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Abstract

Background: Diabetic nephropathy (DN) is a leading cause of.end-
stage renal disease (ESRD) in patients with Type 2 Diabetes Mellitus
(T2DM). Tumor necrosis factor receptors (TNFR1 and TNFR2) have
emerged as potential biomarkers for DN progression, reflecting under-
lying inflammation and kidney damage. Despite growing interest, their
clinical utility in diagnosing and predicting nephropathy remains un-
derexplored. Objective: This study systematically reviews and syn-
thesizes available literature to evaluate the association of TNFR1 and
TNFR2 with key markers of nephropathy, including albuminuria and
estimated glomerular filtration rate (eGFR). Methods: A comprehen-
sive literature search was conducted across major databases, including
PubMed, Scopus, and Web of Science, for studies published between
2000 and 2023. Inclusion criteria encompassed observational and clini-
cal studies that assessed TNFR1 and TNFR2 levels in T2DM patients
with varying stages of DN. Data extraction focused on TNF receptor
concentrations, renal function markers, and statistical correlations be-
tween these parameters. Results: Our analysis reveals a significant
correlation between elevated TNFR1 and TNFR2 levels and progres-
sive stages of DN. Increased TNFR1 and TNFR2 concentrations were
strongly associated with declining eGFR and worsening albuminuria,
highlighting their role as predictive indicators of kidney function decline.
Furthermore, TNF receptor levels demonstrated greater sensitivity in
detecting early nephropathy compared to traditional biomarkers. Con-
clusion: These findings underscore the clinical significance of TNFR1
and TNFR2 as promising biomarkers for DN progression in T2DM pa-
tients. Their potential use in risk stratification, early diagnosis, and
disease monitoring could enhance therapeutic decision-making and pa-
tient outcomes. Future research should focus on standardizing TNFR1
and TNFR2 measurement protocols and exploring their integration into
routine nephropathy screening strategies.
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1 Introduction As the global prevalence of diabetes contin-
ues to rise, the burden of DN is becoming
a significant healthcare challenge [I]. DN is
characterized by persistent albuminuria, de-
clining estimated glomerular filtration rate
(eGFR), and progressive structural damage

Diabetic nephropathy (DN) is a leading mi-
crovascular complication of Type 2 Diabetes
Mellitus (T2DM) and a primary cause of
end-stage renal disease (ESRD) worldwide.
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to renal tissues, ultin
failure if left_un
ion_and=timely intervention of DN are cru-
cial in slowing disease progression, preserving
renal function, and improving patient out-
comes [2]. However, conventional biomark-
ers such as albuminuria and eGFR have lim-
itations in accurately predicting disease on-
set and progression, necessitating the explo-
ration of novel biomarkers for better risk
stratification and disease monitoring.

ately leading to kidney
managed. The early detec-

Inflammation plays a pivotal role in the
pathophysiology of DN. Chronic low-grade
inflammation contributes to endothelial dys-
function, glomerular damage, and tubuloin-
terstitial fibrosis, which are hallmarks of
DN progression. Among various inflamma-
tory mediators, tumor necrosis factor-alpha
(TNF-«) has gained increasing attention due
to its direct involvement in renal injury.
TNF-«a is a pro-inflammatory cytokine that
plays a key role in immune responses, cellu-
lar apoptosis, and tissue fibrosis. It exerts
its biological effects through two primary re-
ceptors: Tumor Necrosis Factor Receptor 1
(TNFR1) and Tumor Necrosis Factor Recep-
tor 2 (TNFR2) [3, [4]. Both receptors are
expressed in renal tissues, where they medi-
ate inflammatory and fibrotic responses that
contribute to kidney damage.

TNF-« is a major driver of inflammation
in various chronic diseases, including DN.
Its involvement in renal pathology is well-
documented, with evidence showing that el-
evated TNF-« levels contribute to endothe-
lial dysfunction, podocyte injury, and mesan-
gial cell proliferation, all of which acceler-
ate nephropathy progression [5]. TNF-« ex-
erts its effects through TNFR1 and TNFR2,
which are widely expressed in renal glomeru-
lar and tubular cells. These receptors medi-
ate distinct but overlapping pathways, influ-
encing inflammation, apoptosis, and fibrosis
[@].

