
Recent evidence suggests abnormalities in the in-
flammatory factors in Type II (non-insulin-depen-
dent) diabetes mellitus. Increased concentrations of
haptoglobin, a-1-acid glycoprotein, C-reactive pro-
tein (CRP), serum amyloid A (SAA) and interleu-
kin-6 have been reported in Type II diabetes or in im-
paired glucose tolerance [1, 2]. In addition, athero-
sclerosis, which is often associated with Type II diabe-
tes, is increasingly considered to be a chronic inflam-
matory disease [3]. Insulin resistance is associated
both with Type II diabetes and with cardiovascular
disease. The inflammatory cytokine tumour necrosis
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Abstract

Aims/hypothesis. Inflammation could play a part in
insulin resistance. Thiazolidinediones, new antidia-
betic drugs, possess anti-inflammatory effects in vit-
ro. We investigated if acute-phase serum proteins
are increased in patients with Type II (non-insulin-
dependent) diabetes mellitus who had been treated
with insulin and whether troglitazone has anti-inflam-
matory effects in vivo.
Methods. A total of 27 patients (age 63.0 ± 1.7 years,
HbA1 c 8.8 ± 0.3 %, BMI 32.7 ± 0.8 kg/m2, duration
15.2 ± 1.4 years, insulin dose 73.3 ± 7.0 U/day) partic-
ipated in the study. The patients received daily either
400 mg troglitazone or placebo for 16 weeks. Blood
samples were taken at baseline, at the end of therapy
and after a follow-up time of 23 ± 4 days.
Results. The concentrations of serum amyloid A
(6.2 ± 1.1 mg/l) and C-reactive protein (6.1 ± 1.1 mg/
l) were increased (p < 0.001) and complement protein
C3 (1.69 ± 0.05 g/l) was also above the reference
range for healthy subjects. Placebo treatment had no
effect on glucose or inflammation, whereas troglitaz-

one reduced fasting glucose (from 10.4 ± 0.6 mmol/l
to 8.1 ± 0.5 mmol/l, p < 0.01), HbA1c (from
8.7 ± 0.3% to 7.5 ± 0.3%, p < 0.01), insulin require-
ments (from 75 ± 10 U/day to 63 ± 10 U/day,
p < 0.05), serum amyloid A (from 6.3 ± 1.5 mg/l to
4.0 ± 1.3 mg/l, p = 0.001), a-1-acid glycoprotein
(from 906 ± 51 mg/l to 729 ± 52 mg/l, p = 0.001) and
C3 (from 1.72 ± 0.07 g/l to 1.66 ± 0.06 g/l, p < 0.05)
but not a-1-antitrypsin, ceruloplasmin, C-reactive
protein or haptoglobin significantly. Concentrations
of glucose and acute-phase reactants had returned to
those before treatment at the follow-up visit.
Conclusion/interpretation. In Type II diabetic pati-
ents serum amyloid A and complement protein C3
are raised. Troglitazone exerts a selective reversible
action on some acute-phase proteins and C3 but not
on others in conjunction with the improvement in
glucose metabolism. [Diabetologia (1999) 42: 1433±
1438]
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factor-a (TNF-a) [4] and the complement protein C3
concentrations [5] are closely related to insulin resist-
ance and obesity.

Thiazolidinediones are a new group of pharma-
ceutical agents, with both glucose and lipid lowering
effects and the ability to reduce insulin resistance [6,
7]. Thiazolidinediones possess affinity for peroxi-
some proliferator-activated receptor (PPAR)g
[8±10]. A positive correlation exists between the
PPARg activity and the antidiabetic responsiveness
[11]. Recent in vitro data suggest that thiazolidinedi-
ones inhibit the production of inflammatory cyto-
kines as well as downstream markers of inflammation
such as nitric oxide produced by monocytic cells [12,
13]. Data from the Wistar fatty rats show that the an-
tidiabetic and lipid lowering action of a thiazolidine-
dione (pioglitazone) is associated with the suppres-
sion of TNF-a production [14]. Recently the relation
between PPARg and inflammation has become the
focus of great interest [15]. We are not aware of any
data in humans concerning the effect of thiazolidin-
ediones or any other specific agonist for PPARg on
inflammation. Consequently, in the present study we
examined the effects of troglitazone on various posi-
tive (SAA, CRP, a-1-acid glycoprotein (A1GP), a-1-
antitrypsin, C3, ceruloplasmin, haptoglobin) and one
negative (albumin) acute-phase serum proteins and
glucose and lipid homeostasis in patients with Type
II diabetes.

