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Effect of interferon treatment on glucose metabolism in
children with chronic hepatitis B infection

Kronik hepatit B enfeksiyonlu cocuk hastalarda interferon tedavisinin glukoz

metabolizmasi uzerine etkileri
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Background/aims: Interferon is known to have some effects on
glucose metabolism, but this issue has not been investigated in
children with chronic hepatitis B infection. The aim of this
study was to investigate the impact of interferon on glucose me-
tabolism and to investigate whether autoimmunity has a role in
the pathogenesis. Methods: Fourteen patients (9 male, 6.3+2.7
yvears) with children with chronic hepatitis B infection were
prospectively evaluated. They received interferon 10 MU/m’ for
six months. Vral glucose tolerance test, fasting insulin and C-
peptide, postprandial insulin and C-peptide, anti-GAD anti-
body, HOMA-IR and glucose / insulin ratio were measured befo-
re and after treatment. Results: Before interferon, oral glucose
tolerance test showed glucose intolerance in two patients
(14.5%) and hypoglycemia in one patient (7.1%). One patient
had hyperinsulinemia and insulin resistance (7.1%), and four
patients had hypoinsulinemia and insulin hypersensitivity
(28.5%). After interferon, oral glucose tolerance test was normal
in 13patients (92.8%). Abnormal oral glucose tolerance test per-
sisted in the same patient, but no difference was found in insu-
lin resistance. Hypoinsulinemia and insulin hypersensitivity
were present in five patients (35.7%). DM related autoantibodi-
es were negative in all patients before interferon; however, one
patient, whose glucose metabolism was within normal limits,
developed anti-GAD antibody after interferon. Conclusions:
Children with children with chronic hepatitis B infection were
shown to have hypoinsulinemia and insulin hypersensitivity.
These children may have risk of progresssing to insuline depen-
dent drabetes mellitus. We demonstrated that interferon did not
seem to worsen glucose metabolism, but it had minimal positi-
ve impact on it. These results should be supported with other
studies and interferon should be used carefully, especially in
children with decreased 3 cell reserve.

Keywords: Children, chronic hepatitis B infection, interferon,
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INTRODUCTION

Interferon (IFN)-oc is regarded as the most effecti-
ve treatment modality for chronic childhood hepa-
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Amag: interferon -a'nin glukoz metabolizmasi tizerine etkileri
oldugu bilinmekle birlikte kronik hepatit Bviriis'lii cocuk hasta-
larda bu konu arastirilmamugtir. Calismamizda kronik hepatit
Bviriislii enfeksiyonu olan cocuk hastalarda IFN tedavisinin
glukoz metabolizmasi iizerine etkisinin belirlenmesi amaglandi.
Yontem: Yas ortalamast 6.3+2.7yil olan kronik hepatit Bviriis-
lii enfeksiyonlu 14 hastaya (5 kiz, 9 erkek) 10 MU/m2 [FN-a 6
ay siire ile verildi. Tedavi 6ncesi ve tedavi sonrasi, aclik-tokluk
insiilin ve C-peptid diizeyi, oral glukoz tolerans testi, anti-GAD
ve anti-insiilin antikor , Glukoz /insiilin orani ve HOMA-IR ba-
kildi. Bulgular: Tedavi oncesi 11 hastada glukoz metaboliz-
mast normal (%78.5), iki hastada glukoz intoleransi (%14.2),
bir hastada hipoglisemi (%7.1), bir hastada hiperinsiilinemi
(%7.1), 4 hastada hipoinsiilinemi ve insiilin duyarlihiginda ar-
ts (%28.5) saptandi. Tedavi sonrast 13 hastanin (%92.8) glukoz
toleransi normal olarak degerlendirildi. Onceden glukoz intole-
ranst olan bir hastanin patolojisinin ac¢lik glukoz intoleransina
(%7.1) geriledigi, ancak hastada tedavi oncesi mevcut olan hi-
perinsiilinemi ve insiilin direncinde bir degisiklik olmadigi go-
rildii. Bes hastada hipoinsiilinemi ve insiilin duyarliiginda
artig (%35.7) oldugu goriildii. Diabet ile iligkili otoantikorlar te-
davi éncesinde tiim hastalarda negatif iken, tedavi sonrasi 1
hastada anti-GAD pozitifligi (%7.1) geligti. Bu hastanin glukoz
metabolizmast ile ilgili incelemeleri normaldi. Tedavi sonrasi
oral glukoz tolerans testi 30. ve 60. dakika kan sekeri ortalama-
lart tedavi éncesine gore anlamli olarak diisiik bulundu
(p<0.05). Sonug: Tedavi éncesi kronik hepatit Bviriis'lii hasta-
larimizda hipoinsiilinemi ve insiilin duyarliiginda artis oldu-
gu saptanmistir. Bu hastalarn insiilin bagimli diabetes melli-
tus gelisimi yoniinden risk altinda olduklarini diigiinmekteyiz.
Ancak uyguladigimiz interferon tedavisi kronik hepatit Bvi-
riis'lii hastalarda var olan 3 hiicre rezervini olumsuz yonde et-
kilememistir. Calismamiz, interferon tedavisinin glukoz tole-
ranst iizerinde olumlu etkisinin oldugunu diisiindiirmektedir.

