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Abstract

Objective: The objective of this prospective study was to investigate the relationship of the levels of Lp(a) in Moroccan
patients with type 2 diabetes mellitus (T2DM) with other metabolic factors related to the severity of T2DM.

Material and methods: 231 T2DM patients aged over 18-years-old were analyzed. Fasting plasma glucose, lipid profile,
liver and renal tests, glycated hemoglobin test (HbAlc), and Lp(a) level were measured. Sociodemographic data, clinical
characteristics and anthropometric measures were reported by the patient’s endocrinologists. Our results were analyzed
using SPSS software.

Results: The prevalence of Lp(a) > 75 nmol.L"*was 31.2% with a median of 105.3 nmol.L™* (IQR 87.4-154). Compared to the
group without hyper lipoprotein (a), hyper lipoprotein (a) patients were more likely to be older (median 61 years [IQR 29-
83] vs. 58 years [17-85]; P = 0.014), obese or overweight (21% vs. 2%; P < 0.05 ), have a longer duration of diabetes
(11 years (6-19.5) vs. 10 (6-15), P = 0.053), and have a higher prevalence of previous myocardial infarction (22.2% vs.
5%; P < 0.001). In contrast, there were no significant differences in sex ratio, nephropathy, retinopathy, lipid profiles,
and glycemic control between the two groups (P > 0.05). The higher Lp(a) tertile (T3) had significantly higher BMI, Waist
circumference and overall macrovascular complications P < 0.05. There was a weak positive correlation between Lp(a)
with total cholesterol concentration (r=0.137, P=0.037), and LDL-c (r=0.17, P < 0.01).

Conclusion: we suggest measuring Lp(a) in routine evaluation in T2DM patients.
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Introduction

Diabetes mellitus Type 2 (T2DM) is a multifactorial
metabolic disorder characterized by chronic hyperglycemia
[1,2]. For individuals with T2DM, atherosclerotic
cardiovascular disease (ASCVD) is the leading causes of
morbidity and mortality [3,4] and Lipoprotein (a) [Lp(a)] was
recognized in the 2019 ESC/EAS guidelines as a risk enhancer
[5-12]. Several studies have shown that an increased risk
of T2DM has been associated with a very low Lp(a) molar
concentration [13-17]. We conducted an observational
prospective study of demographic and biochemical data from
patients with T2DM who were admitted to Avicenne Military
Hospital, Marrakech, Morocco, from July 2018 to January
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2019, the objective was to investigate the relationship of
Lp(a) with other metabolic factors related to the severity of
diabetes mellitus in Moroccan T2DM patients.

Materials and Methods

Patient description

From July 2018 to January 2019, a total of 231 consecutive
patients with confirmed T2DM who were admitted to
Avicenne Military Hospital, Marrakech, Morocco, were
analyzed. Inclusion criteria were patients aged over
18-years-old with confirmed T2DM defined according to the
American Diabetes Association (ADA) criteria [18]: repeated
fasting plasma glucose (FPG) > 126 mg/dL (7.0 mmol/L),
fasting is defined as no caloric intake for at least 8 hours or
glycated hemoglobin Alc (HbAlc) > 6.5%, the test should
be performed in a laboratory using a method that is NGSP
certified and standardized to the DCCT assay and/or under
current treatment of insulin or oral hypoglycemic medicine.
Exclusion criteria include patients who refuse to participate
in the study or with other types of diabetes and patients with
comorbidities that could increase the amount of Lp(a), such
as severe liver and/or renal failure, thyroid dysfunction and
malignant disease.

Data collection

The purpose of the present study was explained to the
patients, and informed consent was obtained from all
participants with respect to confidentiality and anonymity.
A detailed questionnaire was obtained from all patients,
including sociodemographic data such as age, sex, weight,
height, disease status (duration of diabetes, comorbidity),
current medications, and smoking status (defined as current
tobacco use). Clinical data, body mass index (BMI), waist
circumference (WC), and blood pressure were reported by the
patient’s endocrinologists. BMI was calculated as the weight
(kg)/height (m)>2. Obesity was defined as a BMI > 30 kg/m? [19]
and overweight as BMI = 25 kg/m? [20]. Hypertension was
defined as systolic blood pressure (BPS) > 140 mmHg and/or
diastolic blood pressure (BPD) = 90 mmHg at least two blood
pressure measurements per visit and on at least two visits
[21] or subjects with antihypertensive drugs treatments.
Dyslipidemia was diagnosed with fasting total cholesterol
(TC) = 200 mg/dL, triglyceride (TG) = 150 mg/dL and/or high
density lipoprotein cholesterol (HDL-c) < 40 mg/dL (for men)
or 50 mg/dL (for women) and/or patients with lipids-lowering
therapy consistent with the previous studies [22].

Laboratory examination

Venous blood samples from 12h fasting participants
were analyzed, the conventional lipid profile including
total cholesterol (TC), triglyceride (TG), and HDL-c, was
evaluated by the standard enzymatic methods. LDL-c levels
were calculated using Friedewald’s formula, unless TG > 4
mmol/L, where a direct LDL-c measurement was performed.
Fasting plasma glucose (FPG) was measured by the enzymatic
hexokinase method. Other parameters including serum
creatinine, blood urea nitrogen, thyroid-stimulating hormone
(TSH) were also evaluated by routine methods. Atherogenic

Index of Plasma (AIP) was calculated by using the following
formula: log,, (TG/HDL-c) measured in mmol/L. It has been
suggested that an AIP value of under 0.11 is associated with
low risk of cardiovascular disease, the values between 0.11
to 0.21 and upper than 0.21 are associated with intermediate
and increased risks, respectively [23]. Lp(a) was measured
using a latex turbid metric method with antibodies specific
to apo(a), using a calibration of 5 levels (Cobas 6000 (Roche
diagnostics). In our study, the normal reference value was
less than 75 nmol.L™ . Glycated hemoglobin Al (HbAlc) was
analyzed by using the HPLC assay with a cation exchange
column (Variant Il Turbo, BIORAD). The normal values of
HbAlc in our laboratory ranged from 4% to 6%. All tests
were measured using commercial assays on Roche Cobas
6000 automated analyzer (Roche Diagnosis, Germany)
immediately after sampling. The patients enrolled were
subsequently divided into two groups based on Lp(a) levels:
Patients with Lp(a) lower or equal than 75 nmol.L* were
defined as non-hyperlipoprotein (a) group, others with Lp(a)
greater than 75 nmol.L™! were grouped as hyper lipoprotein

(a) group.
Statistical analysis

All statistical analysis was performed with SPSSversion 10.0
(SPSS, Chicago, IL). Categorical variables were summarized
as numbers and percentages and continuous variables
were expressed as median values and interquartile range
(IQR). Statistical significant differences between the groups
were determined by the Mann-Whitney test for categorical
variables. Continuous variables without normal distribution
were conducted with non- parametric statistics Kruskal-
Wallis. Correlation between Lp(a) and study parameters was
done with spearman’s correlation analysis. Bivariate logistic
regression was performed to test the association between
diabetic complications status, Lp(a) and glycemic/metabolic
control status. The P-value < 0.05 was considered statistically
significant.