TNFR1 is primarily involved in pro-
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inflammatory and apoptotic signaling. It
has a death domain that, when activated
by TNF-a binding, triggers the recruit-
ment of adaptor proteins leading to cas-
pase activation and programmed cell death.
This mechanism is particularly relevant in
DN, where TNFR1-mediated apoptosis of
podocytes and tubular epithelial cells con-
tributes to glomerular sclerosis and tubuloin-
terstitial fibrosis. Elevated circulating levels
of TNFR1 have been associated with more
severe forms of DN, suggesting its role as a
potential marker for disease progression [7].

TNFR2, in contrast, lacks a death do-
main and is predominantly involved in cell
survival, proliferation, and immune regula-
tion. It is expressed on endothelial cells, reg-
ulatory T cells, and certain immune cells,
where it modulates inflammatory responses.
While TNFR2 activation may have protec-
tive effects under normal physiological con-
ditions, its overexpression in DN can exac-
erbate inflammation and renal fibrosis. In-
creased serum TNFR2 levels have been corre-
lated with worsening renal function, further
supporting its potential as a biomarker for
DN severity [§].

Several studies have investigated the clin-
ical relevance of TNFR1 and TNFR2 in
DN, with consistent findings indicating their
strong association with nephropathy severity
[8,19]. Elevated levels of TNFR1 and TNFR2
have been observed in patients with T2DM
and DN, often preceding declines in eGFR
and increases in albuminuria. Unlike tradi-
tional markers, TNF receptors provide addi-
tional prognostic value by reflecting underly-
ing inflammatory and apoptotic mechanisms
that drive disease progression [10].

A growing body of evidence suggests that
TNFR1 and TNFR2 can serve as early in-
dicators of renal dysfunction in diabetic pa-
tients. Longitudinal studies have demon-
strated that higher baseline TNFR1 and
TNFR2 levels predict faster eGFR decline
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and increased risk of ESRD. In some stud-
ies, TNF receptor levels were found to be
superior to albuminuria in identifying pa-
tients at risk for progressive DN, highlighting
their potential for improving early detection
strategies [11].

Furthermore, TNF receptor levels have
been proposed as predictive markers for ther-
apeutic response in DN patients. Emerging
research indicates that anti-inflammatory
and renoprotective therapies, such as
angiotensin-converting enzyme (ACE) in-
hibitors and sodium-glucose cotransporter-2
(SGLT2) inhibitors, may modulate TNFR1
and TNFR2 expression [I2]. Monitoring
changes in TNFR levels in response to treat-
ment could provide valuable insights into
disease progression and therapeutic efficacy.

The identification of reliable biomarkers
for DN is essential for enhancing patient
management and guiding clinical decision-
making.  The inclusion of TNFRI1 and
TNFR2 in routine clinical assessments could
help stratify patients based on their risk of
nephropathy progression, allowing for more
personalized treatment approaches. Patients
with elevated TNFR1 and TNFR2 levels may
benefit from intensified therapeutic interven-
tions aimed at reducing inflammation and
preserving kidney function.

Additionally, TNFR1 and TNFR2 could
facilitate the development of targeted ther-
apies for DN. Given their involvement in
inflammatory and fibrotic pathways, these
receptors present potential therapeutic tar-
gets for novel anti-inflammatory and anti-
fibrotic agents. Future research should ex-
plore whether interventions that specifically
modulate TNF receptor activity can provide
renoprotective benefits in DN patients.

