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Abstract
Background: Both insulin and thiazolidinediones (TZDs) are effective in the treatment of
hyperglycaemia and amelioration of insulin resistance in type 2 diabetes but have side effects
including weight gain and fluid retention. The use of TZDs has been further hampered by the risk
of adverse cardiovascular events including heart failure. The present study evaluated the effect of
pioglitazone or insulin glargine on cardiac function and size as well as on surrogate markers of fluid
retention such as weight, haemoglobin and natriuretic peptides.
Methods: Thirty patients with inadequate glycaemic control on metformin and sulfonylurea were
randomised to receive add-on therapy with insulin glargine or pioglitazone for 26 weeks.
Echocardiographic data and blood samples were collected from the two groups before the start of
the treatment and after 26 weeks. Left ventricular end-diastolic and left atrial end-systolic volumes
were quantified, weight measured and blood samples analyzed.
Results: After 26 weeks of treatment, the changes in HbA1c, weight and haemoglobin were similar
between the two groups. HDL increased significantly in the pioglitazone group. While there was
an increase in natriuretic peptides in the pioglitazone group (NT-proBNP 11.4 ± 19.6 to 22.8 ±
44.0, p = 0.046), the difference between the treatment groups was not significant. Left ventricular
end-diastolic volume increased by 11% and left atrial end-systolic volume by 17% in the pioglitazone
group (Both, p < 0.05, between treatment groups). There was a borderline significant increase in
ejection fraction in the pioglitazone group.
Conclusion: This randomised pilot-study showed that six-month treatment with pioglitazone
induced significant increases in natriuretic peptides and alterations of cardiac size. These changes
were not observed with insulin glargine, which also is known to induce fluid retention. Larger
randomised trials are warranted to confirm these findings.
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Introduction
The hyperglycaemia in type 2 diabetes (T2D) is associated
with enhanced risks of micro- and macrovascular complications. The continuous deterioration of metabolic control is considered independent of mode of therapy and
ascribed to deterioration of both insulin secretion and
action. Consequently, there is no widely agreed consensus
on how to intensify therapy in patients who fail on initial
treatment with metformin and/or a sulfonylurea, especially whether to add a third oral agent, e.g., thiazolidinedione (TZD) or insulin. Both treatment alternatives are
considered to result in weight gain and fluid retention.
While insulin therapy requires injections and can be associated with hypoglycaemia, TZD therapy is associated
with increased risk of heart failure. In a recent meta/teleoanalysis Singh et al. concluded that heart failure might
occur at both high and low doses, usually weeks to
months after initiating TZDs and in patients without a history of heart failure [1]. There are, to our knowledge, no
studies that have investigated whether there are any differences between these two treatment alternatives on cardiac
size and function in patients with T2D. The present study
thus evaluated whether pioglitazone or insulin glargine
added to metformin and sulfonylurea differ in their effects
on cardiac size and function as well as in haematological
signs of fluid retention and cardiac dysfunction.

