
Introduction 
Diabetes mellitus is a complex metabolic disease charac-

terized by the dysregulation of glucose metabolism, result-
ing from either impaired insulin secretion (T1D) or de-
creased insulin sensitivity (T2D) [1, 2]. The majority of pa-

tients have T2D. Prolonged hyperglycemia is often accom-
panied by low-grade inflammation and immunological 
shifts involving both innate and adaptive immune cells, 
which can lead to damage in various organs and body sys-
tems [3, 4]. 
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Abstract 
Aim. This study investigated the potential of adenosine deaminase (ADA) isoenzymes as diagnostic markers for Type 2 Diabetes (T2D) and as-
sociated liver diseases in the population of Armenia. The aim of the study was to establish cutoff values for ADA isoenzyme activity in patients 
with T2D (with and without liver complications) and to study correlations with clinical blood parameters. 
Materials and methods. The case-control study examined 175 patients and 105 healthy individuals; patients were grouped by diagnosis and 
disease duration (newly diagnosed T2D, long-term T2D) and the presence of liver complications (steatosis or hepatitis). ADA isoenzyme activity 
was measured in a specific colorimetric reaction. Statistical analysis was used to compare isoenzyme activity across different disease stages, de-
termine correlations with clinical blood parameters, and calculate optimal cutoff values for ADA2 activity. 
Results. The high ADA2 activity was found in newly diagnosed T2D patients (21.3±2.99 U/L) and in patients with diabetes with steatosis 
(23.46±2.73 U/L). In contrast, ADA1 activity was particularly high in individuals with hepatitis (8.70±1.98 U/L) compared to controls (3.19±0.20 
U/L; p < 0.001). We established specific ADA2 cutoff values for identifying different patient subgroups. A positive correlation was found between 
ADA2 activity and the percentage of eosinophils, indicating an association with eosinophilic inflammation. 
Conclusion. Our results suggest that ADA1 and ADA2 isoenzymes may be valuable diagnostic tools in T2D and its complications. In particular, 
the potential of ADA2 for diagnosing and staging T2D, with different cutoff values being useful for identifying different patient subgroups. ADA2 
may be a marker of early T2D and steatosis, and ADA1 may be a marker of hepatitis. 
Keywords: adenosine deaminase 1 and 2, blood plasma, hepatic steatosis, hepatitis, type 2 diabetes.  
For citation: Sargsyan E.Yu., Gishyan I.B., Darbinyan M.M., Sargisova Ye.G. Distribution of adenosine deaminase isoenzyme activities in patients 
with type 2 diabetes and liver complications. Clinical review for general practice. 2026; 7 (5): 70–78 (In Russ.). DOI: 10.47407/kr2026.7.5.00844 
 
 
Распределение активности изоферментов аденозиндезаминазы  
у пациентов с сахарным диабетом 2-го типа и заболеваниями печени 
 
Э.Ю. Саркисян1, И.Б. Гишян1, М.М. Дарбинян2, Е.Г. Саркисова1 
 
1 Институт биохимии им. Г. Бунятяна НАН РА, Ереван, Армения;  
2 Медицинский центр города Маралика, Маралик, Армения 
lizasar2001@yahoo.com 
 
Аннотация 
Цель. Изучение потенциального значения изоферментов аденозиндезаминазы (ADA) в качестве диагностических маркеров при сахар-
ном диабете 2-го типа (СД 2) и сопутствующих заболеваниях печени в популяции Армении. Целью также было установление пороговых 
значений активности изоферментов ADA у пациентов с СД 2 (с осложнениями со стороны печени и без них) и выявление корреляций с 
клиническими показателями крови. 
Материалы и методы. В исследовании типа случай–контроль участвовали 175 пациентов и 105 здоровых лиц. Пациенты были 
сгруппированы по диагнозу и длительности заболевания (впервые выявленный СД 2, длительно текущий СД 2), а также по наличию 
осложнений со стороны печени (стеатоз или гепатит). Активность изоферментов ADA измерялась с использованием специфической ко-
лориметрической реакции. Статистический анализ применялся для сравнения активности изоферментов на разных стадиях заболева-
ния, выявления корреляций с клиническими параметрами крови и определения оптимальных пороговых значений активности ADA2. 
Результаты. Высокая активность ADA2 наблюдалась у пациентов с впервые выявленным СД 2 (21,3±2,99 Ед/л) и у пациентов с диа-
бетом и стеатозом (23,46±2,73 Ед/л). В то же время активность ADA1 была особенно высокой у лиц с гепатитом (8,70±1,98 Ед/л) по 
сравнению с контрольной группой (3,19±0,20 Ед/л; p<0,001). Были установлены конкретные пороговые значения ADA2 для идентифи-
кации различных подгрупп пациентов. Обнаружена положительная корреляция между активностью ADA2 и процентным содержанием 
эозинофилов, что может свидетельствовать о связи с эозинофильным воспалением. 
Заключение. Полученные результаты позволяют предположить, что изоферменты ADA1 и ADA2 могут представлять диагностиче-
скую ценность при СД 2 и его осложнениях. Особенно выделяется потенциал ADA2 для диагностики и стадирования СД 2, при этом раз-
личные пороговые значения могут использоваться для идентификации разных клинических подгрупп. ADA2 может служить маркером 
ранней стадии СД 2 и стеатоза, а ADA1 – маркером гепатита. 
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The liver is a major target organ for diabetic complica-
tions, second only to the pancreas. Nonalcoholic fatty liver 
disease (NAFLD), the most common liver disease globally, 
affects more than half of all individuals with T2D [5, 6]. 