Results

During the study period, 231 T2DM patients were eligible
and included in our analysis, the median age was 59 years (IQR
53-64) and 134 (58%) of the patients were men with median
duration of diabetes was 10 years (IQR 6-15), the male-to-
female ratio was 1.38. Among 97 women, 76.2% were in
menopause. Demographic data and clinical characteristics
of the study subjects are presented in Table 1. The median
BMI was 21.4 kg/m?(IQR 19.5-25.4) and 10% of the patients
were obese (BMI > 30 kg/m?). 44.2% of the patients had
diabetes for more than 10 years and more than 37% of the
patients had hypertension. With regard to current diabetic
management, 51.5% of the patients were treated with oral
hypoglycemic agents, and 17.7% of the patients had insulin-
dependent T2 diabetes mellitus. The incidence proportion of
atherosclerotic cardiovascular disease was 18.6% with 10.4%
having coronary heart disease, 4.3% had cerebrovascular
disease, and 3.9% had peripheral arterial disease. When 231
T2DM patients were separated into two groups according to
Lp(a) levels, 72 (31.2%) patients were diagnosed as having
high level of Lp (a) 2 75 nmol.L™?, in this group median Lp(a)
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Table 1: Demographic data and clinical characteristics of type 2 diabetic patients by the level of Lp(a).

Items Lp (a) 2 75 nmol/L
n (%) 72 (31.2)
Age (years) 61 (55-65)
Sex ratio (M/W) 1.76
Current smokers, n (%) 13 (18.1)
Postmenopausal status n (%) 22 (84.6)
Body mass index (kg/m?) 26.8(22.6-31.4)
<30n (%) 51(70.8)
>30n (%) 21(29.2)
Waist circumference (cm) Men 94 (89-101)
Waist circumference (cm) women 90 (78-98)
Diabetes duration (years) 11 (6-19.5)
< 5years n (%) 15 (20.8)

6 a 10 years n (%) 20(27.8)

> 10 years n (%) 37 (51.4)
Hypertension n (%) 39 (54.2)
Metabolic syndrome n (%) 33 (45.8)
Nephropathy n (%) 6 (8.3)
Retinopathy n (%) 16 (22.2)
Foot ulcer n (%) 10 (13.9)
Neuropathy n (%) 33 (45.8)
Previousmyocardial infarction n (%) 16 (22.2)
Cerebrovascular accident n (%) 8(11.1)
Peripheral arterial disease n (%) 8(11.1)
Treated with oral drugs 41 (56.9)
Treated with Insulin 7(9.7)

Lp (a) < 75 nmol/L All T2DM patients P value
159 (68.8) 231 -

58 (53-63) 59 (53-64) 0.014
1.23 1.38 0.141
11 (6.9) 24(10.4) 0.012
52(73.2) 74 (76.2) 0.186
20.4 (19.2-22.7) 21.4 (19.5-25.4) <0.001
157 (98.7) 208 (90)

2(1.3) 23 (10) <0.001
89 (82-93) 90 (85-98) 0.001
78 (72-84) 78 (73.5-89) <0.001
10 (6-15) 10 ( 6-15 0.053
39 (24.5) 54 23.4) 0.327
55 (34.6) 75 (32.5)

65 (40.9) 102 (44.2)

48 (30.2) 87 (37.7) <0.001
33(20.8) 66 (28.5) <0.001
10 (6.3) 16 (6.9) 0.377
25 (15.7) 41(17.7) 0.156
2(1.3) 12 (5.2) <0.001
42 (26.4) 75 (32.5) 0.003
8 (5.0) 24(10.4) <0.001
2(1.3) 10 (4.3) 0.002
1(0.6) 9(3.9) <0.01
78 (49.05) 119 (51.5) 0.07
34 (21.4) 41(17.7) 0.03

Data is shown as median and IQR (interquartile range) or proportions (%).
(N: Number of patients tested). Lp(a): Lipoprotein (a). Significant (P < 0.05)

levels was 105.3 nmol.L™* (IQR 87.4-154) vs. 21.3 nmol.L™?
(IQR 7.6-36.2) in the other group (Lp(a) levels < 75 nmol.
LY). Compared to the group without hyperlipoprotein (a),
hyperlipoprotein (a) patients were more likely to be older
(61 years [IQR = 55-65] vs. 58 years [IQR = 53-63]; P = 0.014),
obese or overweight (21% vs. 2%; P < 0.05), have a longer
duration of diabetes (11 years (6-19.5) vs. 10 (6-15), P=0.053),
diagnosed with hypertension (54.2% vs. 30.2%; P < 0.001),
diagnosed with dyslipidemia (55.6% vs. 30.2%; P < 0.01), and
have a higher prevalence of previous myocardial infarction
(22.2% vs. 5%; P <0.001). On the contrary, there was no
significant difference regarding sex ratio, nephropathy and
retinopathy between the two groups (P > 0.05). The results of
conventional lipid profile showed that hyper lipoprotein (a)
group has a higher level of LDL-C and AIP compared to the
patients with normal lipoprotein (a), but the difference was
not significant with ((2.5 mmol/L (IQR 2-3.3) vs. ((2.3 mmol/L
(IQR (1.8-3.1), P = 0.124) and (-0.28 (IQR -0.45-(-0.08)) vs.
(-0.311QR (-0.4-(-0.07)), P = 0.524) respectively. Furthermore,
there were no statistically significant differences between the
groups regarding TC, HDL-C, triglycerides, FPG, and HbAlc

