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Abstract. The relationship of serum glucagon-like peptide-1 (GLP-1) and G-protein-coupled
receptor (GPCR) with kidney-related outcomes continues to be poorly studied. The purpose of
this study was to determine whether serum GLP- 1 and GPCR are related to urinary albumin-to-
creatinine ratio (UACR), estimated glomerular filtration rate (eGFR), and cystatin C in patients
with type 2 diabetes mellitus (T2DM).
Methods. A total of 150 participants were included in this cross-sectional study and divided
into three groups: the healthy subjects (Control group), T2DM patients with albuminuria stage
Al (T2DM-AI group), and T2DM patients with albuminuria stage A2/A3 (T2DM-A2/A3
group). There were 50 subjects in each group. The clinical information was collected: fasting
glucose, HbAIc, insulin, urea, creatinine, eGFR, uACR, cystatin C, GLP-1, and GPCR values.
Serum GLP-1, GPCR, and cystatin C were measured using sandwich ELISA kits. Groups were
compared using non-parametric testing. Analysis of Spearman correlation was utilized in the
diabetic cohort. Linear regression adjusted for age, BMI, diabetes duration, and HbAIc was
conducted to identify independent associations of GLP-1 and GPCR with uACR and eGFR.
Results. GLP-1 and GPCR concentrations were gradually increasing from Control group to
group T2DM-A1 and group T2DM-A2/A3. Within the diabetic cohort, GLP-1 and GPCR
were positively correlated with uACR and cystatin C and negatively correlated with eGFR.
After adjustment for covariates, GLP-1 was associated with higher log-transformed uACR
(standardized = 0.529, p < 0.001) and lower eGFR (standardized = -0.415, p < 0.001).
Similarly, GPCR also showed a positive correlation with log-transformed uACR (standardized
=0.319, p = 0.002) and a negative correlation with eGFR (standardized = -0.365, p = 0.002).
Conclusions. Circulating GLP-1 and GPCR levels were associated with higher albuminuria and
lower eGFR in T2DM. GLP-1 demonstrated a stronger association with albuminuria, while
Article history: GPCR displayed a comparable negative association with kidney function. The study’s findings
Received June 03, 2026 offer evidence for a cross-sectional GLP-1-GPCR kidney-related biomarker profile that
Received in revised form ch.ar.'acterl.z?s the albuminuric T2DM phenotype and call for longitudinal studies to confirm the
July 17,2026 clinical utility of these markers.

Accepted July 18, 2026 Key words: diabetes mellitus type 2, diabetic nephropathies, albuminuria, glomerular filtration

rate, cystatin C, glucagon-like peptide 1, receptors, G-protein-coupled, biomarkers.

Conflict of interest. The author declares no conflict of interest.
© A.J. Hassan, G. H. Abdulhadi, E. J. Hasan, 2026.

Correspondence should be addressed to Abeer J. Hassan: dr.abeer@mtu.edu.iq

(CO) Bv-5n |

YKPATHCBKUI XXYPHOA HEPPOAOTT TO Alaaidy N23 (91) 2026 OpUriHOABHI HOYKOBI POBOTU 25


https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/
https://orcid.org/0000-0002-2122-9758
https://orcid.org/0000-0002-8645-7217
https://orcid.org/0000-0002-2116-8166
doi:%2010.31450/ukrjnd.3(91).2026.04
https://imt.mtu.edu.iq/imt
https://en.comed.uobaghdad.edu.iq/
https://uomustansiriyah.edu.iq/web_college.php?id_dept=12&lang=en
https://lutfikirdareah.saglik.gov.tr/EN,194978/our-vision-and-mission.html

Original Papers Ukrainian Journal of Nephrology and Dialysis, 3 (91)’2026

© Xaccan A. JIx., Aoaynxani I X., Xacaun E. [Ix., 2026
VIK: 616.61-02:616.379-008.64]-07:616.633.962.3:577

