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Abstract
Aims/hypothesis The aim of the study was to examine the
impact of statin or omega-3-acid ethyl esters 90 (omega-3
EE90; omega-3-acid ethyl esters 90 refers to a mixture of ethyl
esters of n-3 fatty acids) on estimated cardiovascular disease
(CVD) risk in community-based people with type 2 diabetes
but without knownCVD and not taking lipid-lowering therapy.
Methods A central computer randomised 800 patients in
59 UK general practices to atorvastatin (n=401, 20 mg/day)
or placebo (n=399) and omega-3 EE90 (n=397, 2 g/day) or
placebo (n=403) in a concealed factorial manner. Partici-
pants with LDL-cholesterol <2.6 mmol/l, triacylglycerol
<1.5 mmol/l and estimated 10-year CVD risk <20% were
compared at 4 months.

Results Mean (SD) age was 63.5 (11.7) years, HbA1c 6.9
(1.1) % and known diabetes duration (median [interquartile
range]) was 4 (2–8) years. Fifty-seven per cent were men, 90%
white and 74% had an estimated 10-year CVD risk ≥20%. Of
732 patients with 4-month data, more allocated atorvastatin
(n=371) compared with placebo (n=361) achieved LDL-
cholesterol <2.6 mmol/l (91% vs 24%, p<0.001) and had
estimated 10-year CVD risks <20% (38% vs 26%, p<0.001).
No differences were seen between those allocated omega-3
EE90 (n=371) compared with placebo (n=361) for partic-
ipants achieving triacylglycerol <1.5 mmol/l (65% vs 60%,
p=0.18) or estimated 10-year CVD risks <20% (34% vs
30%, p=0.18). There were no side effects of note.
Conclusions/interpretation Many community-based diabetic
patients without known CVD remain at high CVD risk despite
statin treatment and require additional risk-reduction strate-
gies. The impact of omega-3 EE90 on CVD risk will remain
uncertain until clinical endpoint trial results are available.

Trial registration: ISRCT no. 76737502
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Introduction

People with type 2 diabetes mellitus have a cardiovascular
disease (CVD) risk two to four times greater than the general
population [1]. Some studies indicate they are at equivalent
risk to non-diabetic individuals who have survived a
myocardial infarction [2], although this depends on the
population studied [3]. Reducing cardiovascular risk to
improve clinical outcomes for patients with type 2 diabetes
is therefore a major priority, particularly since the incidence
of this condition is likely to double over the next two
decades [4].

In addition to the benefits of improved glucose and
blood-pressure control in reducing diabetic complications
[5, 6], 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG
CoA) reductase inhibitors can reduce major vascular events
by more than one-third by reducing LDL-cholesterol [7].
As trials have been carried out predominately in hospital-
based populations, the extent to which people with type 2
diabetes managed in primary care are at sufficiently high
CVD risk to require routine LDL-cholesterol (LDL-C)
lowering, as guidelines recommend [8, 9], is unclear.

There is also increasing interest in treating other lipopro-
tein abnormalities in type 2 diabetes by reducing triacylgly-
cerol [10, 11] and/or raising HDL-cholesterol (HDL-C) [12,
13]. Fibrate therapy can improve both of these, but there are
concerns about combining them with statins because of
adverse events [14] and the failure of the Fenofibrate
Intervention and Event Lowering in Diabetes (FIELD) trial
to demonstrate CVD-risk reduction with fenofibrate [15].
Omega-3 (n-3) polyunsaturated fatty acids (PUFA) are an
alternative triacylglycerol-lowering therapy; there is strong
epidemiological evidence suggesting favourable outcomes
in people with type 2 diabetes with high omega-3 PUFA
intake [16] and improvements in CVD-risk-factor profiles
[17, 18]. Studies involving wider populations have been
less supportive [19], and a prospective primary-care trial
is required to establish whether omega-3 PUFA, alone or
with a statin, can improve risk-factor levels and reduce
estimated CVD risk as a prelude to cardiovascular-outcome
studies.

We report here the primary 4 month results of the 1 year
Atorvastatin in Factorial with Omega-3 EE90 Risk Reduc-
tion in Diabetes (AFORRD) Trial, which examined the
impact of statin or omega-3-acid ethyl esters 90 (omega-3

EE90; omega-3-acid ethyl esters 90 refers to a mixture of
ethyl esters of n-3 fatty acids) treatment on lipid profiles and
estimated CVD risk in people with type 2 diabetes.

Methods

AFORRD was a 1 year randomised controlled trial,
designed and run by the University of Oxford Diabetes
Trials Unit (DTU) in an academic collaboration with Pfizer
(see Electronic supplementary material [ESM]). Only the
primary results at 4 months are reported here. The protocol
was approved by local and national ethics committees and
regulatory agencies, and the study was carried out in
accordance with the Declaration of Helsinki and good
clinical practice guidelines.