Subjects and methods

Patients. A total of 27 patients (11 men, 16 women) with Type
II diabetes who had been treated with insulin from five Finnish
centres (Helsinki, Turku, Vaasa, Oulu and Jyväskylä) partici-
pated in this study, which was a part of a large international
troglitazone trial. Patients were included, if their age was over
35 years, duration of diabetes was over 1 year, daily insulin
dosage was 20 or more and less than 150 units, C peptide was
more than 0.3 nmol/l and they had HbA1 c 7.0 % or more at
the screening visit. Oral antidiabetic treatment was not al-
lowed. The mean ( ± SEM) age was 63.0 ± 1.7 years, HbA1 c
8.8 ± 0.3 %, body mass index 32.7 ± 0.8 kg/m2, diabetes dura-
tion 15.2 ± 1.4 years, insulin dose 73 ± 7 U/day. Most patients
(twelve in the troglitazone and ten in the placebo group) used
concomitant medication during the study with no clear differ-
ences between the groups. These medicines consisted mainly
of angiotensin converting enzyme inhibitors, beta blockers,
calcium channel blockers, long-acting nitrates and low dose
(50 to 150 mg/d) aspirin prescribed for hypertension and car-
diovascular diseases.

Design and methods. The study was planned to compare the ef-
fects of a 16-week treatment of troglitazone (400 mg once dai-
ly) with placebo in Type II diabetic patients on insulin therapy
alone. As baseline the patients were assigned to randomization
4 weeks after the screening visit in a double-blind fashion to ei-
ther troglitazone or placebo treatment and they visited the
clinics at 4 week intervals. During the clinical visits the insulin
doses were adjusted to meet the metabolic requirements of

the patients. Other medication was kept practically unchanged
during the study. Blood samples were drawn at the screening
visit for HbA1 c and C peptide screening measurement in the
central laboratory. At baseline, at the end of the 16-week treat-
ment period and after the mean follow-up time of 23 � 4 days
blood samples after an overnight fast were taken for this sub-
study for measurements at the research laboratory of Helsinki
University Hospital. The study was approved by the ethics
committees of each participating centre. Each patient gave
his/her written, informed consent and the study was conducted
according to the rules of good clinical practice.

Methods. Fasting plasma glucose concentration was deter-
mined using glucose oxidase method (Beckman glucose ana-
lyzer, Beckman Instruments, Fullerton, Calif., USA). Serum
C peptide, total and HDL-cholesterol and triglyceride concen-
trations were determined as described previously [16]. Haemo-
globin A1c (reference range 4.0±6.0 %) at baseline (n = 21) and
at the end of the treatment (n = 26) were determined with a
DCA 2000 analyser (Bayer Diagnostics). Serum apolipopro-
tein A1 (apoA-I) and apolipoprotein B (apoB) were deter-
mined by commercially available kits (Orion Diagnostica,
Espoo, Finland). Serum albumin (reference range 36.1±47.5 g/
l for men and 34.8±46.1 g/l for women) was measured with au-
tomated Bromcresol Purple method (Hitachi 917, Tokyo, Ja-
pan). Serum haptoglobin (reference range 0.29±2.00 g/l), a-1-
acid glycoprotein (A1GP) (reference range 500±1200 mg/l),
a-1-antitrypsin (reference range 0.98±1.78 g/l), ceruloplasmin
(reference range 200±550 mg/l) and complement C3 protein
(C3) (reference range 0.7±1.6 g/l ) concentrations were deter-
mined with automated immunoturbidimetric methods (Hit-
achi 911). Serum amyloid A protein (SAA) was measured by
enzyme immunoassay (Cytoscreen, Biosource International
Calif., USA), C-reactive protein (CRP) by radioimmunoassay
as described previously [17]. The detection limit for SAA is
0.005 mg/l and for CRP 0.05 mg/l. In 50 healthy control sub-
jects (33 men/17 women, age 38 ± 2 years) the mean ± SEM
for SAA was 2.1 ± 0.5 mg/l and for CRP 2.7 ± 0.5 mg/l. Serum
amyloid P protein (SAP) was measured by radial immunodif-
fusion by using pure SAP [18] as standard and polyclonal anti-
bodies to SAP (Dako, Copenhagen, Denmark). The reference
range for SAP is 30±50 mg/l. The sensitivity of the assay is
10 mg/l. The concentration of soluble tumour necrosis factor-
a Type II receptor (sTNFRII) was determined with a commer-
cially available solid phase enzyme immunoassay (ELISA;
Biosource International, Camarillo, Calif., USA).

