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ABSTRACT

INTRODUCTION Data regarding the effect of certain adipokines on lipid metabolism are equivocal.
0BJECTIVES The aim of this study was to evaluate the association of lipid control with adipokines and
inflammatory markers in patients with type 2 diabetes.

PATIENTS AND METHODS The analysis included 195 patients with type 2 diabetes. The achievement of
treatment targets in terms of total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglycerides was assessed in accordance with the current guidelines.
Homeostatic Model Assessment—Insulin Resistance (HOMA-IR) index as well as concentrations of high-
molecular-weight (HMW) adiponectin, leptin, resistin, high-sensitivity C-reactive protein, interleukin 6,
and tumor necrosis factor a (TNF-a) were measured in all patients. Logistic regression analyses were
performed to determine the risk factors for inadequate lipid control.

REsuLTS  Optimal control in terms of total cholesterol, LDL, HDL, and triglycerides was achieved in 61%,
43%, 53%, and 68% of the patients, respectively. In multivariate analyses, female sex, lower resistin
concentrations, and the absence of statin treatment were predictors of total cholesterol levels above
the treatment target; older age and lower statin dose—of LDL cholesterol levels above the treatment
targets; female sex, higher HOMA-IR index, lower HMW adiponectin concentrations, and higher TNF-a
concentration—of HDL levels below the treatment targets; and higher HOMA-IR, lower HMW adiponectin
concentration, and the absence of statin treatment—of triglycerides above the treatment target.
coNcLUSIONS Intype 2 diabetes, lower HMW adiponectin concentrations are associated with inadequate
triglyceride and HDL control; higher TNF-a, with inadequate HDL control, and lower resistin concentra-
tions, with inadequate total cholesterol control.

INTRODUCTION  Patients with type 2 diabetes are
at a substantially increased risk of cardiovascular
events and death, and the main goal of type 2 di-
abetes treatment is to reduce this risk. This can-
not be achieved solely by amelioration of hyper-
glycemia but requires multiple strategies target-
ed at body weight reduction as well as achieving
blood pressure and lipid control.'

Adipose tissue has long been considered pure-
ly an inert body compartment for energy storage.
However, recent years have brought mounting

evidence that adipose tissue is in fact an active
endocrine and paracrine organ, secreting a broad
spectrum of hormones, cytokines, and growth fac-
tors, collectively termed as adipokines. Some of
them are synthesized exclusively or predominant-
ly by adipocytes (eg, adiponectin, leptin), while
others originate from other sources as well (eg,
resistin, chemerin, proinflammatory cytokines).*
Adipokines are involved in the regulation of a wide
variety of physiological processes including insu-
lin responsiveness, glucose and lipid metabolism,
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endothelial function, inflammatory response, and
cytokine signalling.* Thus, adipose tissue affects
the function of numerous organs, and its endo-
crine dysregulation in obesity is associated with
type 2 diabetes, dyslipidemia, arterial hyperten-
sion, atherosclerosis, heart failure, nonalcoholic
steatohepatitis, and polycystic ovary syndrome.*®
As the actions of adipokines are immensely di-
verse, their role was also implied in pathologi-
cal states that are not traditionally perceived as
obesity-related, such as chronic hepatitis C, pso-
riasis, rheumatoid arthritis, systemic lupus ery-
thematosus, asthma, chronic obstructive pulmo-
nary disease, lung cancer, or Alzheimer disease.’

Given the well-known association of obesi-
ty with dyslipidemia (and, in particular, with so
called atherogenic dyslipidemia), it could have
been presumed that the influence of adipokines
on lipid metabolism would be axiomatic and uni-
directional. However, the actions of various ad-
ipokines are not only heterogeneous but often
also contrary to each other. Thus, the interplay
between different adipokines is complex and its
exploration—challenging. Although a consid-
erable amount of evidence is available for some
adipokines (such as adiponectin) with respect to
their impact on lipid metabolism, data on others
(such as resistin) are not consistent.'0"18

The aim of this study was to investigate the as-
sociation between selected adipokines and lipid
control in type 2 diabetes patients. We focused on
6 key cytokines released from adipose tissue and,
in order to simplify presentation of the results,
decided to divide them into “classic” adipokines
(adiponectin, leptin, and resistin) and inflamma-
tory markers (C-reactive protein [CRP], interleu-
kin 6 [IL-6] and tumor necrosis factor o [TNF-a]).

