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Purpose: This study investigated the association between the serum uric acid-to-creatinine ratio (SUA/Cr) and sudomotor dysfunction
in patients with type 2 diabetes mellitus.

Patients and Methods: This was a single-center, inpatient, cross-sectional study. A total of 781 participants were classified into
three tertiles based on their SUA/Cr. The electrochemical conductivity (ESC) of sweat obtained from the hands and feet was measured
using SUDOSCAN to assess sudomotor function. Mean ESC values for the hands (HESC) and feet (FESC) were computed
independently. Sudomotor dysfunction was defined as HESC or FESC < 60 uS. Statistical analyses were performed using SPSS
25.0, involving one-way ANOVA, Kruskal-Wallis test, chi-square test, Spearman correlation coefficient, binary/multivariable logistic
regression (with three adjusted models), and subgroup analysis, with statistical significance defined as p < 0.05.

Results: The prevalence of sudomotor dysfunction in the first, second, and third tertiles of SUA/Cr was 65.0%, 57.6%, and 48.9%,
respectively. Patients with lower SUA/Cr levels exhibited a markedly increased risk of sudomotor dysfunction compared to those with
higher SUA/Cr levels (p < 0.001). After adjusting for potential confounders, the association between decreased SUA/Cr ratio and
sudomotor dysfunction risk remained significant (OR=1.646, 95% CI: 1.088-2.489, p = 0.018). Subgroup analyses by age, sex,
glycated hemoglobin Alc, body mass index, and duration of diabetes confirmed the robustness of the relationship between SUA/Cr
and the risk of diabetic peripheral neuropathy (all interactions p > 0.05).

Conclusion: The SUA/Cr ratio is independently associated with sudomotor dysfunction in patients with type 2 diabetes mellitus.
Keywords: serum uric acid-to-creatinine ratio, sudomotor dysfunction, type 2 diabetes, diabetic peripheral neuropathy

Introduction

Diabetic peripheral neuropathy (DPN) is a major complication of type 2 diabetes mellitus (T2DM), characterized by nerve
dysfunction in patients with diabetes after excluding other potential causes.' Recent studies have indicated that approxi-
mately 50% of adults with diabetes eventually develop DPN.? This condition is a significant risk factor for diabetic foot
ulceration, a leading cause of non-traumatic lower-limb amputation.®> Additionally, DPN is also associated with an
increased risk of falls, painful neuropathic symptoms, and decreased quality of life.* Early detection and effective

management of DPN risk factors can mitigate its prevalence and potentially alter its progression.> However, early detection
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of DPN is challenging due to the often asymptomatic nature of early-stage DPN. Previous studies have shown that small
fiber nerve damage typically precedes large fiber deterioration in patients with asymptomatic DPN,> and sudomotor
function can serve as a reliable indicator of small nerve fiber function.® Hence, the identification of sudomotor dysfunction
and its risk factors can delay the progression of DPN.” In this context, we assessed sudomotor function using electro-
chemical skin conductance (ESC) with SUDOSCAN, which quantifies chloride-ion conductance at the hands and feet.
Previous studies have shown that hyperuricemia is associated with an increased risk of peripheral neuropathy in
diabetes.*® However, some studies have suggested that low serum uric acid (SUA) levels are associated with a higher

risk of peripheral nerve dysfunction,'®!!

creating controversy regarding the relationship between SUA and DPN. This
discrepancy may be due to the lack of adjustment of serum uric acid levels by renal function. Owing to the influence of
renal function on uric acid excretion, an increasing number of studies have used renal function-standardized uric acid as
a clinical indicator to assess the severity and prognosis of T2DM. Gu et al utilized the SUA/creatinine (Cr) ratio (SUA/
Cr) to calculate the standardized SUA after normalizing for renal function, indicating that SUA/Cr levels could serve as
a reliable predictive marker for renal function deterioration in T2DM.'? Furthermore, SUA/Cr levels have been linked to
B-cell function and metabolic-related fatty liver disease in individuals with T2DM.'*'* Nevertheless, whether the SUA/
Cr ratio is related to sudomotor dysfunction remains unclear. Additionally, age, sex, obesity, diabetes duration, and
glycemic control may confound the relationship between SUA/Cr and sudomotor function. We hypothesize that lower
SUA/Cr is associated with an increased likelihood of sudomotor dysfunction as defined by ESC, possibly attributable to

