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Abstract 

This thesis provides an appraisal of the structure of clustering of metabolic 

phenotypes and evaluates the pathophysiological mechanisms underlying the 

relationship between urinary uric acid and albumin excretion. Two population-

based studies were involved. In the Czech post-MONICA study, serum uric 

acid (SUA) levels increased by the synergistic interaction of urinary 

albumin/creatinine ratio (uACR) with visceral adiposity and blood pressure, 

which may suggest obesity-related hypertension with altered renal 

hemodynamics as the primary mechanism. The mechanism underlying the 

relationshiop between urinary uric acid and albumin excretion was further 

evaluated in a representative population sample of French Canadians 

(CARTaGENE study) with more detailed urine biochemical analyses available. 

Using the mediation analysis approach, we propose that decreased urinary 

uromodulin and sodium excretion explain 70% of the relationship between 

decreased uric acid excretion and albuminuria, which further supports the role 

of altered blood pressure regulation in this relationship. Finally, we identified 

two correlated and unique principal components of the MetS. The principal 

component scores exhibited comparable loading patterns between the studies. 

In the CARTaGENE study, urinary uromodulin explained 9% of the correlation 

between the principal component scores.  

In conclusion, urinary uromodulin may not only be in a causal pathway 

between uric acid and albumin excretion but, also, to a much lesser extent, 

between the principal components of the MetS.  

Key words: renal pathophysiology; metabolic syndrome; albumin/creatinine 

ratio; fractional excretion of uric acid; uromodulin 
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Abstrakt 

Tato dizertační práce se zabývá metabolickým syndromem a 

patofyziologickými mechanizmy, které vysvětlují vztah mezi poklesem 

vylučování kyseliny močové ledvinami a albuminurií. Zpracovali jsme data 

z celkem dvou populačních studií. V reprezentativním vzorku české populace 

(studie Czech post-MONICA) se hladina kyseliny močové v séru zvýšila 

synergickou interakcí mezi poměrem albumin/kreatinin v moči (uACR) s 

indexem viscerální adiposity a krevním tlakem. Ve druhé části jsme analyzovali 

data z reprezentativního vzorku populace Kanaďanů francouzského původu 

(studie CARTaGENE) s dostupnou detailnější analýzou moče. Použitím 

mediační analýzy jsme prokázali, že pokles močové exkrece uromodulinu a 

sodíku vysvětluje až 70 % vztahu mezi poklesem frakční exkrece kyseliny 

močové (FEUA) v moči a albuminurií, což dále zdůrazňuje roli porušené 

regulace krevního tlaku v tomto vztahu. Konečně, přidáním uACR společně s 

hladinou kyseliny močové v séru anebo FEUA k zavedeným složkám MetS 

jsme v obou populacích identifikovali dvě vzájemně související, ale jedinečné 

hlavní komponenty syndromu. S nepatrnými rozdíly vykazovaly první a druhá 

hlavní komponenta MetS srovnatelnou strukturu v obou studiích. Ve studii 

CARTaGENE vysvětlila močová exkrece uromodulinu 9 % korelace mezi 

hlavními komponentami MetS.         

Lze tedy uzavřít, že pokles močové exkrece uromodulinu může být jedním 

z patofyziologických mechanizmů, který vysvětluje nejen pokles FEUA 

v přítomnosti albuminurie, ale i vztah mezi hlavními komponentami MetS.     

Klíčová slova: renální patofyziologie; metabolický syndrom; poměr 

albumin/kreatinin v moči; frakční exkrece kyseliny močové; uromodulin 
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1 Introduction  

Arterial hypertension is a multifactorial disease characterized by elevated 

blood pressure (BP) and increased risk of cardiovascular events. Chronic 

kidney disease (CKD) represents abnormalities of kidney structure or function 

defined by decreased glomerular filtration rate (GFR), increased urinary 

albumin excretion (UAE) or histologic evidence of renal parenchymal injury. 

Arterial hypertension is tightly related to CKD with a deleterious feedback 

effect (Judd & Calhoun, 2015).      

