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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is prevalent 
worldwide and is the most common chronic liver disease 
in Western countries. Its increasing prevalence is associated 
with major risk factors such as obesity, dyslipidemia, type 
2 diabetes mellitus (T2DM), and the metabolic syndrome 
[1]. NAFLD is a systemic disorder of energy, glucose, and 
lipid homeostasis with hepatic manifestations [2]. Metabolic 
disorders, such as lipid accumulation, insulin resistance (IR), 
and inflammation, have been implicated in the pathogenesis 
of NAFLD, but the underlying mechanisms, including those 
that drive disease progression, are not fully understood [3].

Alpha-1 Antitrypsin (A1AT) is a highly polymorphic 
serum protein. Several genetic variants are associated with 
varying degrees of decreased serum levels; however, these 
levels can rise in response to infection, inflammation, injury 
and estrogen levels. Although the effect of inflammation is 
well established, it has never been studied quantitatively with 
respect to specific genotypes in a large representative sample 
[4]. A1AT is a circulating liver derived protease inhibitor [5]. 
Despite A1AT well-known involvement in hepatic fibrosis, its 
role in NAFLD pathogenesis is not well characterized. 

THE AIM
To investigate changes in the level of α1-antitrypsin in 
blood and in stool and their diagnostic value in patients 

with NAFLD and with impaired carbohydrate metabolism 
at different stages of liver damage.

MATERIALS AND METHODS
At the clinical site of the department of propaedeutic of 
internal diseases of the medical faculty of SHEI “UzhNU” 
(gastroenterology and endocrinology department of the 
TRCH n. a. A. Novak) during 2016-2019, 74 patients with 
NAFLD were examined. The average age was 47.8 ± 7.9 
years. Patients were divided into Groups, namely:
- �Group I included 34 patients with non-alcoholic fatty 

hepatosis (NAFH) (among them there were 20 males 
(58.8%) and 14 females (41.2%), the average age was 
47.7 ± 6.8 years)

- �Group II included 40 patients with non-alcoholic steatohep-
atitis (NASH) (among them there were 24 males (60.0%) and 
16 females (40.0%), the average age was 48.9 ± 6.8 years)

In order to achieve the aim of the research, the patients were 
further divided into subgroups depending on the presence of 
type 2 diabetes (moderately severe) or insulin resistance (IR).

The NAFH group (n = 34) was divided as follows: 1.1 
had 16 patients with insulin resistance (IR) and 1.2 had 18 
patients with type 2 diabetes (T2DM).

Group II (n = 40) with NASH patients was divided as 
follows: 2.1 included 20 patients with insulin resistance 
(IR) and 2.2 had 20 patients with type 2 diabetes (T2DM).
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The control group included 20 practically healthy persons 
(12 males (60.0%) and 8 females (40.0%)), the average age 
was 47.6 ± 5.8 years.

All studies were performed with patients consent (writ-
ten consent for performing appropriate diagnostic and 
therapeutic measures was received from all of the patients), 
and the methodology of their implementation were in 
line with the Helsinki Declaration of Human Rights of 
1975 and its 1983 revised version, and in line with Europe 
Convention on Human Rights, as well as biomedicine and 
legislation of Ukraine.  	

All the examined patients were subject to general clinical, 
anthropometric, instrumental, and laboratory tests. To 
verify the diagnosis, attention was paid to the nature of 
complaints, as well as the history of the disease. In anthro-
pometric study, height, weight, waist circumference were 
determined, and body mass index (BMI) was calculated.

Ultrasound examination of the abdominal cavity was 
performed on all patients according to generally accepted 
method. Standard and biochemical blood serum tests 
have been performed to determine the functional state 
of the liver, lipid metabolism indexes and carbohydrate 
metabolism (glucose, insulin, glycosylated hemoglobin 
(HbA1c, %) indexes.

