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Aim: To clarify the relationship between serum uric acid (UA) and glycosylated hemoglobin (UA/HbAlc) ratio and all-cause
mortality in patients with diabetic foot ulcers (DFUs).

Methods: A total of 172 inpatients with DFUs (PEDIS grades 2—4) were eligible for inclusion in this study from 2018 to 2023. This
was a retrospective, longitudinal cohort study. All subjects were followed up every 6 months for a median of 60 months. According to
the cutoff value of the UA/HbA 1 ¢ ratio of 39.07 obtained from ROC analysis, the participants were divided into two groups: low-level
(£39.07, n =107) and high-level (> 39.07, n = 65) groups. The correlation between UA/HbA ¢ ratio and all-cause mortality was also
evaluated by Cox regression analysis TheKaplan-Meier survival curve analysis and Log rank tests were used to assess the incidence
rates of all-cause mortality. The contribution rate of risk factors was estimated by the population-attributable risk percentage (PAR%)
analysis.

Results: ROC analysis showed that the optimal cutoff values for UA and the UA/HbAlc ratio were 372 pumol/L and 39.07,
respectively. Multivariate Cox regression analysis indicated that a high UA/HbAlc ratio (HR =4.63; 95% CI = 2.004-10.7, P <
0.001) was independently associated with a high risk of all-cause mortality in patients with DFUs. Stratified analysis indicated that
subjects aged > 60 years had a greater risk of all-cause mortality associated with a high UA/HbAlc ratio (HR = 4.450; 95% CI =
1.711-11.574, P = 0.002). Kaplan-Meier survival analysis showed that all-cause mortality had a significant positive association with
a high UA/HbAlc ratio (log-rank, P < 0.001) and a significant negative correlation with the lowered HbAlc level (< 6.5%) after
a follow-up of 32 months (log-rank, P < 0.001). The population attributable risk percentage (PAR%) analysis suggested that the
contribution rate of the high-level UA/HbA I¢ ratio to all-cause mortality was 33.7%, which was much greater than the 19.69% of UA.
Conclusion: In brief, our study showed that for every 1.0% increase in the UA/HbA Ic ratio, the all-cause mortality rate in elderly
patients with DFUs aged > 60 years increased by 3.45-fold. For elderly patients with DFUs, a safe and effective strategy to reduce all-
cause mortality is to strictly control serum UA levels to < 372 umol/L and appropriately loosen the control goal of HbAlc to > 6.5%.
Keywords: diabetic foot ulcer, uric acid to glycosylated hemoglobin ratio, all-cause mortality

Introduction

Diabetic foot ulcer (DFU) is a serious complication of diabetes with a poor prognosis and high medical costs.
According to the International Working Group on the Diabetic Foot (IWGDF), DFUs refer to a foot ulcer, infection,
or profound tissue destruction related to lower limb peripheral neuropathy and peripheral vascular disease. The
pathogenesis of DFUs involves macrovascular and microvascular disease, peripheral neuropathy, and infection
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Caused by glycotoxicity and lipotoxicity. Diabetic wounds, which are chronic wounds, are difficult to heal owing to
multiple risk factors such as ischemia, infection, and foreign bodies. Current clinical therapies for DFUs involve
multifaceted interventions, including wound treatment such as negative pressure wound therapy (NPWT), platelet-rich
plasma gel (PRP), biological agents, skin grafts and stem cell therapy, restoration of blood supply, neurotrophic
treatment, systemic support therapy and rational use of antibiotics. Factors related to the mortality of DFU include
major adverse cardio-cerebral events (MACCEs) caused by sepsis, pulmonary embolism, surgical amputation. DFU is
estimated to occur in approximately 15% of patients with diabetes in China,' of which 40% recur within 1 year, 60%
within 3 years, and 65% within 5 years.” The 5-year mortality rate associated with DFU is comparable to that
associated with cancer.> Compared with diabetic patients without DFUs, individuals with DFUs have a 2.5-fold
increased risk of death.* Therefore, it is important to identify and evaluate risk factors associated with all-cause
mortality in patients with DFUs.

