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ABSTRACT
The aim: Of the study was to evaluate the early utility changes of the 13C methacetin breath test parameters in patients with NAFLD.
Materials and methods: There were included 50 subjects in the study, among them 35 patients had steatosis and 15 patients had steatohepatitis, including 35 (70.0%) male
subjects and 15 (30.0%) female subjects. The control group included 17 apparently healthy volunteers, among them 10 (58.8%) subjects were male and 7 (41.2%) subjects
were female.
Results: It was determined that metabolism kinetics in case of liver steatosis was significant decreased more than 30% compared to the control group (p = 0.0001) and in case
of steatohepatitis that decrease was more than 65% (p = 0.00001) compared with normal values. It resulted in less cumulative dose accumulation in steatosis (p = 0.00001)
and steatohepatitis (p = 0.00001). Among the reasons for the decrease in the kinetics of metabolism in steatosis, there were insufficient response of hepatocytes on 10 minutes
(<10 dose/h,%) in 40% of cases and reduction of metabolism rate amplitude at 20-40 minutes following methacetin administration.
Conclusions: The results of 13C-methacetin breath test demonstrate that in patients with NAFLD there is a gradual slowing of metabolism rate in hepatocytes, which leads to
a decrease in cumulative dose.
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INTRODUCTION

With the implementation of breath tests in the clinical
practice to determine the liver function, it became possible to quantify its functional capacity. It is mainly associated with the need for early diagnosis of non-alcoholic fatty
liver disease (NAFLD), which is one of the predictors of
cardiovascular diseases and type 2 diabetes mellitus [1,2].
Systematic intake of fatty food and physical inactivity
are leading to critical increases in obesity and metabolic
syndrome frequency in industrialized countries. As a
result, NAFLD has become an important public health
issue [3,4].
The intense accumulation of fat in the liver eventually
leads to the occurrence of steatosis, which is found in 8090% of cases in patients with obesity, and subsequently
it leads to steatohepatitis, which is diagnosed in 10-20%
of patients [5,6].
In majority of cases, obese patients consider themselves
to be healthy individuals, although they may report fatigue and sensation of heaviness in the right hypochondriac region. It is found hepatomegaly in 75% of cases based
on results of direct examination. Laboratory data indicate
the transaminases levels elevation only in 30% of cases;
however, ultrasonography examination of the internal
organs reveals hyperechogenicity of the liver, as well as
computed tomography data demonstrate homogeneous
decrease in the density of the liver structure [5].

In general, ultrasound diagnostic methods allow to detect
NAFLD in the cases of at least 30% fat accumulation in hepatocytes [7].
Therefore, the results of static biochemical markers
analysis and instrumental examination allow to make only
indirect conclusions regarding the liver function and extent
of the liver damage, whereas the needle biopsy is associated
with significant risk of complications [8].
In this aspect, the use of breath tests based on the metabolism of orally administered substrates labeled with a
stable carbon isotope 13C makes it possible to evaluate the
functional status of the liver in normal and pathological
conditions [2,9].
Currently available breath tests allow to determine microsomal (methacetin, phenacetin, aminopyrine, caffeine),
mitochondrial (methionine) and cytosolic (galactose,
phenylalanine) liver function [1].
In clinical practice, the 13C methacetin breath test
(13C-MBT) is used most widely and cumulative dose
and metabolic rate are analysed for determination of
the liver functional capacity. In apparently healthy subjects, the metabolic capacity of the liver presented as a
percentage of the accumulated dose during 120 minutes
ranges from 20% to 35% that corresponds to 100% of
functioning hepatocytes and is the main constant for the
evaluation of the results of methacetin test. The second
parameter for analysis of the metabolism kinetics of
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C labeled methacetin is the time from the substrate
intake to a peak of 13CO2 elimination in exhaled air. A
shift in the peak of the metabolism rate from 10 to 50
minutes indicates the development of fatty liver infiltration [10,11,12].
In general, a decrease in 13C-MDT parameters relative
to normal values evidences of impaired liver microsomal
function, which may be characteristic of steatosis and
fibrosis [13,14].
However, the diagnosis of the early stages of NAFLD is
not yet fully understood. The proposed criteria for identifying the liver steatosis, steatohepatitis and cirrhosis need
clarification.
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THE AIM

The aim of the study was to perform a comprehensive
comparison of changes in 13C-MDT, biochemical and
ultrasonographic features in patients with steatosis and
steatohepatitis.

