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Abstract

:

Several studies have detected a direct association between serum uric acid (SUA) and cardiovascular (CV) risk. In consideration that SUA largely depends on kidney function, some studies explored the role of the serum creatinine (sCr)-normalized SUA (SUA/sCr) ratio in different settings. Previously, the URRAH (URic acid Right for heArt Health) Study has identified a cut-off value of this index to predict CV mortality at 5.35 Units. Therefore, given that no SUA/sCr ratio threshold for CV risk has been identified for patients with diabetes, we aimed to assess the relationship between this index and CV mortality and to validate this threshold in the URRAH subpopulation with diabetes; the URRAH participants with diabetes were studied (n = 2230). The risk of CV mortality was evaluated by the Kaplan–Meier estimator and Cox multivariate analysis. During a median follow-up of 9.2 years, 380 CV deaths occurred. A non-linear inverse association between baseline SUA/sCr ratio and risk of CV mortality was detected. In the whole sample, SUA/sCr ratio > 5.35 Units was not a significant predictor of CV mortality in diabetic patients. However, after stratification by kidney function, values > 5.35 Units were associated with a significantly higher mortality rate only in normal kidney function, while, in participants with overt kidney dysfunction, values of SUA/sCr ratio > 7.50 Units were associated with higher CV mortality. The SUA/sCr ratio threshold, previously proposed by the URRAH Study Group, is predictive of an increased risk of CV mortality in people with diabetes and preserved kidney function. While, in consideration of the strong association among kidney function, SUA, and CV mortality, a different cut-point was detected for diabetics with impaired kidney function. These data highlight the different predictive roles of SUA (and its interaction with kidney function) in CV risk, pointing out the difference in metabolic- and kidney-dependent SUA levels also in diabetic individuals.
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1. Introduction


Several studies have detected a direct association between serum uric acid (SUA) and cardiovascular (CV) risk. In particular, the URic acid Right for heArt Health (URRAH) Study, an Italian multicenter cohort study, has unequivocally shown that SUA is an independent risk factor for all-cause and CV mortality in different settings [1,2]. Given that SUA largely depends on kidney function, a number of studies explored the role of the kidney function-normalized SUA (SUA to creatinine ratio—SUA/sCr) [3,4,5,6,7]. This ratio is associated with metabolic diseases (e.g., metabolic syndrome, non-alcoholic fatty liver disease, β-cell dysfunction), chronic obstructive pulmonary disease, and also with increased all-cause mortality [4,6,7,8,9]. Recently, in the URRAH population, a threshold for CV risk was identified for the general population; in particular, a SUA/sCr ratio above 5.35 Units was an independent predictor of CV mortality both in men and women [10]. Therefore, given (i) the strong interaction among diabetes, kidney function, and SUA [11], (ii) few available data on the CV predictive role of SUA/sCr ratio in diabetic patients, (iii) the low cost of the SUA/sCr ratio and its reliability applicable to routine clinical practice of diabetes care, we aimed to assess the relationship between this index and CV mortality and to validate, the SUA/sCr ratio threshold of 5.35 Units (previously proposed for the risk of CV mortality in the general population [10]), in the subgroup of diabetic individuals of the URRAH study population.




2. Materials and Methods (See Supplemental Methods)


2.1. Study Population


The URRAH database is a multicenter retrospective, observational cohort study, which involves data from several cohorts distributed in almost all the Italian regions (age: 18–95 years). All the details of the URRAH project have been published previously [12]. From an updated URRAH database (a total of 3157 diabetic participants at baseline—12% of the whole population), 2230 diabetic participants were considered for the purpose of the present study after sequential exclusion of participants without a complete database (n = 903), and those on hypouricemic therapy at baseline (n = 24).




