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Abstract: 

Background: Recent studies have shown that hyperuricemia may be associated with incident 

hypertension (HTN). We examined whether serum uric acid (SUA) is a predictor of 

hypertension and target organ damage 20 years later in initially healthy middle-aged 

individuals. 

Methods: Participants from the STANISLAS a single-center familial longitudinal cohort 

study (961 initially healthy adults and 570 children) underwent clinical and laboratory 

measurements at baseline and after approximately 20 years. Blood pressure (BP: using 

ambulatory BP measurements), urine albumin-to-creatinine ratio (uACR), estimated 

glomerular filtration rate (eGFR), left ventricular hypertrophy (LVH), diastolic dysfunction 

and carotid-femoral pulse wave velocity (cfPWV) were measured at the end of follow-up.  

Results: In the parent population, higher baseline or last SUA levels and higher change in 

SUA (ΔUA) were significantly associated with an increased risk of HTN development, even 

after adjusting for known HTN risk factors (all p<0.01). Higher baseline SUA was marginally 

associated with an increased risk of having high cfPWV (p=0.05). The association of SUA 

with BP increase was BMI-dependent (the increase in BP being greater in leaner subjects; 

interactionp<0.05), and the association of SUA with eGFR decline was age-dependent (the 

decline in eGFR being greater in older subjects; interactionp<0.05). There was no significant 

association between SUA and diastolic dysfunction or LVH. In the whole population (i.e. 

including children), a significant association between SUA at baseline and the risk of HTN 

and higher cfPWV was also found (both p< 0.02).  

Conclusion: Increased SUA is associated with the development of HTN and vascular/renal 

target organ damage in initially healthy midlife subjects.  
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Introduction: 

A number of studies indicate that the pathogenesis underlying the development of 

target organ damage (TOD) in hypertension (HTN) is associated with increased mitochondrial 

dysfunction, oxidative stress and renin angiotensin aldosterone system activation, all of which 

also occur in a hyperuricemic milieu (1, 2). 

Recent studies have revealed the role of hyperuricemia in the pathogenesis of 

cardiovascular and renal diseases, HTN, metabolic syndrome and diabetes (3, 4). 

Hyperuricemia prevalence also displays an increasing parallel tendency similar to that of non-

communicable diseases. The increase in hyperuricemia is believed to originate from diet 

changes and high fructose consumption in both low-income and developed countries (5-7). 

Mazzali et al. demonstrated a direct relationship between serum uric acid level (SUA) and 

HTN originating from decreased nitric oxide (NO) availability, endothelial dysfunction and 

renin-angiotensin-aldosterone system impairment leading to vasoconstriction (8, 9). In 

addition, a study conducted in rats indicated that increased SUA level is associated with 

inflammation, tubulointerstitial injury and fibrosis. Furthermore, hyperuricemia leads to a 

down-regulation of nitric oxide synthase 1 (NOS1) expression by the macula densa resulting 

in vasoconstriction (8, 10). 

In spite of the above investigated studies, the presence of a direct relationship between 

HTN and hyperuricemia remains controversial (11). More comprehensive studies are thus 

required to elucidate this complex issue, including more well-designed population-based 

cohort studies to investigate exposure-outcome relationships. Furthermore, testing the 

hypothesis that increased SUA still carried increased risk for development of HTN and TOD 

in “metabolically healthy” subjects, defined in the absence of diabetes and kidney disease, a 

longitudinal study design also including children without any confounding risk factors is still 
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warranted. The STANISLAS cohort is a longitudinal familial cohort of initially healthy 

individuals enabling to investigate factors associated with HTN and TOD onset (12). With 

this background in mind, we aimed to investigate the relationship between SUA levels and the 

development of HTN and TOD while taking into account confounding factors.  

Materials and Methods: 

Study Design: 

The STANISLAS cohort is a single-center familial longitudinal cohort comprised of 

1006 families (4295 subjects) composed of at least two parents and two children > 6 years old 

from the Nancy region recruited in 1993-1995 at the Center for Preventive Medicine. The 

cohort was established with the primary objective of investigating gene-gene and gene-

environment interactions in the field of cardiovascular diseases. The families were deemed 

healthy, free of declared acute and/or chronic illness, in order to assess the effect of genetics 

on the variability of intermediate phenotypes on the transition toward disease. The term 

“Baseline” refers to visit (V1) in this report. The second (V2) and third (V3) visits were 

respectively conducted approximately 5 and 10 years later. The second visits were held 

between October 1998 and November 2000 resulting in the collection of serum and plasma 

samples of 756 families (2952 participants). The third visits were conducted in October 2003 

recruiting 399 families (1330 subjects). Finally, the fourth (V4) visits were conducted from 

2011 to 2016 involving 1705 subjects (12). Questionnaires were completed by the 

participants: a food frequency questionnaire and the international physical activity 

questionnaire (13). The IPAQ guidelines were followed to clean the data and calculate the 

weekly energy expenditure expressed in metabolic equivalent task minutes per week 
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(www.IPAQ.ki.se). 

