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Abstract

Introduction Office blood pressure (OBP) and low-density lipoprotein cholesterol (LDL-C) calculated by the Friedewald
formula (F) are the cornerstones of the cardiovascular risk (CVR) assessment and management based on the SCORE2/
SCOREZ2-OP model proposed by the 2021 ESC Guidelines on Cardiovascular Disease Prevention.

Aim We compared the CVR stratification estimated by the old SCORE and the SCORE2/SCORE2-OP using OBP and
ambulatory blood pressure measurement (ABPM), and we evaluated the prevalence of LDL-C control, after calculating it
using three validated equations, in outpatients referred for arterial hypertension.

Methods A cross-sectional study on 1539 consecutive patients with valid ABPM. LDL-C was calculated using the Friede-
wald formula (F), its modification by Martin (M), and the Sampson (S) equation. SCORE and SCORE2/SCORE2-OP were
estimated using OBP, mean daytime (+ 5 mmHg adjustment), and mean 24-hour systolic blood pressure (+ 10 mmHg
adjustment). Individual CVR by 2021 ESC Guidelines (and SCORE2/SCORE2-OP) was compared to the 2019 ESC/EAS
Guidelines (and SCORE). Differences in the prevalence of LDL-C control according to the three methods to calculate LDL-C
were also analysed.

Results Mean age was 60 + 12 years, with male prevalence (54%). Mean LDL-C values were 118 + 38 mg/dL (F), 119 +
37 mg/dL. (M), and 120 + 38 mg/dL (S), respectively. Within the same population, SCORE and SCORE2/SCORE2-OP sig-
nificantly varied, but no differences emerged after comparing the average SCORE2/SCORE2-OP calculated with OBP (6%
IQR 3-10), mean 24-hour systolic BP (7% IQR 4-11), and mean daytime systolic BP (7% IQR 4-11). SCORE2/SCORE2-OP
and 2021 ESC Guidelines reclassified the CVR independently of the method used for BP measurement. The low-moderate
risk group decreased by 32%, whereas the high and veryhighrisk groups increased by 18% and 12%, respectively. We found
a significant reduction in reaching the LDL-C goals regardless of the equation used to calculate it, except for those > 65
years, in whom results were confirmed only by using the M.

Conclusion SCORE2/SCORE2-OP and 2021 ESC Guidelines recommendations led to a non-negligible CVR reclassification
and subsequent lack of LDL-C goal, regardless of estimating SCORE?2 using OBP or ABPM. Calculating the LDL-C with
the M may be the best choice in specific settings.
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cholesterol (LDL-C), eventually underestimating the total
CVR burden. For these reasons, the ESC has developed an
updated prediction model, SCORE2, that estimates 10-year
fatal and non-fatal CVD risk in European individuals,
considering the non-high-density lipoprotein cholesterol
(non-HDL) and the office systolic blood pressure (SBP) as
measurements of total atherogenic cholesterol and arterial
blood pressure, respectively [3]. Despite its limitations due
to several potential sources of measurement inaccuracy and
variability (patient-, device-, or procedure-related) and its
lower performance regarding CV outcomes and mortality
prediction compared to home blood pressure monitoring
(HBPM) and 24-hour ambulatory blood pressure monitoring
(ABPM), conventional office blood pressure (OBP) meas-
urement is the most widely available, studied and recom-
mended method for assessing BP when it comes to diagnose
hypertension, estimate the goals of anti-hypertensive treat-
ment according to the risk and benefits profile and when
considering BP in individual global CVR assessment [4].
Recently, an observational cohort study including 59,124
patients referred for evaluation of hypertension in primary
care in Spain compares clinic SBP with mean 24-hour
SBP (24h-SBP) to predict all-cause death and cardiovas-
cular death over a decade follow-up. The authors evidenced
a stronger association between ABPM parameters and all-
cause and cardiovascular death than OBP. Adjusted HR for
24h-SBP was 1.51 (95% CI 1.41-1.62) vs. 1.04 (95% CI
0.96-1.12) for OBP [5].