AGip Ix. Xaccan!, Tix X. Aoxynxani, Enac Ixxa066ap Xacan3

CupoBaTKOBI piBHi III0OKaroHonoAioHoro nentuay-1 ta penentopis,
cnoyyeHnx 3 G-0i1kom, acouiiioBaHi 3 a1b0yMiHypi€lo Ta (DYHKIIi€I0 HUPOK
y NALi€HTIB 3 IlYyKPOBUM Aia0eToM 2 THITY:
0JIHOMOMEHTHE MonepeyHe A0CTiKEHHS

MenTpanbHuii TeXHIYHMIA yHiBepcuTeT, Menuko-TexHiunuii incturyt, barman, Ipak
2barnanchbkuii yHisepcuret, Meauunumii konenx, bargaz, Ipak
3Vuisepcurer Mycrancupis, Konemx 6a3osoi ocsit, barman, Ipak

Pestome. 36130k cuposamiosux pienie enoka2ononodionoeo nenmudy-1 (I'IlI1-1) ma peyenmopie, cnoayuerux
3 G-6inkom (GPCR), 3 noka3nukamu ypaxceHHs HUPOK 3AAUULAEMbCA HeOOCmamubo eusuenum. Memoro docaioxncen-
Ha 0yn0 eusHavumu 36’130k cuposamiogux pienie I'lIII-1i GPCR 3 aabbymin-KpeamuriHOBUM CNiBBIOHOUWEHHAM CeYi
(AKC), pospaxyukoeor weudkicmio kaybouxoeoi ginempayii (pLIIKD) ma pienem uucmamuny Cy nayieumis 3 uyKpo-
eum diabemom 2 muny (L112).

Memoou. Jlo o0HoMoMmenmHo20 nonepeunoeo 0ocaioncerHs exaoveno 150 yuacunukie, akux po3nodiauiu Ha mpu
epynu: 300pogi ocobu (KoHmpoavHa epyna), navienmu 3 L[J12 ma anrvoyminypicto kameeopii Al (epyna LI/[2-A1) i nayi-
ewmu 3 LIJ12 ma anvbyminypicio kameeopiii A2/A3 (epyna L[J12-A2/A3). Koxcna epyna ckaadanace 3 50 ocio. Busnauanu
Di6Hi entoko3u Hamuje, enikosanoeo eemoenobiny (HbAlIc), incyniny, cewoeunu, kpeamuniny, yucmamuny C, I'llII-1 ma
GPCR, a makoxc pospaxosysanu IIIKD i AKC. Cuposamxosi pisni T'TII1-1, GPCR i yucmamuny C susnauaiu memooom
iMyHOepmenmno2o ananisy. /[ns nopieHAHHA epyn 3acmoco8y8aiu Henapamempuuri cmamucmuyni memoou. Y koeopmi
nauienmie i3 LIJI2 36’a3Ku midc NOKA3HUKAMU OUIHI0BAAU 34 D0NOMO20H0 Kopeaayiliinoeo ananizy Cnipmena. /s eusna-
uenns Hezanexncnoeo 36°a3ky T'lIII-1i GPCR 3 AKC ma pIIIK® 3acmocogysanu ainitinuii peepeciithuil ananis 3 nonpas-
K010 Ha 6IK, iHdekc macu mina, mpueanicme LI/]2 ma pieenv HbAlc.

Pe3yavmamu. Konuyenmpauii T'lTTI-1 i GPCR nocmynoso 3pocmanu 6id koumpoavHoi epynu do epyn LUJI2-Al ma
L/12-A2/A3. Cepeo nauienmie i3 LIJ[2 pieni T'lII1-1 i GPCR nozumuero kopearosaru 3 AKC i yucmamunom C ma He-
eamusno — 3 pllIIK®. Ilicas nonpasku na kosapiamu euwuii pisenv I'IITI-1 0ys acouiitosaruil 3 eumum noeapugmiu-
Ho mpancghopmosanum AKC (cmandapmusosanuii 3 = 0,529; p < 0,001) ma uuxcuoro pllIK® (cmandapmusosanuii
L =—0,415; p <0,001). Ananoeiuno, euwuii pieens GPCR 6ys He3anedncHo nos a3anuii 3 8uuium 102apumiuHo mpancgopmo-
sanum AKC (cmandapmusosanuii B = 0,319; p = 0,002) ma nuxcuoro pIIIKD (cmandapmusosanuii B = —0,365; p = 0,002).

