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Abstract

Background: Little is known about the achievement of low density lipoprotein cholesterol (LDL-C) targets in patients

at cardiovascular risk receiving stable lipid-lowering therapy (LLT) in countries outside Western Europe.

Methods: This cross-sectional observational study was conducted in 452 centres (August 2015�August 2016) in 18

countries in Eastern Europe, Asia, Africa, the Middle East and Latin America. Patients (n¼ 9049) treated for �3 months

with any LLT and in whom an LDL-C measurement on stable LLT was available within the previous 12 months

were included.

Results: The mean�SD age was 60.2� 11.7 years, 55.0% of patients were men and the mean� SD LDL-C value on LLT

was 2.6� 1.3 mmol/L (101.0� 49.2 mg/dL). At enrolment, 97.9% of patients were receiving a statin (25.3% on high

intensity treatment). Only 32.1% of the very high risk patients versus 51.9% of the high risk and 55.7% of the moderate

risk patients achieved their LDL-C goals. On multivariable analysis, factors independently associated with not achieving

LDL-C goals were no (versus lower dose) statin therapy, a higher (versus lower) dose of statin, statin intolerance,

overweight and obesity, female sex, neurocognitive disorders, level of cardiovascular risk, LDL-C value unknown

at diagnosis, high blood pressure and current smoking. Diabetes was associated with a lower risk of not achieving

LDL-C goals.
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5Service de Médecine interne, CHU mohamed Lamine Debaghine Bab El

Oued, Algeria
6Prevencion Cardiovascular Salta, Provincia de Salta, Argentina
7Russian Cardiology Research & Development Complex, Russia
8Batra Hospital and Medical Research Centre, India
9Ege University Faculty of Medicine Department of Cardiology, Turkey
10Institute of Cardiology AMS of Ukraine, Ukraine
11Department of Internal Medicine, Department of Clinical Epidemiology

and Biostatistics, Facultad de Medicina, Pontificia Universidad Javeriana,

Colombia
12Unidad de Investigación en Enfermedades Metabólicas, Instituto
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Conclusions: These observational data suggest that the achievement of LDL-C goals is suboptimal in selected countries

outside Western Europe. Efforts are needed to improve the management of patients using combination therapy and/or

more intensive LLTs.
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Introduction

Increased levels of atherogenic lipoproteins containing
apolipoprotein B, mainly low density lipoproteins, are a
major causal factor in coronary heart disease. Lowering
the concentration of low density lipoprotein cholesterol
(LDL-C) reduces the risk of cardiovascular morbidity
and mortality, with a direct correlation between the
degree of absolute LDL-C lowering and the extent of
event reduction.1

Statins are the preferred option for lowering
LDL-C.2–4 Despite widespread recommendations on
the use of intensive statin therapy, a large proportion
of patients at high risk of cardiovascular events do not
achieve the recommended LDL-C levels.5,6 Reasons for
this include the presence of underlying genetic condi-
tions, such as familial hypercholesterolaemia, subopti-
mal dosing (secondary to physician choice or because
of the patient’s intolerance of the optimum dose of sta-
tins), poor adherence and an inadequate treatment
response. Limited access to drug therapy, clinical
inertia, negative media reports and concern
about side-effects may contribute to the low rate of
LCL-C goal attainment. Non-statin lipid-lowering
therapies (LLTs; e.g. ezetimibe, niacin or fibrates)
provide limited efficacy in lowering LDL-C.7 More
effective non-statin LLTs have recently been approved,
such as the proprotein convertase subtilisin/kexin type
9 (PCSK9) inhibitors alirocumab and evolocumab,8,9

but their use was not widespread at the time this
study was conducted.

Large-scale studies10–14 have provided insights
into the achievement of LDL-C targets, but largely
concerned Western Europe and North America,
with only limited data from outside these regions.
The primary objective of this multinational
observational study was to investigate the achievement
of LDL-C targets as well their determinants,
according to the 2011 ESC/EAS guidelines,7 which
were operative at the time of the study, in
everyday clinical practice in countries outside Western
Europe.