Anahtar kelimeler: Cocuk, kronik hepatit B enfeksiyonu,
interferon, glukoz metabolizmasi

titis B virus (HBV) infection (1). In recent years,
however, attention has been drawn to the possible
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effects of interferon-a on glucose metabolism. The-
re have been arguments regarding whether this
effect is positive or negative (2,3,4). Some studies
claim that interferon either stimulates autoimmu-
nity, thus triggering type 1 diabetes mellitus (DM)
development, or impairs insulin sensitivity and
glucose tolerance, which initiates glucose intole-
rance and type 2 DM. Other studies, on the other
hand, have reported positive effects of interferon
treatment on glucose homeostasis (3,5,6,7). The
majority of these studies have involved patients
with chronic hepatitis C infection and adults. To
our knowledge, no study exists which investigates
the effects of interferon on glucose metabolism in
chronic hepatitis B infection of childhood (5, 8, 9).
This study aimed to investigate the effect of IFN
treatment on glucose metabolism in patients with
chronic hepatitis B virus (CHBYV) in childhood and
to determine the role ofislet cell autoantibodies in
this issue.

MATERIALS AND METHODS

The study involved 14 pediatric patients (5 fema-
le, 9 male; age range: 2-9.6 years, mean age:
6.3+2.7 years) who were followed by the Depart-
ment of Pediatric Gastroenterology of Ankara
University, School of Medicine, between January
2002 and December 2003. The patients were
HBsAg and HBeAg positive for at least six months
and had alanine aminotransferase (ALT) of 1.5 ti-
mes the reference values, HBV DNA > 5 pg/ml, li-
ver histopathology compatible with chronic active
hepatitis, Knodell hepatitis activity index (HAI)
>5, and no underlying disease.

All the patients were administered subcutaneous
10 MU/m’ interferon-a three days a week for six
months. Before and after the treatment, the pati-
ents were subjected to oral glucose testing and
evaluated for fasting -postprandial insulin and C-
peptide levels, anti-glutamic acid decarboxylase
(GAD) antibody and anti-insulin antibody. Insulin

Table 1. Evaluation of oral glucose tolerance test

resistance was evaluated by glucose/insulin ratio
and Homeostasis Model Assessment (HOMA).

Fasting C-peptide and insulin levels were studied
after 12 hours of fasting, and postprandial C-pep-
tide and insulin levels were studied in the serum
obtained at the second hour of oral glucose testing.
C-peptide level was studied with DSL-7000 kit
(Diagnostic Systems Laboratories USA; reference
values: 0.8-4 ng/ml), and serum insulin level was
studied with Coat-A-Count kit (Diagnostic Pro-
ducts Corporation, Los Angeles, CA, USA, referen-
ce values: 3-15 mlIU/ml) by radioimmunoassay
(RIA) method. (10,11). Fasting insulin levels <3
mlIU/ml were considered as hypoinsulinemia, whi-
le fasting insulin levels over 15-20 mIU/ml or
postprandial insulin levels >100 mIU/ml were con-
sidered as hyperinsulinemia (12). Anti-glutamic
acid decarboxylase antibody (Anti-GAD) was stu-
died with Glutamic Acid Ab RIA/DA kit (CIS-Bi-
ointernational, USA; reference values: 0-1 U/L) by
IRMA method, and anti-insulin antibodies were
studied with Anti-insulin Ab RIA/CT kit (Biosour-
ce, USA; reference values: 4-10%) by semiquanti-
tative RIA method (13,14). Oral glucose tolerance
test (OGTT) was started after baseline (0 minute)
glucose level was measured following 12 hours of
fasting. Glucose was orally administered with 1.75
g/kg (maximum 50 g) doses, and glucose levels at
30", 60", 120", and 180" minutes were studied in
the serum samples. OGTT evaluation is presented
in Table 1 (15). Insulin resistance was evaluated
through glucose/insulin ratio and Homeostasis
Model Assessment-insulin resistance (HOMA-IR).
Glucose/insulin ratio was calculated by fasting se-
rum glucose/insulin level, which is generally ex-
pected to be above 6-7 (16,17). HOMA-IR was cal-
culated by the formula provided below and the va-
lue is generally expected to be under 2.5 (18):

HOMA-IR= (fasting glucose level/18 x fasting in-
sulin) /22.5.