Subjects A total of 883 patients with type 2 diabetes for at
least 3 months, aged ≥18 years, with no known CVD
events, and not thought by their general practitioner to be at
high enough CVD risk to require immediate lipid-lowering
therapy, were recruited in primary care and gave written
informed consent. Exclusion criteria were: taking lipid-
lowering therapy; triacylglycerol >8 mmol/l; impaired
hepatic function (alanine aminotransferase [ALT] greater
than two times upper limit of normal), uncontrolled
diabetes (HbA1c>10%), uncontrolled hypertension (blood
pressure persistently >160/100 mmHg) or elevated creatine
kinase (greater than three times upper limit of normal). The
degree to which the general-practices enrolment was
representative was assessed by comparing the practices’
2005 Quality and Outcomes Framework assessment data
[20] with those from all English general practices.

Trial design Eight-hundred eligible patients were randomised
to double-blind study medication 2 weeks after their screening
visit. Computerised central randomisation was used to allocate
them in a two-by-two factorial manner to atorvastatin (Lipitor,
20 mg/day; Pfizer, Tadworth, UK) or matching placebo and,
simultaneously, to omega-3 EE90 (Omacor, 2 g/day; Pronova
BioPharma Norge AS, Lysaker, Norway) or matching placebo
(olive oil, 2 g/day, Pronova BioPharma Norge AS). Omega-3
EE90 capsules contained 46% eicosapentaenoic acid and 38%
docosahexaenoic acid. Patients and study staff weremasked to
studymedication group assignment and patients were asked to
swallow capsules whole to avoid unmasking. Lipid profiles
were measured at entry and at 4 months, with CVD risks
estimated using the UK Prospective Diabetes Study (UKPDS)
risk engine.[21, 22]

Biochemical and clinical assessments Ambient-temperature
plasma samples were mailed overnight to the DTU laboratory,
which has clinical pathology accreditation and participates in
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the UK National External Quality Assessment Scheme
(Wolfson EQA Laboratory, Birmingham, UK) and the Welsh
External Quality Assessment Scheme (Quality Laboratory,
Cardiff and Vale NHS Trust, Cardiff, UK). HbA1c was
measured by high-performance liquid chromatography
(Bio-Rad Variant II Automated Glycosylated Hemoglobin
Analyzer, Bio-Rad Laboratories, Hemel Hempstead, UK),
normal range 4.5–6.2%, and certified by the National
Glycohaemoglobin Standardisation Programme [23]. Other
biochemical analyses were performed on an Olympus
AU400 automated chemistry analyser (Olympus Optical,
Southall, UK). Total cholesterol was measured by an
enzymatic colorimetric endpoint method (CHOD-PAP meth-
od) using cholesterol oxidase and esterase and a peroxidase-
catalysed reaction for production of quinoneimine. LDL-C
was measured directly using a Genzyme kit (Biostat,
Stockport, UK) with lipoproteins other than LDL disrupted
and removed enzymically. HDL-C was measured directly
with anti-human beta lipoprotein antibody to bind to
lipoproteins other than HDL-C (LDL-C, very-low-density-
lipoprotein-cholesterol and chylomicrons) using the Olym-
pus system HDL-C kit. Triacylglycerol was measured using
the enzymatic, colorimetric, GPO-PAP method with hydro-
lysis by lipases and quinoneimine as the indicator. Fasting
plasma glucose was measured by an enzymatic UV test
(hexokinase method) using hexokinase and glucose-6-
phosphate dehydrogenase for production of NADH.

Blood pressure was measured with an automated
sphygmomanometer (Omron 705CP-II, Omron Healthcare,
Kyoto, Japan). BMI was calculated as weight (kg) divided
by the square of the height (m).

Trial management The DTU co-ordinating centre had over-
all responsibility for the day-to-day conduct of AFORRD.
Pfizer supplied study medication, monitored clinical
centres and undertook adverse-event reporting. The DTU
trials management system (TMS) used an internet-based
electronic data capture platform (MACRO v3; Infermed,
London, UK) to collect study data. Patient question-
naire data were double entered and laboratory results
transferred electronically to the TMS, which validated
entered data, tracked resolution of discrepancies, moni-
tored protocol compliance and audited study performance
metrics.

Endpoints At 4 months, the two prespecified co-primary
endpoints were: (1) proportion of patients in the atorvastatin
arm achieving LDL-C levels <2.6 mmol/l, irrespective of their
omega-3 EE90 allocation; (2) proportion of patients in the
omega-3 EE90 arm achieving triacylglycerol <1.5 mmol/l,
irrespective of their atorvastatin allocation. A pre-specified
secondary endpoint for both arms was the proportion of
patients with an estimated 10 year CVD risk <20%.

