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ABSTRACT

Background: Cardiovascular diseases are the first cause of mortality in patients with diabetes, and LDL-cholesterol
is a well-established cardiovascular risk factor. This study aimed to assess rate of LDL-cholesterol target attain-
ment among patients with diabetes at very-high cardiovascular risk treated with statins, and to identify predic-
tive factors of non-attainment of target in this population.

Methods: Patients were recruited in the Nutrition-Diabetes unit of Montpellier University Hospital, France, from
2014 to 2017. We included all consecutive patients with type 1 or type 2 diabetes receiving statin treatment and
at very-high cardiovascular risk according to 2016 ESC guidelines, therefore having a LDL-cholesterol target of
<1.8 mmol/L. LDL-cholesterol levels were measured upon admission. Variables independently associated with
non-attainment of LDL-Cholesterol target were assessed using multivariable logistic regression.

Results: 654 patients were included. Mean age was 63.8 years (SD 11.0), 41.9% were women and 42.3% had a his-
tory of cardiovascular disease. 59% of patients did not achieve LDL-cholesterol target, with a median value (inter-
quartile range) of 2.4 mmol/L (2.1-2.9) versus 1.4 mmol/L (1.1-1.6) in patients at target. Risk of non-attainment
of LDL-cholesterol target value was increased in women (odds ratio [95% confidence interval]: 2.27 [1.62-3.17])
and decreased in patients with history of coronary artery disease (0.64 [0.45-0.89]) or history of stroke or tran-
sient ischemic attack (0.59 [0.33-1.07]).

Conclusions: Management of dyslipidemia is suboptimal, even in very-high risk patients with diabetes under
statins. Lipid-lowering treatment should be intensified, in particular in very high risk patients with diabetes
who are women or in primary cardiovascular prevention.

Clinical Trial number: NCT03449784

1. Introduction

diseases than those without DM [2]. LDL-cholesterol (LDL-C) is one of
the major risk factors for CVD, through its role in the development of

Cardiovascular diseases (CVD) are the leading cause of death in
Europe, responsible for 45% of all deaths [1], and adults with diabetes
mellitus (DM) are two to four times more likely to die from heart
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atherosclerosis. The efficacy of statins has been demonstrated by a con-
siderable amount of literature not only in lowering LDL cholesterol
levels [3] but also in reducing cardiovascular (CV) events, both in DM
and non-DM patients [4]. Their efficacy is favored by more-intensive
treatment [5]. A meta-analysis of 14 randomized trials, evaluating the
efficacy of cholesterol-lowering therapy in 18,686 people with DM,
showed that for each 1.0 mmol/L reduction in LDL-C obtained with
statins, risk of major vascular events significantly decreased by 21%,
risk of coronary events by 22% and risk of vascular mortality by 13%
[6]. Guidelines for the management of dyslipidemia have emerged
from different countries [7-10]. If CV risk classification slightly differs



between guidelines, all of them - including the latest French recom-
mendations - defined a target of LDL-C < 1.8 mmol/L for very high risk
patients. However, studies revealed an important gap between LDL-C
target and LDL-C levels measured in different populations, particularly
in very high risk patients. The DYSIS II study carried out in 18 countries
showed that target value was reached by only 29.4% of patients with
stable coronary heart disease and 18.9% of patients suffering from an
acute coronary syndrome [11]. DYSIS II study showed that patients
with type 2 DM were more likely to achieve targets than others [11].
However, LDL-C goal attainment has rarely been assessed specifically
in DM population, in which CVD is of particular importance. This
study aimed to assess the rate of LDL-C target value attainment (<1.8
mmol/L) among patients at very-high CV risk with DM, and to identify
predictive factors of non-attainment of target in this population.

2. Material and methods
2.1. Study design, setting and participants

This observational study was carried out over a 3-year period from May 2014 to May
2017 in the Diabetes-Nutrition unit of the University Hospital of Montpellier - France. All
consecutive adult diabetic patients admitted to that unit during the study period were
assessed for eligibility. We included patients with type 1 or 2 DM who received statin
treatment for at least three months, had at least one fasting blood lipid profile available
during hospitalization, and were classified at very high risk according to the last ESC guide-
lines [7]. Patients with DM were considered at very high CV risk when they had a major
risk factor such as smoking, hypertension or dyslipidemia, or a target organ damage
such as proteinuria [7]. Patients were considered as having DM if they were currently on
diabetes therapy. Patients with fibrate treatment were not included. Patients with end-
stage renal disease (stage 5 chronic kidney disease) were not included due to the lack of
evidence of statin treatment for CV management in this population. Patients with elevated
triglycerides (>4.5 mmol/L) were excluded due to the impossibility of using the
Friedewald formula.

