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ABSTRACT

Background: Diabetes mellitus (DM) is a heterogenous group of disorders, it is two
types: type 1 and type 2 DM. Type 2 DM is more common than type 1 DM. Obesity
and genetic factors may lead to insulin resistance and development of type 2 DM.
Thiazolidinediones (TZDs) are a new class of oral anti-diabetic drugs that act as
insulin sensitizer. The anti-diabetic actions of TZDs are believed to be mediated by
their interaction with the nuclear receptor peroxisome proliferators-activated receptor-
gamma (PPAR-y). TZDs also may have a series of effects on atherosclerosis, and
have been shown to possess anti-inflammatory properties were evidenced through
their suppressive effects and reduction of tumor necrosis factor-alpha (TNF-a).
Objective: This study was designed to determine the effects of TZDs on blood glucose
and lipid profiles and compare it to other oral anti-diabetic drugs (Biguanides and
Sulfonylurea) in patients with type 2 DM.

Materials and Methods: A total of 200 type 2 diabetic patients were included in this
study and were divided into four groups according to their treatment: three groups
were on oral anti-diabetic drugs and one group was on diet and exercise. 50 normal
subjects were used as a normal control group. The changes in fasting blood glucose,
post-prandial blood glucose, glycosylated hemoglobin, total cholesterol, low density
lipoprotein, high density lipoprotein and triglycerides, were monitored in order to
compare the effects of oral anti-diabetic agents as well as diet and exercise on these
previous variables.

Results: Data from this study of TZDs in patients with type 2 DM indicated benefits
not only in terms of glycemic control but also in terms of reduced insulin resistance
and improved markers of cardiovascular risk. In addition, TZDs may reduce
dyslipidemia and visceral obesity.

Conclusion: This study demonstrate an anti-atherogenic effect of TZDs in type 2
diabetic patients with respect to its anti-diabetic effect.

Keywords: Diabetes Mellitus (DM), Thiazolidinediones (TZDs), Blood Glucose,
Lipid Profile, Anti-inflammatory effects.
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INTRODUCTION

iabetes mellitus (DM) is a clinical syndrome characterized by varying degrees

of insulin hypo-secretion and/or insulin insensitivity leading to

hyperglycemia. Lack of insulin affects the metabolism of carbohydrates,
protein and fat, which lead to metabolic alterations, and it causes a significant
disturbance of water and electrolytes homeostasis'~.

DM is divided into two groups based on their requirements for insulin: Insulin-
Dependent Diabetes Mellitus (IDDM) and Non-Insulin-Dependent Diabetes Mellitus
(NIDDM). In 1997, The American Diabetes Association (ADA) reclassified DM
according to the etiology into (type 1 DM) which is equivalent to IDDM, and (type 2
DM) which is equivalent to NIDDM**.

Type 1 DM most commonly affects juveniles; however, it may occur among adults
with an acute onset. Type 1 DM is characterized by an absolute deficiency of insulin
caused by massive B-cell lesions or necrosis. As a result of the destruction of -cells,
the pancreas fails to respond to ingestion of glucose, and type 1 DM shows the
classical symptoms of insulin deficiency (polydipsia, polyphagia, polyuria and
ketoacidosis) i

Type 2 DM (NIDDM) Mature or Adult Onset DM is the commonest form of DM. In
contrast to type 1 DM, the onset is slow and the metabolic alterations observed are
less than those of type 1 DM (for example, type 2 diabetic patients typically are non-
ketotic) i

On average, patients with type 2 DM retain approximately 50% of their B-cell mass,
resulting in variable insulin levels (normal or raised insulin level when compared with

normal subjects), but are inappropriately low for degree of hyperglycemia present'*.

Groups at higher risk to develop type 2 DM include those with family history of type
2 DM, middle aged to elderly (age older than 40 years)®, obese (especially visceral
obesity), sedentary lifestyle and those on high-fat or high-caloric diet*. Insulin
resistance 1s simply defined as a state of reduced sensitivity of tissues of the body to
the action of insulin®. Insulin resistance may be due to an abnormal insulin molecule,
over production of Tumor necrosis factor-alpha (TNF-a) in (obesity or inflammation)
and/or target tissue defects (decreased number or mutations of insulin receptors)
which is the most common cause of insulin resistance in type 2 DM”.

