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Two-Year Effect of Rosiglitazone in Chinese Poorly Controlled
Type 2 Diabetic Patients

Jenn-Kuen Lee, MD; Chih-Hsun Chu, MD; Ming-Ju Chuang, MS; Shiu-Chu Lin1, MS;
Mei-Chun Wang, BS; Chih-Chen Lu, MD; Chun-Chin Sun, MD; Hing-Chung Lam, MD

Background: The goal of this study is to assess the 24-week efficacy of the addition of
rosiglitazone 4 mg to existing full dose sulfonylurea (SU) and metformin
(MET) therapy in patients with inadequately controlled type 2 diabetes, and
to observe the continued follow-up efficacy and safety of this drug for up to
two years.

Methods: This study consists of 32 patients. Fasting plasma glucose (FPG), free fatty
acid (FFA), high sensitive C-reactive protein (HS-CRP), adiponectin, insulin
and C-peptide were measured every four weeks up to week 24. After that
time, the FPG continued to be checked every month. Glycated hemoglobin
(HbA1c) and lipid profiles were also checked every 12 weeks for more than
two years.

Results: HbA1c was reduced by 1.4% at week 12 and by 1.1% at week 24. However
HbA1c was still above 9% throughout the whole study period. FPG was
reduced significantly when comparing the baseline value to the value after
treatment. The FPG values after one year and two years follow-up were simi-
lar to the value at week 24. The serum total cholesterol and low density
lipoprotein (LDL) cholesterol levels increased significantly. Serum triglyc-
erides were reduced significantly. Significant reductions in serum FFA from
baseline to week 24 were observed. A gradually decrease of serum HS-CRP
was noted from baseline to week 24. Serum adiponectin levels increased
maximally at week 12 and then it decreased gradually, showing a significant
change. Serum insulin and C-peptide levels showed significant changes from
baseline to week 24. There were no acute cardiocerebral peripheral vascular
disease events or liver damage within the entire study period.

Conclusions: Clinical improvement in glycemic control was observed after the addition of
rosiglitazone to type 2 diabetic patients receiving full dose SU and MET
therapy. The maximal effect was observed at week 12 and the effect contin-
ued for at least two years. Further, the combination therapy also resulted in
an improvement in lipid profiles, decreased HS-CRP and increased
adiponectin levels in the short term (24 weeks). This combination therapy is
also safe and beneficial for at least two years because no acute episodes of
cardiocerebral peripheral vascular disease were seen.
(Chang Gung Med J 2006;29:486-92)
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Thiazolidinediones (TZDs), selective and potent
agonists of peroxisome proliferator-activated

receptor-gamma (PPAR-γ), represent a novel class of
antidiabetic agents that improve glycemic control,(1-4)

enhance hepatic and muscle insulin sensitivity,(5,6) and
improve β-cell function in both human and animal
models of type 2 diabetes mellitus (DM).(7-9) The
TZDs exert beneficial effects on lipid abnormality,
endothelial function, hemostasis and inflamma-
tion.(10,11)

There is no report on the long term effects of
adding rosiglitazone (one of the TZDs) to poorly
controlled type 2 diabetic patients receiving full dose
sulfonylurea (SU) and metformin (MET) in Taiwan.
Therefore, we observed both the short term (24
weeks) effects of rosiglitazone on plasma glucose,
serum lipid profiles, high sensitivity C-reactive pro-
tein (HS-CRP) and adiponectin levels, and the long
term (two years) efficacy and safety of this drug.

METHODS

This trial was approved by the hospital’s Human
Research Ethic Committees. All participants gave
written informed consent before starting the trial.
This study was an open-label trial performed
between Jan. 2002 and Feb. 2004 in 32 type 2 diabet-
ic patients (12 males, 20 females) with 12.6 5.4
years duration of diabetes. Seven patients had mild
background diabetic retinopathy and 30 to 100
mg/dL urine protein. No patient had cerebral vascu-
lar accident, myocardial infarction or peripheral vas-
cular disease. All participants had been treated with
full dose SU (two tablets twice daily of gliben-
clamide 5 mg, glipizide 5 mg or glyclazide 80 mg)
and MET (two tablets three times daily of metformin
500 mg) for more than six months. Their fasting
plasma glucose (FPG) levels remained over 200
mg/dL and their glycated hemoglobin (HbA1c) levels
were over 9%, even after they had received instruc-
tion from the diabetic dietitian and nurse. The age of
eligible patients was 38-78 years (mean 57 11)
with a body mass index (BMI) of 23.3 3.3 kg/m2.
Among these 32 patients, four patients had BMI > 27
kg/m2 and two of these four patients had BMI > 30
kg/m2. Patients were regarded as ineligible if: (1)
they were currently taking lipid-lowering drugs; (2)
their serum glutamic pyruvic transaminase (SGPT)
was more than three times the upper limit of normal;