LDL-C is causally involved in atherosclerotic CVD
(ASCVD) [6], and its evaluation is critical for an accurate
CVR assessment and prevention [7]. The gold standard for
LDL-C measurement is ultracentrifugation and beta-quanti-
fication [8]. Although this method is the highest-order refer-
ence procedure, it is expensive and time-consuming for most
laboratories, so several formulas have been used to calculate
LDL-C. Friedewald and colleagues developed the first equa-
tion in 1972 (hereafter referred to as the Friedewald formula,
or F) [9]. This formula requires the standard lipid panel,
including fasting plasma HDL-C, total cholesterol (TC) and
triglycerides (TG). It is calculated as LDL-C = TC — HDL
— (TG /5) for mg/dL (or 2.2 when using mmol/L). The final
term of the formula assumes a mean fixed ratio of TG levels
to very low-density lipoprotein cholesterol (TG:VLDL-C)
of 5:1. Nevertheless, the actual TG:VLDL-C ratio varies
significantly across the range of TG and cholesterol levels,
making the F less accurate in two increasingly common
situations: higher TG levels (usually found in overweight/
obesity and diabetes mellitus); lower LDL-C levels (par-
ticularly <100 mg/dL), a commonplace in contemporary
clinical practice when aggressive lipid-lowering-therapy
(LLT) is used [10, 11]. In 2013, Martin et al. developed a
novel method (hereafter referred to as the Martin method, or
M) for estimating LDL-C from F, based on data from over
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1.35 million plasma samples analysed by ultracentrifuga-
tion [12]. Rather than assuming a fixed TG denominator
of 5, the M applies to the F an empirical and adjustable
factor for the TG:VLDL-C ratio that varies depending on
TG and non-HDL-C levels. This method is more accurate
than the former one, particularly for low—LDL-C samples
[13]. Finally, in 2020, Sampson et al. [14] proposed another
equation for calculating LDL-C [hereafter referred to as the
Sampson formula or S, also known as the National Insti-
tute of Health (NIH) 2 method]. They suggested that this
formula is more accurate than all the others currently avail-
able in patients with low LDL-C levels or hypertriglyceri-
demia [15]. In a recent study on serum lipid panels of 1179
patients, the Martin formula and, to a lesser extent, the
Sampson formula showed significantly higher correlation
coefficients than the Friedewald formula with apolipoprotein
B and, thereby, with the number of circulating atherogenic
LDL particles [16]. This study investigated the differences
between average SCORE and SCORE2/SCORE2-OP calcu-
lated using systolic OBP, adjusted mean daytime SBP and
24h-SBP from ABPM and the impact on CVR stratifica-
tion. We compared the CVR estimated by the 2019 ESC/
EAS Dyslipidemia Guidelines (and SCORE) and the 2021
ESC Guidelines on Cardiovascular Disease Prevention (and
SCORE2/SCORE2-0P). After calculating LDL-C with the
three validated equations, we also assessed the prevalence
of LDL-C control according to the individual goal. To the
best of our knowledge, this is the first study that has jointly
compared CVR models and equations for LDL-C calcula-
tion to evaluate their combined impact on the prevalence
of lipid control in a large population whose BP has been
evaluated by both OBP and ABPM.

2 Methods
2.1 Study Design and Population

We conducted a cross-sectional study on 1539 consecutive
outpatients referred to our "Hypertension Excellence Cen-
tre" of the European Society of Hypertension (ESH) from
January 2022 to March 2023 because of suspected high BP
or hypertension management, but not for dyslipidemia. Most
patients were referred to our Hypertension Centre by general
practitioners, while only a minority were by other special-
ists. Therefore, our sample reflects well the community-
dwelling population. All patients in this study were tested
with accurate OBP measurements and ABPM. Patients
enrolled were in primary or secondary CV prevention, and
other inclusion criteria were the following: age > 40 years,
a valid ABPM, and a full lipid panel (TC, HDL-C and TG)
non-suggestive for familial autosomal dominant hypercho-
lesterolemia (FH), all performed within the previous month.
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We excluded patients with TG > 400 mg/dL because F was
not applicable. All participants gave their informed consent,
and clinical investigations were conducted according to the
principles of the Declaration of Helsinki and its later amend-
ments. This study was approved by the local institutional
ethics committee (INRCA Ethics Committee).

