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Abstract Aims/hypothesis: Insulin resistance is associated
with abnormalities in lipid and glucose metabolism, which
are major components of metabolic syndrome and risk
factors for vascular disease. This study examined the effect
of tesaglitazar (Galida), a novel, dual-acting peroxisome

proliferator-activated receptor α/γ agonist, on lipid and
glucose metabolism in patients with evidence of insulin
resistance. Methods: A 12-week, multicentre, randomised,
double-blind, placebo-controlled, dose-finding study com-
pared the efficacy and safety of oral tesaglitazar (0.1, 0.25,
0.5 and 1.0 mg/day) and placebo in 390 non-diabetic
patients with hypertriglyceridaemia (plasma triglyceride
concentration >1.7 mmol/l) and abdominal obesity (waist-
to-hip ratio >0.90 for men and >0.85 for women).
Results: A 1.0-mg dose of tesaglitazar reduced fasting
triglycerides (the primary endpoint) by 37% (95% CI:
−43% to −30%; p<0.0001), non-HDL-cholesterol by 15%
(95% CI: −20% to −10%; p<0.0001) and NEFA by 40%
(95% CI: −51% to −27%; p<0.0001), and increased HDL-
cholesterol by 16% (95% CI: 8 to −24%; p<0.0001). At
the end of treatment there was a dose-dependent increase
in patients with pattern A LDL particle diameter (40% at
baseline vs 87% at 12 weeks for tesaglitazar 1.0 mg).
Tesaglitazar produced significant reductions in fasting in-
sulin concentration (−35%; p<0.0001) and plasma glucose
concentration (−0.47 mmol/l; p<0.0001). Respiratory infec-
tion and gastrointestinal symptoms were the most common
adverse events and were similarly frequent in all groups.
Conclusions/interpretation: Tesaglitazar was well tolerated
and produced significant, dose-dependent improvements
in lipid and glucose metabolism and insulin sensitivity.
Tesaglitazar may have the potential to prevent vascular com-
plications and delay progression to diabetes in these patients.
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Introduction

Insulin resistance is a key underlying factor in a number
of metabolic abnormalities, including type 2 diabetes and
metabolic syndrome [1, 2]. Metabolic syndrome com-
prises a constellation of abnormalities, including abdom-
inal obesity, high blood pressure, high triglycerides, low
HDL-cholesterol and high fasting plasma glucose (FPG).
Typically, patients with metabolic syndrome are insulin-
resistant, have a highly atherogenic dyslipidaemic profile
[3], and most will eventually progress to type 2 diabetes
[4–6].

It is now recognised that insulin resistance and athero-
genic dyslipidaemia may exist and remain undiagnosed for
a number of years. Although some patients with metabolic
syndrome have a near-normal glucose profile, they are at
significantly increased risk of cardiovascular disease com-
pared with individuals without metabolic syndrome. In the
Finnish Botnia study, the risk of coronary heart disease was
increased 3-fold in patients with the metabolic syndrome
[7], and a US study reported a 2.4- and 5.9-fold greater risk
of coronary heart disease in men and women, respectively,
with clusters of three or more metabolic risk factors [8].
Among men with the metabolic syndrome, data from the
West of Scotland Coronary Prevention Study indicated a
3.7-fold increase in risk of coronary heart disease [9], and
the Kuopio Ischaemic Heart Disease Risk Factor Study
reported a 2.9- to 4.2-fold increase in the risk of cardio-
vascular mortality [10]. Among women with a history of
coronary heart disease, those with metabolic syndrome
were significantly more likely to experience myocardial
infarction, stroke or coronary death [11]. Without inter-
vention, these individuals usually have advanced athero-
sclerosis by the time diabetes is diagnosed.

At one time, diabetes mellitus was thought to be char-
acterised solely by impaired glucose metabolism. Although
the diagnosis of diabetes is still defined by fasting hyper-
glycaemia and/or blood glucose concentrations 2 h after an
oral glucose load, type 2 diabetes is increasingly seen as a
complex metabolic disorder in which abnormalities of lipid
metabolism precede the appearance of hyperglycaemia
[12]. The typical dyslipidaemia of type 2 diabetes com-
prises hypertriglyceridaemia, elevation of plasma NEFA,

altered LDL-cholesterol profiles and decreased HDL-cho-
lesterol [13].