 V4 additionally comprised vascular assessment tests including pulse wave velocity (PWV), 

24-hr ambulatory blood pressure monitoring (ABPM) as well as transthoracic

echocardiography tests for assessing left ventricular hypertrophy (LVH) and diastolic 

function. Blood and urine samples were collected in all four visits for analysis of lipid profile, 

SUA, creatinine and urine albumin/creatinine ratio (urine ACR). The CKD-EPI formula was 

used for calculation of estimated glomerular filtration rate (eGFR).  

Study Subjects: 

The main analyses were conducted in the parents of the cohort, thereby ensuring a 

higher homogeneity in patient characteristics. In addition, the whole cohort (i.e. including 

both parents and children) was also studied as a supplementary analysis.  

Only participants who attended the fourth visit and had available SUA measurements 

were selected for the present analysis. Of the 2012 parents initially recruited in the 

STANISLAS cohort at baseline, 1003 attended both V1 and V4, 961 of whom had SUA 

measurements.  

Definition of HTN, diabetes mellitus, diastolic dysfunction, LVH and PWV: 

Office BP was measured 3 times in all participants, at 1-minute intervals, using an 

automatic brachial sphygmomanometer. The latter consisted of upper arm blood pressure 

measurement and passed validation after the participant had rested for at least 10 minutes. 

Office systolic and diastolic BP was calculated as the mean of the 3 measurements.  

At the fourth visit, all participants underwent a 24-hour ABPM using the Spacelabs 

90207 ambulatory BP monitor (Spacelabs Medical). The monitoring cuff was placed around 

the participant’s nondominant arm. The BP system was programmed to measure every 15 

http://www.ipaq.ki.se/
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minutes from 6 AM to 10 PM and every 30 minutes from 10 PM to 6 AM. Central reading of 

the recordings was performed by a trained technician blinded to the participant's clinical 

features. A subject was considered as hypertensive if he or she had high blood pressure, 

confirmed by an elevated mean 24h ABPM with SBP ≥ 130 mmHg and/or DBP ≥ 80 mmHg 

in accordance with European recommendations (14), and/or at least one prescribed 

antihypertensive drug. 

Diabetes at V1 was determined based on an evidence of high blood glucose level 

(>1.26 g/L for fasting blood glucose, >2 g/L otherwise) and/or the intake of at least one 

antidiabetic drug as per the American Diabetes Association guidelines (15). Diabetes at V4 

was diagnosed based on medical records and/or previous parameters used in V1. 

Presence of diastolic dysfunction was established according to the recommendations 

of the American Society of Echocardiography 2009 with subjects having at least two of the 

following three criteria,: septal e’ < 8 cm/s, lateral e’ < 10 cm/s, left atrial volume index > 34 

ml/m² (16). 

LVH was defined as having a left ventricular mass (LVM) ≥ 89g/m
2 

for women and

103 g/m² for men according to the recommendations of the American Society of 

Echocardiography 2015 (17).  

Carotid-to-femoral PWV measurement was performed with Complior (Alam Medical, 

France) and SphygmoCor CVMS (AtCor, Australia) devices using the recommendations of 

the European Network for Noninvasive Investigation of Large Arteries by trained operators 

(18), as previously reported (19).  

Statistical Analysis: 
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In the present study, the association of SUA levels on the risk of developing HTN and 

related TOD from V1 to V4 was evaluated. Three parameters were considered as main 

exposure factors: SUA level at baseline (V1), SUA level at V4, Δuric acid (change from V1 

(baseline) to V4).  