Despite promising findings, several chal-
lenges remain in fully establishing TNFR1
and TNFR2 as clinical biomarkers for DN.
Standardized assays and reference ranges for
TNF receptor measurements are needed to
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ensure congistency across studies and clini-
cal settings.“Large-scale prospective studies
are also required to validate their predictive
value and deterniine their=utili
nephropathy screening.
Furthermore, the mechanisms underlying
TNF receptor activation, in DN require fur-
ther elucidation. While TNFRI1 is predomi-
nantly associated with apoptosis and TNFR2
with immune regulation, their interplay in
DN pathogenesis remains complex. Under-
standing the regulatory networks, governing
TNF receptor expression and signaling in re-
nal tissues may provide deeper insights into
DN progression and therapeutic strategies.
Diabetic nephropathy remains a’ sig-
nificant public health challenge, necessi-
tating improved diagnostic and prognostic
tools. TNFR1 and TNFR2 have emerged as
promising biomarkers for DN, offering valu-
able insights into disease progression and risk
stratification. Their strong correlation with
declining renal function and albuminuria un-
derscores their clinical potential for early de-
tection and management of DN. Future re-
search should focus on standardizing TNF
receptor measurements and exploring their
therapeutic implications to improve patient
outcomes in T2DM-related nephropathy.

2 Materials and Methods

2.1 Study Design and Approach

A systematic review approach was adopted
to synthesize data from existing literature
evaluating the correlation between TNFR1
and TNFR2 levels and nephropathy mark-
ers in Type 2 Diabetes Mellitus (T2DM) pa-
tients. The study followed the Preferred Re-
porting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to en-
sure methodological rigor and transparency.
The primary objective was to identify con-
sistent patterns and associations that val-
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as potential biomark-
ephropathy (DN). Through

ers for diabet;i
an_extensive review of peer-reviewed studies,
we aimed to determine whether TNFR1 and
TNFR2 levels could serve as reliable indica-
tors of renal dysfunction in diabetic patients.
The selection process and synthesis of data
were carefully structured to minimize bias
and enhance the reliability of findings.

2.2 Data Sources and Search Strategy

A comprehensive literature search was con-
ducted using multiple electronic databases,
including PubMed, Scopus, Web of Science,
and Embase. The search covered peer-
reviewed studies published between 2010 and
2024. To ensure a targeted selection of
studies, specific keywords and Medical Sub-
ject Headings (MeSH) terms were employed,
such as "TNFR1 and diabetic nephropathy,”
"TNFR2 and renal function in diabetes,”
”Tumor necrosis factor receptors and kid-
ney disease,” and ”Inflammatory biomark-
ers in Type 2 Diabetes Mellitus.” Boolean
operators (AND,” ”OR”) were used to re-
fine search results and ensure that only rel-
evant studies were included. Filters were
applied to restrict the selection to English-
language studies, given the lack of transla-
tion resources. The primary focus was on
original research articles, excluding reviews
unless they provided new statistical insights
or relevant meta-analyses.

2.8 Inclusion and Exclusion Criteria

Strict inclusion and exclusion criteria were
applied to maintain the quality and relevance
of the review. Studies were included if they
focused on T2DM patients and measured
TNFR1 and TNFR2 levels using Enzyme-
Linked Immunosorbent Assay (ELISA) or
similar validated laboratory methods. Eli-
gible studies also had to analyze nephropa-
thy markers, such as albuminuria and esti-
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mated glomerular filtration rate (eGFR), and
present clear methodologies in observational
(cross-sectional, case-control, cohort) or in-
terventional studies. Articles had to be avail-
able in full text and published in English.
Studies were excluded if they focused on non-
diabetic kidney diseases, acute kidney in-
juries, or renal disorders unrelated to DN.
Research with incomplete or missing data,
animal studies, in vitro studies, and case re-
ports without comparative patient data were
also omitted. Systematic reviews and meta-
analyses that did not provide new statisti-
cal analyses were excluded to prevent redun-
dancy.

2.4 Study Selection and Data Ezxtraction

The study selection process involved two
stages: initial title and abstract screening,
followed by full-text review. Two inde-
pendent reviewers screened retrieved articles
based on relevance to TNF receptors and
nephropathy in T2DM patients. Any dis-
crepancies in selection were resolved through
discussion or by consulting a third reviewer.
Studies meeting the inclusion criteria un-
derwent a full-text review, where key data
were extracted systematically. Extracted
variables included author(s), year of publica-
tion, country of study, study design, sample
size, TNFR1 and TNFR2 levels across differ-
ent nephropathy stages, nephropathy mark-
ers such as albuminuria and eGFR, and sta-
tistical outcomes, including correlation coef-
ficients, hazard ratios, and p-values. A stan-
dardized data collection sheet was used to
ensure consistency across studies, minimiz-
ing extraction errors and enhancing the reli-
ability of the analysis.

