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Abstract

Background: Elevated levels of low-density lipoprotein cholesterol (LDL-C) and glycosylated hemoglobin (HbA1c)
are risk factors for cardiovascular complications. This study evaluated LDL-C goal attainment in Russian clinical practice
among patients with moderate to very high cardiovascular risk. The study also assessed LDL-C goal attainment in
patients prescribed lipid-lowering therapy for primary compared with secondary cardiovascular disease (CVD) preven-
tion, predictors of LDL-C goal attainment, and the proportion of individuals with diabetes mellitus who achieved
HbATc < 7%.

Methods: The Centralized Pan-Russian Survey on the Undertreatment of Hypercholesterolemia in Russia Il (CEPHEUS
Il) was a multicenter, non-interventional, cross-sectional study conducted in the Russian Federation from September
2014 to November 2015. Participants were aged > 18 years, were receiving a stable dose of lipid-lowering medication
and had a moderate to very high cardiovascular risk. The primary variable was the proportion of patients reaching
LDL-C goals established by the Fifth Joint European Task Force guidelines. Secondary analyses used McNemar and x?
tests.

Results: Data from 2703 patients were analyzed; 91.2% had a very high cardiovascular risk and 24.0% had been
diagnosed with diabetes mellitus. Overall, 17.4% of patients (95% confidence interval [CI] 15.9-18.8%) achieved LDL-C
goals. Investigators estimated this proportion at 21.8% (95% Cl 20.3-23.4%). LDL-C goals were achieved by more
patients in the primary CVD prevention subgroup than in the secondary CVD prevention subgroup (19.7% vs 16.1%,
p = 0.017). Patient-related factors associated with a decreased likelihood of achieving LDL-C goals included having
ischemic heart disease or a family history of premature coronary heart disease, forgetting to take hypercholester-
olemia treatment or considering it acceptable to miss prescribed doses more than once per week, and dissatisfaction
with or concern about lipid-lowering therapy. Overall, 367/593 (61.9%) patients with diabetes mellitus and interpret-
able HbATc results achieved HbAlc < 7%.

Conclusions: Hypercholesterolemia management is suboptimal in patients with moderate to very high cardiovas-
cular risk in Russian clinical practice. Substantial opportunity remains to improve treatment target attainment and
reduce the risk of cardiovascular complications. Lipid-modifying strategies may need to be intensified to reduce CVD
risk in this setting.
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Background

Cardiovascular disease (CVD) is the leading cause of
death globally and imposes a substantial health-economic
burden [1]. Elevated levels of total serum cholesterol
(TC) and low-density lipoprotein cholesterol (LDL-C)
have been identified as strong contributors to CVD mor-
tality [2, 3]. An elevated level of glycosylated hemoglobin
(HbAlc) is also an established risk factor for cardiovas-
cular (CV) complications [4—6].

Statins are first-choice medications for reducing hyper-
cholesterolemia [7]. Their use has provided clear ben-
efits in both primary [7] and secondary [8] prevention
of CVD. A Cochrane review of trials in which < 10% of
participants had a history of CVD showed reductions in
all-cause mortality and the risk of CVD events in individ-
uals treated with statins compared with those receiving
placebo or usual care for primary CVD prevention, over a
minimum follow-up duration of 6 months [7]. Treatment
with statins reduced the odds of all-cause death during
the observation period by 14% relative to placebo or usual
care (odds ratio [OR] 0.86; 95% confidence interval [CI]
0.79-0.94), lowered the risk of CVD (relative risk [RR]
0.75; 95% CI 0.70-0.81), coronary heart disease (CHD)
events (RR 0.73; 95% CI 0.67-0.80), and stroke (RR 0.78;
95% CI 0.68—0.89), and decreased the rate of revascu-
larization (RR 0.62; 95% CI 0.54—0.72) [7]. Reductions
in TC and LDL-C levels were observed with statins rela-
tive to placebo or usual care in trials that reported these
outcomes, although there was evidence of heterogeneity
of effects, probably owing to differences in the types of
statin and dosages used [7]. Statins were also observed to
be effective in the prevention of any CV event in a meta-
analysis of trials evaluating secondary prevention of CVD
(RR vs placebo: 0.81; 95% CI 0.78-0.85) [8].