To date, the pathophysiological link between hypertension and CKD has 

remained only partially resolved; however, evidence suggests that it is not 

straightforward but, rather, reflects a complex cardiovascular disease (CVD) 

risk. Increased BP tends to cluster with visceral obesity, high triglycerides, and 

abnormal glucose metabolism, forming together a constellation of 

cardiovascular risk factors recognized as metabolic syndrome (MetS) (Kahn et 

al., 2005). However, there are doubts about the construct of the MetS itself as 

the criteria are ambiguous and categorical thresholds are misleading. In order to 

update the MetS construct, specific lines of investigation have been urged: (i) 

use of a multivariate score system, (ii) search for additional defining 

phenotypes, and (iii) search for the mechanism explaining the clustering (Kahn 

et al., 2005).  

Metabolic syndrome often co-occurs with increased serum uric acid 

(SUA) levels. Furthermore, uric acid becomes increasingly recognized as an 

emerging causal factor in the development of arterial hypertension, MetS 

(Kanbay et al., 2016), and CVD (Borghi et al., 2015). All uric acid-related 

adverse effects are supposed to be facilitated by reactive oxygen species and 

oxidative stress with subsequent endothelial dysfunction. The SUA levels are 

predominantly determined by uric acid renal excretion, which is controlled by 

several urate transporters (Lipkowitz, 2012). The solute carrier protein 2 family 
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member 9 (SLC2A9) represents the major urate transporter identified to date 

(Caulfield et al., 2008). 

Increased UAE is an important risk factor in hypertensive patients further 

increasing the risk of cardiovascular events independently of estimated 

glomerular filtration rate (eGFR) (Weir, 2007). Similar to increased UAE, it has 

been well documented that high SUA levels predict cardiovascular outcomes 

(Borghi et al., 2015). However, the predictive power of SUA levels may 

decrease by adjusting for UAE, and vice versa, which suggests partially 

interrelated mechanisms between these factors (Scheven et al., 2014). It is also 

of interest that hyperuricemia and albuminuria occur together in individuals 

with hypertension (Viazzi et al., 2005), type 2 diabetes (Resl et al., 2012), and 

MetS (Rodilla et al., 2009).  

The exact pathophysiological mechanism explaining the relationship 

between uric acid and UAE remains elusive. In one way, the link between SUA 

levels and UAE has been explained by assuming that hyperuricemia may 

induce oxidative stress and endothelial dysfunction resulting in increased UAE. 

The other way round, Scheven et al. have recently shown that albuminuria is 

associated with increased tubular uric acid reabsorption and increase in SUA 

levels (Scheven et al., 2014). The authors suggested tubular uric acid-albumin 

exchange and speculated that either the urate transporters could be up/down-

regulated in the presence of albuminuria, or the positive association of UAE 

with uric acid reabsorption is mediated by sodium transport. In line with 

Scheven et al., large body of evidence indirectly support the hypothesis that the 

effect of urinary uric acid excretion on UAE may be mediated by urinary 

uromodulin through modulation of sodium reabsorption in the thick ascending 

limb of the loop of Henle (TAL) (Padmanabhan et al., 2014). Better 

clarification of the underlying pathophysiology may help to further elucidate 

the role of uric acid in hypertension, MetS, and CVD, and to develop targeted 

therapeutic approaches.  
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2 Aims and hypotheses 

2.1 Hypotheses 

It is conceivable that MetS is not a uniform entity; however, its clinical 

expression is based on a set of variably linked pathophysiological mechanisms. 

Given that hyperuricemia may have a role in the pathogenesis of MetS and 

there is a mechanism by which increased SUA levels increase UAE, then the 

SUA levels may be related to UAE also in individuals without manifest MetS 

by its arbitrary definition; however, with some metabolic derangements. 

Furthermore, it is credible that the association between urinary uric acid and 

albumin excretion may be mediated by urinary uromodulin through modulation 

of sodium reabsorption in the TAL.  

 

2.2 Aims of the thesis 

The overall aim of this thesis is to evaluate the structure of clustering of 

metabolic phenotypes and assess the pathophysiological mechanisms 

explaining the relationship between urinary uric acid and albumin excretion. 

