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Background:

It has not been definitively established which factors affect insulin resistance (IR) and whether dialysis decreas-

es IR. The aim of this study was to investigate factors that may have an influence on homeostasis model as-
sessment (HOMA-IR) in hemodialyzed patients (HDpts) and to compare IR between HDpts and healthy subjects.
We examined 33 HDpts and paired 33 subjects of the control group, matched for sex, age, and BMI. We analyzed
concentrations of insulin, glucose, leptin, resistin, and total and high-molecular-weight adiponectin (HMWad)
in serum. Using computed tomography in HDpts, we evaluated visceral adipose tissue (VAT), concentrations of
visfatin, CRP, and IL-6.

HOMA-IR (median, 1.3 vs. 1.4, P=0.19), insulin (median 6.8 vs. 6.0 ulU/mL, P=0.7), glucose (79 mg/dL vs.
93 mg/dL, P=0.001). IR in HDpts is dependent on VAT (r=0.36, P=0.04) and this relationship is stronger than
the relationship of BMI and IR (r=0.3, P=0.1). In HDpts we found higher concentrations of leptin (P=0.001) and
resistin (P<0.001), with no relation to IR. HMWad and its percentage in relation to total adiponectin are high-
er in HDpts (P=0.03 and P<0.001, respectively).

HOMA-IR in HDpts does not differ from the control group. In HDpts it depends on the quantity of VAT and this
relationship is stronger than with BMI. In HDpts leptin and resistin do not influence IR. HMWWad and its per-
centage in total adiponectin are significantly higher in HDpts.
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Background

In end-stage renal disease (ESRD) mortality is several times
higher than in the general population. Cardiovascular diseas-
es cause over half of all deaths. Insulin resistance (IR) is list-
ed among the non-traditional risk factors involved in cardio-
vascular diseases [1,2]. In our previous work concerning this
subject, we showed that HOMA B-cell function is strongly cor-
related with HOMA-IR in HDpts. We also showed that in non-
diabetic ESRD HDpts, HOMA indices and Disposition Index may
be important models in interpretation of glucose metabolism
disorders. This work concerned the same patients. We pres-
ent the remaining results of the work [3].

The etiology of IR accompanying renal failure is multifactorial.
It is derived from disturbances associated with uremic envi-
ronment. A major role is attributed to the function of adipose
tissue, especially visceral [2,4]. Elevated concentrations of ad-
ipocytokines, related primarily to the lack of their elimination,
contribute to the development of malnutrition, cachexia, ath-
erosclerosis, and severity of inflammation, and also play a role
in the pathogenesis of IR [5]. In the population of patients with
stages 3-5 chronic kidney disease (CKD) it was demonstrated
that leptin was a strong predictor of IR assessed by HOMA-
IR [6]. Uremic environment and associated risk factors of car-
diovascular diseases have an advantage over a protective ac-
tivity of elevated concentrations of adiponectin [7]. Axelsson
et al. showed that resistin concentration in patients with CKD
positively correlates with inflammatory markers and is not as-
sociated with insulin resistance after adjustment for GFR [8].
Many studies of patients with CKD before the era of renal re-
placement therapy confirm the existence of elevated IR [9]. The
data considering dialyzed patients are inconclusive. Kobayashi
et al. showed that the initiation of hemodialysis (HD) and peri-
toneal dialysis had an effect of reducing IR [10].

The aim of this study was to measure the impact of the factors
that may influence homeostasis model assessment (HOMA-
IR) in hemodialyzed patients (HDpts) and to compare IR be-
tween HDpts and subjects without renal failure, matched for
sex, age, and BMI. We also compared the concentrations of
adipocytokines in both groups to assess the factors that may
have a potential impact on the value of HOMA-IR, with a par-
ticular focus on the concentration of adipocytokines, selected
inflammation markers, and quantity of visceral adipose tissue
(VAT) as measured by computed tomography (CT).

