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Background: The anticipation of diabetes-related complications remains a
challenge for numerous T2DM patients, as there is presently no effective method
for early prediction of these complications. This study aims to investigate the
association between renal function-related indicators and the occurrence
of peripheral neuropathy and retinopathy in individuals diagnosed with type 2
diabetes mellitus (T2DM) who currently have normal renal function.

Methods: Patients with T2DM who met the criteria were selected from the MMC
database and divided into diabetic peripheral neuropathy (DPN) and diabetic
retinopathy (DR) groups, with a total of 859 and 487 patients included, respectively.
Multivariate logistic regression was used to analyze the relationship between blood
urea nitrogen (BUN), creatinine (Cr), uric acid (UA), urine aloumin(ALB), albumin-
to-creatinine ratio (ACR), estimated glomerular filtration rate (eGFR), and diabetic
peripheral neuropathy and retinopathy. Spearman correlation analysis was used
to determine the correlation between these indicators and peripheral neuropathy
and retinopathy in diabetes.

Results: In atotal of 221 patients diagnosed with DPN, we found positive correlation
between the prevalence of DPN and eGFR (18.2, 23.3, 35.7%, p < 0.05). Specifically,
as BUN (T1: references; T2:0R:0.598, 95%Cl: 0.403, 0.886; T3:0OR:1.017, 95%Cl:
0.702,1.473; p<0.05) and eGFR (T1: references; T2:OR:1.294, 95%Cl: 0.857, 1.953;
T3:0R:2.142, 95%Cl: 1425, 3.222; p<0.05) increased, the odds ratio of DPN
also increased. Conversely, with an increase in Cr(T1: references; T2:OR:0.86,
95%Cl: 0.56, 1.33; T3:0OR:0.57, 95%Cl: 0.36, 0.91; p<0.05), the odds ratio of
DPN decreased. Furthermore, when considering sensitivity and specificity, eGFR
exhibited a sensitivity of 65.2% and specificity of 54.4%, with a 95% confidence
interval of 0.568-0.656.

Conclusion: In this experimental sample, we found a clear positive correlation
between eGFR and DPN prevalence.
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1 What this study adds

While prior research often focuses on the correlation of specific
indicators with either DPN or DR, this study takes an innovative
approach by exploring the relationship between six kidney function
indicators (eGFR, Cr, BUN, ALB, ACR, and UA) and their association
with DPN and DR in T2DM patients. This offers valuable insights for
clinicians when diagnosing and treating T2DM patients, whether they
have DPN or DR or not.

2 Introduction

Diabetes mellitus is a chronic, systemic metabolic disease often
resulting from the interplay of genetic predisposition and long-term
environmental factors (1). It ranks among the most prevalent and
significant conditions within the endocrine system (2). As per the
‘China National Nutrition and Chronic Disease Status Report (2020),
diabetes afflicts 11.9% of Chinese residents aged 18 and older,
predominantly the type 2 diabetes, with higher prevalence among
adults (>50years old). The hallmark of diabetes include: (1) tendency
to manifest at a younger age, (2) persist for extended periods, give rise
to numerous complications, pose substantial health risks, and (3)
incur substantial medical expenses (3).

The “IDF Diabetes Atlas (10th edition),” released in 2021, reported
that approximately 537 million adults aged 20 to 79 worldwide had
diabetes in 2021, with one in ten adults affected. By 2030, this number
is projected to escalate to 643 million, and by 2045, it is anticipated to
reach 783 million. Concurrently, the global population is forecasted
to increase spike 20%, translating to a 46% surge in the number of
diabetes cases during this period (4). This alarming trajectory
underscores the growing burden of diabetes-related suffering. Notably,
diabetes has now climbed to become the ninth leading cause of human
mortality (5).

Diabetic peripheral neuropathy (DPN) stands out as one of the
most prevalent complications associated with type 2 diabetes mellitus
(T2DM) (6). Clinically, DPN presents with a range of distressing
symptoms primarily affecting the distal limbs and motor function.
Sensory abnormalities frequently surface as sensations of numbness,
burning, tingling, coldness, and a perception of foreign objects in the
peripheral limbs. Concurrently, motor dysfunction may manifest as
muscle weakness, stiffness, and instability (7). It is crucial to note that
severe cases of DPN can escalate to the extent of causing foot ulcers
and, in extreme scenarios, necessitate amputation, resulting in a
significant deterioration in the patient’s overall quality of life (8).