Statistical analysis. The statistical differences between base-
line, at the end of therapy and after the cessation of therapy
were calculated using Wilcoxon's signed test and between the
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Table 1. Characteristics of the patients at randomizationa

Characteristics Placebo Troglitazone

n 12 (6/6) 15 (5/10)

Age (years) 63.5 ± 2.8 62.6 ± 2.2

BMI (kg/m2) 33.1 ± 1.0 32.3 ± 1.3

Diabetes duration (years) 14.3 ± 1.9 15.9 ± 2.1

Fasting plasma glucose
(mmol/l) 12.2 ± 0.9 10.4 ± 0.6

HbA1c (%) 8.8 ± 0.3 (n = 9) 8.7 ± 0.3 (n = 12)

Insulin dosage (U/day) 75 ± 10 72 ± 10
a There are no significant differences in any of the characteris-
tics between the two groups



groups using the Mann-Whitney U-test. The correlation analy-
sis was done with Spearman's test. P value less than 0.05 was
considered statistically significant. The results are given as
mean ± SEM.

Results

The patient characteristics of both groups at random-
ization are given in Table 1. At baseline in all the pa-
tients mean C3 (1.69 ± 0.05 g/l) was above the refer-
ence range and SAA concentration (6.19 ± 1.05 mg/l)
was almost threefold in comparison with our refer-
ence subjects (p < 0.001). The baseline laboratory
values for both treatment groups are given in Table 2.
The baseline C3 concentration was positively associ-
ated with BMI (r = 0.43, p < 0.05) and HbA1c
(r = 0.63, p < 0.01). Body mass index correlated also
with A1GP (r = 0.51, p < 0.01) and haptoglobin
(r = 0.45, p < 0.02). The TNFRII concentration was
inversely associated with serum HDL-cholesterol
(r = ±0.68, p < 0.001) and directly with serum triglyc-
eride concentration (r = 0.49, p < 0.02).

At the end of the treatment fasting plasma glucose
concentrations (11.7 ± 1.3 mmol/l) and HbA1c values
(8.7 ± 0.3%) in the placebo group remained un-
changed, although daily insulin dose was increased
(to 81 ± 10 U/day, p < 0.05 vs baseline). In the group
treated with troglitazone plasma glucose
(8.1 ± 0.5 mmol/l, p < 0.01 vs baseline), HbA1c
(7.5 ± 0.3%, p < 0.01 vs baseline and < 0.05 vs place-
bo) and insulin dosage (63 ± 10 U/day p < 0.05 vs
baseline) were reduced at the end of the treatment,
whereas BMI rose (to 33.5 ± 1.3 kg/m2, p < 0.01 vs
baseline). At the follow-up visit plasma glucose con-
centration returned to that before treatment
(10.6 ± 0.7 mmol/l, p < 0.01 vs treatment).

During troglitazone treatment SAA (Fig.1),
A1GP (Fig.2) and C3 (Table 2) decreased and re-
turned to baseline concentration after the treatment.
Apoliprotein A-I decreased during troglitazone ther-
apy. In the placebo group the levels of all variables re-
mained unchanged during the treatment and follow-
up (Table 2). In the group treated with troglitazone
the concentration of SAP and haptoglobin were in-
creased and the concentration of a-1-antitrypsin de-
creased from the treated state at the follow-up visit,
although no statistically significant change had oc-
curred during the treatment (Table 2). All the mea-
sured inflammatory variables were stable in our pati-
ents in the untreated states. a-1-antitrypsin (r = 0.56,
p < 0.01), CRP (r = 0.60, p = 0.001), SAA (r = 0.76,
p < 0.001), SAP (r = 0.75, p < 0.001), A1GP (r = 0.84,
p < 0.001), albumin (r = 0.84, p < 0.001), ceruloplas-
min (r = 0.86, p < 0.001), haptoglobin (r = 0.86,
p < 0.001) and C3 (r = 0.90, p < 0.001) concentrations
at the follow-up visit were closely related to baseline
values for the whole group. Serum amyloidA was
higher in women than men both before
(7.5 ± 1.6 mg/l vs 4.3 ± 1.0 mg/l, p < 0.05) and after
the treatment (9.6 ± 1.8 vs 4.0 ± 0.8 mg/l, p < 0.05).
Also C3 concentrations were higher in women than
men both before (1.78 ± 0.07 g/l vs 1.57 ± 0.06 g/l,
p < 0.05) and after (1.78 ± 0.07 g/l vs 1.58 ± 0.04 g/l,
p < 0.05) the treatment despite similar BMIs in wom-
en (32.9 ± 1.2 kg/m2) and men (32.4 ± 1.1 kg/m2) at
baseline and during the study. Conversely SAP values
were higher in men than women both before
(43.2 ± 2.0 mg/l vs 36.7 ± 2.9 mg/l, p < 0.05) and after
the treatment (45.8 � 1.6 mg/l vs 36.5 ± 2.7 mg/l,
p < 0.05), respectively. Concentrations of many, but
not all, acute-phase proteins in the whole group
were associated with each other before the treat-
ments (Table 3).
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Table 2. The effect of placebo and troglitazone treatment on various laboratory variables

