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Summary
Objective: to evaluate the correlation between a group of conventional biomarkers 
of cardiovascular risk with the Castelli-I and Castelli-II indices, and TG/HDL-C ratio in 
patients assigned to a program of cardiovascular risk for users of the clinical laboratory 
service of an institution that provides health services in the southwest of the Colombia. 
Materials and Methods: retrospective, descriptive multivariate exploratory study, ca-
rried out in 2 126 patients. Some sociodemographic variables were analyzed, as well 
as glucose and lipid profile. The Castelli-I and Castelli-II indices, and TG/HDL-C ratio 
were calculated. The correlation among the variables was evaluated through a matrix 
of correlations, the correlation index and the Bartlett’s Test of Sphericity. The analysis 
ended with a study of main components, which allowed to identify how the variables 
studied were grouped into components that characterized the population. Results: the 
average age was 56 ± 11 years; 68.7% were women; 48% hypercholesterolemic and 
49% hypertriglyceridemic; 22% with alterations in glucose. Total cholesterol correla-
ted positively with LDL-C and triglycerides negatively with HDL-C. Two components 
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characterized the population, one related to cardiovascular risk and the other to lipid 
alterations. Conclusions: conventional biomarkers reveal high prevalences in dysli-
pidemias, in contrast to atherogenic indices. The results highlight the importance of 
considering the evaluation of these indices in primary care and the need to strengthen 
the measurement systems of clinical laboratories for the reliability of the data on which 
decisions are made for the management of these patients.

Keywords: risk factors, chronic disease, cardiovascular diseases, dyslipidemias.

Biomarcadores convencionales de riesgo 
cardiovascular y su correlación con los 

índices de CASTELLI Y TG/CHDL.
Resumen

Objetivo: evaluar la correlación entre un grupo de biomarcadores convencionales de 
riesgo cardiovascular con los índices de Castelli-I, Castelli-II y TG/cHDL en pacientes 
de riesgo cardiovascular usuarios del servicio de laboratorio clínico de una institución 
prestadora de servicios de salud del suroccidente de Colombia. Materiales y Méto-
dos: estudio retrospectivo, descriptivo multivariado exploratorio, llevado a cabo en 2 
126 pacientes. Se analizaron algunas variables sociodemográficas, glucosa y perfil 
lipídico. Se calcularon los índices de Castelli I/II y el índice de TG/cHDL. La correla-
ción entre las variables se evaluó a través de una matriz de correlaciones, el índice 
de correlación y el Test de Esfericidad de Bartlet. El análisis finalizó con un estudio 
de componentes principales que permitió identificar como se agrupaban las variables 
estudiadas en componentes que caracterizaban a la población. Resultados: la edad 
promedio fue de 56±11 años, 68,7% fueron mujeres; 48% hipercolesterolemicos y 
49% hipertrigliceridemicos; 22% con alteraciones en la glucosa. El colesterol total 
correlacionó positivamente con cLDL y los triglicéridos negativamente con cHDL. Dos 
componentes caracterizaron la población, uno relacionado con el riesgo cardiovascular 
y otro con las alteraciones lipídicas. Conclusiones: los biomarcadores convencionales 
develan altas prevalencias en las dislipidemias en contraste con los índices aterogé-
nicos. Los resultados resaltan la importancia de considerar la evaluación de estos 
índices en atención primaria y la necesidad de fortalecer los sistemas de medición de 
los laboratorios clínicos para la confiabilidad de los datos sobre los cuales se toman 
decisiones en el manejo de estos pacientes.

Palabras clave: factores de riesgo, enfermedad crónica, enfermedad cardiovascular, 
dislipidemias.
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Introduction
Dyslipidemia is a single major risk factor 

for the development of future cardiovascular 
events, including coronary heart disease, 
myocardial infarction, stroke and peripheral 
vascular disease [1,2]. Today, this group of 
diseases is not only a public health problem 
for developed countries but also for low and 
middle income countries. Estimates made in 
2010 showed that in countries with emerging 
economies, 80% of deaths were due to cardio-
vascular diseases (CVD) [3]. Therefore, moni-
toring the balance of lipid fractions through the 
lipid profile constitutes a preventive measure 
of relevance in the management of patients at 
high cardiovascular risk [4].

