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Summary

Ozet

Purpose: It is known that chronic renal failure patients have in-
sulin resistance that can be improved with effective
haemodialysis therapy. Many toxins that are removed
with haemodialysis therapy are blamed for this resistance.
But the tumor necrosis factor-alpha (TNF-a) expression
which is known to be strongly correlated with insulin re-
sistance especially in obese patients has not yet been stud-
ied in hemodialysis patients. In this study, we aimed to in-
vestigate the relation between TNF-a level and insulin re-
sistance with increased dialysis effectiveness.

Materials and Methods: Twenty eight haemodialysis patients
15 male, 13 female were included in the study. Their
mean age was 37 = 15 years. 18 cases with an average
Kt/V value of 1.0 with the urea kinetic model were in-
cluded in the study group and 10 cases with an average
Kt/V value of 1.1 were included in the control group.
After all cases had intravenous glucose tolerance test
(IVGTT), the Kt/V value of the study group was in-
creased to 1.5. No change was done in the control group.
After 12 weeks both groups again had an IVGTT and glu-
cose, insulin area under the curves of glucose and insulin
and TNF-a levels were compared before and after the
study.

Result: The serum glucose and insulin levels before and after
the study were statistically compared. In the study group,
these parameters were significantly decreased when com-
pared with the control group. Although there was a sta-
tistically significant decrement in area under the curves
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Amag: Kronik renal yetmczlikli hastalarda etkili hemodiyaliz

tedavisi ile diizeltilebilen insulin direnci oldugu bilin-
mektedir. Hemodiyaliz ile uzaklastinlabilen bir¢ok toksin
bu diren¢ i¢in sug¢lanmaktadir. Obez hastalarda insulin
direnci ile giiglii bir sekilde uyum gosteren timor
nekrozis factor-alfa (TNF-a) ekspresyonu, hemodiyaliz
hastalarinda heniiz incelenmemistir. Bu ¢alismada, diya-
liz etkinliginin artirilmasi ile insulin direnci ve TNF-a
arasindaki iliskiyi arastirmay1 amagladik.

Materyal ve Metod: Calismaya 15'i erkek, 13'ii kadin 28 he-

modiyaliz hastast dahil edildi. Ortalama yaslar1 37 + 15
yil idi. Ure kinetik model ile ortalama Kt/V degerleri 10
olan 18 olgu ¢alisma grubuna dahil edildi. Ortalama Kt/V
degeri 1.1 olan 10 olgu ise kontrol grubuna alindi. Tim
olgulara intravendz glikoz tolerans testi (IVGTT) uygu-
landiktan sonra, ¢alisma grubunun Kt/V degeri 1.5% yiik-
seltildi. Kontrol grubunda degisiklik yapilmadi. Oniki
hafta sonra IVGTT her iki grupta da tekrarlandi. Calisma
oncesi ve sonrasi serum glikoz ve insulin seviyeleri ve
glikoz ve insulin egrilerinin altinda kalan alanlar ve TNF-a
seviyeleri karsilastirildi.

Bulgular: Caligma oOncesi ve sonrast serum glikoz ve insulin

diizeyleri istatistiksel olarak karsilastirildi. Calisma
grubunda, bu  parametreler kontrol  grubuyla
karsilastirildiginda anlamli azaldi. Onikinci haftanin so-
nunda ¢aligsma grubunda glikoz (18180 = 1465'den 12057
+ 602'ye, pO.001) ve insulin (8567 + 1368'den 5674 +
902'ye, p<0.05) egrilerinin altinda kalan alanlar istatistik-
sel olarak anlamli azalmasina karsin her iki grupta da
TNF-a seviyelerindeki degisiklikler farkli degildi
(Yiksek Kt/V grubunda 9.18 + 6.03 pg/mfden 9.91 + 7.1
pg/ml'ye ve kontrol grubunda 8.68 + 6.66 pg/ml'den 9.78
+ 8.0 pg/ml'ye, p>0.05).
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of glucose (from 18180+1465 to 12057+602, p<0.001)
and insulin (from 8567+1368 to 5674+902, p<0.05) in
the study group at the end of 12 weeks, the changes in
TNF-a levels were not different in both groups (from
9.18+6.03 pg/ml to 9.91+7.1 pg/ml in high Kt/V group
and from 8.68+6.66 pg/ml to 9.78+8.0 pg/ml in control
group, p>0.05).

