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INTRODUCTION

The prevalence of type 2 diabetes mellitus reaches
5–6 %. Its relation to obesity is well known (up to 80%
of cases). Individuals with type 2 DM mostly show
a relative lack of insulin caused by insulin resistance

(reduced utilization of glucose in muscles and fat) and
lower ability to inhibit gluconeogenesis in liver.

Similarly, obesity is characterized by insulin resistance
and increased supply of triacylglycerols in adipose tis-
sue. All these problems are of practical clinical impor-
tance4, 20. In both cases it has not been explained until
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Resistin is a recently discovered signal molecule, which could help elucidation of the pathophysiology of the
insulin resistance and its correlation with obesity. As little information was available about resistin determination in
venous blood at the time of our study, we focused on the question whether any correlation exists between persons
with type 2 diabetes mellitus, with systemic inflammation, healthy persons and resistin concentrations and labora-
tory markers of inflammation, peptone, BMI. Differences of resistin values in these types of volunteers were
studied as well.

Methods: Persons under study were divided into 3 groups: group A – with clinical signs of inflammatory disease
of respiratory tract, leukocytosis > 10000/ul and CRP concentration > 50 mg/l (n = 35); group B – with well
controlled type 2 DM treated by oral antidiabetic drugs, without clinical signs of inflammation and negative case
history of acute disease (n = 12); group C – without clinical signs of inflammation and negative case history of acute
disease (n = 77). For all volunteers we determined BMI index and examined resistin, leptin, interleukin 6,
TNF-alpha, Na, K, Cl, insulin, cholesterol, HDL-cholesterol, LDL-cholesterol, triacylglycerols, creatinine, uric
acid, ALT, AST, GMT, P, Mg and albumin in serum.

Results: Persons with clinical signs of severe inflammation had higher concentrations of Il6, CRP, resistin and
a markedly lower BMI, decreased values of glucose, sodium, triacylglycerols, cholesterol, LDL-cholesterol and
HDL-cholesterol compared to diabetics of type 2 (p < 0.05). Persons with clinical signs of severe inflammation
showed significantly higher concentrations of TNF-alpha, Il6, CRP, resistin, glucose, leptin and considerably lower
values of albumin, sodium and HDL-cholesterol than healthy individuals (p < 0.05). Persons with type 2 DM had
markedly higher values of BMI, CRP, glucose, triacylglycerols, LDL-cholesterol, GMT and leptin, compared to
healthy volunteers (p < 0.05). None of the three groups differed markedly in age or sex.

Healthy volunteers show a significant correlation between leptin and resistin (correlation coefficient 0.82); this
correlation was not found in patients with inflammation and type 2 DM. The group of volunteers with inflammations
was found to have a significant positive correlation between resistin and inflammatory markers (correlation
coefficient 0.3–0.5), negative correlation between resistin and cholesterol. We also found positive correlations
between leptin and BMI as well as negative correlations between leptin and CRP. No significant correlations
between resistin and other studied parameters were found in persons with type 2 DM.

Conclusion: In healthy population a correlation was found between leptin and resistin concentrations in serum.
In patients with severe inflammatory disease a correlation between resistin concentration and laboratory markers
of inflammation was shown, however, no correlation was found between leptin and resistin. Resistin concentration
in the serum of these patients is significantly higher ( p < 0.01) compared to healthy subjects and well controlled
persons with type 2 DM with signs of insulin resistance. This may be due to a direct effect of inflammatory cytokines
on resistin production. In persons with type 2 DM no significant correlations were found between resistin and other
individual parameters ( insulin sensitivity markers, BMI or leptin). Resistin concentrations in persons with type 2
DM do not differ from concentrations of common population.
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now whether fat storage into adipocytes results in insu-
lin resistance in muscles, liver and other tissues.

Resistin (in addition to leptin and TNF-alpha) seems
to be one of promising parameters that could help to
elucidate pathophysiology of the origin of insulin resis-
tance and its association with obesity. These parameters
have been studied intensively in animal experiments.
However, resistin and leptin and TNF-alpha patho-
physiology in human seems to be quite different.

With regard to the fact that at the time of our study
sporadic information was available about resistin deter-
mination in venous blood, we decided to investigate the
resistin values and answer the following questions:
1. Persons with sever systemic inflammation

a) Does any correlation exist between resistin con-
centration and inflammation markers?

b) Does any relationship exist between the concen-
tration of resistin, leptin and BMI?

c) Do resistin values differ from resistin values in
the normal population?