2.2. Examination Procedures and Outcomes Assessment


The URRAH study procedures have been extensively described [12]. In particular, hypertension was defined as office systolic blood pressure (BP) ≥ 140 and/or diastolic BP ≥ 90 mmHg or current antihypertensive drug treatment [13]. Diabetes was defined according to the history of diabetes (fasting plasma glucose ≥ 126 mg/dL or hemoglobin A1c ≥ 48 mmol/mol at baseline examination or treatment with antidiabetic drugs) [14]. The estimated glomerular filtration rate (eGFR) was calculated using the standard formula [15]. The overt kidney dysfunction was defined as eGFR equals below 60 mL/min per 1.73 m2 [16]. The SUA/sCr ratio (expressed in Units) was calculated according to the formula SUA (mg/dL) divided by serum creatinine (mg/dL). The triglycerides/HDL-cholesterol ratio (expressed in Units) was calculated using the following formula: triglycerides (mg/dL) divided by HDL-cholesterol (mg/dL). CV mortality for incident events was evaluated at the end of the follow-up [12].




2.3. Statistical Analysis


The statistical analyses were performed using the SPSS software (version 23, SPSS Inc., Chicago, IL, USA) and the statistical package R (version 4.3.1). Because eGFR, SUA, creatinine, glucose, total cholesterol, triglycerides, and HDL-cholesterol were non-normal distributed, log-transformed values were used in the analyses. Bivariate relationships between the variables under investigation were evaluated by Spearman’s correlation analysis. To analyze the type of association between SUA/sCr (as a continuous variable) and CV mortality, restricted cubic splines (RCS) regression models with 4 knots (5th-reference, 35th, 65th, and 95th percentiles) were utilized. For the present study, the sample was stratified by participants with SUA/sCr ratio above or below 5.35 Units, according to the previously detected threshold for CV mortality [10]. To evaluate differences among groups’ characteristics, the analysis of variance (ANOVA) was used for continuous data, and the chi-squared test was utilized to evaluate differences between categorical variables. To assess the role of baseline SUA/sCr ratio on the risk of CV mortality, Kaplan–Meier survival curves, log-rank tests, and Cox proportional-hazards models were used. The impact of traditional risk factors and that of potential confounding factors of the sample (p-value < 0.2, relating to the comparison between those who died and those who did not) was explored by multivariate models adjusted for baseline age, gender, cigarette smoking, body mass index (BMI), hypertension status, total cholesterol, HDL-cholesterol, triglycerides, blood glucose, and statin use. The proportional hazard (PH) assumption was assessed by visual inspection of Kaplan-Meyer curves. Furthermore, separate analyses stratified by baseline kidney function were also carried out after the identification of two groups: one including participants with evidence of overt kidney dysfunction (KD[+], defined as eGFR ≤ 60 mL/min per 1.73 m2) and the other one including participants without evidence of overt kidney dysfunction (KD[−], defined as eGFR > 60 mL/min per 1.73 m2). Finally, in consideration of the results and the strong interaction among kidney function, SUA and CV mortality rate, we identified an additional cut-off point (Youden’s index) for KD[+] by the receiver-operating characteristic (ROC) analysis and the area under the curve (AUC), with its 95% confidence interval (CI), to assess the ability of SUA/sCr ratio on CV mortality in this subgroup (cut-point: 7.50 Units). The results are reported as mean (or geometric mean) with SD, percentages, or hazard ratio (HR) and 95%CI (Bootstrap CI, 1000 iterations) unless otherwise indicated. Two-sided p values < 0.05 were considered statistically significant.





3. Results


The baseline characteristics of the 2230 participants included are reported in Table 1.



The mean age at baseline was 65.0 years; 51.2% were men, 45.7% of the participants were overweight, 32.9% were obese, 18.3% were smokers, and 76.2% were hypertensive (47% on regular antihypertensive treatment). The prevalence of high SUA/sCr ratio was 53.5% according to the 5.35 Units threshold. The analysis of the correlation between the SUA/sCr ratio and the most relevant characteristics of participants at baseline showed a significant association with BMI (r = 0.18), eGFR (r = 0.30), blood glucose (r = −0.06) and triglycerides (r = 0.08), and as expected with SUA (r = 0.70) and creatinine (r = −0.36); by contrast, no association was found with age, systolic and diastolic BP, total cholesterol, HDL-cholesterol, and triglycerides/HDL-cholesterol ratio (p > 0.05) . During a median follow-up of 9.2 years (110 months, 25th–75th: 60–144 months), 671 (30.1%) all-cause deaths occurred, 380 of which were due to primary CV causes (acute myocardial infarction = 113, heart failure = 98, stroke = 86, and hypertensive complications = 83). RCS regression model detected a non-linear relationship between SUA/sCr ratio and CV mortality (test for overall: p < 0.001, test for non-linearity: p < 0.001) (Figure 1A). The shape of the association was also confirmed after adjustment for main confounders (Figure 1B).