Serum UA is the final product of purine metabolism. UA levels are associated with cardiovascular disease,” ’ diabetes,® '
and hypertension.'' In addition, hyperuricemia has been proven to be positively related to the severity of diabetic complica-
tions such as diabetic retinopathy, nephropathy, peripheral neuropathy, and peripheral vascular disease.'>"!” However, whether
hyperuricemia is associated with prognostic outcomes in elderly patients with DFUs remains unclear. HbAlc reflects the
blood glucose level over the past 3 months. According to guidelines formulated by the American Diabetes Association, the
treatment goal for type 2 diabetes is to control HbAlc to < 7% or < 6.5%."® HbAlc is closely associated with mortality,
whether diabetes mellitus or non-diabetes, in acute or ordinary situations.'®>* Additionally, one study showed that HbA ¢ is
an ideal predictive biochemical marker for foot ulcer healing.”> However, for the main clinical outcomes in elderly patients
with DFUs, it remains unclear whether the lower control goal of HbAlc improves the outcome.

To date, few studies have explored the risk factors of prognostic outcomes in elderly patients with DFUs. Therefore,
this retrospective longitudinal cohort study aimed to clarify the relationship between the UA/HbA ¢ ratio and all-cause
mortality in DFU patients for the first time.

Methods

Study Design and Subjects Enrollment

This was a retrospective longitudinal cohort study (approval number: KY-sy-2019-01). The process of screening patients from
the database is shown in Figure 1. The inclusion criteria were as follows: (1) diabetes diagnosed according to the World Health
Organization (WHO) 1999 standard®* and (2) diagnosis and grade of DFUs according to the International Working Group on
the Diabetic Foot (IWGDF) guidelines.”> The exclusion criteria were as follows: (1) nondiabetic foot ulcers (n=42), (2) type 1
diabetes mellitus (n =79), (3) age < 18 years (n = 12), presence of tumors (n = 18), receiving hemodialysis treatment (n = 26),
and using glucocorticoids or immunosuppressants (n = 13), and (4) incomplete medical records (n = 81), lost to follow-up (n =
52), and follow-up time < 1 year (n = 84). Finally, 172 patients with DFUs (PEDIS grade 2 4) were eligible for inclusion as the
research subjects. Based on the cut-off value of the UA/HbAlc ratio of 39.07, obtained from ROC analysis, the enrolled
patients were divided into two groups: low-level (<39.07, n = 107) and high-level (> 39.07, n = 65). The association between
the UA/HbA lc ratio and all-cause mortality was evaluated. Given the retrospective nature of the study, written informed
consent was not required. This study was conducted in accordance with the guidelines outlined in the Declaration of Helsinki
and was approved by the Ethics Committee of the People’s Hospital of Guangxi Zhuang Autonomous Region.

Baseline Characteristics Data Collection

Demographic data, anthropometric data, laboratory biochemical index data, hospitalization medical records, and visit
data were anonymously collected from the Foot Health Management Database of the Diabetic Foot Center of the
People’s Hospital of the Guangxi Zhuang Autonomous Region.

Related Definitions
Several related definitions in this study are as follows: (1) According to the World Health Organization (WHO)
definition,** people aged > 60 years in the Asia-Pacific region are defined as elderly people.”® (2) The serum UA
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Source foot ulcer inpatients (n=579)
Patients with diabetic foot ulcer were recruited in Diabetes Foot Center of People's

Hospital of Guangxi Zhuang Autonomous Region from 2018 to 2023

Exclusions (n=42)
With non-diabetic foot ulcer

v

537 patients were included in the study

Exclusions (n=79)
Type 1 diabetes

v

458 patients were included in the study

Exclusions (n=69)

Age<l18 years old (n=12),

With tumors (n=18),

Undergoing hemodialysis (n=26),

Using glucocorticoids or immunosuppressants for a long time (n=13)

v

389 patients were included in the study

Exclusions (n=217)

With incomplete medical records (n=81),
With missing visit data (n=52),

Follow up<1 year (n=84)

A 4

172 subjects were recruited in the study

Grouping standard: cutoff value of UA/HbAlc
ratio 39.07umol/L/% from ROC analysis