Sample size Sample-size calculations assumed atorvastatin
20 mg/day would reduce LDL-cholesterol by 35%, com-
pared with 6% for placebo, irrespective of omega-3 EE90
allocation. It was anticipated from a population thought
representative of those to be studied that 69.3% and 22.5%,
respectively, would achieve LDL-C <2.6 mmol/l. A total of
800 participants were randomised: this ensured that there
were 704 evaluable patients, allowing for a maximum 12%
loss to follow-up to give >99% power (α=5%) to detect an
anticipated 46.8% difference in proportions (95% CI 41.3–
52.3%).

Sample size calculations for omega-3 EE90 assumed that
2 g/day would reduce triacylglycerol levels by 15%, compared
with no change for placebo, irrespective of atorvastatin
allocation. It was anticipated that 61.2% and 49.5% of patients,
respectively, would achieve triacylglycerol <1.5 mmol/l,
giving 92% power (α=5%) to detect an anticipated 11.7%
difference in proportions (95% CI 5.6–17.8%) with 704
evaluable patients.

Statistical analysis Demographic and clinical data were
summarised for screened and randomised patients using
appropriate measures of central tendency and dispersion or
number (%). The χ2 and Wilcoxon tests were used for
categorical and continuous variables respectively to compare
between-group differences. Ten year CVD risk was estimat-
ed from age, duration of diagnosed diabetes, sex, self-
reported ethnicity, smoking status, HbA1c, systolic BP and
total cholesterol to HDL-C ratio using the UKPDS risk
engine [21, 22]. Adherence to study medication was defined
as a returned tablet count commensurate with 80–120% of
those dispensed. Between-group risk-factor levels were
compared for patients with LDL-C above and below 2.6
mmol/l, and above and below 2.0 mmol/l, and for those with
and without the metabolic syndrome (National Cholesterol
Education Program Third Adult Treatment Panel criteria
[24]). Possible study medication interaction effects were
sought using a general linear model for LDL-C and a
generalised linear model (γ distribution) for positively
skewed triacylglycerol. Statistical analyses used SAS 9.1.3
(SAS Institute, Cary, NC, USA).

Results

General practices The 59 practices had 589,091 registered
type 2 diabetic patients whose clinical characteristics did
not differ significantly from patients registered with English
general practices as a whole. Quality and Outcomes
Framework returns showed similar mean (±1SD) propor-
tions of their patients to have HbA1c values <10% (90.6±
5.4% vs 88.6±5.4%) and <7.5% (60.1±8.4%vs 58.7±12.1%),
and total cholesterol values <5.0 mmol/l (72.0±8.4% vs
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71.3±11.9%). Patient enrolment data were monitored in
25 practices who approached 70.4% of their patients with
type 2 diabetes who were not on lipid-lowering therapy
and had no history of a CVD event. Of these patients,
54% returned expressions of interest of whom 90% were
invited to attend an AFORRD screening visit. Forty-six
per cent did not reply or were unwilling to participate.
Of 883 screened patients, 83 were excluded, mainly
because of elevated ALT (22.9%), triacylglycerol (4.8%)
and/or HbA1c (30.1%) values (Fig. 1). These patients
differed from the 800 randomised patients (Table 1)
otherwise only in that the mean age was 6 years younger
(p<0.001) and there was a higher prevalence of smokers
(23.2% vs 11.9%).

Randomised patients The 800 randomised patients had mean
age 63.5±11.7 years, HbA1c 6.9±1.1%, blood pressure
138/78±16/9 mmHg, LDL-C 3.2±0.8 mmol/l, HDL-C 1.2±
0.3 mmol/l, body mass index 30.8±6.2 kg/m2 and waist
circumference 103±14 cm (Table 1). Median (interquartile
range [IQR]) triacylglycerol was 1.5 (1.1–2.2) mmol/l,
duration of known diabetes was 4 (2–8) years; 90% were
white and 57% were men. The number of patients rando-

mised per practice ranged from two to 56. There were no
statistically significant between-group baseline differences.

At entry, median estimated 10 year CVD risk was 29.7% for
all patients, 36.4% for men and 21.9% for women (Table 1).
Overall, 74.1% of patients had an estimated 10 year CVD risk
≥20% (87.1% of men, 56.5% of women) and 94.4% had risk
≥10% (98.9% of men, 88.2% of women). The distribution of
estimated 10 year CVD risks was similar whether patients had
LDL-C above or below 2.6 mmol/l and whether they had, or
did not have, metabolic syndrome. Of the 22.1% patients with
LDL-C <2.6 mmol/l, 72.3% (82.5% of men, 47.1% of
women) had estimated 10 year CVD risks ≥20%. Of the
25.8% patients without metabolic syndrome, 69.9% (79.3% of
men, 47.5% of women) had estimated 10 year CVD risks
≥20%. Comparison of demographic, clinical and biochemical
data for those with LDL-C above or below 2.6 mmol/l and for
those with or without metabolic syndrome revealed few
differences beyond the criteria used to distinguish them. There
were 732 patients with the requisite 4 month data for post-
interventional atorvastatin and omega-3 EE90 analyses.
Antihypertensive therapies did not change between baseline
and 4 months in these patients and none received open-label
lipid-lowering therapies.