Bucnosxu. Buwi konuenmpauii T'llII-1i GPCR y cuposamuyi nauienmie 3 I[/]2 acouiiiosani 3 binvut eupaice-
Horo anvoyminypicro ma vuxcuoio pIIIK®D. T'TITI-1 npodemorncmpysaé cunvhiuuli 36 130K 3 anbOYyMIiHYpieto, mooi K 0
GPCR su3naueHo cniecmasHull HeeamueHuil 36 930K 3 QyHKyico Hupok. Ompumani peaysbmamu c8io4amo npo HAsA8-
Hicmb npoginio Hupkosux diomapiepie I'ITI- 1—GPCR, xapakxmeproeco oas gpenomuny LI/12 3 arvoyminypicro. Jlns eu-
3HA4eHHs KAIHIYH020 3HAYEeHHS YUX MapKepie HeoOXiOHi no0arbuli NPOCNeKMUHI 00CAIONCeHHS.

Kmouosi ciioBa: yyxposuii diabem 2 muny, diabemuyna xeopoda HUpoK. AnbOyMIHypis, weuoKkicms Kay60uKoeoi
ginempauii. yucmamun C, entokacoHonodionuii nenmuod- 1, peuenmopu, cnoayueni 3 G-6inkom, biomapkepu.

Introduction. One of the main consequences of type
2 diabetes mellitus (T2DM) is diabetic kidney disease
(DKD) and an important contributor to chronic kid-
ney disease (CKD) [1, 2]. Albumin-to-creatinine ratio
in urine (UACR) and estimated glomerular filtration rate
(eGFR) are two standard measures of kidney injury in
patients with diabetes. However, they capture advanced
changes and do not always fully represent early biological
changes that are present before manifest kidney dysfunc-
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tion [3, 4]. For this reason, additional circulating markers
may help to describe different kidney-risk phenotypes in
T2DM patients.

Albuminuria is a key marker of diabetic kidney dam-
age. However, diabetic kidney disease is heterogeneous.
Some patients develop albuminuria, while others show re-
duced kidney function with little or no albuminuria [2, 4].
For this reason, additional circulating markers may help
to describe different kidney-risk phenotypes in T2DM pa-
tients.

Cystatin C is a useful complementary marker for
GFR estimation, and current evidence supports using
cystatin C together with creatinine when available to
improve GFR assessment, especially in diabetes, where
creatinine may be less sensitive in early dysfunction [2].
Recent studies also show that cystatin C can help detect
early DKD in T2DM [5, 6].
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Blood glucose is controlled by the incretin hor-
mone glucagon-like peptide-1 (GLP-1). GLP-1 sig-
nalling is biologically relevant in DKD [7]. Large
clinical studies and recent reviews show renal benefit
with GLP-1 receptor agonists in T2DM and CKD,
although these treatment effects cannot be directly
equated with endogenous circulating GLP-1 con-
centrations [8]. A recent review also notes that GLP-
1RAs reduce renal outcomes and microalbuminuria in
pooled analyses [9].

G-protein-coupled receptor (GPCR) is an impor-
tant ensemble of receptors responsible for metabolic,
inflammatory, and vascular signaling [10]. Certain GP-
CR-related pathways, such as free fatty acid receptor 4,
have been associated with fibrosis and kidney inflam-
mation in experimental models of diabetic nephropathy
[11]. However, there is a paucity of available human
data on circulating GPCRs in DKD. The obvious gap
in the research is apparent, then. Most studies center
on classical kidney markers, albuminuria, or GLP-1 re-
ceptor agonist treatment. There are also fewer studies
investigating whether GLP-1 and GPCR are associated
with cystatin C, eGFR, or albuminuria in T2DM.