Increasing evidence highlights the critical role of the 
adenosine system in regulating glucose homeostasis and in 
the pathophysiology of both T1D and T2D and their associ-
ated complications [7]. Adenosine, an endogenous purine 
nucleoside, modulates a wide range of physiological func-
tions through various signaling pathways. It can influence 
many of the pathophysiological processes underlying T2D 
by affecting adipose tissue, skeletal muscle, and liver func-
tions, as well as by regulating the immunological events 
that modulate insulin resistance [7, 8]. 

Intracellular adenosine levels are kept low by its phos-
phorylation to AMP via adenosine kinase and its deamina-
tion to inosine via adenosine deaminase (ADA; EC 3.5.4.4) 
[9].  

In mammals, two genetically and functionally distinct 
ADA isoenzymes exist: ADA1 and ADA2. ADA1, encoded by 
a gene on chromosome 20q13.12, is a well-studied enzyme 
with high substrate affinity (Km ≈ 0.02 mM). It exists as a 
35–41 kDa monomer or in a larger complex with ADA-bind-
ing protein (CD26/dipeptidyl peptidase IV). ADA2, en-
coded by the CECR1 gene on chromosome 22q11.21, is a 
less-characterized 110–120 kDa dimer with lower substrate 
affinity (Km ≈ 2.5 mM). Secreted primarily by monocytes 
and macrophages, ADA2 is a proposed biomarker for 
macrophage-driven inflammation. Both isoenzymes are 
widely expressed and serve as biomarkers for cell-mediated 
immunity in various immunological disorders [10–13]. 

However, extracellular adenosine levels in plasma can rise 
from nanomolar to micromolar concentrations at sites of in-
flammation, where energy demands increase and ADA-medi-
ated deamination becomes a more dominant pathway [14]. 

In patients with T2D, a notable elevation in ADA activity 
has been observed in blood plasma compared to control 
groups. This activity has been shown to correlate with key 
markers of glycemic control, such as fasting blood glucose 
levels and glycated hemoglobin. Despite a significant num-
ber of studies on ADA in diabetes, its correlations with clin-
ical blood parameters are highly complex and often contra-
dictory. These inconsistencies depend on multiple factors, 
including specific study settings, patient demographics, and 
methodology [15, 16]. 

Our study presents novel data on ADA isoenzyme activity 
levels in T2D and its associated liver complications within 
the Armenian population of the highland region of Shirak 
(Armenia). The study was conducted in the Shirak highland 
region of Armenia (approximately 1500–2000 m above sea 
level). This region was specifically chosen because its popu-
lation resides under moderate high-altitude conditions, 
providing an opportunity to explore how metabolic and ge-
netic adaptations to altitude may influence biochemical and 
enzymatic markers, including adenosine deaminase isoen-
zymes. 

We investigated the distribution of ADA isoenzyme activ-
ities in the plasma of patients with T2D, both with and with-
out liver complications, and compared these findings to 
non-diabetic patients with liver disease and relatively 
healthy controls. We further examined how these activities 
vary based on the duration of diabetes and the stage of com-
plications, and explored the correlations between ADA 
isoenzyme activities and various clinical blood parameters, 
including markers of inflammation and immune cell 
counts. We also considered the threshold values of ADA2 
for different disease stages. 

Materials and methods 
Materials. Adenosine and erythro-9-(2-hydroxy-3-

nonyl) adenine (EHNA) were obtained from Sigma-Aldrich 
(St. Louis, MO, USA). All other reagents were of analytical 
grade and high purity. 

Participants. This study enrolled patients with T2D 
without complications, patients with T2D and concomitant 
hepatic disease (HD-T2D), patients with hepatic disease 
but without diabetes (HD), and relatively healthy individu-
als (Controls). All participants were recruited at the Maralik 
Medical Center between 2021 and 2024. 

In total, 175 patients and 105 healthy individuals were in-
cluded. Patients were divided into the following groups 
based on their diagnosis: 

Group I: T2D without complications (n=100). This group 
was subdivided into: new-onset T2D (NO-T2D, n=20): pa-
tients newly diagnosed or treated for less than one year and 
long-term T2D (LT-T2D, n=80): patients treated for more 
than one year (average duration 3–10 years). 

Group II: T2D with hepatic disease (HD-T2D, n=30). 
This group was subdivided into: Hepatic steatosis (HS-T2D, 
n=18) – the initial stage of NAFLD and Hepatitis (HP-T2D, 
n=12) – including chronic hepatitis. 

Group III: Non-diabetic patients with hepatic disease 
(HD, n=45). This group included: Hepatic steatosis (HS, 
n=30) and Hepatitis (HP, n=15). 

Group IV: Healthy controls (HC, n=105) matched for age 
and sex.  