Material and Methods

The study included 33 patients with ESRD treated with re-
peated hemodialysis (HD) in the Department of Nephrology,
Dialysis, and Internal Diseases, Medical University of Warsaw
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and affiliations. The cause of ESRD in 15 patients was chronic
glomerulonephritis, in 6 polycystic kidney disease, in 3 hyper-
tensive nephrosclerosis, and in 2 chronic pyelonephritis. The
cause of ESRD in remaining 7 patients was not determined.
The control group consisted of 33 subjects without renal fail-
ure, matched for sex, age and BMI. The study was approved by
Bioethics Committee of the Medical University of Warsaw on
June 20t 2006. Criteria for exclusion from the study were: di-
abetes, active inflammatory and autoimmune disease, cancer,
history of cardiovascular events in the past 3 months, hormon-
al therapy, alcoholism. Blood samples were collected in fasting
state, after at least an 8-hour period without food, in hemo-
dialyzed patients (HDpts) in the morning on a day without di-
alysis, in the middle of the week. In HDpts, we evaluated the
concentrations of glucose, insulin, adipocytokines (leptin, re-
sistin, total and high-molecular-weight adiponectin (HMWad),
visfatin, CRP, IL-6 in serum. In the control group, the concen-
trations of glucose, insulin and adipocytokines (leptin, resis-
tin, adiponectin- total and HMWad) in serum were assessed.
In HDpts CT assessing VAT of abdominal cavity was performed.

Glucose concentration was measured using a hexokinase meth-
od (Glucose HK Gen.3). Insulin concentration was measured
using Immunotech IRMA kit.

HOMA-IR was calculated using the formula:
HOMA-IR = [insulin in serum (ulU/ml) x glucose in serum
(mg/dl)]/405

Visfatin was measured with Phoenix Pharmaceuticals Inc. com-
petitive immunoenzymatic test. Total adiponectin and HMWad
was measured with ALPCO Diagnostics sandwich immunoen-
zymatic test (EIA) intended for the quantitative evaluation of
adiponectin isoforms. IL-6 was measured with R & D Systems
sandwich immunoenzymatic test.

CT was performed using a General Electric 16-slice Light Speed
Pro system. Parameters of the X-ray flux were 140 kV and 200
mA and the time of exposure to X-rays was 0.5 sec. The study
was performed in the axial plane, assessing the layer thickness
of 10 mm. Scanning position was located at the height of the
navel. The resulting images were evaluated in the range of 400
Hounsfield units (HU). VAT was assessed by manual analysis,
outlining the area with density corresponding to adipose tissue
(range from =190 to —30 HU). The evaluation concerned intra-
peritoneal adipose tissue, retroperitoneal adipose tissue was
not assessed. In the evaluation of abdominal adipose tissue
the values from the outlined areas were added to each other.

Average values for paired data (HD group vs. control group)
were compared using the non-parametric Wilcoxon test. The
statistical significance of the relationships of tested parame-
ters in HD patients with selected variables was examined using
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Figure 1. HOMA-IR in individual HD-CG pairs arranged according
to increasing BMI in HD group (® HD, O CG).
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Figure 2. Insulin concentrations in individual HD-CG pairs
arranged according to increasing BMI in HD group
(® HD, O CG).

Spearman’s rank correlation coefficient. To analyze the linear
trend of parameters tested by tertiles of selected categorized
independent variables we used analysis of variance test for
linear trend. If the assumption of normal distribution was not
met, a logarithmic transformation of the tested parameter was
performed. Significance level was 0=0.05.

Results

The study consisted of 33 pairs of patients: 33 patients with
ESRD treated with repeated HD and 33 subjects without kidney
failure, matched for sex, age, and BMI, constituting the con-
trol group (CG). Each group consisted of 24 men (72.7%) and
9 women (27.3%). The average age of HDpts was 61+14 years
and 61+11 years in the control group. Average BMI in the HD
group was 27.1+5.2 kg/m?, in the control group 27.0+6.2 kg/m?.

In both groups we evaluated and compared HOMA-IR, concentra-
tions of glucose, insulin, and adipocytokines: leptin, resistin, total
adiponectin, HMWad. The percentage of this adiponectin was as-
sessed in relationship with total adiponectin (%HMWad) in serum.
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Figure 3. Glucose concentrations in individual HD-CG pairs
arranged according to increasing BMI in HD group
(® HD, O CG).