2. Persons with type 2 DM treated with oral antidia-
betic drugs
a) Does any correlation exist between insulin sensi-

tivity markers (HOMA) and resistin concentra-
tion?

b) Does any correlation exist between BMI and
resistin concentration?

c) Do resistin values differ from resistin values in
the normal population?

METHODS

Persons under study were divided into 3 groups ac-
cording to the following criteria:
• Group A with clinical signs of inflammatory disease

of respiratory tract (bronchitis, bronchopneumonia,
pneumonia), leukocytosis > 10000/µl and CRP con-
centration > 50 mg/l (35 persons).

• Group B with well controlled type 2 DM treated by
oral antidiabetic drugs (HbA1c < 7%), without clini-
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Table 1.  Basic statistical characteristics of parameters in three groups of volunteers.
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Table 2.  Significance of difference of individual parametersbetween the groups A, B, C.
(Post hoc tests, multiple comparisons).

** p < 0.01 NS p > 0.05 * p < 0.05

cal signs of inflammation and with negative history
of acute disease (12 persons)

• Group C without clinical signs of inflammation and
with a negative history of acute disease (77 persons)

All volunteers were examined for the following pa-
rameters:
Resistin (ELISA, MARC-Biovendor. CV – series – 6.1%),
leptin (ELISA, MARC-Biovendor), CRP (LEIA, Im-
mulite-DPC), Interleukin-6 (LEIA, Immulite2000 –
DPC), TNF-alpha (LEIA, Immulite2000 – DPC), Na, K,
Cl (ISE, Ilab600), creatinine (Jaffe, Ilab600), uric acid
(enzyme, Ilab600-Biovendor), ALT (enzyme, Ilab600-Bio-
vendor), AST (enzyme, Ilab600-Biovendor), GMT (en-
zyme, Ilab600-Biovendor) P (Ilab600, Biovendor), Mg
(Ilab600, Skalab), cholesterol (enzyme, Ilab600-Bio-
vendor), HDL cholesterol (direct method, Ilab600-Bio-
vendor), LDL cholesterol (direct method, Ilab600-Bio-
vendor), triacylglycerols (enzyme, Ilab600-Biovendor),
insulin (LEIA, Immulite2000 – DPC), albumin (Ilab600,
Biovendor). Blood was taken between 6oo–9oo a.m. fol-
lowing the overnight fasting. The routine biochemical
analyses were performed on the day of serum separa-
tion. Serum samples for special analyses resistin and
leptin were stored at –80 °C in separated aliquots, usu-
ally for less than one month.

BMI was determined in all probands.
All data were processed statistically using Stagrafics

6.0 ANOVA.

RESULTS

We examined 114 persons and divided them into
3 groups.

Persons with clinical signs of severe inflammation
(Group A) had significantly higher serum concentra-
tions of Il6, CRP, resistin and significantly lower BMI,
lower values of glucose, sodium, triacylglycerols, choles-
terol, LDL-cholesterol, HDL-cholesterol and indexes
leptin/resistin as well as resistin/CRP indexes than dia-
betics of type 2 (Group B) (Tables 1, 2) .

Persons with clinical signs of severe inflammation
(Group A) had significantly higher concentrations of
TNF-alpha, Il6, CRP, resistin, glucose, leptin, and con-
siderably lower values of albumin, sodium, HDL-cho-
lesterol and resistin/CRP index compared to healthy
volunteers (Group C).

Our patients with signs of severe inflammation
(Group A) can be characterized as persons with a signifi-
cant increase in inflammatory markers, catabolism with
hypocholesterolemia and hypoalbuminemia (Tables 1, 2).
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Individuals with type 2 DM (Group B) had signifi-
cantly higher values of BMI, CRP, glucose, triacyl-
glycerols, LDL-cholesterol, GMT, leptin, leptin/resistin
index, and lower values of resistin/CRP index compared
to healthy volunteers (Group C).

Our patients with type 2 DM can be characterized as
persons with obesity, hyperinsulinemia, atherogenic li-
pid phenotype (Tables 1, 2).

Healthy volunteers (Group C) had no signs of DM,
lipid metabolic disorders, impaired function of kidney,
liver, inflammation signs or another severe disease on
the basis of their case history, clinical and laboratory
examinations (Tables 1, 2).

None of the three groups differed significantly in
age or sex (Tables 1, 2, 3).

Table 3.  Significant correlations in the whole group under study.
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When investigating a relationship between resistin
concentration and other individual parameters, we found
in the whole group significant positive correlations with
the values of CRP, IL6, TNF-alpha and creatinine, and
negative correlations with the values of cholesterol and
albumin. No correlation was found between resistin and
leptin, resistin and BMI (Table 3).