Our observational study follows the World Medical Association's Declaration of Hel-
sinki and meets the requirements of the MR0OO3 procedure of the “Commission Nationale
de I'Informatique et des Libertés” (compliance statement N° 1984895). Indeed, this study
was strictly observational as all treatments, examinations and blood samples were

performed in routine medical care. As such, the study served to comprehensively docu-
ment current practices in patients with DM.

2.2. Data collection

Data on age, sex, tobacco smoking, body mass index, hypertension (treatment of previ-
ously diagnosed hypertension or blood values > 140/90 mm Hg), presence and type of CVD
(coronary artery disease (CAD), stroke and transient ischemic attack (TIA), peripheral arterial
disease), were collected at admission. LDL-C levels were calculated with the Friedewald for-
mula, and glomerular filtration rate according to the CKD-EPI formula. Blood samples were
taken within 24 h of hospitalization admission. Microalbuminuria, diabetic retinopathy and
CVD definitions and diagnosis were conform to ADA guidelines [12].

Information on the name and daily dose of lipid lowering drugs (statins and/or
ezetimibe) at admission was documented. Statin intensity was classified in three catego-
ries according to expected LDL-C reductions: high (rosuvastatin 20 mg, atorvastatin 40
and 80 mg by day), moderate (rosuvastatin 5 and 10 mg, atorvastatin 10 and 20 mg,
fluvastatin 80 mg, simvastatin 20 and 40 mg, pravastatin 40 mg by day) and low intensity
(pravastatin 10 and 20 mg, fluvastatin 40 mg and simvastatin 10 mg by day) for respec-
tively expected reduction of >50%, 30-49% and <30%, according to ESC guidelines [7,13].
Data were collected by clinical pharmacist.

2.3. Cardiovascular risk classification and LDL-C target value attainment

CV risk level and LDL-C target values were defined according to 2011 and 2016 ESC
guidelines [7,13]. Both 2011 and 2016 guidelines have been used because the 2016 update
has been published during our inclusion period. Proportion of very high-risk patients and
LDL-C target attainment were compared between 2011 and 2016 ESC guidelines. Patients
classified as being at very high-risk had LDL-C target values of <1.8 mmol/L. The distance
to the LDL-C target was calculated for patients who did not achieve target value.

2.4. Factors associated with not reaching LDL-C target

Patients were divided into two subgroups depending on whether they achieved LDL-C
target (<1.8 mmol/L) or not (>1.8 mmol/L). The following variables were thus considered:
age, sex, BMI, history of CVD (CAD, stroke or TIA, peripheral artery disease), HDL-C level,
statin intensity (low vs moderate intensity and low vs high intensity) and ezetimibe
treatment.

Admitted to Endocrinology
department with statin treatment
N=977

Excluded :
Statin treatment for less than 3 months: n=140
Admission fasting blood lipid profile unavailable: n=81
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Eligible endocrinology patients
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Fig. 1.

Flow chart of the study population.



2.5. Statistical analysis

Patients' characteristics were described with proportions for categorical variables and
with means + standard deviations (SD) for quantitative variables.

Factors associated with non-attainment of LDL-C target values were first analyzed
using the Student t-test or the Mann-Whiney U test for continuous variables, and with
Chi square or Fisher exact test for categorical variables. We then assessed these relations
using univariate and multivariable logistic regression analysis. Variables entered in the
multivariable model were those with a p-value < 0.2 in univariate analysis, as well as the
variables of clinical interest (ie: age, gender, BMI, history of CAD, history of stroke and
TIA, history of peripheral arterial disease, DM type, HDL-C < 1.2 mmol/L and intensity of
statin treatment at admission). Only those factors with multivariable p-value < 0.1 were
finally retained in the model using a backward stepwise selection procedure.

Statistical analyses were performed at the conventional two-tailed o level of 0.05
using SAS version 9.1 (SAS Institute, Cary, North Carolina).