1516 and increased microvascular stress,'” which in turn lead to small-fiber damage.

diminished antioxidant reserve
This study aimed to investigate the association between standardized SUA (SUA/Cr) and early diabetic neuropathy,

which presents as sudomotor dysfunction in patients with T2DM, to provide a new approach for the early screening of DPN.

Materials and Methods

Patients

This was a single-center, inpatient, cross-sectional study that included consecutive patients hospitalized at this study
center between December 2020 and September 2021. All participants provided written informed consent, and the study
was approved by the Ethics Committee of the Third Affiliated Hospital of Sun Yat-sen University. In accordance with the
World Health Organization diagnostic guidelines established in 1999,'® 1134 adult patients with T2DM aged 18—80 years
were enrolled from available participants. Exclusion criteria were as follows: (1) various acute complications of diabetes,
(2) use of medications that may affect UA within the past 3 months (such as allopurinol, thiazide diuretics, salicylates,
and corticosteroids), (3) peripheral neuropathy caused by other reasons, (4) severe liver or kidney dysfunction, and (5)
a history of peripheral vascular disease or foot amputation. Ultimately, 781 patients were included (Figure 1).

Clinical and Laboratory Data

Participants’ weight, height, resting systolic blood pressure (SBP), and diastolic blood pressure (DBP) were recorded.
Experienced clinical physicians conducted detailed interviews to document the participants’ personal details, medical
histories, and recent medication use. Fasting plasma samples were collected to assess levels of glycated hemoglobin A,
(HbA;.), SUA, serum Cr, estimated glomerular filtration rate (eGFR), total cholesterol (TC), triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and fasting plasma glucose
(FPG). Each participant underwent a comprehensive evaluation of their hands and feet to check for issues such as
dryness, ulcers, gangrene, or amputation, which could compromise skin integrity. Body mass index (BMI) was calculated
as weight (in kilograms) divided by the square of height (in meters). The SUA/Cr was calculated as the ratio of SUA
(umol/L) to Cr (umol/L), used to determine the standardized SUA ratio for kidney function. Based on SUA/Cr tertiles
derived from sample quantiles, participants were categorized into three groups: first tertile (<4.89), second tertile
(4.90-6.61), and third tertile (>6.61).
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persons enrolled between 2020/12 and 2021/9

(n=1134)
persons excluded (n=227)
« various acute complications of diabetes (n=121);
» use of medications that may affect UA within
the past 3 months (such as allopurinol, thiazide
-

diuretics, salicylates, and corticosteroids)(n=23);

» peripheral neuropathy caused by other reasons
(n=11);

« severe liver or kidney dysfunction (n=68);

» history of peripheral vascular disease or foot
amputation (n=4).

L 5| persons missing baseline data (n=126)

781 persons with T2DM were included for analysis

Figure | Flow chart showing the patients selection process.

Sudomotor Function Assessment

Sudomotor function was assessed using the SUDOSCAN device (Impeto), which measures ESC of sweat on the hands
and feet. All operators conducting measurements received rigorous standardized training to ensure consistent operation.
Measurements were performed in a controlled room (26°C, 45-55% relative humidity); prior to testing, participants
removed hand/foot lotions, creams, or calluses, cleaned the skin with sterile water and dried it thoroughly, and abstained
from caffeine (coffee, cola), strong tea, and nicotine for 24 hours to avoid confounding effects. Participants placed their
hands and feet on two sets of stainless-steel electrodes simultaneously during the assessment. The electrodes were
connected to a desktop computer for data processing and analysis. The test duration was approximately 2—3 minutes,
during which time the sensor used reverse iontophoresis to measure the chloride ion current in the sweat. The chloride
ion current was measured in microSiemens (1S). Three repeated trials were conducted per site, with average hand ESC
(HESC) and foot ESC (FESC) calculated from valid trials. Failed reads (incomplete electrode contact or invalid signals)
led to trial disqualification, and participants with >2 failed trials for hands or feet were excluded. Sudomotor dysfunction
was identified by the average ESC measurement value of < 60 pS on the hand or foot."”