Diabetic retinopathy (DR) is a prevalent microvascular disease
and a leading cause of vision impairment in the older adults
population (9). In its early stages, DR is marked by elevated blood
sugar levels and metabolic alterations, triggering oxidative stress and
neurodegeneration. Non-proliferative diabetic retinopathy (NPDR)
presents with early indicators such as endothelial damage,
microaneurysms, and scattered retinal hemorrhages (10-12).

Given the myriad complications associated with diabetes, there is
an urgent need for more effective predictive methods for diabetic
peripheral neuropathy and diabetic retinopathy.

At present, there is urgent need studies have reported on the
association between renal function-related indicators and the
occurrence of DPN and DR in patients with type 2 diabetes mellitus
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(T2DM) who exhibit normal renal function. Therefore, the primary
objective of this study is to assess the correlation between markers
such as BUN, Cr, UA, ALB, ACR, eGFR, and the presence of DPN and
DR in T2DM patients with normal renal function.

3 Methods
3.1 Participants

The Endocrinology and Metabolism Department at Southwest
Medical University Affiliated Hospital conducted a retrospective
cross-sectional study called MMC, which involved patients
hospitalized in the department from 2017 to 2023. The MMC project
database was meticulously compiled by healthcare professionals using
validated tools and traditional questionnaires, collecting personal
medical records from

information and comprehensive

each participant.

3.2 Study design

We extracted eligible samples from the MMC database using
predefined inclusion and exclusion criteria, sorting them into
DPN-positive, DPN-negative, DR-positive, and DR-negative groups.
The patients’ estimated glomerular filtration rate (eGFR) was
calculated using the formula: eGFR=170x(Cr)-1.234 x (Age)-
0.179%0.79 (if female). Multiple statistical methods were employed
simultaneously to evaluate the correlation between DPN, DR, and
renal function indicators.

3.3 Diagnostic criteria

Normal renal function is determined when all six renal function
indicators fall within specific ranges: BUN between 2.9-7.5mmol/L,
Cr within 44-133 pmol/L, urinary albumin (ALB) <20 mg/L, albumin-
to-creatinine ratio (ACR) < 30 mg/g, eGFR >90 mL/min/1.73m?". Uric
acid levels for adult men typically range from 149-416 pmol/L and for
women from 89-357 pmol/L. For men over 60, uric acid levels range
from 250-476 pmol/L and for women from 190-434 pmol/L.

The diagnosis of DPN typically involves a process of exclusion,
where other potential causes are ruled out. A definitive diagnosis of
DPN requires the presence of symptoms or signs of diabetic
sensorimotor polyneuropathy (DSPN), accompanied by abnormal
nerve conduction tests or assessments of small fiber nerve function
(13). For clinical diagnosis, the criteria are as follows: either the
presence of symptoms of DSPN along with at least one positive sign,
or no symptoms but at least two positive signs. Suspected DPN
diagnosis, on the other hand, relies on the presence of symptoms or
signs of DPN (at least one of them). The characteristic feature of
subclinical DPN is the absence of symptoms and signs of DSPN, only
detectable through quantitative sensory tests, skin sympathetic
reflexes, and other methods indicating abnormal nerve conduction or
small fiber neuropathy (14-16).

A definitive diagnosis of DR requires the simultaneous fulfillment
of three essential criteria: A well-documented history of diabetes; The
presence of characteristic retinal features, including microaneurysms,
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hemorrhages, exudates, neovascularization, macular edema, and other
similar manifestations in fundus examination; The exclusion of
alternative causes for retinal lesions that may resemble DR (17-19).

3.4 Sample size

Within the MMC database, a total of 7,932 patients were
identified. We screened patients based on specific inclusion criteria:
(1) age over 18years; (2) meeting the 2023 American Diabetes
Association diagnostic criteria (20); and (3) demonstrating normal
kidney function. Simultaneously, exclusion criteria encompassed: (1)
abnormal kidney function indicators; (2) a history of kidney disease
or kidney surgery; (3) use of medications, like cyclosporine, that may
impact kidney function; and (4) substantial missing data. Ultimately,
859 patients were included in the data analysis (see Figure 1
for details).