Therefore, the present study attempted to evalu-
ate the relationship between GLP-1 and GPCR with
kidney-related parameters depending on the existence
of albuminuria in patients with T2DM.

Patients and methods. Study design and setting.
This was a cross-sectional, single-center study that was
performed at the Diabetes and Endocrinology Center,
Al-Yarmouk Teaching Hospital, Baghdad, Iraq, from
February 2026 until April 2026. The Medical Ethics
Committee of Middle Technical University, Baghdad,
Iraq, granted ethical approval for all study procedures
in accordance with the Declaration of Helsinki (MEC
No. 233 dated January 3, 2026). Before being enrolled,
each participant provided an informed consent form.

Study participants. All adults with informed per-
mission who were at least 18 years old were qualified
for this study. The participants were divided into three
equal groups: Group 1 (Control Group) included ap-
parently healthy controls, Group 2 (T2DM-A1 Group)
included patients with T2DM without albuminuria,
and Group 3 (T2DM-A2/3 Group) included patients
with T2DM and albuminuric DKD.

Healthy controls were eligible if they had no known
diabetes or kidney disease and no acute illness at the
time of sampling; they also had fasting blood glucose
and HbAIc values within the non-diabetic range.

Patients in Groups 2 and 3 were eligible if they had
a clinical diagnosis of

T2DM. The diagnosis was based on medical re-
cords, current antidiabetic treatment, fasting blood
glucose, and HbAlc. The presence of albuminuria
of 30 mg/g or above and/or an eGFR of less than
60 mL/min/1.73 m? was used to diagnose DKD.

Albuminuria was classified according to KDIGO
categories based on uACR: Al, <30 mg/g; A2, 30—300
mg/g; and A3 >300 mg/g. These categories range from

normal to slightly, significantly, and severely elevated
albuminuria, respectively.

Participants with type 1 diabetes, acute kidney in-
jury, known non-diabetic kidney disease, renal replace-
ment therapy, kidney transplantation, or urinary tract
infection were excluded from the study.

Participants who had active infection, recent anti-
biotic use during the previous two weeks, active inflam-
matory disease, malignancy, pregnancy, or severe liver
disease were also excluded. Patients with known cardio-
vascular disease were excluded according to the original
study protocol. Patients using GLP-1 receptor agonists
or DPP-4 inhibitors were also excluded from the study
because these medications can affect GLP-1 biology.

Sample size. This study was an exploratory cross-
sectional biomarker study. There was no formal a priori
determination of sample size. The number of eligible
participants determined the sample size; participants
were recruited during the study period. A balanced al-
location across the three study groups was planned to
support between-group comparisons.

Data collection and sampling. At enrolment, the
data on age, sex, body weight, height, and diabetes du-
ration were collected. Weight and height were used to
calculate the body mass index and expressed as kg/m?.

Following an overnight fast, venous blood samples
were obtained from each participant. Whole blood was
used for HbAlc. Serum was separated by centrifugation
and used for biochemical and ELISA measurements.

HbAlc was measured by an immunoturbidimet-
ric assay (Stanbio Laboratory, an EKF Diagnostics
company, USA). An enzymatic colorimetric glucose
oxidase-peroxidase technique (Randox Laboratories
Limited, United Kingdom) was used to measure fast-
ing blood glucose. Serum urea and creatinine were
measured using a urease enzymatic method and a ki-
netic Jaffe method, respectively (Biolabo SA, Maizy,
France).

Serum insulin, cystatin C, GLP-1, and GPCR
were measured using sandwich ELISA kits according
to the manufacturers’ instructions. The insulin and
GLP-1 kits were obtained from Elabscience Biotech-
nology Co., Ltd. (China), the cystatin C kit from Elab-
science Biotechnology Co., Ltd. (Wuhan, China), and
the GPCR kit from BlueGene Biotechnology Co., Ltd.
(China). Concentrations were calculated from standard
curves.