Exclusion criteria included diabetes with hypertension, 
renal or rheumatic diseases, hepatitis B or C infection, 
SARS-CoV-2 infection, and liver cirrhosis. 

All patients had a confirmed clinical diagnosis according 
to the guidelines of the American Diabetes Association. 
Ethical approval for this study was obtained from the Inde-
pendent Bioethics Committee for Scientific Research of 
Yerevan State Medical University after Mkhitar Heratsi, 
Yerevan, Republic of Armenia (ethical code: #N1-3/24). All 
participants provided written informed consent prior to en-
rolment.  

Procedures. All clinical procedures were performed at 
the Maralik Medical Center. Participants were examined in 
the morning after an overnight fast, having abstained from 
caffeine, smoking, and strenuous exercise since the previ-
ous evening. Fasting venous blood samples were collected 
into tubes containing 3.2% sodium citrate as an anticoagu-
lant. Plasma was prepared by centrifugation at 3400 × g for 
10 min at room temperature, and the platelet-free plasma 
was immediately used for enzymatic assays. 

Anthropometric and biochemical measure-
ments. Routine biochemical parameters were determined 
in the clinical laboratory using standard methods: Fasting 
blood glucose (FBG) – glucose oxidase-peroxidase (GOD-
POD) method; Total bilirubin (BIL) – diazosulfanilic acid 
(DSA) method; Cholesterol (CHOL) – colorimetric method; 
Urea (UREA) – urease method. 

Complete blood count, liver function tests (ALT, AST, 
prothrombin time), and renal function tests (blood urea, 
plasma creatinine) were measured using an automated bio-
chemical analyser (Hitachi 7600, Japan), according to the 
manufacturer’s instructions. Hepatic steatosis and hepatitis 
were assessed by instrumental methods (ultrasonography, 
FibroScan, etc.) and clinical/laboratory data (liver en-
zymes), following accepted clinical guidelines. 

Determination of ADA Activity. Total adenosine 
deaminase (ADAt) activity in plasma was determined by 
measuring the ammonia produced during the enzymatic 
deamination of adenosine. The reaction mixture (0.5 mL) 
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contained 0.04 M potassium phosphate buffer (pH 7.0),  
6 mM adenosine, and 20 μL of the plasma sample. The mix-
ture was incubated at 37°C for 40 minutes. The reaction was 
stopped by adding 1 mL each of phenol–nitroprusside and 
hypochlorite reagents [17]. Absorbance was measured at 
630 nm against a blank containing all reagents except the 
substrate. Ammonia concentration was determined using 
ammonium sulfate as a standard. ADA activity was ex-
pressed in U/L (μmol NH₃ produced per liter of plasma per 
minute). 

ADA2 activity was measured using the same procedure, 
with 0.04 mM EHNA (a selective ADA1 inhibitor) added to 
the reaction mixture. ADA1 activity was calculated by sub-
tracting ADA2 activity from total ADA. All samples were an-
alyzed in triplicate using Cary 60 spectrophotometer (Agi-
lent, USA) and Spekol-211 (Carl Zeiss, Jena, Germany) in-
struments. 

Statistical analysis. Data were analyzed using Graph-
Pad Prism 8 (Version 8.0.2). Results are presented as mean 
± standard error of the mean (S.E.M.). Group comparisons 
were performed using non-parametric tests, including the 
Mann–Whitney test for two-group comparisons and one-
way ANOVA for multiple groups. Normality of data distrib-
ution was assessed using the Shapiro–Wilk test. When 
ANOVA results were significant, Tukey’s post-hoc test was 
applied.  

Correlations between ADA isoenzyme activity and clinical 
parameters were assessed using Spearman’s (r) coefficients. 
Pearson coefficients were used only when data were nor-
mally distributed.  

Receiver operating characteristic (ROC) curve analysis 
was performed to evaluate diagnostic sensitivity, specificity, 
and optimal cutoff values. A two-tailed p-value <0.05 was 
considered statistically significant. 

 
Results  

ADA activity in T2D patients. Our study demon-
strated that the total activity of adenosine deaminase in the 
plasma of patients with T2D was significantly increased 
compared to the Controls (Fig. 1, a; p<0.0001). In patients 
with newly diagnosed T2D (NO-T2D), a marked elevation in 
ADA2 activity was observed (21.3±2.99 vs. 8.59±0.39 U/L), 
while ADA1 activity remained unchanged. In contrast, a 
slight increase in ADA1 activity was detected in patients with 
long-term T2D (LT-T2D). A similar pattern of ADA1 eleva-
tion was also noted in the HD-T2D group (Fig. 1, b). 

The overall increase in total ADA activity was primarily 
attributed to the ADA2 isoenzyme, consistent with previous 
reports [14–16]. The highest ADA2 activity (23.46±2.73 vs. 
8.59±0.39 U/L in Controls) was recorded in the HS-T2D 
subgroup (Fig. 1, c). The ADA1/ADA2 ratio varied depend-
ing on the stage of the disease (Fig. 1, d). 

In the HD group, ADA1 isoenzyme activity was signifi-
cantly higher (p<0.001) compared with HC, whereas ADA2 
activity did not show a significant increase (Fig. 1, b, c). 
ADA2 activity tended to be slightly higher in HD-T2D pa-
tients than in those with T2D alone, although the difference 
did not reach statistical significance. 