3.5 Ethics

This study adhered to the ethical standards outlined in the 2013
Helsinki Declaration and obtained approval from the Ethics

10.3389/fpubh.2023.1302615

Comnmittee of the Affiliated Hospital of Southwest Medical University
(Ethics Approval Code: 2018017) (21).

3.6 Statistical analysis

We compared the baseline clinical characteristics of DPN and DR
patients of different genders using descriptive statistics. Group
comparisons were conducted as follows: one-way analysis of variance
(ANOVA) for normally distributed continuous variables, the Kruskal-
Wallis H test for non-normally distributed continuous variables, and
the chi-squared test (” test) for categorical variables.

To identify variables influencing DPN and DR, we employed
logistic regression analysis models. Spearman correlation analysis was
conducted to establish relationships between renal function indicators
and DPN and DR. To evaluate the predictive accuracy of renal
function-related indicators for DPN and DR, we used Receiver
Operating Characteristic (ROC) curves. All hypotheses were tested at
a two-tailed significance level of 0.05. The weighting of various risk
factors was performed based on odds ratios (OR).

Forest plots were generated using GraphPad Prism (version 9.0).
We conducted all data analysis using SPSS (version 26.0).

7932 Total number of samples in
the MMC database

[

)

2210 Excluded
764 With high missingness
1446 With data duplication

t

[ 5722 Unrelated participants

2711 Excluded without
type 2 diabetes

‘[

3011 Unrelated participants of type
2 diabetes

[

]

431 Excluded
200 with mission data on
eGFR, Cr, BUN, ALB or
ACR
231 with mission data on
BMI, SBP, DBP, TG or
LDL

301 Excluded with
ALB>20mg/L

257 Excluded with
BUN<2.9mmol/L

241 Excluded with
Cr<2.9pmmol/L

J {

432 Excluded with
eGFR<90mL/min/1.73m*

384 Excluded with
ACR>30mg/g

106 Excluded with
UA<149umol/L or

J | )

| {

[ )

or BUN>7.5mmol/L or Cr>7.5pmmol/L

FIGURE 1

859 Participants included in
=1 analyses

Flowchart for the Selection of the Analyzed Study Sample From the MMC database.

UA>416pmol/L
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4 Results

The study encompassed 859 patients diagnosed with type 2
diabetes mellitus (T2DM), classified into four subgroups based on the
presence or absence of diabetic peripheral neuropathy (DPN) or
diabetic retinopathy (DR): no DPN (DPNO, n=638), presence of DPN
(DPN1, n=221), no DR (DRO0, n=382), and presence of DR (DRI,
n=105). For a detailed overview of the participants’ demographic and
biochemical data, please refer to Table 1.

In the DPN group, the DPNO subgroup exhibited significantly
higher average age, BMI, and waist circumference (WC) compared to
the DPN1 subgroup (p <0.05). Conversely, the DPN1 subgroup had
significantly higher levels of HDL, fasting blood glucose (FBG),
HbAlc, estimated glomerular filtration rate (eGFR), smoking rate,
alcohol consumption rate, and insulin usage rate compared to the

10.3389/fpubh.2023.1302615

DPNO subgroup (all p <0.05).Within the DR group, the DRO subgroup
showed significantly higher alanine transaminase (ALT) levels
compared to DR1 (p<0.05). On the other hand, the DR1 subgroup
had significantly higher mean age, systolic blood pressure (SBP),
diastolic blood pressure (DBP), HDL, duration of diabetes, and insulin
usage rate compared to DRO (all p<0.05).

Table 2 presents the distribution of DPN and DR in the three
quartiles of BUN, Cr, UA, ALB, ACR, and eGFR. It's worth noting that
the prevalence of DPN shows a significant positive correlation with
eGFR (18.2, 23.3, 35.7%, p < 0.001), while the prevalence of the other
indicators is nearly identical in both DPN and DR.

Multivariable regression models were employed to calculate the
odds ratios (OR) for DPN, as shown in Table 3.

In Model 2, after adjusting for gender and age, higher BUN levels
were associated with an increased odds ratio for DPN (T1: references;

TABLE 1 Clinical characteristics according to whether they have DPN or DR.

