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Impact of lipid-lowering therapy on the
prevalence of dyslipidaemia in patients at
high-risk of cardiovascular events in UK primary
care – a retrospective database study
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SUMMARY

Aims: To estimate the prevalence of dyslipidaemias in high-risk patients new to

lipid-modifying therapy (LMT), and establish the extent to which these lipid abnor-

malities are addressed by treatment in UK clinical practice. Methods: The PRIM-

ULA study was a retrospective analysis, conducted using the UK General Practice

Research Database. Two periods were studied as follows: a pretreatment period,

defined as the 12 months before initiation of LMT (the index date), and a follow-

up period of at least 12 months. Patients included in the study (n = 25,011) had

dyslipidaemia with at least one abnormal lipid measurement [total cholesterol

(TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein choles-

terol (HDL-C) or triglycerides (TG)] in the pretreatment period. All patients were at

high risk of cardiovascular events, which was defined as having a history of cardio-

vascular disease, a 10-year Framingham risk score higher than 20%, diabetes or

hypertension, as defined by the Joint British Societies 2 guidelines. Results: At

the index date, 98% of patients were initiated on statin monotherapy. After

12 months of treatment, 15.2% (sub-group range: 11.0–22.9%) of all high-risk

patients had no lipid abnormalities. The proportions of patients with high TC or

LDL-C levels decreased from 98.8% to 68.9%, and from 99.2% to 68.7%, respec-

tively, over 12 months. The prevalence of high TG levels decreased from 45.0% to

26.9%, whereas that of low HDL-C levels increased, from 16.6% to 18.0%. Risk

factors for cardiovascular events were not consistently associated with the likeli-

hood of attaining optimal lipid levels. Conclusions: Despite widespread use of

statins, many individuals at high risk of cardiovascular events have persistently

abnormal lipid levels, with over two-thirds of patients not achieving target levels

of LDL-C or TC. Management of dyslipidaemia is therefore suboptimal in this

important high-risk group in UK standard practice.

What’s known
• High levels of cholesterol (particularly low-density

lipoprotein cholesterol) and other lipids (e.g.

triglycerides) are risk factors for cardiovascular

disease.

• Management of total and low-density lipoprotein

cholesterol leads to a reduction in the incidence

of cardiovascular events.

• Rates of achieving target lipid levels defined by

UK national guidelines are suboptimal, possibly

reflecting poor adherence of physicians to

guidelines and under-treatment of the disease.

• Evidence for the prevention of cardiovascular

events comes largely from statin trials, although

some data are available from non-statin trials.

What’s new
• This analysis, based on a large-scale clinical

database, is the first review of dyslipidaemia

after the implementation of the National Health

Service Quality and Outcomes Framework in the

UK.

• The study focused on high-risk patients, where

guidelines make clear recommendations for lipid

management to reduce the incidence of

cardiovascular disease.

• Despite financial incentives and widespread statin

use, over two-thirds of patients in this analysis

did not reach cholesterol targets.

Introduction

Despite significant improvements in prevention and

treatment of cardiovascular disease (CVD) during

the past two decades, CVD remains the leading cause

of death in the UK. In 2010, CVD accounted for

almost 180,000 deaths (one-third of all deaths) in

the UK; of these, just over 46,000 occurred in people

under 75 years of age (1). Approximately half

(80,568) of all CVD deaths were caused by coronary

heart disease (CHD), which is the principal cause of

premature CVD death in people under the age of

75 years and accounts for 17% and 8% of all deaths

in men and women in the UK, respectively (1).

CHD mortality rates in the UK are the fourth high-

est in Europe (2).

In the UK, as in other countries, dyslipidaemia is

a major risk factor for CVD (3). Treatment of dyslip-

idaemia, particularly high levels of total cholesterol

(TC) and low-density lipoprotein cholesterol (LDL-

C), is therefore a central strategy in the prevention

of CVD. Dyslipidaemia is included in the UK

National Health Service Quality and Outcomes

Framework (QOF), which provides financial incen-

tives for primary care physicians (PCPs) to meet

specified targets for the management of chronic
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disease; in CVD, these targets focus on controlling

TC (4).