2.2 (linical and Laboratory Parameters

We collected all recruited patients' medical history, anthro-
pometric measurements (body mass index, BMI, defined
as the body mass divided by the square of the body height
and expressed in units of kilogram per square meter, waist
circumference), cardiovascular drug therapy, and complete
laboratory tests. The CKD-EPI creatinine equation estimated
the glomerular filtration rate (¢éGFR). The lipid profile was
obtained after fasting sampling, and then LDL-C was cal-
culated using the three validated equations: F, M and S.
Non-HDL-C was calculated by subtracting the HDL-C from
TC. Type 2 diabetes mellitus (T2DM) was defined based
on documented medical history or the use of antidiabetic
drugs. Smoking status was ascertained during recruitment,
and the smoking habit was defined as the current or previous
smoking of at least 100 cigarettes in a lifetime [17]. Chronic
kidney disease (CKD) was determined by stable eGFR< 60
ml/min/1.73 m”.

2.3 Blood Pressure Measurement

During office evaluation, we performed three sequential
oscillometric automatic BP measurements on both arms
using validated devices (Microlife® model BP3MQ1-2D
and BP A200 AFib, Widnau, Switzerland). Correct cuff sizes
(range 22-32 cm or 32-42 cm) were selected according to
arm circumference, and BP measurements were performed
after at least 5 min of rest in the sitting position. The patient's
arm was kept at the heart level during the measurement. The
higher average systolic BP value between arms was used
for the analysis and to position the ABPM, thus avoiding
errors due to interarm BP differences. The 24-hour ABPM
was performed within one month before the office evalua-
tion without therapeutic changes, using Spacelabs 90207 and
90217 (SpaceLabs Healthcare, Snoqualmie, Washington,
USA). An appropriate cuff dimension was used according
to the arm circumference. Minimum quality criteria for a
satisfactory ABPM recording were based on recommenda-
tions by Omboni et al. [18]. For each patient, 24-hour BP,
daytime BP (defined as the BP values from 06:00 to 22:00),
and night-time BP (defined as the BP values from 22:00
to 06:00) were considered. The definitions of "day" and
"night" periods were based on the most common answers
to a questionnaire in which patients were asked about their
sleeping behaviour. In our patients, ABPM was performed

to diagnose hypertension in suspected cases and assess BP
control in treated patients. According to OBP, some patients
had a high-normal BP, and ABPM was performed to evalu-
ate possible masked hypertension, as suggested by the 2018
ESC/ESH guidelines [19]. Thus, not all enrolled patients
were hypertensive at the end of the assessments.

2.4 Individual CVR Stratification and Control

The individual 10-year CVR, reported in Supplemental
Table S1, was estimated according to SCORE and SCORE2
(as calibrated for moderate risk European regions) and
its equivalent for patients older than 70 years (SCORE2-
OP) after taking into account other major CVR factors or
ASCVD as suggested by both 2019 ESC/EAS Guidelines for
the management of dyslipidemias and 2021 ESC Guidelines
on cardiovascular disease prevention in clinical practice [20,
21]. Concerning the classification proposed by the 2019
ESC/EAS Dyslipidemia guidelines, we merged the low and
moderate-risk groups into the low-moderate group for better
comparisons. Also, we did not take into account the extreme
risk because it was not present in the former 2019 classifica-
tion and because none of our patients would have fallen into
this group. Office SBP, clinically adjusted mean daytime (+
5 mmHg), and mean 24h-SBP (+ 10 mmHg) obtained by
ABPM were used to calculate SCORE2/SCORE2-OP. At the
same time, for the global individual CVR assessment, hyper-
tension was defined if the patient was on anti-hypertensive
therapy or if ABPM reported a mean 24h-SBP > 130 mmHg
and/or a mean 24-hour diastolic blood pressure (24h-DBP)
> 80 mmHg [22]. The duration of T2DM and additional
laboratory or imaging information on target organ dam-
age (TOD) (i.e., urine albumin-to-creatinine ratio, cardiac
or vascular ultrasound evaluation, etc.) was unavailable in
many patients for further CVR assessment. Patients' LDL-C
levels were defined at goal based on the following targets,
according to the individual CVR stratification: LDL-C
below 100 mg/dL for patients at low-moderate CVR, LDL-C
below 70 mg/dL for patients at high CVR and LDL-C below
55 mg/dL for patients at very high CVR.