The differences in baseline characteristics between participants stratified by the SUA/sCr ratio, defined according to thresholds of 5.35 Units, are also reported in Table 1. Diabetic individuals with SUA/sCrea ratio > 5.35 Units had significantly higher BMI, SUA, triglycerides and eGFR, and higher prevalence of obesity, and hypertension, than those with SUA/sCr ratio below 5.35 Units. In addition, individuals with SUA/sCr ratio above 5.35 Units had significantly lower serum creatinine and prevalence of kidney dysfunction and cigarette smoking.



Participants with SUA/sCr ratio of more than 5.35 had a non-significant higher incidence of CV mortality than participants with an SUA/sCr ratio below 5.35 (18.1% vs. 15.9%, p = 0.17). To assess the multivariate-adjusted models, we also evaluated the differences in baseline characteristics between those who died and those not (Table 2).



As expected, those who died had a worse cardio-metabolic profile. The Kaplan-Meier curves showed an overlap of the curves (log-rank test: 1.288, p = 0.26) (Supplemental Figure S1). The Cox regression analysis confirmed the non-significant difference in the risk of CV mortality between the two groups (>5.35 vs. ≤5.35 Units: HR: 1.12, 95%CI: 0.91–1.38).



Next, in consideration of these results, the interaction among SUA, kidney function, and CV mortality rate, and the shape of the association between SUA/sCr ratio and CV mortality risk, we explored the relationship between SUA/sCr ratio and CV mortality stratifying by kidney function (Figure 2) (Table 3).



In the KD[−] group (n = 1697), participants with SUA/sCrea ratio > 5.35 Units had significantly higher age, BMI, systolic BP, SUA, and eGFR, higher prevalence of hypertension and statin use, and lower serum creatinine and prevalence of smokers than those with SUA/sCr ratio below 5.35 Units.



Moreover, the participants of the KD[−] group with a SUA/sCr ratio of more than 5.35 Units had a significantly higher incidence of CV mortality than participants with a SUA/sCr ratio below 5.35 Units (16.0% vs. 10.4%, p = 0.001) (Figure 3).



In the KD[+] group (n = 533), individuals with a SUA/sCr ratio above 5.35 Units had significantly higher BMI, SUA, total cholesterol, and eGFR and lower serum creatinine than those with a ratio below 5.35 Units. Moreover, the contrary of the other group, in the KD[+] group, there was no significantly higher rate of CV mortality in participants with a SUA/sCr ratio of more than 5.35 Units compared with the other group (28.9% vs. 27.5%, p = 0.72) (Figure 3). The Kaplan-Meier curves for CV mortality in KD[−] showed that participants with values above 5.35 Units had a significantly higher probability of CV mortality than those with SUA/sCr ratio below 5.35 Units (log-rank test: 11.927, p = 0.001) (Figure 4).



The inspection of Kaplan-Meyer curves did not detect a PH assumption violation. The Cox regression analysis confirmed the predictive role of the CV mortality cut-off, which showed a greater risk of CV mortality in participants with SUA/sCr ratio above with respect to below 5.35 Units (Table 4).



This predictive role was also detected after adjustment for some potential confounders (Table 4). The relationship was also confirmed in a model including insulin resistance, expressed by triglyceride/HDL-cholesterol ratio instead of triglycerides and HDL-cholesterol (HR: 1.58, 95%CI: 1.11–2.25). On the other hand, as expected, the Kaplan-Meier curves for CV mortality in KD[+] showed an overlap of the two curves of the survival (log-rank test: 0.062, p = 0.80) (Figure 3). The trend was confirmed by the Cox regression analysis, which indicated no significant risk difference between the two groups (Table 4).



Moreover, also the results from further stratification by different levels of overt kidney dysfunction confirmed this trend in KD[+] (eGFR 45–60 mL/min/1.73 m2, n = 387, 27.2% vs. 22.8%, p = 0.32; eGFR < 45 mL/min/1.73 m2, n = 146, 41.7% vs. 35.8%, p = 0.58).