The figure clearly illustrates that ADA1 activity is notably 
elevated in hepatitis (both with and without diabetes), 
whereas ADA2 activity is markedly increased in diabetic pa-
tients — particularly in those with newly diagnosed diabetes 
and hepatic steatosis.  

The clinical characteristics of all patient groups are sum-
marized in Table 1.  

A significant difference was observed between GLU, 
CHOL, CREA, HGB, ALT and ESR in patients with T2D 

compared to Controls. In HD-T2D patients, the difference 
in clinical characteristics was mainly comparable with the 
data of HD patients; the exception was CHOL, which in-
creases in T2D and HD-T2D patients; RBC was lower com-
pared to control only in HD-T2D patients (p=0.0074). 

ADA isoenzyme correlations with clinical parameters. 
Table 2 presents correlations between the activity of ADA 
isoenzymes and a number of clinical parameters. 

For comparison, correlations of ADA isoenzyme activities 
with clinical parameters were also performed for patients 
with liver diseases but without diabetes, and these are pre-
sented in Table 3. 

We next determined correlations by quartiles of ADA 
isoenzyme activity, which allowed us to identify significant 
values of ADA activity in more detail, Table 4. 

In the Controls, ADA1 positively correlates with ESR at 
the lowest ADA1 level, Q1 (<2.6 U/L); with increasing ADA1 
(Q2), this correlation weakened. The positive ADA1-CHOL 
correlation, on the contrary, increases starting from the Q2 
(>2.6 U/L). At the onset of the disease, in NO-T2D, a posi-
tive ADA1 with LYM correlation remained, which was no 
longer observed in LT-T2D. In HD in Q3 (>4.7 U/L) with an 
increase in ADA1, an ADA1 with WBC correlation was de-
tected. An inverse correlation of ADA2 with LYM and a pos-
itive correlation with PMN (BF) was observed starting from 
Q3 (ADA2>10 U/L), therefore ADA2>10 U/L can be con-
sidered critical, at which immune protection becomes evi-
dent. In NO-T2D the ADA2 and GLU strong positive corre-
lation was revealed, the most in Q4 (>30 U/L). In LT-T2D, 
the correlation between the highest ADA1 isoenzyme and 
GLU was observed in Q4 (ADA1>6.19), Table 4. 

A ROC analysis was conducted on ADA2, given its more 
significant alterations in T2D and HD-T2D. The thresholds 
of ADA2 activity were determined, Fig. 2.  

An optimal cutoff ADA2 activity values for different pa-
tient groups were calculated and presented in Table 5.  

This table demonstrates the potential of ADA2 as a bio-
marker for diagnosing and staging T2D, with different cutoff 
values being useful for identifying different patient subgroups. 

 
Discussion 
Our study demonstrated that in T2D patients the total 

ADA activity was significantly elevated compared to HC. 
This increased activity was primarily due to the ADA2 
isoenzyme, which is consistent with previous reports  
[15, 16]. However, in our patients, total ADA and isoenzyme 
activities were notably lower than most published values in 
both healthy controls and disease groups [16], although a 
comparable lower value has also been reported [19]. 

In patients with NO-T2D, the high level of ADA2 activity 
was observed, while ADA1 activity remained unchanged. In 
contrast, patients with LT-T2D and HD-T2D showed a 
moderate increase in ADA1 activity in addition to the ele-
vated ADA2, Fig. 1, d.  

In the comparison group of patients with HD, the activity 
of the ADA1 isoenzyme was significantly higher compared 
to control, particularly in HP group (8.70±1.98 vs 
3.19±0.20 U/L, p<0.001), while no significant increase was 
found in ADA2 activity. However, a prevalence of ADA2 ac-
tivity was found in the HS group, an earlier stage of the dis-
ease, compared to the HC (14.32±1.62 U/L vs 8.59±0.39 
U/L, p<0.005), Table 3.  

Correlations between ADA isoenzyme activity and various 
clinical blood parameters confirmed their involvement in 
homeostatic mechanisms [15, 16]. The most significant cor-
relations were observed with CHOL, ESR, UREA, GLU, 
HGB, ALT, AST, AST/ALT ratio, BIL, LYM, BF, PMN, EOS, 
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and NLR. Positive correlations were consistently noted with 
the isoenzyme that was dominant under specific conditions. 
In patients with NO-T2D, a strong positive correlation was 
found between ADA2 activity and GLU, particularly at 
higher ADA2 levels (Q4, >30 U/L). In contrast, in LT-T2D, 
ADA1 showed a positive correlation with glucose also in the 
highest quartile (Q4, >6.19 U/L), indicating a potential shift 
in the isoenzyme's role as the disease becomes chronic. 