The control of dyslipidemia as a follow-up 
strategy in CVD control programs includes 
the determination of triglyceride (TG) levels, 
low density lipoproteins (LDL-C), high-density 
lipoproteins (HDL-C) and total cholesterol 
(TC); with an emphasis on LDL-C levels, 
since it is considered as a ‘bad’ or risky li-
poprotein [5]. However, studies have shown 
that when these conventional lipid parameters 
remain apparently normal or moderately high, 
lipid relationships such as the Castelli risk 
indices I (TC/HDL-C) and II (LDL-C/HDL-C), 
and the TG/HDL-C ratio are diagnostic alter-
natives for the prediction of cardiovascular 
events [6-8]. The Castelli risk index-I (CRI-I), 
also known as cardiac risk ratio (CRR), re-
flects the formation of coronary plaques with 
a diagnostic value as good as the determina-
tion of total cholesterol [9,10]. On the other 
hand, the Castelli risk index-II (CRI-II) has 
been shown to be an excellent predictor of 
cardiovascular risk [5] and, in relation to the 
TG/HDL-C ratio, it has correlated quite well 
with insulin resistance [11], as well as with 
the prediction of acute myocardial infarction 
(AMI) [12]. 

About 50% of patients with type-2 diabetes 
present dyslipidemia [1,2]. This population, des-

pite being under treatment with hypocholestero-
lemic drugs, maintain a residual cardiovascular 
risk associated with several factors, including 
the increase of TG, which leads to a decrease 
in HDL-C and an increase in LDL-C.1 This im-
balance among lipid fractions helps maintain an 
atherogenic environment in diabetic patients, 
in addition to the induction of non-response to 
insulin [13]. 

Publications in Colombia show that in the 
follow-up of non-communicable chronic disea-
ses of public health interest, including CVD and 
their comorbidities, there are used the conven-
tional lipid profile and glucose determination, 
among other parameters [13]. The model of 
comprehensive care for chronic noncommu-
nicable diseases (ECNT) does not consider 
atherogenic indices, and there were not found 
studies that evaluated the contribution of these 
indices to the management of patients with the-
se chronic diseases. Therefore, the objective 
of this study was to evaluate the correlation 
between conventional cardiovascular risk bio-
markers with the Castelli risk index-I, Castelli 
risk index-II and TG/HDL-C indices in older 
people to a program of cardiovascular risk for 
users of the clinical laboratory service of an 
institution that provides health services (IPS, 
for its initials in Spanish) in the southwest of 
the country.

Materials and methods
Type of study, population and sample

This was a retrospective descriptive study 
with multivariate exploratory analysis, which 
was carried out in a municipality in southwest 
Colombia. The population corresponded to 
members of the urban and semi-urban com-
munity assigned to the cardiovascular risk pro-
gram (CVR). The sample included the total of 
patients who underwent a whole blood sample 
for a single time during the study period (2015-
2016) to determine the lipid profile and glucose 
determinations. 
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Study variables
Three groups of variables were considered: 

1) sociodemographic (age, sex, ethnicity and 
the health promotion company-EPS-); 2) para-
clinical tests, which included Total Cholesterol-
TC- (mg/dL), High-density cholesterol-HDL-C 
(mg/dL), Low-density-cholesterol-LDL-C (mg/
dL), Triglycerides-TG- (mg/dL) and Glucose-
GLU- (mg/dL) and 3) a group of atherogenic 
indices calculated from the lipid fractions, 
among them Castelli risk index-I (TC/HDL-C), 
Castelli risk index-II (HDL-C/LDL-C) and TG/
HDL-C. The risk cut-off points for each of the 
conventional serum biomarkers examined 
were: High TC (>200 mg/dL); low HDL-C (<40 
mg/dL); high TG (>150 mg/dL) and high GLU 
(>125 mg/dL). The cut-off values   for each index 
considered as risky were: Castelli risk index-I 
(TC/HDL-C) ≥5.0, Castelli risk index-II (HDL-
C/LDL-C) ≥3.0 and TG/HDL-C ≥ 3.0 (10). The 
average age considered as risky for both men 
and women was ≥60 years.