Given these results and the reasons mentioned above, we assessed a different cut-off point for KD[+] (7.50 Units). In this group, the Kaplan-Meier curves for CV mortality showed that participants with values above 7.50 Units had a significantly higher probability of CV mortality than those with SUA/sCr ratio below 7.50 Units (log-rank test: 4.165, p = 0.04) (Supplemental Figure S2). The inspection of Kaplan-Meyer curves did not detect a PH assumption violation. The Cox regression analysis confirmed the predictive role of this CV mortality cut-off value, which showed a greater risk of CV mortality in participants with SUA/sCr ratio above with respect to below 7.50 Units (Table 5).



This predictive role was also detected after adjustment for some potential confounders (Table 5). The association was also confirmed in a model including insulin resistance, expressed by triglyceride/HDL-cholesterol ratio instead of triglycerides and HDL-cholesterol (HR: 2.83, 95%CI: 1.41–5.69).




4. Discussion


The main findings of this study showed a non-linear association between baseline SUA/sCr ratio and risk of CV mortality in diabetic participants. Moreover, the SUA/sCr ratio threshold previously proposed by the URRAH study group [10] was not predictive of CV mortality in the whole diabetic population. In consideration of this result and the strong relevance of kidney function on SUA and CV mortality rate, we analyzed the sample stratified into two groups by the presence or absence of kidney dysfunction. The SUA/sCr ratio of 5.35 Units is predictive for CV mortality in a diabetic population with normal kidney function (eGFR > 60 mL/min per 1.73 m2), revealing that values of SUA/sCr ratio higher than 5.35 were associated with a 39% increased risk of CV mortality in this group, independently of potential confounders, among which lipid and glucose profile, and insulin resistance. By contrast, this cut-point was not predictive of CV mortality in diabetic participants with kidney dysfunction (<60 mL/min per 1.73 m2). However, in this group, a newly detected cut-point (7.50 Units) was associated with the rate of CV mortality and values of the SUA/sCr ratio above 7.50 were associated with a 79% increased risk, independently of hypertension, lipid, and glucose profile, and insulin resistance. These results are strengthened by the large study population being highly representative of the general population with diabetes, the long follow-up period, and no bias due to the pharmacological treatment of hyperuricemia.



These results are in agreement with our previous data on diabetic participants of the URRAH study, which showed a direct relationship between SUA and CV mortality risk [14]. In addition, our results are in line with data on the relationship between the SUA/sCr ratio and CV risk in diabetic populations. Indeed, SUA/sCr was an independent risk factor for the progression of diabetic nephropathy in a large diabetic Chinese population [17]. Similar results were found in a study involving a sample of rural elderly diabetic patients, in which the SUA/sCr ratio had a predictive role in the decline in kidney function during a follow-up of 6 months [18]; likewise, SUA/sCr ratio was also an independent risk factor for kidney disease in diabetic patients with normo-albuminuria [19]. On the other hand, although the values above 5.35 were associated with a slightly higher rate of CV mortality in diabetic participants with kidney dysfunction, these values were not predictive of CV mortality in this group. This inconsistency in the predictive role of SUA/sCr ratio between KD[−] and KD[+] may be due to the strong influence of kidney function on the index and the rate of CV mortality, thus to the subsequent substantial inverse non-linear relationship between the SUA/sCr ratio and CV mortality risk in this sample, to the small sample of participants with kidney dysfunction and to the difference in the index values (as continuous item) between KD[+] and KD[−]. Indeed, in the whole sample, the SUA/sCr ratio was significantly higher in KD[−] than in KD[+], as expected. Noteworthy, after stratification by kidney dysfunction, the SUA/sCr ratio was significantly higher in those who died than not in KD[−], whereas the index distribution was not different in KD[+]. Furthermore, these data are in agreement with those of a recent study on a general population that found an elevated risk effect of hyperuricemia associated with CV mortality in individuals with normal kidney function rather than with reduced kidney function [20]. Likely, in normal kidney function, hyperuricemia due to the overproduction of uric acid is a more harmful CV risk factor than hyperuricemia resulting from reduced kidney excretion of SUA; the interaction between diabetes and kidney dysfunction would explain a high mortality rate in participants with kidney dysfunction. Hence, in KD[+], the direct effect of SUA on CV mortality was affected by kidney dysfunction. Moreover, the biological mechanism(s) linking SUA with CV disease have been hypothesized and include oxidative stress, inflammation, and arterial stiffness [21]. SUA is also an indicator of kidney function: SUA levels are influenced by kidney clearance function, and higher SUA levels are observed in patients with poor kidney function. Therefore, the SUA/sCr ratio, since it reflects SUA levels normalized to kidney function, could serve as a more accurate indicator of CV disease.