PATIENTS AND METHODS Patient population The
study group was recruited from the participants
of the prospective randomized AVOCADO study
(Aspirin Vs/Or Clopidogrel in Aspirin-resistant
Diabetics inflammation Outcomes). The objec-
tives and methodology of the AVOCADO study,
including patient inclusion and exclusion crite-
ria, as well as detailed characteristics of the AV-
OCADO study population, were published pre-
viously.'®?0 Briefly, the AVOCADO study includ-
ed 304 clinically stable patients aged between 30
and 80 years old, with type 2 diabetes diagnosed
atleast 6 months prior to study enrollment, bur-
dened with additional cardiovascular risk fac-
tors, who had been taking aspirin at a dose of
75 mg/d for at least 3 months for primary or sec-
ondary prevention of acute coronary syndrome.
As the goal of the AVOCADO study was to iden-
tify “aspirin-resistant” patients, main study ex-
clusion criteria were: treatment with antiplate-
let agents other than aspirin, treatment with an-
ticoagulants, treatment with nonsteroidal anti-
-inflammatory drugs, coexisting contraindica-
tions to aspirin treatment, a history of bleeding
diathesis, thrombocytopenia, thrombocytosis,
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significant anemia, malignancy, connective tissue
disease, end-stage kidney disease, acute coronary
syndrome, coronary angioplasty or coronary ar-
tery bypass grafting in the preceding 12 months,
and major surgical procedures in the last 8 weeks
prior to enrollment into the study. Patients with
diet-controlled type 2 diabetes were also exclud-
ed. The recruitment phase of the AVOCADO study
lasted from January 2008 to August 2010.

In the AVOCADO study, patients found to be
“aspirin-resistant” in laboratory tests performed
at the first (baseline) study visit were subsequent-
ly randomized to treatment with aspirin at a dou-
ble dose (ie, 150 mg/d) or to treatment with clop-
idogrel at a dose of 75 mg/d.

The current study included only clinical data
and laboratory measurements obtained at base-
line visits, that is, before randomization to study
treatment.

The purpose of the current analysis was to re-
veal the effect of adipokines on lipid profile, ir-
respective of their effect on insulin sensitivity.
Therefore, to evaluate insulin resistance using the
Homeostasis Model Assessment-Insulin Resis-
tance (HOMA-IR) index, only patients with type 2
diabetes treated with oral antidiabetic agents
were selected from the AVOCADO study popu-
lation (patients on insulin in monotherapy or in
combination were excluded).

The AVOCADO study was conducted in accor-
dance with the current version of the Declara-
tion of Helsinki. The local ethics committee ap-
proved the study protocol. All patients gave writ-
ten informed consent to participate in the study.

Methods Venous blood samples were collected
in the morning (between 8 AM and 9 AM) fol-
lowing an overnight fast. Regular laboratory test-
ing, including lipid profile, fasting glycemia, he-
moglobin A, (HbA, ) and serum creatinine, was
performed using standard methods. Serum (for
the measurement of insulin, adipokines, and in-
flammatory markers) was obtained from venous
blood by centrifugation at 1000 g for 15 minutes
at 4°C, and aliquots were stored at ~-80°C until pa-
tients’ enrollment was completed. Subsequently,
the samples were defrosted and appropriate mea-
surements were performed.

Evaluation of lipid control Lipid treatment tar-
gets were defined in accordance with the current
(2014) American Diabetes Association guidelines
and current European guidelines as achieving low-
density lipoprotein (LDL) cholesterol concentra-
tions below 100 mg/dl (2.5 mmol/]) in patients
without overt coronary artery disease and be-
low 70 mg/dl (1.8 mmol/]) in patients with coro-
nary artery disease; total cholesterol concentra-
tions below 175 mg/dl (4.5 mmol/1); high-densi-
ty lipoprotein (HDL) cholesterol concentrations
above 50 mg/dl (1.3 mmol/l) in women and above
40 mg/dl (1.0 mmol/l) in men; and triglyceride
concentrations below 150 mg/dl (1.7 mmol/1)."*
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Evaluation of insulin resistance ~ Serum insulin con-
centration was measured using Elecsys Insulin As-
say® according to the manufacturer’s instructions
(Roche Diagnostics, Mannheim, Germany) with
electrochemiluminescence, on Elecsys 2010 ana-
lyzer (Hitachi High-Technologies Corporation, To-
kyo, Japan). The HOMA-IR index was calculated
based on the following formula: insulin concen-
tration x fasting glycemia x 0.0555 / 22.5, with
insulin concentrations expressed in uIU/ml and
glycemia expressed in mg/dl.

Evaluation of adipokines and inflammatory markers
Serum concentrations of high-molecular-
-weight (HMW) adiponectin, leptin, and resis-
tin were measured using Human High Molecular
Weight Adiponectin ELISA® (Millipore Corpora-
tion, Billerica, Massachusetts, United States), Hu-
man Leptin Quantikine ELISA Kit® (R&D Systems
Inc., Minneapolis, Minnesota, United States), and
Human Resistin Quantikine ELISA Kit® (R&D
Systems Inc.), respectively. Serum concentrations
of TNF-a and IL-6 were measured using Quan-
tikine HS ELISA Human TNF-a Immunoassay®
(R&D Systems Inc.) and Quantikine HS ELISA
Human IL-6 Immunoassay® (R&D Systems Inc.),
respectively. High-sensitivity CRP (hsCRP) con-
centration was assessed using Cobas Integra 800
(Roche, Basel, Switzerland).

Statistical analysis A statistical analysis was per-
formed using the SAS® software, version 9.2 (SAS
Institute, Cary, North Carolina, United States).
Qualitative variables were presented as absolute
and relative frequencies. Normally distributed
quantitative variables were presented as a mean
value + standard deviation, and nonnormally dis-
tributed quantitative variables—as a median val-
ue and interquartile range (IQR). Normal dis-
tribution of quantitative variables was evaluat-
ed using the Shapiro-Wilk test. Correlations be-
tween quantitative variables were assessed using
the Spearman correlation coefficient. Univariate
and multivariate logistic regression analyses were
performed to determine the risk factors of inad-
equate lipid control. Factors found to be signifi-
cant in univariate analyses were then applied in
multivariate logistic regression models. A val-
ue of P of 0.05 or less was considered significant
for all tests.