UK clinical guidelines for the management of

CVD set minimum ‘audit standards’ for TC and

LDL-C of less than 5 and 3 mmol/l, respectively,

with more stringent targets (< 4 mmol/l for TC and

< 2 mmol/l for LDL-C) being recommended in

patients at high risk of cardiovascular events (5–7).
Similarly, the UK National Institute for Health and

Clinical Excellence (NICE) currently recommend that

consideration is given to reduction in cholesterol to

achieve levels of TC < 4.0 mmol/l or LDL-C

< 2.0 mmol/l in patients with CVD, with an audit

TC level of below 5 mmol/l (8). In patients with type

2 diabetes and new/existing CVD (or an increased

albumin excretion rate), NICE also recommend cho-

lesterol targets of TC < 4.0 mmol/l or LDL-C

< 2.0 mmol/l (9). This focus reflects the epidemio-

logical evidence that a high LDL-C level is a strong

risk factor for CVD (10), and the consistent finding

in clinical trials that lowering raised LDL-C levels

significantly reduces the incidence of CVD (11).

However, there is evidence that residual cardiovascu-

lar risk remains even after effective reduction in TC

and LDL-C levels by statins (12). This residual risk

may be partly attributable to high triglyceride (TG)

and reduced high-density lipoprotein cholesterol

(HDL-C) levels, both of which are now recognised as

independent risk factors for CHD (13–16).
Limited information is available about the extent

to which high TG or low HDL-C levels are being

addressed in routine clinical practice. A study based

on the UK General Practice Research Database

(GPRD) reported that, following a year of statin

treatment, 65% of patients achieved target TC levels

(< 5 mmol/l) and 73% achieved target LDL-C levels

(< 3.0 mmol/l), while only 32% and 42% of patients

achieved desirable HDL-C and TG levels (HDL-C:

≥ 1.0 mmol/l in men, ≥ 1.2 mmol/l in women; TG:

< 1.7 mmol/l) (17). This would suggest that,

although TC and LDL-C appear to be well managed,

control of TG and HDL-C levels is poor, despite the

fact that abnormal levels of these lipids have been

identified as important cardiovascular risk factors.

However, this study was conducted before the intro-

duction of the QOF, and hence the findings are unli-

kely to be applicable to current practice. Further data

are therefore required to assess the extent to which

HDL-C and TG levels are being managed in routine

practice in the UK.

The Prevalence, Treatment Patterns and Resource

Use in Patients with Mixed Dyslipidaemia Using

Lipid-Modifying Agents (PRIMULA) study was con-

ducted to estimate the prevalence of forms of dyslip-

idaemia in high-risk patients new to lipid-modifying

therapy (LMT) for 12 months in UK primary care,

to establish the extent to which these lipid abnormal-

ities are addressed by treatment in UK clinical prac-

tice. Secondary objectives were to assess treatment

patterns and to investigate morbidity-related use of

healthcare resources in patients with dyslipidaemia.

Methods

PRIMULA was a retrospective database study with

cross-sectional assessments of patients in the

12 months preceding and following initiation of

first-line LMT. The study consisted of two periods: a

pretreatment period, defined as the 12 months before

initiation of LMT (the index date), and a followup

period of at least 12 months after the index date.

Following initiation of LMT, patients received con-

tinual treatment until 6 weeks or less before the end

of the follow-up period; treatment gaps of up to

6 weeks were permitted during this period, except

for the first 6 weeks after the index date.

Data were obtained from the UK GPRD (18),

which includes information from 8.5 million patients

(approximately 13% of the UK population) regis-

tered with more than 400 primary care practices

across the UK. The patients are representative of the

general population in terms of age and gender. Data

were assessed between April 2006 and December

2008 (i.e. after the introduction of the QOF in April

2004). All data were obtained from medical records

and anonymized before analysis. The study protocol

was reviewed and approved by the UK Independent

Scientific Advisory Committee, governing the use of

the GPRD.

Patients
Patients included in the GPRD were eligible for

inclusion in the PRIMULA study if they were aged

35 years or older and had a diagnosis of dyslipida-

emia, lipid levels (TG, HDL-C, LDL-C, TC) charac-

teristic of dyslipidaemia, or both, at the index date.

Patients were included if they had not received LMT

in the 12 months prior to the index date, and had at

least one abnormal value [as defined in the Joint

British Societies (JBS) 2 guidelines (7)] in any of

four lipid assays (TC, LDL-C, HDL-C, TG) within

the year preceding the index date. If multiple

measurements were made during the pretreatment

period, the measurement taken closest to the index

date was recorded. In addition, documentation of

cardiovascular risk factors or conditions during the

pretreatment period was required for inclusion in

the study. Patients were included in the analysis only

if all baseline data (see below) were available; they

were excluded if they had received statins or other
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LMTs during the pretreatment period. Anonymized

data for all patients meeting the inclusion criteria

were included in the study.

Data recorded
Baseline demographic and clinical data were obtained

at the most recent time point before the index date

in the following categories: age; gender; body mass

index (BMI); smoking status; baseline levels of TG,

HDL-C, LDL-C and TC; fasting levels of blood glu-

cose and glycated haemoglobin (HbA1c); systolic and

diastolic blood pressure; and cardiovascular risk fac-

tors (hypertension, diabetes) or disorders (CHD,

cerebrovascular disease, peripheral arterial disease).