Conclusion: As a result, we can say that the increment in he-
modialysis effectiveness did not affect TNF-a levels
much and upon this point we thought that TNF-a could
not be an important factor for insulin resistance in these
patients.

Key Words: Insulin resistance, Dialysis adequacy,
Tumor necrosis factor-alpha
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Tumor necrosis factor-alpha (TNF-a) is close-
ly associated with acute and chronic inflammatory
processes in hemodialysis patients. However, the
mechanisms concerning cytokine production by
monocytes during hemodialysis are still conflicting
(1). In addition, TNF-a is potentially an important
mediator of protein wasting in chronically uremic
patients (2).

The role of TNF-a, which is a cytokine pro-
duced by immune cells during skeletal muscle
damage, has repeatedly been investigated in insulin
resistance in recent years (3,4). A strong positive
correlation has been observed between TNF-a
mRNA expression levels in fat tissue and the level
of hyperinsulinemia, an indirect measure of insulin
resistance (5). Moreover, the insulin sensitivity in
obese rats was improved by neutralizing TNF-a
(6). Insulin resistance, as evidenced by reduced pe-
ripheral sensitivity to the hypoglycemic action of
insulin, is common in patients with uremia on dial-
ysis (7). The etiology of insulin abnormalities in
CREF is probably multifactorial but not clearly un-
derstood (8). It has been reported that insulin re-
sistance can be improved with effective hemodial-
ysis therapy (9,10). We did not find any data on
whether TNF-a play a role in the etiology of in-
sulin resistance in hemodialysis patients in English
literature. Therefore we aimed to study the rela-
tionship between TNF-a level and the improve-
ment of insulin resistance with increasing dialysis
effectiveness.

T Klin J Med Res 2001, 19

Mustafa GULLULYy et al.

Sonug: Sonug olarak, hemodiyaliz etkinligindeki artisin plaz-
ma TNF-a seviyelerini etkilemedigini vc bu noktada
TNF-a'nin bu hastalarda insiilin direncinde 6nemli bir
faktor olmayabilecegini sOyleyebiliriz.

Anahtar Kelimeler: Insiilin rezistansi, Diyaliz yeterliligi,
Timor nekrozis faktor-alfa
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Materials and Methods

28 outpatients with end-stage renal disease
who were on hemodialysis treatment were included
in the study. All of them had 4 hours of dialysis
treatment three times a week. A1l hemodialysis
treatments were performed using acetate dialysate
and cellulose triacetate dialysers. Their medica-
tions did not change throughout the study, includ-
ing erythropoietin. None had diabetes mellitus,
obesity and any disease known to be associated
with elevated TNF-a values.

Kt/V values of all cases were calculated by
ureakinetic modelling [dialyzer urea clearance (K),
duration of dialysis (t), and volume of distribution
ofurea (V)]. Mathematically, this relationship has
been designated as a dose of dialysis = Kt/V (11).
During 12 weeks we tried to keep Kt/V almost
equal to 10 in all patients. After 12 weeks 18 (10
M, 8 F) cases who had mean Kt/V value of 10 +
0.02 were selected as the study group. 10 cases (5
M, 5F) with the mean Kt/V value of 1.1 +0.02 were
selected as control group. The characteristics of
both groups were showed in Table 1. Among
groups, there was no difference in terms of age and
the duration of dialysis (p>0.05).

Intravenous glucose tolerance test (IVGTT)
was performed to all patients after an overnight
fast. The Kt/V values of the patients in the study
group were elevated to 1.5 £+ 0.02 by increasing the
pump rate and the dialysis duration. The Kt/V val-
ues in the control group were tried to be kept con-
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Table 1. Characteristics of both groups

STUDY CONTROL
GROUP GROUP

Sex, M/F 10/8 15/5
Age, year 36 £ 10 37+ 15
The dialysis duration, month 76 +28 89+44
Body mass index, kg/m’ 22.2+45 23 £ 52
Primary Diseases