The Prevalence of Mixed Dyslipidemia and Severe
Hypertriglyceridemia in the Russian Population (PRO-
METHEUS) study found that almost one-third of Rus-
sians have hypertriglyceridemia, defined as a triglyceride
level > 1.7 mmol/l, and identified correlations between
levels of triglycerides and those of TC, LDL-C, high-den-
sity lipoprotein cholesterol (HDL-C), and HbAlc [9]. A
further observational, cross-sectional study of Russian
participants, the Centralized Survey on the Undertreat-
ment of Hypercholesterolemia in Russia (CEPHEUS),
was conducted between October 2010 and March 2011,
and assessed the use and effectiveness of lipid-lowering
drugs in 1000 individuals [10]. The results showed that
just under half (48.2%) of the participants who received
lipid-lowering therapy achieved LDL-C target levels rec-
ommended by the 2007 Fourth Joint European Task Force
guidelines [11], and 34.5% achieved LDL-C targets set by
the 2007 Russian Society of Cardiology (RSC) guidelines
[12]. The proportion of patients achieving these LDL-C
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levels was lower in individuals receiving lipid-lowering
treatment for the primary prevention of CV events than
in those receiving it for secondary prevention (27.0%
vs 38.2% according to RSC criteria and 35.4% vs 54.5%
according to Fourth Joint European Task Force criteria)
[10]. Therefore, LDL-C goal attainment appears to be
suboptimal in Russia despite the prescription of lipid-
lowering treatments, especially among individuals receiv-
ing these therapies for primary CVD prevention.

In 2012, after CEPHEUS had been completed [10], the
Fifth Joint European Task Force guidelines for CVD pre-
vention were published [13]. These guidelines introduced
a more stringent LDL-C target of < 1.8 mmol/l, or > 50%
LDL-C reduction when the target could not be reached,
for people at very high CV risk [13] (compared with the
Fourth Joint European Task Force recommended target
of < 2.5, or < 2 mmol/l if feasible, for patients at high CV
risk) [11]. In Russia, the medical community received
new national guidelines for the prevention and treat-
ment of atherosclerosis in 2009 [14], and an updated
version in 2012 [15]. In 2009, the All-Russian Scientific
Society of Cardiologists recommended an LDL-C level
of < 2.0 mmol/l as ‘optimal’ for patients at both high and
very high CV risk [14]. In contrast, in 2012, the renamed
RSC proposed an LDL-C target of < 2.5 mmol/] for peo-
ple at high CV risk and introduced a more stringent tar-
get of < 1.8 mmol/l for those at very high CV risk [15].
New risk stratification guidance also defined all patients
with CHD (with or without complications) as being at
very high CV risk [15]. These changes increased the pro-
portion of patients requiring more stringent targets.

The Centralized Pan-Russian Survey of the Under-
treatment of Hypercholesterolemia II (CEPHEUS II)
was planned to assess the effects of guideline changes on
the attainment of target LDL-C levels in patients with
an elevated CV risk in clinical practice in Russia. As CV
risk stratification and LDL-C target levels in the 2012
RSC guidelines [15] were based mainly on Fifth Joint
European Task Force recommendations [13] with minor
differences, we used the latter to define CV risk and treat-
ment goals in this study. We also assessed LDL-C goal
attainment among participants prescribed lipid-lowering
therapy for primary compared with secondary CVD pre-
vention, predictors of LDL-C goal attainment, and the
proportion of patients with diabetes mellitus (DM) who
achieved an HbAlc level < 7% (53 mmol/mol).

Methods

Study design, aim, and setting

CEPHEUS 1I was a prospective, multicenter, non-inter-
ventional survey of patients with a moderate to very high
CV risk receiving lipid-lowering medications (Clinical-
Trials.gov identifier: NCT02230241). Its primary aim
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was to determine the proportion of these patients who
reached their LDL-C goal, as defined by the Fifth Joint
European Task Force guidelines [13]. The survey was
conducted in the Russian Federation between 9 Septem-
ber 2014 and 29 November 2015. In total, 80 sites in dif-
ferent regions of the Russian Federation were selected for
this survey; patients were enrolled at 77 outpatient clin-
ics. Data collection took place at a single clinic visit, after
which the participation of each patient in the survey was
considered to be complete.

Before assessment of the first participant at a site, each
investigator completed a questionnaire about their expe-
rience and perception of the management of hypercho-
lesterolemia in their patients (see Additional file 1: Figure
S1). Before assessment by an investigator, patients com-
pleted a questionnaire about their awareness of hyper-
cholesterolemia, their current lipid-lowering treatment
schedule, perceptions of treatment, and adherence to
treatment. This patient questionnaire has been published
in full previously [16].

At the study visit, investigators used patient record
forms to collect information regarding each patient’s
demographic characteristics, CVD history, known CV
risk factors, current lipid-lowering drug therapy, and
whether this treatment was for primary or secondary
CVD prevention. Physical examinations were conducted
to measure the patient’s weight, height, waist circumfer-
ence, and blood pressure. Fasting blood samples were
taken at the study visit and were analyzed to determine
levels of TC, LDL-C, HDL-C, glucose, creatinine, HbAlc,
hemoglobin, and hematocrit, at a central laboratory
(INVITRO, Moscow, Russian Federation). If a participant
had not fasted for > 8 h before the visit, fasting blood
tests were rescheduled for a different day (within the next
2 days). The patient’s CV risk was categorized according
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to the Fifth Joint European Task Force guidelines on CVD
prevention in clinical practice (Table 1) [13].