RESULTS Study group characteristics The current
analysis included 195 patients. Median age in the
whole group was 68 years (IQR, 61-74). Half of
the study group (97 patients) were women. Me-
dian diabetes duration was 5 years (IQR, 3-10)
and median HbA  was 6.5% (IQR, 6.1-7.1). Medi-
an body mass index (BMI) was 30.4 kg/m? (IQR,
27.1-32.9). Arterial hypertension was diagnosed
in 178 patients (91%); chronic heart failure, in 69
patients (35%); and coronary artery disease, in
101 patients (52%) including 50 patients (26%
of the study group) with previous myocardial in-
farction. Eleven patients (6%) had a history of

previous stroke and/or transient ischemic attack,
35 patients (18%) had chronic kidney disease
(CKD) stages 3-5 (including 34 patients with
CKD stage 3 and 1 patient with CKD stage 4),
with a median estimated glomerular filtration rate
(eGFR) of 83.1 ml/min/1.73m? (IQR, 66.7-103.8)
in the whole group. A history of smoking was re-
ported in 108 patients (55%), including 18 pa-
tients (9%) who were still active smokers.

Dyslipidemia was diagnosed in 163 patients
(84%). A total of 143 patients (73%) were treat-
ed with statins: mostly with simvastatin (82 pa-
tients) at a median daily dose of 20 mg and ator-
vastatin (58 patients) at a median daily dose of
20 mg. Three patients were treated with lovas-
tatin. Twenty-three patients (12%) were treat-
ed with fibrate (fenofibrate) at a median daily
dose of 200 mg.

Lipid control in the study group The median values
of total cholesterol, LDL cholesterol, HDL cho-
lesterol, and triglycerides were 166 mg/dl (IQR,
141-188), 86 mg/dl (IQR, 69-110), 47 mg/dl (IQR,
40-56), and 127 mg/dl (IQR, 97-171), respective-
ly. Treatment targets in terms of total cholester-
ol, LDL cholesterol, HDL cholesterol, and triglyc-
erides were achieved in 119 patients (61%), 84
patients (43%), 104 patients (53%), and 132 pa-
tients (68%), respectively. Comparative character-
istics of patients achieving and those not achiev-
ing good lipid control are shown in TABLES 1 and 2.

Risk factors of inadequate lipid control Correla-
tions of lipid parameters with concentrations of
adipokines and inflammatory markers are pre-
sented in TABLE 3.

Univariate regression analyses included the
following variables: age, sex, BMI, HOMA-IR in-
dex, HMW adiponectin, leptin, resistin, hsCRP,
IL-6, and TNF-a concentrations, eGFR, presence
or absence of statin treatment, statin dose (in-
cluding all patients, that is, patients who were
not treated with statins were assigned a dose of
0 mg/d; atorvastatin and lovastatin doses were
converted to equivalent simvastatin doses), pres-
ence or absence of fibrate treatment and fibrate
dose (including all patients, that is, patients who
were not treated with fibrates were assigned a
dose of 0 mg/d).

All variables found to be significant predictors
of inadequate lipid control in univariate analyses
(with the exception of fibrate treatment and fi-
brate dose in the case of triglyceride control) were
included in multivariate regression analyses, as
shown in TABLE 4. In comparison to patients who
achieved triglyceride treatment targets, those who
did not achieve triglyceride control were more of-
ten treated with fibrates (TABLE 2). In univariate
analyses, fibrate treatment and higher fibrate dose
were predictors of higher triglyceride concentra-
tions (odds ratio [OR], 7.638; 95% confidence in-
terval [CI], 2.837-20.561; P <0.0001 for fibrate
treatment, and OR, 1.097; 95% CI, 1.048-1.149;
P <0.0001 for every 10 mg of fenofibrate). Fibrates
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TABLE 1 Comparative characteristics of patients achieving and those not achieving treatment targets in terms of total cholesterol and low-density

lipoprotein cholesterol levels

Parameter TC control LDL cholesterol control
achieved (n = 119) not achieved (n = 76) achieved (n = 84)  not achieved (n = 111)

