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Abstract: Although the correlation coefficient between body mass index (BMI) and poor lipid profile
has been reported, representing a cardiovascular risk, the need to find new early detection markers
is real. Waist circumference and markers of atherogenic dyslipidemia are not usually measured in
medical review appointments. The present study aimed to investigate the relationship between
central adiposity and cardiovascular risk. This was a cross-sectional pilot study of 57 young males
(age: 35.9 ± 10.85, BMI: 32.4 ± 6.08) recruited from community settings and allocated to non-obese or
obese attending to their waist circumference. Total cholesterol (TC), high-density lipoproteins
(HDL-C), and low-density lipoproteins (LDL-C) cholesterol and triglycerides (TG) were measured
from plasma samples. Patients with at least 100 cm of waist circumference had significantly
increased TC, LDL-C, non-HDL-C, and triglycerides and lower levels of HDL-C. The three
atherogenic ratios TC/HDL-C, LDL-C/HDL-C, and TG/HDL-C were all optimal in non-obese
patients. LDL-C/HDL-C and TG/HDL-C were significantly higher and over the limit when assessing
for atherogenic dyslipidemia. The number of patients at risk for cardiovascular events increases 2.5
folds in obese compared to non-obese. Measurement of waist circumference could be adopted as a
simpler valid alternative to BMI for health promotion, to alert those at risk of atherogenic
dyslipidemia.
Keywords: atherogenic dyslipidemia; waist circumference; central adiposity

1. Introduction
Obesity is spreading across the planet at an unstoppable rate. It affects not only developed
countries but also lower-middle-income countries, jeopardizing the health systems’ viability [1]. In
Spain, overweight and obesity have a prevalence equal to 61.6%, occupying the 18th position
concerning the ranking of 52 Organisation for Economic Cooperation and Development (OECD)
countries [2]. The leading causes of mortality in the world are ischemic heart disease and stroke,
which caused 15.2 million deaths in 2016 and have been the principal causes of mortality in the last
15 years [3]. The concurrence of cardiovascular disease (CVD) in obese people is well established
[4,5]. Metabolic syndrome is defined as cardiovascular (CV) risk related to obesity.
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The classification of overweight or obesity according to the body mass index (BMI) has been
widely used [6], even though body fat percentage (BFP) [7] or waist circumference (WC) [8] are
beginning to be considered as novel markers in clinical research for the diagnosis of obesity.
The main problem with using BMI in isolation to measure CVD is due to an insufficient
biomarker of central adiposity (CA) [9]. WC is a simple method to measure CA, easy to apply, and
standardized in clinical practice. WC is strongly associated with CV mortality [10], with or without
adjustment for BMI [11]. Focusing the study on WC as a predictor for the risk of suffering a CV event
could provide more accurate opportunities in the diagnosis and evaluation of the treatment of the
patient with obesity and related CVD.
Shen et al. reported that WC shows a greater association with metabolic syndrome components
than BFP or BMI [12]. A high WC is a significant independent contributor to high levels of
triglycerides (TG) [13], as well as to low plasma high-density lipoprotein cholesterol (HDL-C)
concentrations [14]. Various WC thresholds have been accepted to assess the health risks related to
abdominal and visceral obesity [15,16]. Given that certain CV risk markers’ prevalence increases
proportionally with adiposity [17], Ardern et al. have proposed specific WC thresholds according to
sex and BMI categories to more efficiently identify people at higher risk for CVD [18]. The Consensus
Statement of the International Atherosclerosis Society (IAS) and International Chair on
Cardiometabolic Risk (ICCR) Working Group on Visceral Obesity proposes specific thresholds for
overweight people to sex, WC ‡ 100 cm for men. [9].
For the study of the diagnosis and prevalence of CV events, we have, among other markers,
atherogenic dyslipidemia (AD). AD is characterized by an elevation of TG and reduced HDL-C levels
and has been reported to strongly predict CV morbidity, especially coronary artery disease in the
general population [19,20]. Along with these two lipid alterations, which define AD, it is likely to find
a moderate increase in cholesterol concentrations of low-density lipoproteins (LDL-C) [21]. AD is
associated with highly prevalent pathologies in the general population and represent a high CV risk,
such as obesity, overweight, and metabolic syndrome [22].
The observational evidence confirms the importance of having, from an early stage of adulthood,
high LDL-C levels, and the correlation with a future cause of CVD is strong. [23]. Few studies directly
link atherosclerosis observed in young people postmortem to cholesterol levels measured premortem
or postmortem [24]. Trajectories in that cohort started at a mean age of around 45 years. Although
preventive drug therapies reduce the relative risk of CV events in primary and secondary prevention
patients, the absolute risk of subsequent CVD events remains high [25]. It is estimated that, in the
year 2035, almost half of the US population will have some CVD [26].
To the best of our knowledge, the present study is the first to describe, in the same sample, the
relationships between WC, anthropometric characteristics, and lipidic biochemical parameters in
young adult men. It is noteworthy that most of the studies carried out previously classify patients
with CV risk according to the plasma values of TC, TG, HDL-C, and LDL-C, but the fact is that CV
risk differs considerably depending on the parameter evaluated.
Thus, new systematic approaches are necessary to improve lifestyle habits and also better
control in clinical diagnosis to identify possible risk factors early (Figure 1).
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Figure 1. Overview of the potential role of excess visceral adiposity contributing to increased
Atherogenic dyslipidemia risk. This figure illustrates the hypothesis that an uninterrupted positive
energy imbalance over time can convert perfectly functional subcutaneous tissue cells into a
generation of new fat cells (hyperplasia), allowing the storage of energy surplus. Over time, this
adipose tissue becomes dysfunctional due to the subcutaneous Adipose tissue’s incapacity to expand
and therefore saturate it. Under such circumstances, altered secretion of adipokines inflammatory
cytokines occurs, among which we highlight: Leptin, Resistin, RBP4, Lipocalin2, ANGPLT2, TNF, IL6, IL18, CCL2. This state of inflammation is maintained, increasing the ratios of dyslipidemic
atherogenesis and causing harmful cardiometabolic consequences.
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Along with the aforementioned alterations, the increase in atherogenic coefficients, especially
total cholesterol (TC)/HDL-C and TG/HDL-C, form the set of markers for the diagnosis of this
pathology, summarized in Table 1 [27].
Table 1. Atherogenic dyslipidemia.
Biomarkers and Ratios
TG
HDL-C
LDL-C
non-HDL-C
TC/HDL-C
TG/HDL-C
LDL-C/HDL-C

Values
>150 mg/dl
<40 mg/dl
>100 mg/dl
>130 mg/dl
>5
>2
>2.5

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoproteins cholesterol; TC: total
cholesterol; TG: triglycerides.