Twelve months after the index date, the same infor-

mation was collected, as well as data on LMTs

received, diagnosis of hypertension, diabetes, CVD or

peripheral arterial disease, and major cardiovascular

events such as myocardial infarction, stroke, angina,

transient ischaemic attack and congestive heart fail-

ure. In addition, data on healthcare resource utilisa-

tion, such as consultations with physicians or other

healthcare professionals, visits to the emergency

department and hospitalizations related to CVD,

were extracted from the GPRD at the end of the

follow-up period.

Definitions
LDL-C levels were calculated using the Friedewald

formula (19); the calculations were considered invalid

if TG concentrations were higher than 4.5 mmol/l.

Mixed dyslipidaemia was defined as the presence of

at least two abnormal lipid values. As defined in the

JBS 2 guidelines (7), TC and LDL-C target levels

were lower than 4 and 2 mmol/l, respectively; desir-

able levels for TG were considered to be lower than

1.7 mmol/l, and for HDL-C, higher than 1.0 mmol/l

in men and 1.2 mmol/l in women.

The 10-year risk of CHD was calculated using the

Framingham risk score (FRS) algorithm (20). This

calculates the relative probability of a specific out-

come (e.g. CHD, fatal CHD or stroke) over a given

period of time, based on weightings for a number of

modifiable and non-modifiable risk factors [age, gen-

der, systolic and diastolic blood pressure, TC and

HDL-C levels, smoking status, diabetes and electro-

cardiographic evidence of left ventricular hypertro-

phy (LVH)].

The JBS 2 guidelines were used to categorise

patients as facing a high-risk of future cardiovascular

event (7). The study divided patients into four sub-

groups, according to whether they had: diabetes, a

history of CVD, an FRS higher than 20% or hyper-

tension. A history of CVD was defined as the pres-

ence of a Read code, recorded before the index date,

for LVH, congestive heart failure, stroke, transient is-

chaemic attack, CHD (myocardial infarction and

angina), ischaemic heart disease or peripheral vascu-

lar disease. Diabetes was defined as a Read code for

type 1 or type 2 diabetes, or diabetes not otherwise

specified, recorded before the index date; patients

with gestational diabetes were excluded. Hyperten-

sion was defined as a systolic blood pressure

≥ 160 mmHg or diastolic blood pressure

≥ 100 mmHg within the 12 months preceding the

index date, or lower degrees of hypertension (≥ 130

or ≥ 80 mmHg, respectively) associated with target

organ damage (hypertensive grade 3/4 retinopathy;

raised creatinine, microalbuminuria, macroalbuminu-

ria or proteinuria; or LVH) (7).

The subgroups with CVD, FRS higher than 20%

and diabetes were not mutually exclusive (i.e. a

patient could be categorised in multiple groups).

However, the hypertension subgroup was defined as

being mutually exclusive and was thus intended to

include patients deemed to be at high risk of CHD

according to measures of hypertension alone, despite

not qualifying for any of the other subgroups.

Statistical analyses
The data analysis was essentially descriptive. No for-

mal sample size estimation was performed because

the study was not based on a hypothesised effect size.

The prevalence of various dyslipidaemia profiles at

baseline and at follow-up was calculated for the

entire study population and for each of the high-risk

subgroups. Differences in patient characteristics

between groups with mutually exclusive lipid abnor-

malities (e.g. high LDL-C only; low HDL-C only;

high LDL-C plus low HDL-C and/or high TG; high

TG only) were analyzed by t-tests.

Multivariate models were used to analyze treat-

ment patterns according to the type of dyslipidaemia

at index date and at follow-up, and relationships

between patient characteristics and attainment of

desirable lipid levels. Covariates in these models

included diabetes, hypertension, CVD history, FRS

higher than 20%, baseline lipid levels, age, gender,

year of LMT initiation, smoking status, BMI and

treatment. Similar models were used to investigate

associations between attainment of desirable lipid

levels and utilisation of healthcare resources.

Results

The UK GPRD included information on 404,119

patients who had had at least one prescription for

LMT recorded on or after the start date of 1 April

2006, of whom 109,503 had not received LMT within

the 12 months preceding the study index date. Of
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the latter patients, 92,764 had had at least one lipid

measurement recorded within the 12 months preced-

ing the index date, and 69,334 had a record for each

of the four lipid assays of interest (TC, LDL-C,

HDL-C and TG) in this period, with at least one

abnormal measurement as defined in the JBS 2

guidelines (7). Of these, 25,011 met all remaining

inclusion criteria and were therefore included in the

final analysis. The high-risk study population con-

sisted of patients with a history of CVD (n = 3392),

an FRS higher than 20% (n = 14,279), diabetes

(n = 5554) or hypertension (n = 4993).

