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Summary. Background and aim of the work: Coronary heart disease is the leading cause of morbidity and
mortality in developed countries and its association with LDL-cholesterol has been well established. During
the last decades statin therapy, and an healthy lifestyle, has proven highly effective in reducing cardiovascu-
lar event rates. Yet, there is still controversy among national guidelines and clinical practice with regard to
LDL-cholesterol measurements. The aim of this study was to verify whether significant changes in cholesterol
levels were observed over a relatively long (12 years) period. We also compared the Friedewald-calculated
with directly-measured LDL cholesterol in order to verify whether the two methods were equivalent. Mezh-
ods: We retrospectively analyzed 288000 data (total cholesterol, HDL, LDL both directly-measured and
Friedewald-calculated, and triglycerides), from 57600 individuals, collected at the San Raffaele Hospital in
Milan between 2007 and 2018. Data were statistically analyzed using a linear regression over the 12 years
long period of time. Results: We observed a general decreasing trend in total cholesterol (and an increasing
trend in HDL) and a decrease in triglycerides only in the male group. Directly-measured LDL did not cor-
relate well with calculated LDL. Conclusion: The total cholesterol decrease and the corresponding increment
in HDL was attributed to either an increased use of statin and/or an improvement of the general population
dietary habits. The latter was further confirmed by the decrease in triglycerides observed in the male group.
Based on our data, an alternative method for assessing atherogenics lipoproteins level has been proposed.
(www.actabiomedica.it)
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1. Introduction

Prolonged exposure to high concentrations of
total cholesterol (T'C) is associated with an increased
risk of developing coronary heart diseases (CHD)
(1). Cholesterol is transported through plasma as hy-
drophobic cholesteryl esters carried by lipoprotein
particles. Lipoproteins are traditionally classified ac-
cording to their size and density: chylomicrons, chy-
lomicron remnants and VLDL are larger and lighter
whereas IDL, LDL and HDL are sequentially smaller
and heavier (2). Most of the circulating cholesterol is
carried by LDL. Epidemiological evidence conclu-

sively showed that this type of lipoprotein is primar-
ily responsible for the association with CHD like an
increased risk of myocardial infarction and vascular
death (3). Findings from genetic studies suggest that
exposure to excessive LDL cholesterol (LDLC) early
in life results in markedly atherothrombosis already in
the 3 or 4* decades (4). These led to the concept of
so-called cholesterol years of exposure and suggest that
reduction of LDL early in life might strongly delay
CHD events. Intervention studies aimed at lowering
the LDLC concentration in patients with and without
clinically manifested CHD clearly demonstrated the
efficacy of lipid-lowering therapies (5, 6).
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In the last twenty years national cholesterol edu-
cation programs have been implemented worldwide
with the aim of communicating the message that an
healthy diet, exercise, and smoking cessation are highly
effective in reducing both hyperlipidaemia and LDLC
(7). On the other hand, pathological conditions that
do not benefit enough from an healthy life style, may
achieve LDLC reduction with statin agents that block
the rate-limiting step in cholesterol biosynthesis (8).
Statins progress was rapid in the last decade and their
used increased during this time interval (9, 10). Al-
though LDLC plays a crucial role as a risk factor for
CHD, controversy remains in clinical practice with re-
gard to its measurement. The gold standard for meas-
uring LDLC is B-quantitation (11) which requires
the time-intensive and expensive ultracentrifugation
and is not feasible in laboratory routine analysis. Thus,
the most common approach to determining LDLC
for general purposes in the clinical laboratory is the
Friedewald calculation (12). The equation subtracts
HDL-cholesterol and a fixed ratio of triglycerides/5
(as an estimate of VLDL cholesterol), from total cho-
lesterol to provide an estimate of LDLC. Despite eco-
nomically convenient, the Friedewald calculation is
prone to inaccuracies at high triglyceride levels (>400
mg/dL) but also at low LDLC levels (13, 14). An im-
proved version of the Friedewald equation was devel-
oped by Martin and colleagues (15) by replacing the
fixed ratio of 5 for VLDL cholesterol estimation with
a personalized ratio (ranging from 3.1 to 11.9). Al-
though the improvement was significant, the accuracy,
when compared to the gold standard, was still in the
90% range (15).