Patients and methods
Thirty patients with T2D and inadequate glycaemic control were included in a 26-week randomised open-label
trial. Inadequate glycaemic control was defined as treatment with metformin and sulfonylurea/meglitinide in
doses > 50% of maximum recommended doses and
HbA1c > 6.2% measured with Mono-S method (= 7%
National Glycohemoglobin Standardisation Program,
NGSP). Patients with known heart failure or clinical signs
of heart failure (New York Heart Association class II–IV)
were excluded. Also excluded from the study were patients
with significant valvular dysfunction (defined as more
than mild regurgitation or presence of valvular stenosis),
reduced ejection fraction EF (< 50%) or inappropriate
acoustic window. Patients who met the criteria for the
study were randomly assigned to receive add-on therapy
with insulin glargine or pioglitazone for 26 weeks. Insulin
was up-titrated to achieve fasting plasma glucose < 6
mmol/l. Pioglitazone was increased to 45 mg/day after 16
weeks if HbA1c > 6.2%. Weight and height were measured, and BMI was calculated at inclusion and after 26
weeks of treatment. Blood samples were collected for
measurement of haemoglobin, liver enzymes, plasma lipids, and natriuretic peptides (BNP and NT-proBNP).
Blood samples were drawn after an overnight fast, and
after at least 10 minutes rest in the supine position.
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Echocardiography
Standard transthoracic echocardiography examinations
were performed with Sonos 5500 (Philips, Andover, MA,
USA) at baseline and after 26 weeks of treatment. A single
observer blinded to all clinical data performed the
echocardiography measurements, which were performed
twice with the mean value used in all analysis. From 2-D
echocardiography, left ventricular end-diastolic diameter
(LVDD), posterior wall thickness (POST) and interventricularseptum thickness (IVS) were measured and left
ventricular mass (LVM) was calculated from the formula
LVM = 0.8 × 1.04 × (LVDD+IVS+POST)3-LVDD3 +0.6 [2].
Left ventricular end-diastolic volume (LVD vol), left ventricular end-systolic volume (LVS vol), left atrial endsystolic volume (LA vol), and EF were quantified by
biplane method of discs [2]. Percent change from baseline
measurements were calculated.
Assays
Plasma glucose was measured with a HemoCue glucose
analyser (Hemocue, Ängelholm, Sweden). HbA1c was
analyzed using the Variant II chromatographic method
from Bio-Rad (ref. 4–5.3%) measured by Swedish MonoS (high performance ion-exchange liquid chromatography). BNP was measured with an immunoassay system
from Beckman (Biosite, Ca, USA) with a CV of 3.5% and
NT-proBNP using an immunometric method (Hitachi
Modular-E, Roche) with a CV of 4.4%.
Statistical methods
Data are presented as means ± SD where appropriate.
Non-parametric tests were used to test differences in
changes of measured variables within and between treatment groups. A two-side significance level of < 0.05 was
considered statistically significant. Statistical analyses
were carried out using SPSS version 15 and Microsoft
office Excel 2003.

Results
All 30 patients completed the study. There were no significant differences in patients' anthropometrical characteristics at baseline or at the end of the study (Table 1). After
26 weeks of treatment, the reduction in HbA1c was similar in groups as was weight gain and reduction in haemoglobin levels. Pioglitazone, but not insulin glargine
resulted in an increase in HDL concentrations (1.10 ±
0.25 to 1.3 ± 0.31, p < 0.01 vs. 1.1 ± 0.37 to 1.1 ± 0.36, p
= ns, p between groups = 0.013).
Baseline BNP and NT-proBNP correlated with change during intervention in all subjects (r = 0.79, p < 0.01). There
was a doubling of BNP and NT-proBNP concentrations in
the pioglitazone group (6.9 ± 5.2 to 14.1 ± 16.7, p = 0.10
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Table 1: Subjects' anthropometric and laboratory characteristics at baseline and after 26 weeks of treatment.

Pioglitazone
Week 0
Week 26

Men/women
Age(years)
Diabetes Duration (years)
BMI (kg/m2)
HbA1c (%)
Haemoglobin (g/l)
Cholesterol (mmol/l)
HDL (mmol/l)
LDL (mmol/l)
TG (mmol/l)
ALT (μcat/l)
Systolic blood pressure
Diastolic blood pressure
BNP (pmol/l)
NT-proBNP (ng/l)

15
11/4
60.8 ± 7.1
11.1 ± 6
30.8 ± 5.5
8.1 ± 1.5
137.5 ± 11.4
4.4 ± 0.9
1.1 ± 0.2
2.4 ± 0.9
1.8 ± 0.8
0.7 ± 0.7
142 ± 16
84 ± 8
6.9 ± 5.2
11.4 ± 19.6

31.9 ± 5.9
6.8 ± 1.2
127 ± 12.0
4.2 ± 0.7
1.3 ± 0.3
2.3 ± 0.5
1.5 ± 1.0
0.4 ± 0.3
134 ± 10
77 ± 7
14.1 ± 16.7
22.8 ± 44.0