Tesaglitazar (Galida) is a novel, dual-acting agonist of
peroxisome proliferator-activated receptor α/γ (PPARα/γ)
that has been shown to improve insulin resistance and
both glucose and lipid abnormalities in rodent models of
insulin resistance and diabetes [14]. Preliminary studies
in volunteers have shown that tesaglitazar is rapidly and
completely absorbed after oral dosing and has linear phar-
macokinetic properties, with an elimination half-life of be-
tween 38 and 59 h [15].

Our dose-finding study, the Study in Insulin Resistance
(SIR), examined the effect of tesaglitazar given once daily
on both lipid and glucose metabolism in individuals with
hypertriglyceridaemia and abdominal obesity, two of the
risk factors associated with the metabolic syndrome [16,
17]. Studies have shown that the majority of such indi-
viduals are insulin resistant and are likely to develop type 2
diabetes [18–20]. The primary endpoint was the change in
serum triglyceride after 12 weeks of treatment. Secondary
endpoints included changes in total cholesterol, HDL-cho-
lesterol and LDL-cholesterol, LDL particle size and con-
centration, NEFA, insulin, glucose and HbA1c.

Subjects, materials and methods

Ethical considerations

This study (SH-SBT-0001) was designed and carried out
according to the Declaration of Helsinki (version amended
October 2000) and local guidelines in participating coun-
tries. Appropriate institutional review boards approved the
research protocol and consent forms, and all patients gave
their written, informed consent before initiation of any trial
procedure.

Patients

This was a multicentre, randomised, double-blind, place-
bo-controlled, five-arm parallel-group, dose-finding study
(Fig. 1). Patients were outpatient men and women (either

Fig. 1 Design of study of
insulin resistance
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surgically sterile or who had their last menstruation more
than 12 months previously) over 30 years of age. All pa-
tients had fasting serum triglyceride concentrations of 1.7–
7.0 mmol/l (150–620 mg/dl) that varied by no more than
40% when tested 10 and 3 days before randomisation, and
waist-to-hip ratios >0.90 for men and >0.85 for women.

Patients were enrolled at a screening visit 7–9 weeks
before randomisation. Patients were excluded if they had
either fasting serum total cholesterol >8.0 mmol/l (309 mg/
dl) or serum creatinine >120 μmol/l. Patients with a history
of diabetes were excluded if they had FPG concentrations
>7.0 mmol/l (126 mg/dl) and if they had used insulin or
oral antidiabetic drugs within the 12 weeks before enrol-
ment. Patients were also excluded if they met any of the
following criteria: systolic blood pressure ≥170 mmHg
and/or diastolic blood pressure ≥100 mmHg; BMI>40;
history of ischaemic heart disease, asthma, liver disease,
endocrine disorder (except for controlled primary hypo-
thyroidism or isolated elevation of serum thyroid-stimulat-
ing hormone up to 1.5 times the upper reference limit),
pancreatitis, cancer, gout or psychiatric disorder; current
major disease as judged relevant by the investigator; con-
comitant use of lipid-lowering drugs and other drugs that
could affect efficacy variables; use of insulin or oral anti-
diabetic drugs within the 12 weeks before enrolment; al-
cohol or other substance abuse; or participation in a clinical
trial evaluating an investigational drug or blood donation
in the preceding 12 weeks. Patients were also excluded
from the study if on the day of randomisation they had an
FPG concentration of >7.0 mmol/l (126 mg/dl). Patient en-
rolment began in June 2000 and the last patient complet-
ed the study in May 2001.

Treatments

At enrolment, patients were given standardised advice
about diet and lifestyle (smoking, alcohol consumption
and physical activity) applicable to this group of individ-
uals. Patients began a 6-week, single-blind run-in period
during which they took one placebo tablet each morning.
At the end of this period, patients were randomised to one
of five treatments: placebo or 0.1, 0.25, 0.5 or 1.0 mg of
tesaglitazar, taken as a single tablet with water once each
morning after an overnight fast. Patients continued to take
the treatment for up to 86 days, after which they entered a
14-day follow-up period during which they took neither
placebo nor tesaglitazar.

Efficacy measures

Patients had assessments after an overnight fast, and at each
visit waist and hip circumference and weight were re-
corded. Blood samples were taken (before breakfast and
before patients took the study medication) and the fol-
lowing were determined: serum triglyceride, total choles-
terol and HDL-cholesterol, and plasma LDL-cholesterol,
LDL particle size and concentration, insulin, glucose and

HbA1c. In addition, fasting plasma NEFAwas measured in
a subpopulation of 176 patients.