(3) they had a history of heart failure; (4) they were
pregnant or breast-feeding women. During the study,
thiazides were allowed to treat edema and, if antihy-
pertensive treatment was indicated, angiotension
converting enzyme (ACE) inhibitors, angiotensin II
receptor antagonists or calcium antagonists were
given so as not to affect glucose homeostasis.
Rosiglitazone 4 mg was given to every eligible
patient after screening. Patients were seen at screen-
ing, and at 4, 8, 12, 16, 20 and 24 weeks, and then
they were regularly followed-up at our Outpatients
Department (OPD) for at least two more years. At all
visits, patients were seen in the morning after at least
10-h fasting. Blood was drawn for FPG, free fatty
acid (FFA), high sensitive C-reactive protein (HS-
CRP), adiponectin, insulin and C-peptide testing at
each visit, and HbA1c as well as lipid profiles total
cholesterol, triglyceride, high density lipoprotein
(HDL) cholesterol and low density lipoprotein
(LDL) cholesterol were checked at 12 week inter-
vals. All patients had their serum glutamic-oxalacetic
transaminase (SGOT) and SGPT levels tested at each
visit for safety monitoring. After 24 weeks, the FPG
was checked each month, and HbA1c, lipid profiles
and SGOT/SGPT were tested every three months.

Analysis of SGOT/SGPT, FPG, lipid profiles
and FFA was performed in the central laboratories of
Kaohsiung Veterans General Hospital. All other
analyses were carried out in our endocrinological
laboratory. The SGOT/SGPT, FPG and lipid profiles
were measured using Hitachi-747 (Hitachi Ltd,
Tokyo, Japan), and FFA was measured using
Hitachi-7150 (Hitachi Ltd, Tokyo, Japan), by the
enzymatic ACS-ACOD (Acyl-CoA synthase-Acyl-
CoA oxidase) method (Wako Chemicals, Richmond,
Virginia, USA). HbA1c was measured using HLC-
723 GHbV high-performance liquid chromatography
(Tosoh company, Tokyo, Japan), HS-CRP, insulin
and C-peptide were measured using Immulite
(Diagnostic Products Co., Los Angeles, CA, USA),
and adiponectin was measured using an RIA-IRMA
kit (LINCO Research Inc., Charles, MO, USA).

For each subject, the degree of insulin resistance
and pancreatic β-cell function were estimated by
homeostasis model assessment of insulin resistance
(HOMA-IR) and homeostasis model assessment of
β-cell function (HOMA-β-cell function), according
to the method of Matthews et al.(12) A HOMA-IR
score was computed using the following formula:
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fasting plasma glucose (mmol/L) x fasting serum
insulin (mIU/mL) ÷ 22.5. A HOMA-β-cell function
(%) was computed using the following formula: 20 x
insulin ÷ (glucose-3.5).

Data were analyzed using SPSS version 6.1. All
data were expressed as means SD. Data from
before and after treatment were compared using
repeated measure ANOVA. For all analyses, the level
of statistical significance was set at p < 0.05.

RESULTS

Table 1 shows metabolic changes before and
after adding rosiglitazone treatment. Reduction in
FPG from baseline to week 24 was significant, with
the lowest value appearing at week 12. The follow-
up FPG was 203 38 mg/dL one year later and 201

63 mg/dL two years later: both were similar to
level at week 24 (201 64 mg/dL). Table 1 also
shows significant reduction of HbA1c. The follow-up
HbA1c was 9.6 1.7% one year later and 9.8 
2.5% two years later. However, HbA1c was still
above 9% throughout the whole study period.

Changes from baseline in total cholesterol and
LDL cholesterol showed significant increases.
Although HDL cholesterol also showed a small
increase, it was not statistically significant.
Triglycerides were significantly reduced. Significant
reductions in FFA from baseline were also shown at

each follow-up visit. Five cases in the first year and
another one in the second year needed statin therapy.
Significant reduction in HS-CRP occurred.
Adiponectin levels increased to a maximum at week
12 and then decreased gradually thereafter. Serum
insulin and C-peptide levels showed significant
changes from baseline up to week 24. HOMA-IR
and HOMA-β-cell function showed significant
changes: HOMA-IR decreased and HOMA-β-cell
function increased to maximum levels at week 12.