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki, the International
Conference on Harmonisation Guideline for Good Clini-
cal Practice, and applicable legislation for non-interven-
tional studies. The investigators performed the study in
accordance with local regulations and guidelines govern-
ing medical practice and ethics. The study was approved
by the Independent Interdisciplinary Ethics Committee
on Ethical Review for Clinical Studies. All participating
patients provided written informed consent.

Participants

Patients were eligible to participate in this study if they
were aged > 18 years, had been receiving lipid-low-
ering medication for > 90 days with no dose change
for > 8 weeks, and had blood tests scheduled to measure
levels of TC, LDL-C, HDL-C, glucose, creatinine, HbAlc,
hemoglobin, and hematocrit at the screening visit (or if
these tests were deemed necessary during the screening
visit for reasons unrelated to the study). Individuals were
excluded from participation if their cognitive status and/
or home environment were judged by the investigator to
have potentially compromised adherence to the treat-
ment regimen during the past 8 weeks, if they had a low
CV risk, or if they were participating in any other clinical
trial.

Variables

Details of variables assessed during the study are pre-
sented in Additional file 2: Table S1. The primary vari-
able was the proportion of patients who reached their
LDL-C goal, as defined by the Fifth Joint European Task
Force guidelines [13], based on the central laboratory

Table 1 Risk categories and LDL-C goals established by the Fifth Joint European Task Force [13]

Patient characteristics

Risk category

LDL-C goal

CVD diagnosed by invasive or non-invasive testing, peripheral Very high < 1.8 mmol/l (~ 70 mg/dl) or a > 50% LDL-C reduction when the
artery disease, any arterial revascularization, ischemic stroke; target cannot be reached
type 1 or type 2 diabetes mellitus with > 1 CV risk factor and/
or target organ damage; GFR < 30 ml/min/1.73 m? and/or
calculated SCORE > 10%

Markedly elevated single risk factors such as familial dyslipidemia ~ High < 2.5 mmol/l (~ 100 mg/dl)
and severe hypertension; type 1 or type 2 diabetes mellitus
without CV risk factors or target organ damage; GFR 30-59 ml/
min/1.73 m? and/or calculated SCORE > 5% and < 10%

Calculated SCORE > 1% and < 5% Moderate < 3.0 mmol/l (~ 115 mg/dl)

Calculated SCORE < 1% Low < 3.0 mmol/l (~ 115 mg/dl)

For screening (to exclude potential participants with a low CV risk), use of the CKD-EPI equation was recommended for estimating GFR. The CKD-EPI equation was

used to estimate GFR and CV risk for the primary calculation

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration, CV cardiovascular, CVD cardiovascular disease, GFR glomerular filtration rate, LDL-C low-density
lipoprotein cholesterol, SCORE Systematic Coronary Risk Evaluation Project estimation of 10-year risk of fatal cardiovascular disease
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LDL-C test results and stratification of patients by soft-
ware into three CV risk categories: moderate (LDL-C
target: < 3.0 mmol/l [~ 115 mg/dl]), high (LDL-C tar-
get: < 2.5 mmol/l [~ 100 mg/dl]), and very high (LDL-C
target: < 1.8 mmol/l [~ 70 mg/dl] or a > 50% LDL-C
reduction if the target could not be reached) (Table 1).
CV risk classification required the calculation of esti-
mated glomerular filtration rate, for which the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation was used [17].

Secondary variables included the proportion of patients
who reached their LDL-C goal among those prescribed
lipid-lowering therapy for primary CVD prevention or
for secondary CVD prevention, predictors of LDL-C goal
attainment, the percentage of CV risk assessments made
by physicians that differed from calculated risk clas-
sification, and the proportion of patients with DM who
achieved an HbAlc level < 7% (53 mmol/mol).

No proactive safety data collection took place. Spon-
taneously mentioned safety events were reported
as required by post-marketing pharmacovigilance
regulations.

Sample size calculation and statistical methods

Based on an estimated 50% of patients achieving their
LDL-C goal and a width of the observed two-sided
99% CI of £+ 2.5%, a sample size of approximately 2700
patients was considered sufficient to meet the primary
objective.

The full analysis set (FAS) included all eligible patients
with available laboratory test results who had completed
questionnaires for estimation of at least one primary or
secondary study variable. This population was used for
descriptive analyses of study variables. Missing observa-
tions were summarized separately.