In this context, our results in the diabetic sample with preserved kidney function confirmed the predictive role of the ratio threshold found in the whole URRAH sample [10], highlighting the role of kidney-independent metabolic overproduction of SUA on CV risk. The apparent discrepancies with participants with kidney dysfunction may be justified by the substantial superiority of the kidney function on CV mortality rate in this subgroup of diabetic participants and the negligible prevalence of kidney dysfunction in the large sample of the general population participating in the URRAH study [10]. Furthermore, despite the cardio-metabolic risk profile being worse in those with a ratio above 5.35 Units, the potential independent predictive role of the SUA/sCr ratio on CV mortality may not be disentangled in this sample at high CV risk also for the strong interaction among diabetes, kidney dysfunction, and SUA [11,17,19].



Nevertheless, our study has some limitations: (i) the URRAH study enrolled only white participants. Thus, its results are not generalizable to other ethnicities; (ii) the study design is observational. Hence, it did not allow the establishment of the cause-relationship; (iii) the analysis was based on a single SUA and sCr measurement; however, these parameters have little pre-analytical biological variability.




5. Conclusions


The results of the present study show for the first time that the SUA/sCr ratio is predictive of CV mortality in people with diabetes. In particular, because the kidney function strongly affects the values of SUA/sCr ratio and the rate of CV mortality, the main findings of the study indicate two different thresholds: 5.35 Units (previously proposed by the URRAH study group [10]) for diabetic participants with preserved kidney function, and 7.50 Units for diabetic participants with overt kidney dysfunction. Although this population is already at high risk for the presence of diabetes, these cut-offs allow us to identify those at greater CV risk in addition to the risk due to diabetes. These data highlight the different predictive roles of SUA (and its interaction with kidney function) in the CV risk, pointing out the difference in metabolic- and kidney-dependent SUA levels also in diabetic individuals, hence the importance of the stratification by kidney function. Given the strong interaction between SUA and kidney function, this index is more complete than SUA alone in predicting CV mortality. For these reasons, these results make the SUA/sCr ratio a low-cost, reliable marker applicable to routine clinical practice of diabetes care. Nonetheless, further studies are needed to support our conclusions.
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Figure 1. Association between the SUA/sCr ratio and risk of cardiovascular mortality using a Restricted Cubic Spline Regression Model. Solid lines indicate hazard ratios (HRs), and shadow shapes indicate 95% confidence intervals (CIs). (A) Unadjusted; (B) Adjusted for age, gender, body mass index, cigarette smoking, hypertension status, total cholesterol, triglycerides, blood glucose, and statin use. 
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Figure 2. Association between the SUA/sCr ratio and risk of cardiovascular mortality using a Restricted Cubic Spline Regression Model stratified by kidney function. Solid lines indicate hazard ratios (HRs), and shadow shapes indicate 95% confidence intervals (CIs). (A,C) Unadjusted; (B,D) Adjusted for age, gender, body mass index, cigarette smoking, hypertension status, total cholesterol, triglycerides, blood glucose, and statin use. 