The specific aims are: 

1. To evaluate the association of SUA levels with UAE, and the 

modification effect of metabolic phenotypes on this association in 

individuals without manifest MetS. 

2. To evaluate the association between SLC2A9 candidate single-

nucleotide polymorphisms (SNPs) and UAE.  

3. To specify the pathophysiological mechanism explaining the 

relationship between urinary uric acid and albumin excretion.    

4. To propose and build a construct of MetS.  
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3 Methods 

3.1 The Czech post-MONICA study 

The Czech post-MONICA study is a cross-sectional survey investigating 

the prevalence and treatment of cardiovascular risk factors in the general 

population of the Czech Republic. A one-percent random sample stratified by 

age and gender was selected from 9 Czech districts. A total of 3612 individuals 

aged 25–64 years were examined in 2007–2009 (Cifkova et al., 2010
a,b

). All 

study participants were Caucasians.  

Details of examination and laboratory analyses have been described 

previously (Cifkova et al., 2010
a,b

; Krajcoviechova et al., 2016). Metabolic 

syndrome was defined according to the Joint Interim Statement by several 

professional societies (Alberti et al., 2009). Individuals without MetS were 

categorized into 2 groups; 0 MetS component and 1–2 MetS component(s). In 

order to avoid the pleiotropic effect between metabolic phenotypes, individuals 

with MetS are not included in this analysis.   

Individuals with incomplete data (n=170), MetS (n=1093), diabetes treated 

with glucose-lowering medication (n=19), eGFR < 60 ml/min/1.73m
2
 (n=29), 

current use of diuretics (n=62), or allopurinol (n=13), and UAE below the 

detection limit of 1 mg (n=394) were excluded. This resulted in 1832 

individuals for our analyses.  

Lipids and BP were adjusted for treatment effects using validated methods 

(Wu et al., 2007; Tobin et al., 2005). Visceral adiposity index (VAI) was 

calculated using an adapted equation developed by Amato et al (Amato et al., 

2010). Continuous variables with skewed distribution were logarithmically 

transformed. The association of uACR with SUA levels in 0 MetS component 

and 1–2 MetS component(s) groups was assessed by multiple multivariate 

linear regression analyses. In addition, multiple generalized linear models were 

used to examine whether exposure to metabolic phenotypes modifies the 
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association of uACR with SUA levels. A Holm-Bonferroni-corrected 

significant difference was defined as two-sided p values <0.0167; <0.025; and 

<0.05. To further assess the direction of the interaction, persons with 1–2 MetS 

component(s) were subdivided by the medians of uACR, VAI, MAP, and 

fasting glucose. The differences in the adjusted means ± SD of SUA levels 

according to the median of uACR by the medians of VAI, MAP and glucose 

were assessed by generalized regression mixed-effects models. Calculations 

were performed using SPSS 16 software (SPSS Inc., Chicago, Illinois, USA).  

 

3.2 The CARTaGENE study 

The CARTaGENE study represents a population-based cohort consiting of 

residents of the four metropolitan areas in Quebec, aged between 40 and 69 

years (Awadalla et al., 2013). Participants were randomly selected from the 

provincial health insurance registries. From August 2009 to October 2010, a 

total of 20 007 individuals were examined. This analysis involves 737 

individuals of French Canadian descent with available genotyping data and 

urinary samples (Troyanov et al., 2016).  

Details of examination and laboratory analyses have been described 

previously (Awadalla et al., 2013; Troyanov et al., 2016).  Within the 

CARTaGENE cohort, 737 French Canadians were selected for genotyping 

from the extremes of the Framingham Risk Score and vascular rigidity index 

for both men and women. Genome-wide SNP genotyping was performed using 

the Illumina Omni2.5-8 BeadChip. The filtering of the data and imputation of 

allele dosage of ungenotyped SNPs yielded a final dataset of 6 662 672 SNPs in 

735 samples. We selected two SNPs (rs16890979; rs13129697) within the 

SLC2A9 gene for further analyses based on their associations with SUA levels 

and replicability in different populations (Dehghan et al., 2008; Yang et al., 
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2010). The rs16890979 variant was genotyped, whereas the rs13129697 variant 

was imputed with the imputation score of 0.98.  