Healthy volunteers (Group C) showed a significant
correlation between leptin and resistin; this correlation
was not found in patients with inflammation or type 2
DM. This group also showed a distinct correlation be-
tween leptin and concentrations of cholesterol, magne-
sium and BMI (Table 3). The group of volunteers with
inflammation (Group A) was found to have a significant
positive correlation between resistin and inflammatory
markers, kalemia, and a negative correlation between
resistin and cholesterol. We also recorded positive cor-
relations between leptin and BMI and negative correla-
tions between leptin and CRP (Table 3).

In persons with type 2 DM (Group B) no significant
correlations between resistin and other measured pa-
rameters were found. We recorded a distinct positive
correlation between leptin and CRP, Il-6 and BMI, and
a negative correlation between leptin and glucose in
serum (Table 3).

DISCUSSION

Several years ago, a new signal molecule was discov-
ered and termed resistin (12,5 kDa, according to its
effect on insulin resistance). Resistin is a product of
RSTN gene that belongs to the category of proteins rich
in cysteine; proteins in this category comprise, due to
a high homology they are confused: ADSF (Adipose
Tissue-Specific Secretory Factor), FIZZ3 (Found in In-
flammatory Zone), FIZZ1 (identified for the first time
in a bronchoalveolar lavage of the inflammation-altered
liver), FIZZ2, RELM-a, RELM-b (resistin like mole-
cule).

Resistin is produced by preadipocytes and adipocytes
in the form of a propeptide (108 amino acids); prior to
secretion into circulation, it liberates a hydrophobic
signal peptide (16 amino acids). Then resistin circulates
in the system circulation as a dimer consisting of 92 amino
acids, connected by disulfide bridges (mice resistin con-
sists of 114 amino acids).

Occurrence and effects: resistin and resistin-like
molecules occur in white adipose tissue, mammary
glands, heart, brain, lungs, gastrointestinal tract (it was
found that e.g. RELM-b was present in gastrointestinal
tract in the are of a high proliferation activity of epithe-
lia, was excessively expressed near tumors – it is sup-
posed to influence proliferation).

With regard to a high homology between RELM
and FIZZ it is believed that the effect of both sub-
stances is similar.

Pathophysiology of resistin – mice models:
1. Resistin reduces the insulin-stimulated uptake of

glucose by tissues, reduces their insulin sensitivity (it
is agonist of insulin effect). It probably influences
probably myocytes of striated muscles, hepatocytes
and adipocytes (effect on myocytes, hepatocytes and
CNS cells has not been verified yet). Resistin expres-
sion in adipocytes is high.

2. Resistin is involved in the origin of some types of
obesity. Simply said: resistin induces obesity (resistin
expreses in abdominal adipose tissue in mice is sig-
nificantly higher than in other parts of adipose de-
posits)22, 17, 15, 14.

3. High values of mRNA resistin are reduced after
administration of thiazolindion (TZD) and after
a prolonged fasting. However, TZD reduce mRNA
resistin only in obese mice (in thin mice they in-
crease resistin expression – verified on various adi-
pocyte lines9.

4. Resistin is more expressed during differentiation of
adipocytes affected by feedback (decreases adipo-
genesis)23.

5. Resistin is probably involved in maturation of the
organism (at birth its expression is low, increases
after 14 days, decreases with maturation of hypopi-
tuitary axis) and in metabolic control of lactation
(decrease in expression in adipose tissue at lactation
together with leptin expression)2.

6. FIZZ molecules are more expressed in allergies or
inflammatory diseases (e.g. elevated expression of
FIZZ1 is associated with pneumonia). It is assumed
that resistin plays a similar role in inflammatory
disease related to obesity (obesity is associated with
local overproduction of inflammatory cytokines, en-
dothelial dysfunction, etc.)11. This is supported by
the fact that TZD reduces local production of TNF-a
in adipocytes.

Pathophysiology of resistin – human study:
It has not been proved yet whether the above-men-

tioned relations apply also to human.
1. Resistin expression in adipocytes is low, resistin

mostly occurs in mononuclear cells.
2. Differentation of adipocytes is related to decreased

resistin expression (reverse effect in mice).
3. Obesity and insulin sensitivity disorder is associated

with polymorphism of resistin gene (but no correla-
tion was proved between type 2 DM and gene poly-
morphism) and obese people have an elevated resistin
expression in abdominal adipose tissue (this could
indicate relation between resistin and obesity in type
2 DM or risk of IHD), but clinical studies have not
proved yet any correlation between resistin gene
expression, insulin sensitivity and type 2 DM15, 10, 14, 16, 7.