Logistic regression analyses were conducted to evalu-
ate the potential association between patient or investi-
gator characteristics and the attainment of LDL-C goals.
A multivariate logistic regression model was used to
evaluate the association between patient characteristics
identified as statistically significant (p < 0.05) in univari-
ate analyses and the attainment of LDL-C goals. A binary
categorical attribute, LDL-C within or outside the LDL-C
target range according to the Fifth Joint European Task
Force guidelines, served as a dependent variable in this
model. Model-based point estimates of ORs and cor-
responding 95% Cls were calculated. Only patients with
correctly and fully completed patient record forms and
questionnaires were included in the multivariate logistic
regression analyses.

A post hoc retrospective analysis was performed to
assess changes in levels of LDL-C, HbA1lc and creatinine
between the start of lipid-lowering therapy (using the last
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available results before initiation of this treatment) and
the time of study enrollment.

Statistical comparisons were made using McNemar’s
test or a x° test. All statistical analyses were carried out
at the two-tailed 5% significance level. Data are presented
as mean and standard deviation (SD) unless otherwise
stated.

Results

Patient disposition

In total, 2704 patients were enrolled in the study. One
enrolled patient was excluded from the FAS owing to a
lack of central laboratory data.

Patient characteristics

Patient demographics and baseline characteristics are
shown in Table 2. The mean (SD) age of the study popula-
tion was 62.7 (10.0) years and 53.1% of the patients were
men. Most of the patients had a history of CVD or had
CV risk factors (e.g. arterial hypertension [92.9%], fam-
ily history of premature CHD [35.6%], DM [24.0%], or
tobacco smoking [18.2%]), and 91.2% were categorized
as being at very high CV risk. Although having a low CV
risk was an exclusion criterion, two patients included
in the FAS (0.1%) were in this category. Most patients
(83.7%) were overweight or obese. The mean (SD) LDL-C
level was 2.76 (1.02) mmol/l.

Current lipid-lowering therapy
All patients were receiving lipid-lowering therapy, with a
median treatment duration of 2 years (range 0—23 years).
Overall, 99.7% of patients received statins, either as mon-
otherapy or in combination with other agents (Table 3).
Lipid-lowering therapy was prescribed for secondary
prevention in 65.1% of patients and for primary CVD
prevention in the remaining patients (Table 3). The most
frequently prescribed statins were atorvastatin (55.7%
of patients; most common dose: 20 mg/day [32.2% of
patients]) and rosuvastatin (33.9% of patients; most com-
mon dose: 10 mg/day [21.6% of patients]). Simvastatin
was prescribed in 9.9% of patients (most common dose:
20 mg/day [6.4%]) and lovastatin in two patients (0.1%; 10
and 20 mg/day, respectively). Fenofibrate was prescribed
in 1.1% of patients (160 mg/day in one patient, 145 mg/
day in the other 30 patients) and ezetimibe in 1.0% of
patients (10 mg/day).

Changes in LDL-C, HbA1c, and creatinine levels

following initiation of lipid-lowering therapy

Data for the retrospective post hoc analysis of changes
in levels of LDL-C, HbAlc, and creatinine were avail-
able for approximately half of the study participants.
A decrease in mean value was observed for each of the
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Table 2 Patient demographics and baseline characteristics
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Table 2 continued

Characteristic

Full analysis set (n = 2703)

Characteristic Full analysis set (n = 2703)

Age (years)
<40
40-54
55-69
>70
Mean % SD
Sex
Men
Women
Race
Caucasian
Asian
African
BMI (kg/m?)
<25
25-29
> 30
Mean + SD
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mmol/l)
LDL-C (mmol/l)
HDL-C (mmol/I)
Glucose (mmol/l)
Creatinine (umol/l)
HbA1c (%)
HbA1c (mmol/mol)?
Hemoglobin (g/dl)
Hematocrit (%)
eGFR (ml/min/1.73 m?)®
<30
30-59
> 60
CVrisk factors
Arterial hypertension
Family history of premature CHD
Previously diagnosed diabetes mellitus
Tobacco smoker
CVD history
> 1 diagnosis
Myocardial infarction
Angina
Unstable angina
Revascularization
Peripheral arterial disease
Ischemic stroke
Stroke of unknown etiology

46(1.7)
470 (17.4)
1529 (56.6)
658 (24.3)
62.7 £100

1436 (53.1)
1267 (46.9)

2693 (99.6)
9(0.3)
1(0.0)

441 (16.3)
1133 (41.9)
1129 (41.8)
295 £48
970+ 127
135.1 £ 160
823 £95
469+ 1.19
2.76 £1.02
1.24+£032
6.16 £2.13
81.29 + 22.06
5.84 +0.97
40+ 11
14194135
4217 +£362

14 (0.5)
309 (11.4)
2380 (88.1)