(P > 0.05) as shown in Table 2. Notably, according to the
glycemic control status, diabetic patients were divided into
three subgroups based on HbAIc levels (< 7% (n = 91); 7-9% (n
=99); 29% (n =41)), when we compared Lp(a) levels between
each diabetic subgroup, we noticed that T2DM patients
with HbAlc levels higher than 9% have the higher Lp(a)
level with a median 40.3 nmol.L (IQR 7.9-98.2) than in the
7-9% group (32.4 nmol.L™*(IQR 11.8-84) or in the > 9% group
(36.5 nmol.L! (IQR 17.6-84.1)), but the difference between
the groups did not reach statistical significance (P = 0.812).
The characteristics of the T2DM patients by Lp(a) tertiles is
summarized in Table 3. The median Lp(a) level for each tertile
groupwasT1 (7.6 nmol.L* (IQR 3-14.6), n =78); T2 (34.4 nmol.
L (IQR 25.3-45.8), n = 76) and T3 (102.2 nmol.L? (IQR 84.5-
151.7), n = 77). There were no differences between groups
regarding sex ratio, diabetes duration, diabetic nephropathy,
diabetic retinopathy and insulin therapy (P > 0.05). The higher
tertiles Lp(a) (T3) group had significantly higher BMI and waist
circumference in both men and women with P < 0.05. Overall
macrovascular complications was markedly and significantly
more prevalent in higher Lp(a) tertiles (T3) patients (P < 0.05),
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Table 2: Laboratory parameters of type 2 diabetic patients by the level of Lp(a).

Laboratory parameters Lp (a) 275 nmol/L Lp (a) <75 nmol/L All T2DM patients P Value
Lp(a) nmol.L* 105.3 (87.4-154) 21.3(7.6-36.2) 34.4 (14.4-84.5) -

FPG (mmol.L?) 8.4 (6.7-9.9) 7.6 (6.2-8.9) 7.8 (6.4-9.4) 0.104
Total cholesterol (mmol.L?) 4.1 (3.7-5.2) 4.1(3.5-4.8) 4.1 (3.6-4.9) 0.136
Triglycerides (mmol.L?) 1.2 (1-1.8) 1.32(1-1.8) 1.3(1-1.8) 0.958
HDL-c (mmol.L?) 1.09 (0.9-1.3) 1.16 (0.9-1.4) 1.1(0.9-1.4) 0.182
LDL-c (mmol.L?Y) 2.5(2-3.3) 2.3(1.8-3.1) 2.4(1.9-3.2) 0.124
AIP -0.28 (-0.45- (-0.08)) -0.31 (-0.4-(-0.07)) -0.4 (-0.3 -(-0.08)) 0.524
HbA1c (%) 7.6 (6.8-8.7) 7.3 (6.8- 8.5) 7.4 (6.8-8.6) 0.407

Note: Data are presented as the median (interquartile range [IQR]). Significant (P < 0.05). FPG: Fasting Plasma Glucose; HDL-C: High Density
Lipoprotein Cholesterol; LDL-C: Low Density Lipoprotein Cholesterol; AIP: Atherogenic Index of Plasma; HbAlc: Glycated Hemoglobin;

Table 3: Characteristics of the T2DM patients by Lp(a) tertiles.

Items

Lower tertile T1
Number (%) 78 (33.8)
Lp(a) nmol/L 7.6 (3-14.6)
Age (years) 58 (53-63.7)
Sex ratio M/W 0.95
Diabetes duration (years) 10 (6-16.2)
BMI (kg/m?) 20.2 (19.2-22.2)
WC (cm) Men 87.5(81.7-93)
WC (cm) women 78 (73-87.7)
Hypertensionn (%) 32 (41)
Dyslipidemia n(%) 28 (35.9)
Nephropathy n(%) 6(7.7)
Retinopathy n(%) 15(19.2)
Foot ulcer n(%) 1(1.3)
Diabetic Peripheral Neuropathy n(%) 25(32.1)
Previous myocardial infarction n(%) 3(3.8)
Cerebrovascular accident n(%) 2(2.6)
Peripheral arterial disease n(%) 1(1.3)
Insulin n(%) 17 (21.8)
FPG ((mmol.L?) 7.9 (6.3-10.1)
TG (mmol.L?) 1.4 (1-1.9)
TC (mmol.L?) 4.1(3.3-4.8)
HDL-c (mmol.L?) 1.1(0.8-1.4)
LDL-c (mmol.L?) 2.2 (1.6-3.1)

AIP
HbA1c (%)

-0.24 (-0.41- (-032))

7.4 (6.8-8.7)

Lipoprotein (a) P VALUE
Middle tertile T2 Higher tertile T3

76 (32.9) 77 (33.3)

34.4 (25.3-45.8) 102.2 (84.5-151.7) -

57 (51-63) 61 (55-65) 0.018
1.53 1.85 0.107
9 (5-14) 10 (6-18) 0.137
20.5 (19.1-23) 26.7 (22.2-31) <0.01
90 (85-93) 94 (88-100.2) 0.002
77 (72-79.2) 90 (78-98) 0.001
14 (18.4) 41 (53.2) <0.01
18 (23.7) 42 (54.5) <0.01
3(3.9) 7(9.1) 0.432
10(13.2) 16 (20.8) 0.428
1(1.3) 10 (13.0) 0.001
17 (22.4) 33 (42.9) 0.026
4 (5.3) 17 (22.1) <0.01
0 8(10.4) 0.004
0 8(10.4) 0.001
15 (19.7) 9(12.7) 0.325
7.6 (6.2-8.6) 8.2 (6.6-9.9) 0.174
1.2 (0.9-1.7) 1.3 (1-1.8) 0.243
3.9(3.7-4.8) 4.1(3.6-5.1) 0.498
1.2 (0.9-1.4) 1.1(0.9-1.3) 0.174
2.5(1.9-3.1) 2.5(1.9-3.3) 0.184
-0.36 (-0.55-(-0.18) -0.29 (-0.45-(-0.08)) 0.032
7.3 (6.5-8.2) 7.6 (6.8-8.6) 0.259

Note: Data are presented as the median (interquartile range [IQR]). Significant (P < 0.05).WC: Waist Circumference; BMI: Body Mass Index;
FPG: Fasting Plasma Glucose; AIP: Atherogenic Index of Plasma; TC: Total Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol; HDL-C:
High-Density Lipoprotein Cholesterol; TG: Triglyceride; Hbalc: Glycated Hemoglobine; Lp(a): Lipoprotein(a)

with coronary heart disease prevalence within T3 to T1 was
22.1% (T3), 5.3% (T2), and 3.8% (T1).

Neuropathy andfoot ulcer were also significantly increased
in T3 patients with 42, 9% and 13% respectively compared to
frequencies within T2 and T1: 22.4% and 1.3% (T2) vs. 32.1%

and 1.3% (T1). Regarding the laboratory parameters, the TC,
TG, LDL-c, HDL-c and FPG values were not significantly different
between the three tertiles groups (all P > 0.05 respectively),
only AIP values were significantly different between the three
groups, T2 group had the lowest median of AIP with P < 0.05.
The elevated Lp(a) group (T3) did not have a significantly
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Table 4: Spearman correlation between different tertiles of Lp(a) with other laboratory parameters of study population.

