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ABSTRACT
Objective: Sex differences in lipid metabolism associated with prevalent small dense (S-) low-density 
lipoprotein (LDL) cholesterol particles are not elucidated. An LDL to apolipoprotein B (ApoB) ratio < 
1.2 can estimate how prevalent S-LDL particles are and, thus, reflect cardiovascular risk. The aim of 
this study was to evaluate the sex distribution of LDL/ApoB ratio among patients with type 2 diabetes 
(DM) and to assess, in both sexes, the correlations between key lipid parameters and LDL/ApoB < 1.2. 
Subjects and methods: The study included 190 Caucasian participants (mean age 51.8 ± 6.4 years) 
with DM (DM group) or without DM (control group) divided into subgroups according to sex. The 
participants were examined for levels of several lipid parameters, selected lipid-related oxidative 
stress markers, and estimated S-LDL prevalence. Results: An LDL/ApoB < 1.2 (p < 0.05) was observed 
in 67% of male and female patients with DM. Although triglyceride levels did not differ between men 
and women, women had higher levels of total cholesterol (p < 0.05) and LDL cholesterol (p < 0.01) 
than men. Among women with LDL/ApoB < 1.2, strong correlations were observed between values 
of lipid hydroperoxides (LOOH) and atherogenic index of plasma (p < 0.005) and between levels 
of triglycerides and LOOH (p < 0.005) and ApoB (p < 0.0001). Conclusions: The findings indicate 
that women with LDL/ApoB < 1.2 tend to have a higher cardiovascular risk than men. Additionally, 
LDL/ApoB < 1.2 can be a surrogate marker for estimating the S-LDL prevalence in individuals with 
potentially increased cardiovascular risk.
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INTRODUCTION

The incidence of atherosclerosis-related cardiovascu-
lar disease (CVD) varies between men and women 

worldwide. However, the etiopathogenetic factors in-
volved in these differences are still unclear (1). Notably, 
CVD usually develops in women several years later than 
in men and increases dramatically during menopause 
(2,3). Recent recommendations for the primary pre-
vention of CVD in women have focused on several risk 
factors associated with changes in sex hormone levels 
throughout a lifetime (4,5), such as hypertension, dys-

lipidemia, diabetes mellitus (DM), perimenopause, and 
others (6,7). Some European specialists have pointed 
out the lower participation of women in clinical trials 
and the increased need for prevention, diagnosis, and 
treatment of CVD in this population (8,9). Clinical 
studies examining age- and sex-related differences in 
lipid profile have reported a higher cardiovascular risk 
in menopausal women compared with men (10-12). 

The plasma atherogenic lipoprotein profile is a 
known important risk factor for atherosclerosis-related 
CVD (13). The atherogenic index of plasma (AIP) has 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

2

Lipid-related cardiovascular risk factors

Arch Endocrinol Metab, 2024, v.68, 1-10, e240069.

been proposed as a marker of plasma atherogenicity 
based on its strong and positive association with 
cholesterol esterification rates, lipoprotein particle size, 
and remnant lipoproteinemia (14,15). The retention 
of low-density lipoprotein cholesterol (LDL-c) and 
other cholesterol-rich, apolipoprotein B (ApoB)-
containing lipoproteins contributes to the development 
of atherosclerosis (16,17). Recent evidence has pointed 
to some markers that may estimate how prevalent small 
dense LDL-c (S-LDL) particles are in an individual, 
which in turn correspond to values of LDL/ApoB 
< 1.2 and cardiovascular risk (18,19). The S-LDL 
particles have a lower affinity for the LDL receptor, a 
higher cholesterol content, and a longer half-life; they 
penetrate the arterial wall more easily and are more 
susceptible to AIP oxidation than larger LDL particles 
(20). These S-LDL particles have strong atherogenic 
potential and represent a major risk factor for the 
development and progression of atherosclerotic CVD 
(21,22). Given the causal role of LDL-c and ApoB in the 
pathogenesis of this process, evaluating the prevalence 
of S-LDL particles appears to be an appropriate method 
for cardiovascular risk stratification. 

Laboratory methods for determining the size of 
LDL particles are difficult to use in routine clinical 
practice due to the complexity of their procedures 
and high cost. On the other hand, the LDL/ApoB 
ratio (which reflects LDL particle size) can be easily 
calculated from laboratory-measured LDL-c and 
ApoB levels. Some researchers have suggested that 
smaller LDL particle sizes are related to severe lipid 
abnormalities and potential CV risk (18,19). They have 
found that the LDL/ApoB value not only correlates 
positively with LDL particle diameter but also that 
an LDL/ApoB ratio of 1.2 (or less) reflects an LDL 
particle size of 25.5 nm (or smaller), indicating the 
prevalence of S-LDL particles. 

Based on this hypothesis, our study aimed to evaluate 
the sex-related distribution of the LDL/ApoB ratio and 
estimate the prevalence of S-LDL particles using an 
LDL/ApoB < 1.2 in patients with DM. Another aim of 
the study was to investigate differences in the relationships 
between atherosclerosis-related lipid parameters in men 
and women with LDL/ApoB < 1.2, which could lead to 
a better stratification of cardiovascular risk. The clinical 
interest of this study was focused on highlighting the 
LDL/ApoB ratio as a surrogate marker in the assessment 
of cardiovascular risk.

SUBJECTS AND METHODS 
Study population 
The study comprised 190 Caucasian participants 
divided as follows: 121 men with a mean age of 52.0 
± 6.6 years (83 outpatients with DM [DM-M] and 38 
controls [CG-M]) and 69 women with a mean age of 
51.5 ± 6.1 years (46 outpatients with DM [DM-F] 
and 23 controls [CG-F]). The inclusion criteria for 
patients with DM – who attended the outpatient clinics 
of the Department of Internal Medicine, Faculty of 
Medicine, Comenius University in Bratislava – were 
as follows: men and women aged < 60 years, with 
previously diagnosed type 2 DM, glucose-lowering 
therapy, and with/without a history of CVD. Patients 
with DM received insulin, oral hypoglycemic agents 
(OHA), a combination of insulin and OHA, a special 
diet, and lipid-modifying agents. The glycemic control 
of patients with DM was performed using glycated 
hemoglobin (HbA1c) levels at the time of enrollment. 
There were no inclusion or exclusion criteria related 
to HbA1c. The exclusion criteria were as follows: 
history of severe hepatic or renal dysfunction, acute 
coronary or cerebrovascular events, acute infections, 
and neurological or malignant diseases. 