2.5 Data Synthesis and Statistical Analysis

To synthesize findings from the included
studies, a meta-analytical approach was ap-
plied where possible. Summary statistics, in-
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cluding mean differences and confidence in-
tervals, were calculated to compare TNFR1
and TNFR2 levels across different nephropa-
thy stages. Correlations between TNFRI,
TNFR2, and nephropathy markers were ana-
lyzed using pooled regression models. Study
heterogeneity was assessed using Cochran’s
Q test and the I-squared statistic to de-
termine the variability among studies. For
studies reporting longitudinal data, trends in
TNFR1 and TNFR2 levels over time were
evaluated, along with their association with
renal function decline. Sensitivity analy-
ses were conducted to assess the impact of
study heterogeneity on pooled results, ensur-
ing that the synthesized data reflected robust
and generalizable findings.

2.6 Quality Assessment

The quality of included studies was assessed
using standardized evaluation tools tailored
to different study designs. Observational
studies were evaluated using the Newcastle-
Ottawa Scale (NOS), which examines selec-
tion bias, comparability, and outcome mea-
surement. Interventional studies were as-
sessed using the Cochrane Risk of Bias (RoB)
tool to evaluate study design robustness and
potential sources of bias. Meta-analyses were
reviewed using the AMSTAR (Assessing the
Methodological Quality of Systematic Re-
views) tool to ensure methodological trans-
parency. Studies with a high risk of bias
were flagged and excluded from pooled anal-
yses but were considered in the qualitative
discussion to provide context to discrepan-
cies observed in the literature. This struc-
tured quality assessment framework ensured
that the review was based on reliable, high-
quality evidence.

2.7 Limitations

Despite the rigorous methodology, certain
limitations were acknowledged. Variability
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in study “designs, patient populations, and
methodologies may.contribute to heterogene-
ity, affecting result

troduce inconsistencies,_across studies.
exclusion of non-English studies may have
resulted in publication bias, as some rele-
vant findings in other languages might have
been overlooked. Furthermore, most in-
cluded studies relied on cross-sectional data
rather than longitudinal follow-ups, limiting
the ability to infer causal relationships be-
tween TNF receptor levels and nephropa-
thy progression. Future research should
prioritize standardizing TNF receptor mea-
surement protocols and conducting larger
prospective studies to validate their role as
clinical biomarkers in DN progression. Ad
dressing these limitations through further re-
search and methodological improvements can
enhance the accuracy and applicability of
TNFR1 and TNFR2 as predictive markers
for DN.

3 Results

Data from 10 studies encompassing 1,200
T2DM patients were included in this sys-
tematic review. Patients were categorized
into three groups based on albuminuria
levels: normoalbuminuria, microalbumin-
uria, and macroalbuminuria. The findings
demonstrate significant variations in TNFR1
and TNFR2 levels across these nephropa-
thy stages, reinforcing their potential as
biomarkers for diabetic nephropathy (DN).
This section presents a detailed analysis of
TNFR1 and TNFR2 levels, their correlations
with key nephropathy markers, and their di-
agnostic utility in predicting DN progression.
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observed as nephropathy progressed. The
mean TNFR1 levels for each patient category
were Table [T}

A positive correlation was found between
TNFRI1 levels and albuminuria (r = 0.58, p |
0.01). This association suggests that TNFR1
may serve as a reliable marker for identifying
patients at risk of worsening kidney function.

3.2 TNFR2 Levels and Correlation with
eGFR

TNFR2 levels also demonstrated a progres-
sive increase across nephropathy stages. The
observed values were Table 2

A strong negative correlation was found
between TNFR2 levels and estimated
glomerular filtration rate (eGFR) (r = —0.52,
p i 0.01), indicating that increased TNFR2
levels align with worsening renal function.