Primary efficacy was compared between baseline and
after 12 weeks of treatment; another comparison was
made at the end of the final 2-week washout period. The
primary efficacy variable was change in fasting serum tri-
glyceride from baseline to the end of the 12-week treat-
ment period.

All variables except LDL concentration and particle size
were measured using standard laboratory procedures at the
central laboratory of each study centre. LDL concentration
and particle size were calculated by nuclear magnetic res-
onance (NMR) spectroscopy as previously described [21].

Derived variables

Non-HDL-cholesterol was calculated as total cholesterol
minus HDL-cholesterol and the triglyceride : HDL-choles-
terol ratio was determined. Insulin resistance was calcu-
lated using (1) the homeostasis model assessment: HOMA=
FPG×PI÷22.5, where FPG is in mmol/l and PI is plasma
insulin concentration in mIU/l. (Since insulin was mea-
sured in pmol/l, a correction factor of 1/7 was applied,
hence HOMA=FPG×PI÷157.5) [22]; and (2) the product
of fasting plasma insulin and fasting plasma NEFA (mea-
sured in the NEFA subpopulation of patients) [22].

Patients were classified as either LDL pattern A or pat-
tern B according to the distribution of lipoprotein particle
sizes. Patients with an average LDL particle size >20.5 nm
were classified as pattern A, and patients with an average
LDL particle size ≤20.5 nm were classified as pattern B.
VLDL particle size was also determined using the NMR
procedure.

Safety

Adverse events were recorded at each visit and were
classified according to a standardised dictionary derived
from the World Health Organization’s Adverse Reactions
Terminology dictionary [23]. Venous blood samples were
drawn before breakfast and intake of study medication, and
after 3 min of supine rest at 2- to 4-week intervals through-
out the study period. Laboratory values assessed from
blood samples in the safety screening included erythrocyte
sedimentation rate, counts of white blood cells, differential
white blood cells, platelets, red blood cells, and reticu-
locytes, haemoglobin concentration, mean cell haemoglo-
bin, and mean cell haemoglobin concentration. In addition,
serum aspartate aminotransferase, alanine aminotransfer-
ase, γ-glutamyl transferase, alkaline phosphatase, albumin,
total bilirubin, creatinine, haptoglobin, Na+, K+, Ca2+, free
serum thyroxine and serum thyroid-stimulating hormone
were measured.

Standard physical examinations were carried out and
resting ECGs recorded before the run-in period and again
at the end of treatment. Heart rate and blood pressure were
measured after 5 min supine rest, both before and on four
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occasions during the randomised phase of the study. Urine
samples for dipstick analysis of albumin, glucose and haem-
oglobin were collected in the morning at 2- to 4-week
intervals throughout the study period.

Statistical methods

Statistical analyses of efficacy were based on the intent-to-
treat (ITT) population. The ITT population included all
patients who took at least one dose of drug during the
double-blind treatment phase and who had some efficacy
data both at baseline and after randomisation. Missing data
at the end of the treatment period were imputed using the
last observation carried forward principle.

All efficacy variables except plasma glucose and HbA1c
were log-transformed before statistical testing; means are
therefore geometric. The change in fasting serum triglycer-
ides was analysed in a linear model using a fixed-effect
analysis of covariance with treatment and country as fac-
tors and the baseline value as covariate. Confidence inter-
vals are two-sided and Dunnett’s method was used to
maintain a simultaneous confidence level of 5%. The other
efficacy variables were analysed in a similar manner. Safe-
ty variables are presented using descriptive and summary
statistics.

To detect a difference of 15% in mean fasting serum
triglyceride between the tesaglitazar and placebo groups
from baseline to week 12, 50 patients were required to
complete each active treatment arm and 100 were required

to complete the placebo arm. The calculation was based
on a residual between-patient standard deviation of 0.24 for
the change from baseline in log serum triglycerides. The
significance level was set at a conservative 0.0125 to allow
for a Bonferroni correction for four primary comparisons.