Baseline demographical characteristics of the over-

all study population are summarised in Table 1. The

mean age of the patients at the index date was

approximately 65 years, and men and women were

represented almost equally. Approximately 31% of

patients (n = 7273) were considered obese, defined

as a BMI of 30 kg/m2 or higher. In patients with dia-

betes (22%), the mean HbA1c level was 7.48%, and

the mean blood glucose concentration was

8.29 mmol/l. Approximately 50% of patients with

diabetes (n = 2789) were receiving medication for

their condition.

Statins were by far the most commonly initiated

LMT. Overall, 98% of patients were prescribed statin

monotherapy as their initial LMT. A further 1.1% of

patients were receiving ezetimibe alone and 0.5%

were receiving fibrates alone; only 0.01% were receiv-

ing niacin.

The proportions of patients with various non-

mutually exclusive lipid abnormalities at baseline and

after 1 year of LMT are summarised in Table 2 and

Figure 1. At baseline, all patients had at least one

abnormal lipid value, as specified in the inclusion

criteria. After 1 year of treatment, 15.2% of patients

had no lipid abnormalities; the proportion of

patients with no such abnormalities in specific

groups ranged from 11.0% in patients with hyperten-

sion to 22.9% in patients with diabetes. In the overall

study population, high TC and LDL-C levels were

present at baseline in 98.8% and 99.2% of patients,

respectively; after 1 year of LMT, the proportion of

patients with these high levels had decreased to

68.9% and 68.7%, respectively. In contrast, LMT

appeared to have a lesser effect on TG and HDL-C

levels. At baseline, 45.0% of patients in the overall

population had high TG levels and 16.6% had low

HDL-C levels. After 1 year, the proportion of

patients with high TG levels had decreased to 26.9%,

while the proportion of patients with low HDL-C

levels had increased to 18.0% (Table 2).

As shown in Figure 1, the proportion of patients

with high TC or LDL-C levels was similar in all

high-risk groups at baseline. After 1 year of LMT,

the greatest reductions in these lipids were achieved

in patients with diabetes, whereas those with hyper-

tension showed the smallest decreases. The preva-

lence of high TG or low HDL-C levels, or a

combination of these, was highest in patients with

diabetes, both at baseline and after 1 year.

In the diabetes subgroup, the proportion of

patients with mixed dyslipidaemia consisting of high

TG with low HDL-C levels decreased from 17.3% at

baseline to 12.6% after 1 year of LMT. The propor-

tion of patients with diabetes who had either high

TG or low HDL-C levels decreased from 57.4% at

baseline to 44.9% after 1 year.

Multivariate analyses were performed to identify

factors associated with attainment of LDL-C targets

or desirable levels of TG and HDL-C (Figure 2); data

for TC targets are not presented here, but were simi-

lar to those for LDL-C. In the analysis, a ‘successful

outcome’ was defined as achievement of the lipid

target/desirable level; an odds ratio (ORs) of less

than 1.0 identifies a variable which is associated with

a lower likelihood of achieving the successful out-

come. Age was a significant predictor of attaining

LDL-C targets or desirable TG levels, but not desir-

able HDL-C levels, and male gender was a significant

predictor of attaining desirable levels of HDL-C and

TG, but not of reaching LDL-C targets. Patients with

a history of CVD were significantly less likely to

attain desirable levels of HDL-C than those without

such a history (OR 0.77, p < 0.001), whereas patients

with an FRS higher than 20% were less likely to

achieve desirable TG levels (OR 0.77, p < 0.001) than

those with an FRS of 20% or lower. Patients with

Table 1 Baseline demographics

Variable

Total population

(n = 25,011)

Mean age (years) 64.6

Male, n (%) 12,612 (50.4)

Obese: BMI ≥ 30 kg/m2, n (%) 7273 (31.3)

Mean systolic BP (mmHg) 142.5

Mean diastolic BP (mmHg) 82.0

Current smokers, n (%) 3891 (15.6)

High-risk subgroups*, n (%)

History of CVD 3392 (13.6)

FRS > 20% 14,279 (57.1)

Diabetes 5554 (22.2)

Hypertension 4993 (20.0)

BMI, body mass index; BP, blood pressure; CHD, coronary

heart disease; CVD, cardiovascular disease; FRS, Framingham

risk score.