Variables DPNO (N =638) DPN1 (N =221)

DRO (N =382)

DR1 (N =105)

Age, years old 56.18+10.10 52.89+9.90 <0.001* 56.23+10.14 58.45+8.70 0.04*
Height, cm 161.29£8.44 161.91£8.36 0.35 160.34+8.73 159.96 +7.68 0.69
Weight, kg 64.03+11.48 62.54+10.99 0.09 62.56+11.44 62.04+9.56 0.67
BMI, Kg/m?* 24.52+3.35 23.79+3.34 0.005* 24.22+3.30 24.23+£3.29 0.99
WC, cm 86.00+9.58 83.88+9.82 0.005* 85.34+10.17 84.61+9.79 0.51
SBP, mmHg 129.24+16.90 128.39+£17.18 0.52 130.55+17.00 136.33+£17.28 0.002%*
DBP, mmHg 76.24+10.26 77.52+10.10 0.11 76.95+9.60 80.82+9.57 <0.001*
TG, mmol/L 2.20£2.22 2.41+2.55 0.25 2.19+£2.22 2.08+1.47 0.63
TC, mmol/L 4.72+£1.25 4.70£1.35 0.81 4.65+1.18 4.70+£1.28 0.69
LDL, mmol/L 2.83+£0.96 2.75+0.98 0.30 2.77+0.95 2.83+£0.99 0.59
HDL, mmol/L 1.19+0.34 1.34+0.52 <0.001* 1.21£0.36 1.31+0.44 0.02*
FBG, mmol/L 8.78+3.17 9.62+3.63 0.001%* 8.84+3.38 8.91+3.30 0.85
HbAlc, % 9.28+2.53 10.46£2.55 <0.001* 9.37+£2.38 9.35£2.55 0.95
ALT, mmol/L 29.72+27.70 32.38+58.74 0.37 32.77+£49.36 23.97+11.58 0.07*
AST, mmol/L 23.92+16.21 25.12+£43.29 0.55 25.43+£34.45 20.84+7.79 0.18
BUN, mmol/L 5.36+1.04 5.36+1.21 0.97 532+1.12 5.40+1.08 0.54
Cr, pmol/L 58.80+9.34 57.85+8.79 0.19 57.96+9.20 57.65+9.30 0.76
UA, pmol/L 298.88£62.06 298.98+57.62 0.98 298.11£58.26 303.22+61.11 0.43
ALB, mg/L 6.12£5.60 592+5.24 0.64 4.79+5.44 4.77£5.08 0.97
ACR, mg/g 10.18 £6.40 10.64£6.16 0.35 10.56 +6.46 10.10+6.86 0.52
eGFR, ml/L 126.85+£21.59 136.31£25.28 <0.001* 129.36 £22.55 129.37+23.37 0.99
Duration of diabetes, 75.79+73.14 75.59+74.63 0.97 70.43+73.33 107.47 £77.04 <0.001*
mouth

Current Drinking (No/ 425/128 213/93 0.02%* 255/127 72/33 0.73
Yes)

Current Smoking (No/ 457/181 119/102 <0.001* 261/121 76/29 0.43
Yes)

Hypoglycemic Drugs 251/387 98/123 0.19 149/233 35/70 0.29
(No/Yes)

Insulin (No/Yes) 508/130 15/66 0.004* 299/83 69/36 0.008*

The values were expressed as the mean + SD, n. BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triacylglycerol; TC, total
cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; FBG, fasting blood glucose; HbAlc, hemoglobin Alc; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; BUN, blood urea nitrogen; Cr, Creatinine; UA, uric acid; ALB, urine albumin; ACR, albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate.
*

‘p<0.05.
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TABLE 2 Prevalence of DPN and DR in different renal function indicator tertiles.