Insulin resistance is often associated with increased body weight, cardiovascular
disease (CVD) and secretion of proinflammatory cytokines such as TNF-o or
interlukin-1 or 6 (IL1 / IL6)". Therefore, insulin resistant state in type 2 DM is
proinflammatory and potentially a proatherogenic process®. Individuals with insulin
resistance and type 2 DM exhibit atherogenic dyslipidemia that has been associated
with adverse cardiovascular (CV) outcomes. This dyslipidemic profile is
characterized by increased triglycerides (TGs) levels, decreased high-density
lipoprotein (HDL) levels and increase small, low-density lipoprotein (LDL) particles.
These particles are more susceptible to penetrate vessel wall more easily, and are thus
more atherogenicg'IS.The oral anti-diabetic drugs are classified by their actions into
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either Hypoglycemic drugs (Sulfonylurea & non-sulfonylurea insulin secretagogues)
or anti-hyperglycemic drugs (Metformin & Thiazolidinediones) '°.

Thiazolidinediones (TZDs) are a new class of oral anti-diabetic drugs that act as
insulin sensitizer. The anti-diabetic actions of TZDs are believed to be mediated by
their interaction with the nuclear receptor peroxisome proliferators-activated receptor-
gamma (PPAR-y). TZDs also may have a series of effects on atherosclerosis, and
have been shown to possess anti-inflammatory properties were evidenced through
their suppressive effects and reduction of tumor necrosis factor-alpha (TNF-a)."”. It is
recommended that people with moderate to severe CHF New York Heart Association
(NYHA) class III-IV should avoid TZDs'®*". Careful monitoring approach should be
followed for people who don't have symptoms of CHF but who do have one or more
risk factors for CHF, physicians and patients should watch for signs of fluid retention.
In these cases the drugs should be started at low doses'®*". Combination therapy of
TZD and insulin should be observed for signs and symptoms of CHF and edema®*'.
These drugs are contraindicated in patients with serious hepatic impairment or with
ALT levels more than 2.5 times the upper limit of normal range *.

TZDs exert their anti-hyperglycemic effect only in the presence of insulin. Therefore,
it should not be used in patients with type 1 DM or for the treatment of diabetic
ketoacidosis™.

This study was designed to assess the relationships between the anti-diabetic and anti-
atherosclerotic as well as the anti-inflammatory effects of the new class of oral anti-
diabetic drug TZDs. Thereafter, to compare the beneficial effects of TZDs, with other
conventional oral anti-diabetic agents used in the treatment of type 2 DM, through the
assessment of blood glucose and lipid profiles.

MATERIAL AND PARTICIPANTS

The present study includes 200 patients with type 2 DM. Patients were divided into 4
groups, as well as 50 normal healthy subjects which were included as a 5™ control
group. The age of all participants ranged between 30 and 90 years. All of them gave
informed consent.

Group 1: Received TZDs (pioglitazone 30 mg/tablet once daily for 3 months)

Group 2: Received sulfonylurea (diamicron 80 mg/tablet twice daily half an hour
before breakfast and dinner for 3 months).

Group 3: Received Metformin (glucophage 500 mg/tablet twice daily with meals for
3 months).

Group 4: Type 2 diabetic patients on diet and exercise only.
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Group 5: Normal individuals were considered as the control group of the study. Five
hospitals were involved in the study: AL-Noor Specialist Hospital (DM centre), Alawi
Tunsi and his Brothers Hospital, Dr. Baksh Hospital, Al-Hada Armed Forces
Hospital, King Abdulaziz Medical City National Guard Hospital.

METHODS

The participants (patients and control subjects), were subjected to medical
examinations by their physicians that included: history taking and clinical
examinations, routine laboratory investigations, Blood glucose profiles that include
Fasting blood sugar level(FBS),Post-prandial sugar level (PPBS) 2 hours and
Glycosylated hemoglobin (HbA1c). Lipid profiles that include Serum total cholesterol
(T.C), low-density lipoprotein (LDL), high-density lipoprotein (HDL) and
triglycerides level (TGs).