The inclusion criteria for healthy controls were as 
follows: men and women age-matched to the participants 
in the DM group and without history of hyperglycemia, 
DM, hypertension, CVD, lipid abnormalities, or acute 
infections. All participants were enrolled in the study at 
the time of their medical examination. In addition, the 
height and weight of all participants were recorded, and 
their body mass index was calculated.

Ethics
This study was conducted in line with the ethical 
principles for medical research involving human subjects 
of the World Medical Association Declaration of 
Helsinki (as revised in 2013). The protocol of the study 
was approved by the Ethics Committee of the Faculty 
of Medicine, Comenius University, and the University 
Hospital, Bratislava (Decision no. 41/2022). Informed 
consent was obtained from all study participants. The 
anonymity of the patients was maintained within the 
manuscript according to ethical principles. 

Biochemical measurements 
At the time of enrollment, fasting blood samples 
were obtained from all participants. The serum was 
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separated by centrifugation under standard conditions, 
aliquoted into polystyrene tubes (Eppendorf AG, 
Hamburg, Germany), frozen at -80 °C, and stored 
until further analysis. Serum levels of triglycerides 
(TG), total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-c), LDL-c, ApoA1, ApoB, and 
glucose were determined by standardized methods 
using an automated analyzer (ADVIA 2400 Chemistry 
System, Siemens, USA) and kits (Erba Lachema, Brno, 
Czech Republic). The results are expressed as mmol/L 
or g/L. The HbA1c level in whole blood was measured 
using the Variant II Turbo Hemoglobin Testing 
System (Bio-Rad Laboratories, Hercules, CA, USA). 
Levels of HbA1c are expressed in both traditional 
Diabetes Control and Complications Trial (DCCT)-
derived units (in %) and International Federation 
of Clinical Chemistry and Laboratory Medicine 
(IFCC)-recommended SI units (in mmol/mol) (23). 
All measurements were performed in an accredited 
laboratory of clinical biochemistry in Bratislava.

Serum levels of lipid hydroperoxides (LOOH) were 
determined according to a previously described method 
(24) using a UV-1800 Spectrophotometer (Shimadzu 
Corporation, Japan) at 365 nm and 37 °C. The molar ex-
tinction coefficient for I3 was 24,600 mol-1·dm3·cm-1. 
The results are presented in nmol/mL of serum.

Calculation of lipid risk indexes 
Lipid risk indexes were calculated from basic lipid 
parameters according to current guidelines (16). Non-
HDL-c was expressed as the difference between TC and 
HDL-c levels (17). Values of LDL-c were converted 
from mmol/L to mg/dL using a conversion factor 
of 38.67. The LDL/ApoB ratio was calculated from 
serum levels of LDL-c and ApoB (both in mg/dL). 
The LDL/ApoB ratio for estimating the prevalence of 
two LDL particle sizes was set as follows: LDL/ApoB 
< 1.2 (S-LDL) and LDL/ApoB > 1.2 (large dense 
[L-]LDL) (18). The ratio of TG to HDL-c (both in 
mmol/L) was logarithmically transformed and defined 
as the AIP (15). The AIP risk categories were classified 
as follows: AIP < 0.11 (low risk), AIP = 0.11-0.21 
(moderate risk), and AIP > 0.21 (high risk).

Statistical analysis
Statistical analysis was performed using the software Stats-
Direct Sales, version 2.7.9 (Cheshire M33, 3UY, UK). A 
graphical representation of the examined parameters was 

created using Excel 2019 (Microsoft Corporation, USA). 
The normality or non-normality of data distribution in 
each group was assessed using the Shapiro-Wilk’s W test. 
Categorical data were compared using the chi-square 
test or Fisher’s exact test, as appropriate. Differences in 
variables between groups were evaluated using paramet-
ric Student’s t test or nonparametric Mann-Whitney’s U 
test. The results are expressed as mean ± standard de-
viation for parametric variables or as median (25th per-
centile; 75th percentile) for nonparametric variables. P < 
0.05 (two-sided) was considered statistically significant. 

Patients with DM were divided into four groups 
according to the LDL/ApoB ratio. Differences in 
variables between these groups were analyzed using 
a one-way analysis of variance (ANOVA) test. Post 
hoc pairwise comparisons were performed at the 
Bonferroni-adjusted significance level of alpha for 
multiple comparisons (p = 0.0125 for four groups).

The relationships between the examined variables 
were evaluated using Spearman’s rank correlation 
test and are expressed by Spearman’s rank correlation 
coefficient rho (r) and p values. Fisher’s r-to-z 
transformation (p < 0.05) was used to evaluate the 
statistical significance of the difference between pairs of 
correlation coefficients within each set of comparisons.

RESULTS 
Sex-related biochemical parameters 
The baseline characteristics of the patients with DM 
categorized by sex are listed in Table 1. Significantly 
lower HDL-c levels (p < 0.001) were observed in the 
DM-M group compared with the DM-F group. Levels 
of TG were similar in both sexes (p > 0.05). Values 
of AIP and LOOH were higher in the DM-M group 
than in the DM-F group, but this difference was not 
statistically significant (p > 0.05). The distribution 
of AIP risk categories in patients with DM showed 
a lower incidence of AIP < 0.11 (low-risk level) in 
men than in women (31% vs. 48%, respectively; p < 
0.05) (Supplementary Table 1). In contrast, a higher 
incidence of AIP > 0.21 (high-risk level) was observed 
in men with DM than in women with DM (54% vs. 
32%, respectively; p = 0.058). No significant differences 
between groups were found in the levels of other lipids 
or glycemic and oxidative stress parameters. Although 
a 67% prevalence of LDL/ApoB < 1.2 was observed 
in patients with DM, no difference between men and 
women was detected in this regard. 
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In the control group, we observed a higher 
prevalence of AIP < 0.11 in women (91%, p = 0.025) 
than in men (data not shown). We found no difference 
in rates of LDL/ApoB < 1.2 between men and women 
in the control group (Supplementary Table 2).