age, y 70 (61-75) 66 (61-73) 0.27 65 =9 69 =8 0.004
female sex 50 (42) 47 (62) 0.008 40 (48) 57 (51) 0.67
BMI, kg/m? 30.4 (26.9-33.4) 30.6 (27.3-32.8) 0.41 29.5 (26.9-32.5) 30.5 (27.2-33.0) 0.30
HOMA-IR 3.6(2.5-6.2) 4.0(2.5-1.1) 0.79 3.4(2.4-5.6) 4.2 (2.6-1.3) 0.16
HMW adiponectin, pg/ml 2.7 (1.9-4.2) 3.0(1.8-4.5) 0.93 2.7 (1.9-4.5) 3.0(1.8-4.3) 0.89
leptin, ng/ml 17.2 (8.1-29.7) 17.7 (9.7-28.0) 0.61 15.1(6.7-26.3) 19.3(9.9-29.7) 0.1
resistin, ng/ml 7.1(5.7-9.7) 6.4 (5.2-1.7) 0.021 6.7 (5.4-8.9) 6.8 (5.6-8.6) 0.53
hsCRP, mg/dI 2.3(1.3-5.2) 3.1(1.6-4.5) 0.30 2.2(1.2-3.5) 3.5(1.6-5.7) 0.002
IL-6, pg/ml 2.4 (1.6-4.5) 2.0(1.3-3.4) 0.047 1.8 (1.3-3.5) 2.4(1.6-4.2) 0.028
TNF-q, pg/ml 1.7 (1.2-2.4) 1.6 (1.2-2.3) 0.57 1.4(1.1-2.2) 1.9 (1.4-2.5) 0.003
statin treatment 96 (81) 47 (62) 0.002 68 (81) 75 (68) 0.069
statin dose,*» mg 20 (20-40) 20 (20-40) 0.40 20 (20-40) 20 (20-40) 0.21
fibrate treatment 14 (12) 9(12) 1.0 11(13) 12 (11) 0.66
fibrate dose,® mg 208 (200-267) 200 (200-267) 0.42 200 (200-200) 241 (200-267) 0.16

Data are presented as median (interquartile range), mean (standard deviation), or number (percentage). P values are given for differences between the

groups.

a as an equivalent of simvastatin dose: atorvastatin and lovastatin doses were converted to equivalent simvastatin doses (simvastatin,
20 mg; equivalent to atorvastatin, 10 mg; and lovastatin, 40 mg)
b in patients receiving these drugs

Conversion factor for hsCRP to Sl units is 8.45.

Abbreviations: BMI, body mass index; HMW, high-molecular-weight; HOMA-IR, Homeostatic Model Assessment—Insulin Resistance; hsCRP,
high-sensitivity C-reactive protein; IL-6, interleukin 6; LDL, low-density lipoprotein; TC, total cholesterol; TNF-a, tumor necrosis factor a

are the most effective agents decreasing triglyc-
eride concentration; thus, it might have been an-
ticipated that the direction of the relationship
between fibrate treatment and triglyceride level
should be opposite to the one we observed. How-
ever, as hypolipidemic therapy had been chosen at
the discretion of the patients’ treating physicians
and initiated prior to the enrollment in the study,
the presence of fibrate treatment was in fact a
“marker” of high triglyceride concentration (ie,
patients with higher triglyceride concentrations
had been more frequently prescribed fibrates by
their attending physicians). Therefore, to avoid a
methodological bias, we decided not to include fi-
brate treatment or fibrate dose in the multivari-
ate analysis of predictors of triglyceride control.?’

Multivariate predictive models of poor lipid
control in terms of total cholesterol, LDL cho-
lesterol, HDL cholesterol, and triglycerides are
shown in TABLE 4.

Association of adipokines with indices of obesity, in-
sulin resistance, and inflammatory markers In or-
der to better understand the interplay between
lipid parameters, adipokines, inflammatory mark-
ers, and insulin resistance, we performed an addi-
tional analysis on the associations between BMI,
HOMA-IR index, adipokines, and inflammatory
markers in the studied group. As expected, BMI
correlated positively with the HOMA-IR index
(r=0.365, P <0.0001). Correlations of adipokines
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and inflammatory markers with BMI and HOMA-
IR index and of adipokines with inflammatory
markers are shown in TABLE 5.

DISCUSSION  The results of our study demon-
strate that adipokines exert diverse effects on
the lipid profile. Multivariate logistic regression
analyses revealed resistin, HMW adiponectin, and
TNF-a as independent predictors of lipid control
in type 2 diabetes patients.

Resistin is secreted from adipose tissue as well
as from macrophages and mononuclear leuko-
cytes. In rodent models, resistin was shown to
be involved in glucose metabolism and to trigger
insulin resistance.?? Initially, such a role was also
proposed for human resistin. Indeed, increased
resistin concentrations were reported in obesity,
metabolic syndrome, and type 2 diabetes in some,
although not all, publications.*'0-214.28 However,
recent human studies have revealed resistin main-
ly as an inflammatory mediator.* Resistin induc-
es the expression of endothelial adhesion mole-
cules, such as vascular cell-adhesion molecule 1
involved in leukocyte recruitment to sites of in-
fection, and increases the secretion of other pro-
inflammatory cytokines including interleukin 1,
IL-6, interleukin 12, and TNF-a.* 1214 Consis-
tent with these observations, in our study, resis-
tin levels correlated significantly with concen-
trations of all 3 measured inflammatory mark-
ers (hsCRP, IL-6, and TNF-a), but not with BMI
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TABLE 2 Comparative characteristics of patients achieving and those not achieving treatment targets in terms of high-density lipoprotein cholesterol
and triglyceride levels