Glomerulonephritis 4 2

Pyelonephritis - 1

Acute Tubular Necrosis 1 _

Amyloidosis 1 -

Alport Syndrome 2 -

Hypertension 3 _

Unknown 7 7

Protein catabolism rate 12 +0.05 12 +£0.07
Kt/V

Pre-study 1.0 £0.02 11 £0.02

Post-study 15 +£0.02 11 +£0.02
PTH, pg/ml

Pre-study 588 + 133 424 + 104

Post-study 567125 464+ 130
Calcium, mg/dl

Pre-study 10+ 15 92+ 12

Post-study 10+ 12 83+ 10
ionised calcium, mg/dl

Pre-study 0.68 £0.41 0.68 + 0.41

Post-study 0.57+0.15 0.64 + 0.08
Phosphorus, mg/dl

Pre-study 72+ 15 58+ 12

Post-study 58 + L1 6.0+ 12

stant (1.1 = 0.03). After 12 weeks, IVGTT was re-
peated in both of the groups. Glucose and insulin
values were determined from all samples during
IVGTT. Total areas under the curves of glucose and
insulin values between 0 and 120 minutes were cal-
culated by using the trapezoidal integration. In ad-
dition to the changes in all of these parameters cal-
culated in both of the groups, the values were also
compared with each other.

Plasma samples were collected from above
mentioned study groups and stored at -20° C until
the assay performed. Human TNF -a concentrations
in plasma were measured by a sandwich enzyme
immunoassay (Quantikine human TNF-a im-
munoassay kit; R & D Systems, Minneapolis, USA)
according to the manufacturer's instructions. TNF-a
levels were determined by reference to a standart
curve. The minimum detectable concentration of
TNF-a was 44 pg/ml.
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v
Statistical analyses were performed by using
student's t-test, and nonparametric Mann-Whitney
and Wilcoxon signed rank tests.

Results

After 12 weeks, while the fasting glucose lev-
els of study group decreased from 91.8 + 4.8 mg/dl
to 73.5 = 2.4 mg/dl (p<0.01), those of control group
did not significantly change (from 84 + 5.8 mg/dl to
87.2 £3.3 mg/dl, p>0.05). The changes in the fast-
ing insulin levels of both groups were not signifi-
cant (from 38.0+4.8 U/L t0 39.5+£3.3 U/L in high
Kt/V group and from 39.5 £ 6.2 U/L to 35.7+ 3.1
U/L in control group, p>0.05). Stimulated glucose
and insulin levels in the study group markedly de-
creased during IVGTT compared to the pre-study
values. But those of control group did not change
(Figure 1).

After the study, the changes that had occured in
serum glucose and insulin levels of the study and
control groups were compared with each other. The
decrement amounts in glucose values of study group
during IVGTT were significantly different from the
increments or decrements in the control group
(p<0.01 in the second minute, p<0.05 in the other
minutes). When the decrement amounts in insulin
values of'the study group except baseline and 120th
minute values (1 =4 and 26.8 £ 10.5, respectively)
were compared with the decrement amounts in the
baseline and 90th minutes of the control group and
the increment amount in 120th minute (27 + 13.5),
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Figure 1. The changes in serum glucose and insulin levels of
study and control groups during IVGTT.
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Table 2. TNF-a levels and total areas under glucose and insulin curves of both groups.

High Kt/V Group

Control Group

Pre-Study Post-Study Pre-Study Post-Study
TNF-a pg/ml 9.18 +6.03 9.91+ 7.1a 8.68 + 6.66 9.78 +8.0a
Total area under
insulin curve 8567+1368 5674 £ 902b 5510 +734 5515 + 657a
Total area under
glucose curve 18180+1465 12057 + 602¢ 16457 + 1647 15791 + 1437a

a p > 0.05, compared to prestudy values
b p <0.05, compared to prestudy values
¢ p<0.001, compared to prestudy values

there was only a significant difference between the
second and 45th minutes (p<0.05).

After the study, the total area under the curves
of glucose and insulin of'the study group were sig-
nificantly decreased when compared with the pre-
study values. We determined a significant differ-
ence between the changes in areas under the glu-
cose and insulin curves of both groups after the
study (-6123+1181 vs -666+1280, p<0.01 and -
3212 £ 1158 vs 4.5 + 616, p<0.05, respectively).
The changes in TN F-a levels were not different in
both groups (Table 2).