A total of 10 outcomes measured at V4, either dichotomous or continuous, were 

studied: daytime systolic BP, daytime diastolic BP, urine ACR and urine ACR≥ 3 mg/mmol, 

eGFR, true PWV and PWV > 10m/s as continuous outcomes and LVH, HTN, diastolic 

dysfunction as dichotomous outcomes. Statistical models were adjusted for baseline 

characteristics (when SUA was analyzed with baseline value or as the change from baseline to 

V4) or for characteristics at V4 (when SUA was analyzed with the value at V4) 

(Supplementary Table 1). 

Adjustment variables at baseline were office systolic BP, age, gender, current smoking 

status, body mass index (BMI), total cholesterol. Adjustment variables at V4 were 24-hr 

systolic BP, age, gender, current smoking status, BMI, total cholesterol, fasting blood glucose 

level, gout treatment, antihypertensive treatment. Gout treatment and antihypertensive 

treatment were not taken into account at V1 given that few patients were under these 

treatments (n=2 and n=10 respectively). Furthermore, due to the low number of subjects with 

a known status of fasting blood glucose level at V1, the latter was not used as an adjustment 

factor in order to avoid missing data issues. The selection of relevant adjustment variables 

was performed according to the studied outcome: when analyzing daytime systolic 

BP/diastolic BP outcomes, adjustment for systolic BP was not performed; when analyzing 

HTN outcome, adjustment for systolic BP and antihypertensive treatment was not performed. 

In addition, given the low number of urine ACR outcomes, forward selection procedures were 

performed: urine ACR models were adjusted for age, current smoking status, BMI in all 
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models and a supplementary adjustment for fasting blood glucose level and antihypertensive 

treatment was used when analyzing SUA at V4. We also performed sensitivity analyses with 

additional adjustments on BMI change between V1 and V4 (except for analysis with V4 uric 

acid), physical activity and diet (alcohol intake and meat and fish intake, known to be purin-

rich food) (20).  

Interactions of age, gender, BMI and antihypertensive treatment with SUA were also 

investigated. These interactions were tested in adjusted models and considered significant 

when p<0.05. Results of significant interactions are presented according to classes for 

categorical variables while arbitrarily chosen as the 10
th

, 50
th

 and 90
th

 percentiles for

continuous variables.  

 Non-normally distributed continuous outcomes were log-transformed (true PWV). 

This transformation necessarily modified the interpretation of the association. Consequently, 

results are presented as beta estimate (β) and its 95% confidence interval (CI) for 

untransformed continuous outcomes and exponential of β (exp(β)) and its 95% CI for log-

transformed outcomes.  

To avoid adjusting for rare but clinically relevant features, 12 subjects taking gout or 

antihypertensive treatment at V1 were discarded from the models. Patients with diabetes 

(n=3) and left ventricular hypertrophy (n=9) at baseline were also excluded from the analyses.  

All statistical analyses were performed using the SAS software version 9.4 (SAS 

Institute Inc., Cary, NC, USA). The level of statistical significance was established at p<0.05. 

Results: 
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Baseline demographics of parent participants and of the whole cohort 

At baseline (V1), parent participants were middle-aged (mean age 42 ± 5 years), 

10.1% had a history of HTN and only 1% took anti-HTN medication. Mean eGFR was 90±13 

ml/min/1.73 m² and 9/243 participants with echocardiographic data had LVH (Table 1).  

When considering the whole cohort (i.e. parents and children), mean age at V1 

dropped to 32 ± 14 years (Table 1), the proportion of comorbidities as well as the proportion 

of TOD decreased (e.g. true PWV > 10 m/s 16.3% vs. 25.7%). 

Association of serum uric acid with cardiovascular and renal dichotomous 

outcomes 

In parent participants, higher levels of SUA (either at V1 or V4) and a higher increase 

in SUA (ΔUA) were significantly associated with a higher risk of development of HTN even 

after adjusting for HTN risk factors (p<0.01 for all models) (Table 2). SUA at V1 and V4 

were marginally associated with a higher risk of PWV > 10 m/s at V4. Moreover, SUA 

variables were not significantly associated with diastolic dysfunction, LVH or urine ACR 

(Table 2). In sensitivity analyses including additional adjustments on lifestyle factors, the 

results are the same, except for the association between HTN and changes in SUA, and SBP 

and SUA levels at V4 which became marginally significant (supplementary figure). Some 

marginal associations became non-significant (PWV for SUA levels at V1 and V4).  