This study hypothesized that more prominent CA would be associated with atherogenic
dyslipidemia in the CV risk population, such as overweight/obese young adult males. To this
purpose, we examined the association of WC and BFP with atherogenic dyslipidemia-associated lipid
profile and studied its relation to evaluating the CV risk in both obese and non-obese men.
2. Materials and Methods
2.1. Study Design
This study was a cross-sectional survey. A sample of 57 adult males, with a mean age of
35.9±10.85 years and Caucasian origin, were recruited from several sources, including an obese clinic,
dieticians, and from responding to a social media release. Recruitment took place in Cadiz city and
surroundings, Andalusia. All men attended a face-to-face interview to evaluate the inclusion criteria
for the study. Data about demographic factors (e.g., age, sex, and education), lifestyles (e.g., smoking,
alcohol consumption, and physical activity), cardiovascular risk factors (e.g., obesity, hypertension,
and diabetes), use of medications were collected through interviews. Clinical examinations and
laboratory tests were performed on the recruited patients to obtain their anthropometric
characteristics and lipid profile. This study was approved by the bioethical committee of Córdoba
University, in the Department of Health at the Regional Government of Andalusia (Act n°284,
ref.4156). Participants provided written consent for their participation.
The recruited subjects were allocated to a group based on the obesity condition. ‘Non-obese’ and
‘obese’ groups were defined, attending either BFP or WC, and anthropometric variables and
biochemical analysis were recorded for statistical analysis. The percentage of subjects of the limit for
atherogenic dyslipidemia was calculated to evaluate the probability of the population for CVD
related to obesity.
Abdominal obesity was defined as BFP ≥28% [28]. Therefore, for studies related to BPF,
participants were allocated to the ‘non-obese’ group when body fat was less than 28%; likewise, men
with 28% or more were classified as ‘obese.’
Abdominal obesity was defined as a WC ≥100 cm in men by the Consensus Statement from the
IAD and ICCR Working Group on Visceral Obesity [9]. Thus, ‘non-obese’ patients were considered
when WC <100 cm and ‘obese’ for equal or higher measure. The influence of the obesity evolution
was assessed by layered the obese patients into three different groups according to the scale of WC
propose by Ardem et al. [18].
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2.2. Inclusion/Exclusion Criteria
The health condition of each subject was determined by evaluating the data collected after a
personal interview. Every medium-aged healthy man with or without obesity was included in the
study. Concomitant diseases like renal dysfunction, hypertension, or diabetes were established as
exclusion criteria. Any treatment, either temporal or chronic, was avoided during the recruitment
process since some drugs could introduce confusing variables in the study of metabolic profile and
cardiovascular function. Sedentary physical activity (determined by personal electronic devices) was
established as preferential and to avoid moderate-high and intense.
2.3. Data Collection and Sampling Procedure
For the height, a stadiometer was used (SECA 213) without shoes to the nearest 5 mm, with the
head positioned so that the eye and the external auditory meatus were leveled. BFP and muscle mass
(MM) were recorded by multifrequency electrical impedance (BWB-800A, Tanita Corp., USA),
previously validated [29]. This method is based on a 3-compartment model capable of evaluating
BFP, MM, and bone mineral content. The independent variables recorded were: age (years), height
(m), weight (Kg) and BMI, which was calculated as weight (kg)/[height (m)2]. Waist circumference
was measured at the midpoint between the lowest rib and the iliac crest (in centimeters) [30].
Participants attended a screening consultation after an overnight fast. Fasting blood samples of
10 mL were collected from each patient, and serum was separated by immediate centrifugation at
four °C and 3500 rpm for 10 min. TC, TG, and HDL-C were analyzed by enzymatic CHDD-PAP, GPDPAP assays, and homogenous methods. A25 auto analyzer, BioSystems, USA, was employed. LDLC levels were calculated using the Friedewald method [31]. After obtaining the entire lipid profile,
the coefficients for TC/HDL-C, LDL-C/HDL-C, and TG/HDL-C were calculated from the
corresponding lipids’ levels.
All study data collected were obtained by a trained and experienced dietitian, and a laboratory
test was performed by the qualified personnel in the Laboratorio Vidal Zambrano, Chipiona, Cádiz,
Andalusia.
2.4. Cardiovascular Risk Assessment
The lipid profile ranges and ratios commonly used to diagnose atherogenic dyslipidemia were
used as indirect markers to assess cardiovascular risk considering the CA measured by WC and BFP.
The percentage of patients with the lipid level out of range was calculated for each parameter
measured in non-obese and obese situations. The evaluation of the prevalence determined the CV
risk. A study correlation was performed to determine the role of CA markers in the prediction of the
severity of lipid disorders in obese and non-obese.
2.5. Statistical Analyses
The power calculation was not performed because this study is exploratory to inform future
studies’ design. All statistical procedures were performed using GraphPad Prism software version
6.01 (GraphPad Software, La Jolla, CA, USA). Values are expressed as the mean ± standard deviation
(SD). The difference between means for two different groups was determined by t-test; one-way
ANOVA assessed the difference between means for three or more groups. All variables were
measured on a continuous scale, and no transformations were made because they presented a normal
distribution. Fisher LSD test was used as a post-hoc procedure. Chi-square test has been used to
compare proportions between groups. Receiver Operating Characteristic curves have been carried
out to determine the cut-off values. The correlation study was carried out using the Pearson test.
Statistical significance was considered when p < 0.05.
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3. Results
STROBE reports the results (Strengthening the Reporting of Observational Studies in
Epidemiology). See Supplementary file 1 for the STROBE checklist [32]. A total of 57 young adult
men were eligible to participate in the study. The characteristics of the study sample are summarised
in Tables 2 and 3.
Table 2. Anthropometric characteristics of the study sample.
Variable
Age (years)
Height (m)
Weight (Kg)
BMI (Kg/m2)
Body fat (%)
Muscle mass (Kg)
WC (cm)

Total (n = 57)
35.9 ± 10.85
1.77 ± 0.07
101.2 ± 19.02
32.4 ± 6.08
27.4 ± 7.13
68.8 ± 8.38
112.2 ± 15.90

BMI: body mass index; WC: waist circumference. Values are expressed as mean ± SD.
Table 3. Lipid profile and atherogenic ratios of the study sample.
Variable
Triglycerides (mg/dl)
Total Cholesterol (mg/dl).
HDL-C (mg/dl)
LDL-C (mg/dl)
non-HDL-C (mg/dl)
TC/HDL-C ratio
TG/HDL-C ratio
LDL-C/HDL-C ratio

Total (n = 57)
105.4 ± 56.58
185.6 ± 42.15
48.1 ± 11.87
118.9 ± 33.09
137.5 ± 40.41
4.02 ± 1.11
2.39 ± 1.54
2.60 ± 0.89

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoproteins cholesterol; TC: total
cholesterol; TG: triglycerides. Values are expressed as mean ± SD.