Placebo Troglitazone

Before treatment Treatment After treatment Before treatment Treatment After treatment

Total chol. (mmol/l) 6.5 ± 0.6 6.5 ± 0.6 6.1 ± 0.4 5.4 ± 0.2 5.6 ± 0.3 5.8 ± 0.3
HDL chol. (mmol/l) 1.20 ± 0.12 1.13 ± 0.11 1.14 ± 0.09 1.08 ± 0.09 1.14 ± 0.09 1.12 ± 0.07
Triglycerides (mmol/l)a 1.62 (24.86) 1.77 (26.70) 2.19 (12.58) 1.96 (2.14) 1.39 (1.75) 1.49 (2.04)
ApoA-I (mg/dl) 137 ± 6 133 ± 6 134 ± 6 132 ± 5 121 ± 4b 127 ± 4
ApoB (mg/dl) 124 ± 9 123 ± 11 123 ± 13 105 ± 7 105 ± 7 110 ± 7
C-peptide (nmol/l) 0.38 ± 0.06 0.45 ± 0.09 0.46 ± 0.09 0.43 ± 0.08 0.48 ± 0.08 0.63 ± 0.12c

CRP (mg/l)a 3.3 (27.3) 3.5 (30.4) 4.5 (16.3) 5.5 (9.7) 2.5 (9.9) 5.7 (25.3)
SAP (mg/l) 42.9 ± 2.5 46.7 ± 3.2 44.0 ± 2.4 36.5 ± 2.7 34.0 ± 2.7d 37.4 ± 2.7
sTNFRII (mg/l) 6.20 ± 0.49 6.01 ± 0.53 6.46 ± 0.67 7.10 ± 0.59 6.91 ± 0.63 7.19 ± 0.55
C3 (g/l) 1.67 ± 0.07 1.71 ± 0.11 1.68 ± 0.08 1.72 ± 0.07 1.66 ± 0.06b 1.72 ± 0.06
Albumin (g/l) 45.6 ± 0.9 46.8 ± 1.3 46.9 ± 1.2 44.7 ± 0.8 43.9 ± 1.0 44.7 ± 0.9
a -1-antitrypsin (g/l) 1.22 ± 0.03 1.29 ± 0.04 1.29 ± 0.03 1.26 ± 0.05 1.29 ± 0.04 1.21 ± 0.04e

Ceruloplasmin (mg/l) 423 ± 23 419 ± 30 423 ± 17 436 ± 18 431 ± 19 450 ± 19
Haptoglobin (g/l) 1.34 ± 0.09 1.41 ± 0.16 1.35 ± 0.11 1.30 ± 0.13 1.22 ± 0.16 1.53 ± 0.15f

a skewed data, median and range given, b p < 0.05 vs before
treatment, c p < 0.01 vs before treatment and p < 0.05 vs treat-
ment, d p < 0.05 vs after treatment and p < 0.05 vs placebo,

e p < 0.05 vs treatment, f p = 0.001 vs before treatment and
p < 0.001 vs treatment



Discussion

In the current study we examined the anti-inflamma-
tory action of a PPARg agonist in patients with Type
II diabetes. In addition, we examined, if the inflam-
matory factors and their alterations are associated
with changes in glucose or lipid metabolism. Serum
amyloid A is a sensitive marker of inflammation [19]
and it is increased in patients with Type II diabetes
[2]. Complement protein C3 was measured because
it is a cytokine-inducible acute-phase plasma protein
[20] and vital to all three complement activation
pathways and defence against invading micro-organ-
isms [21]. It is synthesized also in the adipose tissue
[22] and has a connection to lipid metabolism through
its cleavage product acylation stimulating protein
(ASP) [23]. It has a critical role in triacylglycerol
(TG) synthesis within adipocytes [23]. Serum amy-

loid P (SAP) is structurally closely related to CRP
[24]. In humans it is not considered an acute-phase
protein but is more regarded as a factor of the innate
immune system. Both CRP and SAP can activate the
classical pathway of the complement system and op-
sonize invading micro-organisms [24, 25]. Haptoglo-
bin, ceruloplasmin, A1GP and a-1-antitrypsin are
positive and albumin negative acute-phase proteins
[24].