Low-level UA/HbA Ic ratio High-level UA/HbA ¢ ratio
group (< 39.07, n=107) group (>39.07, n=65)

Figure | Flowchart for selecting the study participants from the Foot Health Management Anonymous Database.

was tested by Roche COBAS Integra 800. According to the ROC analysis, the optimal cut-off values of UA,
a serum UA concentration > 372 pmol/L was defined as high-level UA and a serum UA concentration < 372 pmol/
L was defined as low-level UA. (3) HbAlc was tested by Roche cobas ¢ 513. HbAlc > 6.5% was defined as
a high HbAlc level and HbAlc < 6.5% was defined as a low HbAlc level.”* (4) According to the ROC analysis,
the optimal cut-off values of UA/HbAlc ratio, a UA/HbAlc ratio > 39.07 was, defined as a high UA/HbA ¢ ratio,
and a UA/HbAlc ratio < 39.07 was, defined as a low UA/HbAlc ratio. (5) The main endpoint was all-cause
mortality acquired through outpatient services, WeChat app software, and telephone visits. (6) Population attribu-
table risk percentage (PAR%) was calculated using the following formula: PAR% = Pe (RR — 1)/[Pe (RR - 1)
+ 1], where Pe represents the percentage of the population with a given UA or UA/HbAlc level.
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Statistical Analysis

Normally distributed variables are displayed as means (+xSD) and non-normally distributed variables as medians (inter-
quartile ranges). Discontinuous variables are expressed as frequencies. Student’s f-test was used for normally distributed
continuous variables, and the non-parametric Mann—Whitney U-test was used for non-normally distributed continuous
variables. The chi-square test was used for intergroup comparisons of categorical variables. Risk factors for all-cause
mortality were assessed using Cox regression analysis. Stratified analyses were then performed for each subgroup. Kaplan-
Meier analysis and Log rank tests were used to assess the incidence rates of all-cause mortality. Sample size and power
analysis were calculated using PASS 11.0 software (https://www.ncss.com/download/pass/updates/pass11/), and when there

were more than 60 cases in each group, it had a high testing power of over 90%. Data analyses were performed using
GraphPad Prism 9.3 (GraphPad Software, San Diego, CA, and the SPSS 26.0 statistical software Package for the Social
Sciences (IBM Corp., Armonk, NY, USA). Statistical significance was set at P < 0.05.

Results

Baseline Characteristics
The baseline data of the participants are presented in Table 1. Of the 172 subjects, 107 (62.2%) had a low UA/
HbAc ratio (< 39.07) and 65 (37.8%) had a high UA/HbA1c ratio (> 39.07). The baseline characteristics showed

Table | Baseline Clinical Characteristics of Subjects

Clinical parameters Low UA/HbAIc Ratio High UA/HbA | c Ratio p-value
(£39.07) (n=107) (>39.07) (n=65)
Age, years 62 (53, 73) 65 (56, 75) 0.138
Gender, n (%) 0.229
Female 32 (29.9) 14 (21.5)
Male 75 (70.1) 51 (78.5)
History of diabetes foot, n (%) 0.852
No 61 (57.0) 38 (58.5)
Yes 46 (43.0) 27 (41.5)
Hypertension, n (%) 0.507
No 50 (46.7) 27 (41.5)
Yes 57 (53.3) 38 (58.5)
CHD, n (%) 0.029*
No 99 (92.5) 53 (81.5)
Yes 8 (7.5) 12 (18.5)
CVD, n (%)
No 99 (92.5) 53 (81.5) 0.029*
Yes 8 (7.5) 12 (18.5)
Smoke, n (%) 0.466
No 78 (72.9) 44 (67.7)
Yes 29 (27.1) 21 (32.3)
PAD, n (%) 0.568
No 64 (59.8) 36 (55.4)
Yes 43 (40.2) 29 (44.6)
DPN, n (%) 0.557
No 22 (20.6) Il (16.9)
Yes 85 (79.4) 54 (83.1)
Infection severity, n (%) 0.085
PEDIS 2 grade/mild 36 (32.6) 34 (52.3)
PEDIS 3 grade/moderate 46 (43.0) 19 (29.2)
PEDIS 4 grade/Severe 25 (23.4) 12 (18.5)
(Continued)
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Table | (Continued).