DM is diagnosed when FBS levels are 126 mg/dl or higher and PPBS levels greater
than 200 mg/dl. HbA 1c provides an accurate and objective measure of the average of
the blood glucose concentration over the life of the hemoglobin molecule
(approximately 3 months)®. The concentration of serum lipids: T.C, LDL, HDL and
TG was measured at diagnosis and regularly thereafter. Ideally, lipid profiles,
especially TG concentration is measured in fasting state.

SPSS (Statistical Package for Social Sciences) for windows version 10 was used in
the description and analysis of this data. ONE WAY ANOVA and descriptive
frequencies analysis tests were used for the comparison of differences between means
and ranges respectively within each group. Data are presented as the mean * standard
deviation (SD), and p<0.05 was considered statistically significant.
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Figure 1: Distribution of the 250 subjects among the hospitals involved in the study.

Figure 1 shows that of the 250 subjects of DM and control group, 27.6% were from
Al-Noor, 25.2% from Alawi Tunsi, 24.8% from Al-Hada, 13.2% from National Guard
and 9.2% Dr. Baksh Hospitals.
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Figure 2: Distribution of the 250 subjects according to sex and age.

Figure 2 shows the male and female distribution among different age groups.
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Parameters

FBS

mg/dl

PPBS

mg/dl

HbAle

%

T.C

mg/dl

LDL

mg/dl

TGs

mg/dl

HDL

mg/dl
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Table 1: Distribution of subjects according to reference ranges of glucose and lipid parameters.

Reference

Ranges

Normal

60-126

Less than
200

4-7

Less than
200

Less than
100 up to
129

Less than
150

More than
50

Diet and Exercise

No. of Subjects (%)

Normal

3(12)

2(12)

9(30)

28 (93)

25 (100)

23 (77

Normal

G

Above

22 (88)

14(88)

21 (70)

2(7)

7(23)

Below

24 (96)

177 +
19

160+ 8

176 +
36

B5EE

(=)

Metformin

No. of Subjects (%)

Normal

10 (40)

11 (69)

11 (37)

18 (60)

23 (92)

20 (67)

Normal

4(16)

Above

15 (60)

531)

19 (63)

12 (40)

2(8)

10(33)

Below

21 (84)

Mean

+SD

154 +

53

214+
2

7.68+2

193 +

49

90 +38

145 +
57

43 +12

Sulfonylurea

No. of Subjects (%)

Normal

13 (52)

12.(75)

12 (40)

17 (57)

19 (76)

23 (77)

Normal

7(28)

Above

12 (48)

4(25)

18 (60)

13 (43)

624

7(23)

Below

18(72)

*SD

136 +
27

169 +

192 +
41

108 +
36

172+
45

4B+
11

TZDs

No. of Subjects (%)

Normal Above

8(32) 17 (68)

8(50) 8(50)

17(57)  13(43)

19(63) 1137

21 (84) 4(16)

18(60)  10(33)

Below

2(7)

Normal Below

11(44)  14(56)

Table 1 shows the normal reference ranges of glucose and lipid parameters. In
addition, the number subjects who had achieved normal range and those who are
above or below normal range in each group are illustrated.

-39-

169 =
88

219
84

717

189 x

30

98 + 43

142
64

4517



Hammadi and Nouman: Comparative Study between Thiazolidinediones and Other Oral Anti-Diabetic Drugs in Type 2 DM

Table 2: Multiple comparisons between the means of FBS leve

Drugs Groups
T7ZDs
Sulfonylurea
Diet & Exercise
Control

Metformin

TZDs Metformin
Sulfonylurea
Diet & Exercise
Control
Diet & Exercise

Control

Sulfonylurea

Diet & Exercise Control

Mean +
SD mg /dl
169 £ 88
136 £ 27
153 2= 20
100 £ 12
154 + 53
136 £ 27
153 2= 210
100 £ 12
1153 2= 200
100 £ 12
100 £ 12

Significant
(p-value)
0.281
0.193
0.939
0.000*
0.281
0.018*
0.249
0.000*
0.220
0.008*
0.000*

* The mean is significant at the p< 0.05.