Figure 2. Association between the SUA/sCr ratio and risk of cardiovascular mortality using a Restricted Cubic Spline Regression Model stratified by kidney function. Solid lines indicate hazard ratios (HRs), and shadow shapes indicate 95% confidence intervals (CIs). (A,C) Unadjusted; (B,D) Adjusted for age, gender, body mass index, cigarette smoking, hypertension status, total cholesterol, triglycerides, blood glucose, and statin use.
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Figure 3. The incidence rate of cardiovascular (CV) mortality in individuals with serum uric acid (SUA)/creatinine (sCr) ratio > 5.35 vs. ≤5.35 mg/dL, stratified by kidney function. KD[+]: eGFR ≤ 60 mL/min per 1.73 m2; KD[−]: eGFR > 60 mL/min per 1.73 m2. 
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Figure 4. Kaplan-Meier curves for cardiovascular (CV) mortality for people with serum uric acid (SUA)/Creatinine (sCr) ratio lower or above 5.35 Units stratified by kidney function. KD[+]: eGFR ≤ 60 mL/min per 1.73 m2; KD[−]: eGFR > 60 mL/min per 1.73 m2. 
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Table 1. Baseline characteristics of all the study participants and stratified according to the SUA/sCr ratio threshold predictive for cardiovascular mortality.






Table 1. Baseline characteristics of all the study participants and stratified according to the SUA/sCr ratio threshold predictive for cardiovascular mortality.





	
Variables

	
Total Sample

	
SUA/sCr Ratio




	
≤5.35

	
>5.35






	
No. of participants

	
2230

	
1038

	
1192




	
Age (years)

	
65.0 (12.7)

	
64.6 (12.9)

	
65.3 (12.6)




	
Gender (M/F%)

	
51.2/48.8

	
52.3/47.7

	
50.2/49.8




	
Cigarette Smoking (%)

	
18.3

	
20.0

	
16.8 *




	
BMI (kg/m2)

	
28.5 (4.6)

	
27.8 (4.5)

	
29.1 (4.6) *




	
Normal-weight (%)

	
21.4

	
26.4

	
17.0




	
Overweight (%)

	
45.7

	
45.5

	
46.0




	
Obesity (%)

	
32.9

	
28.1

	
37.0 *




	
Systolic BP (mmHg)

	
151.5 (26.1)

	
150.6 (26.0)

	
152.3 (26.1)




	
Diastolic BP (mmHg)

	
85.3 (12.5)

	
85.1 (12.4)

	
85.5 (12.6)




	
Hypertension (%)

	
76.2

	
74.3

	
77.9 *




	
Creatinine (mg/dL) a

	
0.93 (1.3)

	
1.01 (1.3)

	
0.88 (1.2) *




	
eGFR (mL/min/1.73 m2) a

	
72.4 (1.4)

	
66.1 (1.4)

	
77.6 (1.3) *




	
Kidney dysfunction-eGFR ≤ 60 mL/min/1.73 m2 (%)

	
23.9

	
32.4

	
16.5 *




	
Serum Uric Acid (mg/dL) a

	
5.01 (1.3)

	
4.2 (1.3)

	
5.9 (1.2) *




	
Glucose (mg/dL) a,b

	
134.9 (1.4)

	
138.0 (1.4)

	
131.8 (1.3)




	
Total cholesterol (mg/dL) a,c

	
208.9 (1.2)

	
204.2 (1.2)

	
208.9 (1.2)




	
Triglycerides (mg/dL) a,c

	
134.9 (1.7)

	
131.8 (1.7)

	
141.2 (1.7) *




	
HDL-cholesterol (mg/dL) a,d

	
46.8 (1.3)

	
46.8 (1.3)

	
46.9 (1.2)




	
Triglycerides (mg/dL)/HDL-cholesterol (mg/dL) d

	
3. 7 (3.1)

	
3.5 (2.9)

	
3.8 (3.3)




	
Statin use (%)

	
6.7

	
5.6

	
7.7








Data are expressed as means (SD); BMI: body mass index; BP: Blood Pressure; eGFR: estimated glomerular filtration rate. Overweight was defined as a BMI between 25 and 29.9 kg/m2 and obesity as BMI ≥ 30 kg/m2. Hypertension was defined as office systolic BP ≥ 140 and/or diastolic BP ≥ 90 mmHg or current antihypertensive drug treatment. a Data are expressed as geometric mean (SD); b sample reduced by 15%; c sample reduced by 5%; d sample reduced by 20%; * >5.35 vs. ≤5.35: p < 0.05.