In the “whole population” (i.e. including children) sensitivity analysis (Table 2 and 

Supplementary Table 2), the results were very similar: SUA variables (baseline and changes) 

were significantly associated with the risk of HTN (Table 2, p<0.02).  SUA at V1 was also 

significantly associated with a higher risk of PWV > 10 m/s at V4 (table 2: p<0.02). 
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Moreover, SUA at V1, V4 and changes were found associated with eGFR decrease 

(Supplementary Table 2: all p values <0.02). 

Association of serum uric acid with cardiovascular and renal continuous outcomes: 

interaction with BMI and age 

Several significant interactions were found in adjusted linear regression models (all 

interactions p<0.05, Table 3). The association of SUA (at baseline and V4) with SBP and 

DBP was dependent on BMI while the association of SUA (at baseline and V4) with eGFR 

was dependent on age. The interplay of these associations with BMI and age is depicted in 

Figure 1. There was no significant interaction of PWV with age or BMI. No interaction with 

sex was found. 

The association between higher baseline SUA and higher daytime SBP and DBP 

decreased with increasing BMI (Table 3 and Figure 1a and 1b). This association was 

significant for BMI 20.3 kg/m² (rise of 2.06 mmHg in SBP and 1.00 mmHg in DBP per 70 

µmol/l increase in SUA) and 23.8 kg/m² (rise of 1.32 mmHg in SBP per 70 µmol/l increase in 

SUA) but not for BMI greater than 25 kg/m² (Figure 1a). A similar pattern was observed for 

V4 SUA (Table 3 and Figure 1b).  

The association between higher baseline SUA and lower eGFR increased with higher 

age (Table 3 and Figure 1c). This association was significant for age 41 years (decrease of 

1.22 ml/min/1.73m
2
 per 70 µmol/l increase in SUA) and age 48 years (decrease of 2.26

ml/min/1.73m
2
 per 70 µmol/l increase in SUA) but not for ages lower than 40 years (Figure

1c). A similar pattern was observed for V4 SUA (Table 3 and Figure 1d). 
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Discussion 

This long-term (20-year) survey shows that an increased SUA level is prospectively 

associated with development of HTN, a decline in eGFR and impaired PWV at V4 even after 

adjusting for well-known risk factors. 

It has been more than a century since Frederick Mahomed first published his article in 

Lancet highlighting the relationship between SUA level and HTN in 1879 (21). After this 

landmark publication, a vast number of studies have been conducted and controversy 

regarding causality between SUA and HTN has remained for decades (22). Although 

underlying mechanisms are not precisely known, a few suggested hypotheses have emerged 

from experimental studies. Watanabe et al. pointed out that once hyperuricemia-mediated 

renal injury reaches a significant threshold level, salt-sensitive HTN is observed among 

animals regardless of SUA level, leading the authors to suggest triggered pre-glomerular 

vascular disease as main pathology. Hyperuricemia-induced smooth muscle cell (SMC) 

proliferation induced by mitogen activated protein kinase, platelet-derived growth factor and 

cyclooxygenase-2 also leads to pre-glomerular vasculopathy (10). Another mechanism 

suggested by Mazzali et al. proposes that hyperuricemia induces renin-angiotensin 

aldosterone activation and impairment in macula densa nitric oxide synthase resulting in 

increased BP (8, 9). Furthermore, hyperuricemia may directly cause LVH, endothelial 

dysfunction, insulin resistance, blood pressure variability and microvascular disease, 

independently from causing HTN (23, 24). 

Another potential suggested mechanism is related to the expression of the UA 

transporter in vascular smooth muscle cells leading to their proliferation (25, 26), the latter of 

which may cause PWV impairment. Entry of UA into the cell through voltage-gated and 

organic anion transport pathways induces cell pathways associated with vascular smooth 
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muscle cells (25). Uric acid-mediated vascular dysfunction can also originate from reactive 

oxygen species produced as a byproduct of the conversion reaction of hypoxanthine to UA by 

xanthine oxidase. Reactive oxygen species lead to smooth muscle cell proliferation and 

impairment in the nitric oxide pathway resulting in arteriolosclerosis (27).  

In the present study, association of SUA and HTN was found to be statistically 

significant among patients with lower BMI whereas this association ultimately disappeared 

with higher waist circumference and BMI. SUA and increased BMI are known to interact 

with each other (28), Qiu et al. furthermore identified BMI as one of the most important 

determinants of SUA  possibly due to increased diet intake, notably purin-rich food, known to 

modulate SUA, with the correlation between SUA and HTN weakened after adjustment for 

BMI (29, 30). Similarly, a cross-sectional study conducted in a Nepalese population revealed 

a decreased association between SUA and HTN after adjustment for BMI, thereby leading the 

authors to suggest that SUA level and obesity are confounding factors given that obesity leads 

to an exaggerated inflammatory response causing endothelial dysfunction (31).  