3.1. Body Fat Percentage and Lipid Profile Evaluation
Lipid biochemistry was evaluated for each patient according to an obesity classification based
on total BFP. Anthropometrics characteristics for the obese and non-obese groups are shown in Table
4.
Table 4. Anthropometrics characteristics for the obese and non-obese groups according to body fat
percentage.
Variable
Age (years)
Height (m)
Weight (Kg)
BMI (Kg/m2)
Body fat (%)
Muscle mass (Kg)
WC (cm)

Non-Obese (n = 25)
33.1 ± 9.63
1.77 ± 0.07
88.9 ± 15.27
28.3 ± 4.76
21.1 ± 6.01
66.0 ± 8.61
100.7 ± 12.68

Obese (n = 32)
38.1 ± 11.4
1.76 ± 0.06
110.8 ± 16.03
35.7 ± 4.98
32.2 ± 2.80
71.1 ± 7.59
121.3 ± 11.84

p-Value
0.0854
0.5188
<0.0001
<0.0001
<0.0001
0.0212
<0.0001

BMI: body mass index; WC: waist circumference Values are expressed as mean ± SD. The t-test
analysis was performed to compare differences between groups. Statistical significance was
considered when p < 0.05.

As shown in Table 5, when BFP was used for classification, worst lipid profile was observed in
obese men. Nonetheless, no significant differences were found in most of the parameters evaluated
when compared to those considered non-obese. Only LDL-C cholesterol (p = 0.0254) and LDLC/HDL-C ratio (p = 0.0331) was significantly increased in the obese group. Non-obese men had most
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of the lipid parameters in normal levels although LDL-C and TG/HDL-C ratio were upper the
established limit. In the obese group, we also found normal levels of triglycerides, HDL-C and
TC/HDL-C ratio but LDL-C and TG/HDL-C ratio were also upper limit. In addition, obese men had
increased non-HDL-C and LDL-C/HDL-C values.
Table 5. Lipid profile based on the classification as obese or not according to body fat percentage.
Variable
Triglycerides (mg/dl)
Total Cholesterol (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
non-HDL-C (mg/dl)
TC/HDL-C ratio
TG/HDL-C ratio
LDL-C/HDL-C ratio

Non-Obese (n = 25)
100.1 ± 58.97
178.0 ± 33.41
50.2 ± 10.78
107.9 ± 29.64
127.7 ± 38.55
3.76 ± 1.31
2.23 ± 1.71
2.32 ± 1.00

Obese (n = 32)
126.2 ± 55.23
191.5 ± 47.56
46.4 ± 12.57
127.5 ± 33.54
145.1 ± 40.78
4.22 ± 0.90
2.51 ± 1.40
2.82 ± 0.72

p-Value
0.5336
0.2320
0.2356
0.0254
0.1089
0.1243
0.4979
0.0331

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoproteins cholesterol; TC: total
cholesterol; TG: triglycerides. Values are expressed as mean ± SD. The t-test analysis was performed
to compare differences between groups. Statistical significance was considered when p < 0.05.

3.2. Waist Circumference and Lipid Profile Evaluation
The WC measure was cut-off in 100 cm to evaluate lipid changes according to obesity
classification. Therefore, each patient with a value equal or higher than 100 cm was considered obese.
Anthropometrics characteristics for the obese and non-obese group according to waist circumference
are shown in Table 6.
Table 6. Anthropometrics characteristics for the obese and non-obese group according to waist
circumference.
Variable
Age (years)
Height (m)
Weight (Kg)
BMI (Kg/m2)
Body fat (%)
Muscle mass (Kg)
WC (cm)

Non-Obese (n = 12)
30.7 ± 8.73
1.78 ± 0.08
78.1 ± 8.92
24.5 ± 2.06
16.6 ± 5.47
61.5 ± 6.86
89.7 ± 6.42

Obese (n = 45)
37.3 ± 11.0
1.76 ± 0.06
107.4 ± 16.01
34.5 ± 4.95
30.2 ± 4.14
70.8 ± 7.68
118.3 ± 11.64

p-Value
0.0605
0.3523
<0.0001
<0.0001
<0.0001
0.0004
<0.0001

BMI: body mass index; WC: waist circumference; Values are expressed as mean ± SD. The t-test
analysis was performed to compare differences between groups. Statistical significance was
considered when p < 0.05.

Although BFP and WC were well correlated in our participants (r = 0.8538, p < 0.0001) when the
cut-off for obesity was carried out by using the WC instead the total body fat, a lot of differences
between obese and non-obese group were observed, as shown for body fat, lipid profile gets worse
in obese men. However, in contrast to BFP, WC’s use in obesity classification showed significant
differences for each parameter evaluated (Table 7). We also observed an increase in the ratios
commonly used to evaluate atherogenic dyslipidemia. Again, these three parameters were
significantly higher in men with less than 100 cm of WC. In this context, although the obese group
had normal values for triglycerides, HDL-C, and TC/HDL-C, non-obese men did not present any
disruption on any of each measure.
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Table 7. Lipid profile based on the classification as obese or not according to waist circumference.
Variables
Triglycerides (mg/dl)
TC (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
non-HDL-C (mg/dl)
TC/HDL-C ratio
TG/HDL-C ratio
LDL-C/HDL-C ratio

Non-Obese (n = 12)
75.3 ± 33.84
163.8 ± 25.02
55.5 ± 10.71
94.7 ± 27.28
108.3 ± 27.85
3.06 ± 0.73
1.42 ± 0.69
1.80 ± 0.71

Obese (n = 45)
113.5 ± 58.94
192.4 ± 44.06
46.1 ± 11.46
125.3 ± 31.72
145.2 ± 39.88
4.27 ± 1.06
2.64 ± 1.60
2.81 ± 0.80

p-Value
0.0366
0.0434
0.0131
0.0035
0.0039
0.0004
0.0131
0.0002

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoproteins cholesterol; TC: total
cholesterol; TG: triglycerides. Values are expressed as mean ± SD. The t-test analysis was performed
to compare differences between groups. Statistical significance was considered when p < 0.05.

3.3. Study of Obesity Evolution on Lipid Profile
When the obese group was layered according to the WC into the exact grade of overweight, the
57 men were assigned to one of the following four groups: non-obese (WC < 100 cm), overweight
(WC from 100 to 109 cm), obese I (WC from 110 to 124 cm), obese II (WC ≥ 125 cm). The evolution in
lipid profile concerning obese status is shown in Table 8. TC, LDL-C, and non-HDL-C were increased
in the three obese groups, but there were no differences along with obese status. In contrast, HDL-C
tended to decrease, and TG increased in the progression of obesity with a marked change in the obese
II group. The atherogenic lipid ratios were consistently higher in the three obese groups and
increased with the grade of obesity.
Table 8. The evolution in lipid profile concerning obese status.
Variable

Non-Obese (n = 12)

TG (mg/dl)
TC (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
non-HDL-C (mg/dl)
TC/HDL-C ratio
TG/HDL-C ratio
LDL-C/HDL-C ratio