In total, 688 individuals had genotyping and urinary data available. 

Further, we excluded individuals with an eGFR < 60 ml/min/1.73m
2
 (n=20), 

glycosuria (n=24), current use of diuretics (n=42), allopurinol (n=3), and 

uricosuric drugs (fenofibrate, losartan; n=6). Lipids, BP levels, and glucose 

were adjusted for treatment effects using validated methods (Tobin et al., 2005; 

Wu et al., 2007). Continuous variables with skewed distribution were 

logarithmically transformed. To evaluate the association of the SLC2A9 

candidate SNPs with uACR, linear regression with the additive genetic model 

was used. To test whether fractional excretion of uric acid (FEUA) modifies the 

relationship of uACR with urate SNP, we included the interaction term of the 

genotype*FeUA tertiles as an independent factor in the generalized linear 

mixed model for Ln-uACR. To examine the role of urinary 

uromodulin/creatinine ratio (uUCR) and fractional excretion of sodium (FENa) 

as potential mediators of the relationship between urinary uric acid and albumin 

excretion, we used mediation analysis approach (Preacher & Hayes, 2008). 

Shortly, if an independent variable and mediator are associated ( path a), and a 

mediator and dependent variable are associated (path b), the total effect of the 

independent variable on the dependent variable is the result of path a × path b 

(Figure 1). The FEUA, Ln-uUCR and FENa were standardized to a mean of 

zero and SD of one. We applied the multiple mediation procedure using an 

SPSS macro developed by Preacher and Hayes (Preacher & Hayes, 2008). 

Calculations were performed using SPSS 16 software (SPSS Inc., Chicago, 

Illinois, USA) and the Plink 1.9 toolset. In all models, covariates were added in 

a stepwise fashion.                                                                          
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Figure 1. Schematic diagram of the relationship between urinary uric acid and 

albumin excretion mediated by urinary sodium and uromodulin excretion                                                      

Total effect; association of uric acid excretion with albumin excretion without controlling for 

mediator(s). Direct effect; association of uric acid excretion with albumin excretion after 

controlling for mediator(s). Path a; direct effect of uric acid excretion on mediator(s). Path b; direct 

effect of mediator(s) on albumin excretion after controlling for uric acid excretion.      

                                                                                    

3.3 Principal component analysis 

All variables were regressed on age and gender before applying PCA. Two 

parallel PCAs were performed separately in both studies (Wijndaele et al., 

2006). First, we applied PCA to the defining variables of MetS. Second, we 

applied PCA to the defining variables of MetS after the addition of (a) Ln-

uACR and FEUA (CARTaGENE study), and (b) Ln-uACR and SUA levels 

(Czech post-MONICA study). Principal components with eigenvalues >1 were 

extracted. Principal component scores were derived using linear regression. We 

used direct oblimin rotation, as this method permits correlation of the principal 

components. Finally, we evaluated the role of Ln-uUCR and FENa as potential 

mediators of the relationship between the principal component scores using 

mediation analysis approach.  
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4 Results 

4.1 The Czech post-MONICA study 

Of the 1832 individuals without manifest MetS, 64.1% (n=1174) presented 

with either one or two MetS component(s), whereas 35.9% (n=658) were 

metabolically healthy. Although individuals with 1–2 MetS component(s) were 

almost equally represented by both genders (51.7% of men), they were older 

and more often men compared to those with 0 MetS component. 