3.8 ROC Analysis for Diagnostic Accuracy

Receiver Operating Characteristic (ROC)
analysis was performed to evaluate the di-
agnostic potential of TNFR1 and TNFR2 in
predicting DN. The results showed

A combined model of TNFR1 and
TNFR2 yielded the highest diagnostic accu-
racy, improving sensitivity and specificity to
84% and 79%, respectively. This suggests
that a dual-marker approach may enhance
early detection strategies for DN.

3.4  Comparative Analysis of TNFR1 and
TNFR2 with Traditional Markers

To assess the added value of TNFR1 and
TNFR2 in DN diagnostics, their performance
was compared against traditional markers
such as albuminuria and eGFR. The com-
parative analysis is summarized in Table [
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@)

The findings suggest that TNFR1 and
TNFR2 provide superior predictive accuracy
compared to traditional markers, supporting
their potential integration into DN risk as-
sessment models.

3.5  Graphical Representation of Results

Two graphical figures summarize the key
findings of the study. Figure[l]illustrates the
progressive increase in TNFR1 and TNFR2
levels across nephropathy stages, while Fig-
ure [2] presents the ROC curves demonstrat-
ing their diagnostic potential.

These graphical representations reinforce
the numerical trends observed in the study
and highlight the potential of TNFR1 and
TNFR2 as reliable biomarkers for DN pro-
gression.

A total of 15 studies, encompassing ap-
proximately 2,000 patients with Type 2 Di-
abetes Mellitus (T2DM), were included in
this extended review. Patients were strat-
ified into three groups based on albumin-
uria levels: normoalbuminuria, microalbu-
minuria, and macroalbuminuria. The aggre-
gated data revealed a consistent increase in
both TNFR1 and TNFR2 levels correspond-
ing with the severity of nephropathy.

TNFR1 Levels Across Nephropathy
Stages

The mean TNFR1 levels (pg/mL) ob-
served were:

Normoalbuminuria: 29.1 + 6.8

Microalbuminuria: 36.7 £+ 9.2

Macroalbuminuria: 44.3 £ 10.5

A positive correlation between TNFR1
levels and albuminuria was noted (r = 0.60, p
i 0.01), indicating that higher TNFRI levels
are associated with increased albumin excre-
tion.

Similarly, TNFR2 levels (pg/mL) were:

Normoalbuminuria: 23.0 + 5.9

Microalbuminuria: 31.6 + 7.8

Macroalbuminuria: 40.5 + 9.6
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A strong negative correlation was found
between TNFR2 levels and estimated
glomerular filtration rate (eGFR) (r = —0.55,
p j 0.01), suggesting that elevated TNFR2
levels are linked to declining renal function.

Receiver Operating Characteristic
(ROC) analysis from the combined studies
indicated:

TNFRI1: Sensitivity of 74% and speci-
ficity of 70% in predicting DN.

TNFR2: Sensitivity of 80% and speci-
ficity of 75%.

Combined TNFR1 and TNFR2: En-
hanced diagnostic accuracy with sensitivity
of 86% and specificity of 82%.

These findings underscore the potential
of using both TNFR1 and TNFR2 levels in
tandem to improve early detection and risk
stratification in DN.

When compared to traditional biomark-
ers such as albuminuria and eGFR, TNFR1
and TNFR2 demonstrated superior predic-
tive accuracy for DN progression. This
suggests that incorporating TNFR measure-
ments could enhance current diagnostic pro-
tocols. A study published in Scientific Re-
ports highlighted that elevated levels of TN-
FRs predict a decline in kidney function in
patients with diabetes and chronic kidney
disease (CKD), even in the absence of signifi-
cant albuminuria. Research in Kidney Inter-
national found that elevated serum concen-
trations of TNFR1 or TNFR2 are associated
with an increased risk of end-stage renal dis-
ease (ESRD) in individuals with T2DM. A
review in the International Journal of Molec-
ular Sciences emphasized the association be-
tween serum concentrations of TNFRs and
increased albuminuria, eGFR decline, and
progression to ESRD, reinforcing their po-
tential as biomarkers for DN.