*The high-risk subgroups reported here are not mutually

exclusive, with the exception of the hypertension group.
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diabetes were significantly more likely than those

without diabetes to reach LDL-C targets (OR 1.34,

p < 0.001), but were less likely to achieve desirable

levels of HDL-C (OR 0.78, p < 0.001).

Healthcare resource utilisation data for the total

study population revealed that patients made a mean

of 8.5 visits to their PCP, and 9.9 healthcare visits

overall during the follow-up period (Figure 3).

Age

Variable

0 42 6

(> 999,999)

↓HDL-C

OR (95% CI)

BMI

Current smoker

FRS > 20%

Hypertension

Baseline lipid

Male

Obesity

CVD history

Diabetes

Year of baseline statin

0 0.5 1.0 1.5

↑LDL-C

OR (95% CI)
0

***

*** ***

***

***

***

***

*** ******

***

***

***

**

*

***

0.5 1.0 1.5

↑TG

OR (95% CI)
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Patients with a history of CVD or diabetes made

more primary care or healthcare visits on average

than the overall study population; furthermore, the

proportion of patients with a history of CVD who

were hospitalised during the follow-up period was

higher than that in the general study population

(0.77% vs. 0.44% in the initial analysis). In the pri-

mary analysis, patients were able to consult a health-

care professional more than once a day, which could

lead to high-count outliers. A sensitivity analysis was

therefore conducted in which consultations with

healthcare providers were limited to one visit per

provider per day. Results of this analysis were consis-

tently lower than those for the primary analysis, but

followed a similar pattern (Figure 3).

Discussion

Our analysis identified that, of all patients in this

study who were at high risk of a future cardiovascular

event, only 15.2% were without any lipid abnormality

after 12 months of treatment. It is noteworthy that

more than two-thirds of patients had high LDL-C or

TC levels at follow-up, despite the fact that all

patients received LMT for 1 year (statin monotherapy

in 98% of patients). These figures are higher than

those recorded by an earlier study which found that

only 35% and 27% of patients did not reach the tar-

get levels for TC or LDL-C, respectively (17).

Although this earlier study assessed lipid target

attainment using cut-off levels similar to those of

QOF (which incentivises management of TC to

< 5.0 mmol/l rather than the more clinically relevant

JBS 2 targets of < 4.0 mmol/l for TC and

< 2.0 mmol/l for LDL-C used in current UK guide-

lines), it is clear that further optimization of dyslip-

idaemia management is required, and the disconnect

between QOF and clinical targets leads to clinicians

focusing on the former. The apparent under-treat-

ment of LDL-C or TC may partly reflect under-dos-

age: in the registry-based Guidelines-Oriented

Approach to Lipid Lowering study, only 10% of

high-risk patients who did not achieve their LDL-C

targets were receiving high-dose statins (21). Further-

more, physician adherence to guidelines may be lim-

ited by their complexity (22) and the variable

evidence base supporting certain recommendations

(23). A report based on data obtained before the

introduction of the QOF indicated that inadequate

monitoring of lipid levels during LMT may also con-

tribute to suboptimal management of dyslipidaemia

(24).

The results of this study also indicate that HDL-C

and TG levels are also poorly managed in primary
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care in the UK (although it should be noted that, to

date, no pharmacologic intervention for raising

HDL-C has been shown to confer clinical benefit).

This finding applies both to the overall study popu-

lation and the specific subgroups such as patients

with a history of CVD and those with hypertension

or diabetes. This is consistent with the results of

other observational studies [including analyses from

other PRIMULA studies in Europe and Asia (25–27),
the DYSlipidemia International Study (DYSIS) in

Europe and Canada (22,28) and the EUROASPIRE

III study in eight European countries (29)], which

have all shown that lipid abnormalities persist in a

significant proportion of patients despite effective

lowering of LDL-C and TC levels with statins. In

DYSIS, for example, 48% of statin-treated patients

did not achieve target LDL-C levels (28). The present

findings are also consistent with a previous study in

the UK, which suggested that, while LDL-C and TC

levels appeared to be managed appropriately in pri-

mary care, more than half of statin-treated patients

were not reaching optimal levels of HDL-C or TG

(17).

Consistent with the results from DYSIS (22), the

present study found that patients with diabetes were

significantly more likely to achieve their LDL-C goals

than those without diabetes, possibly reflecting a

greater focus on the management of dyslipidaemia in

this patient population. However, patients with diabe-

tes were less likely to have desirable levels of HDL-C

following 12 months of treatment. Similar findings

have been reported in Sweden, where 69% of patients

with diabetes receiving LMT had low levels of HDL-C,

high TG levels, or both (27), and in Thailand, where

43% of high-risk patients had low HDL-C levels

despite receiving LMT (26). It is interesting to note

that only 50% of patients with diabetes were receiv-

ing treatment for their condition in the present

study, which is lower than might be expected in UK

primary care. Given the high-risk of patients with

diabetes developing CVD, this may be a contributing

factor to the overall under-treatment of CVD

reported in this study.