75.3 ± 33.84
163.8 ± 25.02
55.5 ± 10.71
94.7 ± 27.28
108.3 ± 27.85
3.06 ± 0.73
1.42 ± 0.69
1.80 ± 0.71

Overweight
(n = 9)
107.1 ± 64.99
199.0 ± 43.61
49.0 ± 7.31
126.2 ± 31.57 a
150.0 ± 44.87 a
4.15 ± 1.19 a
2.28 ± 1.46
2.63 ± 0.84 a

Obese I
( n= 27)
106.8 ± 51.92
190.0 ± 46.67
47.6 ± 13.01 a
124.1 ± 33.90 a
142.4 ± 39.96 a
4.10 ± 0.93 a
2.41 ± 1.35 a
2.68 ± 0.68 a

Obese II
(n = 9)
139.9 ± 71.71 a
187.8 ± 40.09
38.7 ± 6.45 a,b,c
128.2 ± 28.03 a
149.0 ± 38.41 a
4.92 ± 1.16 a,c
3.72 ± 2.11 a,b,c
3.39 ± 0.94 a,b,c

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoproteins cholesterol; TC: total
cholesterol; TG: triglycerides. Values are expressed as mean ± SD. One-way ANOVA was performed
to compare differences between groups. Statistical significance was considered when a p < 0.05 vs nonobese; b p < 0.05 vs overweight; c p < 0.05 vs obese I.

3.4. Cardiovascular Risk Assessment Associated with Atherogenic Dyslipidaemia
Each parameter of the lipid profile was evaluated individually to analyze the CV risk associated
with obesity. The percentage of patients with the probability to develop CV events according to
cholesterol and triglycerides levels was higher in the obese group either when we used BFP (Figure
2A) or WC (Figure 2B) to classify patients. Although the risk was almost the same in obese, a notable
difference was found when non-obese men’s risk. This percentage increased 2-fold when used body
fat against to circumference measure. It is noteworthy that LDL-C levels exceeded the limit in more
than 41.7% of patients even when they were not overweight and increased up to 75% when obesity
was present. We also found that sorting patients according to WC, reduced to 16.7% from 36% the
number of non-obese men at risk when analyzing TC levels, 16% to 8.3% for HDL-C, and 40% to 25%
for non-HDL-C.
Regarding atherogenic ratios, when patients were classified as obese or not obese based on the
BFP, TC/HDL-C, and LDL-C/HDL-C ratios, it showed that up to 16% and 12% of non-obese patients,
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respectively, were at risk for CVD, increasing in obese men (Figure 2A). In contrast, when WC was
the cut-off for obesity, these parameters showed that non-obese patients were potentially at no risk
for CV events, but this number increased to 18–27% in obese men (Figure 2B). Unexpectedly, in both
obesity classifications, the TG/HDL-C ratio was the upper limit in a considerable percentage of men
(44% and 33% respectively), even when they were considered non-obese. Again, this parameter
increased up to 53% in obese.
Concerning the CV risk evaluation, when a more accurate stage for obesity was assessed
considering waist circumference, we observed that an increase in the grade of obesity also implied
an increase in the percentage of patients at risk in most of the lipid parameters profile. Although light
changes were observed between the overweight and obese I group, the percentage of men increased
an average of 20% in both when compared to risky but non-obese men. This percentage increased an
additional 20% to the obese II group, which means around a 40% higher of patients with CV risk in
the group with grade II of obesity concerning non-obese (Figure 2C).

Figure 2. Cardiovascular risk evaluation attending to body fat percentage (BF, panel (A)), attending
to waist circumference (WC, panels (B,C)). Each bar shows the percentage of patients at risk for
cardiovascular events depending of lipid profile. HDL-C: high-density lipoprotein cholesterol; LDLC: low-density lipoproteins cholesterol; TC: total cholesterol; TG: triglycerides; Significance is
indicated when p < 0.05 (*) or p < 0.01 (#).
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Correlation studies showed that BFP and WC were positively correlated with LDL-C and nonHDL-C levels and had a negatively correlated with HDL-C levels. The atherogenic ratios TC/HDL-C
and LDL-C/HDL-C increased with WC and BFP, and TG/HDL-C also showed a positive correlation
with WC (Table 9).
Table 9. Correlation study between body fat percentage (BFP) and waist circumference (WC) vs lipid
profile.
TG (mg/dl)
TC (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
non-HDL-C (mg/dl)
TC/HDL-C ratio
TG/HDL-C ratio
LDL-C/HDL-C ratio

BFP Correlation
NS
r = 0.2790; p = 0.0356
r = -0.2863; p = 0.0309
r = 0.4354; p = 0.0007
r = 0.3751; p = 0.0040
r = 0.3859; p = 0.0030
NS
r = 0.4475; p = 0.0005

WC Correlation
NS
NS
r = -0.4295; p = 0.0009
r = 0.2976; p = 0.0246
r = 0.2615; p = 0.0494
r = 0.4272; p = 0.0009
r = 0.3163; p = 0.0165
r = 0.4831; p = 0.0001

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoproteins cholesterol; TC: total
cholesterol; TG: triglycerides. Pearson test was performed to evaluate correlations. Statistical
significance was considered when p < 0.05. NS indicates non-statistical significance.

When we divided patients into non-obese and obese groups, we found strong correlations
between adiposity (WC or BFP) and cholesterol parameters and their ratios in non-obese men. These
values were higher when using WC (Figure 3A–E) than BFP (Figure 3F–J). However, in the obese
group, we did not find any correlations between lipid profile with WC nor BFP.
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Figure 3. Correlation study (Pearson test) between body fat percentage (panels (A–E)) or waist
circumference (F–J) and lipid parameters in non-obese men. HDL-C: high-density lipoprotein
cholesterol; LDL-C: low-density lipoproteins cholesterol; TC: total cholesterol.