3. Results
3.1. Patients' characteristics

During the study period, 756 patients admitted to our department
received statin treatment for >3 months and had available blood lipid
profile (Fig. 1). Among them, we analyzed all patients with DM and
without end-stage renal disease classified at very high risk according
to 2016 guidelines (N = 654). The population is described in Table 1.
Mean age was 63.8 years (SD 11.0) and 41.9% were women. In total,
42.3% had a history of CVD, 38.7% had diabetic retinopathy, 47.1%
microalbuminuria, and 60.7% had hypertension. They were mainly ad-
mitted for management of their diabetes. Median LDL-C value was 2.0
mmol/L (interquartile range 1.5-2.5) and most common statin treat-
ment was of moderate intensity (74.5%) (Table 2).

3.2. LDL-C target value attainment

In total respectively 266 (41%), 230 (35%) and 158 patients (24%)
had a LDL-C value <1.8 mmol/L, between 1.8 and 2.5 mmol/L and >2.5
mmol/L. Respectively 641 and 654 patients were classified at very
high risk according to ESC 2011 or 2016 guidelines, corresponding to
98% homology between guidelines. Rate of non-achievement of LDL-C
target value and mean distance to target value are similar when using
either 2016 or 2011 guidelines (Table 2): 59% of our very-high risk pop-
ulation did not reach target values (1.8 mmol/L) at admission. Median
LDL-C concentration was 2.4 mmol/L (interquartile range 2.1-2.9)
among patients not achieving target versus 1.4 mmol/L (interquartile
range 1.1-1.6) in patients achieving target (Table 3).

Table 1
Patients characteristics.

N = 654 N (%) or mean =+ sd
Age, years 63.8 +£11.0
Female 274 (41.9)
BMI, kg/m? 309 + 7.0
Current smoker 115 (17.6)
Cardiovascular disease 277 (42.3)
Coronary artery disease 216 (33.0)
Stroke and transient ischaemic attack 51(7.8)
Peripheral arterial disease 85 (13.0)
Hypertension 397 (60.7)

Type 1 diabetes 127 (19.4)
Type 2 diabetes 527 (80.6)
Diabetic retinopathy 253 (38.7)
Microalbuminuria 308 (47.1)
GFR

60-89 mL/min/1.73m? 175 (26.8)
30-59 mL/min/1.73m? 165 (25.2)
15-29 mL/min/1.73m? 42 (6.4)

BMI: body mass index; GFR: glomerular filtration rate.

Table 2
Lipid-lowering treatments, lipid levels and target value attainment at admission.

N = 654 N (%) or median (IQR)

Lipid-lowering treatments
Statin treatment at admission

High-intensity statin treatment 122 (18.7)

Moderate-intensity statin treatment 487 (74.5)

Lower-intensity statin treatment 45 (6.9)
Ezetimibe treatment 59 (9.0)
Lipid levels
Total cholesterol, mmol/L 4.0 (3.3-4.6)
LDL-C, mmol/L 2.0 (1.5-2.5)
HDL-C, mmol/L 1.1(0.9-1.4)
HDL-C < 1.2 mmol/L 371 (56.7)
Triglycerides, mmol/L 1.6 (1.2-2.2)

LDL-C target value attainment (<1.8 mmol/L)
No target value attainment/very high risk patients

ESC 2011 379/641 (59.1)

ESC 2016 388/654 (59.3)
Distance to target value, mmol/L

ESC 2011 0.6 (0.3-1.1)

ESC 2016 0.6 (0.3-1.1)

3.3. Factors associated with non-attainment of LDL-C target

Characteristics of patients reaching or not LDL-C target value are
compared in Table 3. Patients not reaching target value were more
often women and had higher triglycerides and HDL-C values. They
had less frequently history of CVD, such as CAD and peripheral arterial
disease, and received less frequently high-intensity statin treatment
(15.2% vs 23.7%) as compared with patients reaching LDL target. Multi-
variable analysis showed that women and patients with no history of
CAD or no history of stroke or TIA had an increased risk of non-
attainment of LDL-C target value (Table 3).

4. Discussion

To our knowledge, this study is the first to assess not only LDL-C tar-
get value attainment but also to determine predictors of non-
attainment in very high risk patients with DM treated with statins.
Our results revealed a high rate of patients not achieving LDL-C target
in that population, with 59% of our patients having LDL-C > 1.8 mmol/
L. Moreover, women and patients in primary prevention were less likely
to attain LDL-C target.