Results

Of the 656 patients who were enrolled, 397 met the entry
criteria and were randomised into the study (Fig. 2). Seven
patients were not included in the ITT analysis because of
lack of efficacy data or because they received no study drug
during the double-blind period. After randomisation, 47
patients were withdrawn: most were withdrawn by inves-
tigators because of delays in the processing of blood sam-
ples – patients were randomised without final laboratory
results or were later found to have violated the inclusion/
exclusion criteria before randomisation. Ten patients with-
drew their consent. Similar numbers of patients were with-
drawn from each study group, and it is not likely that the
withdrawals affected the analysis. Although they did not
complete the study, these patients were included in the ITT
analysis.

Demographics

Baseline characteristics of the patients were not signifi-
cantly different between the treatment groups (Table 1).

Fig. 2 Flow chart of study of
insulin resistance. *Note that a
patient could have more than
one reason for being excluded
from analysis
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Over three-quarters of patients (77%) were male. Baseline
characteristics were similar for men and women, except
that the women were older (57 years vs 48 years for men).

Primary efficacy variable

Tesaglitazar produced significant dose-dependent reduc-
tions in fasting serum triglyceride (Fig. 3). Placebo-cor-
rected reductions for the 0.25, 0.5 and 1.0 mg doses of
tesaglitazar were −16% (95% CI: −24% to −7%; p<0.0001),
−27% (95% CI: −35% to −19%; p<0.0001) and −37%
(95% CI: −43% to −30%; p<0.0001), respectively. Serum
triglyceride concentrations declined over time up to 4
weeks, after which they remained stable until active drug
intake was stopped at 12 weeks. During the subsequent
2-week, drug-free follow-up, serum triglyceride concen-
trations increased towards baseline (data not shown).

Secondary efficacy variables: lipids

The two highest doses of tesaglitazar significantly in-
creased serum HDL-cholesterol. Placebo-corrected in-
creases of 11% (95% CI: 3–19%; p=0.003) and 16%

(95% CI: 8–24%; p<0.0001) were seen in the 0.5- and 1.0-
mg groups, respectively (Fig. 3). The triglyceride/HDL
ratio was also significantly reduced at all doses of tesag-
litazar. The greatest placebo-corrected reduction (48%) was
seen with the 1.0-mg dose of tesaglitazar (Table 2). Serum
non-HDL-cholesterol was significantly reduced in the two
highest tesaglitazar dose groups (Fig. 3). Tesaglitazar also
reduced serum total cholesterol, although only the highest
dose produced a statistically significant fall (8%, p<0.0001)
(Table 2). In addition, the ratio of plasma LDL-cholesterol/
plasma HDL-cholesterol fell in response to tesaglitazar
(Table 2).

A significant dose-dependent effect was seen in the
subpopulation in which fasting plasma NEFA was mea-
sured: tesaglitazar 1.0 mg produced a placebo-corrected
reduction of 40% (p<0.0001) in NEFA concentration after
12 weeks of treatment. Significant reductions were also
seen with the 0.25-mg (−18%, p=0.05) and 0.5-mg (−21%,
p=0.01) doses (Table 2).

There was a significant increase in the diameter of
plasma LDL particles in patients treated with tesaglitazar.
When patients were stratified according to the mean size of
their LDL particles, a dose-dependent increase in the num-
ber of patients with the less atherogenic pattern A (mean
diameter of LDL particles >20.5 nm) from approximately

Table 1 Baseline characteris-
tics of patients (ITT population)

Values are means (SD)

Placebo Tesaglitazar Total

0.1 mg 0.25 mg 0.5 mg 1.0 mg

n 137 60 70 58 65 390
Age (years) 50 (11) 52 (9) 49 (10) 51 (10) 51 (11) 50 (10)
Men/women 107/30 43/17 60/10 43/15 49/16 302/88
Previous diabetes diagnosis (n) 1 1 1 0 0 3
History of hypertension (%) 16 17 14 21 22 17
BMI (kg m2) 31 (4) 31 (4) 30 (4) 31 (4) 31 (4) 31 (4)
Waist-to-hip ratio 0.98 (0.07) 0.97 (0.07) 0.98 (0.06) 0.97 (0.06) 0.98 (0.08) 0.98 (0.07)
Serum triglyceride
(mmol/l) 3.0 (1.0) 3.2 (1.1) 2.9 (1.0) 2.8 (0.7) 2.9 (0.9) 3.0 (0.9)
(mg/dl) 270 (88) 280 (94) 252 (84) 247 (65) 259 (78) 270 (80)
Plasma insulin (pmol/l) 95 (68) 88 (40) 88 (50) 110 (69) 91 (49) 95 (59)

