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Abstract
Objective 

To determine the effect of pioglitazone plus metformin
or a sulphonylurea on lipoprotein particle size and
subclass distribution in patients with type 2 diabetes. 

Methods 
Lipid profiles were determined for blood samples from
patients participating in two randomised, double-blind,
24-week studies of pioglitazone 30 mg or 45 mg daily
plus either metformin or a sulphonylurea. 
Results 
Samples from 177 patients were evaluated; 96 of these
patients received a sulphonylurea, and 81 received met-
formin. Pioglitazone combination treatment produced
significant increases from baseline for average and peak
low-density lipoprotein (LDL) particle size at weeks 12
and 24 (p<0.0001 for each; range 0.29–0.39 nm for aver-
age and 0.36–0.55 nm for peak particle size, respective-
ly). Significant shifts in high-density lipoprotein (HDL)
and LDL distribution showed an increase in large parti-
cles and a decrease in small particles. For pioglitazone
plus metformin, significant increases in levels of
apolipoprotein (Apo) AI, Apo AI/AII-containing HDL, and
lipoprotein(a) also were noted, whereas Apo B levels
decreased. 
Conclusions 
These observed changes are thought to affect the athero-
genic profile positively. Therefore, pioglitazone combina-
tion treatment may lead to decreased cardiovascular risk
in patients with type 2 diabetes.
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Introduction 
Pioglitazone is a thiazolidinedione licensed in several coun-
tries as a treatment for type 2 diabetes, either as monother-
apy or in combination with other antidiabetic drugs.
Thiazolidinediones act via the peroxisome proliferator–acti-
vated receptor (PPAR) γ system. The PPAR system comprises
three known receptors (α, δ and γ) that regulate transcription
levels of numerous genes affecting lipid and glucose metab-
olism.1

In patients with type 2 diabetes, pioglitazone therapy
significantly reduces insulin resistance, thus improving
glycaemic control, and it also improves the serum lipid pro-
file.2 The latter effect is of particular interest because patients
with type 2 diabetes commonly have dyslipidaemia, with
increased triglyceride levels and a reduced high-density
lipoprotein (HDL) level.3 These changes in the lipid profile
have been significantly associated with cardiovascular dis-
ease and are likely to contribute to the higher incidence of
cardiovascular risk in patients with type 2 diabetes, as com-
pared with that in non-diabetic subjects.4-6 Therefore, recent
guidelines recommend aggressive management of lipid lev-
els in patients with type 2 diabetes.7,8

In previous studies, treatment of patients with type 2 dia-
betes with pioglitazone, either alone or combined with
insulin, metformin or a sulphonylurea, resulted in reduced
triglyceride and increased HDL levels.2,9–11 These both  rep-
resent beneficial changes, decreasing the risk of developing
cardiovascular disease. Rosiglitazone also increases HDL lev-
els, and has variable effects on triglyceride levels.12–14 Variable
alterations in low-density lipoprotein (LDL) and total choles-
terol have been observed in subjects receiving pioglitazone,
but most studies showed small and non-significant changes
in these parameters. By contrast, rosiglitazone consistently
increased LDL and total cholesterol levels in most studies. 

Increasing evidence suggests that the particle size of LDL
is also relevant to the risk of atherosclerosis and adverse car-
diovascular events.15 Although LDL levels may not be
increased in type 2 diabetes, there is a predominance of
small, dense LDL particles that is associated with an
increased risk of atherosclerosis and cardiovascular dis-
ease.3,15 Results of two studies, one in non-diabetic patients
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with arterial hypertension16 and the other in patients with
type 2 diabetes,17 indicated that pioglitazone monotherapy
leads to a significant increase in the mean diameter and a
significant decrease in the mean density of LDL particles.
However, authors of previous studies have not considered
the effects of pioglitazone combination therapy on lipopro-
tein particle size and subclass distribution.

The aim of this analysis was to determine the effect of
pioglitazone in combination with metformin or a sulphonylurea
on the particle size of LDL and the subclass distribution of both
LDL and HDL in patients with type 2 diabetes. The samples
analysed were obtained from two similarly designed studies.