Among groups, there was no difference in
terms of parathyroid hormone, serum calcium,
phosphorus and albumin levels measured before
and after the study (p>0.05) (Table 1).

Discussion

Glucose intolerance, characterised by moder-
ately elevated fasting glucose and increased insulin
concentrations is frequently observed in patients
with chronic renal failure. It is already well known,
that tissue sensitivity to insulin, metabolic
clearence of insulin and glucose uptake are all de-
creased in these patients (12). Finally, it is also
known, that the above described abnormalities of
glucose metabolism are partially corrected by dial-
ysis therapy, suggesting that dialysable factors are
responsible (13). The factors that interfere with the
biological effects of insulin in uremic sera can be
eliminated with dialysis (10). But, this improve-
ment can never reach to the levels in normal
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healthy subjects. Urea kinetic modelling demon-
strates the dialysis efficacy best.

In our study we observed that the hemodialysis
therapy which elevated the KT /V values by ureaki-
netic modelling increased the insulin sensitivity.
We suggested that there was a correlation between
the increment in dialysis efficacy and insulin sensi-
tivity due to the increase in metabolized glucose
and decrease in insulin concentrations.

The role of TNF-a in the pathogenesis of in-
sulin resistance in non-uraemic obese patients has
been proven. The precise mechanism of action of
TNF-a on insulin resistance and how TNF-a inter-
feres with insulin signalling is still unclear.
Treatment of cultured murine adipocytes with
TNF-a was shown to induce serine phosphoryla-
tion of insulin receptor substrate 1 (IRS-1) and
convert IRS-1 into an inhibitor of the insulin recep-
tor tyrosine kinase activity in vitro. The cells that
had endogenous IRS-1 were very sensitive to this
effect of TNF-a (14,15). Recently, other molecular
mechanisms associated with TN F -a and insulin ac-
tion were reported (3). In our study, the increments
in TNF -a levels of both groups were not statistical-
ly significant. There was no difference between the
changes of TNF-a levels of groups. Because of'the
baseline glucose levels of our patients were in nor-
mal ranges the results could be affected. The in-
creased dialysis efficacy in patients with impaired
glucose tolerance and increased insulin resistance
could resulted in more marked improvement in in-
sulin resistance and a significant change in TNF-a
levels.
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Cytokine production (including TNF-a) is
stimulated during the hemodialysis procedure in
patients with chronic renal failure. Immunoreactive
TNF-a levels are measured in the plasma from
long-term hemodialysis patients. Ghysen et al. (16)
found that TNF-a, although not very prominent,
was higher, in dialysed patients than in uremic ones,
serum TNF-a was shown to be more than 15 pg/ml
in 23 cases among 52 dialysed patients. In our cas-
es, TNF-a levels were high in two patients of the
study group and in one patient of the control group
before the study. After the study, all of them de-
creased under 15 pg/ml. TNF-a could be at least
partly implicated in the clinical manifestations ob-
served in these patients (17). The same observa-
tions were obtained in another study (18). In long-
term hemodialysed patients, they found at the be-
ginning of the dialysis increased plasma TNF-a
levels and enhanced monocyte capacity to produce
TNF-a spontaneously ex vivo. In addition during
dialysis with cellulose acetate or polysulphone
membranes, plasma TNF-a levels and the sponta-
neous and lipopolysaccaride-induced production of
TNF-a by monocytes remained at predialysis lev-
els while there was a significant increase in these
parameters when cuprophane membranes were
used (18). In conrast, it has been reported that he-
modialysis either with cuprophan or PM M A dialy-
sers had no influence on basal cytokine release dur-
ing a 24-hour period following dialysis (19).
Similarly, Mandalfo et al (20) did not detect post-
dialysis increase in the intracellular content of
TNF-a with high-flux benzly-cellulose, acetate-
cellulose and low-flux polysulfone membranes.

As a result, the increment in hemodialysis ef-
fectiveness did not affect TNF-a levels. However,
we came to the conclusion that TNF-a did not
change concomittantly with the increase in dialysis
intensity does by no means prove that it does not
play a role in the pathogenesis of insulin resistance.
It is clear to be the requirement for the more de-
tailed studies in this object.
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