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Abstract: Objective To compare the serum adenosine deaminase (ADA) levels in patients with and without diabetic kidney
disease (DKD) in type 2 diabetes mellitus (T2DM), and explore the correlation between ADA levels and the risk of DKD.
Methods A cross-sectional retrospective study was conducted, including 5 485 T2DM patients hospitalized at the First Hospital
Affiliated to Army Medical University from January 2019 to September 2023. Patients were grouped based on the presence or
absence of DKD (1 659 cases in DKD group and 3 826 cases in non-DKD group). Clinical data and laboratory indices of both
groups were collected from the medical record system and compared. Multivariate logistic regression analysis was used to
examine the relationship between ADA levels and DKD risk, with subgroup analysis performed. Results Among 5 485 T2DM
patients, the incidence of DKD was 30.24%, with ADA levels ranging from 0.2 to 53.9 u/L. ADA levels were significantly higher in
the DKD group compared to the non-DKD group[14.0 (11.1, 22.2) u/L vs12.0 (9.6, 15.4) u/L, £=20.287, P<0.01]. After dividing
into quartiles based on ADA levels, the proportion of DKD showed an upward trend (Q1 group 21.30%, Q2 group 25.51%, Q3
group 32.56%, Q4 group 42.86%) . Multivariate logistic regression showed that, after adjusting for relevant risk factors, each 1
u/L increase in ADA was associated with a 4% increased risk of DKD (OR=1.040, 95% C/1.011-1.064, P<0.01),and the Q4 group
had a 1.45-fold higher risk of DKD than the Q1 group (OR=1.450, 95%C#1.112-1.893, £=0.007). Subgroup analysis showed that
when B2-microglobulin = 3 mg/L, elevated ADA significantly increased the risk of DKD (OR=1.033, 95%C/ 1.002-1.066,
P=0.039); when eGFR <60 mL/ (min-1.73m?"), the effect of ADA was amplified [vs eGFR 30 to <60 mL/ (min-1.73m’ ) group,
OR=1.102; vs eGFR< 30 mL/ (min-1.73m?) group, OR=1.150]. Conclusion Elevated serum ADA levels in T2DM patients are
significantly associated with the incidence of DKD, especially in stages G3 and beyond of chronic kidney disease. Dynamic
monitoring of ADA levels may aid in early risk stratification and individualized interventions.
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Microgloblin; Urine albumin-to-creatinine ratio; Glycated hemoglobin
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Diabetic kidney disease (DKD) is one of the common deaminates adenosine to inosine and is crucial for

complications of diabetes mellitus, and its pathogenesis is
complex, mainly involving the interaction of multiple
factors such as disorders of glucose metabolism,
hemodynamic changes, activation of the polyol pathway,
and oxidative stress [1]. Among these, the inflammatory
response plays a crucial role in the progression of DKD.
Currently, the diagnosis of DKD mainly relies on the urine
albumin-to-creatinine ratio (UACR) and/or progressive
decline in estimated glomerular filtration rate (eGFR) [2].
However, accumulating evidence indicates that these
indicators have insufficient sensitivity in the early stage of
DKD. When significant abnormalities in UACR and
estimated GFR (eGFR) occur in diabetic patients, renal
injury has already progressed to a certain extent [3-4].
There is an urgent need to identify new diagnostic markers
for earlier diagnosis of DKD.

Adenosine deaminase (ADA) is a lymphocyte
proliferation and differentiation-dependent enzyme that is
widely expressed in human tissues. It irreversibly

regulating adenosine concentration [5]. Recent studies have
found that serum ADA levels are significantly elevated in
patients with type 2 diabetes mellitus (T2DM) and is also
positively correlated with insulin resistance and also highly
correlated with glycated hemoglobin (HbAic) [6],
suggesting a close association between ADA levels and
poor glycemic control [7]. ADA has gradually gained
attention in research on the early diagnosis, treatment, and
mechanisms of immune disorders in diabetes, and the
clinical value of dynamic detection of ADA levels is being
in-depth evaluated [8]. ADA may play an important role in
the pathogenesis of T2DM complications. Therefore, this
study aims to evaluate the correlation between serum ADA
levels and the presence of DKD in T2DM patients through
a cross-sectional design.

1 Materials and methods

1.1 Study subjects
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A cross-sectional study was conducted, and data of
hospitalized patients with (T2DM in the Department of
Endocrinology, the First Hospital Affiliated to Army
Medical University from January 2019 to September
2023 were retrospectively collected. The diagnostic
criteria for T2DM were in accordance with the
Interpretation of the China Guidelines for the Prevention
and Treatment of Diabetes (2024 Edition) [9].

Exclusion criteria: (1) Age < 18 years; (2) Other
types of diabetes mellitus, with or without acute
complications; (3) Complicated with diseases such as
heart failure, chronic hepatitis, malignant tumors, and
severe infections; (4) Renal damage caused by other
reasons, such as drugs, nephritis, nephrotic syndrome, etc.;
(5) Incomplete clinical data.

9 252 cases meeting the criteria for T2DM

Diagnostic criteria for DKD were as follows [10].
With a definite history of T2DM, and after excluding
chronic kidney disease caused by other reasons, DKD
was diagnosed if one of the following conditions was met:
(1) Reaching the criteria in 2 out of 3 repeated tests
within 3-6 months, UACR = 30 mg/g or urinary
albumin excretion rate (UAER) =30 mg/24 h (after
excluding other interfering factors such as infection),
and/or eGFR <60 mL/(min-1.73 m?) persisting for more
than 3 months; (2) Renal biopsy consistent with the
pathological changes of DKD [1]. Finally, a total of 5,485
T2DM patients were included, among whom 1,659 had
DKD and 3,826 did not have DKD [Figure 1]. This study
was approved by the Ethics Committee of First Affiliated
Hospital of Army Medical University (Ethics No.:
KY2024007).