UQU Medical Journal

Table 3: Multiple comparisons between the means of PPBS level

Drugs

Metformin

TZDs

Sulfonylurea

Diet & Exercise

Groups

TZDs
Sulfonylurea
Diet & Exercise
Control
Metformin
Sulfonylurea
Diet & Exercise
Control
Diet & Exercise

Control
Control

Mean +
SD mg /dl
219 £ 84
169 £ 40
238 + 20
120£ 7
214 £ 92
169 £ 40
238 + 20
120£ 7
238 + 20

120 £ 7
120 = 7

Significant
(p-value)
0.823
0.034*
0.261
0.000*
0.823
0.020*
0.366
0.000*
0.002*

0.021*
0.000*

* The mean is significant at the p< 0.05.

Tables 2&3 show multiple comparisons of FBS and PPBG of diabetic patients on different

therapeutic modalities

Table 4: Multiple comparisons between the means of HbAlc lex

Drugs Groups
TZDs
Sulfonylurea
Diet & Exercise
Control

Metformin

TZDs Metformin
Sulfonylurea
Diet & Exercise
Control
Diet & Exercise

Control

Sulfonylurea

Diet & Exercise Control

Mean +
SD mg /dl
7T = 2
744 £ 2
9 3
5+ 1.2
7.68 £ 2
7.44 £ 2
93
5+ 1.2
9+3
5+ 1.2
5 1.2

Significant
(p-value)
0.278
0.617
0.013*
0.000*
0.278
0.557
0.000*
0.000*
0.003*
0.000*
0.000*

* The mean is significant at the p< 0.05.

Table 5: Multiple comparisons between the means of T.C level

Drugs

Metformin

TZDs

Sulfonylurea

Diet & Exercise

Groups

TZDs
Sulfonylurea
Diet & Exercise
Control
Metformin
Sulfonylurea
Diet & Exercise
Control
Diet & Exercise

Control
Control

Mean +
SD mg /dl
189 £ 30
192 £ 41
177 £ 19
119 £ 19
193 £ 49
192 £ 41
177 £ 19
119 £ 19
177 £ 19

119 £ 19
119 55 119

Significant
(p-value)
0.637
0.936
0.075
0.000*
0.637
0.695
0.188
0.000*
0.089

0.000*
0.000*

* The mean is significant at the p< 0.05.

Table 4 shows that TZDs achieve the lowest HBA 1c¢ level (7.17%)
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Table 6: Multiple comparisons between the means of LLDL level Table 7: Multiple comparisons between the means of HDL level
Drugs Groups Mean + Significant Drugs Groups Mean + Significant
SD mg /dl (p-value) SD mg /dl (p-value)
Metformin TZDs 98 + 43 0.355 Metformin T7ZDs 45 + 17 0.473
Sulfonylurea 108 + 36 0.048* Sulfonylurea 43 + 11 0.901
Diet & Exercise 160 + 8 0.000* Diet & Exercise 35+6 0a12¢
Control 77+ 11 0.129 Control 49+ 4 0.028*
TZDs Metformin 90 + 38 0.355 TZDs Metformin 43 + 12 0.473
Sulfonylurea 108 + 36 0.285 Sulfonylurea 43 + 11 0.553
Diet & Exercise 160+ 8 0.000* Diet & Exercise 3516 0.001*
Control 77+ 11 0.015% Control 49+ 4 0.136
Sulfonylurea Diet & Exercise 160+ 8 0.000* Sulfonylurea Diet & Exercise 3516 0.008*
Control 77% 11 0.001* Control 49 + 4 0.038*
Diet & Exercise Control 77+ 11 0.000* Diet & Exercise Cooriizsl] 49 & 4 0.000%
* The mean is significant at the p< 0.05. * The mean is significant at the p< 0.05.

