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Abstract

Background. Hydrogen sulfide (H2S) is a gasotransmitter with multiple essential roles 

in human (patho-) physiology, including protective mechanisms against cardiovascular 

disease. Sulfate and thiosulfate are the metabolic end products of H2S metabolism which 

can be measured in the urine. In this paper, we investigate the association between 

sulfur metabolites and all-cause mortality and risk of cardiovascular disease in the general 

population.

Methods and Results. Of the Prevention of Renal and Vascular End-stage Disease 

(PREVEND) study, 6855 adults without signs of cardiovascular and kidney disease 

in 1997/1998 were prospectively followed. Excretion of sulfate and thiosulfate was 

measured in 24-hour urine samples at baseline. Median 24-hour sulfate and thiosulfate 

excretion were 15.7 mmol (IQR: 12.0 - 20.3 mmol), and 1.27 µmol (IQR: 0.89 - 2.37 µmol) 

respectively. Urinary sulfate, but not thiosulfate, excretion was independently associated 

with a reduced risk of all-cause mortality (adjusted hazard ratio, 0.68; 95% confidence 

interval, 0.55-0.83; P<0.001). Sulfate excretion was also independently associated with a 

reduced risk of cardiovascular events. In causal path analysis, however, the association of 

urinary sulfate excretion with cardiovascular events lost significance after adjustment for 

high sensitive C-reactive protein (adjusted hazard ratio, 0.91; 95% confidence interval, 

0.74-1.11; P = 0.34).

Conclusions. Urinary sulfate excretion is independently associated with a reduced 

risk of all-cause mortality and cardiovascular disease. The association with reduced 

risk of cardiovascular events seems mediated through an effect on chronic low-grade 

inflammation. No associations were found between urinary thiosulfate excretion and 

all-cause mortality or risk of cardiovascular events.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death worldwide.1 Despite all the 

effort in reducing risk factors, such as strict blood pressure regulation,2 the incidence of 

cardiovascular disease dramatically increases, indicating that novel pathways involved in 

cardiovascular risk-reduction have to be explored.

Hydrogen sulfide (H2S) is a gasotransmitter with several beneficial properties in 

human (patho-)physiology,3 including protective mechanisms against CVD.4-6 H2S is 

endogenously produced by different enzymes, of which cystathionine γ-lyase (CSE) is 

the most important in the vasculature.5,7 The beneficial effects of H2S in cardiovascular 

damage have been evidenced by various studies. In mice, CSE deficiency with subsequent 

lowered H2S levels, is accompanied by hypertension, hyperhomocysteinemia, and impaired 

vasorelaxation.5 Therapeutically, exogenous administration of H2S, or H2S donors, has 

shown protective properties in cardiac injury,8-10 stroke,11 and atherosclerosis.6,12-14 

H2S is metabolized into thiosulfate (S2O3
2-), sulfite (SO3

2-) and eventually sulfate (SO4
2-),15-17 

and is subsequently excreted via the urine. H2S measurements are not without controversy,18 

but the metabolic end products of the H2S metabolism sulfate and thiosulfate are relatively 

stable and can be measured in the urine.

We previously showed in high risk populations, such as renal transplant patients 

and diabetic patients,19,20 that the end products of the H2S pathway (i.e. thiosulfate 

and sulfate) are beneficially associated with all-cause mortality and GFR decline.19,20 The 

association with all-cause mortality and development of cardiovascular disease (CVD) 

has, however, not yet been investigated in the general population.

The aim of this study is to determine the association between H2S metabolites sulfate 

and thiosulfate excretion and all-cause mortality and risk of CVD in a large cohort based 

on the general population.
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Methods

Study population

Subjects of the Prevention of Renal and Vascular End-stage Disease (PREVEND) study 

were used for this analysis. The PREVEND-study is designed to prospectively investigate 

the natural course of albuminuria and its relation to renal and cardiovascular disease in 

a large cohort drawn from the general population, and has been described previously 

in detail.21 Briefly, from 1997-1998, a total of 85421 inhabitants of Groningen, the 

Netherlands were approached with a short questionnaire (regarding demographics, 

medication use, and pregnancy) and a vial to collect an early morning urine sample. 