3 767 cases were excluded:

o1 109 participants missing serum adenosine deaminase data

el 297 participants missing urinary microalbumin, urinary creatinine, and
ACR data

©713 participants missing a.1-MG and p2-MG data

#372 participants missing eGFR data

#276 participants with other severe diseases

5 485 cases meeting the criteria for T2DM

i V4

Non-DKD patients: 3 826 cases

DKD patients: 1 659 cases

Fig. 1 Flowchart for participant screening

1.2 Collection of clinical data and detection of
serological indicators

General data of patients were collected, including
gender, age, body mass index (BMI), smoking history,
drinking history, etc. After fasting for 8 hours, patients
underwent venipuncture to collect early morning fasting
venous blood the next day. An automatic biochemical
analyzer (Cobas 8000, Roche) was used to determine
glycated hemoglobin (HbAic), fasting blood glucose
(FBG), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), y-glutamyl transferase (GGT),
alkaline phosphatase (ALP), total cholesterol (TC),
triglycerides (TG), low density lipoprotein cholesterol
(LDL-C), al-macroglobulin (MG), and B2-MG. Serum
adenosine deaminase (ADA) levels were detected by
colorimetric method (kit purchased from Beijing Leadman
Biochemistry). Uric acid, urinary albumin, and urinary
creatinine were measured using the Mindray CAL8000
automatic pipeline detection system, and the UACR was
calculated. The eGFR was computed according to the

Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula.

1.3 Statistical methods

Statistical analysis was performed using RStudio
(version 2025.05.0 + 469) and IBM SPSS 27.0 software.
Continuous variables with normal distribution and
homogeneous variance were expressed as x =+s, and
comparisons between groups were performed using -test.
Non-normally distributed continuous variables were
presented as M (P»s, P7s), and comparisons between groups
were conducted using the Wilcoxon rank-sum test.
Categorical variables were expressed as cases (%), and
comparisons among multiple groups were analyzed using
the y? test. In multivariate logistic regression analysis,
potential confounding variables were adjusted, and ADA
levels were further analyzed after grouping by quartiles.
Subgroup analysis was used to explore the relationship
between ADA and DKD, as well as the interaction among
different subgroups. In response to non-linear trends
identified in subgroup analysis, variance inflation factor
(VIF) analysis was performed for all continuous variables
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to ensure controllable multicollinearity (VIF<5). A P value
<0.05 was considered statistically significant.

2 Results
2.1 Baseline Characteristics of Participants

A total of 5 485 patients with T2DM were included.
The mean age was (60.21+13.13) years, with 57.76% (3
168/5 485) being male. The proportions of smokers and
drinkers were 38.96% (2 137/5 485) and 36.88% (2 023/5
485), respectively. The mean systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were (137.27+20.85)
mmHg and (85.25+12.89) mmHg, respectively. The mean
fasting blood glucose was (8.99+3.52) mmol/L, and the
mean HbAic was 9.42%+2.63%. The prevalence of DKD
was 30.24%, and the range of ADA levels in all
participants was 0.2-53.9 uw/L. Compared with the
non-DKD group, the DKD group showed statistically
significant differences in age, BMI, SBP, DBP, FBG,
HbAc, uric acid, UACR, al-MG, and B2-MG (P<0.05).
Additionally, the DKD group had higher ADA levels and
lower eGFR than the non-DKD group (P<0.05). [Table 1]

2.2 Logistic Regression Analysis of Influencing
Factors for DKD

In Model 1 (without adjusting for covariates), each 1
u/L increase in ADA was associated with a 7% increase in
the risk of DKD (OR=1.07, 95% CI: 1.05-1.08, P<0.01).
After adjusting for all confounding factors (Model 3), each
1 /L increase in serum ADA level was still associated
with a 4% increase in DKD risk (OR=1.04, 95%CI
1.01-1.05, P<0.01). Furthermore, when ADA was grouped
by quartiles, the proportion of DKD patients showed an
increasing trend (21.30% in QI, 25.51% in Q2, 32.56% in

Q3, and 42.86% in Q4). Compared with patients in the Q1
group, those in the Q3 (OR=1.184, 95%CI: 1.030-1.362,
P=0.020) and Q4 (OR=1.450, 95%CI: 1.112-1.893,
P=0.007) groups had significantly higher risks of DKD.
The risk of DKD in T2DM patients increased progressively
with increasing serum ADA levels (P for trend=0.002).
[Table 2]

Tab.1 Baseline characteristics for participants in DKD
group and non-DKD group

Indicator Non-DKD group DKD group 4%Z P
(n=3,826) (n=1,659) value value
Male [1(%)] 2083 (54.4) 1085 (65.4)  56.949 <0.001
Age (years)® 593941350  62.08+12.05 7.165 <0.001
Sg?;ﬁg history 1,390 (36.3) 747 (45.0)  36.804 <0.001
Aﬁf;gl‘f; ?;ﬂ}:;?g 1,328 (34.7) 695 (41.9)  25.647 <0.001
BMI (kg/m?)* 25.03+393  2567+3.80 5431 <0.001
SBP (mmHg)® 134.95+19.58  143.59+22.63 12397 <0.001
DBP (mmHg)" 84.60+12.45  86.77+14.02 5.068 <0.001
FBG (mmol/L)* 8.75+3.45 9.57+3.60  7.548 <0.001
HbA1c (%) 9.20+2.63 9.95+254  9.639 <0.001
AST (wL)° 23 (19, 29) 22(18,28)  1.220 0.001
ALT (wL)? 29.93+1249  2677+11.82  3.517 <0.001
GGT (wL)® 29 (19, 48) 30(20,52)  2.000 0.051
ALP (w/L)° 86 (72,105) 89 (74,109)  2.051 <0.001
TC (mmol/L)® 4.56(3.87,5.30) 4.56 (3.86,5.39) 1.909 0.605

TG (mmol/L)°
LDL-C (mmol/L)?