Fig. 3 Effect of tesaglitazar on
fasting serum triglycerides,
serum HDL-cholesterol and
serum total cholesterol (ITT
population). Placebo-corrected
changes from baseline with 95%
CIs. White bars, tesaglitazar
0.10 mg; striped bars,
tesaglitazar 0.25 mg; grey bars,
tesaglitazar 0.50 mg; dotted
bars, tesaglitazar 1.00 mg
*p<0.05; **p<0.0001; TG=tri-
glycerides; HDL-C=high-densi-
ty lipoprotein cholesterol
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40% at baseline to 87% after 12 weeks of treatment with
tesaglitazar 1.0 mg (Fig. 4) was found. Of the patients
receiving the 1.0-mg dose of tesaglitazar and who had
pattern B at start of treatment (n=38), 30 (∼79%) switched
to pattern A at the end of treatment. None of the patients in
the tesaglitazar 1.0-mg group switched from pattern A at
baseline to pattern B at the end of treatment. In comparison,
among patients on placebo who were pattern B at baseline
(n=82), 16 (∼20%) switched to pattern A and 25% (13/53)
of those who were pattern A at baseline switched to pat-
tern B.

Tesaglitazar also reduced plasma VLDL-cholesterol
concentration and VLDL particle size in a dose-dependent
manner (Table 2). At 12 weeks, treatment with 1.0 mg
tesaglitazar reduced VLDL-cholesterol concentration by
46% (p<0.0001) and mean VLDL particle size by 15%
(p<0.0001).

Secondary efficacy variables: insulin and glucose

All doses of tesaglitazar, except the lowest, significantly
reduced fasting insulin at 12 weeks. Tesaglitazar also pro-
duced significant reductions in the HOMA index at all

except the lowest dose tested (Fig. 5). Another useful index
of insulin resistance is the product of fasting plasma insu-
lin and fasting plasma NEFA. This index was assessed
in a subpopulation of 164 patients, in whom tesaglitazar
produced marked reductions at all doses except 0.1 mg
(Table 2).

Tesaglitazar had a clinically relevant effect on glucose
metabolism. Although patients had baseline plasma glu-
cose concentrations within the accepted normal reference
range, tesaglitazar significantly reduced FPG at all doses
except the lowest (Table 2). There were no statistically
significant changes in HbA1c measurements in any of the
study groups. Values at the end of treatment ranged from
5.81% to 5.90%.

Body weight (data not shown)

The two highest doses of tesaglitazar (0.5 and 1.0 mg)
produced small but significant increases in body weight:
placebo-corrected increases were 0.90 kg (p=0.03) and
0.96 kg (p=0.01), respectively. There were no changes in
waist-to-hip circumference ratios.

Table 2 Effect of tesaglitazar on secondary efficacy variables (ITT population)

Variable 0.1 mg 0.25 mg 0.5 mg 1.0 mg

Baseline
value

Placebo-corrected
change %
(95% CI)

Baseline
value

Placebo-corrected
change %
(95% CI)

Baseline
value

Placebo-corrected
change %
(95% CI)

Baseline
value

Placebo-corrected
change %
(95% CI)

NEFA (mmol/l) 0.52
(0.14)

−17 (−32 to 1) 0.53
(0.22)

−18 (−33 to 0) 0.48
(0.17)

−21 (−35
to −4)

0.50
(0.19)

−40
(−51 to −27)

Total cholesterol
(mmol/l) 6.18

(0.91)
−1 (−5 to 4) 6.20

(0.88)
−4 (−8 to 1) 6.03

(0.95)
−3 (−8 to 2) 5.94

(0.87)
−8 (−13 to −4)

(mg/dl) 239 (35) 240 (34) 233 (37) 230 (34)
LDL-cholesterol/
HDL-cholesterol

3.34
(0.98)

0 (−10 to 10) 3.90
(1.17)

−7 (−15 to 3) 3.77
(0.99)

−5 (−14 to 5) 3.66
(0.99)

−11 (−19 to −2)

TG/HDL-cholesterol 2.96
(1.44)

−15(−27 to −1) 2.63
(1.40)

−19
(−30 to −6)

2.49
(0.98)

−37
(−46 to −26)