Biochemical parameters related to the  
LDL/ApoB ratio 
Patients with DM were regrouped according to LDL/
ApoB ratio as follows: LDL/ApoB < 1.2 (S-LDL 
group), n = 87 (56 men [S-LDL-M] and 31 women 
[S-LDL-F]) and LDL/ApoB > 1.2 (L-LDL group), n 
= 42 (27 men [L-LDL-M] and 15 women [L-LDL-F]). 
Although this distribution showed a higher incidence 
of LDL/ApoB < 1.2 than LDL/ApoB > 1.2 in both 

Table 1. Demographic and metabolic characteristics of patients with type 2 diabetes categorized by sex

Characteristics DM-M  
group

DM-F  
group  p

N (%) 83 (64)  46 (36) < 0.005

Age (years) 52.9 ± 6.1 52.4 ± 5.5 0.284

BMI (kg/m2) 31.5 (28.1; 33.6) 31.2 (27.9; 35.5) 0.348

Duration of diabetes (years) 3 (1; 6) 2 (1; 6) 0.456

History of HPT n (%) 49 (59) 26 (56) 0.116

History of CVD n (%) 16 (19) 2 (4) < 0.05

Glucose-lowering therapy n (%)

Insulin 9 (11) 2 (4)  0.106

Insulin + OHA 7 (8) 5 (11) 0.807

OHA 56 (68) 20 (43) < 0.05

Diet 11 (13) 19 (41) < 0.05

Lipid-lowering therapy 51 (61) 28 (61) 0.455

Fasting glycemia (mmol/L) 7.1 (6.2; 8.6) 6.9 (6.1; 7.5) 0.244

HbA1C (%) 6.8 (6.1; 7.5) 6.5 (6.1; 7.6) 0.216

(mmol/mol) 50.8 (43.1; 58.0) 47.0 (42.8; 59.0)  0.216

TC (mmol/L 4.6 (4.2; 5.4) 5.2 ± 1.2 0.056

HDL-c (mmol/L) 1.08 (0.98; 1.29) 1.31 ± 0.28 < 0.001

Non-HDL-c (mmol/L) 3.5 (2.9; 4.3) 3.9 ± 1.1 0.133

LDL-c (mmol/L) 2.6 (2.2; 3.2) 3.0 ± 0.9 0.078

TG (mmol/L) 1.8 (1.3; 2.4) 1.7 (1.2; 2.3) 0.368

ApoA1 (g/L) 1.62 ± 0.38 1.92 ± 0.24 0.068  

ApoB (g/L) 0.85 ± 0.19 0.81 ± 0.36 0.066

LOOH (nmol/mL) 69.1 ± 25.4 62.3 ± 19.8 0.068

AIP 0.22 ± 0.27 0.13 ± 0.25 0.086

LDL/ApoB 1.11 ± 0.17 1.14 ± 0.12 0.258

Data are expressed as mean ± standard deviation for parametric variables or median (25th percentile; 75th percentile) for nonparametric variables. N (%) represents the number of subjects per 
group (percentage). P values were calculated using Student’s t test for normally distributed variables and Mann-Whitney’s U test for non-normally distributed variables (p < 0.05 was defined as 
statistically significant). Abbreviations: AIP, atherogenic index of plasma; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; BMI, body mass index; CVD, cardiovascular disease; DM-F, women 
with type 2 diabetes; DM-M, men with type 2 diabetes; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; HPT, hypertension; OHA, oral hypoglycemic agents; LDL/ApoB, 
low-density lipoprotein cholesterol to apolipoprotein B ratio; LOOH, lipid hydroperoxides; TC, total cholesterol; TG, triglycerides.

sexes (p < 0.05), the prevalence of LDL/ApoB < 1.2 
in men was similar to that in women (67% and 66%, 
respectively). Significant differences in the values of 
HDL-c, TG, LOOH, and AIP were found between 
groups with/without LDL/ApoB < 1.2 in men and 
women (Table 2). Lower HDL-c levels (p < 0.005) 
and higher LOOH and AIP levels (both p < 0.05) were 
observed in the S-LDL-M group compared with the 
S-LDL-F group. 

On the contrary, there were higher levels of TC  
(p < 0.05) and LDL-c (p < 0.01) in the S-LDL-F group 
than in the S-LDL-M group. Levels of AIP > 0.21 were 
found in both men and women with LDL/ApoB < 1.2. 
This indicates that patients of both sexes included in 
the S-LDL group represent a high-risk population. 
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Table 2. Biochemical parameters in patients with type 2 diabetes categorized by sex and according to the low-density lipoprotein cholesterol to 
apolipoprotein B (LDL/ApoB) ratio 

Characteristics
DM-Male group DM-Female group

pa pb pc pd

S-LDL-M L-LDL-M S-LDL-F L-LDL-F

N (%) 56 (68) 27 (32) 31 (67) 15 (33)

LDL/ApoB 1.02 ± 0.14 1.28 ± 0.06 1.08 ± 0.11 1.25 ± 0.04 < 0.0001 < 0.0001 0.064 0.171

Fasting glycemia (mmol/L) 7.8 ± 2.5 7.3 ± 2.4 7.5 ± 1.7 6.8 ± 1.5 0.224 0.238 0.358 0.514

HbA1C (%) 7.1 ± 1.2 6.7 ± 1.0 7.1 ± 1.3 6.8 ± 1.4 0.102 0.560 0.906 0.607

(mmol/mol) 54.0 ± 12.7 49.3 ± 11.0 54.2 ± 13.8 51.4 ± 14.9 0.102 0.560 0.906 0.607

TC (mmol/L) 4.6 ± 0.9 5.3 ± 1.3 5.2 ± 1.2 5.3 ± 1.1 < 0.005 0.668 < 0.05 0.874

HDL-c (mmol/L) 1.08 ± 0.22 1.25 ± 0.34 1.24 ± 0.26 1.43 ± 0.28 < 0.01 < 0.05 < 0.005 0.095

Non-HDL-c (mmol/L) 3.6 ± 0.8 4.0 ± 1.1 3.9 ± 1.2 3.9 ± 1.1 < 0.05 0.959 0.091 0.748

LDL-c (mmol/L) 2.5 ± 0.6 3.5 ± 0.9 2.9 ± 0.8 3.3 ± 0.9 < 0.0001 0.149 < 0.01 0.643