Methods
Lipoprotein particle size and subclass distribution were
analysed from blood samples obtained during two ran-
domised, double-blind, 24-week studies of pioglitazone 30
mg or 45 mg daily combined with either metformin or a
sulphonylurea in patients with type 2 diabetes. Each study
comprised two arms: in one study these were pioglitazone
30 mg plus metformin and pioglitazone 45 mg plus met-
formin; and in the other study these were pioglitazone 30
mg plus a sulphonylurea and pioglitazone 45 mg plus a
sulphonylurea. Patients continued to receive the stable
sulphonylurea or metformin dose that they received at study
entry. Permitted concomitant medication also was contin-
ued, at the stable dose received at study entry.     

Patients
Eligibility criteria for the two trials were similar: both enrolled
patients 18 years of age or older who had a diagnosis of type
2 diabetes according to American Diabetes Association
(ADA) guidelines, a body mass index of 25 to 45 kg/m2,
haemoglobin HbA1C of 8% or greater at screening, a normal
thyroid stimulating hormone level < 3.5 mIU/L, a willingness
to participate in dietary counselling and follow an ADA-
recommended dietary regimen, and a stable metformin or
sulphonylurea regimen for at least 30 days before screening.  

Patients were excluded if they had received a thiazo-
lidinedione within 30 days before screening or long-term
insulin treatment within four months before screening; if
they had type 1 diabetes; were pregnant or lactating; or had
had myocardial infarction, heart disease or another cardiac
condition. Further exclusion criteria included liver disease or
elevated alanine transaminase or creatine phosphokinase
levels (>2.5 times or >1.5 times the upper limit of normal,
respectively) or a triglyceride level greater than 500 mg/dL
(5.645 mmol/L). 

There were no significant or clinical differences in any
demographic parameter, and the subgroup populations
were randomly selected and representative of the larger
report populations from which they were taken.

The two trials were performed in accordance with the
Declaration of Helsinki and with prior approval of local
ethics committees. Written informed consent was obtained
from all subjects. 

Study design 
Before completion and unblinding of the randomised stud-

ies, a clinical laboratory was supplied with blood samples
from randomly selected patients in each study. Subjects
were eligible for this analysis if blood samples were available
from the baseline visit and at least one of the subsequent vis-
its at weeks 12 and 24; at least 50% of subjects had to have
samples available from all three visits. The clinical laborato-
ry was independently supplied with a blinded subject list
(treatment A or treatment B). Therefore, for each subject, the
laboratory was unaware of the treatment group assignment
(pioglitazone 30 mg or 45 mg), status of study completion
and degree of therapeutic response. A minimum of 80 sub-
jects (40 from each treatment group) were selected from
each study. Subjects were excluded if any of the available
samples had triglyceride levels greater than 1,000 mg/dL
(11.29 mmol/L), since this is known to interfere with assays
for apolipoprotein (Apo) AI and Apo B.18

Laboratory analyses 
The following variables were measured for each sample pro-
vided: LDL average and peak particle size and subclass dis-
tribution; HDL subclass distribution; and serum concentra-
tions of LDL, HDL, triglycerides, total cholesterol, free fatty
acids, Apo AI, Apo AI/AII-containing HDL, Apo B and
lipoprotein(a) (Lp[a]). All analyses were performed in one
accredited clinical laboratory (Pacific Biometrics, Inc.,
Seattle, Washington, US).   

Size parameters were provided by Pacific Biometrics.
LDL particle diameters were defined as follows: large (A;
>26.0 nm), intermediate (A/B; 25.6–26.0 nm), small (B;
23.3–25.5 nm) and very small (<23.3 nm). HDL subclasses
were defined as follows: HDL3C (7.2–7.8 nm), HDL3B
(7.8–8.2 nm), HDL3A (8.2–8.8 nm), HDL2A (8.8–9.7 nm)
and HDL2B (9.7–13.0 nm). These sizes are similar to those
presented in other studies.19,20

LDL and HDL fractionation
LDL and HDL subclasses were identified by using non-dena-
turing gradient gel electrophoresis, a widely used and reli-
able analytical method for LDL and HDL assessment. LDL
and HDL subclass distributions were determined by using
gel scanning. 