Clinical parameters Low UA/HbAIc Ratio High UA/HbA I c Ratio p-value
(£39.07) (n=107) (>39.07) (n=65)

Duration of diabetes, years 7 (4, 11.5) 10 (5.5, 17) 0.01*
Diabetic foot ulcer duration, days 20 (9, 30) 20 (10, 60) 0.749
SBP, mmHg 140 (119, 155) 145 (130, 163.5) 0.097
DBP, mmHg 71 (63, 80) 73 (63.5, 81.5) 0.661
WBC, x109/L 9.12 (6.79, 11.85) 8.17 (6.91, 10.59) 0.457
Hb, g/L 109 (96.5, 126.5) 113 (94.5, 128.5) 0.653
TC, mmol/L 3.88 (3.35, 4.91) 3.96 (3.27, 4.97) 0.747
TG, mmol/L 1.18 (0.87, 1.63) 1.23 (0.94, 1.76) 0.392
HDL-C, mmol/L 0.92 (0.73, 1.11) 0.92 (0.79, 1.09) 0.621
LDL-C, mmol/L 251 (2, 3.17) 2.5 (1.89, 3.08) 0.692
ALB, g/L 31.9 (27.9, 36.65) 35 (31.55, 38.86) 0.01I*
Cr, pmol/L 80 (63.5, 106) 110 (88.5, 140) <0.001*
UA, nmol/L 256 (206.5, 320.5) 400 (335.5, 470) <0.001*
FBG, mmol/L 8.87 (7.3, 12.86) 7.01 (5.63, 8.85) <0.001*
HbAIlc, % 10.1 (8.6, 11.75) 7.7 (6.55, 8.6) <0.001*
UA/HbAIc, (pmol/L)/% 25.75 (20.00, 31.84) 48.02 (42.08, 64.97) <0.001*

Notes: Median (inter-quartile range) for continuous variables. Percentage (%) for categorical variables. * P <0.05.

Abbreviations: CHD, coronary heart disease; CVD, cerebrovascular disease; PAD, peripheral vascular disease of diabetes; DPN, diabetes
peripheral neuropathy; PEDIS, perfusion, extent, depth, infection, and sensation; SBP, systolic blood pressure; DBP, diastolic blood pressure;
WBC, leukocyte; Hb, haemoglobin; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; ALB, serum albumin; Cr, creatinine; UA, uric acid; FBG, fasting blood glucose; HbA ¢, glycosylated haemoglobin; UA/
HbAc, uric acid to glycosylated haemoglobin ratio.

that, between the two groups, there were no significantly statistical differences in age, gender, smoking, hyperten-
sion history, SBP, DBP, diabetic foot history, duration of diabetic foot, severity of diabetic foot ulcer, PAD, DPN,
WBC, Hb, TC, TG, HDL-C, LDL-C (all P values > 0.05). However, there were significant differences in CHD,
CVD, ALB, Cr, UA, FBG, and HbAlc levels (all P < 0.05). The above results indicated that there was
a significant difference in the variables UA and HbAlc between the two groups, implying that further exploration
of the interaction between variables UA and HbAlc was of great value.

ROC Analysis

The results of the ROC analysis are shown in Figure 2. The optimal cut-off values of UA and UA/HbAlc ratio
were 372 pmol/L and 39.07 (umol/L)/%, respectively. The area under the curve (AUC) of UA was 0.681, with
a sensitivity of 55.9% and a specificity of 76.8% (95% CI =0.574-0.788, P = 0.001). The AUC of the UA/HbAlc
ratio was 0.742, with a sensitivity of 70.6% and a specificity of 70.3% (95% CI = 0.652-0.832, P < 0.001). The
paired comparison of ROC curves showed that the diagnostic efficacy of the UA/HbA1c ratio was greater than UA
(P = 0.013). The above results showed that compared to UA, the UA/HbAlc ratio, an indicator reflecting the
interaction between UA and HbAlc, was a more valuable diagnostic indicator for all-cause mortality in DFUs.