2511(92.9)
963 (35.6)
650 (24.0)
491 (18.2)

2254 (834)
1122 (41.5)
1306 (48.3)
428 (15.8)
1047 (38.7)
736 (27.2)
222(8.2)
46(1.7)

Other significant concomitant diseases

Microalbuminuria 248 (9.2)
Macroalbuminuria 50(1.8)
Diabetic retinopathy 222(8.2)
Diabetic neuropathy 221(8.2)
CV risk category®
Low 2(0.1)
Moderate 86 (3.2)
High 151 (5.6)
Very high 2464 (91.2)

Numbers are n (%) or mean + SD. Data were available for all 2703 patients in the
full analysis set, except for waist circumference (n = 2702) and levels of glucose
(n =2687), HbA1c (n = 2594), hemoglobin, and hematocrit (both n = 2579)

BMI body mass index, CHD coronary heart disease, CV cardiovascular, CVD
cardiovascular disease, eGFR estimated glomerular filtration rate, HbATc
glycosylated hemoglobin, HDL-C high-density lipoprotein cholesterol, LDL-C
low-density lipoprotein cholesterol, SD standard deviation

@ Calculated, not measured

b Calculated using central laboratory data

three parameters between the start of lipid-lowering
therapy (using the last available results before initia-
tion of this therapy) and the time of study enrollment.
The mean (SD) LDL-C concentration decreased from
4.42 (& 1.464) mmol/l to 2.76 (£ 1.016) mmol/l, with a
median change of — 1.52 mmol/l (— 37.3%) the mean
HbA1lc level decreased from 6.63% (£ 1.359%) to 5.84%
(£ 0.969%), with a median change of — 0.10%, and the
mean creatinine concentration decreased from 88.85
(£ 21.635)-81.29 (£ 22.056) pmol/l, with a median
change of — 7.00 umol/L.

Attainment of LDL-C and HbA1c goals, and prediction

of CV risk

Based on the central laboratory LDL-C test results
and CV risk stratification, 17.4% (95% CI 15.9-18.8%)
of the study population achieved their LDL-C goal, as
defined by the Fifth Joint European Task Force guidelines
(Fig. 1a). Differences between patients’ LDL-C level and
individual target level in participants at very high CV risk
who did not achieve their LDL-C goal are shown in Addi-
tional file 3: Figure S2. The difference was < 1 mmol/l in
55.0% of these patients.

According to investigators’ estimations, the proportion
of patients achieving their LDL-C goal was 21.8% (95% CI
20.3-23.4%) (Fig. 1a). Differences between the investiga-
tors” CV risk assessments and the primary CV risk cal-
culation using central laboratory data were recorded for
21.3% of patients (p < 0.001 for the differences between
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Table 3 Lipid-lowering drug treatment

Treatment Full analysis set (n = 2703)
Current treatment
Statin monotherapy 2645 (97.9)
Fibrates 7(0.3)
Ezetimibe 2(0.1)
Statin 4+ fibrates 22(0.8)
Statin + ezetimibe 23(0.9)
Statin + fibrates + ezetimibe 2(0.1)
Missing 2(0.1)
Reason for treatment
Primary prevention 943 (34.9)
Secondary prevention 1760 (65.1)
Numbers are n (%)
a 100 - M Calculated
[0 Based on investigators’
82.6 CV risk assessments
St 73.1
®
5
= 60 4
o
—
s}
§ 40
hd
g
o 21.8
o 204 17.4
0.0
0 .

No

T

100 A

83.9

80

60 -

40

Proportion of patients (%)

20

No

j )

Yes Missing

Achieved individual target goal

B Primary prevention
subpopulation

[0 Secondary prevention
subpopulation

Yes

Achieved individual target goal

Fig. 1 Proportions of patients achieving their low-density lipopro-
tein cholesterol goal. a Calculated proportion and proportion based
on investigators' CV risk assessments for the overall population. b
Calculated proportion for the primary and secondary prevention
subpopulations. Data are for the full analysis set. CV cardiovascular
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assessed CV risks; McNemar’s test). CV risk was under-
estimated by investigators in 19.4% of patients and over-
estimated in 1.9% (Table 4). LDL-C goals were achieved
by a significantly higher proportion of patients in the pri-
mary CVD prevention subgroup than in the secondary
CVD prevention subgroup (19.7% vs 16.1%, p = 0.017 [x?
test]; Fig. 1b).

Overall, 367 of 593 (61.9%) patients with DM and inter-
pretable HbAlc results achieved an HbAlc level < 7%
(53 mmol/mol).