Methods

This multinational, cross-sectional, observational study
was conducted in 452 centres in 18 countries in Africa
(Algeria, South Africa), Asia (Bangladesh, India, South
Korea), Eastern Europe (Russia, Ukraine), Latin
America (Argentina, Brazil, Colombia, Mexico) and
the Middle East (Israel, Kuwait, Oman, Lebanon,
Saudi Arabia, Turkey, United Arab Emirates)
(Supplementary Table 1, available online). The first
patient was enrolled in August 2015 and the last patient
was enrolled in August 2016.

The study was conducted according to the
Declaration of Helsinki principles, guidelines for
Good Epidemiology Practice and local regulations.
Where required, approval was obtained from local or
regional institutional review boards and/or ethics com-
mittees. Patients provided written informed consent.

Study population

Patients (�18 years) who had been receiving a stable
dose and type of LLT for �3 months before enrolment
and had their LDL-C value measured while receiving
stable LLT in the previous 12 months were eligible.
Patients participating in a clinical trial or who had
received a PCSK9 inhibitor in the previous six
months were excluded.

Physician and patient selection

To ensure that the results adequately reflect the man-
agement of dyslipidaemic patients in real-life practice, a
national expert was consulted in each country to define
the approximate contribution each medical specialty
made in the management of such patients. A country-
specific feasibility study was then conducted. Based on
the information gained from these two activities, the
profiles of suitable investigators and the appropriate
proportion of each specialty were established. To
limit bias in study site selection, participating centres/
physicians were independently and randomly selected
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from these pre-established lists, aiming to ensure a
balanced representation of each specialty. To limit
patient selection bias, sites were instructed to recruit
eligible patients consecutively (a minimum of five
patients recruited per site). A predefined two-week
interval was used during which all consecutive consent-
ing patients, who attended their physician for any
reason, were enrolled at any one site. As not all sites
could start recruitment at the same time, a timeframe of
three�six months (depending on the total number of
sites/patients) was given to each country to recruit the
targeted number of patients across all sites.

Data collection and management

Physicians completed a questionnaire that collected
demographic data, medical specialty, years of practice,
type of practice, location of practice, main workplace,
mean number of patients consulted per day, choice of
and adherence to practice guidelines for lipid disorders
(i.e. ESC/EAS,7 ACC/AHA,15 other international/
local/national guidelines) and the definition of statin
intolerance used (i.e. intolerance to 1, 2, or �3 statins).

A case-report form was completed for each patient
during a single visit. The data collected included: demo-
graphic information; the results of physical examin-
ations; cardiovascular risk factors; medical history;
type of hypercholesterolaemia (primary or familial –
heterozygous, homozygous or unknown) (no ICD
code for familial hypercholesterolaemia was available
at the time the study was conducted); LDL-C values
(calculated or measured directly; on current treatment
and untreated if available) and other lipid variables;
current LLTs and antithrombotic drugs; socioeconomic
profile; and the investigator’s assessment of the
patient’s cardiovascular risk level.

Data quality control was performed by trained per-
sonnel at �10% of sites chosen at random in each
country.

Statistical analysis

The sample size calculation is presented in the
Supplementary Material (available online). Baseline
characteristics are presented as descriptive statistics
with mean�SD or median (interquartile range) values
for continuous variables and as counts (percentages)
for categorical data.

The primary outcome was the proportion of patients
taking LLT who did not achieve their LDL-C targets as
defined by the 2011 ESC/EAS guidelines: <1.8mmol/L
(70mg/dL) for very high risk, <2.5mmol/L (100mg/
dL) for high risk and <3.0mmol/L (115mg/dL) for
moderate risk patients.7 The Systematic Coronary
Risk Estimation (SCORE) chart7 for high risk

countries was used to retrospectively risk stratify
patients in whom the relevant data were available.
The high risk chart was selected following the guide-
lines for European countries7 due to the increasing rate
of cardiovascular disease in non-European countries
(see Supplementary Material, available online).

A multivariable logistic regression model was devel-
oped to test the relationship between the non-achieve-
ment of LDL-C targets and demographic, clinical and
treatment characteristics (see Supplementary Material,
available online). All analyses were conducted using
SAS version 9.2.

Results

The characteristics of the 452 physicians (mean�SD
age 49.0� 9.3 years, 71.5% men) are detailed in
Supplementary Table 2 (available online).

