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Abstract
Introduction: the relationship between lipid fractions and cardiovascular risk is clear.  However, 

the operational characteristics of total cholesterol (TC) for the diagnosis of dyslipidemias due to 
elevated LDL cholesterol (LDLC), hypertriglyceridemia and low HDL cholesterol (HDLC) are 
not clear. s 

Objective: to establish the sensitivity (Sen) specificity (Spe) and predictive values (PPV and 
NPV) of TC (>200 mg/dL) for diagnosing various types of dyslipidemias. 

Materials and methods: a study of diagnostic tests using all the lipid profiles processed at 
the Hospital Universitario San Ignacio in Bogotá (Colombia) from January 2006 to January 2017. 
Sensitivity, Spe, PPV and NPV were calculated for each dyslipidemia and for each LDLC goal. 

Results: in 25,754 profiles, the average age was 53.6±18 years. The prevalence of elevated 
LDLC (based on the goals of 160, 130, 100, 70 or 55 mg/dL) was: 19.9%, 44.5%, 72.7%, 92.1% 
and 96.8%, respectively; for hypertriglyceridemia (>150 mg/dL) it was 44.7%, and for low HDLC 
(< 40 mg/dL) it was 33.9%. The sensitivity of TC (>200 mg/dL) for elevated LDLC according to 
the same goals was: 100%, 95%, 70%, 56% and 53%, with a specificity of: 59%, 81%, 94%, 95% 
and 92%; PPV=37%, 80%, 97%, 99% and 99%; and NPV=100%, 95%, 54%, 15% and 5.8%. For 
hypertrygliceridemia: Sen=61%, Spe=61%, PPV=55% and NPV=66%. For low HDLC: Sen=36%, 
Spe=42%, PPV=26% and NPV=54%.

Conclusions: given the operational characteristics of TC>200 mg/dL, it should not be used as 
an isolated tool for diagnosing dyslipidemia due to LDLC, HDLC or hypertriglyceridemia. (Acta 
Med Colomb 2019; 44. DOI: https://doi.org/10.36104/amc.2019.1320).
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Introduction
Coronary heart disease is the leading cause of death 

worldwide, and Colombia is no exception. The data show 
that in Colombia in 1990, there were 25,312 deaths due to 
coronary heart disease; in 2003, this number increased to 
37,481 (1).

Several factors have been associated with the develop-
ment of coronary heart disease, mainly dyslipidemia. Lipid 
profile alterations have been described that are associated 
with increased cardiovascular risk, such as elevated LDL 
cholesterol (LDL-C), triglyceride, or non-HDL cholesterol 
levels and low HDL cholesterol (HDL-C) levels (2).

Several clinical practice guidelines have identified LDL-
C as the main target for cholesterol reduction therapy based 
on robust scientific evidence that shows that LDL-C plays 
a critical role in atherogenesis and in the development and 
recurrence of coronary artery disease (3-5).

In daily practice, it is common to encounter health 
professionals who use total cholesterol (TC) as the only 

diagnostic tool for dyslipidemia. However, given that TC 
may be elevated due either to elevated LDL-C or to elevated 
triglycerides, which in both cases indicate an atherogenic 
profile, or may be elevated due to high HDL-C, which indi-
cates a protective profile, it has been proposed that TC should 
not be used as the only tool for the evaluation of lipids (5).

Several studies have used TC as a surrogate for LDL-C 
(6, 7); however, there are no objective data on the operating 
characteristics of TC for the identification of different types 
of dyslipidemia. The aim of the present study was to deter-
mine the operating characteristics of TC for the diagnosis of 
hypercholesterolemia (high LDL-C, at different risk levels), 
hypertriglyceridemia and low HDL-C.

Materials and Methods
A study was conducted of diagnostic tests that included 

lipid profiles measured from January 2006 to January 2017 
at San Ignacio University Hospital in Bogotá (Colombia). 
Lipid profiles were identified in record systems, and the 
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results were obtained directly from the hospital’s clinical 
laboratory database. All samples that simultaneously mea-
sured TC, HDL-C and triglycerides were included in the 
study, regardless of the level (even triglycerides > 400 mg/
dL). The study was evaluated and approved by the Research 
and Ethics Committee of Pontifical Javeriana University and 
San Ignacio University Hospital. It was assumed that the 
values were profiles of patients who were not take medica-
tion; if they were taking medication, it is expected that the 
operating characteristics would be valid because the relative 
value of the lipid fractions was evaluated in relation to TC.

Continuous variables are expressed as the mean and 
standard deviation, and categorical variables are expressed 
as percentages.

For analysis of the operating characteristics, the sensitiv-
ity and specificity of TC > 200 mg/dL were calculated to 
identify each dyslipidemia, as well as the positive and nega-
tive predictive values, according to the prevalence found for 
each dyslipidemia. The statistical package Stata 14.0® was 
used (Release 14, 2015. StataCorp LP, College Station, TX).

Results 
A total of 25,754 tests were analyzed. The mean age of 

the patients was 53.6 ± 18 years, and 53.8% were women. 
The most frequent abnormality in the population was hy-
percholesterolemia (TC >200 mg/dL), 50%, followed by 
hypertriglyceridemia, 45% (Table 1). Forty-five percent had 
LDL > 130 mg/dL.

Table 2 shows the operating characteristics of TC levels 
for the diagnosis of the different types of dyslipidemia. 
As expected, the sensitivity decreases and the specificity 
increases as lower values are used to define LDL hyper-
cholesterolemia. Using a cutoff point of TC >200 mg/dL, 
the sensitivity to detect patients with LDL-C >160 mg/dL 
was 100%, with a specificity of 59%. In contrast, if hyper-
cholesterolemia was defined as LDL-C values above 100 
mg/dL, the specificity was 94%, but the sensitivity was 
reduced to 70%.