1.61(1.12,2.43) 1.74(1.25,2.58) 2.681 <0.001
2.87+0.78 2.86+0.83 0.612 0.176

Uric acid (umol/L)® 326 (271,390) 362 (297,429) 11.030 <0.001
UACR (mg/g)® 5.66 (0.74, 13.32) 149.56 (73.94, 75.539 <0.001
182.76)
eGFR
[mL/(min-1.73m2)]" 88.46 +£27.38 59.49 £27.38  33.036 <0.001
al-MG (mg/L)* 27.47+11.43 39.86 +18.20 30.041 <0.001
B2-MG (mg/L)* 224 +1.71 4.83+4.43  30.888 <0.001

ADA (w/L)® 12.0 (9.6,15.4) 14.0 (11.1,22.2) 20.287 <0.001
Note: 4, the data was represent by X +s.

Tab.2 Multivariate logistic regression analysis of the relationship between ADA and DKD

Model 1 Model 2 Model 3
Serum ADA
OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Continuous variable 1.07 (1.05-1.08) <0.001 1.06 (1.04-1.07) <0.001 1.04 (1.01-1.06) <0.001
Quartile

Q1 Reference Reference Reference

Q2 1.15 (0.94-1.40) 0.020 1.10 (0.89-1.36) 0.400 1.07 (0.97-1.14) 0.400

Q3 1.73 (1.43-2.10) <0.001 1.76 (1.42-2.17) <0.001 1.18 (1.03-1.36) 0.020

Q4 2.35(1.94-2.58) <0.001 2.58 (2.08-3.20) <0.001 1.45(1.11-1.89) 0.007
P for trend <0.001 <0.001 0.002

Note: Model 1: Unadjusted; Model 2: Adjusted for demographic and basic health indicators (age, gender, smoking history, alcohol drinking history, SBP, DBP,
BMI); Model 3: Further adjusted for renal function indicators (uric acid, eGFR, UACR, al1-MG, 2-MG) and metabolic and liver function indicators (HbA1c,
FBG, TG, AST, ALT, ALP) on the basis of Model 2. VIF test showed that all variables had VIF<5 (maximum VIF=3.5), excluding multicollinearity interference.

2.3 Subgroup Analysis of the Relationship between
ADA and DKD Risk

Subgroup analyses stratified by age, gender, BMI,
HbAi,, etc., and interaction tests showed that after
adjusting for age, gender, smoking, alcohol consumption,
SBP, DBP, BMI, FBG, TG, uric acid, AST, ALT, eGFR,
HbAi, al-MG, B2-MG, and UACR, the relationship
between ADA level and DKD risk exhibited interactions
with f2-MG and eGFR. The relationship between serum

ADA and DKD risk was not linear, and its direction of
effect was highly dependent on baseline renal function
status. When B2-MG < 3 mg/L, an increase in ADA was
associated with a reduced risk of DKD (OR=0.938). When
B2-MG was elevated (= 3 mg/L), an increase in ADA
instead increased the risk of DKD (OR=1.033, 95%CI-
1.002-1.066, P=0.039). With the decline in renal function
and increase in ADA, the risk of DKD significantly
increased (P<0.05). [Table 3]
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Tab.3 Subgroup analysis of the correlation between ADA and
the risk of DKD
Pinteraction

DKD Non-DKD
on OR (95%CI) P value
group _ group value

Age 0.066
<60 years 699 1,798  0.970(0.927,1.016) 0.201
= 60 years 960 2,028  1.024(0.992,1.058) 0.147

Variables

Gender 0.281
Male 1,085 2083 1.003(0.970,1.037) 0.846
Female 574 1,743 1.005(0.961,1.051) 0.826

BMI 0.337
<25kg/m?> 717 1,945 1.010(0.972,1.050) 0.597
=2 942 1,881  0.998(0.962,1.036) 0.921

kg/m?

HbAc 0.597
<6.5% 128 701 1.126(1.000,1.267) 0.051
= 6.5% 1,531 3,125 0.999(0.972,1.026) 0.923

al-MG 0.818

<30mg/L 559 2,766 0.912(0.864,0.962) <0.001
= 30mg/L 1,100 1,060 1.041(1.008,1.075) 0.014
B2-MG 0.012
<3 mg/L 766 3,273 0.938(0.896,0.981) 0.006
= 3mg/L 893 553 1.033(1.002,1.066) 0.039

e¢GFR mL/(min-1.73 m?) <0.001

>120 63 319 1.001(0.952,1.166) 0.983
90 -<120 295 1,734 0.724(0.638,0.823) <0.001
60-<90 403 1,268  0.989(0.898,1.089) 0.818
30- <60 535 371 1.102(1.013,1.198) 0.023
<30 363 134 1.150(1.047,1.264) 0.003

3 Discussion

DKD is a common microvascular complication of
diabetes and the most common cause of end-stage renal
disease (ESRD) [11]. Early intervention can effectively
delay renal failure and improve patient prognosis [12].
However, once patients develop massive proteinuria, they
often miss the optimal treatment opportunity [13].
Therefore, finding more effective diagnostic indicators is
crucial. This study evaluated the relationship between
serum ADA levels and DKD in patients with T2DM. The
results showed that elevated serum ADA was significantly
correlated with the risk of DKD in T2DM patients, and
ADA may reflect tubulointerstitial injury and decreased
glomerular filtration function.