Δ pioglitazone vs. Δ insulin glargine P

P

Insulin glargine
Week 0
Week 26

P

0.001
0.001
0.001
0.17
0.01
0.64
0.002
0.04
0.04
0.02
0.10
0.046

15
9/6
61.5 ± 8.2
9.5 ± 7.5
31.6 ± 6.1
8.3 ± 1.4
137.1 ± 10.2
4.3 ± 1.0
1.1 ± 0.4
2.3 ± 0.7
1.9 ± 1.3
0.5 ± 0.2
146 ± 17
81 ± 8
9.7 ± 12.9
13.6 ± 20.0

0.01
0.001
0.02
0.32
0.49
0.46
0.009
0.12
0.02
0.007
0.41
0.97

32.5 ± 6.2
6.1 ± 0.7
132 ± 12.0
4.1 ± 1.0
1.1 ± 0.4
2.4 ± 0.7
1.5 ± 1.0
0.5 ± 0.2
132 ± 13
73 ± 8
9.7 ± 11.6
10.1 ± 9.5

0.37
0.23
0.13
0.65
0.01
0.48
0.43
0.87
0.39
0.57
0.51
0.23

Values are mean ± SD. There were no significant differences between subjects' characteristics at start or after 26 weeks of treatment.

and 11.4 ± 19.6 to 22.8 ± 44.0, p = 0.046) and no change
in the glargine group (9.7 ± 12.9 to 9.7 ± 11.6, p = 0.41
and 13.6 ± 20.0 to 10.1 ± 9.5, p = 0.97). The difference
between the treatment groups, however, was not significant. The increase in BNP and NT-proBNP correlated
inversely with the changes in haemoglobin (r = -0.38, p =
0.041 and r = -0.47, p = 0.01) in the whole group. The
inverse correlation between increase in NT-proBNP and
the change in haemoglobin was even greater in the group
treated with pioglitazone (r = -0.59, p = 0.02) while there
was no correlation in the group treated with insulin
glargine (r = -0.016, p = 0.95). The NT-proBNP values at
baseline correlated strongly with changes from baseline
during treatment with pioglitazone (r = 0.63, p < 0.012).
None of the subjects developed clinical heart failure.
There were no significant differences in baseline echocardiography measurements between the groups, whereas

significant increase in LVD vol and LA vol could be
observed after six-month treatment with pioglitazone.
There were no differences in change of LVM or EF between
the two groups. Table 2 displays baseline characteristics (
± SD) and percent change in echocardiography data after
26-week treatment. There were significant correlations
between changes in BNP and NT-proBNP versus change in
LA vol in the whole group (r = 0.42 and r = 0.56, p < 0.05).
There were no significant correlations between changes in
BNP and NT-proBNP versus change in LVD vol in the
whole group (r = 0.08 and r = 0.16, both NS).
Although one patient in the pioglitazone group developed a significant mitral regurgitation during treatment,
the condition was reversible, shown by the results of an
echocardiography examination six months after discontinuation of pioglitazone medication [3].

Table 2: Subjects' echocardiography data at baseline and after 26 weeks of treatment.

Value

Pioglitazone group
(n = 15)

Insulin glargine group
(n = 15)

P-value

LVDD (mm)
IVS (mm)
POST (mm)
LVM (g)
LVD vol (ml)
LVS vol (ml)
EF (%)
LA vol (ml)
Change LVM (%)
Change LVD vol (%)
Change LVS vol (%)
Change EF (%)
Change LA vol (%)

47.6 ± 4.0
10.2 ± 0.9
9.0 ± 1.0
160 ± 33
104 ± 23
39 ± 11
62 ± 5
55 ± 14
7 ± 14
11 ± 19
2 ± 15
6 ± 10
17 ± 17

48.7 ± 4.5
10.4 ± 1.6
9.1 ± 1.4
173 ± 56
101 ± 21
36 ± 11
65 ± 5
58 ± 19
1 ± 11
1±5
2 ± 13
0±6
2±6