A spot urine sample was collected on the same day.
Urinary albumin-to-creatinine ratio was assessed using
ACR reagent strips (Siemens Healthineers, Erlangen,
Germany) and reported as mg/g.

The glomerular filtration rate (GFR) was calcu-
lated using the 2021 CKD-EPI creatinine equation and
reported as mL/min/1.73 m2.

Statistical analysis. IBM SPSS Statistics for Win-
dows, version 26.0 (IBM Corp., Armonk, NY, USA)
was used for statistical analysis. The Shapiro-Wilk test
was used to determine whether continuous variables
were normally distributed. The median and interquar-
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tile range [Me (Q25—Q75)] were used to display con-
tinuous data that were not regularly distributed. Num-
bers and percentages were used to display categorical
variables.

The Kruskal—Wallis test was utilized for con-
tinuous variables in order to compare the three study
groups. Pairwise comparisons using Dunn’s post-hoc
test with Bonferroni correction were carried out if the
overall test was significant. Diabetes duration was com-
pared only between the two diabetic groups using the
Mann—Whitney U test. The chi-square test was used
to compare categorical variables. Spearman’s rank cor-
relation coefficient was used to evaluate relationships
between continuous variables.

Multiple linear regression was performed separate-
ly for each biomarker and each kidney outcome. Be-
cause uACR was right-skewed, it was log-transformed
before regression. GLP-1 and GPCR were entered in
separate models. Age, BMI, duration of diabetes, and
HbAlc were entered in every model. Outputs include
standardized B with 95% confidence intervals, p values,
model F statistics, and adjusted R2. All tests were two-
sided, and p < 0.05 was the significance threshold.

Results. The total sample size was 150 people and
consisted of 50 subjects per group. Age and sex distribu-
tions were not different among the Control and T2DM
groups, as shown in Tablel.

Table 1
Clinical, metabolic, kidney-related, and biomarker profile of the study cohort
Variable Control Group T2DM-A1 T2DM-A2/A3 p-value
(n=50) (n=50) (n=50)

Age, years 45.0 (43.2-470) 45.0 (43.0-478) 445 (43.0-45.0) 0.203
Male/female, n 25/25 24/26 26/24 0.923
BMI, kg/m? 248 (22.9-294) 26.6 (264-272) 242 (23.6-245) <0.0001
Diabetes duration, years = 2.00 (17-2.3) 9.00 (8.0-12.0) <0.0001
Fasting blood glucose, 89.5 (88.0-99.0) 1915 (118.0-240.0) 279.0 (245.0-290.0) <0.0001
mg/dL
HbA1c, % 49 (4.6-5.0) 91(8.2-9.9) 102 (9.8-10.7) <0.0001
Insulin, pU/mL 5.6 (49-5.9) 151 (14.7-15.6) 175 (141-19.8) <0.0001
Urea, mg/dL 22.0 (19.2-24:.0) 28.0 (26.0-29.8) 31.0 (28.0-32.0) <0.0001
Creatinine, mg/dL 0.76 (0.60-0.98) 120 (1.00-1.30) 110 (1.00-140) <0.0001
eGFR, mL/min/1.73 m? 100.0 (97.0-105.0) 84.0 (770-86.8) 68.0 (66.0-70.0) <0.0001
UACR, mg/g 10.0 (72-13.0) 170 (14.0-21.0) 134.0 (84.5-194.2) <0.0001
Cystatin C, mg/L 058 (0.55-0.63) 1.35 (110-1.60) 1.85 (1.60-2.27) <0.0001
GLP-1,ng/mL 0.54 (0.51-0.61) 171(1.67-173) 2.23 (211-2.30) <0.0001
GPCR, ng/mL 076 (0.75-0.79) 1.95 (1.77-218) 350 (3.20-3.75) <0.0001

Values are presented as Me (Q25-Q75). BMI, body mass index; eGFR, estimated glomerular filtration rate; GLP- 1, glucagon-like
peptide-1; GPCR, G-protein-coupled receptor; HbAIc, glycated hemoglobin; uACR, urinary albumin to creatinine ratio.