Laboratory Lower tertile Middle tertile Higher tertile LP (a)
parameters 1 T2 3
r P r P r P r P

TC 0.113 0.323 0.293 0.010 0.398 0.000 0.137 0.037
LDL-c 0.091 0.430 0.177 0.126 0.309 0.006 0.176 0.007
HDL-c 0.065 0.570 -0.051 0.662 0.005 0.963 -0.018 0.786
AIP 0.004 0.976 0.099 0.452 0.102 0.406 -0.024 0.742
TG 0.038 0.741 0.164 0.158 0.043 0.709 -0.019 0.779
FPG 0.162 0.158 0.180 0.120 0.044 0.703 0.068 0.302
HbA1c -0.172 0.131 0.053 0.646 0.039 0.736 -0.022 0.736

R: Correlation coefficient; FPG: Fasting Plasma Glucose; AIP: Atherogenic Index of Plasma; TC: Total Cholesterol; LDL-C: Low-Density
Lipoprotein Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; TG: Triglyceride; Significant (P <0.05); HbAlc: Glycated Haemoglobin

Table 5: Bivariate logistic regression analysis determining the association between diabetic complications status, Lp(a) and glycemic/

metabolic control status.

Items Macrovascular complication Microvascular complication
Odds ratio 95% CI P Odds ratio 95% CI P
Lp(a) 8.272 3.45-19.79 <0.001 1.7 0.883-3.272 0.112
Age (years) 1.046 0.994-1.101 0.082 1.039 1.004-1.076 0.028
Male sex 3.220 1.256-8.258 0.015 0.971 0.520-1.812 0.925
Diabetes duration > 10 years | 8.661 1.565-47.937 0.013 1.788 0.771-4.148 0.176
Insulin 0.738 0.200-2.728 0.649 0.916 0.418-2.011 0.828
Metabolic syndrome 1.491 0.601-3.702 0.389 1.832 0.923-3.637 0.083
7% > HbAlc < 9% 0.782 0.298-2.056 0.618 3.558 1.456-8.699 0.054
HbA1c > 9% 0.752 0.217-2.601 0.652 3.558 1.456-8.699 0.005

OR: Odds Ratio; Cl: Confidence Interval. P < 0.05 was considered statistically significant.

HbAlc: Glycated Hemoglobin

worse glycemic control with HbAlc at 7.6 (IQR 6.8-8.6) vs.
7.4 (IQR 6.8-8.7) in T1 (P = 0.259). The correlation between
Lp(a) levels and other laboratory parameters was tested using
Spearman correlation analysis as shown in Table 4, we found
a weak positive correlation with TC concentration (r = 0.137,
P =0.037) and LDL-c (r=0.17, P < 0.01), while a no significant
negative correlation was observed between Lp(a) and HbA1lc
(r=-0.022, P=0.736), and there was no significant correlation
between Lp(a) and triglycerides, HDL-c, AIP and FPG (all P >
0.05). We performed statistical analyzes to determine the
association of diabetic complications, Lp(a) and glycemic/
metabolic control status. These data are provided in Table 5.
The presence of macrovascular complications had a significant
association with Lp(a) levels (OR: 8.272 [95% Cl 3.45-19.79],
P < 0.001), age, male sex and diabetes duration > 10 years.
In contrast, there were no significant correlations between
the development of microvascular complications and Lp(a)
levels (OR: 1.7 [95% CI 0.883-3.272], P =0.112). The presence
of microvascular complications had a significant association
with age and HbA1c > 7%.

Discussion

To our knowledge, for the first time, our study indicated

the prevalence of Lp(a) in Moroccan patients with T2DM, and
attempted to assess the association between Lp(a) levels and
other cardiovascular risk factors. In the atherothrombotic
range [8], Lp(a) levels of > 75 nmol.L”? were defined as
abnormally high [24], and used to define CVD risk [12]. The
prevalence of Lp(a) > 75 nmol.L™! in our study was 31.2%,
this result are in accordance with previus findings [24-27].
Heller FR, et al. [25] found a prevalence about 20% in 146
patients with Diabetes Mellitus. The control rates of HbAlc
for all T2DM patients was 39.3%, this finding is consistent
with previous studies in China (30%) [28], and in Europe
(37.4%) [29]. T2DM patients with high level of Lp(a) were
found to be older and overweight, have a higher WC in both
men and women, a higher BPS level and a longer duration
of the disease (P < 0.05). The duration of the presence of
diabetes should be considered, as some data suggest that it
only becomes a CVD risk equivalent when it has been present
for approximately a decade [30]. WC is an accurate surrogate
marker of visceral adiposity in young adults [31], previous
study was confirmed this relationship between circulating
levels of Lp(a) and subcutaneous abdominal adiposity [32-34].
In a cross-sectional study enrolling 272 subjects, individuals
included in the highest tertile of central adiposity indicators
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presented higher oxidized -LDL [33], and a strong positive
relationship between oxidized phospholipids/apoB level and
Lp(a) has been discovered [34].