Of the 9886 patients assessed, 837 were ineligible for
enrolment (Supplementary Figure 1, available online).
The study population therefore consisted of 9049
patients, 39.2% from Asia, 20.8% from Latin
America, 9.3% from Eastern Europe, 20.9% from the
Middle East and 9.7% from Africa (Supplementary
Table 1, available online). A total of 7224 (79.8%)
patients were from urban areas, 6571 (72.7%) had com-
pleted secondary education or higher and 4240/9043
(46.9%) had health insurance that included drug reim-
bursement. The mean� SD age of the population was
60.2� 11.7 years, 55.0% were men, hypertension was
present in 71.5% and diabetes mellitus in 54.3%
(Supplementary Table 3, available online). Overall,
36.7% patients had documented coronary artery dis-
ease, defined as a previous acute coronary syndrome
(2249/3319, 67.8%), previous percutaneous coronary
intervention (1788/3319, 53.9%) or previous coronary
artery bypass graft (674/3319, 20.3%) and 6.5% had
familial hypercholesterolaemia. The median (interquar-
tile range) time since a diagnosis of dyslipidaemia was
4.0 (2.0�8.0) years.

Of the 7944 (87.8%) patients in whom the SCORE
cardiovascular risk could be calculated or with classify-
ing associated risk factors, 4842 (60.9%) were at very
high risk, 2621 (33.0%) were at high risk, 411 (5.2%)
were at moderate risk and 70 (0.9%) were at low risk.
Physician-estimated risk correlated poorly with calcu-
lated risk: over half of the patients at high/very high
calculated risk were estimated by physicians to be at a
lower risk level (Supplementary Figure 2, available
online). Conversely, 52.2% of the calculated low risk
patients were estimated by physicians to be at a higher
level of risk.

The LDL-C value before starting LLT (at the time
of first diagnosis) was available in 3249 (35.9%)
patients. The mean� SD value was 3.9� 1.4mmol/L
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(149.5� 54.3mg/dL) (Supplementary Table 4, available
online); 2166/3249 (66.7%) of patients had an LDL-C
value >3.4mmol/L (130mg/dL) (Supplementary
Figure 3, available online).

LLT and achievement of LDL-C goals

At study enrolment (when all patients were receiving
stable LLT), 97.9% were receiving a statin (85.9% on
statin monotherapy, 7.0% statinþfibrate and 3.0% sta-
tinþcholesterol absorption inhibitor; Table 1). Other
cardiovascular drugs are detailed in Supplementary
Table 5 (available online). Twenty-five per cent of
statin-treated patients were receiving high intensity
statin therapy (atorvastatin 40/80mg or rosuvastatin
20/40mg) and 23.4% were on the highest dose regimen
available in their country.

The mean� SD LDL-C value at enrolment was
2.6� 1.3mmol/L (101.0� 49.2mg/dL) (Supplementary
Table 3, available online). Achievement of LDL-C
values is illustrated in Figure 1. The changes in lipid
values after starting LLT are shown in Supplementary
Table 6 (available online). The proportion of patients
who achieved the LDL-C targets was greatest in the
moderate risk group and lowest in the very high risk
group (32.1% for very high risk, versus 51.9% for high
risk and 55.7% for moderate risk), regardless of
whether risk was calculated or physician-estimated
(Supplementary Figure 4, available online).

The percentage of patients who achieved the relevant
target goals was 51.4% (3929/7639) when estimated by
physicians versus 39.9% (3140/7874) when based on the

ESC/EAS7 recommendations (P< 0.001). Among the
patients in whom the SCORE risk was not assessable,
the mean� SD LDL-C value decreased with increasing
number of risk factors (smoker, hypertension, diabetes,
family history of premature cardiovascular disease):
3.2� 1.1mmol/L for zero risk factors, 3.0� 1.5mmol/L
for one risk factor, 2.9� 1.1 for two risk factors and
2.9� 1.0mmol/L for three risk factors.

