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Abstract

Background Hypercholesterolemia is a major cardiovascular risk factor, particularly in individuals with type 2
diabetes (T2DM), where cardiovascular events are more prevalent. Adherence to low-density lipoprotein cholesterol
(LDL-c) targets remains suboptimal globally and in Italy. This study evaluates trends in LDL-c target achievement and
lipid-lowering treatment with a stratification by cardiovascular risk among Italian patients with type 2 diabetes from
2019 to0 2022.

Methods A cross-sectional analysis was conducted using the AMD Annals database, encompassing over 700,000
patients with T2DM. Patients were categorized by cardiovascular risk levels, LDL-c ranges and therapy types (statins,
ezetimibe, PCSK9 inhibitors). Linear trends across the four years were evaluated.

Results The percentage of patients achieving LDL-c targets improved across all risk levels. In very high-risk
patients, LDL-c <55 mg/dL was achieved by 16.3% in 2019, increasing to 23.6% in 2022. High-risk patients achieving
LDL-c <70 mg/dL rose from 20.3 to 26.6% over the same period. Use of PCSK9 inhibitors, particularly in combination
with statins, was associated with the highest target achievement rates, reaching 62% in very high-risk patients by
2022. We observed a reduction of moderate-intensity statins use in favor of combination therapies across the four
years. Despite this, nearly one-third of patients still had LDL-c levels > 100 mg/dL in 2022.

Conclusions While LDL-c management in ltalian patients with T2DM has improved, significant gaps remain,
particularly for very high-risk individuals. Expanding the use of advanced therapies like PCSK9 inhibitors and adhering
more closely to guideline-based recommendations are critical to improve cardiovascular risk in this population.
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THE KEY RESEARCH QUESTION OF THIS ANALYSIS

Lipid-lowering therapies and LDL target achievement over 4 years
in Italian patients with type 2 diabetes across different cardiovascular risk categories

PROPORTION OF PATIENTS ACHIEVING LDL-C TARGETS BY RISK LEVEL

LDL target
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Introduction

Cardiovascular disease (CVD) poses a substantial global
health challenge, affecting approximately 32.2% of indi-
viduals with type 2 diabetes (T2DM) and remaining a
leading cause of mortality in this population, with coro-
nary artery disease (CAD) and stroke as primary con-
tributors [1]. Hypercholesterolemia and hypertension
are critical risk factors for atherosclerotic cardiovascular
disease (ASCVD) in T2DM [2] due to underlying patho-
physiological mechanisms including LDL cholesterol
(LDL-C) damaging effects [3], with diabetes duration
representing a crucial determinant of the risk [4]. As a
result, epidemiological data indicate that about one third
of people with type 2 diabetes are affected by CVD with
great predominance of atherosclerotic disease [5]. The
economic burden of ASCVD in individuals with T2DM
is also substantial for direct and indirect costs linked to
ASCVD that significantly exceed those of non-diabetic
individuals, incurring in the United States an annual
expenditure of approximately $37.3 billion [6]. Extensive
evidence indicates that simultaneously addressing mul-
tiple cardiovascular risk factors can effectively prevent
or delay the progression of ASCVD [7]. Nevertheless,
despite established guidelines recommending specific
LDL-C targets tailored to cardiovascular risk levels [8],

a substantial proportion of patients with T2DM fail to
achieve these targets [9, 10], resulting in elevated risk of
severe cardiovascular complications [11].

Several large observational studies conducted across
Europe have provided valuable insights into the real-
world implementation of recent guidelines, consistently
demonstrating suboptimal outcomes. The Da Vinci study,
which analyzed data from 18 countries between 2017 and
2018, revealed that only 18% of very high-risk patients
achieved their 2019 ESC/EAS LDL-C target, with the
highest success rates observed among those receiving
PCSK9 inhibitor-based combination therapy [12].

Similarly, the Santorini study examined lipid-lowering
strategies in a cohort of over 9,000 patients at high and
very high cardiovascular risk, across both primary and
secondary care settings. The majority of patients were
on lipid-lowering monotherapy, and, unsurprisingly,
only 20% achieved their risk-based LDL-C targets [13].
In both studies approximately one third of the cohorts
included patients with T2DM. In the 1-year follow-up
of the Santorini study [14] improved outcomes were
observed with greater utilization of combination ther-
apy. However, despite this, no more than 31% of patients
attained LDL-C levels within the target range.
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These findings align with long-standing evidence from
the EUROASPIRE survey program, which has consis-
tently highlighted suboptimal lipid management over the
years, despite multiple guideline updates. This persistent
gap underscores the presence of clinical inertia, likely
driven by limited awareness of actual cardiovascular risk
among healthcare professionals [15].