Recently, several homogeneous methods have
been developed by different manufacturers for the di-
rect measurement of LDLC levels (16). These methods
involve two steps: in the first one different surfactants,
ionic polymers, and other components selectively pre-
vent measurement of LDLC while non LDL lipo-
proteins are solubilized and the released cholesterol is
enzymatically converted and then eliminated. In the
second step the remaining LDLC is then solubilized
and measured upon enzymatic reaction (17). However,
homogenous LDLC assays are not necessarily reliable
and, in some cases, can be even less accurate than the
Friedewald equation (18, 19). Because a large number

of factors related to genetics, nutrition, diseases and
therapy may affect the composition of lipoproteins,
the same surfactants mixture might not be able to
selectively prevent or enable the measurement of the
cholesterol content of one lipoprotein class in the pres-
ence of other types of lipoproteins. Consequently, it
has been challenging to manufacture direct methods
with adequate specificity (16).

In our study we retrospectively analyzed the as-
sociation between TC, HDL cholesterol (HDLC),
LDLC calculated from the Friedewald equation
(LDLC-CAL) or from homogenous assay (LDLC-
HOMO), and triglycerides (TG) collected at the San
Raffaele Hospital laboratory, in the Milan area, from
57600 individuals who performed routine clinical
analysis between January 2007 and December 2018.
The aims of the study were to evaluate: a) whether the
advertising campaign directed at lowering cholesterol
levels combined with an increased used of statins dur-
ing the last decade (10) determined a decreasing trend
in the amount of total cholesterol during the 2007-
2018 time interval; b) whether LDLC-CAL and
LDLC-HOMO could be considered as equivalent
methods during this 12 years long period. A high cor-
relation between LDLC-CAL and LDLC-HOMO
(r >0.9) has been observed previously (20) for short
period but, to the best of our knowledge, never for a 12
years long interval.

Exact LDLC estimation is essential and critically
important for the correct classification of patients into
an appropriate risk category. Comparing the two most
common methods for LDLC measurements over a
long period of time might answer the important ques-
tions on whether homogeneous assays can be recom-
mended to replace the Friedewald calculation. At the
light of these results, alternative methods to assess
cholesterol associated CHD risk, which are likely to
improve overall patients care, will be discussed.

2. Materials and methods

2.1. Chnical data

TC, HDLC, LDLC-CAL, LDLC-HOMUO and
TG were evaluated each on 57600 individuals, 28800
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females (two hundred per month) and 28800 males
(two hundred per month), 18 years old or older, who
had their blood tested, for routine clinical analysis, be-
tween January 2007 and December 2018 at the labo-
ratory of the San Raffaele Hospital in Milan, Italy as
described earlier (21,22).

In total 288000 (57600x5) data were analyzed. A
small percent (<5%) of the individuals tested were hos-
pitalized patients. Furthermore individuals with TG >
500 mg/dL (267 individuals), for which the Friedewald
equation is not reliable, were excluded from the study.
Thus the collected data might be considered as general
routine analysis data and not affected by pathological
conditions. The females monthly averaged ages, calcu-
lated for each of the 144 months, ranged from 48.2 to
58.3 years, 48.4 to 58.7 years, 42.9 to 57.9 years, 51.0
to 61.2 years and 46.1 to 58.1 years for TC, HDLC,
LDLC-CAL, LDLC-HOMO and TG respectively.
The corresponding standard deviations (SDs) ranged
from +13.0 to +17.8 years, +13.4 to +17.4 years, +9.0
to +20.1 years, +12.8 to +16.6 years and +13.9 to +17.3
years for TC, HDLC, LDLC-CAL, LDLC-HOMO
and TG respectively. The males monthly averaged
ages, calculated for each of the 144 months, ranged
from 46.3 to 56.6 years, 47.7 to 56.8 years, 42.9 to
63.1 years, 48.7 to 59.5 years and 46.2 to 55.3 years
for TC, HDLC, LDLC-CAL, LDLC-HOMO and
TG respectively. The corresponding standard devia-
tions (SDs) ranged from +11.9 to +16.5 years, +11.4 to
+15.8 years, +8.6 to +16.9 years, +11.5 to +15.4 years
and #11.5 to #15.7 years for TC, HDLC, LDLC-
CAL, LDLC-HOMO and TG respectively.