 

4.1.1 Impact of metabolic phenotypes on the association of SUA levels 

with uACR  

In a fully adjusted model for uricemia, Ln-uACR was an independent 

factor for an increase in SUA levels in individuals with 1–2 MetS component(s) 

(Sβ 0.048; p=0.024); however, not in those without any MetS component (Sβ 

0.030; p=0.264). Male gender, younger age, decrease in eGFR, and increases in 

waist circumference, serum triglycerides, and SBP were independent factors for 

an increase in SUA levels in both groups, whereas lower education was 

associated with an increase in SUA levels only in the 1−2 MetS component(s) 

group. Among individuals with 1–2 MetS component(s), SUA levels increased 

by the synergistic interaction of Ln-uACR with Ln-VAI (Sβ 0.06; p=0.012), 

and of Ln-uACR with MAP (Sβ 0.05; p=0.009). We report no interaction 

between Ln-uACR and Ln-fasting glucose in relation to uricemia (Sβ 0.008; 

p=0.705). Differences in multivariate adjusted means ± SD of SUA according 

to the median of uACR by the medians of VAI, MAP, and fasting glucose are 

shown in Figure 2.              
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Figure 2. Differences in multivariate adjusted means ± SD of SUA levels in 

individuals with 1–2 MetS component(s) by the median of uACR in interaction 

with the median of (a) VAI, (b) MAP, (c) and fasting glucose. 

(a)                                                 (b)

 

(c) 

 

Adjusted for the median of uACR per se, the respective median of VAI per se, MAP per 

se, and glucose per se as well as age, gender, smoking status, education, HDL-

cholesterol, eGFR, and CVD.  

Adapted from (Krajcoviechova et al., 2016).  
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4.2 The CARTaGENE study 

Five hundred and ninety three (593) French Canadians had available 

genotyping and urinary data, were free of eGFR < 60 ml/min/1.73m
2
, 

glycosuria, and confounding medication.  

 

4.2.1 Association of SLC2A9 SNPs with uACR 

In the linear regression model for Ln-uACR, rs16890979 was not 

associated with Ln-uACR either crude or multivariate adjusted. On the 

contrary, the absolute beta (β) coefficient of each copy of the rs13129697 T 

allele for Ln-uACR showed a strong tendency toward statistical significance 

(β=−0.144±0.074; p=0.051), and further increased after multivariate adjustment 

(β=−0.181±0.075; p=0.016). Next, we included the interaction term of 

rs13129697 genotype*FeUA tertiles as an independent factor in the generalized 

linear mixed model for Ln-uACR. The Ln-uACR increased by the interaction 

of rs13129697 GG genotype with FEUA tertiles (p=0.002) (Figure 3). 

Figure 3. Multivariate adjusted means ± SD of Ln-uACR (mg/mmol) by the 

interaction of rs13129697 TT, TG, and GG genotypes with FeUA tertiles. 
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The model was adjusted for rs13129697 genotype per se and FEUA tertiles per se, as 

well as for the other significant confounders, i.e., gender, MAP and plasma glucose. 



11 

 

4.2.2 Pathophysiology of the link between urinary uric acid and 

albumin excretion 

An increase in MAP and glucose, a decrease in FEUA, and female gender 

were independently associated with an increase in Ln-uACR, whereas carriage 

of each copy of the rs13129697 T allele was associated with a decrease in Ln-

uACR (Table 1).  

Table 1. Multivariate linear regression model for Ln-uACR (mg/mmol)             

  uncontrolled for mediator(s) 

 β SE Sβ P value 

MAP, mmHg 0.014 0.004 0.172 <0.001 

rs13129697, T  −0.181 0.075 −0.099 0.016 

FEUA, % −0.113 0.050 −0.101 0.023 

Ln-glucose, mmol/L 0.458 0.215 0.086 0.034 

Gender (male) −0.188 0.096 −0.084 0.050 

             FEUA was standardized to a mean of 0 and SD 1.  

We further evaluated the role of urinary uromodulin and sodium excretion 

as potential mediators of the relationship between FEUA and Ln-uACR. Both 

mediators highly correlated with FEUA and Ln-uACR (data not shown). Next, 

we used the linear regression model for Ln-uACR (see Table 1) as a reference 

model. When each of the potential mediator, and mediators together were 

added to the reference model, the regression coefficients of FEUA for Ln-

uACR decreased and became non-significant. Specifically, Ln-uUCR explained 

32% (model 2), FENa 44% (model 3), and Ln-uUCR together with FENa 

explained 70% (model 4) of the relationship between Ln-uACR with FEUA 

(reference model 1) (Table 2). The role of both mediators was confirmed in 

bootstrapping analysis. In addition, when we included an interaction term of 

rs13129697*FEUA in the model, β coefficients of Ln-uUCR and FENa for Ln-

uACR remained unchanged (data not shown).   
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Table 2. Multiple multivariate models for Ln-uACR (mg/mmol) showing 

mediators of the relationship between FEAU and uACR 

 β SE P 

value 

Bootstraping 

Point 

estimate 

95% CI 

Reference model 1 (from Table 1) 