Statistical Analyses

Statistical analyses were primarily conducted using SPSS (version 25.0). Continuous data are presented as mean +
standard deviation, non-normally distributed data as median (interquartile range), and categorical data as percentages.
Group comparisons were conducted using one-way analysis of variance for continuous variables and the Kruskal-Wallis
test for non-normally distributed continuous variables. The chi-square test was used for categorical data. The Bonferroni
method was used to conduct pairwise comparisons among multiple samples for indicators exhibiting statistically
significant differences. Spearman correlation coefficient was used to evaluate the relationship between SUA/Cr and the
average ESC of the hands or feet. Binary logistic regression analysis was employed to assess the association between
SUA/Cr ratio and sudomotor dysfunction. To mitigate the impact of confounding factors on sudomotor dysfunction,
variables with clinical significance level of p < 0.05 in the univariate analysis were included in a multivariable logistic
regression analysis. Model 1 was not adjusted for any variables; Model 2 was adjusted for age and sex; and Model 3 was
adjusted for age, sex, BMI, DBP, smoking (current/former/never), TG, HDL-C, diabetes duration (years), and FPG. Odds
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ratios (OR) and 95% confidence intervals (CI) were calculated using logistic regression. Statistical significance was
defined as p < 0.05. To address the disparities among various populations, a subgroup analysis was conducted, taking into
account factors including gender, age, HbAlc, BMI, and duration of diabetes.

The following analyses were conducted using R software (version 4.5.1). Multicollinearity analysis was performed to
assess collinearity among variables. Restricted cubic splines (RCS) analysis was applied in the multivariable-adjusted
model to evaluate the non-linear association between SUA/Cr (per SD increment) and sudomotor dysfunction, with
p-values calculated for both the overall and non-linear associations. Receiver operating characteristic (ROC) curve
analysis was conducted to determine the predictive value of SUA/Cr for sudomotor dysfunction in patients with T2DM.
The calibration of the prediction model was evaluated via calibration curves, with the Brier score, calibration intercept,
and calibration slope computed to assess the consistency between the predicted and actual probabilities of sudomotor
dysfunction; multi-dimensional discriminative indicators (eg, Dxy) were used to measure model performance.

Results

Baseline Characteristics

The baseline characteristics of the participants, categorized by the tertiles of the SUA/Cr ratio, are presented in Table 1.
Among the 781 participants (59.0% men), the mean age was 55.09+13.22 years old, and the average SUA level was
375.43+112.00 pmol/L. Compared to those with higher SUA/Cr, the proportion of men, BMI, DBP, TG, eGFR, FPG,
SUA, HESC, and FESC of patients in the lower SUA/Cr group was decreased, whereas age, smoking, HDL-C level,
diabetes duration, proportion of sudomotor dysfunction, and Cr level was increased significantly (p < 0.05). The

Table | Baseline Characteristics According to Tertiles of SUA/Cr Ratio

Variables Total Tertiles of SUA/Cr Ratio P-value
First Tertile Second Tertile Third Tertile