For hypertriglyceridemia, both the sensitivity and the 
specificity of TC >200 mg/dL for the detection of triglyc-
erides [TAGs] >150 mg/dl were 61%, and for the detection 
of HDL < 40 mg/dL, the sensitivity was 36%, and the 
specificity was 42%.

Discussion
In the present study, we demonstrated that TC should not 

be used as an isolated tool for the diagnosis of dyslipidemia. 
In fact, our data show that the sensitivity, specificity and 
predictive values change significantly depending on the 
operating definition of LDL-C hypercholesterolemia used. 
Additionally, we found that the sensitivity and specificity 
values of TC to detect low HDL dyslipidemia or hypertri-
glyceridemia are very low.

The implications of these findings in daily clinical prac-
tice are evident. Different management guidelines, including 

both national (8, 9) and international (10, 11) guidelines, 
recommend, for patients in primary prevention, the ini-
tiation of pharmacological management depending on the 
cardiovascular risk of each patient at 10 years. Using only a 
TC level > 200 mg/dL to make this decision does not allow 
identifying the highest risk patients, in whom the LDL-C 
levels at which the initiation of treatment is indicated are 
lower or the management goals may vary. For example, Eu-
ropean guidelines for the management of dyslipidemia (10) 
recommend considering management with statins, seeking a 
50% reduction when patients in primary prevention, at very 
high risk, have LDL-C values between 70 and 135 mg/dL, 
but recommend different goals (LDL-C <70 mg/dL) when 
the initial LDL-C value is >135 mg/dL.

Similarly, Colombian guidelines (8, 9) recommend con-
sidering pharmacological treatment in primary prevention 
for patients with LDL-C > 160 mg/dL. Our data allow us to 
quantify this impact, demonstrating, for example, that when 
defining hypercholesterolemia as LDL-C of 70 mg/dL, the 
sensitivity is only 56%, which implies that 44% of patients 
with values higher than this level would not be identified by 
the test. Likewise, it is worth highlighting the low specificity 
of the test (59%) to detect values greater than 160 mg/dL, 
which would imply that in many cases, pharmacological 
management would be indicated to patients who probably 
do not require it, given that the elevated TC values would 
be associated with an elevation of lipid fractions different 
from LDL-C.

These conclusions had already been suggested in a previ-
ous study in which TC was used to stratify cardiovascular 
risk, finding that its isolated measurement incorrectly clas-
sified 48% of the subjects (12). Several studies have shown 
a 15-30% reduction in cardiovascular events by achieving 
reductions in the LDL-C fraction (13, 14); however, reduc-
ing TC has not generated these benefits. Recently, focus 
has been directed toward not only reducing LDL-C but also 
reducing non-HDL cholesterol and increasing protective 
fractions, with this strategy demonstrating a greater benefit 
in reducing cardiovascular events compared to the single-
focus approach (15). However, none of these approaches 

Table 1. Frequency of lipid profile abnormalities.

% n

 Total cholesterol >200 mg/dL 49.5 12,759

HDL-C < 40 mg/dL 33.9 8,748

 LDL-C (mg/dL)  

>160 19.9 4,050

>130 44.5 9,055

>100 72.7 14,804

>70 92.19 18,757

> 55 96.8 19,732

 Triglycerides > 150 mg/dL 44.71 11,514
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have the objective of reducing TC levels, which reinforces 
what was proposed in our study.

In our population, we found findings similar to those 
reported by Galvis et al. (16), who found that the most fre-
quent alteration was total hypercholesterolemia, followed 
by hypertriglyceridemia and the presence of an LDL-C 
>130 mg/dL; the latter is the suggested goal for the LDL-C 
level in patients without cardiovascular risk factors (17), 
which would imply that almost half of our population 
would require initiation or intensification of statin therapy. 
It is worth clarifying that San Ignacio University Hospital 
is a referral institution where mainly patients with manifest 
atherosclerotic disease are treated; therefore, the prevalence 
of dyslipidemia may be biased and significantly higher than 
that of the general population.

The main strength of this study is the sample size, consid-
ering that more than 25,000 lipid profile measurements were 
considered, which allows a very accurate estimate of the 
sensitivity, specificity and predictive values of TC. However, 
there are some limitations that must be taken into account: 
having included in the analysis patients with triglyceride 
values above 400 mg/dL, in whom Friedewald’s formula 
produces an inaccurate estimate of LDL-C, can generate a 
biased calculation of the operating characteristics of TC for 
the diagnosis of dyslipidemia. However, the proportion of 
patients with this characteristic was low (6.29%), and this 
way of using the data represents the conditions in which the 
test is used in daily practice.

An additional limitation is the lack of data on the in-
dividual clinical characteristics of the patients, which did 
not allow us to perform subgroup analyses of primary and 
secondary prevention patients.

Conclusion
Given the operating characteristics of TC, it should not 

be used as an isolated tool for the diagnosis of LDL-C or 
HDL-C dyslipidemia and much less for hypertriglyceride-
mia, for which the operating characteristics of the test were 
the lowest. Therefore, a complete measurement of the lipid 
profile and each of its subfractions should be conducted in 
order to properly select patients for whom pharmacological 
treatment is indicated as well as to determine the manage-
ment goals for each.

Table 2. Operating characteristics of total cholesterol.

 LDL-C mg/dL  HDL-C 
 mg/dL 

 Triglycerides 
 mg/dL 

>160 >130 >100 >70 >55 <40 >150

 Total cholesterol >200 mg/dL 

 SS (%) 100 95 70 56 53 36 61

 SP (%) 59 81 94 95 95 42 61

 PPV (%) 37 80 97 99 99 26 55

 NPV (%) 100 95 54 15 5.8 54 66