Events Diabetic peripheral p-value Events Diabetic
neuropathy retinopathy

BUN 0.85 BUN 0.44
T1(<4.83) 84(29.3%) T1(<4.80) 33(20.4%)

T2(4.83 ~5.86) 56(19.4%) T2(4.80 ~ 5.89) 34(20.9%)

T3(>5.86) 81(28.6%) T3(>5.89) 38(23.5%)

Cr 0.22 Cr 0.40
T1(<53.40) 79(27.5%) T1(<52.50) 38(23.3%)

T2(53.40 ~ 62.30) 75(26.6%) T2(52.50 ~ 62.03) 35(21.6%)

T3(>62.30) 67(22.9%) T3(>62.03) 32(19.8%)

UA 0.92 UA 0.42
T1(<273.27) 73(25.5%) T1(<274.43) 33(20.4%)

T2(273.27 ~325.20) 76(26.5%) T2(274.43 ~325.43) 34(20.9%)

T3(>325.20) 72(25.2%) T3(>325.43) 38(23.5%)

ALB 0.4 ALB 0.83
T1(<2) 67(23.3%) T1(<0.05) 27(16.7%)

T2(2~8.40) 78(27.7%) T2(0.05~ 6.44) 43(26.4%)

T3(>8.40) 76(26.2%) T3(>6.44) 35(21.6%)

ACR 0.25 ACR 0.21
T1(<6.60) 64(22.1%) T1(<6.60) 43(26.1%)

T2(6.60 ~11.70) 81(28.8%) T2(6.60 ~ 12.40) 28(17.3%)

T3(>11.70) 76(26.3%) T3(>12.40) 34(21.3%)

eGFR <0.001* eGFR 0.64
T1(<116.57) 52(18.2%) T1(<116.57) 38(23.5%)

T2(116.57 ~ 137.46) 67(23.3%) T2(116.57 ~138.57) 32(19.6%)

T3(>137.46) 102(35.7%) T3(>138.57) 35(21.6%)

The values were expressed as n (%). *p <0.05.

T2:0R:0.598, 95%CI: 0.403, 0.886; T3:OR:1.017, 95%CI: 0.702, 1.473;
p<0.05), and higher eGFR was also linked to a higher odds ratio for
DPN (T1: references; T2:0R:1.294, 95%CI: 0.857, 1.953; T3:0R:2.142,
95%CI: 1.425, 3.222; p<0.05). These trends remained largely
consistent in Model 3, even after adjusting for additional
confounding factors.

In summary, eGFR displayed a positive correlation with the risk
of DPN, while BUN exhibited an inverse correlation. Interestingly, in
Model 1, there was no significant correlation between Cr and
DPN. However, in Models 2 and 3, Cr displayed a negative relationship
with DPN risk. Unfortunately, no significant correlations were found
between UA, ALB, ACR, and the prevalence of DPN.

Table 4 presents the results of the Spearman correlation analysis,
which was conducted to establish the relationship between renal
function-related indicators in T2DM patients with normal kidney
function and the presence of DPN and DR.

It was found that only eGFR (rs=0.170, p<0.001) exhibited a
positive correlation with DPN. Conversely, there were no significant
correlations detected between BUN, Cr, UA, ALB, ACR, and
DPN. Furthermore, no apparent significant correlations were
observed between any of the renal function-related indicators in this
study and the presence of DR.

Frontiers in Public Health

To better illustrate the impact of various clinical indicators on
DPN, we conducted multivariate regression analysis and created
corresponding forest plots. Figure 1 provides a clear depiction of
the results.

In Figure 2, it is evident that HDL (OR:3.809, 95%ClI:2.423, 5.988),
HbAlc (OR:1.159, 95%CI:1.080, 1.245), eGFR (OR:1.009,
95%CI:1.001, 1.017), current smoking (OR:1.838, 95%CI:1.194,
2.830), and current insulin use (OR:1.658, 95%CI:1.100, 2.499) all
emerge as significant risk factors for DPN (all p<0.05).

Similarly, we performed multivariate regression analysis of various
clinical indicators in relation to DR. The results are presented in
Figure 2, which illustrates that DBP (OR:1.061, 95%CI:1.020, 1.103)
and duration of diabetes (OR:1.006, 95%CI:1.002, 1.009) emerge as
significant risk factors for DR (all p <0.05).