Data analysis
All the statistical analyses were carried out 

in XLSTAT-Premium version [14] for Windows 
2010. The normality of the variables was 
evaluated through the Shapiro Wilk Test. For 
qualitative variables ratios and proportions 
were calculated with 95 confidence intervals. 
For quantitative variables measures of central 
tendency and dispersion were calculated. The 
differences among quantitative measures were 
evaluated through the Two-Tailed Median Test 
and Chi-square, considering a p value ≤0.05 
as statistically significant. The collinearity 
among the variables was evaluated through 
a dispersion matrix, the correlation index and 
the Bartlett’s Test of Sphericity [15]. The data 
were finally processed through a multivaria-
te exploratory principal component analysis 
(PCA). The number of selected components 
was estimated considering a variance ≥ 60%, 
the sedimentation graph and the eigenvalue 
criterion [16].

Ethical considerations
The protocol was approved by the high ma-

nagers of the IPS source of information, which 
according to Resolution 8430 of 1993 of the 
Ministry of Health of Colombia, is a “risk-free 
research.” The information was extracted from 
the information system of the clinical labora-
tory of the IPS source of information, which is 
located in a municipality in southwestern Co-
lombia, without violating the principle of patient 
confidentiality. 

Results
The study included 2 126 patients treated 

between 2015 and 2016. 68.7 % were female, 
so there was a proportion of 3 women for every 
man. The average age was 56 ± 11 for women 
(range 23-95 years), and 58 ± 11 for men 
(range 40-85 years). According to their health 
insurance status and affiliation to the health 
system (EPS), 1 198/2 126 (IC95% 54.2-58.5%) 
were covered by the subsidized regime, 278/2 
126 (IC95% 11.6-14.5%) contributed to the health 
system, 639/2 126 (CI95% 28.1-32.0%) were 
affiliated to an indigenous population health 
provider, and 11 patients were not coverage 
by any EPS. 

None of the analytical biochemical markers 
presented a normal distribution (Shapiro Wilk 
test, p=0.0001). No statistically significant diffe-
rences were observed in the distribution of con-
ventional serum biomarkers by sex, except for 
HDL-C levels (Median Test, p=0.0000). Based 
on the cut-off points of the serum biomarkers 
of the lipid profile, hypercholesterolemia and 
hypertriglyceridemia were present in 48% and 
49% of individuals, respectively. The relation-
ship between serum biomarkers was explored 
in patients who came from both standard EPSs 
and an EPS for indigenous populations; no 
statistically significant results were found (Chi-
square test, p=0.05). The global dyslipidemia 
evaluated by the TC/HDL cholesterol index was 
14.5%, and the HDL-C/LDL-C ratio was 15.1%. 
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Alterations in the TG/HDL-C index and high 
GLU levels occurred in 3.4% of patients, without 
statistically significant differences when compa-
red with patients who had normal or modernly 

Table 1. Serum biochemical parameters and atherogenic indexes that were evaluated 
according to the risk age range. Source: database. Own elaboration

Biochemical 
parameters

Measurement units
mg/dl

Frequency in those 
<60 years

Frequency in 
those ≥60 years Total P value

GLU
<100 1 016 638 1 654

0.02*100 a 125 232 171 403
Higher than 125 32 37 69

TC
<200 611 390 1 001

0.68*200 a 240 442 295 737
Higher than 240 227 161 388

HDL-C
0 a 40 136 60 196 0.004*
41 a 59 749 483 1232
60 and higher 395 303 698

LDL-C
<130 888 580 1 468 0.38*
130 a 159 250 183 433
Higher than 159 142 83 225

TG <150 653 462 1 115 0.22*
150 a 199 285 182 467
Higher than 199 342 202 544

TC/HDL-C <5.0 1 073 744 1 817
0.0084 Ɛ

≥5.0 207 102 309
LDL-C/HDL-C <3.0 1 073 733 1 806

0.0864 Ɛ
≥3.0 207 113 320

TG/HDL-C <3.0 648 498 1 146
0.0002 Ɛ

≥3.0 632 348 980

*Median Test. Ɛ Chi square Test. GLU: glucose, TC: total cholesterol, TG: triglycerides.