Factors independently associated with the non-
achievement of LDL-C goals

On multivariable analysis, patients at high or very high
cardiovascular risk were, respectively, 1.5-fold and 3.0-
fold less likely to achieve their LDL-C goals compared
with moderate risk patients (Figure 2). No statin ther-
apy, versus a lower dose statin, was associated with 2.3-
fold greater likelihood of not achieving the goal, and a
higher versus lower dose of statin was associated with a
1.4-fold greater likelihood of not achieving the goal.
Overweight and obesity, high blood pressure, female
sex, neurocognitive disorders, statin intolerance,
unknown LDL-C value at diagnosis and current smok-
ing were also associated with not achieving targets,
whereas diabetes was associated with a lower risk of
failure.

Discussion

The results from this observational study in patients
receiving stable LLT from countries outside Western
Europe suggest that regardless of how cardiovascular

Table 1. Lipid-lowering therapies, overall and by cardiovascular risk level.

Variable

No. of patients

(n¼ 9049)

Risk level

Low

(n¼ 70)

Moderate

(n¼ 411)

High

(n¼ 2621)

Very high

(n¼ 4842)

Not assesseda

(n¼ 1105)

LLT

Any statin 8863 (97.9) 64 (91.4) 394 (95.9) 2550 (97.3) 4782 (98.8) 1073 (97.1)

High intensity statin

(in statin-treated patients)b
2238/8863 (25.3) 14/64 (21.9) 88/394 (22.3) 415/2550 (16.3) 1554/4782 (32.5) 167/1073 (15.6)

On highest dose

(in statin-treated patients)c
2072/8852 (23.4) 13/64 (20.3) 83/394 (21.1) 441/2547 (17.3) 1322/4776 (27.7) 213/1071 (19.9)

Statin monotherapy 7770 (85.9) 50 (71.4) 316 (76.9) 2232 (85.2) 4225 (87.3) 947 (85.7)

Statinþfibrate�other LLT 630 (7.0) 13 (18.6) 38 (9.2) 219 (8.4) 284 (5.9) 76 (6.9)

Statinþcholesterol absorption

inhibitor�other LLT

272 (3.0) 0 26 (6.3) 68 (2.6) 154 (3.2) 24 (2.2)

Data are presented as n (%) or n/n (%) values.

LLT: lipid-lowering therapy.
aPatients without a serious pathology classifying them as very high or high cardiovascular risk, and in whom the SCORE could not be calculated due to

missing data.
bAtorvastatin 40/80 mg or rosuvastatin 20/40 mg.
cMarketed in the country.
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SBP ≥140 and/or DBP ≥90 vs.
SBP <140 and DBP <90 mmHg

BMI overweight (25–30 kg/m2) vs.
normal (<25 kg kg/m2)

BMI obese (≥30 kg/m2) vs.
normal (<25 kg kg/m2)

LDL-C at time of first diagnosis
unknown vs. known

Neurocognitive disorders vs.
no/unknown/missing

CV risk high vs. moderate

1.13 (1.03–1.26)

1.13 (1.00–1.27)

1.26 (1.11–1.44)

1.45 (1.14–1.84)

3.02 (2.40–3.79)

0.68 (0.61–0.77)

1.30 (1.18–1.44)

1.39 (1.04–1.85)

1.34 (1.21–1.50)

1.38 (1.17–1.61)

0.90 (0.79–1.02)

1.36 (1.22–1.53)

2.26 (1.55–3.28)

1.63 (1.44–1.86)

0 1 2 3 4 5

0.0015

0.0017

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.025

Factor OR (95% CI) P value

CV risk very high vs. moderate

Current vs. never smoker

Former vs. never smoker

No statin vs. statin at lower dose

Any vs. no statin intolerance

OR (95% CI)
Less likely to fail More likely to fail

Statin (highest tolerated vs.
lower dose)

Diabetes vs. no/unknown/missing

Female vs. male

Figure 2. Clinical and demographic factors independently associated with failure to reach LDL-C goal.

BMI: body mass index; CI: confidence interval; CV: cardiovascular; DBP: diastolic blood pressure; LDL-C: low-density lipoprotein

cholesterol; OR: odds ratio; SBP: systolic blood pressure.
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Figure 1. LDL-C value at enrolment (on lipid-lowering treatment) according to calculated cardiovascular risk level (calculated using

SCORE16). Blue shaded rectangles indicate patients who have achieved the LDL-C target for their risk group.