People registered in 59 general practices
(n=589,021)

People with type 2 diabetes
(n=15,214)

People screened
(n=883)

Randomised
(n=800)

Excluded (n=83)
- Unwilling to participate (n=35)
- HbA1c >10% (n=25)
- Elevated ALT (n=19)
- Triacylglycerol >8 mmol/l (n=4)

Atorvastatin and
omega-3 EE90

(n=200)

Atorvastatin and
placebo
(n=201)

Omega-3 EE90
and placebo

(n=197)

Placebo
and placebo

(n=202)

Analysed (n=188)
- Missing data (n=1)

Analysed (n=183)
- Missing data (n=2)

Analysed (n=183)
- Missing data (n=2)

Analysed (n=178)
- Missing data (n=8)

Lost to follow-up (n=12)
- Withdrew consent (n=4)
- Adverse event (n=6)
- Died (n=1)

Lost to follow-up (n=18)
- Withdrew consent (n=7)
- Adverse event (n=9)

Lost to follow-up (n=14)
- Withdrew consent (n=8)
- Adverse event (n=4)

Lost to follow-up (n=24)
- Withdrew consent (n=3)
- Adverse event (n=13)

Fig. 1 Flow chart for study
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Atorvastatin intervention At 4 months, adherence to atorvas-
tatin study medication was 91.8%. More patients in the
atorvastatin group (n=371) than the placebo group (n=361)
achieved LDL-C <2.6 mmol/l (91% vs 24%, p<0.0001),
triacylglycerol <1.5 mmol/l (71% vs 55%, p<0.0001) and
estimated 10 year CVD risk <20% (38% vs 26%, p<0.0001;
Table 2). Corresponding proportions achieving LDL-C
<2.0 mmol/l were 70.1% vs 6.6% (p<0.0001).

Mean reductions (relative to placebo) were: LDL-C
1.4 mmol/l (44%, p<0.0001); triacylglycerol 0.44 mmol/
l (21%, p<0.0001); and estimated 10 year CVD risk 6.7%
(21%, p<0.0001; Table 2, Fig. 2a). There were also mean
reductions in total cholesterol of 1.6 mmol/l (32%, p<0.001),
systolic blood pressure 4.3 mmHg (3%, p=0.0002) and
diastolic blood pressure 1.5 mmHg (2%, p=0.008), but there
was an increase in HbA1c of 0.3% (4%, p<0.0001).

Table 1 Demographic, clinical and biochemical characteristics of all randomised and screen-fail patients, and for randomised patients according
to their two-by-two study medication allocation

Characteristic All randomised
patients

Screen-fail
patients

p value Atorvastatin and
omega-3 EE90

Atorvastatin
and placebo

Omega-3 EE90
and placebo

Placebo
and placebo

n 800 83 200 201 197 202
Men 459 (57%) 45 (54%) 0.58 109 (55%) 122 (61%) 111 (56%) 117 (58%)
White 723 (90.4%) 70 (84.3%) 0.001 182 (91%) 184 (92%) 179 (91%) 178 (88%)
Duration known
diabetes (years)

4 (2–8) 5 (2–8) 0.52 4 (2–7) 4 (2–9) 4 (2–8) 4 (2–8)

Self-reported
alcohol use

490 (61%) 53 (64%) 0.81 120 (24.5%) 118 (24.1%) 119 (24.3%) 133 (27.1%)

Alcohol intake
(units/week)

5 (2–10) 5 (2–9) 0.61 5 (2–12) 5 (2–10) 4 (2–12) 4 (2–10)

Smoking 0.014
Current smoker 95 (11.9%) 19 (23.2%) 17 (8.5%) 28 (13.9%) 30 (15.2%) 20 (9.9%)
Ex-smoker 354 (44.3%) 33 (40.2%) 87 (43.5%) 90 (44.8%) 85 (43.1%) 92 (45.5%)
Never smoked 351 (43.9%) 30 (36.6%) 96 (48%) 83 (41.3%) 82 (41.6%) 90 (44.6%)

Atrial fibrillation 9 (1.1%) 1 (1.2%) 0.94 1 (0.5%) 3 (1.5%) 1 (0.5%) 4 (2%)
Age (years) 64 (56–72) 58 (49–68) <0.001 63 (57–72) 64 (55–72) 64 (55.5–72) 65 (57–73)
Body weight (kg) 87.7 (19.1) 91.0 (19.7) 0.12 87.5 (20.6) 88.4 (18.6) 87.8 (18.6) 87.3 (18.5)
Body mass index
(kg/m2)

30.8 (6.2) 32.2 (6.9) 0.09 30.8 (6.6) 30.9 (6.0) 30.8 (6.5) 30.6 (5.8)

Waist circumference
(cm)

103 (14) 106 (16) 0.06 103.3 (15.8) 103.2 (13.8) 103 (13.7) 103 (12.9)