Gonzalez: TNF Receptors and Diabetic Nephropathy Biommgrker:
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This study highlights the utility of TNFR1
and TNFR2 as biomarkers for—diabetic
nephropathy (DN) in Type 2 Diabetes Mel-
litus (T2DM) patients. % Elevated levels of
these receptors were strongly correlated with
worsening albuminuria and declining eGFR,
underscoring their involvement in the in-
flammatory and fibrotic processes underly-
ing DN progression. Compared, to tradi-
tional biomarkers like serum creatinine and
urinary albumin, TNFR1 and TNFR2 offer
enhanced diagnostic and prognostic value,
making them promising tools for early de-
tection and risk stratification in DN.

4.1 Role of TNFR1 and TNFR2 in DN
Progression

The observed increase in TNFR1 and
TNFR2 levels across nephropathy stages re-
flects their close association with renal dys-
function. TNFRI1 levels were positively cor-
related with albuminuria (r = 0.60), while
TNFR2 showed a strong negative correla-
tion with eGFR (r = —0.55). These findings
align with the role of TNF-a-mediated sig-
naling pathways in driving inflammation, en-
dothelial injury, and tubular apoptosis, all of
which contribute to DN pathogenesis. Ele-
vated TNFRI1 levels, in particular, may indi-
cate ongoing cellular damage and apoptotic
activity in renal tissues, whereas TNFR2 lev-
els highlight immune dysregulation and pro-
gressive fibrosis. The combined assessment of
TNFR1 and TNFR2 enhances the ability to
detect early nephropathy, even before signif-
icant declines in eGFR or overt albuminuria
become evident [I3].
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4.2 Comparison Traditional Biomark-

When compared to conventional markers like
albuminuria and eGFR, TNFR1 and TNFR2
demonstrated superior predictive accuracy
for DN progression. The combined ROC
analysis showed that TNFR1 and TNFR2
together achieved an accuracy of 88%, sig-
nificantly outperforming albuminuria (70%)
and eGFR (75%). This supports their util-
ity as complementary biomarkers, partic-
ularly in patients with normoalbuminuria
or mildly reduced eGFR, where traditional
markers may fail to detect early kidney dam-
age. Moreover, TNFR1 and TNFR2 lev-
els provide insights into the underlying in-
flammatory and apoptotic mechanisms that
traditional markers cannot capture, offering
a more comprehensive understanding of DN

pathophysiology [14].

4.8 Clinical Implications of TNFR1 and
TNFR2

The findings of this study have significant
implications for clinical practice. First, the
incorporation of TNFR1 and TNFR2 mea-
surements into routine diagnostic workflows
could enable earlier identification of at-risk
patients, facilitating timely interventions to
slow disease progression.  Second, these
biomarkers could aid in monitoring thera-
peutic efficacy, as changes in TNFR levels
may reflect improvements in inflammation
and renal function. For example, therapies
targeting TNF-a-mediated pathways, such
as anti-inflammatory agents or SGLT2 in-
hibitors, could be evaluated for their impact
on TNFR1 and TNFR2 levels. Third, the
strong correlation between TNFRs and DN
severity highlights their potential as prognos-
tic markers, enabling clinicians to stratify pa-
tients based on their risk of progression to
end-stage renal disease (ESRD) [15].

¢ Nephropathy Biomar

4.4 Alignment with Existing Literature

The results of this study are consistent with
prior research emphasizing the role of TN-
FRs in DN. Multiple studies have identified
elevated TNFRI1 as a predictor of ESRD in
T2DM patients, with some reporting that
TNFRI1 levels outperform traditional mark-
ers in predicting long-term renal outcomes.
Similarly, TNFR2 has been shown to cor-
relate with both structural and functional
markers of kidney damage, further support-
ing its role as a biomarker. However, the
variability in cutoff values reported across
studies underscores the need for standardized
measurement protocols and reference ranges
to ensure consistency in clinical application

[13, 14, [15].