BMI was highest in the T2DM-A1 group, while
diabetes duration was longer in the T2DM-A2/A3
group than in the T2DM-A1 group. Fasting blood glu-
cose, HbAlc, and insulin were higher in both diabetic
groups than in controls. These values were highest in
the T2DM-A2/A3 group.

Kidney-related variables also differed across the
T2DM groups. The T2DM-A2/A3 group had higher
uACR, lower eGFR, and higher cystatin C compared
with the T2DM-A1 group. GLP-1 and GPCR followed

the same graded pattern. Their levels were lowest in
controls, higher in T2DM-A1, and highest in T2DM-
A2/A3.

Spearman correlation analysis was performed in
the diabetic cohort only. GLP-1 showed a positive cor-
relation with uACR (p =0.770, p < 0.0001) and cystatin
C (p = 0.491, p < 0.0001) and a negative correlation
with eGFR (p = -0.634, p < 0.0001). GPCR showed a
similar pattern (Fig. 1).
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Fig. 1. Correlations between serum GPCR and kidney-related variables in the diabetic cohort.

Both markers, GLP-1 and GPCR, were also cor-
related with diabetes duration (p=0.732, p < 0.0001 and
p=0.731, p < 0.0001, respectively) and HbAlc duration
(p=0.379,p=0.0001 and p = 0.416, p < 0.0001, respective-
ly). Creatinine was not significantly correlated with GLP-1
(p=10.023,p=10.818) or GPCR (p =0.129, p =0.201).

To examine whether GLP-1 and GPCR were asso-
ciated with kidney-related outcomes independently of
available clinical covariates, adjusted linear regression
models were performed in the diabetic cohort. GLP-
1 and GPCR were tested in separate models to avoid

multicollinearity. Models were age- and BMI-, dia-
betes duration- and HbAlc-adjusted. All albuminuria
outcome models contained log-transformed uACR as
the outcome variable.

Both models had statistical significance. In Model
1, GLP-1 was positively associated with log-trans-
formed uACR (standardized B = 0.529, p < 0.001). In
Model 2, GPCR was also positively associated with log-
transformed uACR (standardized = 0.319, p = 0.002).
Diabetes duration was positively associated with uUACR
in both models (Table 2).

Table 2
Adjusted linear regression models for uUACR in the diabetic cohort
Variable Model 1: GLP-1 model, standardized p-value Model 2: GPCR model, standardized p-value
B (95% CI) B (95% Cl)

GLP-1, ng/mL 0,529 (0.350 to 0.707) <0.001 - -
GPCR, ng/mL - - 0.319 (0118 to 0.520) 0.002
Age, years 0.007 (-0.088 to 0101) 0.888 0.009 (-0.093 to 0111) 0.859
BMI, kg/m? -0104 (-0.344 to 0136) 0.396 -0198 (-0459 to 0.063) 0138
Diabetes duration, 0.297 (0131 to 0463) <0.001 0410 (0186 to 0.634) <0.001
years

HbA1c, % 0.075 (-0.033 to 0183) 0174 0.045 (-0.074 to 0165) 0456
Model F-statistic F(594) = 90.59 <0.001 F(594) = 6729 <0.001
Adjusted R 0.819 — 0.770 —

The dependent variable was log-transformed uACR. Original uACR values were expressed as mg/g. Values are standardized
regression coefficients with 95% confidence intervals. Each model was adjusted for age, BMI, diabetes duration, and HbAlc.
BMI, body mass index; CI, confidence interval; GLP- 1, glucagon-like peptide-1; GPCR, G-protein-coupled receptor; HbAlc,
glycated hemoglobin; uACR, urinary albumin-to-creatinine ratio.
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For kidney function, eGFR was used as a de-
pendent factor. Both models had statistical signifi-
cance. In Model 1, GLP-1 was negatively linked
to eGFR (standardized B = -0.415, p < 0.001).