The atherogenic indices did present a normal 
distribution (Shapiro Wilk test, p=0.0001) and, 
like the serum biomarkers, there were no signi-
ficant differences between patients in the EPS 
for indigenous populations and those from other 
EPSs. On the other hand, 5% of older adults 

high GLU levels. A summary of the descriptive 
statistics of the biomarkers evaluated in this 
study is presented in Table 1. 

with GLU results above 125 mg/dL had a risk 
factor for their TG/HDL-C index, that is, ≥3.0. 
A summary of the distribution of the averages 
of these atherogenic indices by age and sex 
range is presented in Table 2. 

Table 2. Calculated atherogenic indices, discriminated by risk age and sex
Atherogenic 

indices Sex Mean for 
<60 years

Mean for 
≥60 years P value Ɛ Global mean

TC/HDL-C
Female 3.83 3.69 0.03 

3.83
Male 4,08 3,78 0.0006

LDL-C/HDL-C
Female 2.15 2.04 0.02

3.38
Male 2.32 2.17 0.02

TG/HDL-C
Female 3.37 3.25 0.41

2.15
Male 3.82 3.06 0.0001

Source: database. own elaboration. Ɛ Chi square Test
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Figure 1. The correlatin matrix between the study variables.                                             Source: database. own elaboration.
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The correlation matrix (Figure 1) showed that 
GLU was not correlated with any of the varia-
bles included in the study, except for the age 
variable (R=0.774). In contrast, TC showed a 
strong correlation with the lipid fraction LDL-C 
(R=0.775) and low with HDL-C (R=0.231) as 
well as with TG levels (R=0.302). Median Test. 
Ɛ Chi square Test. GLU: glucose, TC: total 
cholesterol, TG: triglycerides.

The Bartlett’s Test of Sphericity confirmed the 
correlation between the variables (p=0.0001). 
The variables included in each component and 
the contribution of each to the total variance is 
presented in Table 3.

Table 3. Absolute contribution of the variables 
to the components. The variables of each 
component are underlined within the table

 Variable Component 1 Component 2
Glucose (GLU) 0.095 -0.153
Total Cholesterol (TC) 0.571 0.527
Triglycerides (TG) 0.631 -0.637
HDL-C -0.604 0.312
LDL-C 0.668 0.721
T-C/HDL-C 0.975 -0036
TG/HDL-C 0.673 -0.682
LDL-C/HDL-C 0.858 0.367
Age -0.087 0.055

It has been underlined the location of the variable in the component.
Source: database. own elaboration.

According to the extraction of the main com-
ponents (MC), the first component explained 
41% and the second one 21.2% of the variabili-
ty. In general, the PCA showed two components 
that accounted for 62.2% of the total variance. 
A graphic summary of the contributions of the 
variables to each component is presented in 
Figure 2. Age, total cholesterol and the three 
atherogenic indices evaluated in the study were 
located in component 1 (axis “X”). These were 
the predictive component of CVD. All of them 
showed to be significant, since they were loca-
ted close to the unit circle, except for the age 
variable. On the “Y” axis, on which component 
2 was structured, the relationship between TG 

levels, the two most important fractions of total 
cholesterol, HDL-C and LDL-C, and GLU was 
shown; these factors as a whole reflect the 
presence of dyslipidemia. The HDL-C, LDL-C 
and TG fractions were significant, but not GLU.

Figure 2. Distribution of the variables according to 
the factorial plane of the two selected components. 
Depending on the characteristics of the variables, it has 
been defined the “X” component as the risk predictor, 
and the “Y” axis as the alteration component.
Source: database. Own elaboration.

Discussion
Studies in Colombia have established the ba-

lance of conventional serum biomarkers used 
for the control of patients [16-20] with CVR, but 
not the correlation of these with the atheroge-
nic indices evaluated in this study. Using the 
principal component analysis method (PCA), it 
was possible to identify, in an exploratory way, 
how this set of risk markers is related to older 
adults who belong to the CVR program of an 
IPS from the southwestern Colombia, and who 
are users of its clinical laboratory. 