Criteria
Hypoglycemia FPG <70 mg/dl
Normal OGTT FPG <110 mg/dl
2-h PG during an OGTT <140 mg/dl
Fasting glucose intolerance FPG 110-126 mg/dl
2-h PG during an OGTT <140 mg/dl
Glucose intolerance FPG <126 mg/dl
2-h PG during an OGTT 140 mg/dl
Type Il DM FPG >120 mg/dl

OGTT: Oral glucose tolerance test, FPG: Fasting plasma glucose, PG: Plasma glucose 110-126 mg/dl



Informed consent was obtained from each pati-
ent's family, and Ankara University School of Me-
dicine Ethics Committee approved the study pro-
tocol conforming to the ethical guidelines of the
1975 Declaration of Helsinki.

Statistical analysis

All the values were calculated as mean *+ standard
deviation. The significance of intergroup differen-
ces was studied with SPSS 11.0 computer program
by Wilcoxon-signed rank and McNemar tests. A
value of p <0.05 was considered significant.

RESULTS

The mean values before the treatment were as fol-
lows: ALT, 96.5+£82.5 U/L; HAI, 6.91+2.1; and HBV
DNA, 3220.3+ 2224 pg/ml. The mean body mass
index (BMI) of the patients before the treatment
was 16.612.2. None ofthe patients was obese. The-
re were no differences between the values of BMI
before and after the treatment (p>0.05). After IFN
treatment, the mean ALT and HBV-DNA values
were significantly lower than before the treat-
ment. (p<0.01) (Table 2).

Table 2. The comparison of mean ALT, HBV-DNA and
BMI of the patients before and after interferon treat-
ment

Before treatment After treatment P
ALT (U/L) 96.5+82.5 43.7+17.9 <0.01
HBV DNA
(pg/ml) 3220.3+ 2224 7£8.7 <0.01
BMI 16.6+2.2 15.9+2.37 >0.05

Data are expressed as mean+SD

Glucose metabolism

The pre- and post-treatment OGTT results, insu-
lin and C-peptide response upon oral glucose ad-
ministration, glucose/insulin ratio and HOMA-IR
values, anti-GAD, and anti-insulin antibodies are
been presented in (Tables 3 and 4).

Glucose metabolism was normal in 11 patients be-
fore treatment (78.5%); two patients had glucose
intolerance (14.2%) and one patient had hypogly-
cemia (7.1%). Glucose intolerance was accompani-
ed by insulin resistance and hyperinsulinemia in
one of the two patients with glucose intolerance
(patient 10). The patient was not obese. However,
the family history revealed type 2 DM. The insu-
lin level of the second patient with glucose intole-
rance (patient 7) was within reference values. Fas-
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ting insulin level of the patient with hypoglycemia
(patient 11), however, was significantly low; HO-
MA-IR was suppressed, and glucose/insulin ratio
was significantly high, indicating increased sensi-
tivity. Euglycemic hypoinsulinemia was detected
in three patients (patients 1, 2, and 14). In these
patients, despite normal results of OGTT, there
was a striking increase in insulin sensitivity. In
summary, before the treatment, four patients had
hypoinsulinemia and increased insulin sensitivity
(28.5%), and one patient had hyperinsulinemia
and insulin resistance (7.1%). Fasting C-peptide
levels of all the patients were within reference va-
lues except for two patients (patients 13 and 14).
None ofthe patients had anti-GAD or anti-insulin
antibody positivity before treatment.