 TOTAL EFFECT* 

 FEUA −0.113 0.050 0.023 - - 

Model 2 

 DIRECT EFFECT# 

 FEUA −0.077 0.051 0.133 - - 

 Path b## 

 Ln-uUCR −0.120 0.046 0.010 −0.036 −0.070/-−0.011 

Model 3 

 DIRECT EFFECT# 

 FEUA −0.063 0.053 0.241 - - 

 Path b## 

 FENa −0.117 0.049 0.016 −0.050 −0.099/−0.008 

Model 4 

 DIRECT EFFECT# 

 FEUA −0.034 0.055 0.540 - - 

 Path b## 

 Ln-uUCR −0.112 0.046 0.016 −0.033 −0.070/−0.008 

 FENa −0.108 0.048 0.027 −0.046 −0.095/−0.003 

All models were adjusted for gender, MAP, plasma glucose, and rs13129697 TT, TG, 

GG genotype. FEUA and potential mediators were standardized.                                                                                                        

*Effect of FEUA on uACR without controlling for mediator(s)                                                                                                 

#Direct effect of FEUA on uACR after controlling for mediator(s)                                                                             

##Direct effect of mediator(s) on uACR 
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4.3 The construct of the metabolic syndrome 

When PCA was applied to the established variables of MetS (5 variables), 

the single principal component was identified in both studies. The derived score 

explained 42.6% and 41.2% of the variance of included variables in 

CARTaGENE, and in the Czech post-MONICA study, respectively. The single 

principal component was reasonably loaded by all MetS variables and the 

loadings were comparable in both studies (Table 3). 

When applying PCA to the established variables of MetS together with 

Ln-uACR and FEUA in the CARTaGENE, and with Ln-uACR and SUA levels 

in the Czech post-MONICA study (7 variables), two principal components 

were identified. The total explained variance of the included variables increased 

up to around 47−48%. The first principal component was mainly loaded by 

adiposity measures, whereas the second component was mainly loaded by Ln-

uACR and MAP in both studies. In the CARTaGENE study, FEUA loaded 

negatively and identically to the first and second principal components 

(r=−0.36), whereas, in the Czech post-MONICA study, SUA levels loaded only 

to the first principal component (r=0.62). Overall, despite slight disparities, the 

principal components exhibited comparable loading patterns between the 

studies. The principal component scores were normally distributed. 

In the CARTaGENE study, each unit decrease in Ln-uUCR was associated 

with an increase of 0.117 in the first principal component score (β 

−0.117±0.041; p=0.005), and an increase of 0.203 in the second principal 

component score (β −0.203±0.040; p<0.001). Each unit decrease in FENa was 

associated with an increase of 0.121 in the second principal component score (β 

−0.121±0.041; p=0.003), whereas no association with the first principal 

component score was observed. Finally, Ln-uUCR explained 9.1% of the 

relationship between the first and second principal component scores. The 

mediating role of uUCR was further confirmed in bootstrapping analysis.  
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Table 3. PCA using traditional defining variables of the MetS alone and after 

the addition of (a) uACR and FEUA (CARTaGENE study), and (b) uACR and 

SUA levels (Czech post-MONICA study).  