The results showed a higher prevalence of 
women older than 50 years, who in a low pro-
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portion are attended through an EPS for indige-
nous people, and with a significant association 
between their glucose levels and HDL-C. In 
this regard, there is increasing evidence of 
gender and sex differences in the epidemiology, 
pathophysiology, treatment and outcomes in 
chronic noncommunicable diseases. Gender 
differences are factors associated with socio-
cultural processes, such as different behaviors 
between women and men, exposure to specific 
environmental influences, different forms of 
nutrition, lifestyles or stress. On the other hand, 
the sex factors refer to the variables linked to 
the difference in the biology between women 
and men that originate in their gene pool, the 
sex hormones and their effects on the organs 
and systems that vary in the life cycle of the wo-
man [21,22]. According to the results of these 
studies, women have a higher prevalence of 
chronic comorbidities, including dyslipidemias, 
type-2 DM and atherogenesis [23]. In the study 
by Kautzky-Willer et al, 2 016 [23], older women 
were notorious because they present hormonal 
changes that affect the balance of lipoproteins 
and carbohydrates [24]. However, these results 
may also show that women adhere better to 
treatment and control programs [23]. They may 
also point out that in the municipality where the 
information source institution is located, the 
highest prevalence of CVR occurs in women. 
This situation cannot be ignored since the study 
was carried out with the hospital records of a 
second level IPS belonging to the public health 
network of the municipality; which is used by a 
high proportion of inhabitants of the urban and 
semi-urban areas, where they receive compre-
hensive care, medical management, treatment 
and diagnostic or follow-up services by the 
clinical laboratory. In fact, the National Health 
Observatory presented for that municipality a 
CVD mortality rate during 2011 that is more 
prevalent in women, and which dramatically 
increased in those aged over 50 years [25].

Several studies have indicated a significant 
relationship between the metabolism of lipids 
and carbohydrates, which, in turn, are related to 

age [16,26,27]. As age increases, so does the 
prevalence of hypercholesterolemia, hypertri-
glyceridemia and hyperglycemia. Those results 
were similar to the ones in this study, in which 
statistically significant associations were iden-
tified between age and levels of GLU and HDL 
cholesterol. However, the relationship between 
TG and GLU [16,28] and between high levels of 
LDL-C and increased glucose was not present 
[29], probably due to a selection bias, taking 
into account that they were patients who go to 
the clinical laboratory service for periodic con-
trols of their TG, HDL-C and GLU levels, which 
together with other paraclinical tests constitute 
the routine examinations of the CVR program. 
On the other hand, although alterations in 
lipoprotein metabolism occur in 50% of cases 
in CVD, there is consensus that its evaluation 
based exclusively on the determination of low 
density lipoprotein cholesterol (LDL-C) is not 
the best choice [30]. 

Hence the importance of monitoring with 
the group of biomarkers defined in most CVR 
care guidelines, but also considering new mar-
kers that improve risk prediction. In this study, 
the Castelli risk indexes I (TC/HDL-C) and II 
(LDL-C/HDL-C) were evaluated. They are very 
powerful risk indicators, which have a predictive 
value higher than the isolated data of the lipid 
profile for CVD, since they reflect the alteration 
of a very important component of vascular risk, 
the decrease in the levels of the protective cho-
lesterol fraction, HDL-C, at the expense of the 
increase of TC and specifically the risk fraction, 
LDL-C [31]. The results obtained in this study 
showed how the two indicators differed statisti-
cally according to sex and age, in contrast with 
the results of the lipoprotein fractions when 
they were individually reported, in which case 
only two serum biomarkers showed statistically 
significant differences by age. The importance 
of the Castelli risk index-I lies in the fact that it 
is the indicator that overlaps the least between 
populations of individuals with or without CVR, 
with a normal or relatively high lipoprotein ba-
lance [32]. This was observed in the results of 
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this study, which showed a high prevalence of 
hypercholesterolemia and hypertriglyceride-
mia using the cut-off points of TC and TG, in 
contrast with the risk cut-off points of Castelli 
I and II risk indices, with which the prevalence 
of alterations of lipoprotein fractions decreased 
by almost 50%. 