LDL-C: low density lipoprotein cholesterol; SCORE: Systemic Coronary Risk Estimation.
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risk is assessed (calculated using SCORE16 or physi-
cian-estimated), about one-third of very high risk
patients and half of high risk patients achieve their
risk-based target goals, whereas over half to two-
thirds of moderate risk patients achieve their goal.
Physician-estimated risk correlated poorly with calcu-
lated risk, with an underestimation of higher risk
patients and an overestimation of low risk patients.
These findings suggest that currently used LLTs are
insufficient to achieve LDL-C goals and/or a gap
exists between guideline recommendations on the use
of such treatments and physician practice in these
countries.

The Lipid Treatment Assessment Project (L-TAP)
provided insights into the evolution of LDL-C control.
In the first study, conducted in primary care settings in
the USA (1996�1997), LDL-C goal attainment overall
was 38%, decreasing to 18% among patients with
established heart disease.10 L-TAP 2 (2006�2007),11

conducted about one decade after L-TAP,10 showed
an improvement in the achievement of national guide-
line levels ranging from 47% (in Spain) to 84% (in
Korea) across nine countries. The overall 73% success
rate for LDL-C goal achievement was largely depend-
ent on risk level, with a lower success rate for the high-
est risk patients (74% in moderate risk, 67% in high
risk and 30% in very high risk patients).11 These data
suggest that statins may be insufficient to achieve target
goals in a sizeable percentage of higher risk patients,
but that differences in guidelines, physician practices
(e.g. not using high intensity statin therapy),
patient characteristics and healthcare systems probably
contributed to this variation.11 The centralized
pan-European survey on the under-treatment of hyper-
cholesterolaemia (CEPHEUS) found that 55.3% of
patients achieved their LDL-C target.6 Normal body
mass index, not smoking, not having metabolic syn-
drome, being on statin therapy and good treatment
adherence were independently associated with LDL-C
goal achievement. The pan-Middle East CEPHEUS
survey found that the LDL-C goal was attained in
52.7% of high risk and 32.0% of very high risk
patients. Goal attainment was directly related to
female sex, age <40 years, diabetes and a family history
of cardiovascular disease.17 Similar findings were
reported in the pan-Asian CEPHEUS study.18

More recent data show improvements in the man-
agement of dyslipidaemia, but LDL-C goal achieve-
ment remains low. The EUROASPIRE cross-sectional
surveys (1999�2013) showed increases in the achieve-
ment of target LDL-C levels in patients with coronary
disease and in the prescribing of LLT over time, with a
greater use of high intensity statins; despite these
changes, 75�81% of patients still had LDL-C values
�1.8mmol/L.12,19 The survey also identified increases

in obesity and diabetes and no reduction in rates of
smoking. Similar findings for LDL-C goal achievement
were reported for the multinational DYSIS study, con-
ducted in 57,885 outpatients treated with statins;20 the
median (interquartile range) LDL-C value was 2.5
(2.0�3.3) mmol/L, similar to that in this study – 2.4
(1.9�3.1) mmol/L – and only 26.8% of patients
achieved their risk-based target LDL-C level. Of the
76% of patients classified as at very high risk, 21.7%
attained their LDL-C goal, which is notably lower than
the rate of 32.1% reported in our study. A Japanese
observational study in high cardiovascular risk
patients21 showed that 56% of the coronary heart dis-
ease population met the targets for LDL-C
(<2.5mmol/L). Goal achievement was higher in
patients with acute coronary syndrome than in patients
with coronary heart disease (68 versus 55%). Among
the patients with acute coronary syndrome, 59% were
currently being treated with LLT, but only 3% were
receiving a high intensity statin. These figures were
slightly lower for the population with coronary heart
disease (51 and 2%, respectively).