 





Table 2. Baseline characteristics stratified by cardiovascular mortality.
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Variables

	
Cardiovascular Mortality




	
No

	
Yes






	
No. of participants

	
1850

	
380




	
Age (years)

	
63.3 (12.6)

	
73.2 (9.5) *




	
Gender (M/F%)

	
53/47

	
41/59 *




	
Cigarette Smoking (%)

	
20

	
11 *




	
BMI (kg/m2)

	
28.6 (4.6)

	
28.3 (4.7)




	
Hypertension (%)

	
74

	
86 *




	
Glucose (mg/dL) a,b

	
131.8 (1.3)

	
147.9 (1.4) *




	
Total cholesterol (mg/dL) a,c

	
204.2 (1.2)

	
208.9 (1.2)




	
Triglycerides (mg/dL) a,c

	
134.9 (1.7)

	
134.9 (1.6)




	
HDL-cholesterol (mg/dL) a,d

	
46.8 (1.3)

	
48.9 (1.3)




	
Triglycerides (mg/dL)/HDL-cholesterol (mg/dL) d

	
3.7 (3.2)

	
3.6 (3.0)




	
Statin use (%)

	
8

	
2 *








Data are expressed as means (SD); BMI: body mass index; Hypertension was defined as office systolic BP ≥ 140 and/or diastolic BP ≥ 90 mmHg or current antihypertensive drug treatment. a Data are expressed as geometric mean (SD); b sample reduced by 15%; c sample reduced by 5%; d sample reduced by 20%. * yes vs. no: p < 0.05.













 





Table 3. Baseline characteristics of the study participants stratified by kidney dysfunction (KD) and according to the SUA/sCr ratio threshold, which is predictive for cardiovascular mortality.
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Variables

	
KD [−] > 60 mL/min/1.73 m2

	
KD [+] ≤ 60 mL/min/1.73 m2




	
SUA/sCr Ratio

	
SUA/sCr Ratio




	
≤5.35

	
>5.35

	
≤5.35

	
>5.35






	
No. of participants

	
702

	
995

	
336

	
197




	
Age (years)

	
60.9 (12.4)

	
63.9 (12.6) *

	
72.4 (10.0)

	
72.6 (9.8)




	
Gender (M/F%)

	
59.9/40.1

	
55.4/44.6

	
36.6/63.4

	
23.9/76.1 *




	
Cigarette Smoking (%)

	
23.1

	
17.6 *

	
13.7

	
12.7




	
BMI (kg/m2)

	
27.8 (4.4)

	
29.1 (4.6) *

	
27.9 (4.7)

	
29.3 (4.5) *




	
Normal-weight (%)

	
25.0

	
17.5

	
29.0

	
14.4




	
Overweight (%)

	
46.9

	
46.0

	
42.6

	
45.6




	
Obesity (%)

	
28.1

	
36.5 *

	
28.4

	
40.0 *




	
Systolic BP (mmHg)

	
149.7 (26.1)

	
151.4 (26.2) *

	
154.6 (25.5)

	
156.6 (25.0)




	
Diastolic BP (mmHg)

	
84.9 (12.1)

	
85.4 (12.2)

	
85.4 (12.9)

	
86.1 (14.4)




	
Hypertension (%)

	
69.5

	
76.2 *

	
84.2

	
86.3




	
Creatinine (mg/dL) a

	
0.91 (1.2)

	
0.84 (1.2) *

	
1.26 (1.3)

	
1.11 (1.1) *




	
eGFR (mL/min/1.73 m2) a

	
79.4 (1.2)

	
85.1 (1.3) *

	
44.7 (1.3)

	
51.3 (1.1) *




	
Serum Uric Acid (mg/dL) a

	
3.9 (1.3)

	
5.8 (1.2) *

	
4.8 (1.3)

	
7.1 (1.2) *




	
Glucose (mg/dL) a,b

	
135.8 (1.4)

	
131.0 (1.3)

	
141.2 (1.4)

	
138.6 (1.3)




	
Total cholesterol (mg/dL) a,c

	
208.9 (1.2)

	
208.4 (1.2)

	
200.0 (1.24)

	
210.2 (1.2) *




	
Triglycerides (mg/dL) a

	
125.9 (1.7)

	
134.9 (1.7) *

	
141.2 (1.7)