Lu ef al. [14], through a study of 400 T2DM patients,
found that serum ADA was closely related to DKD and
partially reflected the risk of DKD in T2DM patients,
which is generally consistent with the results of this study.
Gondouin et al. [15] also found that ADA was significantly
elevated in DKD patients, which increased the risk of
cardiovascular events. In addition, elevated ADA is also
associated with an increased risk of diabetic retinopathy
[16], peripheral neuropathy [17], and diabetic
cardiomyopathy [18].

This study found that ADA further increased with
poor glycemic control and progression of DKD. When
eGFR < 60 mL/(min-1.73m?), the risk effect of ADA on
DKD was significantly enhanced, which may be attributed
to the following: (1) In the early stage of DKD, ADA is
slightly elevated, and its substrate adenosine can still
regulate renin release and glomerular filtration rate [19],
activate adenosine 2b receptors, inhibit the release of
inflammatory factors [tumor necrosis factor (TNF)-o,

interleukin (IL)-1f], and alleviate renal tissue damage [20];
(2) With the persistent decline of eGFR, excessive
elevation of ADA accelerates adenosine degradation,
losing its protective anti-inflammatory effect and
aggravating renal damage; (3) High ADA activates CD4+
T lymphocytes, releasing a large number of inflammatory
factors such as interferon-y and IL-2, which accelerates the
progression of DKD [21-22]; (4) High ADA inhibits
cellular glucose uptake by degrading adenosine,
exacerbating insulin resistance [7] and indirectly damaging
the kidneys. Multiple factors collectively lead to a
significant increase in the risk effect of ADA as eGFR
decreases.

This study found that when the renal tubular injury
marker f2-MG = 3 mg/L, elevated ADA increased the
risk of DKD; when B2-MG was normal, ADA instead
reduced the risk. This bidirectional effect may be explained
as follows: (1) In the early stage with normal renal function,
slightly elevated ADA catalyzes adenosine deamination,
which prevents adenosine from activating adenosine Al
receptors, thereby avoiding renal vasoconstriction,
decreased filtration rate, and podocyte apoptosis induction
[20], exerting a protective effect; (2) After renal tubular
injury (B2-MG = 3 mg/L), damage-associated molecular
patterns (DAMPs) are released, activating macrophages
and upregulating ADA, leading to adenosine depletion and
forming an inflammation-injury positive feedback loop
[27]; (3) High concentrations of ADA catalyze inosine
metabolism to uric acid, and uric acid crystal deposition
can activate the NOD-like receptor protein 3 (NLRP3)
inflammasome, leading to IL-1B release and reactive
oxygen species (ROS) burst, which directly damages
tubular epithelial cells [24]. These results support that
elevated serum ADA may serve as a potential biomarker
reflecting tubulointerstitial injury and decreased glomerular
filtration function.

In conclusion, this study found that elevated serum
ADA in T2DM patients was associated with the risk of
DKD, and the impact of ADA on DKD risk varied with
changes in P2-MG levels. However, the study has
limitations: the cross-sectional design cannot infer a causal
relationship between ADA and DKD; the failure to detect
inflammatory factors and adenosine metabolites limits
mechanistic interpretation; and the single-center sample
may have selection bias. Future prospective cohort studies
are needed to validate the early warning value of ADA.
Given the wide distribution of ADA and its association
with multiple diabetic complications, it is necessary to
further explore the relationship between ADA and other
diabetic microvascular complications.

In summary, this study indicates that elevated serum
ADA significantly increases the risk of DKD as renal
function declines. The correlation between ADA and
B2-MG may reflect renal tubular injury in T2DM patients.
Serum ADA levels are of great significance for the
progression of DKD and are expected to become an
important detection indicator for early DKD lesions,
providing a theoretical basis for subsequent studies on
serum ADA and diabetic complications.
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W) o LTI RGN P S8 3 I R S SE g B e hn F AT L. R Z R & logistic FH 7347 ADA 5
DKD XU 1 R IFHATIH 0T, Z5R 54857 T2DM 1, DKD & 1 30.24% , ADA /K38 H 9 0.2~53.9 u/L.,
DKD 41 ADA 7K i % 5 T AE DKD 41[ 14.0(11.1,22.2)w/L vs 12.0(9.6, 15.4)u/L., Z=20.287, P<0.01 ] . % ADA
TP S 43 4R 5, DKD 5 5 T3 (Q1 40 21.30% , Q2 2H 25.51%, Q3 4H 32.56% , Q4 4 42.86% ) , ZH &
logistic [0 7%, 7EAE TE AR SESE R TR, %5 ADA 5 F1 55 1 u/L, DKD XU N 4% (OR=1.040, 95%CI: 1.011~
1.064, P<0.01), Q4 £ 1) DKD JXU: %% Q1 4T 45% (OR = 1.450, 95%CI: 1.112~1.893,P=0.007) . V.20 it
7R 2 B2-TEREE F1= 3 mg/L I, ADA T 5238 fin DKD XU (OR=1.033, 95%CI: 1.002~1.066, P=0.039) ; eGFR <
60 mL/(min-1.73 m>)if, ADA S LK [eGFR 30~<60 mI/(min-1.73 m*#H,0R=1.102;eGFR< 30 mL/(min-1.73 m*) 4,
OR=1.150]. #5it T2DM &, Ifi5 ADA KPS DKD Ho i A0 5G, Jo e 18 v B0 G3 401 K& LU
BAE AR HR P 3h A8 W sl B S0 RUES: 43 J2 S A Ab T