Growing evidence suggests that low levels of HDL-C

are associated with increased cardiovascular risk,

even in statin-treated patients (30). In the present

study, approximately 17% of patients had low levels

of HDL-C at baseline, and a similar proportion had

a combination of high LDL-C and low HDL-C levels.

Furthermore, when lipid abnormalities are consid-

ered as mutually exclusive groups (as opposed to the

non-mutually exclusive groupings presented in

Table 2), up to 50% of patients had mixed dyslipida-

emia, which often included low HDL-C levels (data

not shown). Such cases of mixed dyslipidaemia

appeared to be less amenable to statin therapy than

high levels of LDL-C or TC alone. The potential sig-

nificance of this is highlighted by the finding in a

previous study based on the GPRD that decreased

levels of HDL-C and/or high TG levels are associated

with an increased risk of cardiovascular events in sta-

tin-treated patients with persistently high LDL-C lev-

els (16). However, in the recent Heart Protection

Study 2-Treatment of HDL to Reduce the Incidence

of Vascular Events (HPS2-THRIVE) and Athero-

thrombosis Intervention in Metabolic Syndrome with

Low HDL Cholesterol/High Triglyceride and Impact

on Global Health Outcomes (AIM-HIGH) studies,

the addition of extended-release niacin to statin-

based therapy did not cause a further reduction in

incidence of cardiovascular events compared with

statin monotherapy (31,32). In HPS2-THRIVE

(where extended-release niacin was used with the

anti-flushing agent laropiprant in fixed-dose combi-

nation), rates of myocardial infarction and stroke

were quantitatively reduced in European patients,

although these benefits were outweighed by the

increased risk of adverse events experienced with

niacin.

In the present study, risk factors such as a history

of CVD, diabetes or hypertension were not consis-

tently associated with the likelihood of attaining

optimal lipid levels. Analysis of PRIMULA data from

hospital-treated patients in Hong Kong (25) showed

that the strongest factors affecting the likelihood of

attaining desirable levels of at least two lipids

included diabetes [OR 0.43, 95% confidence interval

(CI) 0.23–0.78], obesity (OR 0.91, 95% CI 0.86–
0.97) and an FRS higher than 20% (OR 0.33, 95%

CI 0.15–0.71) (25) (note that the direction of the

ORs as predictive variables in the Hong Kong study

are in reverse to those presented here).

A key strength of the present study is the use of

data from the GPRD, a data source with comprehen-

sive coverage of the UK population and which oper-

ates in a healthcare system where PCPs act as

‘gatekeepers’ to secondary and specialist care; as a

result, all relevant clinical data are included in PCP

records. The study results can therefore be consid-

ered a reliable assessment of the impact of LMT

under real-world conditions. Furthermore, the elec-

tronic linkage provided by the GPRD means that

laboratory data, such as lipid test results, are cap-

tured effectively and comprehensively. Further

strengths include the focus on clearly defined groups

of high-risk patients, and the duration of follow-up,

which allowed appropriate dose titration and the

addition of further medication as required. Also,

patients were only included if they had not received

LMT during the 12 months preceding the index date;
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as a result, the study clearly demonstrated the impact

of treatment on lipid levels.

A potential limitation of this study is the lack of

specific targets for HDL-C and TG. This necessitated

the use of a less stringent measure, desirable levels,

according to the JBS-2 guidelines (7), to assess the

extent to which these lipids are being treated. This

may not be directly relevant to current practice

because more recent guidance is now available from

NICE, both for routine clinical practice and for

high-risk patients such as those with existing CVD

(8), type 2 diabetes (9) or familial hypercholesterola-

emia (33). However, these guidelines were not avail-

able throughout the period covered by this study;

therefore, use of the JBS 2 guidelines is the most

appropriate reflection of clinical practice during that

time. The levels recommended by NICE are similar

to the JBS 2 targets for LDL-C and TC in high-risk

patients. The study may also have benefited from the

inclusion of patients who should have been initiated

on LMT, based on their preindex lipid profile and

cardiovascular risk, but were not. Such a cohort

would have provided a comparator against which to

judge the impact of LMT initiation in UK standard

practice. However, this was not an aim in the origi-

nal study and was not specified in the protocol. As

such, these data were not collected, although they

could be the focus of future research. Another poten-

tial limitation is that the data are relatively old, hav-

ing been collected between April 2006 and December

2008. Nevertheless, this study still represents the

most up-to-date assessment of lipid management in

primary care in the UK and, as described above, the

findings are consistent with other current data,

including the results of the EUROASPIRE III and

DYSIS studies (22,29). Finally, the study was not

powered on a specific hypothesis and the sample size

was not based on a power calculation. This may

result in generation of both false positives and false

negatives, where statistically significant predictors

may not confer biological importance and predictors

which are not statistically significant may not indi-

cate a lack of biological predictive ability.