In HS-T2D patients, the positive correlation between 
ADA1 and glucose levels suggests that ADA1 may play a role 
in early-stage liver complications related to diabetes. This 
could be due to its involvement in the metabolic and inflam-
matory processes characteristic of these conditions. How-
ever, in patients with both T2D and hepatitis, these correla-
tions were disrupted, likely due to the ongoing inflamma-
tion from the hepatitis complication. The acute inflamma-
tory state of hepatitis can alter the activity of ADA isoen-
zymes and their relationship with other metabolic markers, 
overriding the more subtle, chronic correlations observed in 
HS-T2D. An increase in white blood cells, particularly an el-

evated neutrophil-to-lymphocyte ratio (NLR), is a key labo-
ratory sign of inflammation [20]. Although the NLR values 
in this study were low, the highest was found in new-onset 
T2D patients (2.287±0.055), which is consistent with exist-
ing literature suggesting that elevated levels may indicate 
impaired glucose metabolism and serve as an additional 
marker for diabetes control [21]. 

Our results further support this, showing a positive corre-
lation between ADA1 and lymphocytes, and between ADA2 
and neutrophils across nearly all patient groups (Tables 2–4). 
This finding aligns with established mechanisms: human 
plasma ADA2 preferentially binds to neutrophils, while ADA1 
binds to T and NK T cells that express CD26 receptors [20]. 
Because high levels of adenosine inhibit lymphocyte activa-
tion and proliferation [22], it was expected that increased 
ADA1 activity would positively correlate with the lymphocyte 
count, a finding that was confirmed in this study. 

The observed increase in eosinophils is particularly inter-
esting. In patients with hepatic disease with type 2 diabetes 
and diabetes alone, eosinophil levels were elevated, with the 

Fig. 1. Comparison of plasma adenosine deaminase isoenzyme activity levels between patient groups and controls: 
a – Total ADA activity; b – ADA1 activity; c – ADA2 activity; d – ADA1/ADA2 ratio. 
Data are presented as mean ± SEM. Statistical significance was determined using the Mann–Whitney U test. 
Patient groups: HC – relatively healthy individuals; HD – non-diabetic patients with liver disease, subdivided into hepatic steatosis (HS) and hepatitis 
(HP); T2D – patients with type 2 diabetes without complications, subdivided into new-onset (NO-T2D) and long-term (LT-T2D); HD-T2D – patients with 
T2D complicated by liver disease, subdivided into hepatic steatosis (HS-T2D) and hepatitis (HP-T2D). 
Statistical significance: *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001 (vs. control); ns – not significant.

a b

c d
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Table 1. Clinical and biochemical characteristics of control and patient groups

Parameters HC HD T2D HD-T2D

Number of subjects (n)  105 45 100 30

Female/Male 75/30 32/13 66/34 22/8

Age, yrs (mean ± SD) Median range 46.76±17.81 [18–82] 53.49±13.35 [32–76] 59.63±12.31 [18–79] 60.62±12.4 [29–78]