2.5 Statistical Analyses

Continuous variables were checked for normality and
expressed as mean =+ standard deviation or as median and
interquartile range (IQR) if markedly skewed. Categorical
variables were expressed as numbers and percentages. Vari-
ables were compared using Wilcoxon's Signed Rank Test
and General Linear Model for repeated measures within sub-
jects and Bonferroni adjustment. Pearson's and Spearman's
methods were used for correlations between variables. Dif-
ferences in frequencies within the same group were evalu-
ated using the Mc Nemar or Marginal Homogeneity Test. A
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p-value < 0.05 was considered statistically significant. All
statistical analyses were conducted with SPSS version 23
[SPSS Inc., Chicago, IL, USA], Microsoft Windows version.

3 Results

The general characteristics of the study population are
reported in Table 1. We included 1539 patients in the analy-
ses. The mean age was 60 + 12 years, and male prevalence
was 54%. The mean BMI was 28 + 5 Kg/m?, and the mean

Table 1 Characteristics of the study population (n = 1539)

waist circumference was 95 + 11 cm in women and 103 +
11 in men, respectively. Overweight (OW) and obese (OB)
patients were 35% and 27%, respectively. The prevalence of
T2DM was 13%. The mean office SBP was 140 + 13 mmHg,
and the mean office DBP was 86 + 11 mmHg. Regarding
ABPM parameters, the mean 24h-SBP was 131 + 11 mmHg,
the mean 24h-DBP was 78 + 10 mmHg, the mean daytime
SBP was 138 + 14 mmHg, and the mean daytime DBP was
80 + 12 mmHg. The prevalence of arterial hypertension,
considering those in anti-hypertensive therapy, was 68%
(1044 patients). In hypertensives, the mean office SBP was

Clinical, ABPM and Laboratory Parameters (mean + SD or median and IQR)

Age (years) 60 + 12
BMI (Kg/m?) 28+5
Waist (cm) 99 + 12
Office SBP (mmHg) 140 + 13
Office DBP (mmHg) 86 + 11
24h-SBP (mmHg) 131 +13
24h-DBP (mmHg) 78 + 10
Daytime SBP (mmHg) 133 + 14
Daytime DBP (mmHg) 80 £ 12
eGFR (mL/min) 78 +19
TC (mg/dL) 196 + 43
HDL-C (mg/dL) 54 + 14
TG (mg/dL) 105 (80-150)
LDL-C Friedewald (mg/dL) 118 + 38
LDL-C Martin (mg/dL) 119 + 37
LDL-C Sampson (mg/dL) 120 + 38
Determinants of CVR (number and percentage or median and IQR)
Sex (males) 823 (54)
Smoking 538 (35)
Obesity 410 (27)
Hypertension 1044 (68)
PAD 250 (16)
CAD 48 (3)
Stroke 61 (4)
T2DM 199 (13)
CKD (eGFR < 60 mL/min) 130 (8)
SCORE (%) 2 (0-5)
SCORE2 (%) 6 (3-10)%, 7
@117
(4-11)°

ABPM Ambulatory Blood Pressure Monitoring, BMI Body Mass Index, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, eGFR esti-
mated Glomerular Filtration Rate, TC Total Cholesterol, HDL-C High-Density Lipoprotein Cholesterol, LDL-C Low-Density-Lipoprotein Cho-
lesterol, TG Triglycerides, CVR CardioVascular Risk, PAD Peripheral Artery Disease, CAD Coronary Artery Disease, T2DM Type 2 Diabetes
Mellitus, CKD Chronic Kidney Disease, SCORE Systematic COronary Risk Evaluation