TC, HDLC, LDLC-HOMO and TG were
measured from January 2007 to January 2016, on a
Advia 2400 (Siemens Healthcare Diagnostic, Victoria,
Australia) and from January 2016 to December 2018
on a Roche COBAS 8000 (Roche, Basel, Switzerland).
For both instrumentation analyte levels were evaluated
by a colorimetric enzymatic assay. After an in-house
evaluation, no significance differences were observed
between the two instrumentations. LDLC-CAL was
calculated using the Friedewald equation (12). For
each analytes the instrumental errors was calculated
by averaging approximately 25-28 measurements per
month (one each working day) of standard solution at
low (L1) and high (L2) concentrations.

All individuals involved in the study gave an in-
formed consent authorizing the use of their anony-
mously collected data for retrospective observational
studies (with reference to article 9.2.j of the EU gen-
eral data protection regulation 2016/679 [GDPR]),
according to the San Raffaele Hospital internal policy
(I0G075/2016).

2.2. Statistical analysis

For each months (144), from January 2007 to De-
cember 2018, 400 values (200 males and 200 females)
from each analytes (TC, HDLC, LDLC-CAL, LD-
LC-HOMO and TG) were randomly extracted from
the San Raffaele Hospital internal database. Measure-
ments for the different analytes were extracted from
different days of the month in order to avoid the com-
parison of data from the same pool of individuals. In
other words we preferred not to compare TC, HDL
and TG from the same individuals because, for math-
ematical reason, they will be highly correlated with
the resulted Friedewald-calculated LDLC. In con-
trast, comparing the Friedewald equation data with
TC, HDL and TG from different pools of individu-
als reveals whether the cholesterol and TG data are a
good representation of the cholesterol situation in the
general population. TC was extracted from day 1 to 3
of the month, HDLC was extracted from day 4 to 6,
LDLC-CAL was extracted from day 7 to 15, LDLC-
HOMO was extracted from day 16 to 25 and TG was
extracted from day 26 to 30.

Monthly averaged values for TC, HDLC, LD-
LC-CAL, LDLC-HOMO and TG, and their cor-
responding SDs, were calculated for both the female
and male groups. The correlation between time and
the analytes levels were evaluated by a statistical linear
regression using the software Sigmaplot (Systat soft-
ware, San Jose, CA, USA). Within the same month no
duplicates (i.e. different data from the same individual)
were present.

3. Results

The female and male monthly averaged TC ob-
served between January 2007 and December 2018
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showed a constant decreasing trend (Figure 1) of ap-
proximately 10% from January 2007 to December
2018. The statistical linear regression showed a sig-
nificant correlation between time and TC for both
groups, with R? of 0.61 and 0.64 for the female and
male groups respectively (Table 1). The two intercepts
of 213 and 203 mg/dL for the female and male groups
respectively were consistent with an approximately 5%
less TC in the female population whereas the almost
identical slopes (-0.14 and -0.15 mg/dL"t for the fe-
male and male groups, respectively) (Table 1) reveals
a general population tendency in reducing their TC
levels over time.

In contrast HDLC showed a positive trend dur-
ing the 12 years observation period (Figure 2). The sta-
tistical linear regression showed a correlation between
time and HDLC consistent with R? of 0.27 and 0.32
for the female and male groups, respectively (Table
1). The two intercepts of 60 (female) and 46 (male)
mg/dL showed that males had approximately 25%
less HDLC than the female population. The identi-
cal slopes of 0.04 mg/dL*t (Table 1) observed in both
groups revealed a general population trend consistent
with an increase in HDLC concentration of approxi-
mately 10% during the last 12 years.

Differences between the female and male groups
were observed for TG as well. During the 12 years in-
terval the females group showed a relatively constant
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Figure 1. Monthly averaged TC values for the female (top) and
male groups during the 144 months interval between January
2007 and December 2018. Red lines represent the statistical
linear regressions (see parameters in Table 1). Error bars repre-
sent the corresponding standard deviation

Table 1. Parameters obtained from the statistical linear regressions of the monthly averaged values