Apo AI, Apo B and Lp(a) 
Apo AI, Apo B and Lp(a) concentrations were determined by
using commercially available immunoturbidimetric assay
kits: Apo AI and Apo B, K-assay kits, Kamiya Biomedical Co.,
Seattle, Washington, US; Lp(a), Wako Chemicals USA, Inc.,
Richmond, Virginia, US.   

Apo AI/AII-containing HDL particles 
HDL particles containing Apo AI and Apo AII were quanti-
fied by means of rocket immunoelectrophoresis through an
agarose gel containing both anti-Apo AI antibodies and sat-
urating amounts of anti-Apo AII antibodies (Hydragel LP AI
assay; Sebia, Inc., Norcross, Georgia, US). The rocket height
was used to quantify lipoprotein particles containing Apo AI
by means of comparison with a standard curve. The con-
centration of Apo AI/AII-containing HDL particles was deter-
mined by subtracting the concentration of lipoprotein parti-
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cles containing Apo AI from the total serum Apo AI concen-
tration.    

Data analysis 
Changes from baseline to weeks 12 and 24 were deter-
mined for LDL average particle size; LDL peak particle size;
and concentrations of LDL, HDL, triglycerides, total choles-
terol, free fatty acids, Apo AI, Apo B, Apo AI/AII-containing
HDL particles and Lp(a). Additionally, changes in LDL and
HDL particle subclass distribution and shifts in LDL pheno-
type, classified according to average and peak particle size,
were analysed. 

These end points were analysed by using observed sam-
ple and last observation carried forward (LOCF) sample sets.
Observed data sets contained data from patients with evalu-
able samples obtained at baseline and at either 12 or 24
weeks. LOCF data sets contained data from patients with
evaluable samples obtained at baseline, 12 weeks and 24
weeks; any missing 24-week values were replaced by corre-
sponding 12-week values but missing values for week 12
were not replaced.

For continuous variables, changes from baseline to weeks
12 and 24 were analysed by using a paired t test (α=0.05)
to test the null hypothesis that no significant difference in
subparticle profile existed between baseline and each of
weeks 12 and 24 for all subjects. For categorical variables
(LDL phenotype according to average or peak particle size),
shift tables were created between subclass categories, cross-
classified by time point, and tested for symmetry by using
McNemar or Bowker tests.

Results
Samples from 177 patients were evaluated in this study; of
these patients, 96 received pioglitazone 30 mg or 45 mg
daily in combination with a sulphonylurea, and 81 received
pioglitazone in combination with metformin (table 1). There
were no statistically significant differences in the baseline
parameters between the two pioglitazone dose groups, and
the characteristics of the patient subsets included in this
analysis were not different from those of the source studies. 

As there were no significant differences between pioglita-
zone dose groups in either study for any end points discussed
here, results have been combined for the two pioglitazone
dose groups. The results presented were obtained by using
the LOCF sample set (similar results were obtained with the
observed sample set). 

Concomitant serum lipid-reducing agents were received
by 30.2% of subjects in the pioglitazone plus sulphonylurea
group and by 34.6% of subjects in the pioglitazone plus met-
formin group.

Overall changes in lipid profile
When combined with a sulphonylurea or metformin, piogli-
tazone produced a significant increase in HDL concentration
after both 12 and 24 weeks of treatment (p<0.05 for each
comparison). For pioglitazone plus metformin only, LDL con-
centration increased significantly relative to baseline at both
weeks 12 and 24 (p<0.05 for each). Triglyceride levels
decreased from baseline at weeks 12 and 24 in both studies

(significant for pioglitazone plus metformin at weeks 12 and
24 and for pioglitazone plus sulphonylurea at week 12;
p<0.05 for each). Free fatty acids also decreased from base-
line in both groups (significant at week 12 for pioglitazone
plus metformin and at weeks 12 and 24 for pioglitazone plus
sulphonylurea; p<0.05 for each). An increase from baseline
in total cholesterol was noted at weeks 12 and 24 for both
treatment groups (significant in all comparisons except week
12 for pioglitazone plus sulphonylurea; data not shown). 