Calculated with office SBP
®Calculated with mean 24-hour SBP + 10 mmHg
Calculated with mean daytime SBP + 5 mmHg
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134 + 13 mmHg, the mean office DBP was 81 + 10 mmHg,
the mean 24h-SBP was 136 + 10 mmHg, the mean 24h-DBP
was 83 + 9 mmHg, the mean daytime SBP was 130 + 12
mmHg, and the mean daytime DBP was 79 + 11 mmHg.
Patients in primary prevention were 1236 (80% of the study
population). Regarding the serum lipid profile, the mean TC
was 196 + 43 mg/dL, mean HDL-C was 54 + 14 mg/dL,
and median TG was 105 (IQR 80-150) mg/dL, respectively.
Mean LDL-C values significantly varied depending on the
formula used for their calculation (p < 0.001 for compari-
sons). Indeed, mean LDL-C values were the following: 118
+ 38 mg/dL according to F, 119 + 37 mg/dL according to
M, and 120 + 38 mg/dL according to S, respectively. M and
S showed a significant and almost total correlation with F
(r=0.998 for S and r = 0.991 for M). The clinical mean-
ingfulness of one mg difference from F to M and one mg
difference from M to S is likely to be irrelevant considering
mean values; still, it was relevant for individual risk evalu-
ation, as shown below.

3.1 Impact of BP Measurement Methods on CVR
Stratification and LDL-C at Goal Prevalence

SCORE2/SCORE2-OP estimated with office SBP, adjusted
mean daytime SBP and 24h-SBP were strongly correlated
(SCORE2 with office SBP vs SCORE2 with adjusted day-
time SBP: r = 0.979; SCORE2 with office SBP vs SCORE2
with adjusted 24h-SBP: r = 0.977, all p<0.001). The average
SCORE2/SCORE2-OP estimated with office SBP (6%, IQR
3-10) or with adjusted 24h-SBP (7%, IQR 4-11) or with
adjusted daytime SBP (7% IQR 4-11) showed no mean-
ingful differences. After classifying the individual CVR
according to the SCORE2/SCORE2-OP and the 2021 ESC
Guidelines on cardiovascular disease prevention, we found
a substantial rearrangement compared to the classification
based on the SCORE and the 2019 ESC/EAS Guidelines
for the management of dyslipidemias, regardless of the BP
measurement method used to estimate SCORE2/SCORE2-
OP. Patients at low-moderate risk decreased from 826 (55%)
to 356 (23%), patients at high risk increased from 307 (20%)
to 582 (38%), and patients at very high risk rose from 380
(25%) to 575 (37%) (Fig. 1 Panel A). Fifty-seven percent
of those who were at low-moderate risk were redistributed
among high (51%) and very-high risk (6%); 47% of indi-
viduals previously in the high risk were reclassified as very-
high; all patients in the very-high risk group were confirmed
belonging to the very-high risk. Consequently, we found
meaningful changes in the proportion of patients achiev-
ing LDL-C goals based on the reclassified individual CVR,
considering all three equations used for the LDL-C calcula-
tion (from 26 to 20% applying F, from 25 to 18% applying
M, and from 24 to 18% with S, p < 0.001 for comparisons)
(Fig. 1 Panel B). Notably, the lowest prevalence of patients

with adequate risk-based LDL-C control was only 18% when
using M and S. As expected, we found that by calculating
the LDL-C using the S or the M, the proportion of patients
at goal was significantly lower than when the F was used
(Fig. 2). The results were also confirmed to be independent
of the LDL-C formula after considering those patients (524,
34% of the study population) already taking a lipid-lowering
therapy (LLT) with statins or ezetimibe, in hypertensives,
as well as in other subgroups. The only exception was the
subgroup of patients over 65 years, in whom despite show-
ing the same trend, we found a significant decrease in the
prevalence of LDL-C at goal only if considering the M, but
not the F and S. A complete overview of these findings is
reported in Table 2.