4. Discussion
It is widely accepted that obesity induces alterations in lipid biochemistry, evolving towards
dyslipidemic atherogenesis, a critical factor in the development of cardiovascular events. In this
context, the early diagnosis of obesity is an essential clinical goal in preventing CVD. This study was
designed to evaluate the diagnostic efficacy of adiposity measurement, using body fat and waist
circumference, as a tool for the early detection of obesity and associated lipid disorders. Our results
demonstrate that the use of BFP cannot detect both obesity and changes in men’s lipid profile at the
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same time. Only the LDL-C values had a significant difference between obese and non-obese.
However, both groups presented these levels exceeded.
In contrast, WC’s use showed significant differences in all the parameters of the lipid profile
parameters when obese and non-obese patients were compared. Furthermore, all lipid values were
within normality in the non-obese group, and most of them altered, or almost, in obese patients. Thus,
even though either BFP or WC can be an excellent tool to diagnose obesity in the context of dietary
treatment, WC is more reliable to also diagnose lipid disruption associated with obesity. Moreover,
when we sort patients according to the lipid limits established for dyslipidemic atherogenesis, WC
was more accurate to relate to obesity and CV risk.
CVD is the primary cause of morbidity and death in Western Societies [32]. In the general
population, dyslipidemia and obesity have been identified to be predisposing factors for diabetes
mellitus and increase CV risk in those patients [33]. Moreover, in women, the need for accurate
diagnosis of obesity has been elucidated since it considerably increases the risk of CVD, and
treatment of dyslipidemia may be challenging [34]. It is known that CVD pathogenesis differs
concerning sex and that hypertrophic changes in the left ventricle in men are strongly associated with
CV mortality [35]. Thus, despite the general population should be assessed, we focus this study on
males.
Although it continues to associate BMI, TC, TG, and LDL-C with the risk of suffering an event
CVD [36–40], we did not find an association between BMI, and TC or TG correlation between BMI
and LDL-C was weak (data not shown). Although clinical trials provide the highest level of evidence
for the value of cholesterol reduction, the results of these studies suggest that these interventions may
be too little and too late. Lipid-lowering assays tend to be conducted in high-risk populations, so
differences in event rates can be detected at relatively short time intervals [23].
It was relatively surprising that neither TC nor TG was significantly correlated with BMI in this
study. The recent prospective study of Kwon et al. [41] carried out in 503,340 Koreans concluded that
“It remains unclear whether the lowest cholesterol levels are associated with the least mortality from
CVD and IHD in Korean adults.” Most studies did not evaluate the association between change in
cholesterol levels and CVD outcomes. Although many previous studies have evaluated the effect of
baseline cholesterol on CVD risk or mortality, the population size was small and limited to men
[42,43]. Although high TC in men is known to be a predictor for CV events, there is not enough
evidence for the association of cholesterol level change with CVD. In the recent work of Su-min Jeong
et al. [44], it was evaluated whether the change in cholesterol is associated with CVD incidence among
young adults. The results, after examining more than 2.5 million young adults (aged 20–39 years)
who had undergone two consecutive national health check-ups provided by Korean National Health
Insurance Service between 2002 and 2005, indicate that increased cholesterol levels were associated
with high CVD risk in young adults. However, cholesterol levels were considered high when ≥240
mg/dL, a value higher than that used for the diagnosis of hypercholesterolemia.
The three abnormalities of raised serum TG, increased LDL particles, and decreased HDL have
been termed the atherogenic lipoprotein phenotype or, more simply, the lipid triad [45]. This
multiplex array of lipid abnormalities is a potent risk factor for CVD.
According to CA, those subjects classified as non-obese would be considered risk-free when
considering the triglyceride value, TC/HDL-C ratio, and LDL-C/HDL-C ratio, and only 8% of these
men would be at risk of CVD depending on the level plasma HDL-C. In contrast, when TC, LDL-C,
non-HDL-C, or TG/HDL-C ratio is individually assessed, up to 40% of non-obese men are potentially
sensitive to CV risk. These percentages are even higher when the parameter used to discriminate
between obese and non-obese is BFP. In this case, our results show that the average in normal weight
with CV risk rises to 56% based on the LDL-C value and around 40% for TC, non-HDL-C, and
TG/HDL-C ratio. All these data suggest that the absence of obesity is not equal to the absence of lipids
disruption and associated-CV risk. This may be explained because non-obese people also have the
metabolic disease [46], which could deteriorate CV function. In this context, WC seems to be a precise
marker of obesity that discriminates against those with non-risk.
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The results of our study show that at least 60% of men with overweight or obesity have average
values of TC and HDL-C, 80% have regular TG, and up to 30% do not have LDL-C levels over the
limit, so they would be classified as low or no risk people for CVD. This variability in the obese group
is a direct consequence of the different degrees of obesity (from merely overweight to obese type II)
and could be controversial when we pretend to inform our patients about the risk of dyslipidemia.
Thus, if we consider the relationship between WC and AD markers, this percentage of men who
would be considered not at risk for having a CV event should be evaluated according to the obese
status and reconsidered their CVD risk because of this pattern.
It is remarkable that the percentage of patients at risk when analysing the lipid profile showed
that both non-obese and obese had a certain probability of developing CV events associated with
lipid disruption. However, WC classification reduced to half this number in non-obese patients. Thus,
double of patients would be wrongly sorted when pretending to evaluate obesity-associated CV risk
attending the standard BFP threshold. Also, correlation studies in this work showed that, even when
CA may have a weak correlation with lipid parameters in the general population (Table 9), CA’s
predictor effect in the severity of lipid disorders is strong in non-obese men (Figure 3). Thus, in the
prevention of obesity to reduce the development of atherogenic dyslipidemia associated with this
condition, CA seems to be a reliable tool. These correlations were more robust when we allocated
patients according to WC instead of BFP. These data suggest that measuring and controlling the WC
from early adulthood could be a marker with sufficient validity to initiate a drastic change in lifestyle,
through dietary change and physical activity, as a preventive means to avoid suffering in the future
an obese-associated CV event.
Considering the anthropometric characteristics of the patients studied, a BFP percentage of 28%
or less may correspond to a WC of 100 or higher. However, the possibility that a man with <100 cm
WC exceeds the threshold of 28% of BFP is null. This means that, although BFP may be useful as a
first obesity screen, the WC measurement should be used to assess CV risk exposure, thus reducing
the margin of error in diagnosis. A new optimal cut-off point should be considered to determine the
percentage of body fat that best classifies the degree of obesity in adult men. Considering our data,
with a ROC analysis, we found this point at a value of 23.4% of total body fat (AUC: 0.987, 95% CI
0.9648 to 1.009).
Our results could have important public health and clinical significance. It has been known for
some time that plasma cholesterol is one of the main risk factors, so its control has become a
preventive measure of the first order [47]. There has been a specific group of medications for decades:
lipid-lowering or anti atheromatous drugs, intending to reduce total cholesterol and low-density
lipoprotein levels [47]. The treatment with all these drugs is generally maintained indefinitely since
the cholesterol level is suspended and returns to the pre-treatment levels. Two problems have existed
around the prescription of this drug as a first measure due to a high CT: the high health cost involved
[48], and it should always be, after prescribing physical activity and dietary treatment [49]. Although
statin use rates are high in the highest LDL cholesterol groups, this use does not reduce event rates
to those observed in the lifetime pathway group with the lowest cholesterol levels, potentially
attributed to exposure. Before treatment at high cholesterol levels, it is safe to say that statins, as
currently used, are not providing maximum impact as preventive treatments [23].
This fact is of clinical significance and, in our concern, future studies that propose evaluating CV
risk in the adult male population should consider atherogenic ratios and body composition, including
BFP and, WC and not isolated lipids parameters. Diagnosis through WC is a cheap, fast, non-invasive
method and can be a marker that warns the patient of a future problem. As we have seen in this pilot
study, if the criterion of suffering CVD risk is made through markers such as AD, it may give a new
focus in the diagnosis and prescription of pharmacology. The reduction of morbidity in many cases
is not expected after pharmacological treatment [50]. The CV event is, multifactorial and the effects
of the drugs are, in turn, multiple. When establishing common LDL-C objectives based on
epidemiological data, all the drugs, and circumstances due to the effects on final clinical variables
[51]. Because AD usually precedes the clinical manifestation of the CVD, strategies to treat it focus on
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pharmacologic intervention. The results derived from this pilot work pretend elucidated how
motorizing adiposity by WC could identify the AD-associated easily to obesity.
More studies should be considered with a higher number of participants to allow extrapolation
of data. Moreover, the age included in this study does not represent how WC could affect aged
population men, so we could not evaluate the role that plays the concomitant diseases in WC’s
predictor effect. Also, longitudinal studies need to be performed to elucidate the influence of time,
habits, and aging that could affect WC’s efficiency in anticipating changes in lipids profile.
5. Conclusions
Our results show that considering the lipid parameters established for assessing CV risk based
on the diagnosis of AD individually, several overweight subjects are considered CV risk patients.
However, a considerable number of overweight patients have a normal profile lipid. Furthermore,
obesity needs to be ranged to accurately assess dyslipidemia. The diagnosis of obesity by using the
BFP does not allow classifying those patients free of risk as non-obese people, while WC is a reliable
measure to determine with greater precision the CV risk associated with obesity. Adiposity measured
by WC also identifies those men potentially free of CV risk and classify them appropriately as nonobese men based on their lipid profile. Further works should aim to identify other contributory
factors.
Supplementary Materials: The following are available online at www.mdpi.com/2075-4418/10/12/1033/s1.
Author Contributions: Conceptualization, A.H.R. and A.V.; methodology, A.H.R. and A.V.; software, A.H.R.,
A.V., and A.M.O.; validation, A.H.R. and A.V.; formal analysis, A.H.R., A.V., and A.M.O.; investigation, A.H.R.
and A.V.; resources, A.H.R., A.V., A.M.O., F.C.M., and R.M.R.; data curation, A.H.R., A.V., and A.M.O.;
writing—original draft preparation, A.H.R. and A.V.; writing—review and editing, A.H.R., A.V., A.M.O.,
F.C.M., and R.M.R. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding
Acknowledgments: We would like to thank all participants for agreeing to share their data and experiences. We
would also like to thank the Laboratory Vidal-Zambrano health center for providing a comfortable work space.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.
4.
5.
6.