The mean increases in plasma levels of total cholesterol
were 15.3 mg/dL (0.40 mmol/L) and 7.7 mg/dL (0.20
mmol/L), of LDL were 11.9 mg/dL (0.31 mmol/L) and 5.4
mg/dL (0.14 mmol/L), of HDL were 8.2 mg/dL (0.21
mmol/L) and 5.8 mg/dL (0.15 mmol/L), of free fatty acids
were -1.74 mg/dL and -3.15 mg/dL and of triglycerides were
-35.5 mg/dL (-0.40 mmol/L) and -17.7 mg/dL (-0.20
mmol/L) in the pioglitazone plus metformin group and the
pioglitazone plus sulphonylurea group, respectively.

Changes in LDL particle size and subclass distribution
Average and peak LDL particle sizes increased significantly
from baseline at both 12 and 24 weeks for both combina-
tions (table 2). Increases in average LDL particle size ranged
from 0.29 nm to 0.39 nm, and increases in peak LDL parti-
cle size ranged from 0.36 nm to 0.55 nm. 

When the LDL phenotype of subjects was classified on
the basis of average and peak particle sizes, significant shifts
relative to baseline were noted at week 24 for both drug
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Table 1. Baseline demographic characteristics of the two
study groups 

Characteristic Pioglitazone 30 mg Pioglitazone 30 mg
or 45 mg once-daily or 45 mg once-daily

+ sulphonylurea + metformin
(n = 96) (n = 81)

Age (mean) (yrs) 54.8 54.3

Female, n (%) 37 (38.5) 31 (38.3)

Race, n (%)
-  White 68 (70.8) 58 (71.6)
-  Black 11 (11.5) 15 (18.5)
-  Hispanic 15 (15.6) 7 (8.6)
-  Asian 2 (2.1) 1 (1.2)

Multiple previous 
antidiabetic  
medications, n (%)

-  Yes* 41 (42.7) 32 (39.5)

Weight, 
mean (SD) (kg) 95.53 (19.841) 95.78 (18.145)

Body mass index, 
mean (SD) (kg/m2) 32.72 (5.566) 32.63 (5.620)

Key: *Patients are listed in the ‘yes’ category if they received at least
one antidiabetic medication in addition to the companion medication
before study enrolment
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combinations (p<0.05). For example, on the basis of aver-
age LDL particle size, the percentage of patients in the
pioglitazone plus sulphonylurea group with a large (type A)
LDL phenotype increased from 14.7% at baseline to 30.5%

at week 24. This increase was accompanied by a decrease
in the percentage of patients with a small (type B) LDL phe-
notype from 43.2% at baseline to 26.4% at week 24. The
percentage of patients with an intermediate LDL phenotype
remained relatively stable from baseline to week 24 (42.1%
vs. 43.1%, respectively).

An analysis was performed to determine which particle
subclass categories accounted for these changes (figure 1).
Significant increases in large LDL particles and decreases
in small LDL particles were observed in both studies
(p<0.0001 at both 12 and 24 weeks). The percentage of
large LDL particles increased from baseline in both studies at
weeks 12 and 24: from 41.95% to 52.16% (week 12) and
51.18% (week 24) for pioglitazone plus metformin, and from
30.11% to 43.48% (week 12) and 39.75% (week 24) for
pioglitazone plus a sulphonylurea. These increases in large
LDL particles were accompanied by decreases in small LDL
particles, with reductions from 36.99% to 27.91% (week 12)
and 29.49% (week 24) in the pioglitazone plus metformin
group and from 51.20% to 36.64% (week 12) and 40.40%
(week 24) in the pioglitazone plus sulphonylurea group. 