Regarding the laboratory parameters, this study showed
that patients belonging to the lower tertiles (T1) and to the
upper tertiles Lp(a) (T3) did not show significant differences
in all conventional lipid profile with respect to the reference
category (middle tertile Lp(a)T2)) with (all P > 0.05), the
median concentrations of LDL-c were similar between the
higher Lp(a) tertile (T3) and the middle Lp(a) tertile (T2) with
(2.5 mmol.L? (IQR 1.9-3.3) vs. 2.5 mmol.L? (IQR 1.9-3.1), P >
0.05), the some finding was reported by several sudies [35-
38], Qayum, et al. [36] did not find a significant association
between Lp(a) and LDL-c in a cohort of 257 children with high
risk cardiovascular. In contrast, Meabe YS, et al. [37] found
a positive correlation between Lp(a), LDL-c and apo B in a
cohort of Spanish children, the same findings were reported
by Gannagé-Yared MH, et al. [38]. In our data, only AIP was
significantly lower in patient with normal Lp(a) (T2) compared
to a group with very-low Lp(a) (T1) and elevated Lp(a) (T3).
AIP is a simple parameter proposed as a predictive marker
for plasma atherogenicity and atherosclerosis, is strongly
correlated with CVD risks and inversely correlated with LDL
particle size [7]. Using Spearman correlation, in the total
group of patients, Lp(a) levels were weakly correlated with TC
(r=0.137) and LDL-c (r = 0.176), but not with TG (r = -0.019)
and HDL-c (r = -0.018). The correlation with LDL-c has also
been observed in other studies and can be attributed to the
contribution of the Lp(a) cholesterol levels in the calculation
of LDL-c using the Friede wald formula [39]. Although this
contribution is negligible in individuals with low Lp(a) levels, it
can cumulate up to 50% of laboratory-measured cholesterol
in the LDL-c fraction in individuals with elevated Lp(a) [40].
However, the levels of serum concentrations of Lp(a) were
not significantly related to the degree of glycemic control,
Lp(a) did not show a significant correlation with HbAlc (r
= -0.022) and, the medians values of serum Lp(a) were not
different in patients with differents diabetics status [36.5
nmol.L* (IQR 1-352) (HbAlc < 7%) vs. 40.3 nmol.L** (IQR
7-650) (HbAlc > 9%) (P = 0.812)], this agrees with results of
previous studies showing no association between Lp(a) and
diabetic status [41]. In our study, we did not observe any
statistically significant correlation between Lp(a) levels and
diabetic retinopathy or diabetic nephropathy. Furthermore,
the presence of microvascular complications had significant
association with age and HbA1lc > 7% but not with Lp(a) (OR:
1.7 [95% CI 0.883-3.272], P = 0.112). As expected, overall
macrovascular complications was significantly more frequent
in patients with Lp(a) > 75 nmol.L?, the group with higher
tertils (T3) had a 6-fold increased frequency for previous
myocardial infarction suggesting enhanced vulnerability
of large vessels at modestly high Lp(a) levels in diabetes.
We also found a positive association between Lp(a) and
the developement of macrovascular complications (OR:
8.272 [95% Cl 3.45-19.79], P < 0.001). Several retrospective
case-control and prospective studies have evaluated the
association of elevated levels of Lp(a) with the risk of CVD [42-
44]. In an analysis of European individuals with diabetes from
the Biomarkers for Cardiovascular Risk Assessment in Europe

(Biomar CaRE) consortium, Lp(a)-associated risk for major
coronary events was higher in individuals with diabetes HR
=1.31, (95% Cl 1.15-1.50) compared with individuals without
diabetes HR = 1.15, (95% Cl 1.08-1.21) [43]. Lp(a) contributes
to CVD risk through multiple mechanisms, it quantitatively
carries all the atherogenic risk of LDL particles, including
their propensity to oxidize after entry into the vessel wall,
creating highly immunogenic and pro-inflammatory oxidized
LDL [8]. However, on an equimolar basis, Lp(a) is more
atherogenic than LDL because, by definition, it not only
contains all the proatherogenic components of LDL, but also
of apo(a). Apo(a) potentiates atherothrombosis through
additional mechanisms, including inflammation through its
content of oxidized phospholipids, the presence of lysine
binding sites that allow accumulation in the arterial wall, and
potential antifibrinolytic effects by inhibiting plasminogen
activation [45]. Furthermore, hyperglycemia plays a critical
role in the pathogenesis of microvascular complications,
while atherosclerosis contributes to the pathogenesis of
macrovascular complications [24]. Nevertheless, the current
study had several limitations, firstly, this is a study among
moderate sample size diabetic Morrocan patients, secondly,
we measured serum levels of Lp(a) only once and finally, our
study was carried involves one single institution and included
patients referred to a tertiary center which its patients had
more severe complications, hinting at a possible selection
bias.

Conclusion

The prevalence of high Lp(a) in our T2DM patients was
31.2%. Lp(a) levels were positively related to BMI, WC and
macrovascular complications. In the future, we suggest
measuring Lp(a) in the routine evaluation in T2DM patients.

Author Contributions

Siham Aboulmakarim: Statistical analysis, interpretation
of data, methodology, article drafting and revising; Latifa
Adarmouch: Statistical analysis and interpretation of data;
Soumia Hmidouche: Acquisition of data; Hicham Baizri:
study conception and design; Abderrahmane Boukhira:
Study conception and design, supervision, article revising;
Saliha Chellak: Study conception and design, methodology,
supervision, article revising. All authors approved the final
version of the article.

Statements and Declarations

Acknowledgments

Not applicable.

Declarations of interest

None.

Ethics

The authors declare that the work described has been
carried out in accordance with the Declaration of Helsinki of
the World Medical Association revised in 2013 for experiments
involving humans.

Aboulmakarim et al. Ann Endocrinol Metab 2023, 5(1):97-104

Open Access | Page 102 |



Citation: Aboulmakarim S, Adarmouch L, Hmidouche S, et al. (2023) Association between Lipoprotein (a) Concentration, Glycemic Control
and Diabetes Complications in Moroccan Patients with Type 2 Diabetes Mellitus. Ann Endocrinol Metab 5(1):97-104

Informed consent and patient details

The authors declare that this report does not contain any

personal information that could lead to the identification of
the patient(s).

Competing interests and funding

No funds, grants, or other support was received.

References

1.

10.

11.

12.

13.

14.

15.

American Diabetes Association (2021) Cardiovascular disease
and risk management: Standards of medical in diabetes- 2021.
Diabetes Care 44: S125-S150.

Drexel H, Aczel S, Marte T, et al. (2005) Is atherosclerosis in
diabetes and impaired fasting glucose driven by elevated LDL
cholesterol or by decreased HDL cholesterol? Diabetes Care 28:
101-107.

Payal Marathe H, Helen Gao X, Kelly Close L (2017) American
diabetes association. Standards of medical care in diabetes-2017.
Diabetes Care 40: S1-135.

Wong ND, Zhao Y, Quek RGW, et al. (2017) Residual
atherosclerotic cardiovascular disease risk in statin-treated
adults: the multi_ethnic study of atherosclerosis. J Clin Lipidol
11:1223-1233.

Shah NP, Pajidipati NJ, McGarrah RW, et al. (2020) Lipoprotein
(a): An update on a marker of residual risk and associated clinical
manifestations. Am J Cardiol 126: 94-102.

Mach F, Baigent C, Catapano AL, et al. (2020) 2019 ESC/
EAS Guidelines for the management of dyslipidaemias: Lipid
modification to reduce cardiovascular risk. Eur Heart J 41: 111-
188.

VerbeekR,HoogeveenRM, Langsted A, etal.(2018) Cardiovascular
disease risk associated with elevated lipoprotein(a) attenuates
at low low-density lipoprotein cholesterol levels in a primary
prevention setting. Eur Heart J 39: 2589-2596.