7.

WHO. Obesity: Preventing and Managing the Global Epidemic: Report of a WHO Consultation; WHO Technical
Switzerland,
2000;
Available
online:
Report
Series
No.
894;
WHO:
Geneva,
https://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/ (accessed on 1 November 2020).
OECD. The Heavy Burden of Obesity: The Economics of Prevention; OECD Health Policy Studies; OECD
Publishing: Paris, France, 2019; doi:10.1787/67450d67-en.
WHO. The Top 10 Causes of Death 2018. 2018. Available online: https://www.who.int/news-room/factsheets/detail/the-top-10-causes-of-death (accessed on 1 November 2020).
Tune, J.D.; Goodwill, A.G.; Sassoon, D.J.; Mather, K.J. Cardiovascular consequences of metabolic
syndrome. Transl. Res. 2017, 183, 57–70, doi:10.1016/j.trsl.2017.01.001.
Youmans, Q.R.; Hastings-Spaine, L.; Princewill, O.; Shobayo, T.; Okwuosa, I.S. Disparities in cardiovascular
care: Past, present, and solutions. Clevel. Clin. J. Med. 2019, 86, 621–632, doi:10.3949/ccjm.86a.18088.
Daviglus, M.L.; Liu, K.; Yan, L.L.; Pirzada, A.; Garside, D.B.; Schiffer, L.; Dyer, A.R.; Greenland, P.; Stamler,
J. Body mass index in middle age and health-related quality of life in older age: The Chicago heart
association detection project in industry study. Arch. Intern. Med. 2003, 163, 2448–2455,
doi:10.1001/archinte.163.20.2448.
Hernández-Reyes, A.; Cámara-Martos, F.; Molina-Luque, R.; Romero-Saldaña, M.; Molina-Recio, G.;
Moreno-Rojas, R. Changes in body composition with a hypocaloric diet combined with sedentary,
moderate and high-intense physical activity: A randomized controlled trial. BMC Womens Health 2019, 19,
167, doi:10.1186/s12905-019-0864-5.

Diagnostics 2020, 10, 1033

8.

9.

10.

11.

12.

13.

14.
15.

16.

17.

18.
19.

20.

21.

22.

23.
24.