SRR 2 MR IRNG 5 B DRI B 5 BT DO s AL/ NER IR ORI 1 A R UEF LG
FE4SHES: R587.2 XEkFRIATE: A XE4HS: 1674-8182(2025)09-1319-05

Correlation between serum adenosine deaminase levels and the risk of diabetic

kidney disease in patients with type 2 diabetes mellitus
ZHANG Pengrui, PENG Guiliang, ZHANG Yuling, ZHANG Xinyu, SUN Lijuan, LONG Min
Department of Endocrinology, Southwest Hospital, First Hospital Affiliated to Army Medical University, Chongqing 400038, China
Corresponding author: LONG Min, E-mail :longmin@tmmu.edu.cn
Abstract: Objective To compare the serum adenosine deaminase (ADA) levels in patients with and without diabetic
kidney disease (DKD) in type 2 diabetes mellitus (T2DM), and explore the correlation between ADA levels and the
risk of DKD. Methods A cross-sectional retrospective study was conducted , including 5 485 T2DM patients
hospitalized at the First Hospital Affiliated to Army Medical University from January 2019 to September 2023. Patients
were grouped based on the presence or absence of DKD (1 659 cases in DKD group and 3 826 cases in non-DKD
group). Clinical data and laboratory indices of both groups were collected from the medical record system and compared.
Multivariate logistic regression analysis was used to examine the relationship between ADA levels and DKD risk , with
subgroup analysis performed. Results Among 5 485 T2DM patients, the proportion of DKD was 30.24% , with ADA
levels ranging from 0.2 to 53.9 u/L. ADA levels were significantly higher in the DKD group compared to the non-DKD
group [14.0(11.1,22.2) u/L vs 12.0(9.6, 15.4) u/l., Z=20.287, P<0.01]. After dividing into quartiles based on ADA
levels, the proportion of DKD showed an upward trend (Q1 group 21.30% , Q2 group 25.51%, Q3 group 32.56%, Q4
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group 42.86% ). Multivariate logistic regression showed that, after adjusting for relevant risk factors, each 1 u/L increase
in ADA was associated with a 4% increased risk of DKD (OR= 1.040, 95%CI: 1.011-1.064, P<0.01), and the Q4
group had a 1.45-fold higher risk of DKD than the Q1 group (OR = 1.450, 95%CI: 1.112-1.893, P=0.007 ). Subgroup
analysis showed that when B2-microglobulin = 3 mg/L, elevated ADA significantly increased the risk of DKD (OR=1.033,
95%CI:1.002-1.066, P=0.039 ) ; when eGFR < 60 mL/(min+1.73 m*), the effect of ADA was amplified [vs eGFR
30 to <60 mL/(min+1.73 m*) group, OR=1.102; vs eGFR< 30 mL/(min - 1.73 m*) group, OR=1.150]. Conclusion
Elevated serum ADA levels in T2DM patients are significantly associated with the incidence of DKD, especially in
stages G3 and beyond of chronic kidney disease. Dynamic monitoring of ADA levels may aid in early risk stratification
and individualized interventions.

Keywords: Type 2 diabetes mellitus; Diabetic kidney disease; Adenosine deaminase; Estimated glomerular filtration
rate; Microglobulin; Urine albumin-to-creatinine ratio

Fund program: Chongqging Natural Science Foundation Key Project (CSTB2024NSCQ - KJFZZDX0003) ; Clinical

Project of the First Affiliated Hospital of Army Medical University (202411TZDB13)

PR 9 B I (diabetic kidney disease, DKD)
ST DLABE PRI I AE 2 —  H R AL R 25 5
F A SR ZE AL R B ) 2O | 2 oTl i B
HOE RIS 2 R A EAE Y, Horh RAE B
15 DKD 1 #EJ& A 45 3 S BVE I . H AT, DKD 2 W7
F= LM R A F/PR LR LA (urine albumin-to-
creatinine ratio, UACR) FI (= ) £l . B /N ER JE 1 %
(estimated glomerular filtration rate, eGFR) T
R SR, 3K LEFE AR TE DKD 1A By B 19 U AN
o HBERSEH UACR T eGFR LWL 55 1,
B E & RS —E RN, HEAIT T4k
B2 WbR R DL 2 W DKD.

MR 24 B (adenosine deaminase, ADA) & —
A b L 248 3185 5 R P RS 2 i, AN T 00 o
N IUE XTI B H K B CE S AR
W98 & B, 2 BUBE IR K (type 2 diabetes mellitus,
T2DM) 3 L7 ADA /K 5 35 T , TH B9 ADA
5 RARPUR EAHC, RSP 2L 1 (gly-
cated hemoglobin, HbA ) A BT 178 ADA
K5 L R A 2 TR L Sh R
ADA K- 51l RO ELEBIRATEAG ™ . ADA o n] B
TE T2DM J- K AE B SR IL b A AT R,
AT o B T R PE AL 1LV ADA JKSF-5 T2DM
AT DKD WA

1 M&57H%

1.1 AP RHBEWrmE AT oY, mmivE R 4L 2019
AR 1 H 2202349 H T REZAE0E RS2 5 —FE B B
WA IRHMEBERY T2DM 55 . T2DM B35 2 WibsifE
A (e [ WS PR By 3 48 e (2024 BO VAR IE™ . HEBR
PRt (1) AR/ 18 J81 % 5 (2) A2 R , £