Tsimikas S, Fazio S, Ferdinand KC, et al. (2018) Unmet needs in
understanding lipoprotein(a) Pathophysiology: NHLBI working
group recommendations to reduce risk of cardiovascular disease
and aortic stenosis. J Am Coll Cardiol 71: 177-192.

Kronenberg F (2016) Human genetics and the causal role of
lipoprotein(a) for Various diseases. Cardiovasc drugs ther 30:
87-100.

Kollerits B, Drechsler C, Krane V, et al. (2016) Lipoprotein(a)
concentrations, apolipoprotein(a) isoforms and clinical endpoints
in haemodialysis patients with type 2 diabetes mellitus: results
from the 4D Study. Nephrol Dial Transplant 31: 1901-1908.

Schmidt K, Noureen A, Kronenberg F, et al. (2016) Structure,
function, and genetics of lipoprotein (a). J Lipid Res 57: 1339-
1359.

Marcovina SM, Albers JJ (2016) Lipoprotein (a) measurements
for clinical application. J Lipid Res 57: 526-537.

Gudbjartsson DF, Thorgeirsson G, Sulem P, et al. (2019)
Lipoprotein(a) Concentration and risks of cardiovascular disease
and diabetes. J Am Coll Cardiol 74: 2982-2994.

Mora S, Kamstrup PR, Rifai N, et al. (2010) Lipoprotein(a) and risk
of type 2 diabetes. Clin Chem 56: 1252-1260.

Paige E, Masconi KL, Tsimikas S, et al. (2017) Lipoprotein (a) and

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

incident type-2 diabetes: Results from the prospective Bruneck
study and a meta-analysis of published literature. Cardiovasc
Diabetol 16: 38.

Kamstrup PR, Nordestgaard BG (2013) Lipoprotein(a)
concentrations, isoform size, and risk of type 2 diabetes: A
Mendelian randomisation study. Lancet Diabetes Endocrinol 1:
220-227.

Rainwater DL, Haffner SM (1998) Insulin and 2-hour glucose
levels are inversely related to Lp(a) concentrations controlled
for LPA genotype. Arterioscler Thromb Vasc Biol 18: 1335-1341.

American Diabetes A (2010) Standards of medical care in
diabetese 2010. Diabetes Care 33: S11-S61.

Taylor F, Huffman MD, Macedo AF, et al. (2013) Statins for
the primary prevention of cardiovascular disease. Cochrane
Database Syst Rev 2013: CD004816.

Rani V, Deep G, Singh RK, et al. (2016) Oxidative stress and
metabolic disorders: Pathogenesis and therapeutic strategies.
Life Sci 148: 183-193.

Williams B, Mancia G, Spiering W, et al. (2018) 2018 ESC/ESH
Guidelines for the management of arterial hypertension: The
task force for the management of arterial hypertension of the
European society of cardiology and the European society of
hypertension. J Hypertens 36: 1953-2041.

XuRX, LiS, LiXL, etal. (2015) High-density lipoprotein subfractions
in relation with the severity of coronary artery disease: A Gensini
score assessment. J Clin Lipidol 9: 26-34.

Wu TT, Gao Y, Zheng YY, et al. (2018) Atherogenic index of
plasma (AIP): A novel predictive indicator for the coronary artery
disease in postmenopausal women. Lipids Health Dis 17: 197.

Rosengren A, Wilhelmsen L, Eriksson E, etal. (1990) Lipoprotein(a)
and coronary heart disease: A prospective case-control study
in a general population sample of middle aged men. BMJ 301:
1248-1251.

Heller FR, Jamart J, Honore P, et al. (1993) Serum lipoprotein(a)
in patients with diabetes mellitus. Diabetes Care 16: 819-823.

Habib SS, Aslam M (2004) Lipids and lipoprotein(a) concentrations
in Pakistani patients with type 2 diabetes mellitus. Diabetes
Obes Metab 6: 338-343.

Mohieldein AH, Abdalla KE, Hasan M (2014) Lipoprotein (a) and
atherogenic indices in Sudanese patients with type 2 diabetes.
Int J Health Sci 8: 237-246.

Cao YY, Tang X, Sun KX, et al. (2017) Relationship between
glycemic control and visceral adiposity index among the patients
with type 2 diabetes mellitus. Beijing Da Xue Xue Bao Yi Xue Ban
49: 446-450.

De Pablos Velasco P, Parhofer KG, Bradley C, et al. (2014) Current
level of glycaemic control and its associated factors in patients
with type 2 diabetes across Europe: Data from the PANORAMA
study. Clin Endocrinol (Oxf) 80: 47-56.

Gonna H, Ray KK (2019) The importance of dyslipidaemia in the
pathogenesis of cardiovascular disease in people with diabetes.
Diabetes Obes Metab 21: 6-16.

Borruel S, Molto JF, Alpaiiés M, et al. (2014) Surrogate markers
of visceral adiposity in young adults: Waist circumference and
body mass index are more accurate than waist hip ratio, model
of adipose distribution and visceral adiposity index. PLoS One 9:
el114112.