HbA1c (%) 6.9 (1.1) 9.0 (2.6) <0.001 6.9 (1.1) 7.1 (1.0) 7.0 (1.1) 7 (1.0)
Systolic blood pressure
(mmHg)

138.4 (15.5) 137.9 (15.2) 0.004 138.8 (15.5) 139.4 (14.8) 135.7 (15.5) 139.8 (15.9)

Diastolic blood pressure
(mmHg)

77.8 (9.3) 82.0 (9.7) 0.52 77.4 (9.9) 78.2 (9.2) 76.9 (8.9) 78.8 (9.2)

Total cholesterol
(mmol/l)

5.0 (0.9) 5.3 (1.4) 0.12 5.1 (0.9) 5.0 (0.9) 5.0 (0.8) 5.0 (1)

LDL-C (mmol/l) 3.2 (0.8) 3.2 (0.8) 0.91 3.3 (0.8) 3.2 (0.70 3.1 (0.7) 3.1 (0.8)
HDL-C men (mmol/l) 1.1 (0.3) 1.0 (0.3) 0.67 1.1 (0.2) 1.1 (0.2) 1.1 (0.3) 1.1 (0.3)
HDL-C women (mmol/l) 1.2 (0.3) 1.2 (0.3) 0.69 1.2 (0.3) 1.3 (0.2) 1.2 (0.3) 1.2 (0.3)
Total cholesterol/HDL-C
ratio

4.5 (1.0) 5.1 (2.2) 0.023 4.6 (1.0) 4.5 (1.0) 4.4 (1.1) 4.5 (1.1)

Triacylglycerol (mmol/l) 1.5 (1.1–2.2) 1.7 (1.2–2.9) 0.021 1.6 (1.1–2.1) 1.5 (1.1–2.3) 1.5 (1.0–2.2) 1.5 (1.2–2.2)
Alanine aminotransferase
(U/l)

26 (19–37) 43 (25–79) <0.001 27 (20–38) 27 (20–37) 26 (19–37) 26 (19–38)

Creatine kinase (U/l) 87 (59–27) 96 (69–147) 0.08 86 (54–123) 90 (63–136) 89 (61–127) 85 (59–126)
Estimated 10 year CVD
risk (%)
All patients 29.7 (19.4–43.2) 25.3 (15.5–36.1) 0.025 29 (19.0–43.8) 31.5 (20.4–45.2) 28.0 (18.5–39.6) 31.3 (20.1–44.2)
Men 36.4 (26.1–48.4) 31 (19.2–43.1) 0.046 36.4 (27.0–49.6) 38.7 (25.9–48.6) 34.0 (22.2–45.3) 37.6 (26.3–50.2)
Women 21.9 (14.2–32.3) 19 (11.8–29.7) 0.32 20.9 (12.5–29.5) 20.9 (14.5–32.9) 22.5 (15.2–30.9) 23.4 (13.7–33.7)

Data are presented as n (%), mean (SD) or median (interquartile range); p values are for comparisons between randomised and screen-fail patients
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Omega-3 EE90 intervention At 4 months, adherence to
omega-3 EE90 study medication was 91.3%. No difference
was seen in the proportion of patients between the omega-3
EE90 group (n=371) and the placebo group (n=361) who
achieved LDL-C <2.6 mmol/l (58% vs 57%, p=0.87);
similarly, no differences were seen in the proportions who
achieved triacylglycerol <1.5 mmol/l (65% vs 60%, p=0.18)
or estimated 10 year CVD risk <20% (34% vs 30%, p=0.18;
Table 2).

There was a mean reduction (relative to placebo) in tri-
acylglycerol of 0.09mmol/l (5.6%, p=0.003) but no significant
changes in LDL-C, estimated 10 year CVD risk, total
cholesterol, systolic or diastolic blood pressure or HbA1c

(Table 2, Fig. 2b).

Study medication interaction effects No statistical interac-
tions were observed between atorvastatin and omega-3 EE90
with regard to changes in LDL-C (p=0.28), triacylglycerol
(p=0.13) or estimated 10 year CVD risk (p=0.09).

Safety data There were no deaths or episodes of myositis or
rhabdomyolysis, and the numbers of serious or non-serious
adverse events reported did not differ between groups (Table 3).
In the omega-3 EE90 arm there was a mean 2.3 U/l increase
in ALT (p=0.012), relative to placebo, but no significant
difference in creatine kinase. In the atorvastatin arm there
was a mean 1.5 U/l increase in alanine aminotransferase
(p=0.0014) and 3.7U/l increase in creatine kinase (p=0.0138),
relative to placebo.