15 of 17

Ghachem, A.; Paquin, J.; Brochu, M.; Dionne, I.J. Should Waist Circumference Cutoffs in the Context of
Cardiometabolic Risk Factor Assessment be Specific to Sex, Age, and BMI?. Metab. Syndr. Relat. Disord.
2018, 16, 366–374, doi:10.1089/met.2017.0177.
Ross, R.; Neeland, I.J.; Yamashita, S.; Shai, I.; Seidell, J.; Magni, P.; Santos, R.D.; Arsenault, B.; Cuevas, A.;
Hu, F.B.; et al. Waist circumference as a vital sign in clinical practice: A Consensus Statement from the IAS
and ICCR Working Group on Visceral Obesity. Nat. Rev. Endocrinol. 2020, 16, 177–189, doi:10.1038/s41574019-0310-7.
Song, X.; Jousilahti, P.; Stehouwer, C.D.; Söderberg, S.; Onat, A.; Laatikainen, T.; Yudkin, J.S.; Dankner, R.;
Morris, R.; Tuomilehto, J.; et al. Comparison of various surrogate obesity indicators as predictors of
cardiovascular mortality in four European populations. Eur. J. Clin. Nutr. 2013, 67, 1298–1302,
doi:10.1038/ejcn.2013.203.
Nam, G.E.; Kim, Y.H.; Han, K.; Jung, J.H.; Park, Y.G.; Lee, K.W.; Rhee, E.J.; Son, J.W.; Lee, S.S.; Kwon, H.S.;
et al. Obesity Fact Sheet in Korea, 2018: Data Focusing on Waist Circumference and Obesity-Related
Comorbidities. J. Obes. Metab. Syndr. 2019, 28, 236–245, doi:10.7570/jomes.2019.28.4.236.
Shen, W.; Punyanitya, M.; Chen, J.; Gallagher, D.; Albu, J.; Pi-Sunyer, X.; Lewis, C.E.; Grunfeld, C.; Heshka,
S.; Heymsfield, S.B. Waist circumference correlates with metabolic syndrome indicators better than
percentage fat. Obesity (Silver Spring) 2006, 14, 727–736, doi:10.1038/oby.2006.83.
Zhang, A.; Yao, Y.; Xue, Z.; Guo, X.; Dou, J.; Lv, Y.; Shen, L.; Yu, Y.; Jin, L. A Study on the Factors Influencing
Triglyceride Levels among Adults in Northeast China. Sci. Rep. 2018, 8, 6388, doi:10.1038/s41598-018-242304.
Rydén, M.; Arner, P. Subcutaneous Adipocyte Lipolysis Contributes to Circulating Lipid Levels. Arter.
Thromb. Vasc. Biol. 2017, 37, 1782–1787, doi:10.1161/ATVBAHA.117.309759.
Pouliot, M.C.; Després, J.P.; Lemieux, S.; Moorjani, S.; Bouchard, C.; Tremblay, A.; Nadeau, A.; Lupien, P.J.
Waist circumference and abdominal sagittal diameter: Best simple anthropometric indexes of abdominal
visceral adipose tissue accumulation and related cardiovascular risk in men and women. Am. J. Cardiol.
1994, 73, 460–468, doi:10.1016/0002-9149(94)90676-9.
Carr, D.B.; Utzschneider, K.M.; Hull, R.L.; Kodama, K.; Retzlaff, B.M.; Brunzell, J.D.; Shofer, J.B.; Fish, B.E.;
Knopp, R.H.; Kahn, S.E. Intra-abdominal fat is a major determinant of the National Cholesterol Education
Program Adult Treatment Panel III criteria for the metabolic syndrome. Diabetes 2004, 53, 2087–2094,
doi:10.2337/diabetes.53.8.2087.
Meigs. J.B.; Wilson. P.W.; Fox, C.S.; Vasan, R.S.; Nathan, D.M.; Sullivan, L.M.; D’Agostino, R.B. Body mass
index, metabolic syndrome, and risk of type 2 diabetes or cardiovascular disease. J. Clin. Endocrinol. Metab.
2006, 91, 2906–2912, doi:10.1210/jc.2006-0594.
Ardern, C.I.; Janssen, I.; Ross, R.; Katzmarzyk, P.T. Development of health-related waist circumference
thresholds within BMI categories. Obes. Res. 2004, 12, 1094–1103, doi:10.1038/oby.2004.137.
Ballantyne, C.M.; Olsson, A.G.; Cook, T.J.; Mercuri, M.F.; Pedersen, T.R.; Kjekshus, J. Influence of low highdensity lipoprotein cholesterol and elevated triglyceride on coronary heart disease events and response to
simvastatin therapy in 4S. Circulation 2001,104, 3046–3051, doi:10.1161/hc5001.100624.
Vega, G.L.; Barlow, C.E.; Grundy, S.M.; Leonard, D.; DeFina, L.F. Triglyceride-to-high-density-lipoproteincholesterol ratio is an index of heart disease mortality and of incidence of type 2 diabetes mellitus in men.
J. Investig. Med. 2014, 62, 345–349, doi:10.2310/JIM.0000000000000044.
Ascaso, J.; Gonzalez Santos, P.; Hernandez Mijares, A.; Mangas Rojas, A.; Masana, L.; Millan, J.; Pallardo,
L.F.; Pedro-Botet, J.; Perez Jimenez, F.; Pintó, X.; et al. Management of dyslipidemia in the metabolic
syndrome: Recommendations of the Spanish HDL-Forum. Am. J. Cardiovasc. Drugs 2007, 7, 39–58,
doi:10.2165/00129784-200707010-00004.
Encuesta Nacional de Salud 2011/2012. Ministerio de Sanidad, Servicios Sociales e Igualdad. Available
online: http://www.msssi.gob.es/estadEstudios/estadisticas/encuestaNacional/encuesta2011.htm (accessed
on 20 December 2016).
Gidding, S.S.; Allen, N.B. Cholesterol and Atherosclerotic Cardiovascular Disease: A Lifelong Problem. J.
Am. Heart Assoc. 2019, 8, e012924, doi:10.1161/JAHA.119.012924.
Robinson, J.G.; Williams, K.J.; Gidding, S.; Borén, J.; Tabas, I.; Fisher, E.A.; Packard, C.; Pencina, M.; Fayad,
Z.A.; Mani, V.; et al. Eradicating the Burden of Atherosclerotic Cardiovascular Disease by Lowering
Apolipoprotein B Lipoproteins Earlier in Life. J. Am. Heart Assoc. 2018, 7, e009778,
doi:10.1161/JAHA.118.009778.

Diagnostics 2020, 10, 1033

25.

26.

27.

28.

29.