0.37
0.85
0.95
0.55
0.88
0.34
0.21
0.56
0.25
0.02
0.74
0.09
<0.01
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Discussion
Both pioglitazone and insulin glargine added to treatment
with metformin and sulfonylurea/meglitinide in patients
with T2D was well tolerated and improved glycaemic control. In both groups a similar weight gain was observed. In
addition, pioglitazone therapy led to alterations in cardiac
volumes. The pioglitazone therapy resulted in a significant increase in LVD vol and LA vol, as measured by
echocardiography as well as increase in levels of BNP and
NT-proBNP. However, the difference in changes of natriuretic peptides between groups was not significant, probably due to the small sample size and the high intraindividual variation. Pioglitazone also increased HDL
cholesterol in keeping with previous studies. To our
knowledge, this is the first study in patients with T2D
demonstrating differences in the effect of insulin vs. a TZD
on cardiac function. The findings should, however, be
viewed with caution due to the modest sample size.
BNP and NT-proBNP are peptide hormones released from
the cardiac ventricles in response to myocyte stretch, and
have generated attention in recent years as potential diagnostic and prognostic markers for cardiac disease. Natriuretic peptides have been shown to correlate with cardiac
dysfunction, and NT-proBNP has been shown to be independent risk marker for cardiovascular disease in patients
with diabetes [4,5]. For example, a reduction of 10 pg/ml
in Nt-proBNP is associated with a 1% relative reduction in
the cardiovascular endpoints in patients with type 1 diabetes and microalbuminuria [4]. There is consensus that
natriuretic peptides are useful in screening for cardiovascular disease, especially in symptomatic patient populations [6]. Furthermore, natriuretic peptides carry powerful
prognostic information [6]. There are, however, currently
no clear algorithms on how these biomarkers should be
implemented into clinical practice in patients with T2D
when choosing add-on treatment or monitoring the effect
of the glucose-lowering agents.
There were no significant differences for echocardiography measurements at baseline between the two groups,
whereas significant increase in LVD vol and LA vol could
be observed after 26-weeks treatment with pioglitazone.
These changes were of moderate magnitude as LVD vol
increased by 11% and LA vol by 17% in the pioglitazone
group. There where no significant differences in EF at
baseline and only a borderline significant increase in the
pioglitazone group after 26-weeks treatment. There are, to
our knowledge, no previous randomised studies that have
evaluated the effect of pioglitazone versus insulin glargine
on cardiac function and size in patients with T2D. St John
Sutton et al. evaluated the effect of rosiglitazone versus
glyburide in 203 patients with T2D [7]. In this study, a
similar increase in LVD vol could be detected in both
groups (12% and 19%, respectively), whereas no change
in EF could be detected. The borderline significant
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increase in EF observed in the pioglitazone group in our
study could be due to volume overload, but these findings
should be interpreted with caution. The findings of
increased LVD vol by St John Sutton et al. are in line with
the findings of the present investigation that also found
an increase in LA vol. The latter finding is of interest since
LA vol has been found to be a potent prognosticator in a
variety of cardiac disorders as well as in the general population [8]. Moreover, the finding that changes in BNP and
NT-proBNP correlated with change in LA vol is of interest
and, in part, support the use of BNP or NT-proBNP as
markers to monitor cardiac alterations in this patient population. The effect of pioglitazone was investigated in a
small T2D population by Hirayama and co-workers [9].
This investigation included 10 male T2D hypertensive
and 12 normotensive patients, from which echocardiographic data was gathered at baseline. After a 6-month
treatment with pioglitazone, fractional shortening (a simple way of measuring EF) did not change. There was, however, a significant decrease in LVM in 12 normotensive
patients. The effect on LVD vol or LA vol was not investigated. There are still other studies that have investigated
possible cardiac effects of TZDs in non-T2D populations.
Horio et al. investigated 30 non-diabetic patients with
essential hypertension and found no change in absolute
values of LA and LVDD after six-month treatment with
pioglitazone [10]. Our findings contradict this study,
which may be because of a completely different study
population.
One patient in the pioglitazone group developed a significant mitral regurgitation during the treatment, but this
was proved to be a reversible condition. An echocardiography examination six months after discontinuation of
the pioglitazone medication showed regression of the
mitral regurgitation [3]. This finding is interesting, but of
anecdotal character and should be viewed with caution.
We have previously speculated about the explanation of
this finding [3]. One plausible hypothesis is that the fluid
retention caused left ventricular dilatation, which in turn
resulted in mitral annular dilatation. The mitral annular
dilatation then led to inadequate mitral leaflet coaptation.
In the last few years, two TZDs have been available on the
market, namely pioglitazone and rosiglitazone. Recent
meta-analyses point to differences in the effect of these
two drugs on cardiovascular outcomes. There is evidence
that the increased risk of developing congestive heart failure is greater with rosiglitazone [11]. The increased risk of
developing heart failure with pioglitazone has not been
associated with an increase in mortality [12,13]. Pioglitazone has also been shown to reduce incidence of ischemic
vascular events, which is not true for rosiglitazone.
Echocardiography is considered "gold standard" method,
in daily clinical practice, for evaluating cardiac function.
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While an echocardiography examination is broadly available and relatively inexpensive in the western World
(150–250 Euros per examination in Sweden), the screening costs for larger groups of patients would be substantial. There is, therefore, a need for less expensive
screening-tests. Taking our results into consideration, one
could suggest that an initial assessment of a natriuretic
peptide could be used for identifying individuals at risk of
responding negatively to pioglitazone treatment. Serial
monitoring of these peptides along with the clinical registration of weight and haemoglobin values during treatment could also be helpful to identify those few
individuals, who should undergo an echocardiography
evaluation and subsequently reduce the rate of unwanted
side-effects.