 The CARTaGENE                  

study 

The Czech post-MONICA 

study 

 5 

variables 

7 

variables 

5  

variables 

7 

variables 

Single PC 1st PC 2nd PC Single 

PC 

1st PC 2nd PC 

% of variance explained 42.6 32.3 15.1 41.2 33.2 14.6 

Eigenvalue  2.13 2.26 1.06 2.06 2.33 1.02 

Waist circumference, cm 0.76 0.76 0.26 0.75 0.75 0.03 

Ln-triglycerides, mmol/L 0.77 0.77 0.18 0.75 0.74 0.08 

HDL cholesterol, mmol/L −0.70 −0.77 −0.07 −0.69 −0.66 0.06 

MAP, mmHg 0.51 0.40 0.62 0.52 0.49 0.36 

Ln-glucose, mmol/L 0.38 0.38 0.12 0.45 0.40 0.007 

Ln-uACR, mg/mmol - 0.03 0.84 - −0.004 0.95 

FEUA, % - −0.36 −0.36 - - - 

SUA, µmol/L - - - - 0.62 0.10 

PC, principal component. Displayed are correlation coefficients between included 

variables and principal components. 
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5 Discussion 

We evaluated the structure of clustering of metabolic phenotypes and 

assessed the pathophysiological mechanisms underlying the relationship 

between urinary uric acid and albumin excretion. Data from two population-

based studies were analyzed. Both studies represent a large cross-sectional 

survey of health determinants in a randomly selected population sample using a 

standardized protocol and detailed phenotyping. Due to the high prevalence of 

arterial hypertension, dyslipidemia, and body mass index ≥ 30 kg/m
2 

(Cifkova 

et al., 2010 
a, b

), the Czech post-MONICA study is well-suited for evaluation of 

the modification effects of metabolic phenotypes on the relationship of SUA 

levels with uACR. On the other hand, the major strength of the CARTaGENE 

study is the biobank of urine samples enabling determination of a number of 

urinary solutes and protein concentrations at a population level, thus enabling 

further insight into renal pathophysiology (Awadalla et al., 2013).   

Scheven et al. have reported that the 24-hour UAE is positively associated 

with tubular uric acid reabsorption and SUA levels in the general population of 

Groningen, the Netherlands. The authors suggested tubular uric acid-albumin 

exchange and speculated that the association of albuminuria with uric acid 

reabsorption may be mediated by sodium transport (Scheven et al., 2014). In 

line with Scheven et al., we have confirmed that uACR was an independent 

factor for an increase in SUA levels in the representative sample of Czech 

adults with 1−2 MetS component(s) (Krajcoviechova et al., 2016). 

Furthermore, the decrease in FEUA was associated with an increase in uACR 

in a representative sample of French Canadians.  

In the Czech post-MONICA cohort, SUA levels increased by a synergistic 

interaction of uACR with visceral adiposity and BP, which supports the 

hypothesis of obesity-related hypertension with altered renal hemodynamics as 

the primary mechanism (Vaneckova et al., 2014). Oxidative stress induced by 
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intracellular uric acid with subsequently decreased nitric oxide bioavailability 

and enhanced renin-angiotensin system (RAS) activation could be one of the 

molecular mechanisms responsible for the observed link between increased 

SUA levels and albuminuria in obesity and hypertension (Johnson et al., 2005; 

Krajcoviechova et al., 2017). In addition, our study suggests a link between 

SUA levels and uACR in a condition that may hypothetically evolve into MetS. 

The concept of a syndrome with insulin resistance as a solely underlying 

mechanism has been challenged (Kahn et al., 2005). However, if hyperuricemia 

may induce MetS, and there is a link between uricemia and albuminuria, one 

may hypothesize that both SUA levels and uACR are involved in the 

pathogenesis of MetS. Our findings indirectly support this hypothesis by 

showing the interaction between metabolic phenotypes with UAE in adults 

without manifest MetS by its arbitrary definition. 

Using the mediation analysis approach, we suggest that the effect of 

decreased urinary uric acid excretion on increase in uACR may be mediated by 

decreased uromodulin and sodium excretion. Uromodulin is the most abundant 

urine protein secreted exclusively by the epithelial cells of the TAL. 

Uromodulin has been proposed to have a role in BP regulation, as it increases 

Na-K2-Cl-mediated NaCl reabsorption (Mutig et al., 2011). Furthermore, 

urinary uromodulin represents an emerging marker of tubular function. In 

epidemiological studies, urinary uromodulin excretion positively correlated 

with eGFR, dietary salt intake, FENa, FEUA, and urinary volume, and 

negatively correlated with age and diabetes (Padmanabhan et al., 2010; Pruijm 

et al., 2016; Troyanov et al., 2016; Torffvit et al., 2004).  