Cox Regression Analysis

The risk factors for all-cause mortality were evaluated using univariate and multivariate Cox regression analyses
(Table 2). We constructed three Cox regression models: model I, unadjusted; model 11, adjusted for age and sex;
and model III, model II with additional adjustments for CHD, CVD, diabetes duration, ALB, and Cr. In model III,
the high-level UA/HbAlc ratio (HR = 4.63, 95% CI = 2.004-10.7, P < 0.001) and high-level UA (HR = 3.229,
95% CI = 1.562-6.678, P = 0.002) were identified as independent risk factors for all-cause mortality in DFU
patients (all P values < 0.05); however, after adjusting for confounding factors, the high-level HbAlc was not
independent associated with all-cause mortality (HR = 0.968, 95% CI = 0.380-2.464, P = 0.946).
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Figure 2 ROC analysis for the optimal cutoff value predicting the effect of UA or UA/HbAIc ratio on all-cause mortality.

Notes: The cutoff values for UA and UA/HbA|c were 372 pmol/L and 39.07 (umol/L)/%, respectively. The AUC of UA was 0.681 (95% ClI = 0.574-0.788, P = 0.001). The
sensitivity and specificity of the UA cutoff values were 55.9% and 76.8%, respectively. The AUC of UA/HbAlc ratio was 0.742 (95% CI = 0.652-0.832, P < 0.001). The
sensitivity and specificity of the UA/HbA | ¢ cut-off values were 70.6% and 70.3%, respectively. Paired comparisons of ROC curves showed that the diagnostic efficacy of the
UA/HbA I c ratio was greater than UA (P = 0.013).

Abbreviations: ROC, receiver operating characteristic curve; UA, uric acid; HbAlc, glycosylated hemoglobin; AUC, area under the curve.

Stratification Analysis in Subgroups

The results of the stratification analyses by age and severity of ulcers (moderate or above infection) are shown in the
Forest plots (Figure 3). In the ulcer severity subgroup, a high UA/HbAlc ratio was associated with a high all-cause
mortality rate (HR = 3.302, 95% CI = 1.153-9.456, P = 0.026), while high-level UA was not (HR = 2.409, 95% CI =
0.84-6.914, P = 0.102). In the elderly subgroup aged > 60 years, a high UA/HbAlc ratio (HR = 4.45; 95% CI = 1.711-
11.574, P = 0.002) and high-level UA (HR = 3.392, 95% CI = 1.349-8.53, P = 0.009) were associated with high all-
cause mortality rates, whereas there was no correlation in the younger subgroup aged < 60 years. In addition, an elevated
UA/HbA ¢ ratio increased the risk of all-cause mortality by 3.45 times in elderly patients aged > 60 years with DFUs.

Kaplan-Meier Survival Curve Analysis

Of 172 patients, 34 (19.8%) died during the follow-up period. We analyzed the effect of different levels of HbAlc, UA,
and the UA/HbA 1c ratio on the risk of all-cause mortality in patients with DFUs using Kaplan-Meier survival curves and
Log rank tests. The results showed that, compared with high-level HbAlc, low-level HbAlc was negatively associated
with a high risk of all-cause mortality after a follow-up period of 32 months (log rank, P < 0.001), while HbA1lc was not

Table 2 Cox Regression Analysis Evaluating Risk Factors for All-Cause Mortality in Patients with DFUs

Variables Hazard Ratio (95% confidence Interval) for All-Cause Mortality

Model | p-value | Model Il p-value | Model Il p-value
High UA/HbAIc ratio | 5205(2.417-11.209) | <0.001 4.99(2.135-10.91) <0.001 4.63(2.004-10.7) <0.001
High UA 3.759(1.883-7.506) <0.001 3.538(1.694-6.97) <0.001 3.2299(1.562-6.678) | 0.002
High HbAIc 0.377(0.164-0.870) 0.022 0.493(0.215-1.911) | 0.049 0.968(0.380-2.464) 0.946

Notes: Model-I: unadjusted. Model-II: with Model-| adjusted by age, gender. Model-llI: with Model-Il adjusted by CHD, CVD, Duration of diabetes, ALB and Cr.
Abbreviations: DFUs, diabetic foot ulcers; UA, uric acid; HbAlc, glycosylated haemoglobin.
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HR 95% CI P-value
Moderate infection or above in ulcers High UA/HbAlc 3.302 1.153-9.456 0.026* —eo—