In light of evolving epidemiology, the availability of
new lipid-lowering therapies, updated treatment targets,
and the variability in trends across different countries [9],
ongoing monitoring of diabetes care quality has become
increasingly imperative. The AMD (Associazione Medici
Diabetologi) Annals initiative, which regularly assesses
diabetes care trends in Italy [16], reports that only 21.4%
of patients at high risk and 37.6% of patients at very high
risk reach LDL-C levels below 70 mg/dl [17]. Recognizing
the substantial challenge of lipid control among Italian
patients with T2DM, this study aimed to evaluate lipid
profiles, treatment strategies, and target achievements
in different risk profiles, along with temporal trends over
4 years, from 2019 to 2022.

Materials and methods

Study design and data source

This cross-sectional study with temporal analysis utilized
data from the AMD Annals database, which collects clin-
ical information from 295 diabetes centers across Italy,
representing approximately 50% of the country’s diabetes
clinics, comprising records of about 1,587,873 patients
with type 2 diabetes from 2010 to 2022. The analysis
focused on data from 2019 to 2022, encompassing a total
of about 400,000 patients with at least one LDL-C mea-
surement per year.
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Eligibility criteria

The analysis was conducted independently for each of
the years 2019, 2020, 2021, and 2022. Consequently, each
patient could participate in the analysis for more than
one year.

Inclusion criteria

(1) Patients with at least one clinical visit during the
selected years. If multiple visits occurred within the same
year, only the most recent visit (i.e., the one closest to
December 31st) was considered for analysis; (2) Avail-
ability of LDL-C for the selected visit. If LDL-C values
were unavailable for the selected visit, data from the most
recent preceding visit with available LDL-C value were
used; (3) For analyses requiring cardiovascular risk clas-
sification, patients were included only if, in addition to
LDL-C levels, all other variables necessary for risk assess-
ment were available at the selected visit. To mitigate the
impact of missing data, no standardized risk calculator
score was applied. Instead, cardiovascular risk stratifica-
tion was performed based on the ADA 2023 Standards
of Care [7] which largely aligns with the ESC/EAS guide-
lines [8]. Additionally, to enhance risk assessment within
the very high-risk group, a CKD-based classification was
incorporated according to the 2023 ESC Guidelines [18],
ensuring a more comprehensive inclusion criterion. For
further details, refer to Table 1.

Exclusion criteria

(1) Patients with autoimmune diabetes; (2) Patients with
MODY (Maturity-Onset Diabetes of the Young); (3)
Patients with gestational diabetes; (4) Patients with dia-
betes secondary to pancreatic disease; (5) Patients with

Table 1 Guideline-based risk assessment of type 2 diabetes study population

ADA Standards of Care 2023 [7]

2019 ESC/EAS Guidelines [8]

2023 ESC Guidelines [18]

Very high Patients with Estabilished ASCVD*  Patients with Established ASCVD and/or Patients with Established
HF and/or ASCVD and/or
Target organ damage (microalbuminuria, retinopathy, ~Severe TOD** and/or
or neuropathy) or at least three major risk factors 10-year CVD risk>20% using
SCORE2-Diabetes
High Patients > 55 years of age with two  Patients without target organ damage (microalbu-  Patients not fulfilling the very
or more additional risk factors minuria, retinopathy, or neuropathy), with T2DM dura-  high-risk criteria and a 10-year
(including obesity, hypertension, tion> 10 years or another additional risk factor CVD risk 10 to <20% using
smoking, dyslipidemia, or albumin- SCORE2-Diabetes
uria) not fulfilling the very high-risk
Moderate Patients not fulfilling the highand  Young patients (< 50 years) with T2DM dura- Patients not fulfilling the very high-

very high-risk criteria***

tion < 10 years, without other risk factors

risk criteria and a 10-year CVD risk
510 < 10% using SCORE2-Diabetes

The criteria used for risk assessment are highlighted in bold for clarity

*Established ASCVD: Coronary Artery Disease defined as myocardial infarction history, angina, coronary artery stenosis and/or coronary revascularization; transient
cerebral ischemic attack, ischemic stroke, carotid artery stenosis and/or carotid revascularization; peripheral artery disease and/or peripheral revascularization

**Severe TOD: eGFR<45 mL/min/1.73 m? irrespective of albuminuria; or eGFR 45-59 mL/min/1.73 m? and microalbuminuria (UACR 30-300 mg/g; stage A2); or

proteinuria (UACR>300 mg/g; stage A3)
***Authors’ interpretation

ASCVD (Atherosclerotic Cardiovascular Disease), HF (Heart Failure), TOD (Target Organ Damage), CVD (Cardiovascular Disease), SCORE2-Diabetes (Systematic

COronary Risk Evaluation 2 for Diabetes), T2DM (Type 2 Diabetes Mellitus)
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inconsistent medical records preventing accurate evalu-
ation of the study outcomes (including lack of specific
treatment dosage).

Objectives of the analysis
The study was designed with the following three primary
aims, analyzing data across the four years considered:

1. Analysis of average lipid profiles including LDL-C,
triglycerides, and HDL cholesterol (HDL-C) levels,
along with categorization of the population by
cardiovascular risk (moderate, high, very high [8])

2. Assessment of the proportion of individuals
receiving cholesterol-lowering therapies [19],
and their distribution across cardiovascular risk
categories.