Finally, we assessed the diagnostic utility of renal function-related
indicators for DPN using ROC curves (Figure 3). Among these
indicators, eGFR exhibited the highest accuracy, with an area under
the curve (AUC) of 0.612 (95% CI: 0.568, 0.656, p<0.001). It was
followed by ACR (AUC: 0.530, 95%CI: 0.487, 0.573, p=0.190), Cr
(AUC: 0.529, 95%CI: 0.485, 0.572, p=0.205), ALB (AUC:0.508,
95%ClI: 0.463, 0.550, p=0.768), UA (AUC:0.505, 95%CI:0.462, 0.548,
p=0.837), and BUN (AUC:0.501, 95%ClI: 0.454, 0.549, p=0.951).

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1302615
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhang et al.

TABLE 3 Corrected OR and 95% Cl in tertiles of renal function indicators in the DPN group.

10.3389/fpubh.2023.1302615

Events Model 1 p-value Model 2 p-value Model 3 p-value
BUN

T1 1 0.01* 1 0.01% 1 0.01%
T2 0.58(0.40,0.85) 0.006* 0.60(0.40,0.89) 0.01% 0.54(0.36,0.83) 0.004*
T3 0.97(0.67,1.39) 0.87 1.01(0.70,1.47) 0.93 0.86(0.58,1.28) 0.45
Cr

T1 1 0.44 1 0.002 1 0.04*
T2 0.95(0.66,1.38) 0.80 0.74(0.50,1.11) 0.14 0.86(0.56,1.33) 0.51
T3 0.79(0.54,1.15) 0.22 0.46(0.30,0.71) 0.001 0.57(0.36,0.91) 0.02%
UA

T1 1 0.93 1 043 1 0.56
T2 1.05(0.72,1.53) 0.79 1.00(0.68,1.46) 0.98 1.23(0.81,1.88) 0.33
T3 0.98(0.67,1.43) 0.92 0.79(0.53,1.19) 0.26 1.24(0.79,1.93) 035
ALB

T1 1 0.49 1 0.55 1 0.64
T2 1.26(0.86,1.83) 0.24 1.24(0.84,1.82) 0.27 1.15(0.76,1.73) 0.52
T3 1.17(0.80,1.70) 0.44 1.11(0.76,1.63) 0.60 1.21(0.80,1.82) 0.36
ACR

T1 1 0.18 1 0.10 1 0.10
T2 1.42(0.98,2.08) 0.07 1.50(1.02,2.21) 0.04* 1.50(0.99,2.27) 0.05
T3 1.25(0.86,1.84) 0.24 1.37(0.93,2.03) 0.11 1.48(0.98,2.25) 0.06
eGFR

T1 1 <0.001* 1 0.001% 1 0.009%
T2 1.37(0.91,2.06) 0.13 1.29(0.86,1.95) 0.22 1.15(0.75,1.79) 0.52
T3 2.50(1.70,3.67) <0.001* 2.14(1.43,3.22) <0.001* 1.80(1.21,2.90) 0.005%

Model 1: unadjusted; Model 2: adjusted for sex, age; Model 3: adjusted for sex, age, WC, HDL, FBG, HbAlc, BMI, duration of diabetes, current smoking, current drinking, hypoglycemic
drugs, insulin. OR, odds ratio; CI, confidence interval. *p <0.05.

TABLE 4 Association of renal function indicators with diabetic peripheral neuropathy and diabetic retinopathy.

Events DPN, rs P DR, rs p
BUN 0.002 0.95 0.03 0.49
Cr —0.04 021 —0.02 0.67
UA 0.007 0.84 0.04 0.38
ALB —0.01 0.77 0.03 0.55
ACR 0.05 0.19 —0.04 0.33
eGFR 0.17 <0.001%* —0.007 0.88

BUN, blood urea nitrogen; Cr, Creatinine; ALB, urine albumin; ACR, albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; DPN, diabetic peripheral neuropathy; UA, uric

acid; rs, Spearman’s correlation coefficient. *p <0.05.

By calculating the Jorden index, we determined the optimal cutoft
value for eGFR to be 126.6 mL/min/1. 73m?. At this threshold, eGFR
demonstrated a sensitivity of 65.2% and a specificity of 54.4%.

5 Discussion

5.1 Aim of study

In this cross-sectional study, we categorized 859 T2DM patients
into the DPN group and 487 into the DR group. The study aimed to
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explore the relationship between DPN and DR prevalence in T2DM
patients with normal kidney function, as related to BUN, Cr, UA, ALB,
ACR, and eGER levels.