Table 2 Proportion of patients achieving endpoints in terms of LDL-C, triacylglycerol and estimated CVD risk

Atorvastatin arm Omega-3 EE90 arm

Assessment
at 4 months

Atorvastatin ± omega-3
EE90 (n=371)

Placebo ± omega-3
EE90 (n=361)

p value Omega-3 EE90 ±
atorvastatin (n=371)

Placebo ±
atorvastatin (n=361)

p value

Proportion achieving
LDL-C ≤2.6 mmol/l 90.8% 23.5% <0.001 58.0% 57.3% 0.87
Triacylglycerol
<1.5 mmol/l

70.6% 54.8% <0.001 65.2% 60.4% 0.18

Estimated 10 year CVD
risk <20%

38.1% 25.8% <0.001 34.3% 29.6% 0.18

Estimated 10 year
CVD risk
All patients −6.75 (−7.38, −6.12) −0.05 (−0.65, 0.55) <0.001 −3.45 (−4.11, 2.80) −3.42 (−4.18, 2.66) 0.61
Men −7.68 (−8.58, −6.78) −0.21 (−0.94, 0.53) <0.001 −3.68 (−4.64, −2.71) −4.40 (−5.38, −3.42) 0.17
Women −5.14 (−6.19, −4.62) 0.16 (−0.85, 1.16) <0.001 −3.16 (−3.99, −2.33) −1.94 (−3.11, −0.75) 0.16

Proportion with
CVD risk
≥10%
All patients 89.7% 94.7% 0.012 83.2% 91.1% 0.29
Men 97.2% 99.0% 0.18 99.5% 96.8% 0.038
Women 78.9% 89.0% 0.016 85.3% 82.6% 0.53

≥20%
All patients 61.9% 74.2% <0.001 65.7% 70.4% 0.18
Men 78.9% 84.5% 0.14 80.2% 82.9% 0.46
Women 37.5% 60.6% <0.001 47.2% 51.4% 0.46

Mean change from
baseline
Total cholesterol
(mmol/l)

−1.64 (−1.71, −1.56) −0.01 (−0.07, 0.05) <0.001 −0.83 (−0.95, −0.72) −0.83 (−0.94, −0.73) 0.99

LDL-C (mmol/l) −1.41 (−1.48, −1.35) −0.01 (−0.06, 0.04) <0.001 −0.74 (−0.83, −0.64) −0.71 (−0.79, −0.62) 0.82
HDL-C (mmol/l) −0.05 (−0.07, −0.04) 0.01 (−0.01, 0.03) <0.001 −0.01 (−0.03, 0.00) −0.03 (−0.05, −0.02) 0.082
Triacylglycerol
(mmo/l)

−0.46 (−0.53, −0.40) −0.02 (−0.09, 0.06) <0.001 −0.29 (−0.37, −0.21) −0.20 (−0.27, −0.13) 0.003

Systolic blood pressure
(mmHg)

−0.99 (−2.50, 0.52) 3.32 (1.66, 4.98) 0.0002 1.33 (−0.25, 2.90) 0.94 (−0.70, 2.60) 0.83

Diastolic blood pressure
(mmHg)

0.38 (−0.46, 1.23) 1.90 (1.03, 2.78) 0.008 1.43 (0.60, 2.30) 0.83 (−0.01, 1.70) 0.34

HbA1c (%) 0.37 (0.30, 0.45) 0.09 (0.02, 0.16) <0.001 0.24 (0.17, 0.32) 0.22 (0.15, 0.29) 0.62

Data presented are mean (95% CI) change at 4 months from randomisation in clinical variables and CVD-risk estimates by treatment group;
p values are based on non-parametric tests
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Discussion

This trial showed that most patients with type 2 diabetes of
short duration and without overt CVD in primary care are at
high risk of CVD. Despite recruiting patients not consid-
ered by their general practitioner to meet the then current
indications for statin treatment, we found 74% to be at high
estimated 10 year CVD risk (≥20%) and 94% to be at
moderate to high risk (≥10%). Treatment with atorvastatin
20 mg/day for 4 months resulted in highly significant relative

reductions in LDL-C (44%) and triacylglycerol (21%),
together with small but significant reductions in both systolic
and diastolic blood pressure and a 21% relative reduction in
10 year CVD risk. Nevertheless, despite statin therapy, most
patients remained at high residual CVD risk, with 62% having
an estimated 10 year CVD risk ≥20%. This degree of
untreated risk suggests that lipid-lowering drug therapy needs
to be intensified and that other cardioprotective interventions
are required. In this study, however, 4 months’ treatment with
omega-3 EE90 2 g/day did not demonstrate any significant
improvements in lipid, lipoproteins, blood pressure or
estimated CVD risk.