3. Analysis of LDL-C target achievement across
moderate, high, and very high-risk groups, and
within specific subgroups, such as patients with
coronary artery disease (CAD) or those with organ
damage, defined as the presence of conditions
like chronic kidney disease (CKD), heart failure,
cerebrovascular disease (CeVD) or CAD.

Subgroups and sample sizes

The patient selection process and study design are sum-
marized in Fig. 1. The initial cohorts drawn from the
AMD Annals database consisted of 609,387 individu-
als with T2DM in 2019, 524,108 in 2020, 585,888 in
2021, and 650,188 in 2022. Following the identification
of patients with available c-LDL data, the cohorts were
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narrowed to 470,712 in 2019, 394,475 in 2020, 464,765 in
2021, and 512,277 in 2022. Among these, the subgroups
with sufficient data for cardiovascular risk stratification
(moderate, high, very high) included 357,799 in 2019,
293,143 in 2020, 249,987 in 2021, and 389,312 in 2022.

Classification of treatments
According to lipid-lowering prescription, patients were
classified into the following categories:

+ DPatients with T2DM treated with low to moderate-
intensity statins (simvastatin 10 mg, pravastatin 10
or 20 mg, lovastatin 20 mg, fluvastatin 20 or 40 mg,
atorvastatin 10 or 20 mg, rosuvastatin 5 or 10 mg),
without ezetimibe or PCSK9 inhibitors

« DPatients with T2DM treated with high-intensity
statins (atorvastatin 40 or 80 mg, rosuvastatin 20 or
40 mg), without ezetimibe or PCSK?9 inhibitors

+ DPatients treated with moderate-intensity
statins + ezetimibe, without PCSK9 inhibitors

« DPatients treated with high-intensity
statins + ezetimibe, without PCSK9 inhibitors

+ DPatients treated with PCSK9i and statins, i.e., PCSK9
with any type of statin (with or without ezetimibe)

« Patients treated with PCSK9i without statins (with or
without ezetimibe)

« DPatients treated with statins without dosage (these
are statins for which the dosages could not be
traced). This group was included in the initial count
of patients undergoing lipid-lowering therapy, but
excluded from further in-depth analyses

year.

Reason for exclusion:
Missing values in any
of the parameters
used to calculate
cardiovascular  risk
level (age, BMI, eGFR,
micro/macroalbuminu
ria, presence of heart
failure, myocardial
infarction, stroke,
previous coronary and
peripheral
revascularizations,
TIA, unstable angina,
amputations,
coronary artery
disease).

at leastone LDL
measure: 470,712

at leastone LDL
measure: 394,475

Patients with T2DM with Patients with T2DM with Patients with T2DM with Patients with T2DM with
— at least one visitin 2019: at least one visit in 2020: at least one visitin 2021: at least one visit in 2022:
Reason for exclusion: 609,387 524,108 585,888 650,188
o LDL measurement
recorded during any pe———— l ‘ l ‘
visits in the selected Patients with T2DM with Patients with T2DM with Patients with T2DM with Patients with T2DM with

at leastone LDL
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at leastone LDL
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—|
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l

1
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Patients with T2DM for
whom it was possible to
calculate cardiovascular

Patients with T2DM for
whom it was possible to
calculate cardiovascular

[ calculate cardiovascular

Patients with T2DM for
whom it was possible to

risk: 357,799 risk: 293,143 risk: 349,987 risk: 389,312
Patients with T2DM at Patients with T2DM at Patients with T2DM at Patients with T2DM at
VERY HIGH RISK: VERY HIGH RISK: VERY HIGH RISK: VERY HIGH RISK:
188,588 (53%) 165,039 (56%) 193,198 (55%) 215,038 (55%)
Patients with T2DM at Patients with T2DM at Patients with T2DM at Patients with T2DM at
HIGH RISK: HIGH RISK: HIGH RISK: HIGH RISK:
131,791 (37%) 100,778 (34%) 123,229 (35%) 137,863 (35%)
Patients with T2DM at Patients with T2DM at Patients with T2DM at Patients with T2DM at

37,420 (10%)

27,326 (10%)

33,560 (10%)

36,411 (10%)

Fig. 1 Flowchart of patient selection process
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In each of these groups, the use of omega-3 or fibrates
was noted but not considered in the analysis.

Statistical analysis

Continuous variables were summarized as mean * stan-
dard deviation (SD), while categorical variables were pre-
sented as counts and percentages. Trends across years
were assessed using a linear regression model to calculate
the p-value for trends (p-trend). Statistical significance
was set at p<0.05. All analyses were conducted using
Tableau 2024.2, Excel MS 365 and Rulex 1.2.x.