Parameter HDL cholesterol control TG control

achieved (n = 104)  not achieved (n = 91) achieved (n = 132)  not achieved (n = 63)
age, y 69 (61-74) 68 (61-75) 0.72 70 (63-75) 65 (58-72) 0.004
female sex 41 (39) 56 (62) 0.003 67 (51) 30 (48) 0.76
BMI, kg/m? 29.8 (26.9-33.0) 30.7 (27.2-32.8) 0.59 29.8 (26.8-32.4) 31.2(28.4-34.5) 0.013
HOMA-IR 3.5(2.2-5.1) 4.7 (3.0-8.4) 0.002 3.3(2.1-5.3) 5.4 (3.5-10.5) <0.0001
HMW adiponectin, pg/ml 3.1 (2.0-4.9) 2.5(1.7-3.9) 0.052 3.1(2.2-5.0) 2.0(1.5-3.2) <0.0001
leptin, ng/ml 15.3 (6.8-25.7) 19.2 (10.9-32.4) 0.043 17.7 (8.0-28.0) 16.3 (10.0-33.7) 0.38
resistin, ng/ml 6.5 (5.1-8.6) 7.2 (5.7-9.0) 0.071 6.8 (5.5-8.8) 6.7 (5.5-8.3) 0.77
hsCRP, mg/dI 2.6 (1.4-4.4) 3.1(1.5-5.6) 0.38 2.3(1.3-4.3) 3.4(1.0-5.6) 0.028
IL-6, pg/ml 1.8(1.3-3.3) 2.7(1.7-4.2) 0.004 2.2(1.4-3.7) 2.4(1.6-4.4) 0.20
TNF-q, pg/ml 1.5(1.2-2.2) 2.0 (1.4-2.7) 0.005 1.5 (1.2-2.3) 2.1(1.4-2.5) 0.032
statin treatment 78 (75) 65 (71) 0.51 102 (77) 41 (65) 0.055
statin dose,*® mg 20 (20-40) 20 (20-40) 0.95 20 (20-40) 20 (20-40) 0.27
fibrate treatment 10 (10) 13 (14) 0.38 6 (5) 17 (27) <0.0001
fibrate dose,’ mg 200 (200-267) 215 (200-267) 0.46 200 (200-200) 215 (200-267) 0.44

Data are presented as median (interquartile range) or number (percentage). P values are given for differences between the groups.

a as an equivalent of simvastatin dose: atorvastatin and lovastatin doses were converted to equivalent simvastatin doses (simvastatin,
20 mg; equivalent to atorvastatin, 10 mg; and lovastatin, 40 mg)
b in patients receiving these drugs

For conversion factors, see TABLE 1

Abbreviations: HDL, high-density lipoprotein; TG, triglicerydes; others, see TABLE 1
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and HOMA-IR index. Furthermore, resistin has
been also implied as a biomarker of atheroscle-
rosis and cardiovascular disease.*'0?

In our analysis, lower resistin levels proved to
be an independent predictor of higher total cho-
lesterol concentrations. Additionally, we observed
weak but statistically significant inverse correla-
tions of resitin concentrations with LDL choles-
terol and HDL cholesterol levels. Previous stud-
ies have provided conflicting results regarding the
effect of resistin on total cholesterol and its frac-
tions, with some studies demonstrating no such
relationship and most (including studies con-
ducted in type 2 diabetes patients) showing pos-
itive correlations of resistin levels with LDL and
total cholesterol levels (contrary to the results of
our study) and a negative correlation of resistin
levels with HDL cholesterol levels."'2.23.24 [t was
suggested that resistin downregulates hepatic
LDL-receptor expression leading to diminished
LDL hepatic clearance and elevated serum LDL
levels.” However, 2 large cross-sectional studies
(arecently published study by Cabrera et al.”® in-
cluding 6637 adults, and a subsample of the Finn-
ish Health 2000 Survey including 1508 subjects)
demonstrated an inverse association of resistin
concentrations with total cholesterol, LDL cho-
lesterol, and HDL cholesterol levels in general
population, even after adjustment for confound-
ing factors—a finding largely consistent with the
results of our study.'>'* Another study, conduct-
ed in 65 diabetic patients and 134 obese normo-
glycemic subjects, yielded similar results show-
ing inverse correlations of resistin levels with

LDL cholesterol (in both subgroups) and with to-
tal cholesterol levels (in the normoglycemic sub-
group).’® Those observations were confirmed by
the results of an experimental study in a rodent
model: transgenic overexpression of resistin led to
lower total cholesterol and HDL cholesterol con-
centrations compared with the control group.?’
While the association of higher resistin levels with
lower HDL cholesterol concentrations can be ex-
plained by its ability to induce insulin resistance
and is concordant with its positive correlation
with triglyceride levels, as demonstrated in pre-
vious studies, it seems more difficult to elucidate
the mechanism responsible for the association of
resistin with lower total and LDL cholesterol con-
centrations.'?'? It was hypothesized that the in-
verse association between resistin and serum cho-
lesterol levels could be attributed to the resistin-
dependent sequestration of serum cholesterol in
macrophages.'®?8.2% Increased cholesterol uptake
by macrophages would also promote their trans-
formation into foam cells.?®?° This would explain
the association of higher resistin concentration
with atherosclerosis, despite its negative corre-
lation with total and LDL cholesterol.