Our study showed that there is no statistically significant dif-
ference in HOMA-IR between the groups (median of HOMA-IR
in the HD group was 1.3 and in the control group 1.4, P=0.189,
Figure 1). Insulin concentrations in both groups did not differ
significantly as well (median of insulin concentration in the
HD group was 6,8 ulU/mL, in the control group 6.0 plU/mL
P=0.698, Figure 2). Glucose concentrations were significantly
lower in HDpts than in the control group (median of glucose
concentration in the HD group was 79 mg/dL, in the control
group 93 mg/dL, P=0.001, Figure 3).

Comparison of the individual adipocytokine concentrations in
both groups showed significantly higher leptin and resistin con-
centrations (median of leptin concentration in the HD group was
12.78 mg/L, in the control group 5.96 mg/L, P=0.001 and medi-
an of resistin concentration in the HD group was 15.90 mg/L, in
the control group 5.06 mg/L, P<0.001). There were no statistical-
ly significant differences between the groups in terms of total
adiponectin concentrations (median of adiponectin concentra-
tion in the HD group was 1.64 mg/L, in the control group 1.20
mg/L, P=0.264). Concentrations of HMWad and its percentage
in total adiponectin (% HMWad) differed significantly between
the groups (median of HMWad concentration in the HD group
was 0.97 mg/L, in the control group 0.60 mg/L, P=0.032 and
median of%HMWad concentration in the HD group was 56.78,
in the control group 42.48, P<0.001). Data on the parameters in
HDpts compared with the control group are presented in Table 1.

Analysis of relationship between IR and the individual param-
eters in HDpts demonstrated that IR assessed by HOMA-IR
showed no association with BMI (r=0.296, P=0.094). Statistical
significance was observed in the analysis of BMI linear trend
(P=0.034). It was shown that there was a statistically signifi-
cant correlation between the quantity of VAT measured by CT
(CTvisc) and HOMA-IR (r=0.363, P=0.038), also in the analysis
of CTvisc linear trend (P = 0.016). HOMA-IR medians in tertile
groups of visceral tissue quantity are presented in Figure 4.
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Table 1. Parameters studied in HD pts and control group.
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Control group

HOMA-IR 1.95+2.98 1.32 0.31-18.09 1.99+1.54 1.40 0.57-8.49 0.189
Cinsulin, plu/ml 9.04£1160 684 1647113 8374591 597 2733156 0698
Glucose, mg/dl 824261035 7900 67-104 93881156 9300 74123 0001
Cleptinmgl 2129¢1686 1278 059-5268 107541179 596 0214838 0001
CResistinmg/l 18334732 1590 865-39.24 5480220 506 2751473 <0001
Adiponectin,mg/l 1655085 164 022350 161120 120 035591 0264
e mg 0941056 097 000242 072:065 060 002-294 0032
CwHMw% 5348:1663 5678 000-8179 410941629 4248 571-83.44 <0001
-, 220343428 819 025-17968 105141224 480 0214502 0058

* Wilcoxon test. HOMA-IR — homeostasis model assessment; HMW — high molecular weight adiponectin; %HMW — percentage of high
molecular weight to total adiponectin; LAR — leptin: adiponectin ratio. Conversion factors to Sl units are as follows: for insulin — 6.94,

glucose — 0.0555.

18
1.6
14
1.2 132
1.0
2038
0.6
0.4
0.2
0.0

1.62

MA-IR

Middle third
CTvisc

Bottom third Top third

Figure 4. HOMA-IR medians in tertile groups of visceral tissue
quantity (CTvisc).

Evaluation of the relationship between the adipocytokine
concentrations and VAT quantity showed a significant corre-
lation of VAT quantity with leptin (r=0.553, P=0.001) and re-
sistin concentrations (r=0.386, P=0.027). The direction of the
correlation of adiponectin with the VAT quantity was negative
but not statistically significant (r=—0.294, P=0.097) and sim-
ilar to the concentration of HMW (r=—0.100, P=0.579). There
was no relationship of HMW percentage (r=0.136, P=0.449)
and visfatin concentrations (r=0.009, P=0.960) with VAT quan-
tity. Analysis of the relationship of adipocytokine concentra-
tion with inflammatory state showed the presence of signif-
icant correlation between visfatin (41.02+27.36 mg/L) and
CRP(12.95+18.30 mg/L) concentrations (r=0.421, P=0.015).
There was no significant correlation between IL-6 concentra-
tion (9.68+9.58 pg/mL) and tested cytokines.