Analyte Gender R? Intercept slope 95% CI P Value Deviation
Females 0.61 213 -0.14 -0.157 to -0.120 < 0.0001 Signific.
e Males 0.64 203 -0.15 -0.167 to -0.130 < 0.0001 Signific.
Females 0.27 60 0.04 0.032 to 0.056 < 0.0001 Signific.
HDLC
Males 0.32 46 0.04 0.027 to -0.044 < 0.0001 Signific.
LDLC- Females 0.60 124 -0.11 -0.130 to -0.099 < 0.0001 Signific.
CAL Males 0.60 131 -0.15 -0.168 to -0.128 <0.0001 Signific.
LDILC- Females 0.04 130 -0.02 -0.040 to -0.004 0.0180 Signific.
HOMO | pyles 0.06 126 -0.03 -0.051 to -0.011 0.0025 Signific.
Females 0.02 105 -0.02 -0.056 to 0.001 0.0565 Not. Signific.
e Males 0.20 137 -0.10 -0.142 to -0.072 < 0.0001 Signific.
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Figure 2. Monthly averaged HDLC values for the female (top)
and male groups during the 144 months interval between Janu-
ary 2007 and December 2018. Red lines represent the statistical
linear regressions (see parameters in Table 1). Error bars repre-
sent the corresponding standard deviation

level of TG of approximately 105 mg/dL (Figure 3).
Thus the slope of the statistical linear regression is
close to zero and a poor correlation (R* = 0.02) be-
tween TG and time was observed (Table 1). In con-
trast, the males group showed, at the beginning of the
study (January 2007), a 30% higher level of TG (inter-
cepts 137 and 105 mg/dL for the males and females
group respectively, Table 1). This gap became smaller
(~15%) at the end of the study (December 2017) re-
vealing that during the observed 12 years interval, a
clear tendency in lowering the TG level was present in
the male population (slope -0.10 mg/dL*t, Figure 3).
This was confirmed by the statistical linear regression
which, in contrast with the females group, showed a
higher correlation between time and TG levels (R* =
0.20, Table 1).

Figure 3. Monthly averaged TG values for the female (top) and
male groups during the 144 months interval between January
2007 and December 2018. Red lines represent the statistical
linear regressions (see parameters in Table 1). Error bars repre-
sent the corresponding standard deviation

The LDLC calculated with the Friedewald equa-
tion showed a progressive decrease in LDLC from
2007 to 2018 for both males and females. The sta-
tistical linear regression confirmed a high correlation
between LDLC-CAL and time for both genders (R
=0.60 for both groups, Table 1). Data showed that
males had a slightly higher LDLC value at the begin-
ning of the study (intercepts of 124 and 131 mg/dL
for the females and males groups respectively) how-
ever, because of the different slopes (-0.11 and -0.15
for females and males respectively), the LDLC-CAL
intercepts at the end of the study were identical (109
mg/dL). Although LDLC-CAL data were from in-
dividuals different from those of the TC, HDLC and
TG (which were also different from each other), the
slopes obtained with the statistical linear regression
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Figure 4. Monthly averaged LDLC-CAL values for the female
(top) and male groups during the 144 months interval between
January 2007 and December 2018. Red lines represent the sta-
tistical linear regressions (see parameters in Table 1). Error bars
represent the corresponding standard deviation

were very similar to those obtained by subtracting the
HDLC slope and one fifth of the TG slope to the TC
slope (-0.10 vs -0.11 mg/dL*t and -0.13 vs -0.15 mg/
dL*t for the female and male groups, respectively).

In contrast to LDLC-CAL, the statistical linear
regression for LDLC-HOMUO showed a poor yet sig-
nificant correlation (R* <0.10 for both groups, Table
1) between LDLC levels and time (P values of 0.018
and 0.0025 for the female and male groups respec-
tively, Table 1). For both groups the slopes were close
to zero (-0.02 and -0.03 mg/dL*t for the female and
male groups, respectively) indicating an approximately
constant levels of LDLC-HOMO during the 12 years
interval (Table 1).

It must be noted that the observed differences
were not arising from the instrumental errors because

Figure 5. Monthly averaged LDLC-HOMO values for the
female (top) and male groups during the 144 months interval
between January 2007 and December 2018. Red lines represent
the statistical linear regressions (see parameters in Table 1). Er-
ror bars represent the corresponding standard deviation

they were <2.5% for TC, HDLC and LDLC-HOMO
and <3% for TG.