4 Discussion

Increasingly lower LDL-C goals and recently approved
lipid-lowering therapies (LLTs) to improve further the
treatment efficacy led to a renewed emphasis on CV pre-
ventive strategies and to the need for a more reliable and
precise individual CVR assessment of the adult population
to guarantee the optimal and most personalized therapy
approach. The 2021 ESC Guidelines on cardiovascular dis-
ease prevention have proposed new recommendations and
tools for better estimating the CVR, especially for primary
prevention, which achieved broad consensus and have been
widely adopted [23]. Adopting the SCORE2/SCORE2-OP
by these Guidelines is the most important novelty. Differ-
ently and more accurately than the previous SCORE algo-
rithm, SCORE2/SCORE2-OP estimate the 10-year risk of
CVD death and non-fatal CVD events (such as myocardial
infarction and stroke) using non-HDL cholesterol in patients
over 40 years. Although without additional laboratory tests
or imaging information about TOD, but strongly supported
by the availability of ABPM in each patient (used not only to
define hypertension in non-treated patients but also to assess
any potential impact on CVR stratification), our results high-
lighted how a significant portion of the study population
underwent a reclassification of the CVR based on SCORE2/
SCOREZ2-OP and 2021 ESC Guidelines, regardless of using
OBP or ABPM to estimate CVR. A clear overall trend
emerged, showing a decreased prevalence of those defined
at low-moderate risk and an increased prevalence of those
defined at high or very high CVR. Recent investigations con-
ducted on similarly sized European cohorts found the same
results [24], and one study on more than 85000 patients
aged 40-65 found that whenever the SCORE?2 instead of
the SCORE was used, 44% of the population was reclas-
sified with a higher risk [25]. Likewise, the same applies
concerning other major CV risk factors, such as hyperten-
sion. Among the 512 hypertensive patients evaluated by Del
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Fig. 1 Differences in CVR Panel A
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Fig.2 Differences in LDL-C control according to SCORE2-2021
ESC Guidelines and LDL-C formulas. The graphic shows how the
formula used to calculate low-density lipoprotein cholesterol (LDL-
C) changed the proportion of patients reaching LDL-C goals
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Pinto et al., with the application of the new parameters for
fatal and non-fatal CVR assessment proposed by the 2021
ESC Guidelines, the proportion of individuals at high or
very high risk rose from 49 to 77% of cases [26]. Most of
the population in the study (62%) resulted in the overweight
(OW) and obese (OB) range of BMI, with mean waist cir-
cumference suggestive of excess visceral adipose tissue for
both genders. Previous data from our group have demon-
strated that dyslipidemia is common and too often neglected
in OW and OB hypertensive patients despite they present a
more atherogenic lipid pattern likely driven by metabolic
derangement pivoting around excess adipose tissue and insu-
lin resistance. In such population, only one-third of OW/OB
patients had a LDL-C at goal, while BP was controlled in
only about 40% of patients. Moreover, only 12% of OW/OB
patients had both mean 24-hour BP and LDL-C at target.
Likewise, the higher the CVR, the lower the rate of LDL-C
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Table2 LDL-C at target according to 2019 ESC/EAS and 2021 ESC
Guidelines in subgroups

2019 ESC/EAS 2021 ESC p

Guidelines Guidelines

LLT + (n = 524)

Friedewald, n (%) 242 (46) 199 (38) <0.001

Martin, n (%) 215 (41) 164 (31) <0.001

Sampson, n (%) 226 (43) 182 (35) <0.001
LLT — (n = 1015)

Friedewald, n (%) 153 (15) 110 (11) <0.001

Martin, n (%) 176 (17) 121 (12) <0.001

Sampson, n (%) 135 (13) 101 (10) <0.001
Men (n = 823)

Friedewald, n (%) 208 (25) 167 (20) <0.001

Martin, n (%) 206 (25) 164 (31) <0.001

Sampson, n (%) 195 (23) 146 (18) <0.001
Women (n = 716)

Friedewald, n (%) 187 (26) 142 (20) <0.001

Martin, n (%) 185 (26) 139 (19) <0.001

Sampson, n (%) 166 (23) 131 (18) <0.001
Age > 65 years (n = 578)

Friedewald, n (%) 160 (28) 149 (26) 0.254

Martin, n (%) 144 (25) 122 (21) 0.010

Sampson, n (%) 146 (25) 138 (24) 0.410
Age < 65 years (n = 961)