In our study, the estimation of risk by physicians
correlated poorly with the calculated risk. This finding,
which may be related to the use of SCORE in countries
outside Western Europe, or a dissociation between
SCORE and other risk evaluation tools, or a failure
to use any risk scoring system, raises concern, given
that intensity of preventive actions is dependent on
the patient’s total cardiovascular risk.7 A sizeable per-
centage of higher risk patients were estimated to be at a
lower level of risk; as such, the optimum LDL-C targets
are less likely to be achieved, with the potential to mis-
communicate the level of risk to patients and not to
prescribe high intensity LLT. Furthermore, 52.2% of
low risk patients were classified at a higher level of risk,
resulting in over-treatment and unnecessary costs. Our
study also indicated that the presence of risk factors
(excluding diabetes), statin intolerance or lack of
statin therapy, and female sex were associated with
not achieving LDL-C targets. The identification of
female sex as a predictor of goal failure is of interest
and contrasts with the DYSIS survey, in which it was
predictive of target achievement,20 and suggests that
women may be undertreated in our population.
Neurocognitive disorders were associated with not
achieving LDL-C targets, whereas diabetes was asso-
ciated with an increased likelihood of achieving the
LDL-C goal and may reflect the more intensive man-
agement these patients receive and/or better adherence
to prescribed drugs.

Combined, the results from these studies call for the
optimization of existing treatment strategies and the use
of more effective LLT, including combination therapy,
alongside a collaborative effort to improve adherence to
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guidelines and combat therapeutic inertia. IMPROVE-
IT22 was the first study to show the incremental benefit
of a non-statin (ezetimibe) in addition to standard statin
therapy in reducing cardiovascular events in acute cor-
onary syndrome. In the FOURIER trial in patients with
atherosclerotic cardiovascular disease and LDL-C
�70mg/dL (1.8mmol/L) and who were receiving
statin treatment, the fully human PCSK9 inhibitor evo-
locumab reduced LDL-C levels by 59% versus a pla-
cebo and gave a 15% reduction in cardiovascular
events.8 The ODYSSEY OUTCOMES study reported
that alirocumab reduced the rate of major adverse car-
diovascular events by 15% in almost 19,000 patients
with recent acute coronary syndrome and elevated
levels of atherogenic lipoproteins, despite intensive or
maximum tolerated statin therapy, and was associated
with a lower risk of all-cause death.23 Post hoc data with
alirocumab from the ODYSSEY LONG TERM study
also suggest cardiovascular benefits.24 These findings
suggest a real therapeutic benefit of non-statin therapies
in addition to maximally tolerated LLT in the preven-
tion of cardiovascular events and that lowering LDL-C
to levels far below current recommended targets confers
additional clinical benefits.

Limitations

This observational study offers insights into the
achievement of lipid goals in patients treated in every-
day clinical practice. It is, however, subject to limita-
tions, including missing data, primarily the absence of
LDL-C values before first diagnosis, genetic/family his-
tory data for diagnosing familial hypercholesterol-
aemia, and apolipoprotein A1 or B data. Due to the
study design, LLTs and doses were not pre-specified
and varied according to site/physician preference. In
addition, observational studies cannot show causal
associations. Although there was potential for selection
bias, processes of random selection and consecutive
recruitment were followed to minimize such bias, with
eligible patients being identified from those attending
their physician for any reason. As our population pri-
marily consisted of educated urban residents with
health insurance, it is not fully representative of all
patients treated with LLT in each country and our
results probably overestimate LDL-C goal achievement
in the countries as a whole. We did not assess patient
adherence to LLTs. SCORE was used in non-European
populations in whom its validity has not been verified.
All countries were considered at high cardiovascular
risk, according to SCORE; a sensitivity analysis, in
which countries with lower mortality rates were reclas-
sified as at low risk, did not change our overall findings
(Supplementary Table 7, available online). The recom-
mended maximum waist circumference varies in

different regions. As the numbers of patients in the
low and moderate risk groups were small, the findings
may not be representative of these groups.

Conclusions

These observational data suggest that achievement of
LDL-C goals is suboptimal in some countries outside
Western Europe. Only 32.1% of very high risk patients
(according to SCORE) versus 55.7% of high risk and
51.9% of moderate risk patients achieved their LDL-C
goals. Non-achievement of goals was more common in
women and when other risk factors, excluding diabetes,
were present or were poorly controlled. The proportion
of patients receiving high intensity statin therapy or on
the highest dose available was low. Even when statins
were given at the highest tolerated dose, this was insuf-
ficient to achieve LDL-C goals in many instances.
There is a need to improve the management of these
patients using combination and/or more intensive
LLTs, together with patient education and support to
improve adherence.
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