In conclusion, this study has shown that manage-

ment of dyslipidaemia is suboptimal in the UK.

Despite widespread use of statins, many individuals

at high risk of cardiovascular events have persistently

abnormal lipid levels, with over two-thirds of

patients not achieving target levels of LDL-C or TC.

Abnormal levels of HDL-C and TG are also common

in high-risk patients. This indicates that intensive

LMT with particular focus on the reduction in LDL-

C and TC is required. Further evidence from ongo-

ing clinical trials may shed some light on whether

patients may also benefit from treatment to modify

HDL-C and TG levels.

Acknowledgements

This research was funded by Merck & Co Inc.; repre-

sentatives of the company participated in study

design, data collection, data analysis, manuscript

preparation and publication decisions.

Author contributions

The study protocol was developed by B. Ambegaon-

kar, K. Jameson and V. Amber. Analyses were con-

ducted by D. Mills and interpreted by all authors. All

authors participated in the development and writing

of the manuscript, and approved the final article for

publication.

References

1 British Heart Foundation. Heart statistics. http://

www.bhf.org.uk/research/heart-statistics.aspx (accessed

14 November 2012).

2 Nichols M, Townsend N, Scarborough P et al.

European Cardiovascular Disease Statistics 2012.

European Heart Network, Brussels, European Soci-

ety of Cardiology, Sophia Antipolis.

3 Primatesta P, Poulter NR. Lipid concentrations and

the use of lipid lowering drugs: evidence from a

national cross sectional survey. BMJ 2000; 321:

1322–5.

4 General Medical Services – contractural changes

2013/2014. http://www.dh.gov.uk/health/2012/12/

gp-contract-proposals/ (accessed 19 February

2013).

5 British Cardiac Society, British Hyperlipidaemia

Association, British Hypertension Society, endorsed

by the British Diabetic Association. Joint British

recommendations on prevention of coronary heart

disease in clinical practice. Heart 1998; 80 (Suppl.

2): S1–29.

6 British Cardiac Society, British Hyperlipidaemia

Association, British Hypertension Society, British

Diabetic Association. Joint British recommenda-

tions on prevention of coronary heart disease in

clinical practice: summary. BMJ 2000; 320: 705–8.

7 British Cardiac Society, British Hypertension Soci-

ety, Diabetes UK, HEART UK, Primary Care Car-

diovascular Society, The Stroke Association. JBS 2:

Joint British Societies’ guidelines on prevention of

cardiovascular disease in clinical practice. Heart

2005; 91(Suppl. 5): v1–52.

8 National Institute for Health and Clinical Excel-

lence. NICE Clinical Guideline 67. Lipid Modifica-

tion: Cardiovascular Risk ASsessment and the

Modification of Blood Lipids for the Primary and

Secondary Prevention of Cardiovascular Disease.

London: NICE, 2008.

9 National Institute for Health and Clinical Excel-

lence. NICE Clinical Guideline 87. Type 2 Diabetes:

the Management of Type 2 Diabetes. London: NICE,

2009.

10 Kannel WB, Castelli WP, Gordon T, McNamara

PM. Serum cholesterol, lipoproteins, and the risk

of coronary heart disease. The Framingham study.

Ann Intern Med 1971; 74: 1–12.

11 Baigent C, Blackwell L, Emberson J et al. Efficacy

and safety of more intensive lowering of LDL cho-

lesterol: a meta-analysis of data from 170,000 par-

ticipants in 26 randomised trials. Lancet 2010; 376:

1670–81.

12 Ridker PM, Genest J, Boekholdt SM et al. HDL

cholesterol and residual risk of first cardiovascular

events after treatment with potent statin therapy:

an analysis from the JUPITER trial. Lancet 2010;

376: 333–9.

13 Assmann G, Schulte H. Relation of high-density

lipoprotein cholesterol and triglycerides to inci-

dence of atherosclerotic coronary artery disease

(the PROCAM experience). Prospective Cardiovas-

cular Munster study. Am J Cardiol 1992; 70: 733–7.