30.
31.
32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

16 of 17

Robinson, J.G.; Huijgen, R.; Ray, K.; Persons, J.; Kastelein, J.J.; Pencina, M.J. Determining When to Add
Nonstatin Therapy: A Quantitative Approach. J. Am. Coll. Cardiol. 2016, 68, 2412–2421,
doi:10.1016/j.jacc.2016.09.928.
American Heart Association. Cardiovascular Disease: A Costly Burden for America. Cost Projections
through
2035.
2017.
Available
online:
http://www.heart.org/idc/groups/heartpublic/@wcm/@adv/documents/downloadable/ucm_491543.pdf (accessed on 10 January 2020).
Ascaso, J.F.; Millán, J.; Hernández-Mijares, A.; Blasco, M.; Brea, Á.; Díaz, Á.; Mantilla, T.; Pedro-Botet, J.;
Pintó, X.; Grupo de trabajo sobre Dislipemia Aterogénica de la SEA. Consensus document on the
management of the atherogenic dyslipidaemia of the Spanish Society of Arteriosclerosis. Clin. Investig.
Arterioscler. 2017, 29, 86–91, doi:10.1016/j.arteri.2016.11.001.
Tomlinson, D.J.; Erskine, R.M.; Morse, C.I.; Onambélé, G.L. Body Fat Percentage, Body Mass Index, Fat
Mass Index and the Ageing Bone: Their Singular and Combined Roles Linked to Physical Activity and Diet.
Nutrients 2019, 11, 195, doi:10.3390/nu11010195.
Schubert, M.M.; Seay, R.F.; Spain, K.K.; Clarke, H.E.; Taylor, J.K. Reliability and validity of various
laboratory methods of body composition assessment in young adults. Clin. Physiol. Funct. Imaging 2019, 39,
150–159, doi:10.1111/cpf.12550.
Lean, M.E.; Han, T.S.; Morrison, C.E. Waist circumference as a measure for indicating need for weight
management. BMJ 1995, 311, 158–161, doi:10.1136/bmj.311.6998.158.
Friedewald, W.T.; Levy, R.I.; Fredrickson, D.S. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clin. Chem. 1972, 18, 499–502.
von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P.; STROBE Initiative.
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement:
Guidelines for reporting observational studies. Int. J. Surg. 2014, 12, 1495–1499,
doi:10.1016/j.ijsu.2014.07.013.
Vesa, C.M.; Popa, L.; Popa, A.R.; Rus, M.; Zaha, A.A.; Bungau, S.; Tit, D.M.; Corb Aron, R.A.; Zaha, D.C.
Current Data Regarding the Relationship between Type 2 Diabetes Mellitus and Cardiovascular Risk
Factors. Diagnostics 2020, 10, 314, doi:10.3390/diagnostics10050314.
Gheorghe, G.; Toth, P.P.; Bungau, S.; Behl, T.; Ilie, M.; Pantea Stoian, A.; Bratu, O.G.; Bacalbasa, N.; Rus,
M.; Diaconu, C.C. Cardiovascular Risk and Statin Therapy Considerations in Women. Diagnostics 2020, 10,
483, doi:10.3390/diagnostics10070483.
Song, X.; Tabák, A.G.; Zethelius, B.; Yudkin, J.S.; Söderberg, S.; Laatikainen, T.; Stehouwer, C.D.; Dankner,
R.; Jousilahti, P.; Onat, A.; et al. Obesity attenuates gender differences in cardiovascular mortality.
Cardiovasc. Diabetol. 2014, 13, 144, doi:10.1186/s12933-014-0144-5.
Wilkins, E.; Wilson, L.; Wickramasinghe, K.; Bhatnagar, P.; Leal, J.; Luengo-Fernandez, R.; Burns, R.;
Rayner, M.; Townsend, N. European Cardiovascular Disease Statistics; Eur Hear Network: Brussels, Belgium,
2017; pp. 1–192. Available online: http://www.ehnheart.org/images/CVD-statistics-report-August2017.pdf.
Khan, S.S.; Ning, H.; Wilkins, J.T.; Allen, N.; Carnethon, M.; Berry, J.D.; Sweis, R.N.; Lloyd-Jones, D.M.
Association of Body Mass Index With Lifetime Risk of Cardiovascular Disease and Compression of
Morbidity. JAMA Cardiol. 2018, 3, 280–287, doi:10.1001/jamacardio.2018.0022.
Clark, L.T. Cholesterol and heart disease: Current concepts in pathogenesis and treatment. J. Natl. Med.
Assoc. 1986, 78, 743–751.
Furtado, J.M.; Almeida, S.M.; Mascarenhas, P.; Ferraz, M.E.; Ferreira, J.C.; Vilanova, M.; Monteiro, M.P.;
Ferraz, F.P. Anthropometric features as predictors of atherogenic dyslipidemia and cardiovascular risk in
a large population of school-aged children. PLoS ONE 2018, 13, e0197922, doi:10.1371/journal.pone.0197922.
Holvoet, P.; Jenny, N.S.; Schreiner, P.J.; Tracy, R.P.; Jacobs, D.R.; Multi-Ethnic Study of Atherosclerosis. The
relationship between oxidized LDL and other cardiovascular risk factors and subclinical CVD in different
ethnic groups: The Multi-Ethnic Study of Atherosclerosis (MESA). Atherosclerosis 2007, 194, 245–252,
doi:10.1016/j.atherosclerosis.2006.08.002.
Kwon, D.; Yi, J.J.; Ohrr, H.; Yi, S.W. Total cholesterol and mortality from ischemic heart disease and overall
cardiovascular
disease
in
Korean
adults.
Medicine
(Baltimore)
2019,
98,
e17013,
doi:10.1097/MD.0000000000017013.

Diagnostics 2020, 10, 1033

42.

43.

44.

45.
46.

47.
48.
49.

50.

51.

17 of 17

Stamler, J.; Daviglus, M.L.; Garside, D.B.; Dyer, A.R.; Greenland, P.; Neaton, J.D. Relationship of baseline
serum cholesterol levels in 3 large cohorts of younger men to long-term coronary, cardiovascular, and allcause mortality and to longevity. JAMA 2000, 284, 311–318, doi:10.1001/jama.284.3.311.
Klag, M.J.; Ford, D.E.; Mead, L.A.; He, J.; Whelton, P.K.; Liang, K.Y.; Levine, D.M. Serum cholesterol in
young men and subsequent cardiovascular disease. N. Engl. J. Med. 1993, 328, 313–318,
doi:10.1056/NEJM199302043280504.
Jeong, S.M.; Choi, S.; Kim, K.; Kim, S.M.; Lee, G.; Park, S.Y.; Kim, Y.Y.; Son, J.S.; Yun, J.M.; Park, S.M. Effect
of Change in Total Cholesterol Levels on Cardiovascular Disease Among Young Adults. J. Am. Heart Assoc.
2018, 7, e008819, doi:10.1161/JAHA.118.008819.
Vinik, A.I. The metabolic basis of atherogenic dyslipidemia. Clin. Cornerstone 2005, 7, 27–35,
doi:10.1016/s1098-3597(05)80065-1.
Osadnik, K.; Osadnik, T.; Lonnie, M.; Lejawa, M.; Regula, R.; Fronczek, M.; Gawlita, M.; Wądolowska, L.;
Gąsior, M.; Pawlas, N. Metabolically healthy obese and metabolic syndrome of the lean: The importance of
diet quality. Analysis of MAGNETIC cohort. Nutr J 2020, 19, 19, doi:10.1186/s12937-020-00532-0.
Siles Gutiérrez, M.; Goldaracena Tanco, M.; Avila Muñoz, L.; Sánchez-Eznarriaga, B.C. Consumo de
hipolipemiantes en España, 1987-2000. Rev. Esp. Salud. Publica 2001, 75, 129–141.
Rodríguez Artalejo, F.; del Rey Calero, J. La prevención secundaria de la enfermedad cardiovascular es
prioritaria pero resulta insuficiente. Rev. Esp. Salud. Publica 1999, 73, 441–443.
Perk, J.; De Backer, G.; Gohlke, H.; Graham, I.; Reiner, Ž.; Verschuren, M.; Albus, C.; Benlian, P.; Boysen,
G.; Cifkova, R.; et al. European Guidelines on cardiovascular disease prevention in clinical practice (version
2012). The Fifth Joint Task Force of the European Society of Cardiology and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of nine societies and
by invited experts). Eur. Hearth J. 2012, 33, 1635–1701, doi:10.1093/eurheartj/ehs092.
Kazi, D.S.; Moran, A.E.; Coxson, P.G.; Penko, J.; Ollendorf, D.A.; Pearson, S.D.; Tice, J.A.; Guzman, D.;
Bibbins-Domingo, K. Cost-effectiveness of PCSK9 Inhibitor Therapy in Patients With Heterozygous
Familial Hypercholesterolemia or Atherosclerotic Cardiovascular Disease. JAMA 2016, 316, 743–753,
doi:10.1001/jama.2016.11004.
Olry de Labry Lima, A.; Gimeno Ballester, V.; Sierra Sánchez, J.F.; Matas Hoces, A.; González-Outón, J.;
Alegre Del Rey, E.J. Cost-effectiveness and Budget Impact of Treatment with Evolocumab Versus Statins
and Ezetimibe for Hypercholesterolemia in Spain. Rev. Esp. Cardiol. (Engl. Ed.) 2018, 71, 1027–1035,
doi:10.1016/j.rec.2018.05.003.

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