Post-treatment glucose tolerance tests of 13 pati-
ents (92.8%) were normal. The pre-treatment glu-
cose intolerance (7.1%) of one patient (patient 10)
persisted after the treatment. However, the patho-
logy had regressed to glucose intolerance level.
The pre-treatment hyperinsulinemia and insulin
resistance ofthis patient persisted (7.1%). In anot-
her patient with glucose intolerance before treat-
ment (patient 7), however, post-treatment OGTT
results were found to be normal. The serum gluco-
se level of the hypoglycemic patient (patient 11)
was 70 mg/dl, which was borderline, and hypoin-
sulinemia persisted. There were no changes in
pre-treatment hypoinsulinemia of euglycemic pa-
tients (patients 1, 2, and 14). In addition to these
patients, another patient (patient 13) also had
hypoinsulinemia. In the patients with hypoinsuli-
nemia, HOMA-IR was suppressed, and glucose/in-
sulin ratio was high enough to indicate increased
sensitivity. To summarize, five patients had incre-
ased hypoinsulinemia and sensitivity (35.7%) af-
ter treatment. Post-treatment fasting C-peptide
levels of all patients except one were within refe-
rence values. In one patient (patient 9), anti-GAD
positivity (7.1%) was detected after treatment.
The glucose tolerance test results of this patient
were normal and there was no increase in the in-
sulin resistance or sensitivity. HLA typing of this
patient was HLA A2, B5, B51, BW4, BW1, DRI11,
DR14, DR52, DQ5 and DQ7.

The levels of glucose, insulin and C-peptide
before and after interferon treatment during
OGTT

In the comparison of pre- and post-treatment glu-
cose responses, post-treatment serum glucose le-
vels at the 30" and 60" minutes were significantly
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Table 3. OGTT results before interferon treatment and insulin and C-peptide responses to oral glucose adminis-

tration, anti-GAD, and anti-insulin antibody levels

Patient Plasma glucose Insulin C-peptide G/l HOMA-IR Anti-GAD Anti-insulin
No (mg/dl) (mlU/ml) (ng/ml) (UL) antibody
Fasting 30" 0™ 120" 180" Fasting 120"  Fasting 120"
min min min  min min min
1 84 141 135 91 67 0.85 2.2 15 33 98.8 0.17 0.10 6.9
2 83 175 145 123 83 17 55 2.9 195 48.8 0.34 0.30 6.6
3 87 151 108 88 54 141 21.1 2.6 8.7 6.10 3 0.01 6.6
4 90 130 104 74 125 7.3 8 13 18 134 176 0.20 6.7
5 94 130 127 117 97 54 34.7 2.6 7.7 174 125 0.84 4.9
6 83 175 145 123 83 6.7 18.2 1 32 12.3 137 0.60 4.4
7 114 153 96 140 102 34 16 25 7 335 0.95 0.30 7
8 83 109 110 109 99 12.8 26.6 19 17 6.4 0.77 0.32 5.5
9 89 172 104 100 79 8.8 14.2 21 3.6 10.1 193 0.06 7
10 111 220 276 189 68 20 133 22 19 5.35 5.28 0.34 34
11 51 165 108 75 81 2.8 2 0.88 19 18.2 0.35 0.11 5.6
12 91 195 124 132 91 3 334 18 5.1 30 0.67 0.50 7
13 76 156 94 117 69 4.7 72.6 0.71 8.7 16.1 0.88 0.30 6.6
14 89 142 112 101 95 0.28 8.8 0.53 21 317 0.06 0.10 6.3

Table 4. OGTT results after interferon treatment, the insulin and C-peptide responses of the patients to ora glu-
cose administration, and anti-GAD, and anti-insulin antibody levels

Patient Plasma glucose Insulin C-peptide G/l HOMA-IR Anti-GAD Anti-insulin
No (mg/dl) (mlU/ml) (ng/ml) (UL) antibody

Fasting 30™ 60" 120™ 180" Fasting 120"  Fasting 120"

min min min min min min

1 70 132 113 86 66 23 6.5 063 24 28.6 0.37 0.22 6.9
2 88 142 86 71 49 1 22 294 79 88 0.21 0.30 6
3 83 110 116 95 69 6.1 27 2 7.2 136 125 0.15 5.80
4 93 99 94 88 78 115 17 14 17 8.1 2.60 0.50 4
5 83 114 122 98 118 6.5 364 18 6.2 127 133 0.60 6
6 79 159 122 138 143 11.8 414 39 56 6.6 2.30 0.10 6.5
7 80 106 79 84 88 4.1 5.9 099 24 19.5 0.80 0.45 6
8 77 85 98 89 81 42 306 28 16 18.4 0.37 0.10 4.4
9 75 120 93 90 74 6.3 477 12 8.2 11.9 116 141 4.5
10 113 175 204 116 66 18.6 117 45 174 6 5.18 0.03 6.20
1 70 122 88 83 71 15 7.2 093 32 46.6 0.25 0.50 4.80
12 89 124 101 104 82 34 703 62 11 2.67 7.47 0.20 55
13 91 135 131 100 57 0.18 6.7 1 26 505.5 0.04 0.10 5
14 89 125 74 91 94 0.10 36 087 22 890 0.02 0.10 4.1
lower than those of pre-treatment values (p<0.05) [, SCUSSION

(Table 5). Before and after treatment, fasting (O
minute) and OGTT at 120" minute with respect to
mean insulin and C-peptide levels did not signifi-
cantly differ (p>0.05) (Table 5).