Patient-reported variables

Most patients reported awareness of a problem with their
LDL-C level or HDL-C level (88.2 and 79.2%, respec-
tively). Overall, 67.9% of patients recalled being informed
about their target cholesterol level by their physician;
33.0% of patients in the FAS reported being sure that
they had achieved their LDL-C target, while 45.1% were
unsure. In total, 89.8% of patients reported taking their
prescribed lipid-lowering medications daily, and 84.9%
stated that they were satisfied with the way their high
cholesterol had been treated. Feelings of concern, frustra-
tion, disappointment, or confusion about their treatment
were reported by 27.0, 12.1, 5.2, and 4.5% of patients,
respectively.

Investigator-related variables

Of 112 investigators, 96 (85.7%) specialized in cardiol-
ogy, 16 (14.3%) specialized in internal medicine (‘general
practitioner’), three (2.7%) specialized in endocrinol-
ogy, and six (5.4%) had another specialty (more than one
specialty could be indicated). The investigators reported
setting individual cholesterol goals for 87.9% of their
patients, with most using levels of LDL-C, TC, triglyc-
erides, and HDL-C to determine these goals (96.4, 83.9,
70.5, and 57.1% of investigators, respectively). All inves-
tigators had used guidelines to help to establish choles-
terol targets. The most frequently used guidelines were
the ‘Joint European guidelines (SCORE)" (Systematic
Coronary Risk Evaluation Project estimation of 10-year
risk of fatal CVD scale; 78.6% of investigators), ‘National
(All-Russian Scientific Cardiology Society) guidelines’
(RSC guidelines; 73.2% of investigators), and ‘NCEP ATP
III guidelines (Framingham)” (National Cholesterol Edu-
cation Program Adult Treatment Panel III guidelines;
Framingham scale; 24.1% of investigators).

Predictors of LDL-C goal attainment

The attainment of LDL-C goals was not significantly
associated with age, sex, body mass index (BMI), waist
circumference, smoking status, the presence of DM, or
the presence of arterial hypertension (see Additional
file 2: Table S2).
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Table 4 Calculated CV risks and investigators’ CV risk assessments
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CVrisk category Primary calculation using central Investigators’ assessments
laboratory data (n = 2703) (n=2703)

Low 2(0.1) 34(1.3)

Moderate 86 (3.2) 283 (10.5)

High 151 (5.6) 295 (10.9)

Very high 2464 (91.2) 1954 (72.3)

Missing 0(0.0) 137 (5.1)

Difference between calculated CV risks and investigators’'CV risk assessments (n = 2566)*

Underestimation by investigators 497 (19.4)
Same estimation 2020 (78.7)
Overestimation by investigators 49 (1.9)

Numbers are n (%) and are for the full analysis set
CV cardiovascular

*p < 0.001 for the differences between assessed CV risks (McNemar's test)

Ischemic heart disease and a family history of pre-
mature CHD were identified as significant negative
predictors of LDL-C goal achievement by multivariate
regression analyses. Patients who may have forgotten
to take hypercholesterolemia treatment or thought it
acceptable to miss prescribed doses more than once per
week and those who were dissatisfied with or concerned
about their lipid-lowering therapy also had a significantly
decreased likelihood of achieving their LDL-C goal (see
Additional file 2: Table S2).

Investigator-related factors (such as sex, age, profes-
sional experience, specialty, and guidelines mainly used
to determine individual target cholesterol level) did not
appear to affect the achievement of LDL-C goals (see
Additional file 2: Table S3).

Safety
No adverse drug reactions were registered during the
study.

Discussion

CEPHEUS 1II was a non-interventional study of clini-
cal practice in Russia, evaluating LDL-C goal attainment
in patients with a moderate to very high CV risk who
were receiving lipid-lowering medications. Although all
patients took lipid-lowering medications, < 20% attained
their LDL-C goal, as defined by the Fifth Joint European
Task Force guidelines [13]. This proportion is substan-
tially lower than the ~ 50% who achieved their LDL-C
target according to Fourth Joint European Task Force
guidelines (2007) in CEPHEUS [10]. This finding could
be partly attributable to changes in treatment guide-
lines since 2007 regarding treatment goals and CV risk
stratification.

Results from both CEPHEUS [10] and the present
CEPHEUS 1I study have highlighted the suboptimal
management of hypercholesterolemia in Russian clinical
practice. A potential explanation for suboptimal LDL-C
control is that physicians underestimate their patients’
CV risk categories, leading to the choice of an insuffi-
ciently strict LDL-C target and overestimation of LDL-C
goal attainment, resulting in subsequent undertreatment.
In this study, investigators underestimated the CV risk in
19.4% of their patients. Furthermore, investigators over-
estimated LDL-C goal attainment, reporting that 21.8%
of patients achieved their LDL-C goal, whereas the actual
proportion who achieved their goal was 17.4%, based on
the primary calculation (using central laboratory LDL-C
test results and CV risk stratification). Encouragingly,
investigators correctly estimated the CV risk in approxi-
mately 80% of their patients. Nonetheless, some physi-
cians may benefit from training in CV risk assessment,
particularly if they do not specialize in the management
of patients at increased CV risk.