Our data analysis revealed that as eGFR quartiles increased, the
prevalence of DPN also increased (p <0.05), with higher eGFR quartile
groups having more DPN patients. After adjusting for confounding
factors like gender, we observed that BUN and Cr exhibited a negative
correlation with DPN (p <0.05), while eGFR displayed a positive
correlation with DPN (p <0.05).

In summary, kidney function showed a positive correlation with
DPN and remained independent of other well-established risk factors
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FIGURE 2

diabetic peripheral neuropathy: DR, diabetic retinopathy. *p <0.05
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Multifactor regression analysis were performed on variables independently associated with DPN in all participants. WC, waist circumference; BMI, body
mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; HDL, high-density lipoprotein cholesterol; TG, triacylglycerol; HbAlc,
hemoglobin Alc; FBG, fasting blood glucose; ALT, alanine transaminase; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; DPN,
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FIGURE 3
ROC curve of Kidney Function Indicators predicting DPN in T2DM
with Normal Kidney Function. ROC, receiver operating characteristic,
DPN, Diabetic peripheral neuropathy, ALB, urine albumin; Cr,
Creatinine: ACR, albumin-to-creatinine ratio: BUN, blood urea
nitrogen; eGFR estimated glomerular filtration rate; UA,uric acid.

like age, gender, HDL, and blood glucose. eGFR proved to be the most
reliable indicator for assessing the relationship between renal function
and DPN. Unfortunately, we did not find a significant correlation
between UA, ALB, ACR, and DPN prevalence in T2DM patients with
normal kidney function.

However, in the DR group, we observed distinct correlations
between age, blood pressure, HDL, glycated hemoglobin, ALT,
duration of diabetes, and insulin usage with the prevalence of
DR. These factors were identified as significant risk factors for
DR. Conversely, no noticeable correlations were found between BUN,
Cr, UA, ALB, ACR, eGFR, and the prevalence of DR.

Furthermore, we observed that in the multivariable regression
analysis, a significant regression relationship between Cr and DPN
was only evident when accounting for factors like age. This finding
raises the possibility that this relationship might be influenced by
several factors, including the relatively small size of our data sample,

Frontiers in Public Health

07

potential collinearity between Cr and age, or certain limitations in our
study methodology.

5.2 Comparison with other studies and
possible explanations

DPN is a common complication in both TIDM and T2DM
patients. It often leads to diabetic foot issues and a significant decline
in the quality of life for those with T2DM. Additionally, it is a major
factor contributing to non-traumatic limb amputations and mortality
in T2DM patients (22-24).

DPN commonly exhibits symmetry and length dependence,
primarily impacting the longest nerves initially. It frequently manifests
as foot issues, including numbness accompanied by a tingling
sensation in the lower limbs, alongside intermittent claudication
symptoms. If left unaddressed, these symptoms can escalate to severe
conditions like foot infections, ulcers, and, in severe cases, tissue
damage or necrosis. Unfortunately, patients tend to overlook it in its
early stages, only seeking help when the condition becomes severe.
The complex etiology involves factors such as high blood sugar, aging,
hyperlipidemia, hypertension, and obesity. By the time it’s detected,
the disease is often irreversible (25, 26).

T2DM patients commonly have elevated levels of inflammatory
biomarkers like C-reactive protein due to inflammation in their
bodies. These markers can affect autonomic nerve function and
contribute to neuropathy (27-29). While the exact cause of DPN
remains unclear, it’s believed to result from a combination of factors,
including neural ischemia, oxidative stress, polyol pathway
hyperactivity, protein kinase C activation, growth factors, genetics,
and immune abnormalities (30).