Conclusion
When choosing pioglitazone as an add-on treatment in
patients with insufficiently controlled T2D, an increase in
LVD vol by 11% and LA vol by 17% could be observed.
This was parallel with an increase in natriuretic peptids.
These changes in cardiac volume and natriuretic peptidlevels were not observed with insulin glargine. Larger randomised trials are warranted to confirm these findings.
There is a need for tools to help clinicians to identify subsets of patients for whom this kind of therapy is likely to
have particularly favourable/unfavourable effect, using
readily identifiable clinical and laboratory factors. Knowledge is increasing in this field and hopefully the results
will enable clinicians to select the proper therapy for individual patients in the future.

http://www.cardiab.com/content/8/1/15

Acknowledgements
Cardiac sonographer, Ingrid Andersson is acknowledged for acquiring
echocardiography images. The study was in part financially supported by
grants from Sanofi-Aventis, The Crafoord Foundation, and The Swedish
Heart and Lung Association.

References
1.
2.

3.
4.

5.

6.

7.

8.

Abbreviations
T2D: Type 2 diabetes; TZD: thiazolidinedione; BNP: brain
natriuretic peptide; NT-proBNP: N-terminal pro brain
natriuretic peptide; LVDD: left ventricular end-diastolic
diameter; POST: posterior wall thickness; IVS: intraventricularseptum thickness; LVM: left ventricular mass; LVD
vol: left ventricular end-diastolic volume; LVS vol: left
ventricular end-systolic volume; LA vol: left atrial endsystolic volume; and EF: ejection fraction.

Competing interests
Mozhgan Dorkhan has signed a speaker contract with Eli
Lilly and received a scholarship from Sanofi-Aventis. Magnus Dencker has no conflict of interest to declare. Martin
Stagmo has received speaker's fees from Sanofi-Aventis
and through his spouse owns shares and stock options in
NovoNordisk A/S.

Authors' contributions
All authors participated in the design of the study. MDo
and MDe wrote the manuscript. All authors edited and
approved the final version of the manuscript.

9.

10.

11.

12.

13.