MATERIALS AND METHODS

There were included 45 subjects in the study, among them
30 patients had steatosis and 15 patients had steatohepatitis,
including 32 (71.1%) male subjects and 13 (28.9%) female
subjects. The control group included 17 apparently healthy

volunteers, among them 10 (58.82%) subjects were male
and 7 (41.18%) subjects were female.
The diagnosis of NAFLD was based on clinical examination data (overweight/obesity, ultrasound parameters,
and hepatic transaminases). Subjects with history of
viral hepatitis, hemochromatosis, autoimmune hepatitis,
Wilson’s disease and subjects who consumed alcohol at
a daily dose of 30 mg for men and 20 mg for women
or received hepatotoxic drugs were excluded from the
study. There were also excluded from the study patients
who took drugs that affect CYP1A2 activity and anticoagulants.
The complete clinical examination included anthropometric characteristics, such as height, body weight,
body mass index, waist and hip circumferences. Hepatic transaminases, blood lipids, glucose and insulin
were also determined with the calculation of insulin
resistance index.
The methacetin breath test was performed in the morning after 12 hours of fasting and 30 minutes of resting in
sitting position. Patients were advised that pineapple,
kiwi fruit or mineral water should be avoided 48 hours
before the test. The test breakfast consisted of 75 mg of
13
C-methacetin dissolved in unsweetened fruit tea. Breath
samples were collected in aluminum bags before the administration of methacetin and then every 10 minutes
during the first hour of the test and every 20 minutes

Table I. Сharacteristics of study groups

Gender

Control group
(Group 1),
(n=17)

Steatosis
(Group 2),
(n=30)

Steatohepatitis
(Group 3),
(n=15)

Males

10 (58.82 %)

19 (67.86 %)

12 (75 %)

Females

7 (41.18 %)

9 (32.14 %)

4 (25 %)

58.24±2.31

57.14±2.04

53.75±2.85

_

Age (years)

p-value
_

BMI (kg/m2)

26.88±1.60

31.61±0.76

30.00±1.02

р1-2=0.00007
р1-3=0.0039
р2-3=0.3307

Total cholesterol (µmol/L)

4.91±0.19

5.56±0.26

5.63±0.21

р1-2=0.1749
р1-3=0.0425
р2-3=0.5646

LDL (µmol/L)

2.90±0.20

3.51±0.23

3.28±0.26

р1-2=0.123
р1-3=0.2907
р2-3=0.595

Triglycerides (µmol/L)

1.84±0.11

2.18±0.22

2.53±0.31

р1-2=0.6039
р1-3=0.064
р2-3=0.1478

HDL (µmol/L)

1.13±0.05

1.14±0.05

1.02±0.05

р1-2=0.9715
р1-3=0.0945
р2-3=0.1362

ALT (IU/L)

32.11±2.30

38.93±1.09

50.62±2.95

р1-2=0.0013
р1-3=0.0002
р2-3=0.00001

AST (IU/L)

31.23±2.35

41.28±2.07

53.94±3.09

р1-2=0.0024
р1-3=0.00002
р2-3=0.0004
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Fig. 1. Metabolism rate in normal condition, steatosis, and steatohepatitis

Fig. 2. Cumulative dose in normal condition, steatosis, and steatohepatitis

during the second hour of the test. No adverse events
were reported by patients.
Measurement of 13C-labeled CO2 in exhaled air was
performed using the infrared spectrometer IRIS (manufactured by Wagner Analysen Technik GmbH). The following parameters were analyzed: cumulative dose at 10
minutes, 20 minutes, 30 minutes, 40 minutes, 50 minutes,
60 minutes, and 120 minutes of the test period. The metabolism rate was also measured at the same time points.
Statistical analysis of the received data was performed
on a personal computer using software Microsoft Excel
and Statistica v. 10.0, StatSoft Inc., USA. The reliability
of difference between average values was estimated using
the Student’s paired t-test. The mean value (M) and standard error of the mean (m) also were evaluated. When
investigating the relationship of normally distributed
quantitative parameters, Pearson’s correlation analysis
(r) was used to assess their orientation and strength.
The difference between the parameters was considered
statistically significant at p-value < 0.05.

In case of steatosis, the metabolism rate after methacetin administration was significantly decreased compared
to the control group (p=0.0001). Among the features of
the decrease in the metabolism rate in steatosis, there
were insufficient response of hepatocytes to the intake of
methacetin on 10 minutes (<10 dose/h,%) in 40% of cases
and reduction of amplitude at 20-40 minutes in the kinetics
of metabolism at a sufficient level instead of 60 minutes
compared to normal.
In patients with steatohepatitis compared with the control group and liver steatosis group, there was observed
a further decrease in the rate of metabolism, which did
not reach 10.0 dose/h,% during the first 60 minutes of the
examination.
Accumulation of the cumulative dose was significantly
reduced in the case of steatosis and steatohepatitis compared to the control group for the first 10 minutes of
the methacetin breath test. Thus, in apparently healthy
individuals, the values at 10 minutes (Сum10) ranged
from 1.4 to 2.8 dose/h,% with the mean value 1.72 ± 0.10
dose/h,%. However, the methacetin accumulation level at
10 minutes was lower than 1.0% in 64.3% of cases in the
presence of steatosis, and it was more than 4 times lower
than in the control group in the presence of steatohepatitis (Figure 2).
The results of the study showed that there is a decrease
in the rate of metabolism resulting in a correspondingly
reduced cumulative dose in steatosis of the liver. In the
case of steatohepatitis, such changes are more pronounced
throughout the examination. While the rate of metabolism
was 68.5% in steatosis compared to the control values (p =
0.00001), then in steatohepatitis it was decreased in 32%
compared to normal (p = 0.00001).