Results

Lipid profile trends, cardiovascular risk categories and
treatment coverages

The average LDL-C levels in patients with T2DM pro-
gressively improved from 91.3+33.2 mg/dL in 2019 to
85.8+34.1 mg/dL in 2022, while the reduction in tri-
glyceride levels was less pronounced, and HDL-C levels
remained stable throughout the four years (Fig. 2).

Figure 3 illustrates the distribution of patients with
T2DM by cardiovascular risk level (moderate, high, and
very high) over the years 2019 to 2022, alongside the
proportion of patients receiving lipid-lowering therapy.
Most patients with T2DM fall within the “very high-risk”
category, consistently making up over half of the total
population across the years. High-risk patients form the
second-largest group, with moderate-risk patients being
the smallest cohort, constituting less than 10% each year.
There was a progressive increase in the percentage of
patients receiving cholesterol-lowering therapies over
the years, especially among very high-risk individuals
(from 52.7% in 2019 to 55.2% in 2022). Therapy cover-
age for moderate- and high-risk patients remained lower,

LDL-c
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ranging from 36.7% to 42.9% and from 55.6 to 60.6%,
respectively, compared to very high-risk patients.

The subgroup analysis by LDL-c ranges (<55, 55-70,
70-100, 100-116,>116 mg/dL) revealed a gradual
improvement in LDL-c levels among patients with T2DM
from 2019 to 2022 (Supplementary Fig. 1). The propor-
tion of individuals achieving LDL-C levels<55 mg/
dL increased from 11.1% to 16.6%, while those in the
55-70 mg/dL range rose from 15.4% to 17.5%. Addi-
tionally, the percentage of patients with LDL-C lev-
els>100 mg/dL declined from 36.4% to 31.2%.

A subgroup analysis of cardiovascular event prevalence
in 2022, including myocardial infarction (MI), stroke,
coronary revascularization, carotid revascularization,
and peripheral revascularization, revealed distinct pat-
terns across different patient groups.

Patients with coronary artery disease (CAD) only
(59,544 cases) had the highest prevalence of cardiovascu-
lar events (36,929 cases), including MI (23,126 cases) and
coronary revascularization (26,577 cases).

Patients with cerebrovascular disease (CeVD) only
(20,344 cases) experienced a high incidence of strokes
(19,370 cases), with a smaller subset undergoing carotid
revascularization (511 cases), totaling 19,782 cardiovas-
cular events.

In contrast, patients with peripheral artery disease
(PAD) only (36,226 cases) had a lower overall event bur-
den, primarily driven by peripheral revascularizations
(2,216 cases). Patients with multiple cardiovascular dis-
eases (30,938 cases) exhibited the highest cumulative
burden of events (25,629 cases), emphasizing the com-
pounded risk associated with overlapping conditions.
Among this group, myocardial infarction (10,480 cases),
stroke (13,092 cases), and various revascularization

HDL-c TRIGLYCERIDES

484 £131
b
1372 £72.4

486 £131
1365 +71.7

1330 +689

1343
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Fig. 2 Trends in lipid profiles (2019-2022). For all three variables—LDL, HDL, and triglycerides—the p-value for the trend over the 4-year period is < 0.01
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TOTAL NUMBER OF
PATIENTS RECEIVING

TOTAL NUMBER LIPID-LOWERING
OF PATIENTS TREATMENT PER
PER YEAR YEAR

@
]
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Fig. 3 Yearly distribution of patients with T2DM by cardiovascular risk level and treatment coverage. Trends were calculated for the change, between

2019 and 2022, within the three risk subgroups. The p-value for trend is < 0.01

procedures (coronary, carotid, and peripheral) were nota-
bly elevated (Supplementary Fig. 2).

Evolution of lipid-lowering therapy utilization

As far as therapy is concerned, for each year and for each
LDL-c range, we analyzed the proportion of patients
receiving cholesterol-lowering therapy (Supplementary
Fig. 3).

Our results indicate a gradual increase in cholesterol-
lowering therapy use, rising from 58.2% of patients in
2019 to 61.9% in 2022. Treatment is more prevalent
among patients with lower LDL-C levels, with nearly 80%
of those achieving LD-CC <55 mg/dL receiving therapy.
In contrast, only approximately 45% of patients with
LDL-C levels > 100 mg/dL were treated. Alarmingly, 55%
of individuals with LDL-C>100 mg/dL did not receive
any lipid-lowering therapy.

Table 2 details the distribution and trends in lipid-
lowering therapies utilization. Moderate-intensity statins
were the most frequently prescribed but decreased from
71% in 2019 to 60% in 2022, reflecting a shift toward
combination therapies and advanced treatments. The use
of ezetimibe increased substantially, particularly in com-
bination with high-intensity statins, where usage rose
from 2.4% to 6.5%, and nearly doubling with moderate-
intensity statins (from 10 to 19%). High-intensity statins,
despite their superior efficacy, remain underutilized com-
pared to moderate-intensity statins. PCSK9 inhibitors

saw a marked increase, quadrupling during the study
period, although overall adoption remained low.