Singh S, Loke YK, Furberg CD: Thiazolidinediones and heart failure: a teleo-analysis. Diabetes Care 2007, 30:2148-53.
Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka
PA, Picard MH, Roman MJ, Seward J, Shanewise JS, Solomon SD, Spencer KT, Sutton MS, Stewart WJ: Recommendations for chamber
quantification: a report from the American Society of
Echocardiography's Guidelines and Standards Committee
and the Chamber Quantification Writing Group, developed
in conjunction with the European Association of Echocardiography, a branch of the European Society of Cardiology. J
Am Soc Echocardiogr 2005, 18:1440-63.
Dorkhan M, Dencker M, Frid A: Treatment with a thiazolidinedione induced significant, reversible mitral regurgitation.
Cardiovasc Diabetol 2008, 7:12.
Gaede P, Hildebrandt P, Hess G, Parving HH, Pedersen O: Plasma
N-terminal pro-brain natriuretic peptide as a major risk
marker for cardiovascular disease in patients with type 2 diabetes and microalbuminuria. Diabetologia 2005, 48:156-63.
Tarnow L, Hildebrandt P, Hansen BV, Borch-Johnsen K, Parving HH:
Plasma N-terminal pro-brain natriuretic peptide as an independent predictor of mortality in diabetic nephropathy. Diabetologia 2005, 48:149-55.
Maisel A, Mueller C, Adams K Jr, Anker SD, Aspromonte N, Cleland
JG, Cohen-Solal A, Dahlstrom U, DeMaria A, Di Somma S, Filippatos
GS, Fonarow GC, Jourdain P, Komajda M, Liu PP, McDonagh T,
McDonald K, Mebazaa A, Nieminen MS, Peacock WF, Tubaro M, Valle
R, Vanderhyden M, Yancy CW, Zannad F, Braunwald E: State of the
art: using natriuretic peptide levels in clinical practice. Eur J
Heart Fail 2008, 10:824-39.
St John Sutton M, Rendell M, Dandona P, Dole JF, Murphy K, Patwardhan R, Patel J, Freed M: A comparison of the effects of rosiglitazone and glyburide on cardiovascular function and glycemic
control in patients with type 2 diabetes. Diabetes Care 2002,
25:2058-64.
Abhayaratna WP, Seward JB, Appleton CP, Douglas PS, Oh JK, Tajik
AJ, Tsang TS: Left atrial size: physiologic determinants and
clinical applications. J Am Coll Cardiol 2006, 47:2357-63.
Hirayama H, Sugano M, Abe N, Yonemoch H, Makino N: Troglitazone, an antidiabetic drug, improves left ventricular mass
and diastolic function in normotensive diabetic patients. Int
J Cardiol 2001, 77:75-9.
Horio T, Suzuki M, Suzuki K, Takamisawa I, Hiuge A, Kamide K, Takiuchi S, Iwashima Y, Kihara S, Funahashi T, Yoshimasa Y, Kawano Y:
Pioglitazone improves left ventricular diastolic function in
patients with essential hypertension. Am J Hypertens 2005,
18:949-57.
Winkelmayer WC, Setoguchi S, Levin R, Solomon DH: Comparison
of cardiovascular outcomes in elderly patients with diabetes
who initiated rosiglitazone vs pioglitazone therapy. Arch
Intern Med 2008, 168:2368-75.
Lincoff AM, Wolski K, Nicholls SJ, Nissen SE: Pioglitazone and risk
of cardiovascular events in patients with type 2 diabetes mellitus: a meta-analysis of randomized trials. JAMA 2007,
298:1180-8.
Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-Benedetti
M, Moules IK, Skene AM, Tan MH, Lefèbvre PJ, Murray GD, Standl E,
Wilcox RG, Wilhelmsen L, Betteridge J, Birkeland K, Golay A, Heine
RJ, Korányi L, Laakso M, Mokán M, Norkus A, Pirags V, Podar T,
Scheen A, Scherbaum W, Schernthaner G, Schmitz O, Skrha J, Smith
U, Taton J: Secondary prevention of macrovascular events in
patients with type 2 diabetes in the PROactive Study (PROspective pioglitAzone Clinical Trial In macroVascular
Events): a randomised controlled trial.
Lancet 2005,
366:1279-89.

Page 5 of 5
(page number not for citation purposes)