BRI AE s (3) B IF0 )5l A8 MEFR O
P bR R YL S 5 (4) HoAB DR 5 R Y I
PF BN B R CEIRLE B IR (5) ImIR BTk
ASEHE . DKD ZWibsifE " 4nF o A W9 T2DM
o S, IR Al 5t A 5 1S 1 0 I L £ LA
TIE ML Z— T2 DKD: (1) 78 3~6 ™ A NEE
Kt 3 kA 2 Y3k 3 UACR =30 mg/g 8% R (1 4
HHE R (urinary albumin excretion rate, UAER) =
30 mg/24 h H-HERRIEL G H A T HE P ZE F () eGFR<
60 mL/(min- 1.73 m*) 523 H LA |5 (2) B IERAF
A DKD R RS, I A T2DM R3S 485 fl
A DKD 1 659491, AVEDKD 4% 3 826 fil(1&11)
ABIFE C AR AT il 75 78 B R o — i s 5 e A2 H1 2%
St (R H 5 : KY2024007)

1.2 W ARTR R F deAnen IR RE RO
ALFEPER] AR SR TTEFEEL (body mass index, BMI) |
WA S RGP SR 4. FRETEAS B 8 hm , T HAIGE R
23 JE K L 49 42 A 3 2R AR 23 AL (Cobas 8000,
B ) M E HbA . 25 i 1L (fasting blood glucose,
FBG) . N & I8 % & ¥ (alanine aminotransferase,
ALT) R 4& e % = il (aspartate aminotransferase ,
AST) \y-BF A B FEFE T (gamma-glutamyl transferase
GGT) BB lA 1 (alkaline phosphatase, ALP) | &L
AHEFEE (total cholesterol, TC) . =Bt HH (triglycerides,
TG) K% B A 8% (I [E B (low density lipoprotein
cholesterol, LDL-C) ,al-f# ¥k & FH (macroglobulin,
MG) \B2-MG ;K b 32 (k) &l B A st A i
) K LT ADA ZKF-o i FH 7 B CAL8000 42 [ 3
T K LAGIN 22 G2 7 PR IR PR VA E R LB 353
UACR ; AR 35 18 P8 B Mo A 9 5 43 /A (Chironic
Kidney Disease Epidemiology Collaboration, CKD-EPI)
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NI eGFR,

1.3 %it3 5% KM RStudio (version 2025.05.0+
469) S IBM SPSS 27.0 ¥k A i A Bda e it o b o 4%
B IES AT oy 22 57 1 2078 5 L xs R, 2 17
HECR A R g . IS BUL R M (Ps, Prs) KR,
2 [8] b 55 R FH Wilcoxon B IR 56 o 49 278 1 LA 5]
(%) RN, ZH IR R . 162 & logistic

[ 5 43 B H SV TE B TR 2 A8 5 R AT I K, JF % ADA
IKVF W8 G35 4 A J5 AT 53 A o A TSI 2 43 B 4R
¢ ADA 5 DKD 2 [6] i 5 £ , [7) IF PR 2% 4% 37 2H (1] 1
AEAEHT o BE X240 53 B S B AR Ze itk i 3, xF
Jr A i B8 e AT 7 25 W ik 5 %X (variance inflation
factor, VIF) 73 A1, B {4 2 5 2P T 52 (VIF<S)
P<0.05 M =5 A g4 X

1109 {912 5 Bl 2 M35 BR e = AR I

1 297 IS5 F I R A FRIEF \UACR £dis
713612 5# 5l -MB  B2-MB di
3724155 F e eGFR $dls

276 112 5 AT Hofh ™ TR

Y

| 9 252 il T2DM |
3767 IHER -
| 5 485 BG4 S |
|
7
Al DKD &4 3 826 1 | |

DKD #1659 f4il

1 Z5&EEREE

Fig.1 Flowchart for participant screening

2 # R

2.1 XA AREAAE YIS 4851 T2DM
AEIER(60.2113.13) % 1% 57.76%(3 168/5 485),
WA R 3 0 38.96% (2 137/5 485) . 36.88%
(2 023/5 485) , W 4 He | &F 5K J& 43 901 o (137.27 +
20.85) mmHg. (85.25 + 12.89) mmHg, 25 i ifil 4 4
(8.99 + 3.52) mmol/L, HbA . } 9.42% =+ 2.63% , DKD
R R 30.24% , iT 1 2 5 5 1) ADA KB
0.2~53.9 u/L, A HAE DKD 4, DKD 2H H4E#% . BMI.,
W45 TR &7 9K K . FBG . HbA . JRR .UACR . a1-MG .
B2-MG £ 347 Giit2¢ 7 3 (P<0.05), 5EDKD 414
It , DKD ZH Hr ADA 7K °F- B 5, 17 eGFR 84K (P<
0.05). W1,

2.2 DKD %% B % & logistic ¥ )2 547 BRI 1 (R
PEEE P ) : ADA B THE 1 /L, DKD XU 3 i 7%
(OR=1.070, 95%CI:1.052~1.081, P<0.01) , 7 %e 4>
IR 5 (BAY 3) , 1ML ADA ZKFAE T 1 w/L,
DKD XU 5341 4% (OR=1.040,95%CI:1.011~1.064,
P<0.01) o 7341, ¥ ADA $2 DU 4357 43 41 5 PR 43 4T
DKD & & /i b 2 b FHE# (Q1 41 21.30% , Q2 41
25.51%,03 41 32.56%,Q4 20 42.86% ) . AL Q1 411
# .03 40 (OR=1.184,95%CI: 1.030~1.362, P=0.020)
1 Q4 4 (OR=1.450, 95% CI: 1.112~1.893, P=0.007)
H% DKD XU 3 T . T2DM H. 2 DKD (XU i
1175 ADA KB IGRYE (P = 0.002) . W2,