RESULTS

Following the examination of patients with NAFLD, the
most common signs of metabolic syndrome are: overweight or obesity, dyslipidemia, increased over time the
concentration of ALT and AST, depending on the presence
of steatosis or steatohepatitis (Table I).
According to ultrasound examination data, hepatomegaly, hyperechogenicity of the liver parenchyma and
heterogeneity of the liver structure due to steatosis were
observed in 80% of cases. In addition, diameter enlargement of the portal vein and of the splenic vein was found
in case of steatohepatitis.
During the 13C-MBT, the features of the hepatocytes response were revealed depending on the stage of the course
of NAFLD in steatosis and steatohepatitis.
In apparently healthy subjects, the metabolism rate
interval after methacetin administration was between
24.36 ± 1.18 and 11.67 ± 0.82 dose/h,% during 60 minutes
of the examination and was not lower than 10 dose/h,%
(Figure 1).

DISCUSSION

Despite the wide use of common methods of examination for
the detection of NAFLD, none of them provide reliable diagnosis confirmation, including anthropometric parameters
for the determination of the obesity stage, liver tests, blood
lipid spectrum, liver echolocation and elastography [5]. Only
in the presence of fibrosis, the best results are obtained by
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liver elastometry. However, indices of static biochemical
markers allow only indirect conclusions to be drawn on the
liver function in early stages of NAFLD [1,13]. Therefore,
the use of breath tests to determine the metabolism of orally
administered substrates, in particular methacetin, makes
it possible to evaluate the functional status of the liver in
dynamics in the normal condition and in NAFLD [1,12].
It is well known that there is a gradual decrease in the rate
of metabolism and in the cumulative dose in steatosis and
steatohepatitis [2,11,12]. Thus, in the presence of steatosis,
it is observed the shift of the peak metabolism rate from
10 minutes to 20-30-40-50 minutes of the test [3,6]. The
progression of the pathological process leads to a decrease
in the rate of metabolism and in the cumulative dose that
characterizes the “capacity” of the liver [9]. However, for
early diagnosis of NAFLD, it is important to evaluate the
cumulative dose accumulation during the examination
[3,9]. Thus, the points for difference between normal
condition and pathology are metabolism levels of 1.05 at
10 minutes, 4.15 at 20 minutes, 7.15 at 30 minutes, 9.00
at 40 minutes, and 20.00 at 120 minutes [6]. Among the
generally parameters of metabolism assessment at 40 and
120 minutes, attention should be also drawn to Cum 10, as
13
C-dose/h,% at 10 minutes and 60 minutes coincide and
have similar accuracy in the diagnosis of steatohepatitis [1].
This study showed the comparable significance of the
obtained parameters of the metabolism rate and the
accumulation of cumulative dose, which are specific in
the normal condition and in steatosis or steatohepatitis.
In apparently healthy subjects, the rate of metabolism
is maintained at a high level, which provides sufficient
cumulative dose accumulation and corresponds to approximately 100% of functioning hepatocytes [5]. In
the presence of steatosis, decreased metabolism rate
and accordingly significant decrease in the cumulative
dose are caused by the reduction of functional activity
of hepatocytes to 30-40 minutes instead of 60 minutes
compared with apparently healthy individuals.
In the case of steatohepatitis, there is a sharp decrease
in the rate of metabolism and accordingly the cumulative
dose, which amounts to only a quarter of the functional
capacity of hepatocytes in healthy persons.

CONCLUSIONS

1.	Methacetin breath test (13C-MBT) allows to detect impaired metabolic rate and accordingly changes in the
metabolic capacity of the liver in dynamics at the early
stages of NAFLD.
2.	Steatosis of the liver is characterized both by decrease
in the metabolism rate and by a reduction of the metabolism kinetics at a sufficient level to 20-40 minutes
instead of 60 minutes in apparently healthy individuals.
3.	The presence of steatohepatitis is evidenced by a sharp
decrease in the rate of metabolism and metabolic capacity of the liver (less than 10 dose/h,%) compared
with apparently healthy individuals and patients with
steatosis of the liver.
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This article is a fragment of scientific research work “Features
of the respiratory, cardiovascular, digestive system in patients
with diabetes mellitus and obesity: features of pathogenesis,
clinic, diagnostics“.
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