The main findings of our study are: Firstly, the
acute-phase reactants SAA [19] and C3 [20] are in-
creased in our Type II diabetic patients. Secondly,
troglitazone treatment selectively reduces some
acute-phase proteins and C3 but not others in con-
junction with the improvement in glucose metabo-
lism. Thirdly, the concentrations of acute-phase se-
rum proteins are stable at least for almost 5 months
in patients with Type II diabetes.

Raised C3 concentration in our patients with Type
II diabetes is probably a marker of the inflammation
and the activation of the innate immune system. This
idea is supported by the increase in serum amyloid
A protein concentration observed in this study and
in acute-phase proteins reported previously [1, 2].
We have recently shown raised C3 concentrations in
obese non-diabetic and Type II diabetic patients. In
both groups there was an inverse association between
insulin sensitivity and serum C3 protein concentra-
tion [5]. In the current study C3 was positively associ-
ated with BMI as also reported previously [26]. If
there is a causal relation between glucose metabolism
and C3 protein content, the correlation between se-
rum C3 protein concentration and glucose disposal
rate [5], or with HbA1c in the present study, suggests
that the inflammatory reaction contributes to insulin
resistance and hyperglycaemia. The design of this
study does not allow us to draw conclusions on the
possible abnormality of the concentrations of the oth-
er acute-phase serum proteins measured (haptoglo-
bin, ceruloplasmin, A1GP and a-1-antitrypsin), the
mean concentrations of which were inside the refer-
ence range for our laboratory.

Increased CRP concentration is a risk factor for
cardiovascular disease [3]. In our patients it was in-
creased as reported before [1]. It is possible that this
reflects inflammation, which is associated with at
least two components of the metabolic syndrome;
Type II diabetes and macrovascular disease. Both of
these are also characterized by insulin resistance. We
measured sTNFRII because it is raised in obesity
[27] and follows changes in circulating TNF-a [28].
There was a direct correlation between sTNFRII
and serum triglyceride concentration and inverse as-
sociation with HDL-cholesterol. As high serum trig-
lyceride and low HDL-cholesterol concentrations
occcur during insulin resistance, these associations
with sTNFRII could be another reflectance of insulin
resistance.
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Fig.1. Serum amyloid A protein concentration before, at the
end and after the discontinuation of troglitazone or placebo
therapy. * p = 0.001 vs before treatment, p < 0.05 vs placebo,
** p < 0.01 vs at the end of treatment

Fig.2. Serum a-1-acid glycoprotein concentration before, at
the end and after the discontinuation of troglitazone or place-
bo therapy. * p = 0.001 vs before treatment, p < 0.05 vs place-
bo, ** p < 0.001 vs at the end of treatment



Troglitazone treatment increased insulin sensitivi-
ty, as was seen from the lower glucose concentrations
and HbA1c values in the face of reduced insulin re-
quirements. This is a well known effect of troglitaz-
one [6, 7]. In the placebo group the metabolic control
remained unchanged, although the insulin dose was
increased. After cessation of the treatment the glu-
cose concentrations returned to those before treat-
ment, also in the troglitazone group. Troglitazone re-
duced SAA concentration by 35%. This effect was
reversible and returned to baseline after discontinu-
ance of the therapy. Although SAA is a major acute-
phase reactant with the potential to rise to 1000-fold
over normal concentrations [24], it was very stable in
our patients during the almost 5 months of the study.
In the placebo group it remained practically un-
changed throughout the study and in the troglitazone
group it returned to the baseline concentration in
3 weeks (Fig.1). Also A1GP (Fig.2) and C3 (Table 2)
concentrations decreased in the troglitazone group
significantly. Because C3 [26] and also A1GP in this
study were positively associated with BMI, the in-
crease in body weight in our patients treated with
troglitazone could have prevented an even greater
fall in C3 and A1GP concentration caused by troglit-
azone. Also serum C3 and A1GP concentrations
were very stable in our patients in the untreated state.
The 25% reduction in CRP during troglitazone ther-
apy was of borderline significance (p = 0.07). Al-
though SAP is not usually considered an acute-phase
protein its concentrations increased slightly after the
end of troglitazone therapy (Table 2).