HDL particle subclass distribution
There was a general shift toward larger particle size for HDL
after pioglitazone treatment in combination with a sulpho-
nylurea or metformin, with increases in HDL2 subclasses
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Figure 1.  Low-density lipoprotein (LDL) subclass category analysis (percentage of total LDL according to subclass) during 
treatment with (a) pioglitazone plus a sulphonylurea (n=96) and (b) pioglitazone plus metformin (n=81) in patients with type 
2 diabetes
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Table 2. Mean and peak low-density lipoprotein particle 
sizes at baseline and change from baseline after 12 and 
24 weeks of treatment with pioglitazone plus a 
sulphonylurea or metformin

Particle size (nm) Pioglitazone 30 mg Pioglitazone 30 mg
or 45 mg once-daily or 45 mg once-daily

+ sulphonylurea + metformin
(n = 96) (n = 81)

Mean
Baseline 25.53 (0.671) 25.87 (0.631)
Change at week 12 0.39 (0.447)* 0.31 (0.305)*
Change at week 24 0.29 (0.525)* 0.31 (0.452)*

Peak
Baseline 25.40 (0.809) 25.60 (0.845)
Change at week 12 0.55 (0.601)* 0.43 (0.509)*
Change at week 24 0.40 (0.674)* 0.36 (0.608)*

Data are given as mean (SD); * p<0.0001
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and decreases in HDL3 subclasses, relative to baseline.
These changes were significant in most cases (p<0.05; data
not shown). 

Other lipoproteins
Measurements obtained for other lipoproteins in samples
from the pioglitazone plus metformin study are shown in
table 3. Corresponding data were unavailable from the
pioglitazone plus sulphonylurea study because of an inade-
quate number of samples. Compared with baseline, the
combination of pioglitazone plus metformin produced sig-
nificant increases in Apo AI , Apo AI/AII-containing HDL par-
ticles and Lp(a) at both 12 and 24 weeks. A decrease from
baseline was noted for Apo B at the 12-week assessment.  

Discussion
The overall changes in lipid profile observed in this study
were similar to those seen previously for pioglitazone in
combination with metformin or a sulphonylurea, with a
decrease in triglyceride levels and a significant increase in
HDL levels noted after both 12 and 24 weeks for both com-
binations of drugs. Although LDL and total cholesterol levels
increased relative to baseline, a placebo control or
monotherapy arm was not available for comparison. In some
previous studies, pioglitazone produced variable effects on
total cholesterol and LDL levels, although no change in these
parameters was noted in most cases.2,9–11 A recent analysis of
19 double-blind, placebo-controlled studies in a total of
5,304 patients showed that pioglitazone produces greater
beneficial effects than rosiglitazone does on triglyceride,
total cholesterol and LDL levels.21

In the current study, pioglitazone plus metformin or a
sulphonylurea produced significant increases from baseline
in both average and peak LDL particle sizes, and a shift in
LDL subclass distribution toward larger particles. Similar
increases in LDL particle size have been observed in studies
using pioglitazone as monotherapy.16,17 Pioglitazone plus
metformin or a sulphonylurea also produced a shift from
baseline in the distribution of HDL subclasses, with increas-
es in HDL2 subclasses (large particles) and decreases in
HDL3 subclasses (small particles). These results differ from
those obtained with rosiglitazone. In one study, for example,

both HDL2 and HDL3 subclasses increased with respect to
baseline after eight weeks of treatment.22

The results obtained in our study may have implications
with respect to reducing the atherosclerosis risk of patients
with type 2 diabetes who receive pioglitazone in combina-
tion with metformin or a sulphonylurea. Alterations in serum
lipid concentrations are frequently observed in patients with
type 2 diabetes, with increases in triglyceride particles and
decreases in HDL particles, particularly in large HDL parti-
cles.23 In addition, LDL subfractionation studies have shown
that these patients have smaller, more dense LDL particles
than patients without diabetes.23,24 Because these changes in
lipid profiles are associated with a higher risk of cardiovas-
cular events in the general population,15,25–27 they are also
likely to contribute to the increased risk of these events
observed in patients with type 2 diabetes.28 

The changes observed in lipid profiles in this study
(decreased triglyceride levels, increased HDL levels,
increased LDL average and peak particle sizes, and a shift in
LDL and HDL subclasses to larger particles) are believed to
be beneficial with respect to the risk of adverse cardiovascu-
lar events. In the Diabetes Atherosclerosis Intervention
Study, which included 418 patients with type 2 diabetes
(with a mean follow-up of 39.6 months), fenofibrate
decreased the progression of coronary atherosclerosis, part-
ly as a result of increased LDL particle size.29 Furthermore,
results of a recent meta-analysis showed that a 1-nm
decrease in LDL size can account for a 30% increased risk of
coronary heart disease.30 Larger and longer term studies
would be needed to confirm the clinical relevance of the
increase in LDL particle size. Interestingly, significantly larger
LDL and HDL particle sizes have been demonstrated in indi-
viduals with exceptional longevity.31