Research by Yang (31) and others has shown that when T2DM
patients also have chronic kidney disease (CKD), DPN is more
likely to occur or worsen due to dual pathological exposures.
Certain readily available urinary markers, such as UACR, eGFR,
NAG/Cr, and f2-MG, can help predict DPN early, with elevated
NAG/Cr serving as an independent risk factor for DPN. In the
initial phases of many kidney impairments, the kidneys tend toward
hyperfiltration, potentially elevating eGFR values even within the
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normal range. However, this compensatory mechanism might
indicate underlying kidney pathology, leading to damage in the
body’s nervous system. In our study, the determined optimal cutoff
value for eGFR was 126.6 mL/min/1.73m? Surpassing 120 mL/
min/1.73m” suggests potential early kidney impairment. A meta-
analysis revealed an inverse relationship between decreased eGFR
and the risk of diabetic peripheral neuropathy (DPN) when eGFR
falls below normal values (32). Another study noted a considerable
rise in the risk of DPN among patients in stage 3 or 4 chronic
kidney disease (CKD) (33). Collectively, these studies underscore a
notable increase in the risk of DPN with kidney impairment.
Furthermore, multiple studies have validated smoking as a
significant risk factor for DPN (34). This aligns with our findings,
and while there may be differences in study subjects, the existing
disparities are acceptable.

Many researchers emphasize the significance of elevated fasting
blood glucose (FBG) and glycated hemoglobin (HbA1lc) levels in
the development of DPN. Other studies by scholars have
independently linked blood pressure to the risk of DPN, although
the exact mechanism remains unclear. It may be associated with
reduced neural blood flow, delayed nerve conduction, axonal
atrophy, and thinning of myelinated fibers due to high blood
pressure (35-37).

Furthermore, numerous investigations have shown that the
incidence of DPN in T2DM patients increases with the duration of the
disease, highlighting the importance of early detection methods. For
example, research led by Hashem (6) and others found a positive
correlation between the use of metformin and the occurrence and
progression of DPN. Similarly, Handzlik (38) and colleagues suggested
that systemic serine deficiency and lipid abnormalities could be novel
risk factors for peripheral neuropathy, contributing to our ability to
predict DPN at an earlier stage.

Recent research indicates that the global prevalence of DR among
diabetes patients is 35% (39). With population growth, an aging
population, and lower mortality rates, the prevalence of DR is
expected to increase. Even when patients undergo initial screening,
advanced stages of DR may no longer be treatable, highlighting the
importance of early detection (40).

Researchers have extensively studied various risk factors for
DR, including chronic hyperglycemia, gender, disease duration,
blood pressure, and lipid levels. Chronic hyperglycemia is a primary
factor for DR, with disease duration and HbA1c levels commonly
identified as key risk factors for disease onset and progression
(41, 42).

From a medical perspective, studies by Kuwabara and Cogan (43),
and others have shown that pericytes play a significant role in vascular
damage in DR. Experiments involving pericyte ablation or genetic
removal have revealed early characteristics of DR, such as
microaneurysm formation and blood-retinal barrier dysfunction.
These studies underscore the importance of pericytes in maintaining
retinal capillary health (44, 45).

While no reports have established a direct correlation between
kidney function indicators and DR incidence, research by Saini DC
(46) and others suggests that the severity of DR can be an indicator of
diabetic nephropathy and peripheral neuropathy progression.
However, our study did not find such an association, possibly due to
limitations in our experimental methods.
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5.3 Strength and limitation

While prior research often focuses on the correlation of specific
indicators with either DPN or DR, this study takes an innovative
approach by exploring the relationship between six kidney function
indicators (eGFR, Cr, BUN, ALB, ACR, and UA) and their association
with DPN and DR in T2DM patients. This offers valuable insights for
clinicians when diagnosing and treating T2DM patients, whether they
have DPN or DR or not.

Nonetheless, this study has limitations, primarily due to the
relatively small sample size. This constraint might contribute to a
degree of error, potentially leading to an overestimation of the
significance of renal function indicators in predicting
DPN. Additionally, the cross-sectional research design employed here
is insufficient for establishing precise causal relationships and cannot
provide in-depth explanations for the mechanistic associations
between eGFR, Cr, and DPN in T2DM patients. To confirm the
potential causal relationship between eGFR and DPN in T2DM
patients suggested by this study, further longitudinal research

is needed.

6 Conclusion

T2DM patients with higher eGFR levels are at a greater risk of
developing DPN. Elevated eGFR serves as a risk factor for DPN,
emphasizing the importance of early eGFR level control in T2DM
patients, even within the normal range, to prevent DPN. However, it’s
worth noting that both diastolic blood pressure (DBP) and the
duration of diabetes are positively correlated with the incidence of DR,
while no significant association has been found between kidney
function indicators and DR.
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