Response rate was 40856 (47.8%) and urinary albumin concentration was determined 

in these subjects. A total of 6,000 participants with a urinary albumin concentration 

≥10mg/L enrolled the study. Additionally, 2592 of the randomly selected 3394 subjects 

with a urinary albumin concentration <10mg/L enrolled the study. The total PREVEND 

cohort consists of these 8592 individuals. Pregnancy and type 1 diabetes were exclusion 

criteria at the time of inclusion of the subjects.

For the present study, we selected urine samples from the second survey (2001-

2003) and considered this as baseline. Participants (n=6855) were aged 32 to 80 years. 

The PREVEND study has been approved by the medical ethics committee of the University 

of Groningen and was conducted according to the Declaration of Helsinki. Written 

informed consent was obtained from all participants.

Data collection

All subjects of the PREVEND study visited the outpatient research unit twice for baseline 

investigation. At the first visit, participant filled out a questionnaire on demographics, 

general health, cardiovascular disease history, medication, smoking habits and alcohol 

consumption. Height, weight and waist circumference was measured. In addition, a 

fasting blood sample was withdrawn and stored at -80 ºC until analysis. At the second 

visit, blood pressure was measured in supine position every minute for 8 minutes with 

an automatic Dinamap XL Model 9300 series device (Johnson-Johnson Medical, Tampa, 

FL), the mean of the last 2 recordings was used as blood pressure values. Additionally, 

participants collected 24-hour urine after written and verbal instructions. Urine samples 

were stored at -20 ºC until analysis.
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Laboratory measurements

Urea, creatinine, sodium and potassium were determined in urine samples with a MEGA 

clinical chemistry analyzer (Merck, Darmstadt, Germany). Urea was determined by 

a photometric test with the urease-GIDH method, sodium and potassium by indirect 

potentiometry. Serum glucose, cholesterol, creatinine, and urine creatinine were 

determined by Kodak Ektachem dry chemistry (Eastman Kodak, Rochester, NY). High-

density lipoprotein (HDL) cholesterol was determined with a homogenous method 

(direct HDL, Aeroset TM System, Abbott Laboratories, Abbott Park, IL). Urinary albumin 

concentrations and high sensitive C-reactive protein (hs-CRP) were determined by 

nephelometry (Dade Behring Diagnostics, Marburg, Germany). Urinary sulfate at 

baseline was determined by ion exchange chromatography (type 861; Metrohm, 

Herisau, Switzerland), using a Metrosep A Supp 4 - 250/4.0 column. Intra-assay and 

inter-assay variations were 2.0% and 4.3%, respectively. Urinary thiosulfate was 

measured by reverse-phase HPLC as previously described.19,22 In brief, 25 μl of urine was 

derivatized with 5 μl of 46 mM monobromobimane, 25 μl of acetonitrile, and 25 μl of 

160 mM HEPES/16 mM EDTA pH 8 buffer (Invitrogen, Carlsbad, CA) for 30 minutes. 

Derivatization was stopped by adding 50 µl of 65 mM methanosulfonic acid (Fluka, 

Buchs, Switzerland), and by recentrifugation, proteins were removed. Intra- and inter-

assay variations were 8.6% and 9.3%, respectively.

Definitions and Primary Outcome Definition

Hypertension at baseline was defined as a systolic blood pressure (SBP) >140 mmHg, 

and/or a diastolic blood pressure (DBP) >90 mmHg, and/or the use of antihypertensives. 

Diabetes mellitus at baseline of the study was defined according to the guidelines of the 

American Diabetes Association (1997), as a fasting glucose ≥7.0 mmol/L and/or the use 

of antidiabetic medication.23 Estimated glomerular filtration rate (eGFR) was calculated 

following the Chronic Kidney Disease Epidemiology collaboration equation (CKD-EPI) 

formula.24 Body surface area (BSA) was defined following the Dubois & Dubois formula; 

0.007184 x (Height0.725 x Weight0.425).25 Information on death, cardiovascular disease, 

and hospitalization for cardiovascular disease was obtained from the participant’s 

questionnaire, and the Dutch national registry of all hospital discharge diagnoses 

(Prismant). Data were coded according to the International Classification of Diseases, 

10th Revision (ICD-10), and the classification for interventions. All-cause mortality was set 

as primary endpoint. Cardiovascular event was set as secondary endpoint.
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Statistical analyses

Concentrations of urine variables were multiplied by 24-hour urinary volume to calculate 

24-hour urinary excretion. Distribution of variables was visualized with histograms and 

Q-Q plots. Skewed data were normalized for analyses by logarithmic transformation 

(glucose, triglycerides, high-sensitive C-reactive protein (hs-CRP), sulfate excretion, 

thiosulfate excretion, and albumin excretion). Sulfate and thiosulfate excretion were log-

transformed according to the base of two in order to allow for interpretation of hazard 

ratios (HR) per doubling of urinary sulfate and thiosulfate excretion. Univariable and 

multivariable regression analyses were performed at baseline. Multivariable associations 

at baseline were performed using linear regression with backward selection.