Another possible explanation of the inverse re-
lationship between resistin and cholesterol con-
centrations could be that cholesterol regulates re-
sistin expression in adipose tissue. Jove et al.*
demonstrated that a reduction in total and LDL
cholesterol on fenofibrate treatment induced re-
sistin synthesis, and reported a negative correla-
tion between cholesterol and resistin mRNA lev-
els in adipose tissue samples.
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TABLE 3  Correlations of lipid parameters with indices of obesity and insulin resistance
as well as with concentrations of adipokines and inflammatory markers

TC LDL HDL TG
BMI r=0.07 r=0.106 r=-0.119 r=0.184
P=10.36 P=0.14 P =0.097 P =10.010
HOMA-IR r =-0.003 r = 0.005 r=-0.211 r=0.247
P =097 P =0.94 P =0.003 P = 0.0005
adipokines
HMW r=0.038 r = -0.006 r=0.368 r=-0.295
adiponectin  p — g g0 P =093 P <0.0001 P <0.0001
leptin r =0.084 r =0.020 r=0.095 r=0.127
P=10.25 P=0.78 P=0.19 P =10.078
resistin r=-0.212 r=-0.17 r=-0.151 r =0.002
P =0.003 P =10.018 P =0.035 P =098
inflammatory markers
hsCRP r = 0.007 r = 0.056 r=-0.070 r=0.018
P=10.92 P=0.44 P=0.33 P =10.80
IL-6 r=-0.148 r=-0.091 r=-0.156 r =-0.002
P =0.039 P=0.21 P =0.029 P =098
TNF-a r =-0.046 r=0.019 r=-0.166 r = 0.046
P =052 P =0.80 P =0.020 P =053

Abbreviations: see TABLES 1 and 2

TABLE 4 Multivariate analyses of predictors of inadequate lipid control

Dependent variable Explanatory variables  OR 95% Cl P value
TC >175 mg/dI female sex 2.357 1.261-4.404 0.007
resistin, per 1 ng/ml 0.887  0.796-0.989 0.032
statin treatment 0.336 0.168-0.673 0.002
LDL cholesterol age, per 5 years 1.058 1.021-1.095 0.002
2100 ":géz'D'T‘ patients  giatin dose, 0980 0.965-0.995 0.009
without LAL; per 20 mg
>70 mg/dl in patients simvastatin®
with CAD
HDL cholesterol female sex 4198 2.111-8.349 <0.0001
<50 mg/dl in women; i —
<40 mg/dl in men HOMA-IR, per 1 1.073 1.010-1.140 0.023
HMW adiponectin, 0.793 0.667-0.943 0.009
per 1 pg/ml
TNF-a, per 1 pg/ml 1.769  1.279-2.446 0.0006
TG >150 mg/dI age, per 5 years 0.968 0.930-1.007 0.103
BMI, per 5 kg/m? 1.026 0.959-1.098 0.454
HOMA-IR, per 1 1.086 1.017-1.159 0.014
HMW adiponectin, 0.772  0.630-0.944 0.012
per 1 ug/ml
statin treatment 0.467 0.222-0.979 0.044

a atorvastatin and lovastatin doses were converted to equivalent simvastatin doses
(simvastatin, 20 mg; equivalent to atorvastatin, 10 mg; and lovastatin, 40 mg)

Conversion factors to Sl units are as follows: for total, LDL, and HDL cholesterol, 0.0259;
for triglycerides, 0.0113.

Abbreviations: CAD, coronary artery disease; Cl, confidence interval; OR, odds ratio;
others, see TABLES 1 and 2

Adiponectin is a hormone most profusely re-
leased from adipose tissue in physiological con-
ditions. It circulates in the blood as 3 oligomeric
complexes including low-, medium-, and high-mo-
lecular-weight adiponectin, with the latter consti-
tuting approximately half of plasma adiponectin

and its most biologically active form.'® Its proper-
ties are opposite to those exerted by resistin, as ad-
iponectin is an insulin-sensitizing, anti-inflamma-
tory, and antiatherogenic adipokine.'® There is ev-
idence suggesting that adiponectin might contrib-
ute to longevity.'® Serum adiponectin concentra-
tion is inversely associated with BMI, the amount
of visceral adipose tissue and insulin resistance,
and hypoadiponectinemia was shown to predict
type 2 diabetes, coronary artery disease, and acute
coronary syndromes.*'5'® As expected, in the stud-
ied group of type 2 diabetes patients, HMW ad-
iponectin concentrations correlated negatively
with BMI and HOMA-IR index. We also observed
a trend towards an inverse correlation of HMW
adiponectin levels with hsCRP concentrations.