TG (mmol/L) 2.4 ± 1.2 1.2 ± 0.5 2.3 ± 1.0 1.3 ± 0.4 < 0.0001 < 0.005 0.672 0.664

ApoA1 (g/L) 1.66 ± 0.36 1.60 ± 0.49 1.93 ± 0.31 1.88 ± 0.29 0.782 0.407 0.181 0.087

ApoB (g/L) 0.84 ± 0.16 0.79 (0.71; 1.01) 0.80 ± 0.44 0.65 ± 0.23 0.801 0.076 0.093 0.488

ALOOH (nmol/mL) 0.84 ± 0.16 56.9 ± 13.7 65.1 ± 19.7 56.8 ± 19.5 < 0.005 < 0.05 < 0.05 0.994

AIP 0.32 ± 0.20 0.04 ± 0.23 0.23 ± 0.22 0.07 ± 0.17 < 0.0001 < 0.0001 < 0.05 0.695

Categorization of the prevalence of LDL/ApoB ratio by sex: S-LDL-M group, men with LDL/ApoB < 1.2 (small dense LDL); S-LDL-F group, women with LDL/ApoB < 1.2 (small dense LDL); L-LDL-M 
group, men with LDL/ApoB > 1.2 (large dense LDL); L-LDL-F group, women with LDL/ApoB > 1.2 (large dense LDL). N represents the number of subjects per subgroup. Data are expressed as 
mean ± standard deviation for parametric variables or median (25th percentile; 75th percentile) for nonparametric variables. P value indicates the statistical significance of the difference 
between the levels of biochemical parameters using a one-way analysis of variance (ANOVA) test and post hoc pairwise comparisons at p = 0.0125 (Bonferroni correction). ap value between the 
S-LDL-M and L-LDL-M groups; bp value between the S-LDL-F and L-LDL-F groups; cp value between the S-LDL-M and S-LDL-F groups; dp value between the L-LDL-M and L-LDL-F groups. 
Abbreviations: AIP, atherogenic index of plasma; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; LDL/
ApoB, low-density lipoprotein cholesterol to apolipoprotein B ratio; LOOH, lipid hydroperoxides; TC, total cholesterol; HDL-c, high-density lipoprotein cholesterol; TG, triglycerides. 

Significant differences in LOOH levels were observed 
between men and women in the groups with/without 
LDL/ApoB < 1.2. Levels of LOOH were higher in 
men and women with LDL/ApoB < 1.2 (p < 0.005 
and p < 0.05, respectively) compared with men and 
women with LDL/ApoB > 1.2.

Correlation analysis 
In the first step, correlation analysis (Fisher’s r-to-z 
transformation) indicated stronger relationships of 
LDL/ApoB ratio with values of AIP (Figure 1A), TG, 
and LOOH in men with DM than in women with 
DM (Supplementary Table 3). However, stronger 
correlations of non-HDL-c with AIP and TG were 
found in the DM-F group (p < 0.05). Subsequently, the 
statistical significance of the difference between the pairs 
of correlation coefficients showed stronger correlations 
between AIP and LOOH (Figure 1B) and between 
TG and LOOH as well as ApoB in the S-LDL-F group 
than in the S-LDL-M group (Table 3). The same type 
of analysis did not show correlations between lipid risk 
parameters in the group of women with LDL/ApoB > 
1.2 (data not shown).

DISCUSSION 
This study evaluated the correlations between 
atherosclerosis-related lipid parameters and LDL/ApoB 
< 1.2 in male vs. female patients with DM. Significantly 
lower HDL-c levels were observed in men with DM 
than in women with DM. Levels of TG were very similar 
between sexes, but AIP values were higher in men than 
in women, although this difference was not statistically 
significant. This indicates that lower HDL-c levels 
tend to elevate AIP values slightly, thereby increasing 
plasma atherogenicity in men with DM. In addition, 
the distribution of AIP risk categories according 
to sex among patients with DM revealed a higher 
incidence of AIP levels > 0.21 (corresponding to a high 
cardiovascular risk) in men compared with women. 
The AIP, reflecting the actual status of TG and HDL-c 
metabolism, may be involved in the pathophysiology of 
LDL particle size. Statistical analysis of the difference 
between correlation coefficients demonstrated stronger 
correlations between LDL/ApoB ratio and values of 
LOOH, AIP (Figure 1A), and TG in men with DM than 
in women with DM. However, these findings could be 
due to the categorization of patients with DM into two 
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subgroups according to sex. Each subgroup (men with 
DM or women with DM) included individuals with 
LDL/ApoB both below and above 1.2.

Some reports have suggested that AIP and the 
LDL/ApoB ratio are relevant indicators of plasma 
atherogenicity and S-LDL particle prevalence and are 
considered independent predictors of cardiovascular 
risk (15,18,19,25). The causal role of LDL-c and 
other ApoB-containing lipoproteins, as well as strongly 
atherogenic S-LDL particles in the early stages of 
subclinical atherosclerosis, has been emphasized often 

Table 3. Results of Spearman's correlations between biochemical parameters and low-density lipoprotein cholesterol to apolipoprotein B (LDL/ApoB) 
ratio < 1.2 in patients with diabetes mellitus categorized by sex