AFORRD was a multi-centre, rigorously designed and
conducted, randomised, placebo-controlled, two-by-two fac-
torial trial. Patients were recruited exclusively from primary
care to avoid potential selection bias associated with second-
ary-care recruitment. Unlike most clinical outcome trials of
statin therapy in type 2 diabetes, there was no placebo or active
run-in period that could have complicated assessment of
tolerability and therapy compliance with an observed study
medication adherence of 92%. Clinical measurements, includ-
ing blood pressure, were carefully standardised [25]. CVD risk
was assessed using the UK Prospective Diabetes Study risk
engine [22], which provides more accurate risk assessments
for patients with diabetes than the Framingham study risk
equation [26], and has been validated using Collaborative
Atorvastatin Diabetes Study (CARDS) data [27]. A potential
limitation, in common with other risk equations, is that it was
not designed specifically to assess the impact of changes in
risk factors on CVD risk. The 21% estimated relative CVD
risk reduction observed was, however, consistent with
the Cholesterol Treatment Trialist Collaborators’ (CTTC)
systematic prospective meta-analysis [28] that reported
cholesterol-lowering treatment efficacy in 90,056 participants
(18,686 with diabetes) in 14 randomised trials of statins.
Overall, the CTTC showed a 21% reduction (95% CI 16–
26%) in major vascular events per 1.0 mmol/l reduction in
LDL-C in diabetic patients. Since our observed LDL-C
reduction was 1.4 mmol/l, the observed 21% estimated
relative CVD risk reduction may underestimate the potential
benefit of treatment.

The effects of atorvastatin on lipid and lipoprotein
concentrations were consistent with previous findings. A
meta-analysis of 164 short-term statin trials reported a 43%
reduction in LDL-C with atorvastatin 20 mg/day, compared
with the 44% reduction we observed [29]. The 21%
reduction in triacylglycerol concentration was similar to
the 19% reduction reported with atorvastatin 10 mg/day by
CARDS in patients with type 2 diabetes [7]. However, the
4.3 mmHg systolic and 1.6 mmHg reduction in diastolic
blood pressure was unexpected. There is limited short-term
trial evidence that atorvastatin treatment may reduce blood
pressure in hypertensive and dyslipidaemic patients [30–33],

Fig. 2 Mean percentage change, from baseline to 4 months, in systolic
blood pressure (SBP), diastolic blood pressure (DBP), total cholesterol
(Total-C), LDL-C, HDL-C, triacylglycerol, HbA1c and estimated 10 year
CVD risk (eCVD risk) in (a) patients allocated to atorvastatin (black) or
placebo (white), irrespective of their omega-3 EE90 allocation; and
(b) patients allocated to omega-3 EE90 (black) or placebo (white),
irrespective of their atorvastatin allocation. Baseline values for SBP,
DBP, Total-C, LDL-C, HDL-C, triacylglycerol, HbA1c and eCVD risk:
a 139mmHg, 78mmHg, 5.1mmol/l, 3.2mmol/l, 1.15mmol/l, 1.5mmol/l,
7.0% and 30%, respectively; b 137 mmHg, 77 mmHg, 5.0 mmol/l,
3.2 mmol/l, 1.16 mmol/l, 1.5 mmol/l, 6.9%, 29%. Percentage change
in SBP, DBP, Total-C, LDL-C, HDL-C, triacylglycerol, HbA1c and
eCVD risk: a −3 (p=0.0002), −2 (p=0.008), −32 (p<0.0001), −44
(p<0.0001), −6 (p<0.0001), −21 (p<0.0001), +4 (p<0.0001), −21
(p<0.0001); b +0.5 (p=0.83), +0.7 (p=0.33), +0.3 (p=0.93), 0.0
(p=0.82), +1.4 (p=0.08), −5.6 (p=0.003), 0.0 (p=0.62), −0.2 (p=0.6)

56 Diabetologia (2009) 52:50–59



possibly by improving endothelium-dependent vascular func-
tion [34]. A single uncontrolled trial [35] in patients with
type 2 diabetes showed a 10 mmHg reduction in diastolic
blood pressure, but this may partly be explained by
habituation and regression to the mean. Equally, although
our results were based on a rigorously conducted short-term
trial, we cannot exclude the possibility that they are due to
chance. Unfortunately, longer-term outcome trials are not
particularly helpful in assessing the possible impact of
atorvastatin on blood pressure since they are likely to be
confounded by the introduction and uptitration of antihyper-
tensive agents during their time course. Antihypertensive
therapies did not change in AFORRD between baseline and
4 months, so our results provide an unconfounded assess-
ment of the short-term impact of atorvastatin on both blood
pressure and glycaemic control.

No consistent relationship between atorvastatin treatment
and changes in glycated haemoglobin or other glycaemic
measure has been reported in short-term trials that have
examined the efficacy and safety of statin therapy in diabetic
patients [30, 36–39]. These small studies, however, did not
have the statistical power to identify HbA1c changes as small
as the 0.3% increase observed in AFORRD. In longer-term
outcome trials, increases in antihyperglycaemic agents may
mask any small atorvastatin-associated glycaemic changes.
Nevertheless, in CARDS, which involved 2838 patients, the
mean HbA1c was 0.1% higher (p<0.05) after 4 years of
treatment with atorvastatin 10 mg/day compared with
placebo and the prevalence of insulin therapy alone, or in
combination with oral antihyperglycaemic agents, was 2%
higher in the group receiving atorvastatin compared with the
group receiving placebo by the end of the trial.[7] In the
Atorvastatin Study for Prevention of coronary heart disease
ENdpoints in non-insulin dependent diabetes mellitus (AS-
PEN) trial, both atorvastatin 10 mg/day and placebo were
associated with an increase in HbA1c of 0.2%, but
interpretation of these findings is complicated by the high