Several subjects had missing values for one or more baseline variables. Because bias 

can be introduced when subjects with missing values are excluded, multiple imputation 

was used to obtain 5 imputed datasets. Rubin’s rules were used to obtain pooled estimates 

of the regression coefficients and their standard errors across the imputed datasets.

Cox proportional hazard regression analysis was used to study the association 

between sulfate and thiosulfate excretion and survival or risk of cardiovascular events. 

Follow-up time was defined as the period from the date of urine collection until the 

date of death/cardiovascular event or end of follow-up (January 1, 2009). Participants 

were censored if they moved to an unknown destination or died of non-cardiovascular 

causes (for cardiovascular events only). HR are reported with 95% coincidence intervals 

(95% CI). The final adjusted Cox proportional hazard regression analysis model included 

age, sex, body mass index (BMI), smoking status (current, former, never), alcohol use 

(hardly ever, less than 1 per day, more than 1 per day), presence of diabetes, systolic 

blood pressure (SBP), total cholesterol, hs-CRP, eGFR, and urinary albumin and urea 

excretion. Cox regression analysis with restricted cubic splines (RCS) with 3 knots was 

used to test for potential non-linearity of the prospective associations of urinary sulfate 

and thiosulfate with all-cause mortality. In additional subgroup analyses, associations 

of urinary sulfate excretion with all-cause mortality were tested by Cox proportional 

hazards regression analyses in different subgroups.

Statistical analyses were performed with the Statistical Package for Social Sciences 

(IBM SPSS Statistics, IBM Corporation, Armonk, NY) version 22.0, STATA/SE software 

(Release 13; StataCorp, College Station, TX) and R version 3.0.1 (Vienna, Austria).
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Results

Cohort characteristics and baseline associations

The median 24-hour sulfate excretion was 15.7 mmol (IQR: 12.0 - 20.3 mmol), and the 

median 24-hour thiosulfate excretion was 1.27 µmol (IQR: 0.89 - 2.37 µmol). Baseline 

characteristics of the subjects are presented in gender-stratified tertiles of sulfate and 

thiosulfate excretion (Table 1 and Supplemental Table 1 respectively). The mean (SD) age 

was 53.4 (12.1) years and 3429 (50%) of the subjects were male. Participants with the 

highest sulfate excretion were younger and had a significant higher body surface area 

(BSA). Systolic blood pressure was significantly lower in subjects with the highest gender-

stratified tertile of sulfate excretion. More subjects had a history of cardiovascular (CV) 

events in the lowest tertile, this was accompanied by lower rates of antihypertensive use 

and use of lipid lowering treatments.

For the tertiles of thiosulfate excretion, the differences were a bit less pronounced. 

Subjects in the highest gender-stratified tertile of thiosulfate were younger, and had 

higher BSA values, like sulfate excretion. No differences were seen for blood pressure 

across the tertiles of thiosulfate. And, remarkably, more participants used anti-diabetic 

treatment in the highest gender-stratified tertile of thiosulfate excretion.

An overview of the studied associations of sulfate and thiosulfate excretion with 

different parameters, in univariable and multivariable regression analyses, is given in 

Table 2 and 3 respectively. For sulfate excretion, gender, age, BSA, systolic blood pressure, 

heart rate, history of CV events, diabetes, smoking, alcohol use high-density lipoprotein 

(HDL) cholesterol, glucose, thiosulfate excretion, urea excretion and albumin excretion 

showed the strongest association (model R2 =0.578). For thiosulfate, BSA, history of CV 

events, diabetes, smoking, sulfate excretion and urea excretion were highly associated 

(model R2: 0.107).
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Table 1 - Baseline Characteristics According to Gender Stratified Tertiles of Sulfate Excretion 

among 6855 Subjects of the PREVEND Study

Gender-stratified tertiles of Sulfate

Overall 
(n = 6855)