Aboulmakarim et al. Ann Endocrinol Metab 2023, 5(1):97-104

Open Access | Page 103 |


https://pubmed.ncbi.nlm.nih.gov/28320383/
https://pubmed.ncbi.nlm.nih.gov/28320383/
https://pubmed.ncbi.nlm.nih.gov/28320383/
https://pubmed.ncbi.nlm.nih.gov/24622370/
https://pubmed.ncbi.nlm.nih.gov/24622370/
https://pubmed.ncbi.nlm.nih.gov/24622370/
https://pubmed.ncbi.nlm.nih.gov/24622370/
https://pubmed.ncbi.nlm.nih.gov/9714142/
https://pubmed.ncbi.nlm.nih.gov/9714142/
https://pubmed.ncbi.nlm.nih.gov/9714142/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797382/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797382/
https://pubmed.ncbi.nlm.nih.gov/23440795/
https://pubmed.ncbi.nlm.nih.gov/23440795/
https://pubmed.ncbi.nlm.nih.gov/23440795/
https://pubmed.ncbi.nlm.nih.gov/26851532/
https://pubmed.ncbi.nlm.nih.gov/26851532/
https://pubmed.ncbi.nlm.nih.gov/26851532/
https://pubmed.ncbi.nlm.nih.gov/30234752/
https://pubmed.ncbi.nlm.nih.gov/30234752/
https://pubmed.ncbi.nlm.nih.gov/30234752/
https://pubmed.ncbi.nlm.nih.gov/30234752/
https://pubmed.ncbi.nlm.nih.gov/30234752/
https://pubmed.ncbi.nlm.nih.gov/25670357/
https://pubmed.ncbi.nlm.nih.gov/25670357/
https://pubmed.ncbi.nlm.nih.gov/25670357/
https://pubmed.ncbi.nlm.nih.gov/30134981/
https://pubmed.ncbi.nlm.nih.gov/30134981/
https://pubmed.ncbi.nlm.nih.gov/30134981/
https://pubmed.ncbi.nlm.nih.gov/2148699/
https://pubmed.ncbi.nlm.nih.gov/2148699/
https://pubmed.ncbi.nlm.nih.gov/2148699/
https://pubmed.ncbi.nlm.nih.gov/2148699/
https://pubmed.ncbi.nlm.nih.gov/8495624/
https://pubmed.ncbi.nlm.nih.gov/8495624/
https://pubmed.ncbi.nlm.nih.gov/15287926/
https://pubmed.ncbi.nlm.nih.gov/15287926/
https://pubmed.ncbi.nlm.nih.gov/15287926/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4257359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4257359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4257359/
https://pubmed.ncbi.nlm.nih.gov/28628145/
https://pubmed.ncbi.nlm.nih.gov/28628145/
https://pubmed.ncbi.nlm.nih.gov/28628145/
https://pubmed.ncbi.nlm.nih.gov/28628145/
https://pubmed.ncbi.nlm.nih.gov/23194193/
https://pubmed.ncbi.nlm.nih.gov/23194193/
https://pubmed.ncbi.nlm.nih.gov/23194193/
https://pubmed.ncbi.nlm.nih.gov/23194193/
https://pubmed.ncbi.nlm.nih.gov/31002453/
https://pubmed.ncbi.nlm.nih.gov/31002453/
https://pubmed.ncbi.nlm.nih.gov/31002453/
https://pubmed.ncbi.nlm.nih.gov/25479351/
https://pubmed.ncbi.nlm.nih.gov/25479351/
https://pubmed.ncbi.nlm.nih.gov/25479351/
https://pubmed.ncbi.nlm.nih.gov/25479351/
https://pubmed.ncbi.nlm.nih.gov/25479351/
https://pubmed.ncbi.nlm.nih.gov/33298421/
https://pubmed.ncbi.nlm.nih.gov/33298421/
https://pubmed.ncbi.nlm.nih.gov/33298421/
https://pubmed.ncbi.nlm.nih.gov/15616241/
https://pubmed.ncbi.nlm.nih.gov/15616241/
https://pubmed.ncbi.nlm.nih.gov/15616241/
https://pubmed.ncbi.nlm.nih.gov/15616241/
https://professional.diabetes.org/files/media/dc_40_s1_final.pdf
https://professional.diabetes.org/files/media/dc_40_s1_final.pdf
https://professional.diabetes.org/files/media/dc_40_s1_final.pdf
https://pubmed.ncbi.nlm.nih.gov/28754224/
https://pubmed.ncbi.nlm.nih.gov/28754224/
https://pubmed.ncbi.nlm.nih.gov/28754224/
https://pubmed.ncbi.nlm.nih.gov/28754224/
https://pubmed.ncbi.nlm.nih.gov/32336532/
https://pubmed.ncbi.nlm.nih.gov/32336532/
https://pubmed.ncbi.nlm.nih.gov/32336532/
https://pubmed.ncbi.nlm.nih.gov/31504418/
https://pubmed.ncbi.nlm.nih.gov/31504418/
https://pubmed.ncbi.nlm.nih.gov/31504418/
https://pubmed.ncbi.nlm.nih.gov/31504418/
https://pubmed.ncbi.nlm.nih.gov/29931232/
https://pubmed.ncbi.nlm.nih.gov/29931232/
https://pubmed.ncbi.nlm.nih.gov/29931232/
https://pubmed.ncbi.nlm.nih.gov/29931232/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5868960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5868960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5868960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5868960/
https://pubmed.ncbi.nlm.nih.gov/26896185/
https://pubmed.ncbi.nlm.nih.gov/26896185/
https://pubmed.ncbi.nlm.nih.gov/26896185/
https://pubmed.ncbi.nlm.nih.gov/26754832/
https://pubmed.ncbi.nlm.nih.gov/26754832/
https://pubmed.ncbi.nlm.nih.gov/26754832/
https://pubmed.ncbi.nlm.nih.gov/26754832/
https://pubmed.ncbi.nlm.nih.gov/27074913/
https://pubmed.ncbi.nlm.nih.gov/27074913/
https://pubmed.ncbi.nlm.nih.gov/27074913/
https://pubmed.ncbi.nlm.nih.gov/26637278/
https://pubmed.ncbi.nlm.nih.gov/26637278/
https://pubmed.ncbi.nlm.nih.gov/31865966/
https://pubmed.ncbi.nlm.nih.gov/31865966/
https://pubmed.ncbi.nlm.nih.gov/31865966/
https://pubmed.ncbi.nlm.nih.gov/20511445/
https://pubmed.ncbi.nlm.nih.gov/20511445/
https://pubmed.ncbi.nlm.nih.gov/28320383/

Citation: Aboulmakarim S, Adarmouch L, Hmidouche S, et al. (2023) Association between Lipoprotein (a) Concentration, Glycemic Control
and Diabetes Complications in Moroccan Patients with Type 2 Diabetes Mellitus. Ann Endocrinol Metab 5(1):97-104

32.

33.

34,

35.

36.

37.

38.

Tarantino G, Finelli C, Gioa S, et al. (2016) Serum levels of Lp(a)
are related to waist circumference in NAFLD patients with low
prevalence of co-morbidities. Scand J Clin Lab Invest 76: 544-
552.

Hermsdorff HH, Barbosa KB, Volp AC, et al. (2014) Gender-
specific relationships between plasma oxidized low-density
lipoprotein cholesterol, total antioxidant capacity, and central
adiposity indicators. Eur J Prev Cardiol 21: 884-891.

Trpkovic A, Resanovic |, Stanimirovic J, et al. (2015) Oxidized low-
density lipoprotein as a biomarker of cardiovascular diseases.
Crit Rev Clin Lab Sci 52: 70-85.

Israel RG, Sullivan MJ, Marks RH, et al. (1994) Relationship
between cardiorespiratory fitness and lipoprotein (a) in men and
women. Med Sci Sports Exerc 26: 425-431.