Our analysis further indicates that the increased risk of HTN and impaired PWV 

correlated with SUA level became statistically significant when the initial population of 

children at baseline was included in the analysis. Indeed, increased uricemia at the beginning 

of childhood carries risk factors for future development of HTN. The Bogalusa Heart study 

published in 2004 accordingly revealed a statistical correlation between SUA level and BP 

(32). Tomiyama et al. also showed that hyperuricemia may have a role in the development of 

impaired PWV, inflammation and HTN (33). In addition, a cross-sectional cohort study 

conducted by Viazzi et al. identified SUA as an independent risk factor for HTN development 

(34). Similarly, recent studies have demonstrated the effectiveness of allopurinol use on 

treatment of HTN diagnosed among adolescents and adults (35, 36). Such significant 
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correlation between SUA and HTN among children emphasizes the role of SUA on 

pathogenesis given that children have less comorbidities and confounding risk factors 

compared to adults. 

The STANISLAS cohort participants displayed a normal kidney function both at 

baseline and at V4 (average V4 eGFR in parents: 88 ± 12 ml/min/1.73m
2
, 2.1 % with an

eGFR <60 ml/min/1.73m
2
). In this setting, our study also revealed that higher SUA levels at

V1 and V4 were significantly correlated with lower eGFR at V4, this correlation being more 

prominent among elderly participants. Our findings are consistent with results of previous 

studies. A large-scale study conducted by Chang et al. identified SUA level as an independent 

risk factor for chronic kidney disease development among middle-aged and elderly Taiwanese 

adults (37). eGFR was moreover negatively correlated with SUA level, leading to suggest that 

the underlying pathophysiological relationship between SUA and chronic kidney disease 

encompasses inflammatory pathway activation and endothelial dysfunction as suggested in 

HTN development (1, 2). A randomized clinical trial conducted by Goicoechea et al. 

concluded to decreased hospitalization rates, cardiovascular events and slowed progression of 

chronic kidney disease among patients treated with allopurinol (38). Notably, treatment also 

improved the inflammatory markers CRP, TNF-alpha and endothelial function (39). In the 

past, hyperuricemia and metabolic syndrome/obesity relationship shared a similarity with the 

“chicken or egg?” question. However, recent studies have shown hyperuricemia as having an 

independent contributory effect on metabolic syndrome and obesity (1, 2, 10). Tumor necrosis 

factor is a proinflammatory and atherogenic adipocytokine in which a hyperuricemia-induced 

increase in tumor necrosis factor level was found to be associated with downregulation of the 

insulin receptor pathway contributing to insulin resistance (40, 41). Moreover, Nakagawa et 

al. highlighted the correlation between fructose-induced hyperuricemia and metabolic 

syndrome (5). Uric acid significantly reduces endothelial NO concentration (5, 42). NO is 
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furthermore considered as a key regulator of insulin resistance since NO-induced vasodilation 

in muscle cells increases glucose uptake and utilization, resulting in decreased blood glucose 

level (5). 

Our study has several limitations. Firstly, given the observational nature of the study, 

it is therefore not possible to establish a causal link with the results obtained. Second, food 

intake was not taken into account in this study.  Third, 24-hour ABPM to diagnose masked 

hypertension and 24h- proteinuria to define chronic kidney disease at early stage were not 

assessed at the first visit in this initially healthy population. A major strength and novelty of 

this study is that it was conducted in an initially generally healthy population also including 

children with long term follow-up and large sample size. 

In conclusion, the present analysis identified a significant association between SUA 

level and HTN and TOD (both vascular and renal) within the 20-year STANISLAS cohort of 

initially healthy participants. This study highlights the necessity of designing multicenter 

randomized-controlled studies with large sample size and long-term follow-up in order to 

investigate the effect of current therapeutic approaches in patients with (a)symptomatic 

hyperuricemia on the prevention of development of HTN and TOD. 
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Figure legend: 

Figure 1: Interaction of uric acid with age and BMI for the association between 

cardiovascular and renal continuous outcomes in multivariable linear regression in parent 

participants.  