Anti-GAD and anti-insulin antibodies before
and after interferon treatment

None of the patients had anti-insulin antibody and
anti-GAD antibody positivity before treatment.
After treatment, one patient (patient 9) developed
anti-GAD antibody (7.1%) (p>0.05) (Table 5).

The liver has an important role in the regulation
of blood glucose levels. It has close encounters
with hormones such as insulin and glucagon thro-
ugh which it facilitates the regulating of blood glu-
cose (19). Glucose metabolism disorders such as
glucose intolerance and diabetes mellitus are com-
mon in chronic liver diseases (20, 21). Theinciden-
ce and severity of these disorders are correlated
with the severity and stage of the liver disease
(22). It is reported that 10% of the patients with
chronic hepatitis suffer from disorders of glucose
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Table 5. Glucose metabolism before and after interferon-a treatment in children with chronic hepatitis B

infection

Plasma fasting glucose (mg/dl)
Plasma glucose 30" minute (mg/dl)
Plasma glucose 60" minute (mg/dl)
Plasma glucose 120" minute (mg/dl)
Plasma glucose 180" minute (mg/dl)
Fasting insulin (mIU/ml)

Insulin 120" minute (mIU/ml)
Fasting C-peptide (ng/ml)
C-peptide 120" minute (ng/ml)
Glucose/Insulin ratio

HOMA-IR

Normal (n)

Fasting glucose intolerance (n)
Glucose intolerance (n)
Hypoglycemia (n)
Hypoinsulinemia (n)
Hyperinsulinemia (n)

Insulin resistance (n)

Increased insulin sensitivity (n)
AlA antibody positivity (n) -
Anti-GAD antibody positivity (n) -

Befi
87.7+14.6 84+£11.5
158.1£28.5 124.8+23.3*
127.7£45.7 108.6+ 32.4*
112.7£29.6 96.1+19.1
85.2+18.1 81.1+24.4
7.2%5.5 7.74£9.2
31.9435.5 24.9+20.3
1.7+0.7 22+1.6
6.6£5.9 5.6x4.4
45.2+82 118.4+257
1.34+1.38 1.66+2.17
12 13
0 1
2 0
1 0
4 5
1 1
1 1
4 5

metabolism such as hyperinsulinemia, impaired
glucose tolerance and insulin resistance (21-23).
The majority of these studies were performed in
adult chronic hepatitis C patients and attention
has been drawn to increased type 2 DM incidence
(21, 24, 25, 26). The few studies investigating the
glucose metabolism of adult patients with chronic
hepatitis B infection reported that patients with
genetic tendency to diabetes may eventually deve-
lop insulin resistance and diabetes (26,27). Custro
et al. reported that the diabetes incidence of
adults with chronic HBV and HCV infection is fo-
ur times higher than that of the general populati-
on (21). In another study on adults with chronic
hepatitis B infection, 8% ofthe patients with mild
chronic active hepatitis, 44% of the patients with
severe chronic active hepatitis, and 40% ofthe pa-
tients with cirrhosis had associated diabetes (26).
Literature reveals studies claiming that diabetes
incidence in chronic HBV and chronic HCV infec-
tions is varied, while some other studies argue
that, as in the study of Custro et al., the effects of
HCV and HBYV infections on glucose homeostasis
are similar (21,24). In the study of Custro et al.,
DM incidence in chronic HBV and chronic HCV in-
fections was 22.5% and 25%, respectively (21).
Glucose metabolism impairment in chronic hepa-
titis cases, particularly diabetes development, has
been reported to be associated with hyperinsuline-
mia and insulin resistance. In these patients,
hyperinsulinemia was shown to be due to decre-

ased insulin catabolism rather than the increase
of insulin secretion in the pancreas (28). In anot-
her study, however, the increased sensitivity of (3
cells to glucose was held responsible for hyperin-
sulinemia (29). Nevertheless, literature presents
no studies on p cell functions and insulin resistan-
ce parameters of patients with hepatitis B infecti-
on.