N (%) 781(100%) 260(33.29%) 257(32.91%) 263(33.67%) -
Age (years) 55.09+13.22 58.97+12.09 55.13%12.11% 51.21+14.14% <0.001
Men, N (%) 461(59.0%) 173(66.5%) 174(67.7%) 1 14(43.3%)™ <0.001
Body mass index (kg/m?) 24.20+3.71 23.46+3.35 24.04+3.47 25.08+4.09%* <0.001
Systolic blood pressure (mmHg) 128.33+18.50 129.174£20.49 126.49+17.03 129.31£17.71 0.766
Diastolic blood pressure (mmHg) 81.62+10.77 79.90+11.40 81.67+10.37 83.29+10.27% 0.001
Alcohol consumption, N (%) 129(16.5%) 39(15.0%) 46(17.9%) 44(16.7%) 0.672
Smoking, N (%) 194(24.8%) 75(28.8%) 70(27.2%) 49(18.6%)™ 0.014
Total cholesterol (mmol/L) 481+1.32 4.73+1.40 4.80+1.30 4.89+1.27 0.355
Triglycerides (mmol/L) 1.41 (1.02,2.07) 1.23 (0.90, 1.84) 1.35 (0.98, 1.86) 1.73 (1.19, 2.60)" <0.001
HDL-C (mmol/L) 1.00£0.28 1.01£0.31 1.01£0.28 0.96+0.24 0.005
LDL-C (mmol/L) 2.86+1.00 2.84+1.02 2.8610.99 2.87+1.01 0.943
eGFR (mL/min/1.73m?) 98.70+22.77 82.93+25.59 101.93+14.46" I11.10+16.68% <0.001
Diabetes duration (year) 7.00(1.00,12.00) 8.00(2.00,14.00) 6.00(1.00,12.00)* 5.00(0.71,10.00)* <0.001
HbAlc (%) 9.12+2.36 9.09+2.39 9.19+2.41 9.10+2.30 0.872
FPG (mmol/L) 6.74 (5.33,8.62) 6.30 (5.01,8.18) 6.71 (5.24,8.75) 6.97 (5.59,8.89)" 0.028
Creatinine (umol/L) 63.0 (51.40,76.70) | 77.00 (64.30,100.00) | 63.90 (54.45, 72.20)% | 52.90 (43.25, 62.00)** | <0.001
Serum uric acid (umol/L) 375.43%112.00 316.43£104.00 366.23+79.79% 442.28%111.16™ <0.001
HESC 59.00 (44.00,71.00) | 56.00 (39.25, 68.00) | 60.00 (42.00, 72.50) | 63.00 (49.25, 73.00)* | <0.001
FESC 69.00 (54.00,78.50) | 68.00 (48.25, 77.00) | 69.00 (52.50, 79.00) | 70.00 (60.00, 80.00)* 0.011
Sudomotor Dysfunction (%) 446(57.1%) 169(65.0%) 148(57.6%) 129(48.9%)* 0.001

Notes: “#” represents p < 0.05 compared to tertile |, “*’represents p < 0.05 compared to tertile 2. All pairwise comparisons were adjusted using the Bonferroni
correction. Bolded numbers indicate statistical significance.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; HbA I ¢, glycated
hemoglobin Alc; FPG, fasting plasma glucose; HESC, hand electrochemical skin conductance; FESC, foot electrochemical skin conductance.
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prevalence of sudomotor dysfunction in the first, second, and third tertiles of SUA/Cr was 65.0%, 57.6%, and 48.9%,
respectively (p < 0.05). No significant differences were observed in other baseline features.

Analysis of the Correlation Between SUA/Cr and Sudomotor Dysfunction

As shown in Figure 2a and b, Spearman correlation analysis revealed a significant correlation between the SUA/Cr ratio
and both FESC and HESC. The association between SUA/Cr ratio and sudomotor dysfunction was further elucidated
using binary logistic regression analysis. As indicated in Table 2, individuals with lower SUA/Cr levels were found to
have a significantly increased risk of developing sudomotor dysfunction than those with higher SUA/Cr levels
(OR=1.944, 95% CI: 1.368-2.761, p < 0.001) (Model 1). In Model 3, after adjusting for age, sex, BMI, DBP, smoking,
TG, HDL-C, diabetes duration, and FPG, the association between decreased SUA/Cr ratio and the likelihood of
experiencing sudomotor dysfunction remained significant (OR=1.646, 95% CI: 1.088-2.489, p = 0.018).