Variables 
S-LDL-M S-LDL-F

r p r p

Atherogenic index of plasma

LOOH 0.431 < 0.001 * 0.699 < 0.005

Non-HDL-c 0.547 < 0.0001 0.686 < 0.0001

ApoB 0.542 < 0.0001 0.700 < 0.0001

TC 0.363 < 0.01 0.568 < 0.005

Triglycerides

LOOH 0.416 < 0.001 * 0.669 < 0.005

Non-HDL-c 0.691 < 0.0001 0.820 < 0.0001

ApoB 0.692 < 0.0001 * 0.838 < 0.0001

TC 0.600 < 0.0001 0.776 < 0.0001

Categorization of the prevalence of LDL/ApoB < 1.2 by sex: S-LDL-F group, women with LDL/ApoB < 1.2 (small dense LDL); S-LDL-M group, men with LDL/ApoB < 1.2 (small dense LDL). P value 
represents the statistical significance of the differences between the analyzed variables in each group; r is Spearman's rank correlation coefficient (rho); * indicates the statistical significance 
of the difference between pairs of correlation coefficients (Fisher’s r-to-z transformation; p < 0.05). Abbreviations: ApoB, apolipoprotein B; LOOH, lipid hydroperoxides; non-HDL-c, non-high-
density lipoprotein cholesterol; TC, total cholesterol.
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Figure 1. Correlations by sex between (A) low-density lipoprotein to apolipoprotein B ratio (LDL/ApoB) and atherogenic index of plasma (AIP) values in 
patients with type 2 diabetes (whole group) and between (B) AIP and lipid hydroperoxides (LOOH) values in patients with type 2 diabetes with LDL/ApoB 
< 1.2. (A) DM-M group (r = - 0.829, p < 0.0001) and DM-F group (r = - 0.670, p < 0.0001); p = 0.028 represents the statistical significance of the 
difference between two correlation coefficients (Fisher’s r-to-z transformation). (B) S-LDL-M group (r = 0.431, p < 0.001) and S-LDL-F group (r = 0.699, 
p < 0.005); p < 0.05 represents the statistical significance of the difference between two correlation coefficients (Fisher’s r-to-z transformation). 
Distribution of LDL/ApoB < 1.2 according to sex, in which the S-LDL-F and S-LDL-M groups correspond to women and men, respectively, with LDL/ApoB 
< 1.2 (small dense LDL).

(21,26). In our study, we calculated the AIP and LDL/
ApoB ratio using laboratory-measured lipid parameters. 
Besides that, we considered this process of estimation of 
plasma atherogenicity and S-LDL particle prevalence to 
be adequate in terms of the spectrum of lipid parameters, 
which were measured in our study. Prevalent S-LDL 
particles in blood can be associated with increased oxidative 
modification of lipids (reflected in the increased LOOH 
level), which is involved in atherogenesis. Therefore, 
combined cardiovascular risk stratification using AIP 
(corresponding to three levels of risk categories) and 
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LDL/ApoB ratio (corresponding to two LDL particle 
sizes) may be beneficial in clinical practice. 

We recorded surprising results after dividing patients 
with DM according to sex and LDL/ApoB ratio. The 
prevalence of LDL/ApoB < 1.2 was significantly (p < 
0.05) higher than that of LDL/ApoB > 1.2 in both 
men (68%) and women (67%). No differences in the 
prevalence of this ratio were detected between men and 
women. Higher HDL-c levels do not appear to rule 
out the occurrence of LDL/ApoB < 1.2. Men with 
LDL/ApoB < 1.2 had significantly lower levels of TC, 
HDL-c, and LDL-c and significantly higher values of 
AIP and LOOH than women in the S-LDL-F group. 
These findings indicate that significantly higher values 
of LOOH and AIP could correspond to increased lipid 
oxidative damage and plasma atherogenicity in men 
assigned to the S-LDL-M group. In contrast, higher 
levels of HDL-c and TC, and higher cutoff levels of 
LDL-c were found in the S-LDL-F group compared 
with the S-LDL-M group. 

In our study, the strength of the relationships 
between lipid parameters changed significantly after the 
distribution of men and women according to LDL/
ApoB ratio. Correlation analysis showed stronger 
correlations between multiple lipid parameters in 
the S-LDL-F group (women) compared with the 
S-LDL-M group (men) (Table 3). Exclusively, stronger 
correlations between values of AIP and LOOH (Figure 
1B) and between values of TG and LOOH as well as 
ApoB were confirmed in women with LDL/ApoB < 
1.2. Hypothetically, as the LDL/ApoB ratio decreases 
(reflecting a tendency to S-LDL particle predominance) 
with increasing values of AIP and LOOH (tendency to 
increase plasma atherogenicity and oxidative damage of 
lipids), cardiovascular risk will tend to elevate. These 
correlations indicate that women in the S-LDL-F group 
are at a potentially higher risk of future CVD than men 
with LDL/ApoB < 1.2. Moreover, correlation analysis 
did not confirm such correlation between lipid parameters 
in women with LDL/ApoB > 1.2 (data not shown).

  We speculated whether these relationships between 
relevant lipid parameters due to LDL/ApoB < 1.2 in 
women (indicating a higher cardiovascular risk) could 
be linked to slightly higher levels of TC and higher 
cutoff levels of LDL-c and other factors, such as sex 
hormone levels. Recent studies have suggested that 
the prevalence of CVD during the menopausal period 
is increasing and, therefore, dyslipidemia as a key risk 

factor must be controlled in women with DM (27-29). 
We believe that further clinical studies are needed to 
investigate the mechanisms responsible for the effect of 
different sex hormone levels on lipid metabolism.

This study has some limitations related to the rela-
tively small subgroups of men and women with LDL/
ApoB < 1.2. Associations of the LDL/ApoB ratio with 
other lipid parameters between subgroups with/with-
out a history of CVD in both sexes were not evaluated 
due to the low incidence of CVD among patients with 
DM. The findings of our study are consistent with re-
ported opinions calling for future sex-related research 
focused on a larger sample of subjects with DM and 
including a higher proportion of women (2,5). Nev-
ertheless, our study has some strengths represented by 
the study design with well-defined participant inclusion 
criteria and a wide range of lipid-related parameters not 
routinely used in clinical practice.

It is necessary to improve the prediction of CVD 
risk using surrogate lipid-related markers that could 
complement the commonly used biomarkers in clinical 
practice. Such a marker could be represented by the 
numerical value of the LDL/ApoB ratio reflecting the 
LDL particle size, the level of plasma atherogenicity, 
and atherosclerotic risk. This ratio can identify 
individuals with LDL/ApoB < 1.2 (with prevalent 
S-LDL particles and potentially increased cardiovascular 
risk) and distinguish them from those with prevalent 
L-LDL particles. Therefore, the LDL/ApoB ratio can 
significantly increase the predictive value of routinely 
used cardiovascular markers. Because laboratory 
methods for determining the size of LDL particles 
are difficult to apply in routine clinical practice due to 
their complex procedures and high cost, estimating the 
prevalence of S-LDL particles using the LDL/ApoB 
ratio may be beneficial for the early prevention of CVD 
in the general population.