Friedewald, n (%) 235 (25) 160 (17) <0.001

Martin, n (%) 247 (26) 163 (17) <0.001

Sampson, n (%) 215(22) 145 (15) <0.001
Hypertensives (n = 677)

Friedewald, n (%) 126 (19) 98 (15) <0.001

Martin, n (%) 121 (18) 93 (14) <0.001

Sampson, n (%) 112 (17) 90 (13) 0.003
Non-Hypertensives (n = 862)

Friedewald, n (%) 269 (31) 211 (25) <0.001

Martin, n (%) 270 (31) 192 (22) <0.001

Sampson, n (%) 249 (29) 193 (22) <0.001
Obese (n =410)

Friedewald, n (%) 121 (30) 107 (26) 0.038

Martin, n (%) 114 (28) 88 (22) <0.001

Sampson, n (%) 117 (29) 102 (25) 0.028
Non-obese (n = 845)

Friedewald, n (%) 225 (26) 167 (20) <0.001

Martin, n (%) 230 (27) 162 (19) <0.001

Sampson, n (%) 201 (24) 149 (18) <0.001
Primary prev. (n = 1236)

Friedewald, n (%) 262 (21) 198 (16) <0.001

Martin, n (%) 284 (23) 204 (16) <0.001

Sampson, n (%) 234 (19) 180 (15) <0.001
Secondary prev. (n = 303)

Friedewald, n (%) 133 (44) 111 (37) 0.004

Martin, n (%) 107 (35) 81 (27) <0.001

Sampson, n (%) 127 (42) 103 (34) 0.001

LDL-C low-density-lipoprotein-cholesterol, LLT lipid-lowering ther-
apy
Bold values are statistically significant.

control and individuals in secondary prevention had worse
LDL-C control than patients in primary prevention [27].

The immediate consequence of such a radical increase in
the number of patients with high or very high CVR is that
the LDL-C goal dramatically changed for many patients,
and we observed an even worse LDL-C control among all
three classes of CVR after the reclassification. Results were
replicable in almost all the other subgroups considered in the
analyses, including patients already treated with LLT and
hypertensives, representing nearly half of our population.
In hypertensives, 20% were on LLT (18% on statin and 2%
on ezetimibe), and we observed LDL-C at goal only in the
13-15% range. These real-life data are discouraging and in
evident contrast to the great body of evidence that suggests,
on the one hand, an exponentially increased CVR when
multiple uncontrolled risk factors coexist and, on the other
hand, the benefits that could derive from tackling hyper-
tension and dyslipidemia with a synergistic combination of
metabolically neutral anti-hypertensive and lipid-lowering
drugs, often offered in single-pill formulation, thus increas-
ing efficacy and adherence [28, 29].

In this regard, individual CVR estimation in each hyper-
tensive patient has recently been stressed and endorsed by
the latest 2023 ESH Guidelines because of its relevance in
hypertension management, especially in individuals with a
high-normal BP or grade 1 hypertension, in whom it may
influence the decision of whether or how fast to initiate BP-
lowering drug treatment. In assessing individual CVR, ESH
Guidelines recommend using the more accurate SCORE2/
SCORE2-OP tool based on office SBP. Excluding the DBP
in the risk chart has been criticized, and the potential role of
ABPM in estimating the CVR more accurately needs further
clarification and validation [4].