Multicollinearity analysis indicated no severe multicollinearity that would distort the model estimates (Supplemental
Table S1).

Restricted cubic splines (RCS) analysis was employed to assess non-linear associations between SUA/Cr per SD and
sudomotor dysfunction in multivariable-adjusted model. The results indicated a significant overall association (p for
overall = 0.004) but no evidence of non-linearity (p for nonlinear = 0.430), suggesting that the relationship between SUA/
Cr and sudomotor dysfunction was linear (Supplemental Figure S1). Specifically, each SD increase in SUA/Cr was

associated with a gradual decrease in the risk of sudomotor dysfunction.

Subgroup Analyses

In subgroup analysis, individuals with lower SUA/Cr levels were more likely to develop sudomotor dysfunction than
those with higher SUA/Cr levels, regardless of sex, age, poor blood sugar control, obesity, or diabetes duration (all
interactions, p > 0.05) (Figure 3).

ROC Curve Analysis and Calibration Slope

ROC curve analysis was conducted to confirm the predictive values of SUA/Cr in detecting sudomotor dysfunction in
patients with T2DM. The Youden’s Index, sensitivity, and specificity were 0.591, 0.686 and 0.549, respectively. The area
under the curve (AUC) and its 95% confidence interval were 0.652 and 0.612-0.693, respectively (p < 0.001), as shown in
Supplementary Figure S2. Systematic evaluation of the prediction model (calibration curves and multi-dimensional

indicators) showed moderate discriminative ability (AUC = 0.652; Dxy = 0.310) and excellent calibration. The calibration
curve approximated the ideal line (y=x), with a Brier score of 0.227, and ideal-calibrated intercept (0.000) and slope
(1.000), reflecting high consistency between predicted and actual probabilities, as shown in Supplementary Figure S3.

25+ r=0.110 25—
p=0.002

r=0.165
p<0.001

Figure 2 Correlation between SUA/Cr and FESC (a) or HESC (b).
Notes: r, Spearman correlation coefficient; p < 0.05.
Abbreviations: SUA/Cr, serum uric acid-to-creatinine ratio; HESC, hand electrochemical skin conductance; FESC, foot electrochemical skin conductance.
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Table 2 Multivariate Logistic Regression Analysis of SUA/Cr and Sudomotor Dysfunction

Model | Model 2 Model 3

OR(95%Cl) | P-value | OR(95%Cl) | P-value | OR(95%Cl) | P-value

SUA/Cr ratio (tertile)

First tertile 1.944 (1.368, 2.761) | <0.0001 | 1.821 (1.249, 2.655) 0.002 1.646 (1.088, 2.489) | 0.018
Second tertile 1.421 (1.006, 2.008) 0.046 1.428 (0.992, 2.054) 0.055 1.299 (0.882, 1.912) 0.185
Third tertile Ref - Ref - Ref -

Notes: Model |, unadjusted; Model 2, adjusted for age and sex; Model 3, adjusted for variables included in Model 2, body mass index, diastolic blood
pressure, smoking, triglyceride, high-density lipoprotein cholesterol, diabetes duration, and fasting plasma glucose. bold numerical text: significant
difference comparing SUA/Cr ratio between first tertile or second tertile with third tertile in multivariate logistic regression analysis, p < 0.05.
Abbreviations: OR, odds ratio; Cl, confidence interval.

Discussion

Diabetic peripheral neuropathy (DPN) is a severe complication of diabetes that significantly impacts patients’ quality of
life, contributing to increased mortality rates, lower limb amputations, and painful neuropathic symptoms.**° Therefore,
the early identification of DPN and its risk factors is crucial for slowing its progression. Sudomotor dysfunction,
a reliable indicator for damage of small nerve fiber, is recognized as an early manifestation of DPN. Our current cross-
sectional study found that the prevalence of sudomotor dysfunction in participants in the lowest tertiles of SUA/Cr levels
was significantly higher than that in those in the highest tertiles. After adjusting for age, sex, BMI, and other potential
confounders, the lowest tertile of SUA/Cr was independently associated with an increased risk of sudomotor dysfunction
(adjusted OR=1.646, 95% CI: 1.088-2.489, p = 0.018).