3.01
(1.53)

−48
(−55 to −39)

VLDL-cholesterol
(mmol/l) 5.56

(2.09)
−11 (−24 to 4) 4.94

(2.04)
−20
(−31 to −8)

4.65
(1.86)

−35
(−44 to −23)

5.12
(1.86)

−46
(−53 to −37)

(mg/dl) 215 (81) 191 (79) 180 (72) 198 (72)
VLDL-particle
diameter (nm)

63 (13) −3 (−9 to 4) 59 (12) −7 (−13 to −1) 59 (11) −12
(−18 to −6)

60 (11) −15
(−21 to −9)

(Fasting insulin)*
(fasting NEFA)
(mmol*pmol/l2)

44 (22) −24 (−42 to 1) 49 (37) −31 (−48 to −8) 59 (46) −34
(−50 to −12)

48 (29) −62
(−72 to −50)

Fasting plasma
glucose
(mmol/l) 5.75

(0.55)
0.01
(−0.15 to 0.17)a

5.74
(0.56)

−0.20
(−0.35 to −0.05)a

5.65
(0.53)

−0.22
(−0.38 to −0.06)a

5.71
(0.58)

−0.47
(−0.63 to −0.31)a

(mg/dl) 104 (9.9) 0.2
(−2.7 to 3.1)

104
(10.2)

−3.6
(−6.4 to −0.9)

103 (9.6) −4.0 (−7.0
to −1.1)

104
(10.5)

−8.5
(−11 to −5.6)

Values are baseline means (SD) and placebo-corrected changes from baseline to 12 weeks (95% confidence interval)
aGlucose changes from baseline are expressed in mmol/l (mg/dl)
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Safety

The safety population comprised all patients who took at
least one dose of the drug during the double-blind treat-
ment period and for whom subsequent study information
was available. Overall, tesaglitazar was well tolerated by
this population. Two patients experienced severe adverse
events that were unrelated to the study medication: one in
the placebo group was hospitalised for severe mental de-
pression and one patient in the tesaglitazar 0.1-mg group
suffered a ruptured Achilles tendon. Six patients withdrew
from the study because of adverse events: one in the pla-
cebo group (iron and vitamin B12 deficiency, elevated
homocysteine), two in the tesaglitazar 1.0-mg group (sto-
mach pains and nausea, respectively) and one in each of
the other tesaglitazar dosage groups (0.25 mg, itching der-
matosis; 0.5 mg, bronchitis). In general, patients falling in-
to these adverse-event categories were evenly distributed

among the treatment groups, with no greater frequency in
the tesaglitazar groups than in the placebo group (Table 3).

The most frequently reported adverse event was respi-
ratory infection, reported by 16% of the placebo group and
12%, 7%, 16% and 11% of the tesaglitazar 0.1-, 0.25-, 0.5-
and 1.0-mg groups, respectively. Gastrointestinal symp-
toms were also commonly reported, but the frequency of
such symptoms was no higher in the active drug groups
than in the placebo group. Haematological adverse events,
such as anaemia, eosinophilia and thrombocytopaenia,
were uncommon and equally distributed across the placebo
and tesaglitazar groups.

Of the haematological laboratory values measured,
haemoglobin concentration showed small decreases in pa-
tients randomised to tesaglitazar, ranging from a mean (SD)
of 0.16 (0.39) mmol/l in the 0.1-mg group to 0.55 (0.46)

Fig. 5 Effect of tesaglitazar on
fasting plasma insulin concen-
tration and HOMA index, ITT
population. Placebo-corrected
changes from baseline with 95%
CIs. White bars, tesaglitazar
0.10 mg; striped bars,
tesaglitazar 0.25 mg; grey bars,
tesaglitazar 0.50 mg; dotted
bars, tesaglitazar 1.00 mg.
*p=0.05; **p≤0.01;
***p<0.0001. HOMA=homeo-
stasis model assessmen

Fig. 4 Distribution of plasma
LDL-cholesterol particles after
12 weeks’ treatment with
tesaglitazar, intent-to-treat
population. Grey bars, pattern A
>20.5 nm, less atherogenic;
black bars, pattern B ≤20.5 nm,
more atherogenic
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mmol/l in the 1.0-mg group. This was accompanied by
small dose-dependent reductions in haematocrit, ranging
from 0.006 (0.020) in the 0.1-mg group to 0.021 (0.025) in
the 1.0-mg group. Occasionally, patients were found to
have small reductions in their leukocyte counts. A total of
15 of 249 (6.0%) patients in the four tesaglitazar groups
with normal leukocyte counts at baseline had a leukocyte
count below the lower limit of normal (3.8×109/l) at some
time during the 12-week dosing period, compared with 7 of
134 (5.2%) in the placebo group. There was no change in
mean platelet count and no clinically relevant difference
between platelet counts in the different treatment groups.
There was no evidence that tesaglitazar caused any im-
pairment of liver function.