High UA 2.409 0.84-6.914 0.102 —o—1

Age>60 High UA/HbAlc 445 1.711-11.574  0.002* —¥—
High UA 3.392 1.349-8.53 0.009* —e—

Age<60 High UA/HbAlc 1.625 0.215-12.274  0.638 H——
High UA 1.112 0.157-7.879 0.915 H-@—

Overall High UA/HbAlc 4.63 2.004-10.7 <0.001* ——
High UA 3.229 1.562-6.678 0.002* Ho—

01 10 20 30

Figure 3 Forest plots showing the results of stratification analyses in subgroups.
Notes: Each stratification was adjusted for all factors, including all independent variables in the regression analysis, except for the stratification factor.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

a risk factor for all-cause mortality within a follow-up time of 32 months (log rank, P > 0.05) (Figure 4). Meanwhile,

compared to low-level UA and low-level UA/HbAlc ratio, high-level UA and high-level UA/HbAlc ratio were
positively associated with a high risk of all-cause mortality (log rank, all P < 0.001) (Figures 5 and 6).

All-cause mortality
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Figure 4 The cumulative incidence of all-cause mortality by HbAIc level.

Notes: Kaplan-Meier analysis showed a significant negative association between low HbAlc levels and the incidence rates of all-cause mortality after a follow-up of 32
months (log rank, P < 0.001); however, HbAlc was not a risk factor for all-cause mortality within a follow-up time of 32 months (log rank, P > 0.05). High-level HbAlc was
defined as HbAlc level 2 6.5%, and low-level HbAlc was defined as HbAlc level < 6.5%.

Abbreviation: HbAlc, glycosylated hemoglobin.
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Figure 5 The cumulative incidence of all-cause mortality by UA level.
Notes: Kaplan-Meier analysis showed a significant positive association between high-level UA and the incidence rates of all-cause mortality (log-rank, P < 0.001). High-level
UA referred to a serum UA concentration > 372 pmol/L, and low-level UA referred to a serum UA concentration < 372 umol/L.

Abbreviation: UA, uric acid.
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Figure 6 The cumulative incidence of all-cause mortality by UA/HbAc ratio level.
Notes: Kaplan-Meier analysis showed a significant positive association between a high UA/HbA I c ratio and the incidence rates of all-cause mortality (log-rank, P < 0.001).
High-level UA/HbA I c ratio was defined as UA/HbA ¢ ratio > 39.07 (umol/L)/%, and low-level UA/HbA|c ratio was defined as UA/HbA ¢ ratio < 39.07 (umol/L)/%.

Abbreviations: UA, uric acid; HbAlc, glycosylated hemoglobin.
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Table 3 Population Attributable Risk Proportion of All-Cause Mortality Associated with High UA and High UA/HbA|c Ratio

High UA High UA/HbAIc

Reference Low UA Low UA/HbAIlc

All-cause mortality PAR% 19.69 337

Notes: Population attributable risk percentage (PAR%) was calculated following the formula: PAR% = Pe (RR-1) / [Pe (RR-1) + I]. Pe represents the percentage of the
population with a given level of UA or UA/HbAIc.
Abbreviations: UA, uric acid; HbA ¢, glycosylated haemoglobin; PAR, population attributable risk.

Population Attributable Risk Percentage (PAR%) Analysis

Population attributable risk percentage (PAR%) analysis indicated that, compared to the low-level UA/HbAlc ratio and
the low-level UA, for the PAR of all-cause mortality, the high-level UA/HbA 1¢ ratio and the high-level UA were 33.7%
and 19.69%, respectively (Table 3). The contribution of the high-level UA/HbA ¢ ratio to all-cause mortality was greater
than that of high-level UA.

Discussion

Diabetic foot ulcers are characterized by high morbidity, disability, and mortality and can lead to life-threatening
conditions. To date, few studies have explored the risk factors of prognostic outcomes in elderly patients with DFUs.
Therefore, based on this longitudinal cohort study, we focused on the relationship between metabolic indicators (serum
UA, HbAlc, and the UA/HbA Ic¢ ratio) and all-cause mortality.