We analyzed the relationship between IR and the hormones
secreted by VAT. It was found that the relationship between
HOMA-IR and leptin concentration was statistically significant
(r=0.470, P=0.006). The relationship between IR measured by
HOMA-IR and inflammatory state expressed by CRP concen-
tration was of borderline of statistical significance (r=0.336,
P=0.056). The relationship between HOMA-IR and IL-6 showed
no statistical significance (r=0.294, P=0.102).

Discussion

Not all studies confirm that IR markers increased in CKD es-
calate with a decrease in GFR. Our previous work, based on
the partial results of the same clinical work, showed no differ-
ence in insulin resistance measured by HOMA-IR in non-dia-
betic HDpts and healthy subjects. It demonstrated the useful-
ness of HOMA-IR and Disposition Index in the interpretation
of carbohydrate disorders in HDpts [3]. The current work ex-
amines the factors influencing insulin resistance in this group
of patients. Decreased sensitivity to insulin exists already in
the early stages of CKD, when a significant renal failure is not
found. Conclusions from the studies conducted in patients with
various stages of CKD suggest that IR markers in the more ad-
vanced stages of CKD do not always differ significantly from
those in the early stages [11,12]. In HDpts we found no sta-
tistically significant difference in IR compared with subjects
without renal failure (Figure 1), these partial results were also
presented in the previous work [3]. There was no statistically
significant difference in the level of insulinemia between the
two examined groups as well (Figure 2). It should be noted
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that glycemia (the second parameter taken into account in the
calculation of HOMA-IR) differed significantly, with the values
higher in patients without renal failure (Figure 3). However,
the significance of this parameter did not influence the differ-
ences in HOMA-IR between the groups.

Interpretation of the causes of significantly lower glycemia in
HDpts is difficult. Mak et al. in his work on insulin concentra-
tions in CKD note that patients with ESRD are characterized
by a rather mild hyperglycemia in fasting state and impaired
glucose tolerance in stress testing, although some research-
ers represent different views [13]. In the work on hypoglyce-
mia in patients with renal failure Arem et al. stress that hy-
poglycemia in patients with ESRD is quite frequent which is
caused by cachexia, impaired renal gluconeogenesis, deficien-
cy of glucogenic amino acids - precursors for gluconeogenesis
and production of counterregulatory hormones [14].

Our results do not support the hypothesis that in hemodia-
lyzed patients with ESRD IR is higher than in the general pop-
ulation. The results obtained indicate that replacement ther-
apy, by reducing the disturbances associated with advanced
renal failure, can reduce IR, which is consistent with the work
by Kabayashi et al. [10]. Beneficial effects of renal replace-
ment therapy in order to reduce IR are confirmed by the work
of Minguez et al, who found that HOMA-IR in HDpts showed a
negative correlation with Kt/V marker demonstrating the ade-
quacy of dialysis [15]. Trirogoff et al. assessed IR using HOMA-
IR in patients with stages 3 and 4 of CKD, finding no significant
differences compared with the control group [16].

Many studies confirmed higher levels of adipocytokine con-
centrations in renal failure, especially for ESRD, resulting from
impaired renal elimination [17,18]. In our study we found no
significant differences in adiponectin concentrations between
the groups. Data from the literature indicate higher concentra-
tions of this adipokine in patients with renal failure [7,19]. In
the present study the results comparing the concentration of
HMWad and its percentage (% HMWad) in total adiponectin
between the two groups showed no significant differences in
total adiponectin concentrations while the concentrations of
HMWad and its percentage in total adiponectin were signif-
icantly higher in dialyzed patients (Table 1). Shen et al. also
showed a higher concentration of HMWad in renal failure and
interpreted this as a compensatory mechanism designed to re-
duce the metabolic disturbances associated with uremia [20].