In conclusion, identifying high-risk individuals 
using the LDL/ApoB ratio may have a supportive 
role in DM management, especially in menopausal 
women with specific thresholds of LDL-c and HDL-c 
levels. Due to its simplicity, the LDL/ApoB ratio has a 
promising future for screening and diagnostic purposes 
in clinical practice.

Sponsorship: this work was supported by the Ministry of 
Education, Science, Research and Sport of the Slovak Republic, 
Bratislava, Slovakia (VEGA grant numbers: 1/0451/16 and 
1/0200/22).



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

8

Lipid-related cardiovascular risk factors

Arch Endocrinol Metab, 2024, v.68, 1-10, e240069.

Authors’ Contributions: AV (guarantor of this study) performed 
biochemical measurements and statistical analysis and wrote the 
manuscript. MP and RB enrolled outpatients, collected blood 
samples, and interpreted clinical data. SK and PP acquired patient 
data, analyzed clinical findings, and contributed to the discussion. 
All authors approved the final version of the manuscript. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES
1.	 Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, 

Callaway CW, et al.; American Heart Association Council on 
Epidemiology and Prevention Statistics Committee and Stroke 
Statistics Subcommittee. Heart disease and stroke statistics-2021 
update: A report from the American Heart Association. Circulation. 
2021;143(8):e254-e743. doi: 10.1161/CIR.0000000000000950. 

2.	 Cho L, Davis M, Elgendy I, Epps K, Lindley KJ, Mehta PK, et al.; 
ACC CVD Women’s Committee Members. Summary of updated 
recommendations for primary prevention of cardiovascular disease 
in women: JACC State-of-the-Art Review. J Am Coll Cardiol. 
2020;75(20):2602-18. doi: 10.1016/j.jacc.2020.03.060. 

3.	 Martín-Timón I, Sevillano-Collantes C, Segura-Galindo A, Del Cañizo-
Gómez FJ. Type 2 diabetes and cardiovascular disease: Have all risk 
factors the same strength? World J Diabetes. 2014;5(4):444-70. doi: 
10.4239/wjd.v5.i4.444.

4.	 Kalyani RR, Lazo M, Ouyang P, Turkbey E, Chevalier K, Brancati F, 
et al. Sex differences in diabetes and risk of incident coronary artery 
disease in healthy young and middle-aged adults. Diabetes Care. 
2014;37(3):830-8. doi: 10.2337/dc13-1755.  

5.	 Maas AHEM, Rosano G, Cifkova R, Chieffo A, van Dijken D, Hamoda 
H, et al. Cardiovascular health after menopause transition, pregnancy 
disorders, and other gynaecologic conditions: a consensus document 
from European cardiologists, gynaecologists, and endocrinologists. 
Eur Health J. 2021 Mar 7;42(10):967-84. doi: 10.1093/eurheartj/
ehaa1044. 

6.	 Stramba-Badiale M. Women and research on cardiovascular 
diseases in Europe: a report from the European Heart Health Strategy 
(EuroHeart) project. Eur Heart J. 2010 Jul;31(14):1677-81. https://doi.
org/10.1093/eurheartj/ehq094

7.	 Collins P, Maas A, Prasad M, Schierbeck L, Lerman A. Endothelial 
vascular function as a  surrogate of vascular risk and aging in 
women. Mayo Clin Proc. 2020;95(3):541-53. doi: 10.1016/j.
mayocp.2019.07.001.

8.	 Vogel B, Acevedo M, Appelman Y, Bairey Merz CN, Chieffo A, Figtree 
GA, et al. The Lancet women and cardiovascular disease Commission: 
reducing the global burden by 2030. Lancet. 2021;397(10292):2385-
38. doi: 10.1016/S0140-6736(21)00684-X. 

9.	 Balder JW, de Vries JK, Nolte IM, Lansberg PJ, Kuivenhoven JA, 
Kamphuisen PW. Lipid and lipoprotein reference values from 133,450 
Dutch lifelines participants: Age- and gender-specific baseline lipid 
values and percentiles. J Clin Lipidol. 2017;11(4):1055-64.e6. doi: 
10.1016/j.jacl.2017.05.007. 

10.	 Ambrož M, de Vries ST, Vart P, Dullaart RPF, Roeters van Lennep J, 
Denig P, et al. Sex differences in lipid profile across the life span in 
patients with type 2 diabetes: A primary care-based study. J Clin Med. 
2021;10(8):1775. doi: 10.3390/jcm10081775. 

11.	 Ikezaki H, Lim E, Liu CT, Cupples LA, Asztalos BF, Murata M, et al. 
Gender differences in lipoprotein parameters in cardiovascular disease 
risk; The Framingham offspring study. Circulation. 2020;142:A13902. 
doi: 10.1161/circ.142.suppl_3.13902.

12.	 Peters SAE, Huxley RR, Woodward M. Diabetes as risk factor for 
incident coronary heart disease in women compared with men: 
A systematic review and meta-analysis of 64 cohorts including 

858,507 individuals and 28,203 coronary events. Diabetologia. 
2014;57(8):1542-51. doi: 10.1007/s00125-014-3260-6. 

13.	 Stramba-Badiale M, Priori SG. Gender-specific prescription for 
cardiovascular diseases?Eur Heart J. 2005;26(16):1571-2. doi: 
10.1093/eurheartj/ehi428. 

14.	 Ding EL, Song Y, Manson JE, Rifai N, Buring JE, Liu S. Plasma sex 
steroid hormones and risk of developing type 2 diabetes in women: A 
prospective study. Diabetologia. 2007;50(10):2076-84. doi: 10.1007/
s00125-007-0785-y. 

15.	 Dobiášová M. Atherogenic impact of lecithin-cholesterol 
acyltransferase and its relation to cholesterol esterification rate in HDL 
(FER(HDL)) and AIP [log(TG/HDL-C)] biomarkers: The butterfly effect? 
Physiol Res. 2017;66(2):193-203. doi: 10.33549/physiolres.933621.

16.	 Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, 
Badimon L, et al. 2019 ESC/EAS Guidelines for the management of 
dyslipidaemias: lipid modification to reduce cardiovascular risk.  Eur 
Heart J. 2020;41(1):111-88. doi: 10.1093/eurheartj/ehz455.