Table 8: Multiple comparisons between the means of TGs level

Drugs Groups Mean £ SD mg /dl Significant
(p-value)
TZDs 142 + o4 0.837
Metformin Sulfonylurea 172 £45 0.029*
Diet & Exercise 176 + 36 0.012%*
Control 141 + 16 0.739
Metformin 145+ 57 0.837
TZDs Sulfonylurea 172 £45 0.017*
Diet & Exercise 176 + 36 0.007*
Control 141+ 16 0.899
Diet & Exercise 176 + 36 0.729
ulfonyivrcs Control 141 + 16 0.012*
Diet & Exercise Control 141 + 16 0.005*

* The mean is significant at the p< 0.05.

Tables 5-8 show multiple comparisons of different therapeutic modalities as well as
diet and exercise on different lipid parameters (T.C., LDL-C, HDL-C, & T.Gs.)
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DISCUSSION

Type 2 DM is characterized by hyperglycemia that develops due to a combination of
insulin resistance and pancreatic insufficiency. Insulin resistance is often associated
with the metabolic syndrome which includes: elevated TGs, T.C, LDL, low levels of
HDL and other factors, which are risk factors for atherosclerosis and CVDs.
Atherosclerosis is considered a result of inflammatory disease that is characterized by
lipid accumulation in the arteries.

Our data showed that diabetic patients who received sulfonylurea had the best effect
on their blood glucose profiles (FBS and PPBS) in comparison to the other anti-
hyperglycemic drugs used and diet and exercise group. This might be due to the
differences in the mode of actions of these drugs. Although sulfonylurea was the best
of all drugs studied in lowering the levels of FBS and PPBS, still diabetic patients in
all groups did not reach the target glycemic control and showed significantly elevated
FBS and PPBS levels as compared to control group. Our results showed disagreement
with a study done on 192 patients divided into two groups who received sulfonylurea
and TZDs. FBS decreased to a more extent in the TZDs group as compared to the
sulfonylurea group>*. Unlike this previous study, we have not shown a significant fall
in FBS with TZDs. Sulfonylurea also showed a significant difference in control of
PPBS compared to TZDs, metformin and diet and exercise group.

Results of our study demonstrated that 32% of patients on TZDs achieved adequate
glycemic control and 40% of patients on metformin achieved adequate glycemic
control which is better compared to the results obtained by Kendall. who reported a
percentage of 25-30% of patients who achieved adequate glycemic control with
metformin and only 15-20% with TZDs 2

In this study the three oral anti-diabetic drugs (TZDs, metformin and sulfonylurea)
showed low levels of HbAlc which are statistically different from diet and exercise
group. Patients on metformin, TZDs, sulfonylurea and diet and exercise had
acceptable levels of HbAlc but are higher than the level of control group. There was a
significant difference between control group in HbAlc levels compared to other
groups.

Results of HbAlc in TZDs and sulfonylurea groups were close to each other.
Similarly, a study which have been done by Pfutzner et al. on two groups receiving
TZDs and sulfonylurea showed an equal and significant improvement of HbAlc*".
Furthermore, the rate of HbAlc levels in our study is similar to what has been
reported by Lebovitz et al. in a study done on 493 patients who had type 2 DM and
randomized to receive TZD. Glycemic control improved significantly, as evidenced
by reductions in HbA I¢ from a mean baseline value of 9.0% to 7.8% and 7.5% *°.

Anti-diabetic drugs used in this study as well as diet and exercise group have reduced
the levels of T.C to levels within normal range but still higher than those in control

-4)-



Hammadi and Nouman: Comparative Study between Thiazolidinediones and Other Oral Anti-Diabetic Drugs in Type 2 DM

UQU Medical Journal

group. There was a significant difference in T.C levels between control group and
other groups. There were no significant differences among other groups. In
disagreement with our study, Pfutzner et al. showed that, there was a decrease in T.C
level in the sulfonylurea group only and not in the TZD group as our study has
shown®".