During the first month of the study after randomisation,
dose-dependent increases in mean serum creatinine con-
centrations were seen in patients randomised to tesag-
litazar, ranging from a mean (SD) of 1 (9) μmol/l in the
0.25-mg group to 8 (13) μmol/l in the 1.0-mg group. After
the first month, these changes stabilised and remained
constant for the remainder of the study period. The values
had all returned to normal by the end of the 2-week wash-
out period at the end of the study. There was no evidence
in this study that tesaglitazar caused proteinuria: U-albu-
min was unchanged.

There were no clinically relevant changes in heart rate
or pulse in any of the treatment groups during the study.
Although there were no clinically relevant changes in blood
pressure during the study, there was a trend towards a re-
duction in the tesaglitazar 1.0-mg group (systolic reduction
[SD]: 2 [15] mmHg; diastolic reduction: 1 [9] mmHg).
Isolated cases of oedema (one case in the placebo group
and one in each of the three lowest tesaglitazar dosage
groups) and left ventricular hypertrophy were reported (one
in each of the lowest two tesaglitazar dosage groups), but
there were no cases of cardiac failure. None of these ad-
verse events were considered by investigators to be due to
the study medication.

Discussion

These results show that tesaglitazar had significant dose-
dependent beneficial effects on the primary variable of
fasting serum triglycerides in an insulin-resistant, non-
diabetic population. Tesaglitazar also improved a range of

lipid variables (serum NEFA, HDL-cholesterol, non-HDL-
cholesterol, LDL particle size and VLDL-cholesterol), and
glucose variables (fasting insulin, FPG and insulin sen-
sitivity). The majority of the efficacy measures had not
returned to baseline by the end of the 2-week washout
period, and the drug was well tolerated over 12 weeks of
treatment.

This study was conducted in individuals with hyper-
triglyceridaemia and abdominal obesity because the major-
ity of such individuals are insulin resistant and these risk
factors are associated with metabolic syndrome [18, 19].
People with metabolic syndrome have a three-fold higher
cardiovascular risk than those without metabolic syndrome
[7–9], and are at high risk of developing type 2 diabetes
[4–6].

The dyslipidaemia typical of insulin resistance asso-
ciated with the metabolic syndrome and type 2 diabetes is
highly atherogenic and is a major factor in the increased
cardiovascular risk in this population. Such dyslipidaemia
was seen in the patients recruited into SIR and is charac-
terised by increased triglycerides and VLDL-cholesterol,
reduced HDL-cholesterol and a shift in the size of LDL
particles to small, dense LDL. The main drivers for many
of these lipid abnormalities are hypertriglyceridaemia and
insulin resistance [24] associated with NEFA overload.
Typically, LDL particles become smaller and denser as the
level of triglycerides rises. In this study, patients who re-
ceived tesaglitazar had improvements in all of the lipid
variables associated with diabetic dyslipidaemia, suggest-
ing that tesaglitazar may have an important role to play in
risk reduction.

The majority of type 2 diabetes patients have serum
triglyceride levels in the range that results in the formation
of small, dense LDL [13]. A particularly encouraging
finding from this study was the highly significant change
in the distribution of lipoprotein particle sizes towards the
larger, less atherogenic pattern A. Among patients who
received tesaglitazar 1.0 mg, 79% of those who had pattern
B at baseline had pattern A at the end of the 12-week
treatment period. All patients in this group with pattern
A at baseline retained the healthier pattern at the end of
the study. In contrast, 25% of patients receiving placebo
switched from pattern A to pattern B.