	
162.2 (1.7) *




	
HDL-cholesterol (mg/dL) a,d

	
46.8 (1.3)

	
47.9 (1.3)

	
46.8 (1.4)

	
46.8 (1.3)




	
Triglycerides(mg/dL)/HDL-cholesterol (mg/dL) d

	
3.7 (2.8)

	
3.6 (3.3)

	
3.9 (3.1)

	
4.4 (3.3)




	
Statin use (%)

	
4.0

	
7.6 *

	
8.6

	
8.2








Data are expressed as means (SD): BMI: body mass index; BP: Blood Pressure; eGFR: estimated glomerular filtration rate. Overweight was defined as a BMI between 25 and 29.9 kg/m2 and obesity as BMI ≥ 30 kg/m2. Hypertension was defined as office systolic BP ≥ 140 and/or diastolic BP ≥ 90 mmHg or current antihypertensive drug treatment. a Data are expressed as geometric mean (SD); b sample reduced by 15%; c sample reduced by 5%; d sample reduced by 20%; * >5.35 vs. ≤5.35: p < 0.05.













 





Table 4. Cox-regression analysis of the risk of cardiovascular mortality according to kidney dysfunction (KD).
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KD[−]

	
KD[+]




	

	
SUA/sCr Ratio

>5.35 vs. ≤5.35

	
SUA/sCr Ratio

>5.35 vs. ≤5.35




	

	
HR (95% CI *)

	
HR (95% CI *)






	
Unadjusted

	
1.62 (1.23–2.20) §

	
0.96 (0.66–1.35)




	
Multivariable Model 1 a

	
1.32 (1.01–1.74) §

	
1.01 (0.72–1.42)




	
Multivariable Model 2 b

	
1.35 (1.01–1.81) §

	
0.98 (0.69–1.40)




	
Multivariable Model 3 c

	
1.61 (1.15–2.26) §

	
0.98 (0.65–1.48)




	
Multivariable Model 4 d

	
1.58 (1.11–2.23) §

	
0.97 (0.64–1.49)








Hypertension was defined as office systolic BP ≥ 140 and/or diastolic BP ≥ 90 mmHg or current antihypertensive drug treatment; HR: Hazard Ratio; KD[−]: >60 mL/min/1.73 m2; KD[+]: ≤60 mL/min/1.73 m2; SUA/sCr ratio: serum uric acid/serum creatinine ratio; * Bootstrap confidence intervals (1000 iterations); § p < 0.05. a Model 1 adjusted for baseline age, gender, body weight, hypertension, and cigarette smoking. b Model 2 adjusted for Model 1 plus baseline (log)total cholesterol, (log)triglycerides, and statin use (sample reduced by 5%). c Model 3 adjusted for Model 2 plus baseline (log) blood glucose (sample reduced by 15%). d Model 4 adjusted for Model 3 plus baseline (log)HDL-cholesterol (sample reduced by 20%).













 





Table 5. Cox-regression analysis of the risk of cardiovascular mortality patients with kidney dysfunction (KD).
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KD[+]

<60 mL/min/1.73 m2




	

	
SUA/sCr ratio

≥7.50 vs. <7.50




	

	
HR (95% CI *)






	
Unadjusted

	
1.79 (1.02–3.17) §




	
Multivariable Model 1 a

	
1.92 (1.06–3.45) §




	
Multivariable Model 2 b

	
2.92 (1.46–5.86) §




	
Multivariable Model 3 c

	
2.90 (1.44–5.86) §








Hypertension was defined as office systolic BP ≥ 140 and/or diastolic BP ≥ 90 mmHg or current antihypertensive drug treatment; HR: Hazard Ratio; KD[+]: ≤60 mL/min/1.73 m2; SUA/sCr ratio: serum uric acid/serum creatinine ratio; * Bootstrap confidence intervals (1000 iterations); § p < 0.05. a Model 1 adjusted for baseline age, gender, body weight, hypertension, and cigarette smoking. b Model 2 adjusted for Model 1 plus baseline (log)total cholesterol, (log)triglycerides, statin use, (log) blood glucose (sample reduced by 30%). c Model 3 adjusted for Model 2 plus baseline (log)HDL-cholesterol (sample reduced by 20%).
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