17.	 Harari G, Green MS, Magid A, Zelber-Sagi S. Usefulness of non-high-
density lipoprotein cholesterol as a predictor of cardiovascular disease 
mortality in men in 22-year follow-up. Am J Cardiol. 2017;119(8):1193-
8. doi: 10.1016/j.amjcard.2017.01.008. 

18.	 Tani S, Saito Y, Anazawa T, Kawamata H, Furuya S, Takahashi H, 
et al. Low-density lipoprotein cholesterol/apolipoprotein B ratio 
may be a useful index that differs in statin-treated patients with and 
without coronary artery disease: a case control study. Int Heart J. 
2011;52(6):343-7. doi: 10.1536/ihj.52.343. 

19.	 Hirano T, Ito Y, Yoshino G. Measurement of small dense low-density 
lipoprotein particles. J Atheroscler Thromb. 2005;12(2):67-72. doi: 
10.5551/jat.12.67. 

20.	 Borén J, Chapman MJ, Krauss RM, Packard CJ, Bentzon JF, Binder CJ, et 
al. Low-density lipoproteins cause atherosclerotic cardiovascular disease: 
pathophysiological, genetic, and therapeutic insights: a consensus 
statement from the European Atherosclerosis Society Consensus Panel. 
Eur Heart J. 2020;41(24):2313-30. doi: 10.1093/eurheartj/ehz962.

21.	 Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert 
E, et al. Low-density lipoproteins cause atherosclerotic cardiovascular 
disease. 1. Evidence from genetic, epidemiologic, and clinical studies. 
A consensus statement from the European Atherosclerosis Society 
Consensus Panel. Eur Heart J. 2017;38(32):2459-72. doi: 10.1093/
eurheartj/ehx144.

22.	 Balling M, Nordestgaard BG, Langsted A, Varbo A, Kamstrup PR, 
Afzal S. Small dense low-density lipoprotein cholesterol predicts 
atherosclerotic cardiovascular disease in the Copenhagen General 
Population Study. J Am Coll Cardiol. 2020;75(22):2873-5. doi: 
10.1016/j.jacc.2020.03.072. 

23.	 American Diabetes Association. 6. Glycemic Targets: Standards of 
Medical Care in Diabetes – 2021. Diabetes Care. 2021;44(Suppl 
1):S73-S84. https://doi.org/10.2337/dc21-S006

24.	 Cramer GL, Miller JF Jr, Pendleton RB, Lands WE. Iodometric 
measurement of lipid hydroperoxides in human plasma. Anal 
Biochem. 1991;193(2):204-11. doi: 10.1016/0003-2697(91)90010-q. 

25.	 Tani S, Yagi T, Atsumi W, Kawauchi K, Matsuo R, Hirayama A. Relation 
between low-density lipoprotein cholesterol/apolipoprotein B ratio and 
triglyceride-rich lipoproteins in patients with coronary artery disease 
and type 2 diabetes mellitus: a cross-sectional study. Cardiovasc 
Diabetol. 2017;16(1):123. doi: 10.1186/s12933-017-0606-7.

26.	 Vallejo-Vaz AJ, Ray KK, Ginsberg HN, Davidson MH, Eckel RH, 
Lee LV, et al. Associations between lower levels of low-density 
lipoprotein cholesterol and cardiovascular events in very high-risk 
patients: pooled analysis of nine ODYSSEY trials of alirocumab 
versus control. Atherosclerosis. 2019;288:85-93. doi: 10.1016/j.
atherosclerosis.2019.07.008. 

27.	 Kim C. Management of cardiovascular risk in perimenopausal women 
with diabetes. Diabetes Metab J. 2021;45(4):492-501. doi: 10.4093/
dmj.2020.0262. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

9

Lipid-related cardiovascular risk factors

Arch Endocrinol Metab, 2024, v.68, 1-10, e240069.

28.	 El Khoudary SR, Aggarwal B, Beckie TM, Hodis HN, Johnson AE, 
Langer RD, et al. Menopause transition and cardiovascular disease 
risk: implications for timing of early prevention: a scientific statement 
from the American Heart Association. Circulation. 2020;142(25):e506-
32. doi: 10.1161/CIR.0000000000000912. 

29.	 Wannamethee SG, Papacosta O, Lawlor DA, Whincup PH, Lowe GD, 
Ebrahim S, et al. Do women exhibit greater differences in established 
and novel risk factors between diabetes and non-diabetes than men? 
The British Regional Heart Study and British Women’s Heart Health 
Study. Diabetologia. 2012;55(1):80-7. doi: 10.1007/s00125-011-2284-4. 

Supplementary Table 1. Sex-related distribution of atherogenic index of plasma (AIP) levels in patients with type 2 diabetes 

AIP risk categories DM-M
n = 83

DM-F
n = 46 p

AIP < 0.11  n (%) 26 (31) 22 (48) < 0.05

AIP = 0.11 – 0.21  n (%) 12 (15) 9 (20) 0.371

AIP > 0.21  n (%) 45 (54) 15 (32) 0.058

Risk categories by AIP: AIP < 0.11 (low risk), AIP = 0.11 – 0.21 (moderate risk), AIP > 0.21 (high risk). N (%) is the number of subjects per group (percentage); p values represent the statistical 
significance of the difference between groups. Abbreviations: AIP, atherogenic index of plasma (log[TG/HDL]); DM-F, women with type 2 diabetes; DM-M, men with type 2 diabetes.