Eighteen patients showed an increase in body
weight of 3.0 1.7 kg, five patients’ body weights
reduced by 3.2 2.0 kg and nine patients’ body
weights remained stable. We did not find any cases
of edema. Neither did we find any cases of abnormal
liver function test or acute episodes of cardiocerebral
peripheral vascular disease. During the first year of
the study, only three cases required small doses (less
than 15 U) of bed-time NPH insulin injection (BTII),
one of which shifted to twice daily NPH insulin
injection. Another case required BTII in the second
year of follow-up.

DISCUSSION

Our results demonstrate that the addition of
rosiglitazone in patients insufficiently treated with
SU and MET resulted in improved glycemic control
throughout the two years of the study period. HbA1c

Table 1. Metabolic Changes Before and After Adding Rosiglitazone Treatment

Week 0 4 8 12 16 20 24 p-value

FPG 236 33 197 47 188 52 171 55 206 63 189 64 201 64 < 0.0001
HbA1c 11.0 1.9 9.6 2.2 9.9 2.2 < 0.0001
T.C 198 28 210 38 231 41 < 0.0001
HDL 47 14 50 14 51 19 0.115
LDL 116 25 131 33 145 35 < 0.0001
TG 166 92 136 69 171 95 0.021
FFA 0.84 0.47 0.48 0.25 0.54 0.28 0.54 0.27 0.38 0.22 0.41 0.19 0.54 0.23 < 0.0001
CRP 0.37 0.41 0.17 0.19 0.22 0.29 0.25 0.33 0.20 0.19 0.09 0.07 0.18 0.20 < 0.001
Adipo 1069 714 1130 660 1150 561 1632 513 1034 561 875 485 1070 644 < 0.001
Ins 6.7 4.4 5.5 3.0 5.9 3.5 6.2 4.0 6.4 2.5 6.2 4.4 6.7 3.6 < 0.001
C-pep 1.1 0.8 1.0 0.6 1.0 0.6 1.1 0.7 1.0 0.8 1.2 0.9 1.6 1.0 < 0.0001
HOMA-IR 3.85 2.24 2.58 1.33 2.62 1.36 2.56 1.76 3.21 2.22 2.84 1.65 3.29 2.44 < 0.0001
HOMA-β(%) 15.4 11.7 17.1 13.2 22.1 19.6 28.9 25.4 20.0 16.6 22.0 15.4 22.5 16.8 < 0.0001

Abbreviations: FPG: fasting plasma glucose (mg/dL); HbA1c: glycated hemoglobin (%); T.C: total cholesterol (mg/dL); HDL: high den-
sity lipoprotein (mg/dL); LDL: low density lipoprotein (mg/dL); TG: triglyceride (mg/dL); FFA: free fatty acid (mmol/L); CRP: C-reactive
protein (mg/dL); Adipo: adiponectin (ng/mL); Ins: insulin (mIU/L); C-pep: C-peptide (ng/mL); HOMA-IR: homeostasis model assessment
of insulin resistance; HOMA-β: homeostasis model assessment of β cell function.



Chang Gung Med J Vol. 29 No. 5
September-October 2006

Jenn-Kuen Lee, et al
Rosiglitazone effect in type 2 DM

489

was reduced by a maximum of 1.4% at 12 week and
1.1% at 24 week, and the effect continued for at least
two years. This means that rosiglitazone has an addi-
tional blood-glucose-lowing effect that started as
early as 12 weeks after its use and the effect can be
maintained for at least two years. Rosiglitazone low-
ered blood glucose by enhancing insulin sensitivity
in the skeletal muscle, adipose tissue and liver, in
part, by reducing intra-abdominal and intra-hepatic
fat.(6) The increase in body weight has been attributed
to expansion of the subcutaneous fat depot and, in
some patients, to edema, where the mass of visceral
fat remains unchanged(13) or decreases.(14) Although
we did not find any cases of edema, it has been
reported in 4% to 6% of patients undergoing treat-
ment with thiazolidinediones.(31)

Paolisso and Pankow have shown that increased
plasma non-esterified (free) fatty acid concentration
is a risk factor for development of type 2 DM.(15,16)

Boden has demonstrated that FFAs inhibit glucose
uptake in a dose-dependent fashion throughout the
physiological range of plasma FFA concentration.(17)

