. 

Regarding triglycerides, we used the ANOVA statistical test for 4 independent groups and 
obtained F=0.265, p=0.851, so compared to the study years the value of triglycerides does not 
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differ significantly in the 2 groups. With the help of the BONFERRONI Post Hoc tests, the data 
obtained do not indicate any significant differences between groups. These data explained as a 
percentage are presented in Figure 2 of cholesterol (A) and triglycerides (B) in the 4 years of 
research 

3.1.4. Evaluation of cardiovascular diseases 
Cardiovascular disease, shown in the third figure, was monitored by the following research 
parameters as hypertension, myocardial infarction, congestive heart failure and ischemic heart 
disease. 
Therefore, the cohort patients being young (average age under 40 years), 45.23% of the cohort 
had female hypertension, 30.73% male. 
The incidence of myocardial infarction is higher in women (3.03%) than in men (1.73%). 
According to the cohort study, congestive heart failure is present in 75 women (16.23%) and 51 
men (11.03%). 
Ischemic heart disease was present in 78 women (16.88%), more than men (59 people 12.77%). 
The average age in cardiovascular diseases, shown in Figure 3, shows the lowest average age in 
those with a history of myocardial infarction (38.41 years SD 15.36), and in the case of ischemic 
heart disease there was the highest average age (41.12 years SD 15.37). 
3.1.5. Life quality questionnaire results 
ISMA stress questionnaire 
In the case of ISMA, it was marked with "1" patients without stress, with "2" patients prone to 
stress-induced diseases, and with "3" patients with stress-induced diseases. 
Following the statistical processing of the obtained data, an average value of 2.38±0.81 was 
obtained, described in table 3 together with statistical significance, and in figure 4. 
In the 4 years of study, ISMA reached the highest values in 2017, with can be seen in Table 3. At 
the same time can be seen the higher number of patients with stress-induced diseases in each 
year of study. 
Table 4 shows the situation of patients with hypertension and stress. It can be seen that patients 
with hypertension present are either with stress-induced diseases or with a marked predisposition 
to stress-induced diseases. It can be seen that the most stressed have an increased incidence of 
hypertension. 
QoL-DN Questionnaire - Norfolk (QOL-DN) - Quality of life questionnaire - Diabetic 
neuropathy version 
Following the statistical processing of the QoL-DN acquirer, no problems were observed in 78 
people, very weak problems in 163 people, weak problems in 165 participants, moderate 
problems in 40 patients, and severe problems in 16 of the 462 patients, presented as a percentage 
in Figure 6. There was also a statistically significant distribution of differences between the 
results for each year of study. Thus the quality of life is independent of the year of study, 
according to figure 5. 
3.2. Figures, Tables and Schemes 

Table 1. Statistical analysis of risk factors for obesity of participants in the research study 
Parameters N Mean SD t Sig. 
BMI 462 30.3056 4.74973 137.143 0.001 
Visceral fat 10.5823 4.35277 52.256 0.001 
N=Number of patents 
SD=Standard deviation 
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t=Coefficient t Student 
Sig.=Statistical significance 

 
Table 2. Analiza statistică a bolilor cardiovasculare ale participanților din studiu de cercetare 

Parameters N Mean SD t Sig.  
Hypertension 

462 

0.7597 0.42770 38.181 0.001 
Myocardial 
infarction 0.0476 0.21319 4.801 0.001 

Congestive heart 
failure 0.2727 0.44584 13.148 0.001 

Ischemic heart 
disease 0.2965 0.45723 13.940 0.001 

N=Number of patents 
SD=Standard deviation 
t=Coefficient t Student 
Sig.=Statistical significance 

 
Table 3. Descriptive presentation of ISMA during the 4 years of the study 

Variable N N % 

Group 

2017 ISMA 

No stress 32 6.9% 
Predisposed to stress-induced 

diseases 31 6.7% 

With stress-induced diseases 98 21.2% 

2018 ISMA 

No stress 19 4.1% 
Predisposed to stress-induced 

diseases 15 3.2% 

With stress-induced diseases 44 9.5% 

2019 ISMA 

No stress 23 5.0% 
Predisposed to stress-induced 

diseases 14 3.0% 

With stress-induced diseases 72 15.6% 

2020 ISMA 

No stress 24 5.2% 
Predisposed to stress-induced 

diseases 27 5.8% 

With stress-induced diseases 63 13.6% 
N=Number of patients 
ISMA=Stress questionnaire 

 
Table 4. Descriptive presentation of ISMA in the 4 years of study depending on the presence or 

absence of hypertension 
Parameters N N % 

Group 2017 ISMA 
No stress Hypertension absent 7 1.5% 

present 25 5.4% 
Predisposed to stress-

induced diseases Hypertension absent 6 1.3% 
present 25 5.4% 
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With stress-induced 
diseases Hypertension absent 16 3.5% 

present 82 17.7% 

2018 ISMA 

No stress Hypertension absent 5 1.1% 
present 14 3.0% 

Predisposed to stress-
induced diseases Hypertension absent 1 0.2% 

present 14 3.0% 
With stress-induced 

diseases Hypertension absent 17 3.7% 
present 27 5.8% 

2019 ISMA 

No stress Hypertension absent 7 1.5% 
present 16 3.5% 

Predisposed to stress-
induced diseases Hypertension absent 0 0.0% 

present 14 3.0% 
With stress-induced 

diseases Hypertension absent 17 3.7% 
present 55 11.9% 

2020 ISMA 

No stress Hypertension absent 7 1.5% 
present 17 3.7% 

Predisposed to stress-
induced diseases Hypertension absent 7 1.5% 

present 20 4.3% 
With stress-induced 

diseases Hypertension absent 21 4.5% 
present 42 9.1% 

N=Number of patients 
ISMA=Stress questionnaire 
 

Table 4. The paired significance of stress with the parameters being followed 
Correlations of pair parameters N Correlations Sig. 