&1 DKDZ 59F DKD 4 B SR AHIE LA
Tab.1 Comparison of baseline characteristics for patients in
DKD group and non-DKD group

~ AEDKD 2 DKD4H R

Gkl (n=3 826) (nel g59) N/ P

B #1(%) ] 2083(54.4) 1085(65.4)  56.949 <0.001
A () 59.39+13.50 62.08+12.05 7.165 <0.001
W AR B [ 61 (%) | 1390(36.3) 747(45.0)  36.804 <0.001
s [ (%) ] 1328(34.7) 695(41.9)  25.647 <0.001
BMI(kg/m®)* 2503+£3.93  25.67+3.80 5431 <0.001
47 H (mmHg)® 134.95+19.58 143.59 £22.63 12.397 <0.001
#F 5K (mmHg)* 84.60+12.45 86.77+14.02 5.068 <0.001
FBG (mmol/L)* 8.75 +3.45 957+3.60  7.548 <0.001
HbA (%) 9.20+2.63 9.95+2.54  9.639 <0.001
AST(u/L)" 23(19,29) 22(18,28) 1.220  0.001
ALT(u/L)* 2093 +1249 26.77+11.82 3.517 <0.001
GGT(u/L)" 29(19,48) 30(20,52) 2.000 0.051
ALP(u/L)" 86(72,105) 89(74,109) 2.051 <0.001
TC(mmol/L)" 4.56(3.87,5.30) 4.56(3.86,5.39) 1.909 0.605
TG(mmol/L)" 1.61(1.12,2.43) 1.74(1.25,2.58) 2.681 <0.001
LDL-C(mmol/L)* 2.87+0.78 286+0.83 0612 0.176
JRIR (mol/L)" 326(271,390)  362(297,429) 11.030 <0.001
UACR(mg/g)" 5.66 149.56 75.539 <0.001

(0.74,13.32)  (73.94,182.76)
eGFR 88.46+27.38  59.49+27.38 33.036 <0.001
[mL/(min+1.73 m*) J*

al-MG(mg/L)* 2747+11.43  39.86+18.20 30.041 <0.001
B2-MG (mg/L)* 224171 483+443 30.888 <0.001
ADA (u/L)" 12.0(9.6,15.4) 14.0(11.1,22.2) 20.287 <0.001

{i‘ﬁﬁﬂ?’?[«\l;i Si’%i_\‘;hj‘]ﬁﬂfg[/JM(PZS,Pﬁ)%%i_\‘o

2.3 ADA 5 DKD A% R 69 28047 ISR P
S BMIHbA 7K~ F-25 354743 2 40 43 B A s ELAE
FHRL TR, FERCIE AR ) WA R AR
#9K & .BMI.FBG TG . JRI#2 .AST .ALT .eGFR \HbA .
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al-MG.B2-MG . UACR J& , ADA /KF-F1 DKD XU 56 &
5B2-MG .eGFRfA#E3C HAEM , 1l ADA 5 DKD X,
W 1) 56 R IFAE SR, LA F 5 1l e B AR S48 1)
AERAS . B2-MG < 3 mg/LI, ADA JH35 5 DKD X

;e I AH 56 (OR=0.938) 2482-MG Tt (=3 mg/L)
B, ADA FH55 MG DKD XU (OR=1.033,95%CI :
1.002~1.066, P=0.039) . i ¥ LI AE A T B Al ADA
HFHE, DKD XU I 38 i (P<0.05) . W3R 3,

2 ADA 5 DKD K RMZLZHZE logistic [H1H/3Hr

Tab.2 Multivariate logistic regression analysis of the relationship between ADA and DKD

AL [T Eip) 3
IfiL7# ADA
OR (95%CI) P OR (95%CI) P1E OR (95%CI) PIE

L 1.070(1.052~1.081) <0.001 1.062(1.043~1.072) <0.001 1.040(1.011~1.064) <0.001
P53

Q1 Z: ZH 2

Q2 1.152(0.941~1.402) 0.020 1.101(0.894~1.363) 0.400 1.073(0.972~1.144) 0.400

Q3 1.733(1.432~2.101) <0.001 1.762(1.423~2.171) <0.001 1.184(1.030~1.362) 0.020

Q4 2.350(1.941~2.580) <0.001 2.582(2.080~3.201) <0.001 1.450(1.112~1.893) 0.007
Pyt <0.001 <0.001 0.002

T AR 1 R AAL TE AR 2 AR TN 12 S SE R RS B (AR PRSI R S0 DA BB I T BT IR (BMIL) s A58 3 SRy /At 2 IRk 1 &b
BEE B ETI e85 (RIR .eGFR JUACR .« 1-MG .B2-MG) B A 5 FF D BEFE #R (HbA . . FBG TG \AST \ALT \ALP) . %8 VIF K556 i 43 A2 fit: VIF<S5 (%

KRVIF=3.5) , fFBR 2 HILL M T

R3  ADA 5 DKD A AR A W43
Tab.3 Subgroup analysis of the correlation between ADA and

the risk of DKD

bk DKDZH dEDKD4L  OR (95%CI) P{H Pl

AR

<60 % 699 1798 0.970 (0.927,1.016) 0.201 0.066

=60% 960 2028 1.024 (0.992,1.058) 0.147

PE5

% 1085 2083 1.003(0.970,1.037) 0.846
0.281

& 574 1743  1.005(0.961,1.051) 0.826

BMI

<25 kg/m® 717 1945
=25 kg/m’ 942 1881

1.010 (0.972,1.050) 0.597
0.337
0.998 (0.962,1.036) 0.921

HbAc
<6.5% 128 701 1.126 (1.000,1.267) 0.051 0.597
=6.5% 1531 3125 0999 (0.972,1.026) 0.923
al-MG