Changes in other lipoproteins may also be significant in
determining atherosclerotic potential; there is evidence that
decreased Apo AI and Apo AII and increased Lp(a) are asso-
ciated with greater cardiovascular risk.32–34 In our study, the
combination of pioglitazone and metformin produced
significant increases in Apo AI, Apo AI/AII-containing HDL
particles and Lp(a). Corresponding data were not available
for the combination of pioglitazone and a sulphonylurea
because of insufficient sample quantity for analyses.
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Table 3. Baseline values and changes from baseline at 12 and 24 weeks for lipoproteins in patients with type 2 diabetes treated
with pioglitazone plus metformin 

Pioglitazone 30 mg or 45 mg once-daily + metformin (n=81)

Variable (mg/dL) Baseline Week 12 Week 24

Apo AI* 133.7 (21.6) 8.1† (13.9) 5.6† (14.8)
Apo B* 101.5 (25.6) -3.7 (15.4) -2.9 (15.3)
Apo AI/AII-containing HDL‡ 86.2 (15.4) 8.3† (12.6) 6.5† (14.0)
Lp(a)* 23.9 (26.0) 2.2† (5.8) 2.3† (6.5)

Key: Apo = apolipoprotein; Lp(a) = lipoprotein(a).
Data are given as mean (SD).
*To convert to SI units (grams per litre), multiply by 0.01; †p<0.05; ‡To convert to SI units (millimoles per litre), multiply by 0.02586
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Increased Lp(a) has been reported previously with thiazo-
lidinedione treatment,35,36 and further studies are needed
to assess any associated increase in cardiovascular risk.
Increased Apo B levels have also been associated with high-
er cardiovascular risk,32,33 and Apo B levels have been shown
to increase after eight weeks of rosiglitazone treatment.22 In
contrast, in previous monotherapy studies and in the current
study (when combined with metformin), pioglitazone pro-
duced a decrease in Apo B.17,37 The decrease in Apo B
observed here, combined with the differential effects on
triglycerides, may suggest different mechanisms of action for
pioglitazone and for rosiglitazone. 

The lipid profile changes observed in this study were not
likely to be a result of concomitant serum lipid-reducing
medication, since fewer than 35% of patients received these
drugs. Only two patients in the metformin combination
group and three patients in the sulphonylurea combination
group started a statin at any time during the study. This find-
ing is in agreement with another study that showed the
change in lipid profiles produced by pioglitazone to be inde-
pendent of concomitant statin therapy.38 The changes
observed in the current study were additional to any possi-
ble effects of metformin or sulphonylurea alone, since
patients were receiving stable doses of these drugs at base-
line. Permitted concomitant medications were also contin-
ued, and remained at the same stable dose received at the
beginning of the study.

Direct interpretation of the clinical effect of these lipid
profile changes is limited because the study was retrospec-
tive, had a short duration and small sample size, and did not
include placebo or monotherapy arms. However, the results
observed are consistent with previously published data; they
add substantially to the body of evidence that pioglitazone,
alone or in combination with other antidiabetic drugs, pro-
duces significant beneficial changes in the lipid profiles of
patients with type 2 diabetes. The favourable effects of
pioglitazone on components of diabetic dyslipidaemia may
lead to favourable changes in cardiovascular morbidity.
Ongoing studies, such as PROactive, CHICAGO and
PERISCOPE, will help clarify the mechanisms and effects of
pioglitazone on cardiovascular disease in patients with type
2 diabetes.

In summary, this study shows for the first time, to our
knowledge, that pioglitazone combined with metformin or a
sulphonylurea was associated with significant increases in
average and peak particle size for LDL and a shift of both
LDL and HDL subclass distribution to larger particles. These
effects on the lipid profile of patients with type 2 diabetes
may be associated with improvements in cardiovascular risk
factors.
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