The acute-phase response is not a homogeneous re-
action but the different proteins are increased or re-
duced depending on the stimulus [24]. Although a-1-
antitrypsin, ceruloplasmin and haptoglobin are posi-
tive and albumin is a negative acute-phase serum pro-
tein, their concentrations were not statistically signifi-
cantly changed during troglitazone therapy. This sug-
gests that the effect of troglitazone is selective.

Our data are in good agreement with the previous
reports on raised acute-phase plasma proteins in
Type II diabetes [1, 2]. Because of reports that
acute-phase proteins increase with age and our refer-

ence values for SAA and CRP were measured in
younger people, age could partly explain the high
concentrations of SAA and CRP in our patients.
The concentrations of SAA and CRP in our patients
were, however, more than double that found in con-
trol subjects and there was no correlation between
age and SAA or CRP in our patients. This suggests
that most of the increases in SAA and CRP were
due to their diabetic state. In addition to confirming
the raised serum amyloid A concentrations, we have
added C3 to the list of increased acute-phase plasma
proteins in insulin-resistant patients with Type II dia-
betes. Previously slightly increased C3 concentration
with great individual variation [29] has been reported
in patients with apparently milder Type II diabetes.
We have shown in an earlier study that serum C3 con-
centration is inversely related to insulin sensitivity in
patients with Type II diabetes even after adjustment
for BMI [5]. Inflammatory cytokines are the main in-
ducers of acute-phase plasma proteins [24]. Thiazo-
lidinediones have inhibitory effects in vitro on the
production of inflammatory cytokines [12, 13], and
the reduction in muscle TNF-a could precede the
beneficial effects of thiazolidinediones on glucose
and lipid metabolism in the rat [14]. Our study shows
that troglitazone has a selective reversible effect on
some acute-phase serum proteins and C3 in humans.
The study also suggests that the inflammatory condi-
tion in Type II diabetes is innate and not induced by
a bacterial infection. Troglitazone has no effect on cy-
tokine production induced by bacterial lipopolysac-
charide [13].

The relevance of increased serum C3 concentra-
tion in Type II diabetes is currently not known. Com-
plement protein C3 is, however, indispensable to all
three complement activation pathways [21] and it is
also synthesized in the adipose tissue [22]. Its cleav-
age product acylation stimulating protein [23] has a
pivotal function in triglyceride synthesis within adi-
pocytes [23]. Its other split product C3d is raised in
Type II diabetic patients with ischaemic heart disease
or increased albumin excretion rate but normal in pa-
tients without these complications [30]. Concentra-
tions of C3 and C3d are not correlated in patients
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Table 3. Correlation coefficients between concentrations of different serum proteins before the treatments

A1GP Antitrypsin Albumin Cerulopl. C3 CRP Haptoglobin SAA SAP

A1GP 1.000
Antitrypsin � 0.160 1.000
Albumin � 0.4501 0.062 1.000
Cerulopl. 0.5312 0.169 0.5112 1.000
C3 0.359 0.183 0.099 0.383 1.000
CRP 0.351 0.154 0.004 0.054 0.189 1.000
Haptoglobin 0.6923 � 0.037 � 0.194 0.5512 0.341 0.296 1.000
SAA 0.337 � 0.098 � 0.313 0.4391 0.305 0.180 0.4371 1.000
SAP 0.5532 � 0.229 � 0.011 0.167 0.192 0.277 0.5052 0.242 1.000

A1GP = a -1-acid glycoprotein, antitrypsin = a -1-antitrypsin, Cerulopl. = ceruloplasmin, C3 = complement protein C3,
CRP = C-reactive protein, SAA= serum amyloid A, SAP = serum amyloid P protein. 1 p < 0.05, 2 p < 0.01, 3 p < 0.001



with inflammatory diseases [31]. The slight increase
in serum amyloid P concentration after the cessation
of troglitazone could also reflect an association be-
tween the innate immune system and insulin resist-
ance. The inhibitory effect of serum amyloid P on
haemagglutination induced by influenza A virus is re-
duced by N-acetyl-d-glucosamine [25] and glu-
cosamine plays a central part in the insulin resistance
syndrome [32].

Taken together, our study provides evidence for
the activation of the innate immune system and in-
flammation in patients with Type II diabetes. Using
a PPARg agonist, we were able to selectively reduce
some acute-phase serum proteins and improve glu-
cose metabolism and insulin sensitivity.
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