statin drop-in therapy rate in the placebo group [40]. In the
Pravastatin or Atorvastatin Evaluation and Infection Thera-
py-Thrombolysis in Myocardial Infarction 22 (PROVE IT
TIMI 22) sub-study, among 3,382 patients without pre-
existing diabetes, HbA1c increased over a median of 2 years
by 0.12±1.41% among those randomised to pravastatin
40 mg/day, and by 0.30±0.56% among those randomised to
atorvastatin 80 mg/day (p<0.0001) [41]. Although it is not
possible to conclude definitively that atorvastatin treatment is
associated with a deterioration in glycaemic control, and
there is no known mechanism that might explain this, our
findings and the evidence from other large-scale clinical
trials suggest that use of atorvastatin may be associated with
a small deterioration in glycaemic control. Nevertheless,
such an effect would be more than offset by a substantial
reduction, of more than one-third, in CVD risk [7].

The lack of effect of omega-3 EE90 2 g/day on total
cholesterol, HDL-C and LDL-C is consistent with the results of
our recent meta-analysis examining the effect of non-dietary
supplementation with omega-3 PUFA on lipids and lipopro-
teins in 18 trials involving a total of up to 999 patients with
type 2 diabetes [17]. However, the small but statistically sig-
nificant reduction in triacylglycerol of 0.09 mmol/l (5.6%) in
AFORRD was substantially less than the 0.46 mmol/l (95%
CI 0.33–0.59) reduction shown in the meta-analysis. This
may be because the median fasting triacylglycerol in
AFORRD patients at entry was only modestly elevated at
1.5 mmol/l and triacylglycerol lowering is greater with higher
baseline levels. As triacylglycerol lowering appears to be dose
dependent, with up to a 30% reduction reported in hyper-
triacylglycerolaemic patients given omega-3 EE90 4 g/day
daily [42], the 2 g/day dose used in AFORRD may have been
too small. On the other hand, putative cardioprotective
mechanisms other than triacylglycerol lowering may explain
the post-myocardial infarction mortality risk reduction ob-
served in non-diabetic patients in the Gruppo Italiano per lo
Studio della Streptochinasi nell’Infarto Miocardico (GISSI)

Table 3 Numbers of serious adverse events and adverse events that occurred in more than 5% of patients in any study group

Events All Atorvastatin and omega-3
EE90 (n=200)

Atorvastatin and
placebo (n=201)

Omega-3 EE90 and
placebo (n=197)

Placebo and
placebo (n=202)

Overall
p value

Serious adverse 87 34 15 20 18 0.082
Adverse
Lower respiratory
tract infection

57 13 18 14 12 0.67

Cough 54 12 13 15 14 0.93
Back pain 47 14 13 10 10 0.77
Diabetes mellitus
inadequate control

47 12 15 12 8 0.52

Diarrhoea 47 15 8 9 15 0.29
Pain in extremity 44 12 12 11 9 0.89
Urinary tract infection 44 14 11 7 12 0.50
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Prevenzione trial [43] and the hypercholesterolaemic patients
in the Japan Eicosapentaenoic acid Lipid Intervention Study
(JELIS) trial [44]. These include anti-arrhythmic, haemostatic
and anti-inflammatory effects and blood-pressure lowering
[45]. AFORRD showed no change in systolic or diastolic
blood pressure, but in our meta-analysis, omega-3 PUFA
supplementation decreased diastolic blood pressure by 1.8
mmHg in patients with diabetes, with no effect on systolic
blood pressure [18]. Blood-pressure reduction with omega-3
PUFA appears to be dose-dependent [46] and again the
omega-3 EE90 2 g/day dose used in AFORRD may have
been too small. The role of omega-3 EE90 in helping to
manage CVD risk in type 2 diabetes remains unclear [47], but
the results of two ongoing 10,000 patient clinical endpoint
trials, A Study of Cardiovascular Events iN Diabetes
(ASCEND) [48] and Outcome Reduction with Initial Glargine
Intervention (ORIGIN) [49], which are both using omega-3
EE90 1 g/day, may help to clarify it.

The AFORRD trial results have a number of important
implications for clinical practice. They show that most
patients in primary care with type 2 diabetes of short duration
without known CVD are at high CVD risk. Our findings
extend the evidence base for current clinical guidelines and
support their recommendations that all patients with type 2
diabetes aged 40 years or older should be treated with a statin,
unless there is a specific contraindication [8, 50]. AFORRD
found, however, that despite statin treatment, many patients
remain at high residual CVD risk and require additional
risk-reduction strategies, including intensification of lipid-
lowering drug therapy and the introduction of other cardio-
protective interventions.
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