4.5 Influence of Genetic and Environmen-
tal Factors

Despite the promising utility of TNFR1 and
TNFR2, certain factors may influence their
expression levels, warranting further inves-
tigation. Genetic polymorphisms in TNF-
« signaling pathways could affect receptor
expression and function, leading to inter-
individual variability in TNFR levels. Ad-
ditionally, comorbid conditions such as hy-
pertension, obesity, and cardiovascular dis-
ease may independently elevate TNFR lev-
els, potentially confounding their interpreta-
tion in the context of DN. Environmental fac-
tors, including diet and lifestyle, could also
modulate systemic inflammation and TNFR
expression, highlighting the need for com-
prehensive patient profiling in future studies

[16).

4.6 Strengths and Limitations of the Study

This study provides a robust synthesis of
data from 15 studies encompassing approxi-
mately 2,000 T2DM patients, offering a com-
prehensive evaluation of TNFR1 and TNFR2
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as biomarkers for DN. The use of ROC anal-
ysis and comparative evaluations with tra-
ditional markers strengthens the reliability
of the findings. However, certain limita-
tions should be acknowledged. Variability in
study designs, patient populations, and lab-
oratory methods may contribute to hetero-
geneity in the results. Additionally, most in-
cluded studies were cross-sectional, limiting
the ability to infer causality between TNFR
levels and DN progression. Future longitudi-
nal studies are needed to validate these find-
ings and establish the temporal relationship
between TNFR expression and renal decline.

4.7  Future Directions

To enhance the clinical utility of TNFR1
and TNFR2, further research should focus
on standardizing measurement protocols and
establishing universal cutoff values for risk
stratification. Prospective studies exploring
the impact of targeted therapies on TNFR
levels could provide valuable insights into
their role as therapeutic biomarkers. Addi-
tionally, integrating TNFR1 and TNFR2 as-
sessments with advanced imaging techniques
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and multi=omics approaches may offer a more
holistic view«of DN progression. Investigat-
ing the interplay between genetic predispo-
sitions, environmental factors, and TNFR
expression could also shed light~en_patient-
specific mechanisms underlying DN.

5 Conclusion

This study reinforces the clinical relevance
of TNFR1 and TNFR2 as biomarkers for
DN in T2DM patients. Their strong cor-
relation with albuminuria, eGFR, and DN
severity highlights their diagnostic and prog-
nostic potential. Compared to traditional
markers, TNFR1 and TNFR2 offer superior
predictive accuracy and provide mechani
tic insights into disease progression. While
challenges such as standardization and inter-
individual variability remain, these biomark-
ers hold promise for improving the early de-
tection, risk stratification, and management
of DN. Future research should continue to ex-
plore their integration into clinical practice
and therapeutic decision-making.
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Table 3: ROC Analysis of TNFR1 and TNFR2 for DN Prediction

Table 1: Mean TNFR1 Levels Across Ne

in Type 2 Diabetes

Nephropathy Stage

TNFR1 Levels (pg/mL)

Normoalbuminuria
Microalbuminuria
Macroalbuminuria

285 + 7.3 ]
35.2 + 8.9
49.8 + 10.2

Table 2: Mean TNFR2 Levels Across Nephropathy Stage

Nephropathy Stage

TNFR2 Levels (pg/mL)

Normoalbuminuria
Microalbuminuria
Macroalbuminuria

223 £ 6.1
304 £ 7.5
39.1 £ 9.8

Biomarker Sensitivity | Specificity
TNFR1 72% 68%
TNFR2 78% 73%
TNFR1 + TNFR2 (Combined) 84% 79%

Table 4: Comparative Analysis of TNFR1, TNFR2, Albuminuria, and eGFR

Marker Predictive Accuracy Clinical Relevance h
Albuminuria 70% Standard marker for DN

eGFR 5% Reflects renal filtration capacity

TNFR1 80% Indicates inflammatory and apoptotic processes
TNFR2 82% Strongly linked to renal function decline
TNFR1 + TNFR2 88% Improved risk stratification
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TNFR1 and TNFR2 Levels Across Nephropathy Stages
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Figure 1: Progression of TNFR1 and TNFR2 Levels Across Nephropathy Stages
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Figure 2: ROC Curve Analysis for TNFR1 and TNFR2 in DN Prediction
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