4. Discussion

The study showed that between January 2007 and
December 2018 a significant decrease, of about 10%,
in TC is observed in the general population of the
Milan area for both males and females. Such decrease
was likely related to either the well reported increase
in statin consumption (10) during the last decade and/
or to the educational food campaigns that reached the
general population during this time interval. About to
the latter, Milan hosted the EXPO exhibition in 2015
which focused mainly on food and health. Since 2008,
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when EXPO was assigned to the city of Milan, this
area has been the target of several campaigns which
promoted healthy food behaviors. We might specu-
late that such campaigns further improved an already
existing trend, however, comparisons with data from
similar areas not influenced by the aforesaid promo-
tions are needed to confirm or infirm this hypothesis.
A partial confirmation of the improvement in the eat-
ing habits of the people involved in our study came
from the analysis of TG levels. Its level significantly
decreased in the male group indicating a likely positive
change in the dietary pattern of this part of the popu-
lation. The lack of correlation between TG and time
in the female group was likely the consequence of this
genders’ lifestyle. Females traditionally eat healthier
and pay more attention to physical fitness (23, 24).

The HDLC increased, during the considered 12
years interval, which was consistent with the corre-
sponding T'C decrease. The study also highlighted an
higher TC level in the female population, if compared
with the male ones, which was associated to an higher
level of HDL in this gender. TG was 30% higher in
the male group at the beginning of the study but the
gap was reduced to 15% after 12 years. If this trend
will continue, we might observe in the following two
decades similar averaged TG values for both males and
females.

As expected the Friedewald calculated LDLC
decreased between 2007 and 2018 and was signifi-
cantly correlated with time. As a consequence of the
observed decrease in TG in the male, which was absent
in the female group, the lowering trend was more pro-
nounced in the former group. Although TC, HDLC,
TG and LDLC-CAL data were from different pools
of individuals, their calculated linear regression pa-
rameters correlates well indicating that the 57600 in-
dividuals involved in the study can be considered as a
good approximation of the general population in the
Milan area.

In contrast LDLC-HOMO had a poor correla-
tion with time. Both the female and male groups’ slopes
were close to zero thus in contrast with the evident
TC and HDL trends. A closer analysis of the LDLC-
HOMO data revealed that, when looking at the single
individual, about 10-20% of the LDLC-HOMO val-
ues were higher than their corresponding TC minus

HDLC values (data not shown). Although these latter
values might be considered as a nonsense, such data
were also included in the study because, clinically, they
were treated as reliable and released to the patients.

Thus it appears that despite the instrumental in-
ternal controls were always within the limit, during the
12 years interval the LDLC-HOMO measurement
was prone of inaccuracy and did not reflect the real
patients’ status.

We might speculate that the source of inaccuracy
lays in the first step of the assay where a mixture of
surfactants, ionic polymers and other components se-
lectively solubilized both high density lipoproteins and
very low density lipoproteins without affecting LDL
(17). Because of the biological variability in lipopro-
tein composition, the surfactants mixture may not al-
ways solubilize efliciently such polypeptides, with the
results that a small amount of non-LDL cholesterol
will contribute to LDLC-HOMO measurements.

Despite LDLC is the most extensively studied
risk factor for CHD, substantial controversy remains
in clinical practice with regard to its measurement.
The Friedewald equation is economically convenient
but suffers from several limitations especially when
dealing with pathological patients. Our study seems to
confirm that direct methods suffer from an high inac-
curacy as well (even in non-pathological individuals)
which is likely linked to the analytical procedure and is
not associated to the instrumental error.

Many of the limitations associated with LDLC
measurement can be avoided by simply measuring
non-HDL-cholesterol (25). Non-HDL-cholesterol
is not dependent on VLDL cholesterol estimation
and reduces the discordance difficulties observed for
direct LDLC measurements. Furthermore non-HDL
cholesterol measurement is based on a calculation and
thus is cost effective avoiding the need for advanced
lipid testing. As suggested in previous studies, move-
ment towards non-HDLC will take time but is likely
to improve overall patient care (2,15).

5. Conclusion

Our data indicated that during the last 12 years
an increasing awareness of food nutritive value and
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eating practices in adjunction with an increased used
of statin has lowered the TC and LDLC-CAL values
for both females and males. The LDLC-CAL decrease
was more pronounced in the latter group because of
a significant decrease in TG, which was absent in the
female group, and was likely related to healthier eating
habit implemented during this time interval. Consist-
ently HDLC increases in both groups.

In contrast LDLC_HOMO was poorly correlat-
ed with time and could not explain the approximately
10% decrease in T'C observed during the 12 years’ time
interval. We suggested that measurements of non-
HDLC might represent a better estimation of the ath-
erogenics lipoproteins level associated with CHD risk
by reducing the discordances associated with both the
Friedewald equation and the direct LDLC measure-
ments.
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