In Model 2, GPCR was also negatively associated
with eGFR (standardized p = -0.365, p = 0.002).
BMI was positively associated with eGFR in both
models (Table 3).

Table 3
Adjusted linear regression models for eGFR in the diabetic cohort
Variable Model 1: GLP-1 model, standardized value Model 2: GPCR model, _value
B (95%CI) p standardized { (95% C) p
GLP-1, ng/mL -0415 (-0.614 to -0.216) <0.001 - -
GPCR, ng/mL - - -0.365 (-0.593 to -0138) 0.002
Age, years 0.066 (-0127 to 0.258) 0503 0.063 (-0122 to 0.248) 0.505
BMI, kg/m? 0.297 (0.042 to 0.551) 0.022 0.309 (0.052 to 0.566) 0.018
S'eztfes duration, 0,058 (-0.250 to 0135] 0559 0111 (-0.280 to 0.058) 0.200
HbA1c, % -0.017 (-0157 to 0123) 0.812 0.014 (-0132 to 0160 0.851
Model F-statistic F(5.94) = 2472 <0.001 F(594) = 23.87 <0.001
Adjusted R? 0.545 - 0.536 =

The dependent variable was eGFR, expressed as mL/min/1.73 m . Values are standardized regression coefficients with 95%
confidence intervals. Each model was adjusted for age, BMI, diabetes duration, and HbAIc. BM1, body mass index; CI,
confidence interval; eGFR, estimated glomerular filtration rate; GLP- 1, glucagon-like peptide-1; GPCR, G-protein-coupled

receptor; HbAIc, glycated hemoglobin.

Overall, higher GLP-1 and GPCR levels were as-
sociated with higher albuminuria and lower eGFR after
adjustment for available clinical covariates.

Discussion. The current study examined the re-
lationship between circulating GLP-1 and GPCR and
kidney-related outcomes in patients with T2DM. Both
markers were found to be higher in diabetic patients
with more advanced albuminuria. Compared to the
T2DM-AI group, the T2DM-A2/A3 group presented
with higher GLP-1 and GPCR levels. In the adjusted
regression models, both GLP-1 and GPCR were found
to be associated with higher uACR and lower eGFR,
adjusting for age, BMI, diabetes duration, and HbAlc.
These findings provide a novel analysis of the combined
relationships between GLP-1, GPCR, cystatin C,
uACR, and eGFR in a diabetic cohort across KDIGO
albuminuria categories and allow us to describe a po-
tential GLP-1-GPCR-kidney marker profile associated
with increased albuminuria in T2DM.

Cystatin C was higher in the T2DM-A2/A3 group
and was positively correlated with albuminuria. This
finding is expected and is consistent with previous
studies showing that cystatin C increases with diabetic
nephropathy progression as well as detects kidney dys-
function in T2DM better than creatinine alone [5, 6].
In our cohort, creatinine was not strongly correlated
with GLP-1 or GPCR, while cystatin C showed stron-
ger associations with the biomarker profile. This sup-
ports the value of cystatin C as an additional kidney-
related marker in diabetic patients.

The association between GLP-1 and kidney vari-
ables should be interpreted carefully. GLP-1 receptor
agonists have demonstrated improved renal outcomes

in T2DM CKD trials [12]. For example, the FLOW
trial showed Semaglutide’s impact on reducing the rate
of clinically relevant renal events in T2DM and CKD
[13]. However, these trials examined pharmacologic
agonists rather than endogenous GLP-1. As such, the
increased GLP-1 in the T2DM-A2/A3 group can not
be considered equivalent to the therapeutic benefit of a
GLP-1 agonist drug.