Odamaki et al. evaluated the quantity of VAT by CT in HDpts and
in subjects without renal failure, showing that after adjustment
for BMI visceral adipose tissue in HDpts was relatively higher [21].

In our study we found no relationship between insulin re-
sistance and BMI in the group of patients treated with renal

CLINICAL RESEARCH

replacement therapy and statistical significance was shown
only in the analysis of BMI linear trend. CT showed a signifi-
cant correlation between VAT quantity and IR (Figure 4). This
observation suggests that the assessment of VAT is important
in HDpts, in whom BMI particularly does not reflect body com-
position. In HDpts without diabetes Shinohara et al. showed a
positive correlation between HOMA-IR and cardiovascular mor-
tality, regardless of BMI. They also suggested that one of the
causes of IR in patients with ESRD may be higher adipocytokine
concentrations, which could cause “IR without obesity” [2,4,22].

Heimbiirger et al. proved that leptin concentration showed a
strong positive correlation with the quantity of adipose tissue
[23]. In the present work, the concentration of leptin in dialyzed
patients also showed a positive correlation with the quantity
of VAT assessed by CT at twice the average concentration of
this adipokine in serum compared with the control group (Table
1). We also found a positive correlation between the quantity
of visceral tissue evaluated by CT and resistin concentration.
In our study visfatin concentration does not correlate with the
quantity of VAT. Results of the studies on visfatin suggest that
it is ubiquitous substance, rather than only associated with the
adipose tissue [24]. The correlation of total adiponectin and its
HMWad form with the quantity of VAT was not statistically sig-
nificant, but it had a negative direction, indicating an inverse
relationship between these parameters. Tamei et al. observed
a strong negative correlation between the quantity of VAT as-
sessed by CT, and the concentration of HMWad in HDpts [25].

Assessing the influence of adipocytokines on IR in the pres-
ent study we found a statistically significant positive correla-
tion between HOMA-IR and leptin in HDpts. Based on our re-
search it should be concluded that the effect of leptin on IR
may be a reflection of the impact of VAT synthesizing leptin.
Leptin concentration is a reflection of the visceral tissue quan-
tity and is not associated with IR, if one takes into account
that the IR does not differ significantly between the groups
of paired patients, while leptin concentrations in HDpts are
twice as high. High levels of leptin concentration in ESRD lose
their influence on IR. Leptin is “biologically inactive” towards
IR, although its correlation with HOMA-IR in HDpts is signif-
icant. The observed significance may be due to a strong re-
lationship of leptin concentration with the quantity of VAT,
therefore VAT may be significant for the existence of IR. Lack
of biological effects of high levels of leptin concentrations on
IR in ESRD can be explained referring to the exponential nature
of the relationship presented in the work by Stenvinkel et al.
[6]. Previous studies indicate an inverse correlation of adipo-
nectin concentration with IR in HDpts [13,18]. Other authors,
however, do not confirm these reports. Taskapan et al. believe
that there is no relationship of the concentrations of leptin,
resistin and adiponectin with HOMA-IR, neither in HDpts nor
in patients on peritoneal dialysis and that the concentrations
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of leptin were determinants of lipid disorders, particularly in
patients on peritoneal dialysis [17]. Similarly, in the present
study we also found no relationship between IR and adiponec-
tin concentration, which applies not only to total adiponectin
concentration, but also to the concentration of HMWad and
its percentage in total adiponectin.

The behavior of resistin concentration did not confirm the pres-
ence of correlation with HOMA-IR. Many results of the stud-
ies on the influence of resistin on IR do not confirm that this
adipocytokine intensifies it, as it was originally thought [8].

It is believed that chronic inflammation may result in the stim-
ulation of IR by the induction of proinflammatory cytokines.
Kursat et al. emphasize a positive correlation between IR and
inflammatory state expressed by the value of CRP concentra-
tion that occurs in HDpts [26]. A similar conclusion was reached
by Borazan et al. proving that CRP concentration was signifi-
cantly higher in HDpts who have higher HOMA-IR [27]. In this
study, the correlation between insulin expressed by HOMA-IR
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its metabolic disturbances accompanying uremia.
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