Furthermore, LDL-C control also seemed to depend on
the formula used for its calculation. As described by several
authors, while assessing the accuracy of different LDL-C
formulas by comparing the calculation with the direct meas-
urement of serum LDL-C and in various clinical scenarios
such as non-fasting, high levels of TG, and low LDL-C, the
S and the M emerged as the best performing [30]. Estimat-
ing the accuracy of the three considered LDL-C equations is
beyond the scope of this investigation. We instead wanted to
explore the potential impact of assessing LDL-C by different
equations on the proportion of patients reaching the LDL-C
goal. In our real-life analyses, we pointed out meaningful
differences in estimated LDL-C between the three equations,
with both the M and S constantly calculating higher LDL-C
values than the F. Within and between the two CVR assess-
ment models considered in the study, overall LDL-C control
resulted different after comparing the three equations (non-
significant only between S and M within the 2021 model, p =
0.786), Fig. 2. Also, based on the 2021 ESC Guidelines and
SCORE2/SCORE2-OP CVR stratification, only 18% of the
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overall population would achieve the LDL-C goal using the
M and the S. Moreover, the proportion of patients at LDL-C
goal in all the subgroups considered in the study was signifi-
cantly reduced, regardless of the method used to calculate
LDL-C. The only exception was the group > 65 years, in
whom differences in LDL-C control between the former and
the latter CVR stratification emerged when using the M, but
not the F or the S. Actually, older patients represented more
than one-third of our sample (n. 578, 38%) and had higher
CVR than the younger group (median SCORE2 12% vs 4%,
p < 0.001; very-high CVR 67% vs 19%, p < 0.001), were
more treated with LLT (52% vs 23%, p < 0.001; statin 47%
vs 21%) and consequently showed lower LDL-C (patients
with LDL-C < 100 mg/dL 48% vs 25%, p < 0.001). In cases
of very high CVR and low LDL-C, the enhanced accuracy
of the M may help isolating those who would benefit from a
more aggressive reduction of LDL-C to improve outcomes
[13, 30]. This approach could be adequately applied in the
old population in whom an appropriately aggressive LLT
may reduce ASCVD [31, 32], and over-treatment may have a
negative impact, given the risk of medication adverse effects
and the burden of polypharmacy.

Eventually, in our study, we highlighted that the propor-
tion of patients with suboptimal CVR management regard-
ing dyslipidemia depended more on the accuracy of the risk
assessment strategies than the method used for calculating
LDL-C values and that there is still a lack of awareness
about the critical role of a systematic application of updated
methods of individual global CVR assessment.

To render CVR evaluation a very rapid task with broader
use in clinical practice, we recently developed an open free-
to-use web-app (www.humtelemed.it) based on the 2019
ESC/EAS Guidelines for the management of dyslipidemias
updated with SCORE2/SCORE2-OP (that is most useful in
primary prevention) and using the M for LDL-C calculation.
Easy-to-use apps can be the way to further spread and opti-
mize the appropriate individual CVR evaluations in daily
clinical practice.

4.1 Study Strengths and Limitations

Although our sample referred to a Hypertension Excellence
Centre, it reflects the community-dwelling population at
CV risk well. This aspect could strengthen the work since
the data can be better extended to the general population.
Assessing the BP profile by more accurate ABPM and cal-
culating LDL-C by the three most used equations provide
a more comprehensive picture of the extent of their impact
on CVR assessment and management compared to conven-
tional methods. As stated in the Materials and Methods sec-
tion, the individual CVR could be partially biased by the
absence of data regarding the systematic TOD evaluation
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(i.e., albuminuria, left ventricular hypertrophy, carotid ath-
erosclerosis, coronary calcium score).

5 Conclusions

The potential for a significant impact of CVR reclassification
follows the application of the 2021 ESC Guidelines on car-
diovascular disease prevention. The reclassification occurs
due to the more accurate assessment of individual CVR
using new tools such as SCORE2/SCORE2-OP, algorithms
and risk charts, and additional risk factors in the prediction
models. In a first analysis, ABPM and OBP seem to share
similar abilities in estimating CVR; thus, if correctly carried
out, OBP remains the most accessible and straightforward
method. A non-negligible proportion of individuals previ-
ously classified as low-moderate risk may be reclassified as
high or very risk, and this should lead to earlier and more
intensive preventive interventions with personalized strat-
egies, aiming at increasing adherence and reducing CVD
burden. More awareness about the strengths and limitations
of the methods used for LDL-C calculation will help CVR
classification and treatment decisions. In specific conditions,
such as low LDL-C values due to LLT or whenever consid-
ering risks and benefits of more aggressive interventions
(i.e. in older patients), the modified Friedewald equation by
Martin could represent the more suitable choice. Apps for a
quick and easy CVR evaluation (such as the web app www.
humtelemed.it developed by our group) may be helpful to a
broader application of CVR evaluation in clinical practice.
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