Qayum O, Alshami N, Ibezim CF, et al. (2018) Lipoprotein(a):
Examination of cardiovascular risk in a pediatric referral
population. Pediatr Cardiol 39: 1540-1546.

Meabe SY, Bernar ML, Saez de Lafuente Chivite JP, et al.
(2006) Correlacion de los perfiles lipoproteicos y variables
antropomeétricas con concentraciones séricas de lipoproteina(a)
en la infancia. Correlation of lipid profiles and anthropometric
variables with serum lipoprotein (a) levels in childhood. An
Pediatr (Barc) 64: 235-238.

Gannagé Yared MH, Lahoud C, Younes N, et al. (2020) Prevalence
and status of Lipoprotein(a) among Lebanese school children. Sci
Rep 10: 20620.

39.

40.

41.

42.

43.

44.

45.

Joseph J, Ganjifrockwala F, George G (2016) Serum Lipoprotein(a)
Levels in black south african Type 2 Diabetes mellitus patients.
Oxid Med Cell Longev 2016: 5743838.

Viney NJ, Yeang C, Yang X, et al. (2018) Relationship between
"LDL-C", estimated true LDL-C, apolipoprotein B-100, and PCSK9
levels following lipoprotein (a) lowering with an antisense
oligonucleotide. J Clin Lipidol 12: 702-710.

Inoue K, Nago N, Matsuo H, et al. (1997) Serum insulin and
lipoprotein(a) concentrations. The jichi medical school cohort
study. Diabetes Care 20: 1242-1247.

Saeed A, Sun W, Agarwala A, et al. (2019) Lipoprotein(a) levels
and risk of cardiovascular disease events in individuals with
diabetes mellitus or prediabetes: The atherosclerosis risk in
communities study. Atherosclerosis 282: 52-56.

Waldeyer C, Makarova N, Zeller T, et al. (2017) Lipoprotein(a) and
the risk of cardiovascular disease in the European population:
Results from the Biomar CaRE consortium. Eur Heart J 38: 2490-
2498.

Jin JL, Cao YX, Zhang HW, et al. (2019) Lipoprotein(a) and
cardiovascular outcomes in patients with coronary artery disease
and prediabetes or diabetes. Diabetes Care 42: 1312-1318.

Tsimikas S (2017) A test in context: Lipoprotein(a): Diagnosis,
Prognosis, Controversies, and emerging therapies. ] Am Coll
Cardiol 69: 692-711.

DOI: 10.36959/433/573

Copyright: © 2023 Aboulmakarim S, et al. This is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and source are credited.

SCHOLARS.DIRECT

Aboulmakarim et al. Ann Endocrinol Metab 2023, 5(1):97-104

Open Access | Page 104 |


https://pubmed.ncbi.nlm.nih.gov/27833702/
https://pubmed.ncbi.nlm.nih.gov/27833702/
https://pubmed.ncbi.nlm.nih.gov/27833702/
https://pubmed.ncbi.nlm.nih.gov/29574075/
https://pubmed.ncbi.nlm.nih.gov/29574075/
https://pubmed.ncbi.nlm.nih.gov/29574075/
https://pubmed.ncbi.nlm.nih.gov/29574075/
https://pubmed.ncbi.nlm.nih.gov/9250447/
https://pubmed.ncbi.nlm.nih.gov/9250447/
https://pubmed.ncbi.nlm.nih.gov/9250447/
https://pubmed.ncbi.nlm.nih.gov/30685442/
https://pubmed.ncbi.nlm.nih.gov/30685442/
https://pubmed.ncbi.nlm.nih.gov/30685442/
https://pubmed.ncbi.nlm.nih.gov/30685442/
https://pubmed.ncbi.nlm.nih.gov/28449027/
https://pubmed.ncbi.nlm.nih.gov/28449027/
https://pubmed.ncbi.nlm.nih.gov/28449027/
https://pubmed.ncbi.nlm.nih.gov/28449027/
https://pubmed.ncbi.nlm.nih.gov/31076417/
https://pubmed.ncbi.nlm.nih.gov/31076417/
https://pubmed.ncbi.nlm.nih.gov/31076417/
https://pubmed.ncbi.nlm.nih.gov/28183512/
https://pubmed.ncbi.nlm.nih.gov/28183512/
https://pubmed.ncbi.nlm.nih.gov/28183512/
https://pubmed.ncbi.nlm.nih.gov/27433943/
https://pubmed.ncbi.nlm.nih.gov/27433943/
https://pubmed.ncbi.nlm.nih.gov/27433943/
https://pubmed.ncbi.nlm.nih.gov/27433943/
https://pubmed.ncbi.nlm.nih.gov/23253745/
https://pubmed.ncbi.nlm.nih.gov/23253745/
https://pubmed.ncbi.nlm.nih.gov/23253745/
https://pubmed.ncbi.nlm.nih.gov/23253745/
https://pubmed.ncbi.nlm.nih.gov/25537066/
https://pubmed.ncbi.nlm.nih.gov/25537066/
https://pubmed.ncbi.nlm.nih.gov/25537066/
https://pubmed.ncbi.nlm.nih.gov/8201897/
https://pubmed.ncbi.nlm.nih.gov/8201897/
https://pubmed.ncbi.nlm.nih.gov/8201897/
https://pubmed.ncbi.nlm.nih.gov/29948030/
https://pubmed.ncbi.nlm.nih.gov/29948030/
https://pubmed.ncbi.nlm.nih.gov/29948030/
https://www.analesdepediatria.org/es-correlacion-perfiles-lipoproteicos-variables-antropometricas-articulo-13085509
https://www.analesdepediatria.org/es-correlacion-perfiles-lipoproteicos-variables-antropometricas-articulo-13085509
https://www.analesdepediatria.org/es-correlacion-perfiles-lipoproteicos-variables-antropometricas-articulo-13085509
https://www.analesdepediatria.org/es-correlacion-perfiles-lipoproteicos-variables-antropometricas-articulo-13085509
https://www.analesdepediatria.org/es-correlacion-perfiles-lipoproteicos-variables-antropometricas-articulo-13085509
https://www.analesdepediatria.org/es-correlacion-perfiles-lipoproteicos-variables-antropometricas-articulo-13085509
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7692560/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7692560/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7692560/

	Title
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Patient description 
	Data collection 
	Laboratory examination 
	Statistical analysis 

	Results
	Discussion
	Conclusion
	Author Contributions 
	Statements and Declarations 
	Acknowledgments 
	Declarations of interest 
	Ethics
	Informed consent and patient details 
	Competing interests and funding 

	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	References