In our study, two patients had glucose intolerance
before treatment. One of these patients also had
accompanying hyperinsulinemia and insulin resis-
tance, although the patient was not obese and did
not have acanthosis nigricans or hypertension,
which are known to lead to insulin resistance. Ne-
vertheless, there was a family history of type 2
DM. It is known that a family history of concomi-
tant type 2 DM and acanthosis nigricans shows
close association with the development of type 2
DM in children, and the incidence rate of this di-
sease among children is known to increase (30).
Thus, in the aforementioned patient, the glucose
metabolism impairment has been attributed to the
patient's genetic tendency for type 2 DM. The glu-
cose metabolism improved after treatment in the
other patient who had glucose intolerance before
treatment. Although this suggests that glucose in-
tolerance in this patient may have been associated
with chronic hepatitis B, it is hard to make defini-
te interpretations due to the limited number of our
patients.



Effect of interferon treatment on glucose metabolism

The most striking result of our study was that inc-
reased insulin sensitivity was found before treat-
ment in four of our patients (28.5%). Furthermore,
in all of these patients, insulin sensitivity was ac-
companied by hypoinsulinemia. On the other
hand, low or borderline levels of C-peptide in the-
se four patients are suggestive of (3 cell hypofunc-
tion rather than increased insulin catabolism.
Type 1 DM is a disease characterized by progres-
sive immune-mediated B cell destruction and, in
the early diagnosis of the disease, demonstration
of autoantibodies against islet cells is of great va-
Iue (31). Anti-GAD and anti-insulin antibodies we-
re negative in our patients with hypoinsulinemia.
In the light of these findings, we can say that the-
se patients developed (3 cell hypofunction and had
impaired insulin secretion. It has been demonstra-
ted that diabetes is frequently seen in chronic vi-
ral hepatitis. However, these studies have empha-
sized the association of chronic viral hepatitis with
type 2 DM. There have been no studies on whether
or not chronic viral hepatitis is also a risk factor
for type 1 DM development. Before clinical fin-
dings emerge in type 1 DM, the first anomaly that
could be demonstrated is the loss of acute insulin
response during intravenous glucose testing in ad-
dition to the presence of autoantibodies (31). The-
refore, we plan to investigate the acute insulin
responses of our patients with increased insulin
sensitivity and to determine HOMA-{ cell function
in comparison with the healthy controls.

Recent studies have reported the effect of interfe-
ron treatment on glucose metabolism, however,
the process by which this effect could develop has
not been completely understood (2, 3, 7, 9, 33).
There are three hypotheses on this issue: the first
states that interferon stimulates the immune sys-
tem, through which autoimmune reaction to panc-
reas (3 cells begins and type 1 DM develops (33,
34). Interferon-a has been held responsible for
both the stimulation of autoimmunity and type 1
DM development in patients with chronic HBV or
HCV (2, 3, 4, 8, 35). Tai et al. studied 28 patients
with HBV and HCV infection and reported that af-
ter interferon treatment, there was no positivity
for anti-insulin, anti-GAD and ICA 512 antibodi-
es, which are highly essential in type 1 DM diag-
nosis (36). In our study, none of our patients had
anti-insulin or anti-GAD positivity before treat-
ment. However, only one patient developed anti-
GAD antibody after interferon treatment. Altho-
ugh there was no statistically significant differen-

ce, the presence of immunologic 3 cell destruction
triggered in one patient by interferon is suggesti-
ve of a potential risk of interferon for the develop-
ment of such an effect. Therefore, wide-scale stu-
dies should be conducted, keeping in mind that in-
terferon may induce autoimmune diseases and
trigger DM; thus, it should be carefully used as a
treatment modality.

The second hypothesis puts forward that interfe-
ron, by increasing the direct or free radicals, dest-
roys pancreas [ cells and induces diabetes deve-
lopment. The last ofthe three hypotheses suggests
that interferon may have an effect on insulin sen-
sitivity, thus triggering the development of diabe-
tes. Interferon has also been reported to cause glu-
cose intolerance by inducing peripheric and hepa-
tic insulin resistance (5).

Contrary to the adverse effects of interferon on
glucose metabolism mentioned above, some studi-
es have shown its positive effect on peripheric in-
sulin sensitivity by clearing HBV and HCV from
the liver and improving liver function (7, 22, 26,
32, 37, 38). In our study, interferon treatment did
not have any adverse effect on insulin sensitivity
and/or glucose tolerance. Decreased levels of blood
glucose in OGTT, resolution of glucose intolerance
in one patient and improvement in glucose intole-
rance in another patient after interferon treat-
ment are all suggestive of the positive effect of in-
terferon on glucose metabolism. Furthermore, pa-
tients in whom hypoinsulinemia and increased in-
sulin sensitivity were present before interferon
treatment continued to show the same pattern af
ter treatment.