This study showed that rosiglitazone could reduce
FFA levels. These results suggest that the beneficial
effects of rosiglitazone on glycemic control are
mediated, in part, by the drug’s effect on FFA metab-
olism, a mechanism that is similarly reported by
Miyazaki et al.(18) Reduced HDL cholesterol and ele-
vated triglyceride are well-known independent indi-
cators of cardiovascular risk in patients with type 2
DM.(19-21) From epidemiological studies, it is known
that a 1% increase in HDL cholesterol is associated
with a 2-3% reduction in the risk of coronary heart
disease.(21) Improvements in HDL cholesterol (+6%
in week 12, +8.5% in week 24) and triglyceride
(–18.1% in week 12) were noted in the present study.
However, total cholesterol and LDL cholesterol also
increased significantly after rosiglitazone treatment,
a finding similar to Yki-Jarvinen’s review,(31) and this
produced six cases that needed additional statin treat-
ment two years later. The cause of the increase in
HDL and LDL cholesterol during rosiglitazone treat-
ment is unknown. The effects of rosiglitazone on the
size of LDL particles have not been studied in a dou-
ble blind, placebo-controlled trial.(31) Hence, the long
term cardiovascular effect of rosiglitazone requires a
longer observation time, though no acute condition
of cardiocerebral peripheral vascular disease was
noted in this study.

There is increasing recognition that chronic sub-
clinical vascular inflammation plays a role in the
pathogenesis of atherosclerosis, insulin resistance
and type 2 DM. Markers of subclinical inflamma-
tion, in particular HS-CRP, have been shown to be
powerful independent predictors of DM and cardio-
vascular disease risk.(22) During rosiglitazone treat-
ment, the reduction in mean HS-CRP levels was sta-
tistically significant compared with the baseline lev-
els. This indicates that rosiglitazone may have poten-
tially beneficial effects on overall cardiovascular
risk.(23)

Adiponectin, a plasma protein exclusively syn-
thesized and secreted by adipose tissue, has recently
been shown to have anti-inflammatory, antiathero-
genic properties in vitro and beneficial metabolic
effects in animals. Lower plasma levels of
adiponectin have been documented in human sub-
jects with obesity, type 2 DM or coronary artery dis-
ease.(24-27) The present study demonstrated that after
starting rosiglitazone treatment, the plasma
adiponectin levels increased gradually, with a maxi-
mal effect noted at week 12. Yang et al. also showed
that treatment with rosiglitazone for six months did
not further increase the plasma adiponectin level
from that measured at the 3rd month, suggesting that
the maximal effect of rosiglitazone on adiponectin
levels had been attained by the 3rd month.(28) This
effect may potentially protect diabetic patients from
macrovascular complications, and may improve their
insulin sensitivity and glycemic control.

We demonstrated that there were significant
changes in the serum insulin and C-peptide levels
before and after 24 weeks of rosiglitazone treatment.
This was also correlated with significant decreases in
HOMA-IR and increases in HOMA-β-cell function,
although the maximal effect showed at week 12.

In summary, although the results of the present
study are from a single medical center with a rela-
tively small number of Chinese poorly controlled
type 2 DM subjects, the additional glucose-lowering
effect and generalized multiple effects of rosiglita-
zone in these subjects is similar to that of Yki-
Jarvinen’s review.(31) These findings suggest that
rosiglitazone is an effective combination regimen for
type 2 DM patients insufficiently treated with SU
and MET. From this point of view, earlier usage of
rosiglitazone in the combination therapy may have a
better and longer effect on the blood sugar control
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than later usage of this drug. At the end of the second
year, only four cases received NPH insulin injection.
This means that the addition of rosiglitazone may
delay the use of insulin treatment.(29) From the report
of the Taiwanese Association of Diabetes Educators
(TADE) 2004 survey,(30) compared with 2002, the
same phenomenon was also noted. Tsai et al. have
shown that TZD combined therapy increased from
6% to 20%, whereas insulin treatment decreased
from 22.6% to 18.2%. Furthermore, the decrease in
triglycerides, FFA and HS-CRP, as well as the rise in
HDL cholesterol and adiponectin, suggest that addi-
tional benefits may be obtained in terms of reducing
the risk of complications from the addition of rosigli-
tazone to patients with type 2 DM. However, there
was also an increase in total cholesterol and LDL
cholesterol, which resulted in some cases requiring
statin treatment. Hence, the overall influence of this
drug requires longer term observation. The long-term
effects of rosiglitazone on cardiovascular morbidity
and mortality currently are being evaluated in several
large randomized controlled trials.(32) Nevertheless,
no subject in the present study had an acute event of
cardiocerebral peripheral vascular disease, or any
acute or chronic side effects when observed for more
than two years. These findings suggest that rosiglita-
zone is safe and effective in both short-term (six
months) and long-term (two years) use in Chinese
type 2 DM patients.
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