We found that 59% of our patients with DM receiving statin treat-
ment had LDL-C > 1.8 mmol/L, despite their very high CV risk profile.
This corroborates findings reported in other populations. In DYSIS II
study, carried out in patients receiving statin or not, only 29.4% of pa-
tients with stable coronary heart disease and 18.9% of patients suffering
from an acute coronary syndrome reached the LDL-C target of <1.8
mmol/L [11]. The MONA LISA study carried out in the French general
population showed that among the very-high risk subgroup, only 4.2%
attained LDL-C target [14]. In patients with CAD included across
Europe in the EUROASPIRE IV study, LDL-C target attainment was 28%
among patients with previously known diabetes and 18% among pa-
tients with newly diagnosed DM [15], and these rates were even
lower in the previous EUROASPIRE studies [16]. Although diabetes has
been associated with better LDL-C control [11,15], our study revealed
suboptimal LDL-C management in very high risk patients with DM. Nev-
ertheless, benefits of controlling this well-known CV risk factor are well-
established, as LDL-C lowering reduces sharply CV events and mortality,
including in patients with DM [4,6]. International guidelines for man-
agement of dyslipidemia in very high risk patients are clear and consis-
tent. However in France, until the last update in 2017 [10], previous
recommendations for dyslipidemia treatment dated back 15 years. As
they were no longer up to date, they had been retracted [17].



Table 3

Factors associated with non-attainment of LDL-C target values: results of univariate and multivariable analyses.

LDL-C at target

LDL-C not at target

Univariate analysis Multivariate analysis®

N =266 N =388 OR (95% CI) p OR (95% CI) p

Age, years 66.0 (57.0-72.0) 64.0 (56.0-71.0) 0.99 (0.98-1.00) 0.14
Female 79 (29.7) 195 (50.3) 2.39 (1.72-3.33) <0.001 2.27 (1.62-3.17) <0.001
BMI (kg/m?) 29.9 (26.01-32.1) 30.8 (26.3-35.0) 1.01 (0.99-1.03) 0.48
Current smoker 47 (17.7) 68 (17.5) 0.99 (0.66-1.49) 0.96
Lipid profile

Total cholesterol (mmol/L) 3.2 (2.8-3.6) 4.5 (4.0-5.0) - -

LDL-C (mmol/L) 1.4 (1.1-1.6) 2.4 (2.1-29) - -

Deviation from target value (mmol/L) —0.4 (—0.6to —0.2) 0.6 (0.3-1.1) - -

Deviation from target value (%) —22.9(—35.7to —114) 32.8 (15.7-61.4) - -

HDL-C (mmol/L) 1.0 (0.8-1.4) 1.1 (1.0-1.4) 3.05 (1.24-7.5) 0.015

HDL-C < 1.2 mmol/L 169 (63.5) 202 (52.1) 0.62 (0.45-0.86) 0.004

Triglycerides (mmol/L) 1.5(1.0-2.1) 1.7 (1.2-2.2) 1.32 (1.04-1.67) 0.020

Cardiovascular disease 138 (51.9) 139 (35.8) 0.52 (0.38-0.71) 0.014

Coronary artery disease 108 (40.6) 108 (27.8) 0.56 (0.41-0.78) <0.001 0.64 (0.45-0.89) 0.009

Stroke and transient ischaemic attack 27 (10.2) 24 (6.2) 0.58 (0.33-1.04) 0.066 0.59 (0.33-1.07) 0.08

Peripheral arterial disease 45 (16.9) 40 (10.3) 0.56 (0.36-0.89) 0.0144
Hypertension, n (%) 160 (60.2) 237 (61.1) 1.04 (0.76-1.43) 0.81
Type 1 diabetes 47 (17.7) 80 (20.6) 1.21 (0.81-1.81)° 0.35
Microalbuminuria 126 (47.4) 182 (46.9) 0.98 (0.72-1.34) 0.90
15 < GFR < 60 mL/min/1.73 m? 89 (33.5) 118 (30.4) 0.89 (0.65-1.22) 0.47
Diabetic retinopathy 100 (42.2) 153 (43.5) 1.05 (0.75-1.47) 0.76
Statin treatment at admission

High-intensity 63 (23.7) 59 (15.2) 0.52 (0.26-1.05)° 0.067

Rosuvastatin 20 mg 12 (4.5) 11 (2.8)

Atorvastatin 80 mg 16 (6.0) 16 (4.1)

Atorvastatin 40 mg 35(13.2) 32(8.2)

Moderate-intensity 187 (70.3) 300 (77.3) 0.89 (0.47-1.67)° 0.30

Rosuvastatin 10 mg 35(13.2) 39(10.1)