BWI

F 24.58±5.11 30.12±1.7 28.64±5.0 32.87±1.9

M 25.15±5.4 33.10±2.4 32.90±2.4 34.78±2.0

GLU, mmol/L (mean ± SD) 4.90±0.65 5.42±0.65* 10.72±0.46*** 11.35±0.94***

NO-T2D 11.01±0.97***

LT-T2D 10.62±0.51***

CHOL, mmol/L 5.23±0.13 5.34±0.18 5.72±0.094* 5.8±0.16**

BIL, μmol/L 19.72±0.74 28.8±4.2** 23.56±1.12* 23.62±1.77*

URЕА, μmol/L 4.84±0.44 5.02±0.57 5.40±0.30 5.62±0.41

CREA, μmol/L 59.75±5.00 76.73±5.02* 78.20±3.97* 79.64±0.92**

F 60.45±9.05 76.83±6.32* 77.17±4.96* 76.97±2.20**

M 63.86±6.31 75.42±3.12 80.38±6.90* 88.06±2.20* 

ESR, mm 8.0±0.44 12.77±1.7* 16.61±1.13*** 15.17±1.69**

NO-T2D 19.58±4.27***

LT-T2D 16.08±1.04***

ALT, U/L  31.68±1.80 40.35±1.72* 41.97±0.83* 40.2±2.7* 

AST, U/L 33.23±2.49 44.30±2.25** 33.06±2.29 42.08±1.84*

NO-T2D 32.52±5.09

LT-T2D 33.06±2.2

HGB, g/L (mean ± SD) 149.1±1.62 156.0±3.21** 148.05 ±1.0 152.5±4.60 

F 144.6±1.94 151.7±4.02*  144.6±2.4  138.5±7.6

M 155.9±2.28*** 167.0±4.00** 155.6±3.1** 155.0±4.9* 

NO-T2D 143.85±5.49

LT-T2D 149.07±2.06

RBC, ×1012/mL 4.39±0.046 4.35±0.12 4.28±0.05 3.924±0.16** 

WBC, ×109/L 5.29±0.12 5.94±0.28 5.32±0.16 5.48±0.38

EOS, % 3.47±0.24 4.60±0.37* 3.80±0.35 4.75±0.52* 

NO-T2D 5.57±0.71*

LT-T2D 3.760±0.38 

BF, % 2.37±0.24 2.5±0.43 3.00±0.41 2.56±0.38

PMN, % 63.95±0.81 59.58±0.92** 62.69±0.88 59.0±1.39** 

NLR  1.88±0.037 1.78±0.08** 1.96±0.094 1.72±0.14*

NO-T2D 2.287±0.055*

LT-T2D 1.98±0.094 

ADAtotal, U/L 11.38±0.35 17.70±1.42**** 21.20±1.04**** 24.62±1.68****

ADA1, U/L 3.39±0.35 6.33±0.91** 4.63±0.46 4.69±0.69

ADA2, U/L 8.30±0.30 11.37±1.32** 17.39±0.97**** 20.57±2.06**** 

Data are presented as mean ± SEM. 
HD – non-diabetic patients with liver disease (HS – hepatic steatosis; HP – hepatitis); T2D – type 2 diabetes mellitus without complications (NO-T2D – 
new-onset; LT-T2D – long-term); HD–T2D – T2D patients with liver disease (HS-T2D; HP-T2D). 
Abbreviations: CHOL – total cholesterol; BIL – total bilirubin; UREA – urea; CREA – creatinine; ESR – erythrocyte sedimentation rate; ALT – alanine 
aminotransferase; AST – aspartate aminotransferase; HGB – hemoglobin; RBC – red blood cells; WBC – white blood cells; EOS – eosinophils; BF – 
band-formed neutrophils; PMN – segmented neutrophils; LYM – lymphocytes; NLR – neutrophil-to-lymphocyte ratio. 
Stars of significance: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 vs. control.
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highest levels seen in newly diagnosed T2D patients (5.57% 
vs. 3.47% in controls, p=0.0135). In this group, we found a 
positive correlation between eosinophil count and ADA2 
activity. In contrast, patients with long-term T2D showed 
only a small change in EOS levels, and an inverse correla-

tion with ADA2. Similarly, in patients with T2D and steato-
sis, who also had high ADA2 activity, the association be-
tween ADA2 and EOS was positive, while ADA1 showed an 
inverse association with EOS. This finding suggests a com-
plex, time-dependent relationship between ADA isoen-

Table 2. Correlations between ADA isoenzyme activity and clinical parameters in T2D and T2D with complications

Variables (n) ADA1 ADA2 ADAt

r p value r p value r p value

HC

CHOL, mmol/L (50) 0.418 0.007 -0.272 0.053 0.109 0.498

ESR, mm (70) 0.347 0.003 -0.392 0.001 -0.105 0.385

NO-T2D

GLU, mmol/L (18)
(-0.231) 0.408 (0.682) 0.003 (0.678) 0.002

-0.442 0.100 0.561 0.019 0.497 0.036

LYM, % (9)
(0.964) 0.001 (0.644) 0.061 (0.725) 0.027

0.861 0.024 0.242 0.52 0.552 0.133

PMN, % (9)
(-0.376) 0.358 (-0.617) 0.077 (-0.760) 0.017

-0.146 0.752 -0.559 0.121 -0.797 0.014

NLR (9) -0.834 0.020 -0.272 0.065 -0.918 0.012

EOS, % (9) 0.324 0.498 0.487 0.267 0.775 0.048

HGB, g/L (13) (0.157) 0.625 (0.605) 0.029 0.651 0.016

0.156 0.619 0.620 0.024 0.564 0.045

MetHGB, g/L (9) (0.306) 0.802 0.982 0.020 0.983 0.083

LT-T2D

WBC, ×1012 (60) 0.255 0.049 0.112 0.355 0.245 0.059

LYM, % (47)
(-0.012) 0.938 (0.396) 0.006 (-0.281) 0.072

0.001 0.995 -0.363 0.012 -0.287 0.126

AST/ALT (9)
0.314 0.411 (0.776) 0.040 0.513 0.158

0.381 0.360 0.583 0.108 0.550 0.133

EOS, % (25)
(0.302) 0.162 (-0.401) 0.049 -0.180 0.412

-0.374 0.066

HS-T2D

GLU, mmol/L (19)
(0.700) 0.012 (-0.129) 0.634 (0.173) 0.523

0.741 0.010 -0.019 0.944 0.204 0.449

BIL, mmol/L (0.179) 0.542 (0.998) 0.042 0.539 0.107

CHOL, mmol/L (12)
(0.671) 0.017 (-0.377) 0.227 (-0.311) 0.325

0.660 0.022 -0.243 0.443 -0.472 0.122

EOS, % (11)
(-0.670) 0.024 (0.722) 0.012 (0.540) 0.087

-0.584 0.066 0.881 0.001 0.716 0.016

UREA, μmol/L (10)
(-0.694) 0.026 (0.726) 0.018 (0.356) 0.313

-0.728 0.020 0.746 0.017 0.294 0.407

HP-T2D

Data are presented as correlation coefficients (r, Spearman) and p-values. Pearson coefficients were used only when data were normally distributed 
(in brackets). Significant correlations (p<0.05) are highlighted in bold. 
CHOL, total cholesterol; ESR, erythrocyte sedimentation rate; GLU, glucose; LYM, lymphocytes; PMN, segmented neutrophils; EOS, eosinophils; HGB, 
hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BIL, total bilirubin; CREA, creatinine; UREA, urea. *p<0.05, **p<0.01,  
***p<0.001, ***p<0.0001 vs. control.
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zymes and eosinophils in T2D. The positive correlation in 
new-onset and steatosis-affected patients, alongside the in-
verse correlation in long-term T2D, highlights the dynamic 
role of these isoenzymes in different stages of the disease. 