Pair 1 ISMA & Myocardial infarction 462 0.156 0.001 
Pair 2 ISMA & Congestive heart failure 462 0.461 0.001 
Pair 3 ISMA & Ischemic heart disease 462 0.413 0.001 

N=Number of patients 
ISMA=Stress questionnaire 
Sig.=Statistical significance 

 
Table 5. Pearson correlation between the relationship between Qol-DN and research parameters 

Pearson 
correlation BMI Visceral 

fat 
Microvascular 

disease 
Congestive heart 

failure 
Peripheral 

vascular disease 
QoL-DN r 0.857P

** 0.435P

** 0.148P

** 0.096P

* 0.144P

** 
Sig. 0.001 0.001 0.001 0.040 0.002 
N 462 

N= Number of patients 
r=coefficient Pearson 
Sig.=Statistical significance 
**=Correlation is significant at the 0.01 level (2-tailed).      
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*=Correlation is significant at the 0.05 level (2-tailed).      
             
     

  
A B 

  
C D 

Figure 1. Graphic presentation of demographic characteristics in study cohort, distribution by lot 
(A), division by sex (B), background (C) and age (D). 
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A 

 
B 

Figure 2. Graphical presentation of cholesterol (A) and triglycerides (B) during the 4 years of 
research 
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Figure 3. Graphical representation of the average age in the cardiovascular diseases present 

 
Figure 4. Graphical representation of the average ISMA per cohort, where N represents the 

number of patients 
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Figure 5. Graphical representation of the QoL-DN mean per cohort, where N represents the 

number of patients 

 

 

Figure 6. Graphic representation of the quality of life according to the QoL-DN questionnaire 

4. Discussion 

The risk factor is being studied very intensively in atherogenic dyslipidemia. The main value and 
role is to recognize over time all the diseases and all the factors that can pose a health risk, to 
treat, avoid or manage them. In Europe, the risk factor for atherogenic dyslipidemia is 55% [11], 
and in the presented study it is very close (54.27%). In Europe, different areas with higher risk 
and lower risk have been observed, depending on the socio-economic development of the 
country [12-14]. Many studies, but especially in the last decade, have been intensely involved in 
the evaluation of daily stress [15], of oxidative stress [16], which has been shown to be involved 
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in the development and aggravation of many chronic diseases [17,18]. A high risk of stress 
contributes to hypertension, according to a 2017 study [19], or dyslipidemia after Jabarpour [20]. 
But a sedentary lifestyle not only affects a stress factor, but also promotes the development of 
psycho-emotional imbalances, according to several studies [21-24]. Stress in adults has an 
important role in triggering atherosclerotic plaque diseases and it works as a determinant of 
prognosis and outcome in those with pre-existing cardiovascular or cerebrovascular disease, 
according to a 2018 study [25]. 

In 2016, a study of the sympathetic nervous system drew a parallel between mental stress and 
cardiovascular disease, but more so with atherosclerosis and hypertension [26]. Our study using 
the ISMA stress questionnaire is in line with the results and the field studied. 
Quality of life is greatly affected in metabolic diseases related to obesity and sedentary lifestyle 
[27]. The role of this assessment is to identify and change a sedentary, inactive to active lifestyle, 
and to encourage weight loss to increase quality of life [28]. 

Physical activity has a positive effect not only on weight loss diets but also on reducing 
cardiovascular disease [29]. The quality of life can be improved with the decrease of visceral fat, 
which in addition to reducing the risk of direct metabolic diseases and indirect cardiovascular 
diseases, helps to improve health, thus increasing the quality of life. 
Another factor that has been statistically significantly correlated with quality of life in our study 
is congestive heart failure. The pathophysiology of this disease, which greatly limits both 
movement and many daily activities, negatively influences the quality of life, leading to its 
decline. Studies in the literature show that many of the cardiovascular factors may either alone 
[30,31] or correlate with the degradation of the quality of life of people with metabolic diseases, 
respectively atherogenic dyslipidemia [32,33]. 

5. Conclusions 
The risk factor for the development of atherogenic dyslipidemia is 54.27%, slightly lower 

than in European studies, where this percentage is 55%. 
The most stressed patients were in 2017, a year in which both the number of people with 

non-stress-induced diseases was the highest (21% of the total cohort) and the number of those 
prone to stress-induced diseases (6.7% of the total cohort). The highest risk is high blood 
pressure and obesity, but also hypercholesterolemia and sedentary lifestyle are high risk factors. 

Following the correlation between ISMA and study parameters, it was significantly 
correlated only with the parameters of cardiovascular disease, namely ischemic heart disease, 
congestive heart failure and myocardial infarction. Therefore, it can be concluded that patients 
with high levels of stress have a higher incidence of cardiovascular disease. Thus, stress 
management is very important to reduce the cardiovascular risk.  

The quality of life was most affected in 2018, and the least in 2020. The quality of life was 
influenced by several factors. This was concluded from Pearson's correlation with the research 
parameter. It has been shown that increased BMI, visceral fat, microvascular incidence, 
incidence of congestive heart failure or peripheral vascular disease decrease quality of life. 
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