We found that, even after adjusting for confounding factors, in Cox regression model-III, the high-level UA/HbAlc
ratio (HR = 4.63, 95% CI = 2.004-10.7, P < 0.001) and the high-level UA (HR = 3.229, 95% CI = 1.562-6.678, P =
0.002) were closely associated with high risk for all-cause mortality. In particular, subgroup stratification analysis showed
that an elevated UA/HbAlc ratio increased the risk of all-cause mortality by 3.45 times in elderly patients aged > 60
years with DFUs. Meanwhile, the contribution rate of the high-level UA/HbA 1¢ ratio to all-cause mortality (33.7%) was
greater than that of the high-level UA ratio (19.69%). Therefore, the UA/HbAlc ratio is a more valuable predictive
indicator of all-cause mortality in elderly patients with DFUs than is UA. On the contrary, there is no doubt about the

27-31 and

importance of UA. Many studies have shown that UA is closely related to the occurrence of diabetes
progression of macrovascular and microvascular complications.** > A growing body of evidence has confirmed that
the main pathological mechanism of UA is the induction of endothelial dysfunction through the activation of oxidative
stress and inflammatory responses, ultimately increasing cardiovascular mortality.>*>® This is consistent with the
Kaplan-Meier survival curve analysis, which showed that UA increased the risk of all-cause mortality in patients with
DFUs in our study. It is well known that the pathological mechanisms of DFU involve macrovascular, microvascular, and
wound infection pathology.**** Therefore, the relationship between UA and the prognosis of diabetic foot is reasonable
both biologically and clinically. We believe that the main reason for the greater weight of the UA/HbAlc ratio for all-
cause mortality compared to UA is due to HbAlc. In this study, Kaplan-Meier survival curve analysis showed
a significant negative correlation between low HbAlc levels and a high risk of all-cause mortality after a follow-up
period of more than 32 months (log-rank, P < 0.001), while HbAlc was not a risk factor for all-cause mortality within
a follow-up time of 32 months (log-rank, P > 0.05). Probably, hypoglycemic events play a crucial role in the high risk of
all-cause mortality in elderly patients aged > 60 years with DFUs in a low-level HbA ¢ situation. According to numerous
previous research findings, hypoglycemic events can trigger major adverse cardio-cerebral events (MACCESs). Our study
indicated also that the control goal of HbAlc < 6.5% recommended by the guidelines*' might not be applicable to the
elderly, especially those aged > 60 years with DFUs. Therefore, the results of this study remind clinicians two essential
points as follows: (1) given that hypoglycemic events can trigger MACCEs, try to avoid hypoglycemic events in the
whole treatment process, particularly for the elderly with diabetes mellitus; (2) to pay more attention to the risk factors
for all-cause mortality such as UA, HbAlc, and UA/HbA ¢ ratio, identify high-risk patients as soon as possible, and take
effective prevention strategies timely to prevent DFU patients from adverse clinical outcomes and reduce all-cause
mortality in routine clinical practices.
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This study had several limitations. First, owing to the retrospective nature of the cohort study, the number of male and
female subjects did not match, although there was no significant statistical difference between the two groups, which may
have affected the results. However, the sample size of this study was relatively small. Second, we excluded patients with
follow-up < 1 year or those lost to follow-up, so the true outcomes of these patients are not yet clear, and the true
mortality may be underestimated. Third, further clinical trials are needed to determine whether lowering serum uric acid
and loosening the blood glucose goal can improve the clinical prognosis in elderly patients with DFUs.

In conclusion, our study showed that, for every 1.0% increase in the UA/HbA 1¢ ratio, the all-cause mortality rate in
elderly patients with DFUs aged > 60 years increased 3.45-fold. For elderly patients with DFUs, a safe and effective
strategy to reduce all-cause mortality is to strictly control serum UA levels to < 372 pmol/L and appropriately loosen the
control goal of HbAlc to > 6.5%. Additionally, the conclusion of this study still needs to be further confirmed by large-
size, randomized, double-blind, multicenter, prospective longitudinal cohort studies.
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