A study on the mechanism of ADA2's action on liver fibro-
sis in patients with NAFLD showed that monocytes infil-
trating the liver produce high levels of ADA2, which then 
stimulates Kupffer cells to also express the enzyme. This 
positive association between serum ADA2 activity and liver 
fibrosis is believed to stem from a shift in macrophage po-
larization toward an anti-inflammatory, yet profibrotic, M2 
phenotype [23, 24]. 

Interestingly, ADA2 deficiency (DADA2) has been shown 
to promote a pro-inflammatory macrophage differentiation 
in vitro. While the exact molecular mechanism of ADA2-in-

duced M2 polarization and its impact on liver fibrosis is still 
being studied, it's clear that ADA2 plays a significant role in 
modulating immune cell behavior [10, 25]. 

Like ADA2, eosinophils also contribute to the resolution 
of inflammation. They secrete anti-inflammatory cytokines 
and are a major source of IL-4 in visceral adipose tissue, 
with their numbers inversely correlating with the degree of 
obesity. Eosinophils are also considered a factor in the po-
larization of monocytes into the anti-inflammatory M2 phe-
notype. 

Although eosinophils and ADA2 are not part of the same 
biochemical pathway, they both function within the broader 
system of purinergic signaling to fine-tune immune re-
sponses. This shared role in promoting an M2 phenotype 
may explain the positive correlation observed between 

Table 3. Correlations between ADA isoenzyme activities and clinical parameters in patients with liver disease (HD) without diabetes 

Variables (n) ADA1 ADA2

r p value r p value

HD (n=45)

GLU, mmol/L (44) -0.352 0.044 -0.192 0.278

AST, U/L (17) 0.508 0.045 -0.142 0.586

BIL, μmol/L (16) 0.558 0.031 -0.090 0.751

LYM, % (30) 0.273 0.169 -0.259 0.193

BF, ×109 (10) 0.055 0.881 0.855 0.020

PMN, % (30) 0.233 0.207 (0.385) 0.047

0.426 0.023

NLR (45) (-0.177) 0.376 (0.265) 0.182

EOS, % (10) -0.710 0.022 -0.254 0.544

HS (n=30)

GLU, mmol/L (0.402) 0.408 (-0.263) 0.434

BIL, μmol/L 0.784 0.065 0.910 0.012

ВF, ×109 0.055 0.881 0.922 0.026

PMN, % -0.122 0.665 0.728 0.001

LYM, % 0.212 0.431 -0.506 0.046

NLR
(0.210) 0.435 (0.573) 0.020

0.131 0.629 0.531 0.034

HP (n=15)

GLU, mmol/L
(-0.604) 0.064 (-0.886) 0.001

-0.499 0.144 -0.831 0.005

BIL, μmol/L 0.670 0.028 -0.205 0.539

ВF, ×109 0.676 0.095 0.828 0.042

PMN, % -0.218 0.435 0.553 0.026

NLR
(-0.097) 0.731 (0.245) 0.399

0.068 0.810 0.291 0.313

LYM, % 0.190 0.500 -0.384 0.143

EOS, % -0.710 0.022 -0.254 0.544

Data are expressed as correlation coefficients (r, Spearman) and p-values. Pearson coefficients were used only when data were normally distributed  
(in brackets). 
Significant correlations (p<0.05) are shown in bold. 
HD includes hepatic steatosis (HS) and hepatitis (HP) subgroups. 
CHOL, total cholesterol; BIL, total bilirubin; AST, aspartate aminotransferase; PMN, segmented neutrophils; LYM, lymphocytes; EOS, eosinophils;  
NLR, neutrophil/lymphocyte ratio; BF, band-formed neutrophils. 
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ADA2 and eosinophils in patients with diabetes and early-
stage liver complications (HS-T2D), which exhibited the 
highest levels of ADA2. 

Macrophage polarization is a key factor in inflammation 
and disease progression. An imbalance in their cytokine 
profiles can disrupt the delicate equilibrium of ADA isoen-
zymes [26].  

Interestingly, in some late-stage tumors, a shift from the 
M2 to the M1 phenotype has been observed, a change ac-
companied by altered ADA isoenzyme activity. The 

ADA1/ADA2 ratio is therefore considered a valuable diag-
nostic tool, as it can indicate the severity and chronic nature 
of inflammation [27, 28]. This ratio reflects the complex in-
terplay between different immune cell populations and 
their functional states. 

The ADA1/ADA2 ratio varied significantly between pa-
tient subgroups, as shown in Fig. 1, c. For instance, in pa-
tients with both hepatitis and T2D, the ratio was signifi-
cantly lower compared to those with hepatitis alone, despite 
an increase in ADA1 activity in both groups. 