Another potential explanation for the low proportion
of patients attaining their LDL-C goal is the use of insuf-
ficient or inadequate dosages of lipid-lowering therapy.
The most commonly used lipid-lowering therapies in the
current study were atorvastatin and rosuvastatin, fol-
lowed by simvastatin. Rosuvastatin was most commonly
prescribed at a dose of 10 mg/day, while atorvastatin and
simvastatin were most commonly prescribed at doses
of 20 mg/day. This moderate-intensity statin therapy
reduces LDL-C levels on average by ~ 30-< 50% [18].
High-intensity statin therapy (e.g. rosuvastatin 20 mg/
day or atorvastatin 40—-80 mg/day) reduces LDL-C lev-
els on average by ~ 50% or more and is recommended
by American College of Cardiology/American Heart
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Association (ACC/AHA) guidelines to reduce the risk
of atherosclerotic CVD in certain high-risk individuals
[18]. In the present study, 91.2% of patients were catego-
rized as being at very high CV risk according to the Fifth
Joint European Task Force guidelines; an LDL-C goal
of < 1.8 mmol/l would be recommended for these indi-
viduals, or a > 50% LDL-C reduction if the target could
be reached [13]. Taken together, our findings suggest that
the suboptimal achievement of LDL-C goals in Russia
may be attributable, at least in part, to the use of inad-
equate doses of statins among patients with a very high
CV risk.

Our findings are consistent with results from large-
scale, cross-sectional studies conducted in Europe [19—
21]. The EURIKA study included 7641 patients from 12
European countries who were aged > 50 years and had at
least one major risk factor but not CVD [19]. Of EURIKA
participants receiving lipid-lowering therapy, 38.7% of
those with a high CV risk and 17.1% of those with a very
high CV risk (including patients with DM) had controlled
LDL-C levels, defined as < 2.5 and < 1.8 mmol/l for the
respective CV risk groups [19]. Among individuals in
the high or very high CV risk EURIKA subgroups who
had uncontrolled LDL-C levels, only 8-9% were receiv-
ing a high-intensity statin (rosuvastatin > 20 mg/day or
atorvastatin > 40 mg/day) [19]. The European Action on
Secondary and Primary Prevention by Intervention to
Reduce Events (EUROASPIRE) IV survey was conducted
at 79 centers across 24 European countries [20]. Of 6648
EUROASPIRE IV participants with CHD, only 19.3% had
achieved target LDL-C levels of < 1.8 mmol/l at the time
of assessment [20]. While most of these patients were
receiving statins, < 40% were prescribed a high-intensity
statin [20]. The proportion of patients receiving lipid-
lowering medications who achieved their LDL-C goals
was numerically lower in the Russian EUROASPIRE IV
cohort than in the total study population (15.9% vs 21.1%,
respectively) [21].

In contrast with findings from CEPHEUS [10], LDL-C
goals were achieved more frequently in the primary
CVD prevention subgroup than in the secondary CVD
prevention subgroup in the present study (primary vs
secondary prevention: 19.7% vs 16.1%, p = 0.017). The
difference in findings may partly reflect the use of a more
stringent LDL-C target for patients with a very high CV
risk, including individuals with established CVD who
required secondary CVD prevention, in CEPHEUS
II than in CEPHEUS [< 1.8 mmol/l or a > 50% LDL-C
reduction when the target could not be reached (Fifth
Joint European Task Force guidelines) vs < 2.5 mmol/l
or < 2 mmol/l if feasible (Fourth Joint European Task
Force guidelines)] [10, 11, 13].
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Patients had a decreased likelihood of LDL-C goal
achievement if they had ischemic heart disease or a fam-
ily history of premature CHD. Those who did not adhere
to hypercholesterolemia treatment or who were dissatis-
fied with or concerned about their lipid-lowering therapy
also had a decreased likelihood of achieving their LDL-C
goal. Strategies to address the modifiable factors of
patient concerns and non-adherence could be employed
to improve LDL-C goal attainment. Some patients
reported not remembering being informed of their target
cholesterol level by their physician, or feeling confused
about their treatment. In addition, many patients were
unsure of or overestimated their LDL-C goal attainment
status. These findings suggest that hypercholesterolemia
management would benefit from improved patient—phy-
sician communication.