In our study, lower HMW adiponectin concen-
trations were an independent risk factor of higher
triglyceride and lower HDL cholesterol concentra-
tions. A negative correlation of adiponectin con-
centrations with triglyceride levels and its posi-
tive correlation with HDL cholesterol concentra-
tions have been reported previously.'®-%:3"32 How-
ever, so far few studies have demonstrated that
HMW adiponectin is a predictor of HDL choles-
terol and triglyceride concentrations irrespec-
tive of sensitivity towards insulin.® Insulin re-
sistance is known to be associated with so called
atherogenic dyslipidemia characterized by hyper-
triglyceridemia, low HDL cholesterol concentra-
tion, and the presence of small, dense LDL par-
ticles. It might be assumed that the association
of adiponectin with lower triglyceride and higher
HDL cholesterol concentrations is secondary to
its insulin-sensitizing properties.'®'® Neverthe-
less, in our study, higher HMW adiponectin con-
centrations remained an independent predictive
factor of triglyceride and HDL cholesterol control
even after adjustment for HOMA-IR. Thus, the
observed effect of adiponectin on the lipid profile
must have arisen from its other characteristics.
A similar conclusion can be derived from the fact
that an inverse relationship between adiponectin
and triglyceride concentrations was also observed
in studies conducted in type 1 diabetic patients.**
Data from single studies suggest that insulin re-
sistance and adiponectin affect different aspects
of triglyceride metabolism: a lower HOMA-IR in-
dex is predominantly associated with lower hepat-
ic very-low-density lipoprotein (VLDL) synthesis,
while adiponectin itself increases skeletal mus-
cle lipoprotein lipase activity and skeletal mus-
cle VLDL-receptor expression and, consequently,
accelerates triglyceride catabolism.*% Thus, adi-
ponectin may influence triglyceride metabolism
both in a direct and indirect (ie, associated with
its insulin-sensitizing properties) way. Recently,
it has also been suggested that abdominal obe-
sity, hypoadiponectinemia, and hypertriglyceri-
demia share the same genetic background, as all
of these factors were associated with a single nu-
cleotide polymorphism of the RNA-specific ade-
nosine deaminase gene, previously reported to
be related to human longevity.?’
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TABLE 5 Correlations of adipokines with body mass index, insulin resistance index, and inflammatory markers

HMW adiponectin  Leptin Resistin
BMI r=-0.248 r=0.440 r = 0.066 r=0.289 r=0.088 r=20.014
P = 0.0005 P <0.0001 P =0.36 P <0.0001 P =0.22 P=0.84
HOMA-R  r=-0.349 r=10.398 r=0.030 r=0.207 r=0.252 r=0.009
P <0.0001 P <0.0001 P =0.68 P =0.004 P =10.0004 P=0.90
hsCRP r=-0.133 r=0.149 r=0.182 NA NA NA
P = 0.065 P =0.038 P =10.011
IL-6 r=-0.030 r=20.170 r=0.347 NA NA NA
P =0.68 P =0.017 P <0.0001
TNF-a r=0.034 r=0.021 r=0.258 NA NA NA
P =0.64 P=0.77 P =0.0003

Abbreviations: NA, not available; others, see TABLE 1

Apart from secreting “classic” adipokines, ad-
ipose tissue is also known to release proinflam-
matory cytokines, including TNF-a and IL-6. In
our study, higher TNF-a concentrations were an
independent risk factor for inadequate HDL cho-
lesterol control. Although in the logistic regres-
sion analysis, IL-6 did not prove to be a predictor
of any of the lipid parameters, its concentration
correlated inversely with both total cholesterol
and HDL cholesterol levels. There could be sev-
eral explanations of the observed relationships.
Firstly, inflammation is known to play an im-
portant role in the development of insulin resis-
tance, type 2 diabetes, metabolic syndrome, and
atherogenic dyslipidemia."3® However, this does
not justify the inverse correlation between IL-6
and total cholesterol level. Secondly, hypocholes-
terolemia (including low concentrations of HDL
cholesterol) is commonly observed in inflamma-
tory diseases and might be related to a dose-de-
pendent reduction in secretion of both apolipo-
protein (apo)B and apoAl under TNF-a and IL-6
treatment, which was demonstrated in exper-
imental studies.?®3® Furthermore, both TNF-a
and IL-6 were shown to adversely influence re-
verse cholesterol transport—the main mecha-
nism responsible for antiatherogenic HDL prop-
erties—by decreasing lecithin-cholesterol acyl-
transferase activity.?® Additionally, TNF-a was
suggested to affect HDL cholesterol metabolism
on other levels, including its formation and ca-
tabolism: in experimental studies, TNF-a atten-
uated intestinal cholesterol efflux to apoAl as
well as substantially enhanced macrophage deg-
radation of HDL.**4' On the other hand, the in-
verse association of HDL and TNF-a could arise
from the anti-inflammatory properties of HDL,
including the ability of HDL to inhibit TNF-a pro-
duction.*? Regardless of the underlying mecha-
nism, clinical studies confirmed the inverse cor-
relation of HDL with TNF-a level.3243 However,
prospective interventional trials exploring the ef-
fects of anti-TNF-a therapy on serum lipid pro-
file yielded conflicting results with some studies
demonstrating an increase and others—a reduc-
tion in HDL concentration following anti-TNF-a
treatment.*4-46

Interestingly, in the study group, female sex
proved to be a risk factor for inadequate total cho-
lesterol and HDL cholesterol control. This could
be partly due to higher HDL cholesterol treat-
ment targets in women, which may become dif-
ficult to achieve in overweight postmenopaus-
al women.* Secondly, our observation probably
reflects less intensive statin treatment in wom-
en, who are generally considered to be at lower
cardiovascular risk than men."® Some evidence
suggests that women might indeed benefit less
from statin treatment in primary prevention.*
Furthermore, women seem to be at a consider-
ably higher risk of type 2 diabetes while on statin
therapy than men.%® However, this should not
discourage statin treatment nor the attempts to
achieve target lipid profile in women already di-
agnosed with type 2 diabetes who, by definition,
are burdened with high or very high global car-
diovascular risk.?