<30 mg/L 559 2766
=30mg/L 1100 1 060

0.912 (0.864,0.962) <0.001
0.818
1.041 (1.008,1.075) 0.014

B2-MG
<3 mg/L 766 3273 0.938 (0.896,0.981) 0.006 0012
=3 mg/L 893 553 1.033 (1.002,1.066) 0.039

eGFR
=120 63 319 1.001 (0.952,1.166) 0.983
90 ~<120 295 1734 0.724 (0.638,0.823) <0.001
60~ <90 403 1268 0.989 (0.898,1.089) 0.818 <0.001
30~ <60 535 371  1.102 (1.013,1.198) 0.023

<30 363 134 1.150 (1.047,1.264) 0.003

1 : eGFR AL Ky mL/ (min+1.73 m®),

3 3 it

DKD JE 4 PRI & DL A I ARE , 2 4R 3
”%ﬁi(end—stage renal disease, ESRD) % & UL JF A 1Y
T 0T A R 2 W vty , 2 RS TS, AR

— B K EE AR, 5 R ERIT L,
I, FEREAKMSWHER 2 XEE, AFEXT
T2DM & 4% IfiL 75 ADA 7KF-5 DKD 1) ¢ &R #4717 1F
fili o GESRFH, M ADA THiE 5 T2DM & DKD XL
W6 B A S, ADA 1] BB S B B /N T o 43 495 S
B /NBRIEIT T RE TR

Lu 285 355 %F 400 151 T2DM F2 3 BOIF5E , % PRI
I ADA 5 DKD % UJAH 3¢ , #873 s e 7 T2DM (& %
DKD XU , A58 45 R 5 2 KEAHAE . Gondouin 55
Ol & B DKD B ADA B TR, S0 I A g
PEIRBS . BEAh, ADA T i85 05 bR R I I A |
S IR 229 OB PR Lo WL ™ XU B84 Jan A 5 o

AT G S BB A IS AN A3 L DKD o 155 1
ADA #E—2L T . 24 eGFR<60 mL(min-1.73 m*) i,
ADA XF DKD KUK F 500 i 2 4858, ] RE &« (1) DKD
HUHA ADA R EE TS, FLR P B i T 5 B R R
ORI /INERYE TR S MR 2b 324, il R AE
TR, DR B L 2407 5 (2) eGFR H72E T %,
ADA 33 BE T v i B B A, st R LA AP PR BT R AR
FH e B AR 5 (3) 35 ADA B CDA T itk B 4
JiL, R 2 R AE PR - 40 T -y Al i A R (in-
terleukin, IL)-2 45, NP DKD #EJ %5 (4) & ADA i
I e B U o 200 M BB AR 2 , n B S R
AR5 B ML . 220 PR 38 3 ) S 350 ADA JXURS: 55007 i
eGFR T I G K

AR, S NEUREYIR2-MG = 3 mg/L
iF, ADA FhiE 48 i DKD XU , 24 B2-MG 1E B, ADA
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ST AT RS, 3 A 8L [ &80 FT B AE < (1) BRI 1)
REIEH IS, B2 B T 1Y ADA FEAL R B 22, ml st f
PO BT AL SZAR, 4k T 2505 A8 s DR R T
W, U5 R LR T B DR . (2) 245/ VE
Pi5 ( B2-MG = 3 mg/L ) , B 43 AH OC 43 F 15X
(damage-associated molecular patterns, DAMPs) , 4%
EL W T F 8 ADA , {5 it 1 FE 3 , T2 i AR S — 4 4%
TERBAEIR T, (3) vk BE ADA AL L AR A R
T2, PRIR 25 S DURR ] B0 A% H R4 & 2 R AL 4 A 15k
FEZ IR A3 (nucleotide-binding oligomerization do-
main-like receptor protein 3, NLRP3) RJE/IMA, T3
IL-1B TR , 75 S 16 R SEUbR K, LR3IV b e 2
ot gt S R LT ADA T T REAE R S
N B) B A s S B /N R DB S D BE T RV A AR W)
S

Zi b ARBEGE & R T2DM H 4 16 ADA THE 5
DKD KU AHIC , F U5 2 ADA X DKD JXUBS: (1 5 1 i
B2-MG HY7K-F- Bl AR T A% o ABAFFEAT A7 Jmy PR - A
Wi it JCIE AR ADA 15 DKD B9 PR IG5 ARA I
RAE AT B A, BR T LA 12 s SO
AT BEAFAE LB 77, A O e 8 420 17 B P A 51 S 3
ADA UTVEANE . 25T ADA )32 504 H -5 Z Rl IR
T RAEAR S, A s B — AR ADA 5 AR R
P T I AIE R DG 2R

B ARBFSERI L B DIRE R %, 1T ADA
Thim W25 DKD KUK . ADA 5B2-MG HyAH ]
AESC Bk T2DM 5 B /IVE B O . I3 ADA K-
Xt DKD 5 B A 5 S0 S, A R0 DKD B 45
AP BRI FR A, M S SR I E ADA 58RI &
i (8] OB FER HE B
EERBAER K IUE, O R BRGS0, 18 ik
5 s IR E R BRI 3T s SRR, IV IR AL
PR Box s R, T 98t i S B L
METEHR T

S 3k
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