NAFLD diagnosis was established in accordance with the 
Unified Clinical Protocol criteria (Order of the Ministry 
of Health of Ukraine dated November 6, 2014, No. 826) 
and EASL-EASD-EASO Clinical Recommendations for 
Diagnosis and Treatment of NAFLD [6].

The degree of liver damage has been calculated using 
surrogate markers of fibrosis with the help of online cal-
culators: NAFLD fibrosis score (NFS), Fibrosis 4 calculator 
(FIB-4), Fibrotest.

Insulin resistance was determined using the HOMA-IR 
(homeostasis model assessment method for insulin resis-
tance), which was calculated according to this formula  
(normally HOMA-IR – < 2.5):

НОМА = blood insulin serum on an empty stomach 
(μU/mL) × blood plasma glucose on an empty stomach 
(mmol/L) /22.5

Diagnosis of type 2 diabetes mellitus has been established 
according to IDF recommendations (2005), as well as 
taking into account the criteria of unified clinical protocol 
(Order of Ministry of Health of Ukraine dated December 
21, 2012, No. 1118) [7]. Level of severity of T2DM was 
evaluated according to the HbA1c (norm being up to 6.0%).

Enzyme-linked immunosorbent assay for all patients 
with serum and coli was performed by determining the 
level of α1-antitrypsin, using the test system of Immundi-
agnostic AG (Germany). Clearance of α1-antitrypsin was 
calculated based on the results of the assay. 

The criteria for exclusion of patients from the study were 
also: type 1 diabetes, type 2 diabetes (moderate to severe 
degrees, with severe manifestations of diabetic angioneu-
ropathy), chronic hepatitis, alcoholic, viral (hepatitis B, C, 
D) etiologies, autoimmune hepatitis.

The analysis and processing of the patient examination 
results were carried out using the computer program 

“Statistics” for Windows v.10.0 (StatSoft Inc., USA) using 
parametric and nonparametric methods of evaluating the 
results obtained.

RESULTS
It should be noted severe disruptions of carbohydrate me-
tabolism when combined with type 2 diabetes or IR with 
NAFLD. In this case, the maximum deviations from the 
parameters of the control group is established in patients 
Subgroups 1.1 (NAFH in combination with IR) – tables I.

Changes of α1-antitrypsin in patients with NAFLD by 
subgroups depending on the type of carbohydrate metab-
olism disorders are presented in table II.

The results of our study showed that in patients with 
NAFLD, the index of α1-antitrypsin in blood plasma is 
significantly increased, compared with its level in healthy 
persons. It should be noted that in patients with NAFLD, 
in combination with IR, the level of A1AT in the blood 
plasma is only 1.6 times higher than that of the control 
group (p <0.05), and in the case of combination of NAFH 
and type 2 diabetes – it is 2 times higher (p <0.05). In 
patients with NASH in combination with IR,   the level of 
A1AT in the serum was 4.1 times higher than in the control 
group (p <0.01), and for NASH and type 2 diabetes – 4.2 
times (p<0.01).

When characterizing changes in A1AT levels in stool, in 
the patients we examined, we found more pronounced de-
viations from the norm when combining NAFLD and type 
2 diabetes. Specifically, in patients in the 1.2 subgroup this 
indicator was increased to 30.90±0.76 mg / dL (p<0.05), 
and in patients in the 2.2 subgroups – to 45.7 ± 1.11 mg / 
dL (p <0.05).

Note the marked increase in A1AT clearance in patients 
with NASH and type 2 diabetes (up to 122.14 ± 8.23 ​​ml / 
day – p <0.001), as well as with NAFLD and type 2 diabetes 
(up to 88.16 ± 0.45 ml / day – p <0.01). In patients with 
IR and liver damage, the clearance of A1AT was lower in 
both subgroups.