Rosuvastatin 5 mg 42 (15.8) 69 (17.8)

Atorvastatin 20 mg 26 (9.8) 32(8.2)

Atorvastatin 10 mg 34 (12.8) 76 (19.6)

Fluvastatin 80 mg 1(0.4) 0(0)

Simvastatin 40 mg 14 (5.3) 15 (3.9)

Simvastatin 20 mg 25 46 (11.9)

Pravastatin 40 mg 10 23 (5.9)

Lower-intensity 16 (6.0) 29 (7.5) 1

Pravastatin 20 mg 11 (4.1) 19 (4.9)

Pravastatin 10 mg 1(0.4) 3(0.8)

Fluvastatin 40 mg 0(0) 1(0.3)

Simvastatin 10 mg 4(1.5) 6(1.5)
Ezetimibe treatment 30(11.3) 29 (7.5) 0.64 (0.37-1.09) 0.098

Data are n (%) or median (interquartile range).

2 Model adjusted for sex, age, BMI, cardiovascular disease, myocardial infarction, coronary artery disease, statin treatment intensity (low vs. high).

b Reference category: type 2 diabetes.
¢ Reference category: lower-intensity statin treatment.

We found that being a woman, having no history of CAD or no his-
tory of stroke or TIA was associated with lower attainment of LDL-C tar-
get. This gender difference has been reported in several studies [11,18]
despite no sex-specific recommendations for lipid therapy [19]. It
seems to be multifactorial, explained notably by lower prescription,
lower adherence and higher discontinuation of statin treatment in
women, due to lower provider and patient awareness of CVD risk and
higher risk of intolerance [20,21]. Patients with no history of CAD or
stroke were less likely to achieve LDL-C target, probably because CV
risk is underestimated in such patients, inducing less aggressive risk fac-
tor management. Yet, any patient with DM is automatically at high or
very high CV risk, with no need for risk estimation tools such as the
SCORE system [22]. In our study, high versus low-intensity statin treat-
ment tended to be associated with lower risk of non-attaining LDL-
target in univariate analysis, but this trend disappeared after adjust-
ment for other factors, in contrast with previous findings, which
reporting a significant effect [11,23]. Moreover the 59 (9%) patients
with high-intensity statin treatment who did not attain LDL-target
might benefit from additional non-statin therapy such as ezetimibe
[24]. Our results are consistent with the available literature suggesting
that CV risk estimation by physicians should be improved. In the
ERIKA study carried out among patients free of CVD and with at least

one major CVD risk factor, 85% of physicians reported using clinical
guidelines, and main reasons for not using them were inadequate
knowledge, time constraints and lack of perceived usefulness [25].
Targeted interventions should therefore be implemented to improve
CV risk management.

A meta-analysis of 15 randomized controlled trials in outpatients
with DM showed that interventions of pharmacists, alone or in collabo-
ration with other health care professionals, improved management of
major CV risk factors, including LDL-C [26]. Such interventions included
medication management, educational interventions to patients and
feedback to another health care professional.

Interestingly, CV risk assessment and rate of LDL-C achievement were
almost identical when calculated with the current European guidelines
[ 7] or with European guidelines available at the study onset [13].

5. Study limitations

Several limits must be acknowledged. First, the monocentric nature
of our study might limit the generalizability of our result. Our findings
may not apply to any patient with DM as patients enrolled in our uni-
versity hospital constitute a very high risk population. We did not in-
clude outpatients, who may have better diabetes control than our



patients, admitted to hospital mainly for management of their diabetes.
Socio-economic level and non-adherence to statin treatment may be pre-
dictive factors of non-attainment of lipid targets but they have not been
collected in our study. Moreover, we do not know whether patients ad-
mitted to hospital were followed by a general practitioner or by a cardiol-
ogy or endocrinology specialist. Nevertheless, a key strength of the
present study is that admission LDL-C values have been measured from
blood samples taken within 24 h of admission, while previous studies
often used available lipid analyses performed in the previous months.

6. Conclusion

This study extends current knowledge about the gap between rec-
ommended and observed LDL-C levels by providing evidence of this
gap in very high CV risk patients with DM. Such findings have a number
of practical implications. They highlight the need for optimized lipid
lowering treatment to ensure risk factor management in this very
high risk population. More specifically, greater efforts should be made
in patients with DM who are women or in primary prevention, as
their CV risk may currently be underestimated. Indeed, statin efficacy
to reduce LDL-C levels and risk of CVD is well established even in this
population.
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