Target achievement across risk levels

Among very high-risk patients, the proportion meeting
the LDL-C target of <55 mg/dL rose from 16.3% in 2019
to 23.6% in 2022. For high-risk patients, the percent-
age achieving the LDL-C target of <70 mg/dL increased
from 20.3% in 2019 to 26.6% in 2022. In the moderate-
risk group, target achievement rates (LDL-C <100) were
considerably higher, starting at 45.8% in 2019 and reach-
ing 49.8% in 2022, with a modest improvement that was
particularly evident in the last year (Fig. 4). For patients
at high and very high cardiovascular risk, LDL-C target
achievement was analyzed according to six therapy cat-
egories: high- and moderate-intensity statins, high- and
moderate-intensity statins combined with ezetimibe, and
PCSKO9 inhibitors with or without statins. Tables 3 and
4 summarize the results for the very high- and high-risk
groups, respectively.

In the very high-risk group (LDL-C target <55 mg/dL),
target achievement improved across all therapies over
time. The highest success rates were seen with PCSK9
inhibitors combined with statins, followed by PCSK9
inhibitors alone, high-intensity statins plus ezetimibe,
high-intensity statins, moderate-intensity statins plus
ezetimibe, and moderate-intensity statins alone.

Similarly, in the high-risk group (LDL-C target <70 mg/
dL), target achievement also improved with all therapies.
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Table 2 Distribution of all cholesterol therapies by year

2019 2020 2021 2022 p-value
Total therapies in the year (n.) 217,533 183,389 222,554 252,037
Treatment: high-intensity statins (atorvastatin 40 or 80 mg, rosuvastatin 20 or 40 mg), without ezetimibe or PCSK9 inhibitors
n 30,155 25,695 29,475 31,456
9% Percentage of the total of all therapies for that year 13.86% 14.01% 13.24% 12.48% <001
Treatment: moderate-intensity statins (atorvastatin 10 or 20 mg, rosuvastatin 5 or 10 mg, or other statins), without ezetimibe or PCSK9 inhibitors
n 154,655 125,046 144,032 150,961
% Percentage of the total of all therapies for that year 71.09% 68.19% 64.72% 59.90% <0.01
Treatment: high-intensity statins + ezetimibe, without PCSK9 inhibitors
n 5,208 6,502 11,080 16,110
% Percentage of the total of all therapies for that year 2.39% 3.55% 4.98% 6.39% <0.01
Treatment: moderate-intensity statins +ezetimibe, without PCSK9 inhibitors
n 22,866 21,895 32,426 47,296
% Percentage of the total of all therapies for that year 10.51% 11.94% 14.57% 18.77% <0.01
Treatment: PCSK9i and statins, i.e, PCSK9 with any type of statin (with or without ezetimibe)
n 56 77 159 263
% Percentage of the total of all therapies for that year 0.03% 0.04% 0.07% 0.10% <0.01
Treatment: PCSK9i without statins (with or without ezetimibe)
n 189 283 457 704
% Percentage of the total of all therapies for that year 0.09% 0.15% 0.21% 0.28% <001
Treatment: statins without dosage* (these are statins for which the dosages could not be traced)
n 4,404 3,891 4,925 5,247
% Percentage of the total of all therapies for that year 2.02% 2.12% 2.21% 2.08% <001

N.B. In each of the treatment groups, the use of omega-3 or fibrates was noted but not considered in the analysis
*This group was included in the initial counts but excluded from further in-depth analyses

VERY HIGH RISK HIGH RISK MODERATE RISK
55%
49.8%
6% 18,125
45.8% 45.6% 45.8%
17,125 12,464 15,386
45%
40%
35%
4]
= 30%
o 26.6%
S 36,729
- 23.8%
< 259 231%
g °° 51,078 217% 28,428
20.5% 20.3% 21,902
. 39,606 26,707
0% 30,795
16.3%
30,797
15%
10%
5%
0%
2019 2020 2021 2022 2019 2020 2021 2022 2019 2020 2021 2022

Fig. 4 Proportion of patients achieving LDL-c targets by risk level. The p-value for trend related each year during the 2019-2022 period is <0.01 for all
three risk levels
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Table 3 LDL-C target achievement in very high-risk patients: analysis by therapy type and year

Very high-risk patients (LDL-C target <55) 2019 2020 2021 2022 p-trend
Treatment: high-intensity statins (atorvastatin 40 or 80 mg, rosuvastatin 20 or 40 mg), without ezetimibe or PCSK9 inhibitors

Total patients with this therapy over the four-year period 91,928

Number and % of patients who achieve the <55 LDL-C target 5973 (25.2%) 5,827 (283%) 7,036 (30.4%) 8,190 (33.5%) <0.01

Treatment: moderate-intensity statins (atorvastatin 10 or 20 mg, rosuvastatin 5 or 10 mg, or other statins), without ezetimibe or PCSK9 inhibitors