The red line represents the beta estimate, the black line represent interval. Panels (a) and (b) 

show the association respectively V1 (visit 1) and V4 (visit 4) SUA (serum uric acid) with 

SBP (systolic blood pressure) according to BMI (body mass index), panels (c) and (d) 

represent the association of V1 and V4 SUA with eGFR (estimated glomerular filtration rate) 

according to age. Red points are the 10
th

 and 90
th

 percentile of the x axis (BMI or age).
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Table 1: Descriptive and demographic characteristics in parents and in the whole population (parents and children). 

Parents 

(N=961) 

Whole population  

(parents and children, N=1531) 

Baseline Fourth visit Baseline Visit 4 

Characteristic n 

available 

n 

available 

n 

available 

n 

available 

Age, y-old 961 42 ± 5 961 60 ± 5 1531 32 ± 14 1531 50 ± 14 

Female gender 961 483 (50.3 %) 961 483 (50.3 %) 1531 799 (52.2 %) 1531 800 (52.3 %) 

Body mass index, kg/m² 960 24.4 ± 3.7 961 27.0 ± 4.8 1530 22.6 ± 4.3 1530 26.1 ± 4.9 

Current smoking status 959 198 (20.6 %) 958 118 (12.3 %) 1077 235 (21.8 %) 1527 319 (20.9 %) 

Uric acid, µmol/L 961 273 ± 72 961 318 ± 77 1531 266 ± 68 1531 307 ± 77 

eGFR, ml/min/1.73m² 961 90 ± 13 961 88 ± 12 1531 103 ± 23 1531 95 ± 15 

eGFR< 60 ml/min/1.73m² 961 5 (0.5 %) 961 20 (2.1 %) 1531 5 (0.3 %) 1531 20 (1.3 %) 

Urine ACR, mg/mmol 0 NA 945 1.08 ± 1.59 0 NA 1509 0.95 ± 1.35 

Urine ACR > 3 mg/mmol 0 NA 945 51 (5.4 %) 0 NA 1509 62 (4.1 %) 

Total cholesterol, g/L 961 2.23 ± 0.38 961 2.23 ± 0.39 1531 2.08 ± 0.40 1531 2.14 ± 0.40 

HDL, g/L 959 0.55 ± 0.15 961 0.60 ± 0.15 1529 0.54 ± 0.15 1531 0.58 ± 0.14 

LDL, g/L 956 1.48 ± 0.36 958 1.41 ± 0.34 1524 1.37 ± 0.37 1527 1.34 ± 0.34 

Triglycerides, g/L 961 0.97 ± 0.86 961 1.14 ± 0.77 1531 0.85 ± 0.72 1531 1.07 ± 0.69 

Hypolipidemia treatment 961 17 (1.8 %) 961 248 (25.8 %) 1531 18 (1.2 %) 1531 250 (16.3 %) 

Fasting glucose, g/L 266 0.91 ± 0.11 943 0.95 ± 0.17 436 0.90 ± 0.10 1501 0.91 ± 0.16 

Diabetes mellitus 324 3 (0.9 %) 961 71 (7.4 %) 527 3 (0.6 %) 1531 78 (5.1 %) 

Antidiabetic treatment 324 1 (0.3 %) 961 55 (5.7 %) 527 1 (0.2 %) 1531 58 (3.8 %) 

Hypertension 957 97 (10.1 %) 866 485 (56.0 %) 1526 110 (7.2 %) 1326 569 (42.9 %) 
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Antihypertensive treatment 961 10 (1.0 %) 961 313 (32.6 %) 1531 10 (0.7 %) 1531 327 (21.4 %) 

Office SBP, mmHg 957 123 ± 12 960 130 ± 16 1526 120 ± 13 1530 126 ± 16 

Office DBP, mmHg 957 75 ± 10 960 74 ± 9 1526 69 ± 13 1530 73 ± 9 

24h-SBP, mmHg 0 NA 834 121 ± 11 0 NA 1290 120 ± 10 

Daytime SBP, mmHg 0 NA 834 126 ± 11 0 NA 1290 125 ± 11 

Nighttime SBP, mmHg 0 NA 834 112 ± 11 0 NA 1290 111 ± 10 

24h-DBP, mmHg 0 NA 834 75 ± 7 0 NA 1290 74 ± 7 

Daytime DBP, mmHg 0 NA 834 79 ± 8 0 NA 1290 78 ± 8 

Nighttime DBP, mmHg 0 NA 834 67 ± 8 0 NA 1290 66 ± 8 

True PWV, m/s 0 NA 937 9.2 ± 1.9 0 NA 1502 8.6 ± 1.8 

True PWV > 10 m/s 0 NA 937 241 (25.7 %) 0 NA 1502 245 (16.3 %) 