In conclusion, the results of our study indicate
that children with chronic hepatitis B infection
are prone to decreased insulin secretion and incre-
ased insulin sensitivity and have a risk of develo-
ping insulin dependent DM. Interferon treatment
did not have any positive or negative effect on the
Iow 3 cell reserve of these patients. In addition,
the results showed that interferon treatment did
not lead to insulin resistance or glucose intoleran-
ce in children with hepatitis B infection; on the
contrary, it improved necroinflammation and, tho-
ugh slightly, positively affected glucose metabo-
lism. Further detailed studies on {3 cell reserve in-
volving larger numbers of children with chronic
hepatitis B infection are needed.



10

REFERENCES

1.

10.

1.

12.

13.

14.

16.

18.

20.

Jonas MM. Viral hepatitis. In: Allan Walker, ed. Pediatric
Gastroenterology. Third ed. Canada: B. C. Decker Inc,
2000; 939-64.

Fabris P, Beterle C, Floreani A, et al. Development of type
1 diabetes mellitus during alfa therapy for chronic HCV he-
patitis. Lancet 1992; 340: 548.

Waguri M, Hanafusa T, Itoh N, et al. Occurrence of IDDM
during interferon therapy for chronic viral hepatitis. Di-
abetes Res Clin Pract 1994; 23: 33-6.

Wasmuth HE, Stlote C, Geier A, et al. Induction of multip-
le autoantibodies to islet cell antigens during treatment
with interferon alpha for chronic hepatitis C. Gut 2001;
4914: 596-7.

Imano E, Kanda T, Ishigami Y, et al. Interferon induces in-
sulin resistance in patients with chronic active hepatitis. J
Hepatol 1998; 28: 189-93.

Koivisto VA, Pelkonen R, Cantell K. Effect of interferon on
glucose tolerance and insulin sensitivity. Diabetes 1989;
38: 641-7.

Ito Y, Takeda N, Ishimori M, et al. Effects of long-term in-
terferon alpha treatment on glucose tolerance in patients
with chronic hepatitis C. J Hepatol 1999; 31: 215-20.

Shiba T, Morino Y, Tagawa K, et al. Onset of diabetes with
high titer anti-GAD antibody after IFN therapy for chronic
hepatitis. Diabetes Res Clin Pract 1996; 30: 237-41.

Nemesanszky E, Pustztay M, Csepregi A. Effect of interfe-
ron treatment on the glucose metabolism of patients with
chronic hepatitis C. Eur J Intern Med 2000;11: 151-5.

Horwitz DL, Kuzaya H, Rubenstein AH. Circulating serum
C -peptide: a brief review of diagnostic implications. New
Engl J Med 1976; 295: 207-9.

Marschner I, Botterman P, Erhardt F, et al. Group experi-
ments on the radioimmunological insulin determination.
Horm Metab Res 1974; 6: 293-6.

Stumvoll M, Mitrakou A, Pimenta W, et al. Use of oral glu-
cose tolerance test to assess insulin release and insulin
sensitivity. Diabetes Care 2000; 23: 295-301.

Petersen JS, Hejnaes KR, Moody A. Detection of GAD65
antibodies in diabetes and other autoimmune disease using
a simple radioligand assay. Diabetes 1994; 43: 459-67.

Christiansen AH. Radioimmunoelectrophoresis in the de-
termination of insulin binding to Ig G. Methodological stu-
dies. Horm Metab Res 1973; 5: 147-54.

. Heinze E, Holl WR. Test for b cell function in childhood and

adolescence. In: Michael Ranke, ed. Diagnostic of endocri-
ne function in children and adolescents. Germany: Johann
Ambrosius Barth J&J, 1996; 299-313.

Silfen ME, Manibo MA, McMahon DJ, et al. Comparison of
simple measures of insulin sensitivity in young girls with
premature adrenarche: the fasting glucose to insulin ratio
may be a simple and useful measure. J Clin Endocrin Me-
tab 2001; 86: 2863-8.

. Hatun §. Cocukluk ¢aginda obesite ve insulin rezistansi.

Turkish Journal of Endocrinology and Metabolism 2003;
(Suppl 2): 23-26.