Total patients with this therapy over the four-year period 319,210

Number and % of patients who achieve the <55 LDL-C target 14,030 13,148 15,148 17,160 <0.01
(16.6%) (18.3%) (18.8%) (20.8%)

Treatment: high-intensity statins + ezetimibe, without PCSK9 inhibitors

Total patients with this therapy over the four-year period 29,899

Number and % of patients who achieve the <55 LDL-C target 1,105 1,828 3,467 5,765 <0.01
(27.5%) (35.8%) (40.6%) (47.1%)

Treatment: moderate-intensity statins +ezetimibe, without PCSK9 inhibitors

Total patients with this therapy over the four-year period 80,485

Number and % of patients who achieve the <55 LDL-c target 3,527 3927 6,155 9,703 <0.01
(23.1%) (26.4%) (29.4%) (33.0%)

Treatment: PCSK9i and statins, i.e,, PCSK9 with any type of statin (with or without ezetimibe)

Total patients with this therapy over the four-year period 462

Number and % of patients who achieve the <55 LDL-C target 23 30 70 135 <001
(46.6%) (46.2%) (54.7%) (61.6%)

Treatment: PCSK9i without statins (with or without ezetimibe)

Total patients with this therapy over the four-year period 1,245

Number and % of patients who achieve the <55 LDL-C target 66 92 138 266 n.s
(49.6%) (43.4%) (38.9%) (48.8%)

N.B. In each of the treatment groups, the use of omega-3 or fibrates was noted but not considered in the analysis

Table 4 LDL-C target achievement in high-risk patients: analysis by therapy type and year

High-risk patients (LDL-C target < 70) 2019 2020 2021 2022 p-trend

Treatment: high-intensity statins (atorvastatin 40 or 80 mg, rosuvastatin 20 or 40 mg), without ezetimibe or PCSK9 inhibitors

Total patients with this therapy over the four-year period 21,445

Number and % of patients who achieve the < 70 LDL-cCtarget 1,939 (35.0%) 1,676 (38.4%) 2,150 (39.2%) 2,586 (42.8%) <0.01

Treatment: moderate-intensity statins (atorvastatin 10 or 20 mg, rosuvastatin 5 or 10 mg, or other statins), without ezetimibe or PCSK9 inhibitors

Total patients with this therapy over the four-year period 215420

Number and % of patients who achieve the <70 LDL-C target 15,262 12,203 14,934 17,915 <0.01
(25.9%) (27.0%) (27.9%) (31.0%)

Treatment: high-intensity statins + ezetimibe, without PCSK9 inhibitors

Total patients with this therapy over the four-year period 7465

Number and % of patients who achieve the < 70 LDL-C target 326 869 1,531 <0.01
(33.3%) (39.1%) (41.4%) (47.3%)

Treatment: moderate-intensity statins +ezetimibe, without PCSK9 inhibitors

Total patients with this therapy over the four-year period 36.849

Number and % of patients who achieve the <70 LDL-C target 2,014 3,404 5,883 <0.01
(31.2%) (33.4%) (35.5%) (39.5%)

Treatment: PCSK9i and statins, i.e,, PCSK9 with any type of statin (with or without ezetimibe)

Total patients with this therapy over the four-year period 69

Number and % of patients who achieve the < 70 LDL-C target 6 16 24 n.s
(60.0%) 60.0%) (76.2%) (61.6%)

Treatment: PCSK9i without statins (with or without ezetimibe)

Total patients with this therapy over the four-year period 332

Number and % of patients who achieve the <70 LDL-C target 66 138 266 n.s
(49.6%) (43.4%) (38.9%) (48.8%)

N.B. In each of the treatment groups, the use of omega-3 or fibrates was noted but not considered in the analysis
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However, a clear upward trend is evident for both groups,
with high-risk patients improving from 20.3% to 26.6%
and very high-risk patients from 16.3% to 23.8%. Despite
these improvements, none of the therapeutic strategies
achieved optimal results.

Our analysis finally examined individuals with con-
firmed CAD (Fig. 5) and those with organ damage,
defined as having one or more of the following comor-
bidities or complications: CKD, CAD, heart failure, or
CeVD (Fig. 6). Among patients with T2DM and CAD,
LDL-C target achievement was notably higher com-
pared to the general T2DM population (23%—-34% vs.
11%-17%) and individuals with very-high cardiovas-
cular (CV) risk overall (16-24%). From 2019 to 2022,
there was a clear improvement in LDL-C control within
this group. The proportion of patients achieving LDL-C
levels <55 mg/dL increased from 23 to 34%, while those
with LDL-C>100 mg/dL declined from 19 to 14%. Simi-
lar trends but lower rates have been reported for patients
with T2DM and organ damage with the proportion of
patients achieving an LDL-C <55 mg/dL improved signif-
icantly, increasing from 14.6% in 2019 to 21.1% in 2022.
Overall, a significant proportion of patients continues to
have LDL-C levels above recommended targets.