Supplementary Table 2. Demographic and metabolic characteristics of the participants in the control group categorized by sex

Characteristics CG-M group CG-F group p

N (%) 38 (62) 23 (38) < 0.05

Age (years) 51.3 ± 7.2 50.7 ± 6.5 0.835

BMI (kg/m2) 27.1 ± 3.2 25.3 ± 5.4 0.194

Fasting glycemia (mmol/L) 5.1 ± 0.4 4.7 ± 0.5 0.156

TC (mmol/L) 5.3 ± 0.9 5.3 ± 0.7 0.781

HDL-c (mmol/L) 1.35 ± 0.29 1.59 ± 0.42 < 0.05

Non-HDL-c (mmol/L) 3.9 ± 0.9 3.7 ± 0.6 0.396

LDL-c (mmol/L) 3.3 ± 0.8 3.3 ± 0.5 0.770

TG (mmol/L) 1.1 (0.9; 1.6) 0.9 (0.7; 1.1) < 0.05

ApoA1 (g/L) 1.84 ± 0.41 2.11 ± 0.51 < 0.05

ApoB (g/L) 0.94 ± 0.19 0.87 ± 0.16 0.167

LOOH (nmol/mL) 52.1 (48.0; 59.5) 52.2 (44.1; 57.3) 0.312

AIP -0.05 ± 0.12 -0.22 ± 0.13 < 0.005

LDL/ApoB 1.39 ± 0.16 1.44 ± 0.18 0.268

Data are expressed as mean ± standard deviation for parametric variables or median (25th percentile; 75th percentile) for nonparametric variables. N (%) represents the number of subjects per 
group (percentage); p values were calculated using Student’s t test for normally distributed variables and Mann-Whitney’s U test for non-normally distributed variables (p < 0.05 was defined as 
statistically significant). Abbreviations: ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; AIP, atherogenic index of plasma (log[TG/HDL]); BMI, body mass index; CG-F; women in the control 
group; CG-M; men in the control group; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; LOOH, lipid hydroperoxides; TC, total cholesterol; TG, triglycerides.
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Supplementary Table 3. Results of Spearman's correlations between biochemical parameters in patients with diabetes mellitus categorized by sex

Variables 
DM-M group DM-F group

r p r p

LDL/ApoB ratio

TG *-0.843 < 0.0001 -0.691 < 0.0001

HDL-c 0.291 < 0.01 0.322 < 0.05

AIP *-0.829 < 0.0001 -0.670 < 0.0001

LOOH *-0.598 < 0.0001 -0.347 0.040

Atherogenic index of plasma

Non-HDL-c 0.307 0.002 * 0.572 < 0.0001

LOOH 0.571 < 0.0001 0.460 < 0.005

Triglycerides

Non-HDL-c 0.366 <0.001 * 0.681 <0.0001

HDL-c -0.263 0.008 -0.295 0.031

LOOH 0.556 < 0.0001 0.539 < 0.005

P value represents the statistical significance of the difference between analyzed variables in study groups; r is Spearman's rank correlation coefficient (rho); * indicates the statistical 
significance of the difference between pairs of correlation coefficients (Fisher’s r-to-z transformation; p < 0.05). Abbreviations: AIP, atherogenic index of plasma; DM-F, women with type 2 
diabetes; DM-M, men with type 2 diabetes; HDL-c, high-density lipoprotein cholesterol; LOOH, lipid hydroperoxides; TG, triglycerides.

Supplementary Table 4. Biochemical parameters in patients with type 2 diabetes categorized by sex and lipid-lowering

Characteristics
DM-Male group DM-Female group

pa pb pc pd

Statin-M Without-M Statin-F Without-F

N (%) 51 (61) 32 (39) 28 (61) 18 (39)

Fasting glycemia (mmol/L) 7.5 ± 2.4 8.1 ± 2.5 7.2 ± 1.3 7.3 ± 2.3 0.255 0.714 0.518 0.334

HbA1C (%) 6.9 ± 1.1 7.0 ± 1.1 7.1 ± 1.4 6.8 ± 1.1 0.678 0.462 0.464 0.560

(mmol/mol) 52.0 ± 12.4 53.2 ± 12.3 54.3 ± 15.2 50.8 ± 11.7 0.678 0.462 0.464 0.560

TC (mmol/L) 5.0 ± 1.1 4.6 ± 0.9 5.1 ± 1.2 5.4 ± 0.9 0.073 0.340 0.689 < 0.005

HDL-c (mmol/L) 1.18 ± 0.30 1.07 ± 0.21 1.31 ± 0.31 1.29 ± 0.24 0.094 0.861 0.064 < 0.005

Non-HDL-c (mmol/L) 3.8 ± 0.9 3.5 ± 0.8 3.8 ± 1.2 4.1 ± 0.9 0.162 0.314 0.908 < 0.05

LDL-c (mmol/L) 2.9 ± 0.9 2.7 ± 0.8 2.9 ± 1.0 3.2 ± 0.6 0.384 0.147 0.862 < 0.05

TG (mmol/L) 2.1 ± 1.3 1.8 ± 0.9 2.0 ± 1.1 1.8 ± 0.7 0.295 0.796 0.616 0.874

ApoA1 (g/L) 1.69 ± 0.38 1.53 ± 0.40 1.93 ± 0.31 1.85 ± 0.36 0.343 0.623 0.239 0.452

ApoB (g/L) 0.86 ± 0.12 0.75 ± 0.26 0.64 ± 0.29 1.27 ± 0.31 0.167 < 0.05 < 0.05 < 0.05

LOOH (nmol/mL) 71.3 ± 24.2 65.8 ± 27.2 60.3 ± 15.9 66.5 ± 26.9 0.344 0.378 < 0.05 0.965

AIP 0.24 (0.05; 0.35) 0.23 (0.08; 0.37 0.06 (-0.08; 0.33) 0.11 (0.07; 0.28) 0.817 0.890 0.250 0.479

LDL/ApoB 1.10 ± 0.17 1.12 ± 0.16 1.12 ± 0.14 1.17 ± 0.08 0.662 0.191 0.571 0.214

Categorization of lipid-lowering therapy by sex: Statin-M group, men receiving statin therapy; Without-M group, men receiving no therapy; Statin-F group, women receiving statin therpy; 
Without-F group, women not receiving therapy. N represents the number of subjects per subgroup. Data are expressed as mean ± standard deviation for parametric variables or median (25th 
percentile; 75th percentile) for nonparametric variables. P value indicates the statistical significance of the difference between the levels of biochemical parameters using a one-way analysis 
of variance (ANOVA) test and post hoc pairwise comparisons at p = 0.0125 (Bonferroni correction). ap value between the Statin-M and Without-M groups; bp value between the Statin-F and 
Without-F groups; cp value between the Statin-M and Statin-F groups; dp value between the Without-M and Without-F groups. Abbreviations: AIP, atherogenic index of plasma; ApoA1, 
apolipoprotein A1; ApoB, apolipoprotein B; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL/ApoB, low-density lipoprotein cholesterol to apolipoprotein B ratio; 
LOOH, lipid hydroperoxides; TC, total cholesterol; TG, triglycerides.
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