DISCUSSION
Therefore, in patients with NAFLD, both at the stage of 
NAFH and at the stage of NASH, an increase in the level 
of A1AT in the serum was established. It is known that 
A1AT is an inhibitor of proteolytic enzymes (trypsin, chy-
motrypsin, elastase, kallikrein, catapsin), and also indicates 
an inflammatory process in the body, including the liver. 
This is evidenced by a more pronounced increase in its 
level in patients examined at the stage of NASH.

Increased intestinal A1AT loss when combined with NA-
FLD with type 2 diabetes may indicate impaired intestinal 
mucosal permeability in these patients and indicate a systemic 
nature of the disease. Our results require further studies to un-
derstand the processes that occur in patients with combination 
of NAFLD and impaired carbohydrate metabolism. In the 
professional literature, the issue of the influence of disorders 
in the gut microbiocenosis on the formation of metabolic 
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diseases, including type 2 diabetes, IR, and NAFLD, is actively 
discussed. In our opinion, assessment of the barrier function 
of the intestine for its adequate correction, as well as therapy 
aimed at reducing inflammation in the liver and apparently 
in the intestine, should be a major element in the prevention 
of the progression of liver damage in its fatty disease and its 
combination with impaired carbohydrate metabolism .

CONCLUSIONS
1. In patients with NAFLD, increased levels of α1-anti-
trypsin in blood plasma and in stool have been established
2. The level of A1AT in the blood plasma increases pro-
portionally to the degree of progression of liver damage 
(from the minimum values ​​at NAFH to the maximum at 
NASH), regardless of the type of carbohydrate metabolism 
disturbance (IR, T2DM).
3. The combination of NAFLD (NAFH, NASH) and type 
2 diabetes is accompanied by a more pronounced increase 
in A1AT in stool and α1-antitrypsin clearance than the 
combination of NAFLD and IR.
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Table I. Changes of carbohydrate metabolism parameters in patients with NAFLD depending on presence of T2DM or IR

Indicator Control
group

Participants in main with NAFLD

Group  I (n=34) Group II (n=40)

Subgroup 1.1
 (n=16)

Subgroup 1.2
(n=18)

Subgroup 2.1
 (n=20)

Subgroup 2.2
 (n=20)

Glucose (mmol/L) 4.51 ± 0.41 6.95±0,27* 7.95±0.24* 6.75±0.31* 7.87±0.19*

HbA1c, % 4.38 ± 0.26 6.88±0,36* 7.98±0.36* 6.80±0.36* 7.89±0.23*

Insulin (U/L) 9.20 ± 1.14 44.7±6,5**,+ 29.7±3.3** 38.4±4.1**,+ 21.3±1.7*

С-peptide (ng/mL) 4.54 ± 0.97 21.77±2,31** 14.56±1.45**,+ 17.41±1.67** 12.33±1.22**,+

НОМА-IR 1.71 ± 0.32 12.81±3,26** 10.41±2.9** 11.32±2.78**,+ 7.44±0.23**

Note: the difference between the indicators in patients of Group 1 and control group is significant - * - p <0.05; ** - p <0.01; the difference between the 
indices in patients by subgroups is significant - + - p <0.05; ++ - p <0.01.

Table II. The content of α1-antitrypsin in blood plasma and in stool samples and its clearance in patients with NAFLD

Patient groups
Рівень α1-antitrypsin (mg/dl)  α1-antitrypsin clearance 

(mL/24hrs)in blood plasma in stool

Control group 128.12±1.23 15.83±0.19 18.77±0.65

I group (n=34) subgroups:

Subgroup 1.1 (n=16) 203.05±4.49* 18.26±1.02 21.15±0.88

Subgroup 1.2 (n=18) 256.17±4.45* 30.90±0.76* 88.16±0.45**

II group (n=40) subgroups:

Subgroup 2.1 (n=20) 527.16±6.16** 21.83±0.71 44.21±2.18*

Subgroup 2.2 (n=20) 544.08±9.15** 45.7±1.11* 122.14±8.23***

Note: statistically significant difference was found between control group and patient groups: * - p <0.05; ** - p <0.01; *** - p <0.001
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