Discussion

Our retrospective study analyzed trends in lipid profiles
and lipid-lowering treatment coverage in Italy between
2019 and 2022, leveraging the extensive AMD Annals
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database with a specific focus on LDL-C levels and tar-
get achievements. We evaluated the impact of different
therapeutic approaches, including low- to high-inten-
sity statins, ezetimibe, and PCSK9, in achieving LDL-C
cholesterol targets, stratifying the analysis by cardio-
vascular risk levels and the presence of cardiovascular
comorbidities. Our findings offer key insights into lipid
management and treatment options in the Italian popu-
lation with T2DM. We observed an improvement in
average LDL-C levels over the study period, while tri-
glyceride reductions were less pronounced and HDL-C
levels remained stable. Overall, target achievement rates
improved over the study period. These findings align
with previous observations, such as the retrospective
cohort study by Inglin et al. [20]. Despite this progress,
our study shows that LDL-C target achievement remains
suboptimal and decreases as risk level increases with
less than one fifth of very high-risk individuals reaching
the desired target in 2022. This is consistent with other
recently published data by AMD Annals study group [16]
reporting unsatisfying quality of care indicators.
Furthermore, we observed only a small increase in
treatment coverage over the years. Disparities in therapy
adoption were evident across different LDL-c ranges,
with only about 45% of patients with LDL-C>100 mg/
dL receiving active treatment. On the other hand, when
considering the cardiovascular risk category, approxi-
mately 80% of high-risk individuals received a treatment,
without a significant increase over time. This seemingly

23.6% (17,806

75,409

55-7 23.7% (15,757
8.0% (5,307,
. ] 237% (18,326

85,904

n.) PATIENTS

Fig. 5 Distribution over the years of patients with type 2 diabetes and CAD (target <55 mg/dl), by LDL-C range. Percentages of patients in each LDL-C

range for each year of the 2019-2022 period is significantly different, p <0.01
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Fig. 6 Distribution over the years of patients with type 2 diabetes and organ damage (including one or more between CKD, CAD, heart failure, cerebro-
vascular disease; target <55 mg/dl) by LDL-C range. Percentages of patients in each LDL-C range for each year of the 2019-2022 period is significantly

different, p<0.01

low percentage could be attributed to factors including
potential misreporting of lipid-lowering therapy in the
electronic medical record, patients achieving low LDL-C
levels through lifestyle modifications alone, discrepancies
in the timing of LDL-C measurement and treatment sta-
tus assessment.

Regarding the proportion of patients classified as high
and very high cardiovascular risk, some discrepancies
emerge when comparing our findings with those of other
large observational studies [21]. While our results align
with a Spanish cohort of 373,185 patients with T2DM,
in which 53.4% were categorized as very high risk [22],
the study by Pintaudi et al. [23] reported a notably higher
prevalence, with 78% of a similar population classified as
very high risk.

These differences can be attributed to several factors,
primarily variations in inclusion criteria and the use of
different risk stratification guidelines as reference stan-
dards. Notably, a recent cross-sectional study analyzing
1,870,720 patients with type 2 diabetes across 30 prov-
inces in China highlighted substantial regional variation
in the prevalence of very high-risk patients, ranging from
60 to 75% [24].

Our findings confirm a critical gap in lipid manage-
ment, especially in high-risk individuals and are par-
tially contrasting with those reported in a registry study
by Feng et al., including more than 130,000 patients, in
which LDL-C target achievement was 43% in very-high

risk subjects, with a 80% statin utilization in the whole
study population [10]. These differences are further sup-
ported by the EUROASPIRE V survey, highlighting that
primary prevention efforts remain underdeveloped
in individuals at high cardiovascular risk [25].To our
knowledge, our study provides the most up-to-date and
comprehensive analysis of LDL-C target attainment in
Italian patients with T2DM. Similar findings have also
been documented in prior Italian real-world studies. In
particular, the DARWIN-T2D Network of the Italian
Diabetes Society evaluated lipid-lowering therapy pat-
terns and LDL-c target attainment in a cohort of 63,000
patients from 2015 to 2016 [21]. Another Italian study
focused on patients from the Tuscany region with a his-
tory of major adverse cardiac or cerebrovascular events
(MACCE) and/or T2DM, providing region-specific
insights into lipid management [26]. Internationally, the
Santorini study [14] examined 9,600 patients, though it
was not diabetes-specific, highlighting broader cardio-
vascular trends. Additionally, another international study
[27] explored the implementation of ESC/EAS guide-
lines for LDL-c target achievement in patients with acute
coronary syndrome, a highly specific population. Taken
together, these studies underscore the ongoing challenges
in lipid management and the variability in therapeutic
strategies across different populations and healthcare set-
tings. Our data emphasizes the urgent need for a more
personalized approach to dyslipidemia management in
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diabetic patients, as advocated by Banach et al. [28], to
address the complex interplay of factors contributing to
residual cardiovascular risk. In our cohort, the preva-
lence of cardiovascular disease, defined by the presence
of CAD, CeVD, and PAD, remained alarmingly high. In
2022, 36% of patients were affected by CAD, with many
cases associated with revascularization procedures and/
or acute ischemic events.