Fig. 2. ROC analysis for plasma ADA2 in patients with (a) T2D (AUC: 0.832; 95% CI: 0.775–0.888; p<0.0001); (b) NO-T2D (AUC: 0.904; 95% CI: 
0.800–1.000; p<0.0001); (c) HD-T2D AUC: 0.906; 95% CI: 0.819–0.993; p<0.0001) and (d) HS-T2D (AUC: 0.971; 95% CI: 0.938–1.000; p<0.0001).

a b c d

Тable 4. Correlations between ADA isoenzymes activity and clinical parameters according to ADA activity quartiles (Q)*

Variables Q(N) ADA1 r p value Q(N) ADA2 r p value

HC

ESR, mm
Q1(33) 0.47–0.60 0.564 0.001 Q3(49) 8.60–10.5 -0.261 0.070

Q2(25) 2.60–3.60 0.229 0.033

CHOL, mmol/L
Q2(10) 2.60–3.60 0.720 0.023 Q3(25) 8.60–10.5 -0.408 0.043

Q3(32) 3.60–4.93 0.422 0.002 Q4(12) 10.50–17.0  0.542  0.069

HD

WBC, x109 Q3(25) 4.72–9.51 0.575 0.010 Q3(25) 9.51–10.17 -0.353 0.083

 LYM, % Q3(15) 10.17–14.59 -0.606 0.017

 PMN, %
Q3(15) 10.17–14.59 0.730 0.002

Q4(13) 14.59–35.36 0.699 0.008

NO-T2D

GLU, mmol/L  Q4(18) 33.12–42.1   0.702 0.001  

LT-T2D

GLU, mmol/L Q4(18) 7.23–22.5 (0.559) 0.016 Q4(22) 23.3–47.0 (0.387)  
0.397

0.092 
0.084

EOS, %

Q2(6) 2.23–4.06 -0.949 0.017

Q4(6) 7.26–22.5 (0.934) 0.006

 0.941 0.017

PMN, % Q4(14) 7.26–22.5 (-0.680)  0.007 Q4(8) 22.3–42.6  (0.577) 0.039

NLR Q4(14) 7.26–22.5  -0.550 0.043

HD-T2D

LYM, % Q2(6) 12.4–18.0  -0.966 0.034

Data are expressed as correlation coefficients (r, Spearman) and p-values. Pearson coefficients were used only when data were normally distributed 
(in brackets). 
Significant correlations (p<0.05) are shown in bold.  
*The more significant correlations presented



78  | КЛИНИЧЕСКИЙ РАЗБОР В ОБЩЕЙ МЕДИЦИНЕ | ТОМ 7 | №5  | 2026 | Clinical review for general practice | VOL. 7 | No. 5 | 2026 |

Лекция / Lecture

With uncontrolled inflammation, the conditions for a 
protective immune response are disrupted. In these cases, 
correlations between ADA isoenzymes and clinical parame-
ters were attenuated or even undetectable. This suggests 
that the ADA1/ADA2 ratio may be a useful indicator of 
macrophage polarization and the overall inflammatory 
state. 

The ROC analysis for plasma ADA2 in patients with he-
patic disease and T2D, particularly in those with hepatic 
steatosis and T2D, showed a very high diagnostic value. The 
highest AUC (Area Under the Curve) value of 0.971 (95% 
CI: 0.938–1.000; p<0.0001) was observed in this sub-
group, with a corresponding ADA2 activity threshold of 
19.0 U/L. This high AUC indicates an excellent ability of 
ADA2 to distinguish between patients in this subgroup and 
healthy individuals. 

 
Conclusion 

We have conducted a comprehensive analysis of the activ-
ity of adenosine deaminase isoenzymes (ADA1 and ADA2) 
in various patient subgroups, which allows us to more accu-
rately interpret their role. 

This study suggests that ADA isoenzymes could be valu-
able diagnostic, prognostic, and therapeutic tools for type 2 
diabetes and its liver complications.  

ADA2 shows promise as a specific biomarker for the in-
flammatory component of T2D, particularly in its early 
stages. This is supported by its strong positive correlation 
with glucose and a high diagnostic value (a threshold of 19.0 
U/L) for patients with T2D and hepatic steatosis. In con-
trast, ADA1 appears to be a better indicator of liver-related 
complications, correlating strongly with markers of liver 
damage and inflammation. 

The distinct correlations of ADA1 with lymphocytes and 
ADA2 with neutrophils suggest that these isoenzymes play 
different roles in immune regulation. The study also pro-

poses a link between ADA2 and eosinophils, suggesting 
they may collaboratively shift macrophage polarization to-
ward an anti-inflammatory M2 phenotype. This sheds light 
on the complex interplay between metabolic disease, in-
flammation, and immune cell function. 

The observed changes in ADA isoenzyme activity suggest 
that these molecules could be valuable therapeutic targets 
for managing T2D and its liver-related complications. Mod-
ulating the activity of these isoenzymes might influence in-
flammatory processes and improve patient outcomes. 
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Table 5. Diagnostic performance and cutoff values for ADA2 activity in different patient groups

Valuable T2D NO-T2D HD-T2D HS-T2D

Sensitivity (%) 67.10 61.11 62.5 55.55

Specificity (%) 91.04 100 100 100

PPV (%) 78.57 100 100 100

NPV (%) 65.82 88.71 83.33 87.3

Threshold value, U/L >15.5 >17.0 >17.5 >19.0
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