In relation to the TG/HDL-C index, this eva-
luates the risk of developing insulin resistance. 
This indicator identified a low proportion of dia-
betic patients who had a high risk of developing 
or who already presented insulin resistance, 
data that could not be confirmed since there 
was no clinical information of the patients inclu-
ded in the study, only the antecedent of being 
assigned to the CVR program. In addition, this 
result gives evidence of a good control of the 
patients assigned to the program, since other 
studies, such as that of Hernández-Vite et al, 
2 015 [33], showed a significant association 
between the TG/HDL-C index and high fasting 
GLU levels. This predictive value of the TG/
HDL-C ratio represented an opportunity for the 
health system to improve the early diagnosis 
of insulin resistance in diabetic patients with 
high CVR, as well as a reduction in institutional 
costs, and an improvement in the access to 
the diagnoses that are provided by the IPSs. 
Here, it is important to highlight the importance 
achieved by the clinical laboratory service, by 
guaranteeing the reliability of the measure-
ments of these routine exams, since they give 
rise to atherogenic indices that are discriminant 
and predictive of risks [34-36].

On the other hand, the results of the explo-
ratory multivariate study (PCA) showed two 
groups of well-differentiated variables, one 
predictor of CVD and another related to lipid 
imbalance. In this last point, recent studies 
show that changes in lipids can not only be a 
consequence of the altered metabolism of GLU 
but also a cause of them. Hypertriglyceridemia 
and low HDL-C, most of the times, have a 
significant association with diabetes. This was 
evidenced in the results of the main component 

chart, in which it was observed the distribution 
of the TG data in a plane opposite to the data 
of the HDL-C levels. However, taking into ac-
count that the proportion of diabetics was less 
than 5% in the sample, the GLU data were not 
significant and their low contribution to varia-
bility was observed due to their position in the 
graph, close to the origin of the data. This is the 
reason why it was decided to include the GLU 
variable in the exploratory multivariate model, 
since biological plausibility and the background 
of previous studies were considered more rele-
vant than statistical significance. In addition, it 
was observed that by eliminating the variable, 
the final variability decreased by almost 10%.

The increase in TG is associated with an in-
crease in the levels of free fatty acids that can 
induce insulin resistance and β-cell dysfunction 
[37], apparently because, like GLU, free fatty 
acids are important determinants of the balance 
of β cells [38]. This relationship between lipid 
metabolism and carbohydrate metabolism is 
clinically relevant, since it explains why the 
balance of GLU levels is affected in hypertri-
glyceridemic patients. 

At international level, there are some studies 
that have assessed the differences between 
the levels of TC, LDL-C, HDL-C, TG and GLU 
in minority groups. Although the results of 
this study did not show statistical significance 
when comparing the results of conventional 
serum biomarkers and atherogenic indices in 
the elderly served by an EPS for indigenous 
people, compared with those who are not, due 
to the sample size, this risk factor should not 
be underestimated, especially in populations 
where it is known that there are settlements 
of indigenous communities, as it is the case 
of the municipality where the data from this 
investigation came from, because the results 
have not been conclusive in this regard. For 
example, Ariel et al, 2014 [39], in their study 
concluded that minority groups, except Afri-
can Americans, were more likely to have high 
dyslipidemia, with a marked alteration in the 
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TG/HDL-C ratio. However, they felt that more 
studies were needed in order to determine 
how ethnic differences in dyslipidemia affect 
cardiovascular disease rates. In the same sen-
se, Joshua et al, 2011 [26], expressed that for 
the particular case of Hispanics, the decrease 
in HDL-C and an increase >2.0 in the TG/
HDL-C ratio were not associated with MI risk. 
In addition, the distribution of results suggests 
the need to establish a limit different from the 
one established in the TG/HDL-C index in (for) 
this age group. 

Conclusions
The data obtained in the study showed that 

the conventional biomarkers evaluated reveal 
prevalence in alterations of lipid fractions higher 
than those provided by atherogenic indices. 
On the other hand, atherogenic indices have 
a strong association with variables such as 
sex and age. The analysis model used could 
separate the characteristics of the lipid profile 
and the atherogenic index according to the un-
derlying pathological condition, a variable that 
should be considered in future studies. Given 
that there are variations in lipid metabolism 
according to ethnicity, it is possible that there 
are also differences in the risk of CVD, which 
should be explored in Colombia, especially in 
those regions where there is a high density of 

communities of indigenous descent. Finally, 
although these findings highlight the importance 
of developing predictive and risk management 
guidelines to strengthen the CVR program at 
the primary care level, clinical laboratories need 
to strengthen quality assurance programs for 
measurements, since their results would be 
used indirectly with the calculation of these in-
dices to improve the predictive capacity of risk.
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