4. It has not been proved yet that a relation between
adipocytes and insulin effect is mediated by TNF-a
or resistin10.

Resistin – concentrations in persons with type 2 diabetes mellitus and in individuals
with acute inflammatory disease
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Regulation: Resistin expression is regulated by many
hormones and cytokines related to the metabolism of
insulin, glucose and adipocyte metabolism in general.
Increase: hyperglycemia, hypercortisolism (administra-
tion of dexamethasons to mice resulted in elevation of
mRNA resistin 2.5–3.5×).

Decrease: GH deficiency (application of GH leads
to normalization – increased resistin expression), insu-
lin (insulin is considered to be the main inhibitor of
resistin), thiazolindions (effect via PPAr-g (peroxisome
proliferator-activated receptor-g). However, TZD de-
crease mRNA resistin only in obese mice, in thin mice
they increase resistin expression – verified on various
adipocyte lines), TNF-alpha (up by 80%), adrenalin,
androgens, endothelin-117, 5, 13, 1, 2, 9. Expression of resistin
in adipose tissue also decreases at lactation (together
with leptin expression)17.

Measurement of resistin concentration: Most stu-
dies did not investigate resistin concentration in serum7.
A validated diagnostic set for resistin determination
was not available at the time of our study; we found only
one producer of the diagnostic set for resistin determi-
nation, which did not meet the analytical criteria7.

Analytical characteristics of the set used in this study
are commonly used.

In our previous study, resistin concentration ranged
from 7.3 to 21.3 ng/ml (x ± 2s) in 123 healthy volunteers
without obesity. No correlation was proved between
resistin and age, sex or BMI. The values of resistin in
healthy probands under the present study (Group C)
did not differ from those recorded previously18.

With regard to the fact that a correlation was found
between the concentrations of resistin and leptin in
healthy probands (which we did not find in diabetics
and persons with severe systemic inflammation), we
assume that in healthy individuals there exists a meta-
bolic regulation in which both factors are involved14.

Persons with inflammation (Group A) can be charac-
terized as probands with significant increase in inflam-
matory markers and catabolism.

Increased resistin values found in those persons (com-
pared to values in normal population) could be caused
by a local effect of inflammatory cytokines on its pro-
duction (FIZZ analogy)11.

It is interesting that in the case of severe inflamma-
tion, correlation between leptin and resistin concentra-
tions disappears in contrast to healthy individuals where
it is present (probably an effect of cytokines).

Persons with type 2 DM are used to develope on
atherogenic lipotype, signs of chronic inflammation and
a higher risk of atherosclerotic complications. This ob-
servation corresponds with our Group B. In these
probands the correlation between inflammation mark-
ers and resistin concentrations disappers. Persons with
type 2 DM have higher CRP concentrations than healthy
individuals, but cytokine values are not significantly
increased in systemic circulation. This fact may account

for no relations between inflammatory markers and
resistin concentration observed in acute severe inflam-
mation. It is probable that a “slight” chronic inflamma-
tion (e.g. endothelial dysfunction) does not influence
significantly resistin concentrations.

Determination of a limits of resistin concentration
in human population could answer many questions re-
lated to the origin of insulin resistance, despite the fact
that resistin function in human still remains unclear (in
contract to mice models).

It has not been proved yet that correlation between
insulin resistance and resistin exists in humans. Among
other questions that should be answered is the existence
of the resistin receptor and its location (muscles, brain,
liver, etc.).

The analogy between human and mice resistin is not
adequate (about 60%); this stimulates further questions
and indicates a low stage of sequence similarity among
species8.

CONCLUSION

We confirmed the existence of a correlation between
leptin and resistin concentrations in the serum of a healt-
hy population.

In patients with severe inflammatory disease we
found a correlation between resistin concentration in
serum and laboratory markers of inflammation (CRP,
TNF-alpha, IL6), however, no correlation was found
between leptin and resistin.

Resistin concentration in the serum of these patients
is significantly higher than in healthy population or in
well controlled persons with type 2 DM with signs of
insulin resistance. This may be probably explained by
a direct effect of inflammatory cytokines on resistin
production.

In patients with type 2 DM we found no significant
correlations between resistin, insulin sensitivity mar-
kers, BMI or leptin. Resistin concentration in patients
with type 2 DM does not differ from resistin concentra-
tions of a common population.
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