Possible explanations include the possibility of an
elevated endogenous GLP-1 as an adaptive response
to poor metabolic and kidney status as reflected by
longer diabetes duration, increased HbAlc, higher al-
buminuria, and reduced eGFR in the T2DM-A2/A3
group [14, 15]. Alternatively, reduced renal handling
of circulating peptides might play a role in patients with
impaired kidney function [16]. Given that our study
design was cross-sectional, it remains difficult to distin-
guish between the cause and consequence of this associ-
ation. Furthermore, the results contrast with those from
a Korean cohort study, which found that albuminuria
and fasting GLP-1 were negatively correlated in T2DM
patients [17]. This could be explained by variations in
study populations, disease duration, glycemic control,
kidney phenotyping, medication status, or assay proce-
dures; hence, the findings should be described as co-
hort-specific rather than proof of a causal relationship
between GLP-1 and albuminuria.

The finding of the present study that GPCR was
associated with higher uACR and lower eGFR is bio-
logically plausible because signaling pathways of GPCR
are involved in metabolic, inflammation, vasculature
and renal regulation [18, 10]. In experimental settings,
GPR120 activation has been shown to protect podo-
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cytes from inflammation and fibrosis during diabetic
nephropathy [11]. The recently reported findings on
abnormal serum GPR120 levels in diabetic nephropa-
thy also provided human evidence of the relationship
between this specific receptor and renal function [19].
However, GPCR measurements in this study represent
a sum value of various receptor subtypes rather than a
specific receptor. Our findings thus suggest an associa-
tion between a serum GPCR biomarker and the kidney-
related phenotype.

The adjusted models also showed that GLP-1 and
GPCR were not identical in their associations with
kidney-related outcomes. GLP-1 showed a stronger
association with uACR, suggesting a closer link with
albuminuria. In contrast, GPCR showed a negative
association with eGFR of similar direction and mag-
nitude to GLP-1. This pattern suggests that GLP-1
may be more closely related to the albuminuric com-
ponent of the diabetic kidney phenotype, whereas
GPCR may reflect a broader kidney-function-related
signal. Therefore, the two markers appear to represent
related but not fully overlapping aspects of kidney in-
volvement in T2DM.

The study has certain limitations that need to be
discussed. Firstly, the cross-sectional design limits the
capacity to ascertain causal relationships or directional
changes in CKD progression. Therefore, GLP-1 and
GPCR should be treated as associational markers, not
prognosticators of incident CKD. Secondly, data col-
lected at a single center with a relatively limited sample
size should be interpreted cautiously. Thirdly, a com-
prehensive list of medications used by patients was
unavailable. Since GLP-1 receptor agonists, DPP-4
inhibitors, SGLT2 inhibitors, insulin, and renin-an-
giotensin system blockers are known to influence gly-
caemic control, albuminuria, kidney function, and in-
cretin metabolism, the lack of this information limits
our adjustment of this confounding variable. Fourthly,
our adjustment set for multivariate analyses included
only age, BMI, duration of diabetes, and HbAlc and
lacked adjustment for blood pressure values. Finally,
the GPCR assay failed to identify the receptor subtype,
which may prevent exploration of specific pathways and
potential target-specific treatments.
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Conclusions. The present study showed that GLP-
1 and GPCR levels increased with albuminuria sever-
ity in patients with T2DM. Both markers were linked
to higher uACR, lower eGFR, and higher cystatin C.
After adjustment for age, BMI, diabetes duration, and
HbAlc, GLP-1 and GPCR remained associated with
higher uACR and lower eGFR. GLP-1 was more close-
ly related to albuminuria, whereas GPCR showed a
similar negative association with kidney function. The
findings of this work suggest that GLP-1 and GPCR
reflect related but not identical parts of the diabetic kid-
ney phenotype. Further longitudinal studies with medi-
cation data, blood pressure data, and receptor-specific
GPCR assays are needed to confirm their clinical value.
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