Diastolic dysfunction 0 NA 932 281 (30.2 %) 0 NA 1492 287 (19.2 %) 

Index LVM, g/m² 243 72 ± 13 941 81 ± 20 377 71 ± 13 1505 77 ± 20 

Left ventricular hypertrophy 243 9 (3.7 %) 941 179 (19.0 %) 377 13 (3.4 %) 1505 209 (13.9 %) 

Energy expenditure (MET-

minute/week) 
0 NA 770 3440 ± 3638 0 NA 1299 3064  ± 3409 

Alcohol intake (g/day) 0 NA 948 142 ± 202 0 NA 1531 132 ± 186 

Meat and fish intake (g/day) 0 NA 948 171 ± 96 0 NA 1531 180 ± 103 

Abbreviations: Urine ACR: Urine albumin-to-creatinine ratio, SBP: Systolic blood pressure, DBP: Diastolic blood pressure,  

PWV: Pulse wave velocity, eGFR: estimated glomerular filtration, HDL: high density lipoprotein, LDL: low density lipoprotein, LVM: left ventricular mass. 
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Table 2: Association of uric acid with cardiovascular and renal dichotomous outcomes in multivariable logistic regression models in parents and in the 

whole population (parents and children). 

Logistic regression models 

HTN* 

OR (95%CI) 

LVH** 

OR (95%CI) 

Diastolic dysfunction** 

OR (95%CI) 

PWV > 10 m/s** 

OR (95%CI) 

uACR≥ 3 mg/mmol*** 

OR (95%CI) 

Parents (N=937) Uric acid V1,  

for an increase of 70 µmol/l 
1.32 [1.08 ; 1.61], 

p=0.008 

0.93 [0.74 ; 1.17], 
p=0.54 

1.13 [0.93 ; 1.37], p=0.23 1.23 [1.00 ; 1.50], p=0.051 
1.23 [0.92 ; 1.66], 

p=0.16 

Uric acid V4, 

for an increase of 70 µmol/l 
1.33 [1.12 ; 1.58], 

p=0.001 

0.84 [0.68 ; 1.04], 
p=0.10 

1.08 [0.90 ; 1.30], p=0.42 1.20 [0.98 ; 1.47], p=0.081 
1.07 [0.80 ; 1.43], 

p=0.64 

Change in uric acid, 

for an increase of 50 µmol/l 

between V1 and V4 

1.25 [1.09 ; 1.44], 
p=0.001 

1.01 [0.87 ; 1.18], 
p=0.88 

1.08 [0.94 ; 1.23], p=0.27 1.05 [0.91 ; 1.21], p=0.51 
1.04 [0.82 ; 1.33], 

p=0.73 

Whole population 

(i.e. parents and 

children, N=1503) 

Uric acid V1,  

for an increase of 70 µmol/l 
1.28 [1.06 ; 1.55], 

p=0.012 

0.95 [0.76 ; 1.19], 
p=0.65 

1.13 [0.93 ; 1.37], p=0.23 1.27 [1.04 ; 1.56], p=0.018 1.21 [0.90 ; 1.62], 

p=0.20 

Uric acid V4, 

for an increase of 70 µmol/l 
1.12 [0.81 ; 1.55], 

p=0.48 

0.69 [0.44 ; 1.09], 
p=0.11 

1.08 [0.72 ; 1.62], p=0.70 0.94 [0.61 ; 1.44], p=0.77 1.81 [1.00 ; 3.27], 
p=0.05 

Change in uric acid, 

for an increase of 50 µmol/l 

between V1 and V4 

1.25 [1.09 ; 1.42], 
p=0.0010 

1.02 [0.88 ; 1.18], 
p=0.79 

1.08 [0.95 ; 1.24], p=0.23 1.05 [0.91 ; 1.21], p=0.53 1.05 [0.82 ; 1.32], 
p=0.72 

* Adjustment 1: age, gender, current smoker, BMI, total cholesterol (+ fasting blood glucose and gout treatment for uric acid at V4).

** Adjustment 2: age, gender, current smoker, BMI, total cholesterol, SBP (+ fasting blood glucose, gout treatment and antihypertensive treatment for uric acid at 

V4). 