The least frequently implemented criterion of
lipid control in the study population was a reduc-
tion of LDL cholesterol levels, although according
to the European Society of Cardiology, it is the
primary target of lipid-lowering therapy in type
2 diabetes patients."? Almost three-quarters of
the group were treated with statins but the tar-
get values of LDL cholesterol were only achieved
in 43% of the patients, which indicates the choice
of too weak statin preparations (with simvastatin
prescribed to most patients and with no patients
treated with rosuvastatin) and the use of too low
doses of these drugs (with median daily doses of
both simvastatin and atorvastatin of 20 mg). In-
deed, alower statin dose proved to be one of the
two independent predictors of poor LDL control.
The second risk factor was older age, suggesting
a more cautious implementation of statin treat-
ment in older patients, which might be attribut-
ed to an expected higher risk of adverse effects.*8

Limitations of the study This study was a cross-
sectional analysis conducted in a group of pa-
tients whose hypolipidemic treatment had been
initiated before study enrollment and chosen
at the discretion of the treating physicians. It
might have been beneficial for the analysis to
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include treatment-naive patients and assess both
adipokine concentrations and lipid parameters
before and after the initiation of hypolipidemic
treatment. Secondly, a larger number of patients
would have increased the statistical power of our
analysis.

Conclusions  Adipokines might affect serum lipid
profile in a diverse manner, irrespective of insu-
lin resistance. In the studied group of type 2 dia-
betes patients, lower HMW adiponectin concen-
trations proved to be a predictor of inadequate
triglyceride and HDL cholesterol control; high-
er TNF-q, of inadequate HDL control; and low-
er resistin, of inadequate total cholesterol con-
trol. Women and older patients should be given
more attention regarding the achievement of lip-
id treatment targets.
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STRESZCZENIE

WPROWADZENIE Dostepne dane dotyczace wptywu adipokin na gospodarke lipidowa sg niejednoznaczne.
CELE Celem badania byta ocena zalezno$ci miedzy wyréwnaniem gospodarki lipidowej a stezeniami
adipokin i wyktadnikéw stanu zapalnego u chorych na cukrzyce typu 2.

PACJENCI I METODY Analiza objeto 195 pacjentéw z cukrzyca typu 2. Ocene uzyskania docelowych stezen
cholesterolu catkowitego, cholesterolu frakcji lipoprotein o niskiej gestosci (low-density lipoprotein —
LDL) oraz o wysokiej gestos$ci (high-density lipoprotein — HDL) i trigliceryddw przeprowadzono w oparciu
o0 obecnie obowigzujace wytyczne. U wszystkich pacjentéw dokonano oceny wskaznika insulinooporno$ci
(Homeostatic Model Assessment—Insulin Resistance — HOMA-IR) oraz pomiaru stezen adiponektyny
wielkoczasteczkowej (high-molecular-weight — HMW), leptyny, rezystyny, biatka C-reaktywnego, in-
terleukiny 6 i czynnika martwicy nowotworu a (tumor necrosis factor a — TNF-a). W celu identyfikacji
czynnikéw ryzyka braku wyréwnania gospodarki lipidowej przeprowadzono analize regresji logistycznej.
wyNIKI - Wyrdwnanie gospodarki lipidowej w zakresie cholesterolu catkowitego, cholesterolu LDL,
cholesterolu HDL i triglicerydéw uzyskano odpowiednio u 61%, 43%, 53% i 68% pacjentéw. W analizach
wieloczynnikowych pte¢ zenska, nizsze stezenie rezystyny i brak leczenia statyng byty predyktorami
stezen cholesterolu catkowitego powyzej celu terapeutycznego; starszy wiek i nizsza dawka statyny —
predyktorami stezen cholesterolu LDL powyzej celéw terapeutycznych; pte¢ zenska, wyzszy wskaznik
HOMA-IR, nizsze stezenie adiponektyny HMW i wyzsze stezenie TNF-a — predyktorami stezen cholesterolu
HDL ponizej celéw terapeutycznych, a wyzszy wskaznik HOMA-IR, nizsze stezenie adiponektyny HMW
i brak leczenia statyng — predyktorami stezen triglicerydéw powyzej celu terapeutycznego.

WnIoskl U pacjentédw z cukrzyca typu 2 nizsze stezenie adiponektyny HMW wigze sie z nieoptymalng
kontrolg stezen triglicerydéw i cholesterolu HDL, wyzsze stezenie TNF-a — z nieoptymalng kontrolg stezen
cholesterolu HDL, a nizsze stezenia rezystyny —z nieoptymalng kontrolg stezen cholesterolu catkowitego.

ARTYKUt ORYGINALNY Zwiazek adipokin i wyktadnikéw stanu zapalnego z wyréwnaniem... 423