Moreover, the present study highlights disparities
in therapeutic approaches. Moderate-intensity statins
remained the most prescribed therapy yet showing a
declining trend while high-intensity statins, despite their
proven efficacy, were underutilized. The combination
of ezetimibe with moderate- or high-intensity statins
increased nearly tripled from 2019 to 2022, but appears
still low. This could be related to a lack of awareness of its
added benefit, as previously reported in the IMPROVE-
IT study [29] and possible unfamiliarity with the drug's
safety profile. Similarly, the use of PCSK9i, particularly
as monotherapy, grew considerably, likely reflecting their
use in statin-intolerant patients. Notably, among very
high-risk patients, PCSK9 inhibitors, particularly when
combined with statins, were associated with the highest
rates of success, with 62% of very high-risk patients reach-
ing targets by 2022. This was followed by high-intensity
statins combined with ezetimibe (47%) and high-intensity
statins alone (34%). Similar trends were observed in high-
risk patients. However, despite these promising results,
the use of PCSKOYi in Italy was limited during the study
period due to recent regulatory approvals and high costs,
factors that likely influenced our findings. Similarly, bem-
pedoic acid and inclisiran were not included in our anal-
ysis as they were not routinely available in Italy. In line
with other real world reports, although the improving
trend in achieving LDL-c targets is evident, the success
rate remains low in individuals with high and very high
cardiovascular risk [17]. High-intensity statins, despite
their superior efficacy, remain underutilized compared to
moderate-intensity statins, representing a missed oppor-
tunity for better adherence to treatment guidelines [30].
Notably, while LDL-C mean values found in our cohort
are consistent with those shown across 13 countries in
CAPTURE study [5], the lipid lowering coverage in the
present study appears to be lower, reflecting regional
heterogeneity in treatment approaches. This adds to a
cardiovascular risk profile heterogeneity between differ-
ent countries, as previously reported [23]. Interestingly,
among patients with T2DM and CAD, LDL-c target
achievement rates were higher (23-34% over the years)
compared to the general T2DM population (11-17%)
and those with other major complications (e.g., chronic
kidney disease, heart failure, or cerebrovascular dis-
ease). This may reflect greater awareness among health-
care providers of the heightened cardiovascular risk in
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CAD compared to other complications and point out the
need for increased education of healthcare professionals
regarding the importance of tight control in all high-risk
groups of patients. Beyond patient adherence, several
factors contribute to the challenges in achieving LDL-C
targets. Clinical inertia, characterized by delayed ther-
apy intensification, often hinders progress, especially in
very high-risk patients. Additionally, statin intolerance,
whether real or perceived, leads to suboptimal treatment
coverage. Other barriers include provider unfamiliarity
with updated guidelines, complex patient comorbidities
that complicate therapy choices, and inadequate moni-
toring or follow-up, which can result in missed oppor-
tunities for intervention. Our study has some limitations
that must be considered. First, the study’s retrospective
design and reliance on a database may limit the granular-
ity of the findings, particularly regarding patient adher-
ence and reasons for therapy selection. We acknowledge
that our study population represents a highly selective
group of patients with T2DM in Italy, excluding those
managed exclusively by their general practitioners. This
limitation suggests that LDL-C target achievement in
the broader diabetic population may be even lower
than reported. Additionally, cost and access barriers to
advanced therapies, were not directly analyzed but likely
contribute to the underutilization of PCSK9 inhibitors,
especially as not all diabetes centers participating in
AMD Annals had the authorization to prescribe PCSKO9i.
Moreover, the study's large sample size precluded lon-
gitudinal analysis, making it impossible to determine
whether improvements in LDL-C attainment were due to
individual patient progress or changes in the patient pop-
ulation. Finally, despite current European Atherosclerosis
Society guidelines recommending Lp(a) assessment for
comprehensive cardiovascular risk evaluation in dyslipid-
emia, this data was unavailable within the AMD Annals
Database. Future research should prioritize interventions
to improve adherence to lipid-lowering therapies, both
per se and in comparison to strategies aimed to improve
glycemic control, as well as strategies to enhance access
to advanced treatments.

Conclusions

The coverage of lipid-lowering therapy in Italian diabe-
tology centers is improving but remains insufficient to
achieve metabolic targets and the necessary impact on
cardiovascular outcomes. Significant disparities in ther-
apy adoption persist across LDL-c ranges, underscoring
the need for more aggressive intervention, particularly in
patients with higher LDL-c levels who are often under-
treated despite their elevated cardiovascular risk. The
widespread implementation of high-intensity treatments
is essential to meet recommended targets and optimize
patient outcomes.
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LDL-c Low-density lipoprotein cholesterol
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