The achievement of LDL-C goals was not significantly
associated with age, sex, BMI, waist circumference,
smoking status, the presence of DM, or the presence of
arterial hypertension. However, the study may have been
underpowered to detect some statistically significant
associations. In a report of findings from eight European
countries, which included a larger population than the
present study (n = 14,478 vs n = 2703), having a nor-
mal BMI, not smoking, and not having metabolic syn-
drome were identified as positive predictors for achieving
LDL-C goals recommended by the 2003 European guide-
lines (Third Joint Task Force) [22].

Overall, 61.9% of CEPHEUS II participants with DM
and interpretable HbAlc results achieved an HbAlc
level < 7% (53 mmol/mol). This finding is consistent with
cross-sectional data from the US National Health and
Nutrition Examination Surveys (NHANES; 2007-2010),
which examined targets recommended by the Ameri-
can Diabetes Association: 52.5% of individuals with DM
achieved an HbAlc level < 7% (53 mmol/mol) and 56.2%
achieved an LDL-C level < 2.6 mmol/l (100 mg/dl) [23].
In NHANES, the proportions of patients with DM who
achieved HbAlc, blood pressure, and LDL-C targets
were significantly higher in 2007-2010 than in 1988-
1994, and the prevalence of statin use also increased
significantly between these periods (from 4.2 to 51.4%,
p < 0.01) [23]. However, DM remains a leading cause of
CVD, blindness, kidney failure, and lower-limb amputa-
tion in almost all high-income countries [24]. Substan-
tial opportunity remains to improve DM control and to
reduce the risk of DM-related complications [25].

Suboptimal treatment of patients with DM and mixed
dyslipidemia was also reported in a large-scale, retro-
spective US database analysis of 53,679 patients [26]. In
this study more than 40% of patients with DM and two
or three abnormal lipid level measurements received no
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lipid-modifying therapy during the 6-month follow-up
period [26]. It has been estimated that if US Preventive
Services Task Force (USPSTF) recommendations from
2016 or ACC/AHA guidelines from 2013 were fully
implemented, an additional 15.8 or 24.3% of US adults
aged 40-75 years without prior CVD would receive statin
treatment, respectively [27]. Many of those who would be
recommended to receive statins by the ACC/AHA guide-
lines, but not by the USPSTF recommendations, would
be younger adults and people with DM [27], who could
potentially benefit from long-term statin therapy.

Other cross-sectional studies conducted in European
settings have highlighted the need to optimize statin
therapy in patients with type 2 DM before atherosclerotic
CVD develops [28] and to improve control of CV risk
factors in patients with DM who have experienced myo-
cardial infarction or stroke [29]. Baseline data from type 2
DM clinical trials have also shown that many people with
type 2 DM and CVD or CV risk factors do not receive
lipid-lowering therapy and have suboptimal lipid control
[30, 31]. Patients with type 2 DM may face a combina-
tion of barriers to attaining their treatment goals despite
more intensive therapy, particularly if they are obese [30].
In addition to implementing guideline recommenda-
tions, new strategies to increase patient motivation and
promote healthy behaviors, such as regular participation
in physical activity, are required [28, 29, 31, 32]. Several
novel therapies for dyslipidemia and its associated risks
are in development that may be effective with respect to
CVD prevention [33] and could increase the options for
bespoke treatment programs in the future.

This study has limitations that should be considered
when interpreting the results. First, it was a cross-sec-
tional study, and no prospective, longitudinal assessments
were conducted. The sample size was based on the esti-
mation that 50% of patients would achieve their LDL-C
goal, whereas the proportion of individuals who were
found to have achieved their goal was 17.4%. Therefore,
the study may not have been sufficiently powered to
detect some positive predictors of LDL-C goal achieve-
ment. In addition, the investigator questionnaire and
patient questionnaire used were not validated and were
employed for exploratory purposes only. Assessment
of adherence relied on patient recall rather than more
objective measures, such as tablet counts or prescrip-
tion records. The identification of some negative predic-
tors of LDL-C goal attainment, such as having ischemic
heart disease or a family history of premature CHD, may
be related to the recommendation for a more stringent
LDL-C goal and/or due to higher baseline LDL-C levels
in patients with these characteristics. Hence, these vari-
ables may not be independent predictors of LDL-C goal
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attainment. Finally, the study was conducted at outpa-
tient clinics in a single country (the Russian Federation)
and only included patients receiving lipid-lowering medi-
cation; this may limit its generalizability to other coun-
tries and settings.

Conclusions

The CEPHEUS II survey has provided an overview of
hypercholesterolemia treatment in a clinical practice
setting, based on a large number of patients. Its findings
highlight that the management of hypercholesterolemia
is suboptimal in patients with moderate to very high CV
risk in Russia. There is considerable scope to improve
treatment target attainment in these patients and to
reduce the risk of CV complications. Lipid-modifying
strategies may need to be intensified to reduce CVD risk
in this setting.
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