In our study the three oral anti-diabetic drugs (TZDs, metformin and sulfonylurea)
showed low levels of LDL which are statistically different from the diet and exercise
group. Metformin showed a low level of LDL which are statistically different from
sulfonylurea . Still LDL levels of all diabetic patients (four groups) are significantly
higher than the control subjects. There was a significant difference between control
group in LDL levels compared to TZDs, sulfonylurea and diet and exercise groups
respectively, except for the group that received metformin.

Anti-diabetic drugs used in this study groups maintained HDL levels, despite low, but
still within the normal range. The group on diet and exercise alone showed
unexpectedly the lowest level which was significantly lower than all other groups.
The three oral anti-diabetic drugs (TZDs, metformin and sulfonylurea) showed higher
levels of HDL which were significantly different from diet and exercise group. There
was a significant difference in HDL between control group and metformin,
sulfonylurea and diet and exercise groups. The difference between TZDs group and
control group was not significant. The HDL levels achieved in this study were close to
each other in TZDs and sulfonylurea groups (45 and 43 mg/dl) respectively, a finding
which disagrees with what had been reported by Pfutzner et al. that there was a
significant increase in HDL levels with TZDs only compared to sulfonylurea®*. The
findings of our results are supported by a study done on 18 patients who received
TZDs and had a significant reductions in LDL and HDL levels which provide cardio-
protective effects are significantly increased with treatment >,

In case of TGs, both metformin and TZDs groups showed significantly lower levels of
TGs which are statistically different from sulfonylurea group. Also, both metformin
and TZDs groups showed statistical significant difference in TGs compared to diet
and exercise group. There was a significant difference between control group
compared to sulfonylurea and diet and exercise groups, but for the TZDs and
metformin there was no statistical difference. The group on TZDs showed a level of
TGs (142 mg/dl) almost the same as the control group (141 mg/dl) and there were no
statistical difference between the control group and the TZDs group. Also, the level of
TGs in metformin receiving group (145 mg/dl) was close to that of control group (141
mg/dl). Results of TGs levels in TZDs group are supported by a study done on 9
patients with type 2 DM who received TZDs, and showed a decrease in TGs levels
with treatment®®, The study done by Pfutzner et al. is also in agreement with our
results, that TGs levels improved significantly in TZDs group compared to
sulfonylurea®. There is another study supporting ours which was conducted on 408
patients with type 2 DM who received TZDs (pioglitazone), showed that there were
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significant increases in HDL levels, and significant decreases in TGs levels both of
which were associated with improved glycemic control **72,

Regarding T.C, LDL and TGs levels, they were decreased significantly in type 2
diabetic patients who received TZDs. These findings are in agreement with a study of
136 Japanese patients with type 2 DM. After treatment with TZDs, T.C, LDL and
TGs levels were decreased significantly. In contrast, our findings show elevated levels
of HDL in TZDs group whereas, HDL remained unchanged in Japanese patients™. A
total of 67 type 2 diabetic patients agreed to take part in the study done by Chu et
al.**, there was a fall in TGs in both metformin and TZDs groups but not in
sulfonylurea group. These results are in agreement with ours except for sulfonylurea.
T.C fall significantly on metformin, but again, this change was not different from that
seen in the other groups. HDL increased significantly in the TZDs group. Comparing
the three groups, the change seen with TZDs was significantly different from that seen
with metformin and sulfonylurea. No change in total LDL cholesterol was seen in any
group. These results are in agreement with our results in case of T.C but not for LDL
and HDL **.

The differences in the results achieved in our study compared to other studies may be
due to the differences in methods of measurements and differences in populations. As
we have noticed in case of lipid profile the three oral anti-diabetic drugs almost had
achieved controlled levels but TZDs was the best.

This study showed that the anti-diabetic effect of TZDs is associated not only with
significant improvements in glycemic control and reduction of insulin resistance, but
also with a substantial beneficial impact on lipid profile. Therefore, TZDs may offer
an added initial therapeutic strategy to treat DM-associated CVD in type 2 diabetic
patients because of their anti-diabetic, anti-atherogenic and anti-inflammatory effects.
However, further studies are needed to confirm these findings and to exclude any
deleterious effect on other cardiovascular parameters.
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