Matthews DR, Hosker AS, Rudenski AS, et al. Homeosta-
sis model assessment: insulin resistance and _-cell functi-

on from fasting plasma glucose and insulin concentration
in man. Diabetologia 1985; 28: 412-9.

. Kadir Kaymak. Pankreasin endokrin islevleri ve karbon-

hidrat metabolizmasinin diizenlenmesi. In: Ganong WF,
ed. Ganong Tibbi Fizyoloji. 19. baski. Istanbul: Barig Kita-
bevi, 1999; 352-75.

Muler JM, Pirlich M, Balks HJ, Selberg O. Glucose intole-
rance in liver cirrhosis: role of hepatic and nonhepatic inf-
luences. Eur J Clin Chem Clin Biochem 1994; 32: 749-58.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

KULOGLUetal.

Custro N, Carrocio A, Ganci A, et al. Glycemic homeostasis
in chronic viral hepatitis and liver cirrhosis. Diabetes Me-
tab 2001; 27: 476-81.

Tanaka H, Shiota G, Kawasaki H. Interferon-_ therapy al-
ters glucose metabolism in patients with chronic hepatitis
B. J Med 1997; 28: 325-34.

Blei AT, Robbins DC, Drobny E, et al. Insulin resistance
and insuline receptors in hepatic cirrhosis. Gastroentero-
logy 1982; 83: 1191-9.

Allison MED, Wreghitt T, Palmer CR, Alexander GJM.
Evidence oflink between hepatitis C virus infection and di-
abetes mellitus in a cirrhotic population. J Hepatol 1994;
21: 1135-9.

Gray H, Wreghitt T, Stratton IM, et al. High prevalance of
hepatitis C infection in Afro-Caribbean patients with type
2 diabetes and normal liver liver function tests. Diabet
Med 1995: 12: 244-9.

Kingston ME, Ali MA, Atiyeh M, Donnely RJ. Diabetes
mellitus in chronic active hepatitis and cirrhosis.Gastroen-
terology 1984; 87: 688-94.

Caronia S, Taylor K, Pagliaro L, et al. Further evidence for
association between noninsulin dependent diabetes melli-
tus and chronic hepatitis C virus infection. Hepatology
1999; 30: 1059-63.

Bonora E, Coscelli C, Orioli S, et al. Hyperinsulinemia of
chronic active hepatitis: impaired insulin removal rather
than pancreatic hypersecretion. Horm Metab Res 1984; 16:
111-4.

Greco AV, Mingone G, Mari A, et al. Mechanisms of hype-
rinsulinema in Child's disease grade B liver cirrhosis in-
vestigated in free living conditions. Gut 2002; 51: 870-5.

Callhan ST, Mansfield MJ. Type 2 diabetes mellitus in ado-
lescents. Curr Opin Pediatr 2000; 12: 310-5.

Rosenbloom AL, Silverstein JH. Diabetes in the child and
adolescent. In: Fima Lifshitz, ed. Pediatric Endocrinology.
Fourth edition. USA: Marcel & Dekker, 2003; 611-51.

Kado S, Miyomato J, Komatsu N, et al. Type 1 diabetes
mellitus caused by treatment with interferon. Intern Med
2000; 39: 146-9.

Pukel C, Baquerizo H, Rabinovitch A. Destruction ofrat is-
let cell monolayers by cytokins: synergistic interactions of
interferon-_, tumor necrosis factor, lymphotoxin and inter-
leukin-I. Diabetes 1988; 37: 133-6.

al-Zuhair H, Mohemed HE. Vitamin C attenuation of the
development of type I diabetes mellitus by interferon -alp-
ha. Pharmacol Res 1998; 38: 59-64.

Recasens M, Aguilera E, Ampurdanes S, et al. Abrupt on-
set of diabetes during interferon alpha therapy in patients
with chronic hepatitis C. Diabet Med 2001; 18: 764-7.

Tai T-Y, Lu J-Y, Chen C-L, et al. Interferon-reduces insu-
lin resistance and-cell secretion in responders among pati-
ents with chronic hepatitis B and C. J Endocrinol 2003j
178: 457-65.

Konrad T, Zeuzem S, Vicini P, et al. Evaluation of factors
controlling glucose tolerance in patients with HCV infecti-
on before and after 4 months therapy with interferon —alp-
ha. Eur J Clin Invest 2000; 30: 111-21.

Konrad T, Vicini P, Zeuzem S, et al. Interferon-improves
glucose tolerance in diabetic and non-diabetic patients with
HCV-induced liver disease. Exp Clin Endocrin Diabet
1999; 107: 343-9.