ª 2013 Merck Sharp & Dohme Corp. International Journal of Clinical Practice published by John Wiley & Sons Ltd.
Int J Clin Pract, December 2013, 67, 12, 1228–1237

1236 Dyslipidaemia in UK primary care



14 Barter P, Gotto AM, LaRosa JC et al. HDL choles-

terol, very low levels of LDL cholesterol, and

cardiovascular events. N Engl J Med 2007; 357:

1301–10.

15 Kannel WB. High-density lipoproteins: epidemio-

logic profile and risks of coronary artery disease.

Am J Cardiol 1983; 52: 9B–12B.

16 Sazonov V, Beetsch J, Phatak H et al. Association

between dyslipidemia and vascular events in

patients treated with statins: report from the UK

General Practice Research Database. Atherosclerosis

2010; 208: 210–6.

17 Phatak H, Wentworth C, Sazonov V, Burke T.

Prevalence and predictors of lipid abnormalities in

patients treated with statins in the UK general

practice. Atherosclerosis 2009; 202: 225–33.

18 Jick SS, Kaye JA, Vasilakis-Scaramozza C et al.

Validity of the general practice research database.

Pharmacotherapy 2003; 23: 686–9.

19 Friedewald WT, Levy RI, Fredrickson DS. Estima-

tion of the concentration of low-density lipopro-

tein cholesterol in plasma, without use of the

preparative ultracentrifuge. Clin Chem 1972; 18:

499–502.

20 Anderson KM, Odell PM, Wilson PW, Kannel WB.

Cardiovascular disease risk profiles. Am Heart J

1991; 121: 293–8.

21 Yan AT, Yan RT, Tan M et al. Contemporary

management of dyslipidemia in high-risk patients:

targets still not met. Am J Med 2006; 119: 676–

83.

22 Leiter LA, Lundman P, da Silva PM et al. Persistent

lipid abnormalities in statin-treated patients with

diabetes mellitus in Europe and Canada: results of

the Dyslipidaemia International Study. Diabet Med

2011; 28: 1343–51.

23 Tricoci P, Allen JM, Kramer JM et al. Scientific evi-

dence underlying the ACC/AHA clinical practice

guidelines. JAMA 2009; 301: 831–41.

24 Phatak H, Wentworth C, Burke TA. Lipid testing

among patients beginning statin therapy in general

practice in the United Kingdom. Value Health

2008; 11: 933–8.

25 Ambegaonkar B, Chirovsky D, Tse HF et al.

Attainment of normal lipid levels among patients

on lipid-modifying therapy in Hong Kong. Adv

Ther 2012; 29: 427–41.

26 Khovidhunkit W, Silaruks S, Chaithiraphan V et al.

Prevalence of dyslipidemia and goal attainment

after initiating lipid-modifying therapy: a Thai

multicenter study. Angiology 2012; 63: 528–34.

27 Pettersson B, Ambegaonkar B, Sazonov V et al.

Prevalence of lipid abnormalities before and after

introduction of lipid modifying therapy among

Swedish patients with dyslipidemia (PRIMULA).

BMC Public Health 2010; 10: 737.

28 Gitt AK, Drexel H, Feely J et al. Persistent lipid

abnormalities in statin-treated patients and predic-

tors of LDL-cholesterol goal achievement in clinical

practice in Europe and Canada. Eur J Prev Cardiol

2012; 19: 221–30.

29 Kotseva K, Wood D, De Backer G et al. Cardiovas-

cular prevention guidelines in daily practice: a com-

parison of EUROASPIRE I, II, and III surveys in

eight European countries. Lancet 2009; 373: 929–40.

30 Jafri H, Alsheikh-Ali AA, Karas RH. Meta-analysis:

statin therapy does not alter the association

between low levels of high-density lipoprotein cho-

lesterol and increased cardiovascular risk. Ann

Intern Med 2010; 153: 800–8.

31 University of Oxford Clinical Trial Service Unit.

The Heart Protection Study 2-Treatment of HDL

to Reduce the Incidence of Vascular Events

(HPS2-THRIVE) study. http://www.thrivestudy.

org/(accessed 24 January 2013).

32 Boden WE, Probstfield JL, Anderson T et al. Niacin

in patients with low HDL cholesterol levels receiv-

ing intensive statin therapy. N Engl J Med 2011;

365: 2255–67.

33 National Institute for Health and Clinical Excel-

lence. NICE Clinical Guideline 71. Identification and

Management of Familial Hypercholesterolaemia.

NICE: London, 2008.

Paper received April 2013, accepted June 2013

ª 2013 Merck Sharp & Dohme Corp. International Journal of Clinical Practice published by John Wiley & Sons Ltd.
Int J Clin Pract, December 2013, 67, 12, 1228–1237

Dyslipidaemia in UK primary care 1237