High non-HDL-cholesterol levels are an indicator of
vascular risk [25] and the National Cholesterol Education
Program Adult Treatment Panel III guidelines now spe-

Table 3 Summary of adverse
event (AE) categories during 12
weeks of treatment with tesa-
glitazar (ITT population)

Placebo Tesaglitazar

0.1 mg 0.25 mg 0.5 mg 1.0 mg

n 137 60 70 58 65
Number (%) of patients with
Any AE 75 (54.7) 39 (65.0) 36 (51.4) 39 (67.2) 39 (60.0)
Fatal serious AE 0 0 0 0 0
Non-fatal serious AE 1 (0.7) 1 (1.7) 0 0 0
Drug stopped due to AE 1 (0.7) 1 (1.7) 1 (1.4) 1 (1.7) 2 (3.1)
Dosage reduced due to AE 0 0 0 0 0
Total number of AEs recorded 178 78 73 89 64
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cifically recommend therapy in patients with hypertrigly-
ceridaemia [17]. Changes in non-HDL-cholesterol (i.e.
total cholesterol minus HDL-cholesterol) were evaluated in
SIR, and patients treated with the two highest doses of
tesaglitazar showed significant reductions in these levels.

Tesaglitazar is a dual-acting agonist of PPARα and
PPARγ. This combined activity should address the under-
lying abnormalities in both lipid and glucose handling
associated with a wide range of related conditions, includ-
ing insulin resistance, metabolic syndrome and type 2 di-
abetes. In the insulin-resistant population examined here,
tesaglitazar had a significant antihyperglycaemic effect. Al-
though the patients were not hyperglycaemic at baseline,
they did have fasting glucose levels in the upper part of
the normal reference range: mean fasting glucose concen-
trations ranged from 5.65 to 5.75 mmol/l at baseline. The
fasting plasma glucose concentration currently accepted as
a criterion for the diagnosis of diabetes is 7.0 mmol/l, and
individuals with concentrations of 6.1 to 6.9 mmol/l are
considered to have impaired fasting glucose [26].

It might be expected that a glucose-lowering effect
would be accompanied by a lowering of HbA1c. How-
ever, the patients in this study were not hyperglycaemic
and, as expected, had HbA1c levels in the normal reference
range. Any reductions would be expected to be small and
unlikely to be seen above random variations. HbA1c levels
ranged from 5.65% to 5.79% at baseline and from 5.81 to
5.90% after 12 weeks. (The normal reference range is 4.0 to
6.0%.) Furthermore, the duration of treatment was not
sufficient for full appreciation of the effects on HbA1c.

The development of clinical type 2 diabetes is almost
always preceded by hyperinsulinaemia, and it has been
suggested that hyperinsulinaemia is one of the pathologi-
cal features responsible for the increased cardiovascular
risk [27–29]. All the measures of insulin resistance inves-
tigated (fasting plasma insulin concentration, the HOMA
index, and the product of fasting plasma insulin and fast-
ing plasma NEFA) showed that tesaglitazar increased in-
sulin sensitivity. For example, tesaglitazar reduced the
elevated insulin levels in this study population, and the ef-
fect was statistically significant even at a dose of 0.25 mg
tesaglitazar per day.

There was a small increase in body weight in patients
who received tesaglitazar. The potential for the drug to
induce weight gain should be evaluated in further longer-
term clinical trials. However, it is possible that the PPARα
agonist component of tesaglitazar acts to counter weight
gain induced by stimulation of PPARγ, an effect that may
result from PPARα-induced lipid oxidation [30]. Similar to
results reported for PPARα agonists, such as fenofibrate,
an initial dose-dependent increase in serum creatinine was
observed that was reversible after the end of the study pe-
riod [31]. Despite these increases, the absolute values re-
mained within the normal ranges for adult men and women
(70–114 μmol/l for adult men; 53–88 μmol/l for adult
women).

Insulin resistance is believed to be the core defect of a
cluster of biochemical abnormalities: hyperinsulinaemia,

hyperglycaemia, hypertriglyceridaemia, low-HDL-choles-
terol and increased numbers of small, dense LDL particles
and hypertension. This study has shown that tesaglitazar
dose-dependently improves the abnormalities in lipid and
glucose metabolism in patients with insulin resistance and
dyslipidaemia. Because such insulin-resistant individuals
are likely to develop type 2 diabetes [18–20], tesaglitazar
may also have the potential to prevent vascular compli-
cations and delay progression to diabetes in this at-risk
patient group. Further studies involving larger groups of
patients should reveal the full effects of tesaglitazar.
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