*** Adjustment 3: age, current smoker, BMI (+ fasting blood glucose and antihypertensive treatment for uric Acid at V4). 
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Abbreviations: HTN: hypertension, LVH: Left ventricular hypertrophy, PWV: Pulse wave velocity, uACR: Urine albumin-to-creatinine ratio, BMI: body mass index, SBP: 

systolic blood pressure 

Table 3: Association of uric acid with continuous cardiovascular and renal outcomes in multivariable linear regression in the parent population. 

Daytime SBP* 

β(95%CI) 

Daytime DBP* 

β (95%CI) 

eGFR** 

β (95%CI) 

PWV** 

exp(β) (95%CI) 

Uric acid V1, 

 for a 70 µmol/l 

increase 

BMI = 20.3 kg/m² 

2.06 [0.72 ; 3.41], p=0.003 

BMI = 23.8 kg/m² 

1.32 [0.30 ; 2.33], p=0.011 

BMI = 28.9 kg/m² 

0.23 [-0.86 ; 1.31], p=0.68 

Interaction with BMI. 

Please see Figure 1 

BMI = 20.3 kg/m² 

1.00 [0.05 ; 1.96], p=0.040 

BMI = 23.8 kg/m² 

0.51 [-0.21 ; 1.24], p=0.16 

BMI = 28.9 kg/m² 

-0.20 [-0.97 ; 0.57], p=0.61

Interaction with BMI.

Age = 36 

-0.36 [-1.71 ; 0.99], p=0.60

Age = 41 

-1.22 [-2.19 ; -0.25], p=0.014

Age = 48 

-2.26 [-3.55 ; -0.98], p=0.0006

Interaction with age. 

Please see Figure 1 

1.01 [1.00 ; 1.03], 

p=0.087 

Uric acid V4, 

for a 70 µmol/l 

increase 

BMI = 21.6 kg/m² 

1.16 [-0.01 ; 2.33], p=0.052 

BMI = 26.3 kg/m² 

0.46 [-0.37 ; 1.30], p=0.28 

BMI = 33.1 kg/m² 

-0.56 [-1.65 ; 0.53], p=0.32

Interaction with BMI.

Please see Figure 1 

BMI = 21.6 kg/m² 

0.66 [-0.18 ; 1.50], p=0.13 

BMI = 26.3 kg/m² 

0.15 [-0.45 ; 0.75], p=0.63 

BMI = 33.1 kg/m² 

-0.59 [-1.38 ; 0.19], p=0.14

Interaction with BMI.

Age = 55 

-1.46 [-2.71 ; -0.21], p=0.022

Age = 60 

-2.31 [-3.20 ; -1.42], p=< 0.0001

    Age = 66 

-3.39 [-4.55 ; -2.24], p=< 0.0001

Interaction with age. 

Please see Figure 1 

1.01 [1.00 ; 1.03], 

p=0.070 

Change in uric acid, 

for a 50 µmol/l 

increase between V1 

and V4 

0.40 [-0.27 ; 1.06], p=0.25 -0.07 [-0.55 ; 0.41], p=0.77 -1.87 [-2.52 ; -1.23], p=< 0.0001 1.01 [1.00 ; 1.02], 

p=0.21 
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* Adjustment 1: age, gender, current smoker, BMI, total cholesterol (+ fasting blood glucose, gout treatment and antihypertensive treatment for Uric acid at V4).

** Adjustment 2: Adjustment 1 + SBP.

Abbreviations: SBP: Systolic blood pressure, DBP: Diastolic blood pressure, eGFR: estimated glomerular filtration rate, BMI: Body mass index. PWV: pulse wave velocity.
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Supplementary Figure. Table comparing the analyses from the article and sensitivity analyses including additional adjustments on lifestyle factors (physical activity, alcohol 

intake, meat and fish intake) and change in BMI in parents.  

HTN LVH 
Diastolic 

dysfunction 
PWV > 10 m/s uACR≥ 3 mg/mmol Daytime SBP 

Daytime 

DBP 
eGFR PWV 

Uric acid 

V1 
article 

20,3<bmi<28,9 bmi 20,3 if age≥41 
Sensitivity 

analyses 20,3<bmi<28,9 bmi 23,8 if age≥41 

Uric acid 

V4 
article 

if bmi=21,6 all ages 
Sensitivity 

analyses if bmi=21,6 all ages 

Change in 

uric acid 

article 

Sensitivity 

analyses 

significant 

marginally significant 

NS 