Uric acid, a by-product purine metabolism, is primarily synthesized in the liver. Approximately 70% of uric acid is
excreted by the kidneys, and the remaining 30% is excreted through the intestines.”' Because renal function significantly
influences uric acid levels, it is a crucial factor to consider when investigating the association between SUA levels and
peripheral neuropathy in patients with T2DM. Currently, the relationship between SUA and DPN remains controversial,
with conflicting study results potentially attributable to variations in renal function among participants. However, the
exact mechanism linking SUA and DPN is not fully understood.

Research has demonstrated that elevated SUA, which functions as a bioactive pro-inflammatory agent, may trigger
a cascade of oxidative stress responses, ultimately contributing to the initiation and progression of inflammatory
processes.'>'® Moreover, high SUA levels may decrease NO production, subsequently impairing endothelial cell
function. This impairment results in local vascular contraction and reduced tissue perfusion, further exacerbating the
occurrence and development of DPN.'” A nationwide multicenter cross-sectional study in Thailand involving 7511 adult
patients with T2DM revealed that elevated serum uric acid levels were independently associated with DPN occurrence.

Subgroup O’g’fg;ﬁ;"&) P value OR Soe,;c’(g‘;‘;f'é'l")" P value OR OTF'{";‘;;EA’“E) P value P for interaction
Sex 0.566
Male 2489 (1533, 4.042) <0.0001 —— 1.675 (1.039, 2.700) 0.034 R — Ref

Female 1.747 (1.005, 3.037) 0.048 i 1.544 (0.887, 2.687) 0.124 —s Ref
Age 0.231
<55 years 1.305 (0.786, 2.166) 0.303 Ho—s 1.330 (0.826, 2.141) 0.241 —— Ref

>55 years 2430 (1461, 4.042) 0.001 —— 1.463(0.879, 2.437) 0.144 E== Ref
HbA1c 0.556
<T% 2322 (1.011,5.335) 0.047 —— 1.110 (0480, 2568) 0.808  +——e— Ref

=7% 1.827 (1.239, 2.694) 0.002 —— 1.495 (1.023, 2.185) 0.038 e Ref
BMI 0.879
<24 kg/m2 1.789 (1.088, 2.942) 0.022 —— 1.490 (0.895, 2.481) 0.125 ——— Ref

24 kg/m2 1.699 (1.006, 2.871) 0.047 i 1.249(0.768, 2.030) 0.370 —— Ref
Duration of diabetes 0.812
<5 years 1.788 (1.031, 3.104) 0.039 —— 1.544 (0.916, 2.604) 0.103 —— Ref

5-10 years 2423 (1116, 5.261) 0.025 —— 1.277 (0.649, 2.514) 0.480 ——— Ref

>10 years 1476 (0.802, 2.719) 0.211 —— 1.256(0.654, 2.411) 0.494 — Ref

Figure 3 Subgroup analysis of the impact of SUA/Cr on sudomotor dysfunction.
Notes: p < 0.05.
Abbreviations: HbAlc, glycated hemoglobin Alc; BMI, body mass index; OR, odds ratio; Cl, confidence interval.
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Multivariable logistic regression analysis in their study revealed that patients with serum uric acid levels exceeding
7.3 mg/dL had a 1.54-fold higher risk of developing DPN compared to those with levels below 4.4 mg/dL (OR, 1.54;
95% CI, 1.02-2.32).*> However, the baseline characteristics of the participants indicated variations in the eGFR among
patients with different serum uric acid levels. A limitation of this study was the exclusion of eGFR from the multiple
regression model, which did not account for the potential influence of renal function as a confounding factor on the
study’s conclusions. A case-control study conducted in Guilan, northern Iran, involving 280 patients with T2DM,
revealed a significant increase in SUA levels among patients with DPN compared with the control group.
Additionally, the baseline characteristics of the population indicated a notable elevation in creatinine levels among
patients with DPN compared with the control group.”