It has been shown that dietary salt intake directly regulates urinary 

excretion of uromodulin (Torffvit et al., 2004; Ying & Sanders, 1998). Proximal 

sodium and urate reabsorption are directly related through a tertiary active 

transport process. Thus, lower FEUA with subsequent lower FENa may 

decrease uromodulin excretion and TAL activity. Accordingly, with less 
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uromodulin excretion, there is less sodium reabsorption in the TAL and more 

sodium reabsorption in the proximal tubule. Overall, less sodium is excreted, 

which may result in an increase in BP and uACR. This proposed mechanism 

also explains the inverse association of uUCR with uACR. Accordingly, in rats 

with experimentally induced hyperuricemia, the effect of increased SUA levels 

on the increase in BP was more pronounced with salt restriction, which was 

explained by enhanced RAS activity (Mazzali et al., 2001). In turn, enhanced 

RAS activation is associated with increased UAE. 

The role of SLC2A9 as a urate transporter has been well documented 

(Caulfield et al., 2008). However, evidence on the association of SLC2A9 

SNPs with albuminuria is scarce. Voruganti et al. reported that the rs13129697 

G alelle was associated with uACR in Mexican Americans; however, the 

direction of the effect was not reported (Voruganti et al., 2013). It has been 

shown that the rs13129697 G allele decreases SUA levels (Yang et al., 2010). 

However, it was the rs13129697 T allele, which was associated with a decrease 

in uACR in our analyses. The reason for this discrepancy is an interaction 

between rs13129697 genotype and the current rate of FEUA. This finding 

further supports the hypothesis of tubular uric acid/albumin exchange.  

Finally, in recent decades, PCA has been widely used to describe the 

underlying structure of the MetS. Several studies showed that there are at least 

two components explaining the overall correlation between the syndrome 

variables (Wijndaele et al., 2006), whereas some others reported only one 

component, mainly loaded by adiposity measures (Hillier et al., 2006). 

However, none of these studies included SUA levels, FEUA or uACR. Our two 

correlated, but unique principal component scores, question the presence of a 

single unifying etiology of MetS. Interestingly, urinary uromodulin explained a 

part of the correlation between the principal component scores with a direction 

consistent with the effect of FEUA on uromodulin, and uromodulin on uACR.  
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6 Conclusions 

1. In the Czech post-MONICA study, the uACR was an independent factor for 

the increase in SUA levels in adults without manifest MetS, but with 1–2 

syndrome component(s). There was solid evidence for synergistic 

interaction of uACR with visceral adiposity and BP on the increase in SUA 

levels, which suggests obesity-related hypertension with altered renal 

hemodynamics as the primary mechanism.  

2. In the population-based cohort of French Canadians (CARTaGENE study), 

the serum urate-increasing rs13129697 T allele was associated with a 

paradoxical decrease in uACR. The reason for this discrepant finding is the 

interaction between rs13129697 genotype and the current rate of FEUA, 

further supporting the hypothesis of tubular uric acid/albumin exchange. 

3. We confirmed that the decrease in FEUA is associated with an increase in 

uACR in the French Canadian cohort. Further, we suggest that the effect of 

decreased urinary urate excretion on the increase in uACR may be mediated 

by decreased urinary uromodulin through modulation of sodium 

reabsorption in the TAL. This finding further supports the role of altered 

blood pressure regulation in the relationship between urate and albumin 

excretion. 

4. By additing uACR together with SUA levels (Czech post-MONICA study), 

and uACR together with FEUA (CARTaGENE study) to the established 

MetS variables, we identified two correlated principal components. With 

slight disparities, the first and second principal component scores exhibited 

comparable loading patterns between the studies. In the CARTaGENE 

study, urinary uromodulin explained 9% of the correlation between the 

principal component scores. In conclusion, impaired urine solute and 

protein excretion represent not only a renal manifestation of arterial 

hypertension, but may also reflect processes which underlie the MetS.  
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