Conversely, uric acid may also have a significant antioxidant function by inhibiting the formation of reactive oxygen
species and peroxynitrite, thereby preventing the activation of inflammatory cells in the blood.'! Zhang et al reported that
relatively low SUA levels might affect peripheral nerve function and serve as a risk factor for the development of DPN in
patients with T2DM.** However, their multiple linear regression analysis was adjusted only for glycated hemoglobin
levels and did not account for the influence of renal function on SUA levels. A prospective study involving 525 patients
with T2DM demonstrated a significant association between low SUA levels and DPN, even after adjusting for eGFR and
other potentially confounding variables in a multivariate model.'' However, the association between SUA levels and
DPN warrants further investigation. A cross-sectional study found no direct correlation between hyperuricemia and
diabetic peripheral neuropathy.?’

The variations in results from these studies may be attributed to the lack of adjustment for serum uric acid levels by
renal function. To address this, our study introduced the standardization of renal function for uric acid to explore the
correlation between standardized UA and DPN and revealed that SUA/Cr was independently associated with sudomotor
dysfunction. This study provides a novel perspective on uric acid metabolism and diabetic neuropathy. Furthermore, we
validated the consistency of the relationship between SUA/Cr and the risk of DPN across various subgroups categorized
by age, sex, glycemic control, body mass index, and duration of diabetes through a comprehensive subgroup analysis.
These results indicate that the association between SUA/Cr and sudomotor dysfunction does not vary by age, sex,
glycemic control, body mass index, and duration of diabetes. Various studies have investigated the association between
the SUA/Cr ratio and diabetic microvascular and macrovascular complications, but not diabetic neuropathy. To the best
of our knowledge, this is the first study to explore the relationship between SUA/Cr ratio and sudomotor dysfunction. In
this study, we evaluated diabetic neuropathy with sudomotor dysfunction, which represents damage to small nerve fiber
function. The SUDOSCAN served as the primary method for detecting sudomotor dysfunction. This device assesses ESC
by analyzing the chloride concentration in sweat from the hands and feet, providing a precise evaluation of potential
impairment in sweat gland function.”® Its diagnostic performance is comparable to that of gold-standard skin biopsies.?’
Detecting very early damage to diabetic neuropathy and identifying its risk factors, SUA/Cr, could eventually delay the
progression of DPN and improve the prognosis of patients with DPN.

Despite its strengths, the current study has some limitations. First, as a cross-sectional study, it cannot establish
causality, and further prospective studies are necessary to validate these conclusions. Second, our study was a single-
center study involving only patients with type 2 diabetes who were hospitalized at this research center; therefore, caution
should be exercised when generalizing these results to other populations. Third, we did not collect relevant data on the
use of antidiabetic medications, and some studies suggested that metformin and sodium-glucose cotransporter-2 may
affect SUA levels, potentially serving as confounding factors that could impact our results.”®*’ Fourth, our primary
assessment tool for sudomotor function, is designed to evaluate small fiber integrity and thus cannot fully capture large
fiber neuropathy, which may restrict our ability to comprehensively assess peripheral nerve involvement. Finally, the
absence of albuminuria data in our dataset limits our capacity to disentangle the potential role of early renal injury in the
relationship between SUA/Cr and sudomotor dysfunction. Future studies incorporating comprehensive kidney function

assessments—including albuminuria—are therefore warranted to further validate our findings.
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Conclusion

In summary, our findings indicate that the SUA/Cr ratio is independently associated with sudomotor dysfunction, while
standardized SUA levels are independently associated with DPN. Nevertheless, the relationship between the SUA/Cr
ratio and sudomotor dysfunction requires confirmation via additional longitudinal studies. As hypothesis-generating
findings, they also delineate key requirements for validation: employing prospective cohorts to establish temporality,
adjusting for kidney function and urate-modifying medications, validating alternative ESC thresholds, and assessing
generalizability beyond the single-center inpatient sample.
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