Tertile 1 
(n = 2279)

Tertile 2 
(n = 2280)

Tertile 3 
(n = 2280)

P-value

Urinary sulfate excretion 
(mmol/24 h)

15.7 
[12.0-20.3]

♀: <12.0 
♂: <15.2

♀: 12.0-16.2 
♂: 15.2-20.8

♀: >16. 
♂: >20.8

Demographics

Women, n (%) 3429 (50) 1140 (50) 1140 (50) 1140 (50) 1.0

Age (years) 53.4±12.1 55.1±12.8 53.4±12.1 51.3±11.0 <0.001

BSA (m2) 1.93±0.20 1.89±0.19 1.92±0.18 1.98±0.21 <0.001

BMI (kg/m2) 26.8±4.4 26.1±4.1 26.5±4.1 27.7±4.8 <0.001

Waist circumference (cm) 92±13 91±12 92±12 94±14 <0.001

Systolic blood pressure (mmHg) 126±19 128±20 126±19 125±18 <0.001

Diastolic blood pressure (mmHg) 73±9 74±9 73±9 73±9 0.03

Heart rate (bpm) 68±10 69±11 68±10 68±10 <0.001

History of cardiovascular 
disease (%)

4.8 6.3 4.5 3.5 <0.001

Smoking status (%) <0.001

 Never 29.1 26.1 30.6 30.7 ...

 Former 28.1 37.9 43.2 47.6 ...

 Current 42.8 36.0 26.2 21.7 ...

Alcohol consumption (%) <0.001

 None/hardly ever 26.3 32.3 24.0 22.7 ...

 Up to 1 drink/day 47.8 43.4 50.6 49.3 ...

 >1 drinks/day 25.9 24.2 24.4 27.9 ...

Medication

Anti-hypertensives, n (%) 1409 (21) 551 (25) 451 (20) 406 (18) <0.001

Lipid lowering treatment, n (%) 590 (9) 254 (11) 184 (8) 152 (7) <0.001

anti-diabetic treatment, n (%) 234 (4) 81 (4) 66 (3) 86 (4) 0.06

Laboratory measurements

Total cholesterol (mmol/L) 5.4±1.1 5.4±1.1 5.4±1.0 5.5±1.0 0.31

HDL cholesterol (mmol/L) 1.2±0.3 1.2±0.3 1.2±0.3 1.3±0.3 0.42

Triglycerides 1.12 
[0.81-1.62]

1.18 
[0.86-1.68]

1.10 
[0.79-1.58]

1.09 
[0.78-1.58]

<0.001

Glucose (mmol/L) 4.8 
[4.4-5.3]

4.8 
[4.4-5.3]

4.8 
[4.4-5.3]

4.8 
[4.5-5.4]

0.01

eGFR* (mL/min per 1.73 m2) 85±15 84±15 86±14 87±13 <0.001

hs-CRP (mg/L) 1.4 
[0.6-3.1]

1.5 
[0.7-3.5]

1.3 
[0.6-2.9]

1.3 
[0.6-2.9]

<0.001
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Table 1 - Continued

Urinary albumin excretion
(mg/24 h)

8.7 
[6.0-16.3]

7.9 
[5.4-15.2]

8.5 
[6.1-15.6]

9.6 
[6.7-18.2]

<0.001

Urinary thiosulfate excretion 
(µmol/24 h)

1.27 
[0.89-2.37]

1.09 
[0.77-1.66]

1.29 
[0.92-2.29]

1.60 
[1.05-3.43]

<0.001

Urinary urea excretion 
(mmol/24 h)

367±125 270±79 361±80 470±119 <0.001

Urinary creatinine excretion 
(mmol/24 h)

12.5±3.7 10.7±3.1 12.5±3.1 14.4±3.8 <0.001

Urinary sodium excretion 
(mmol/24 h)

146±61 117±48 144±53 176±66 <0.001

Urinary potassium excretion 
(mmol/24 h)

69±24 56±20 69±21 81±25 <0.001

Values are presented as mean ± standard deviations or median with IQR. BSA, body surface area; 
BMI, body mass index; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate; 
hs-CRP, high sensitive C-reactive protein.

* The eGFR was calculated according to the Chronic Kidney Disease Epidemiology collaboration 
equation (CKD-EPI) formula.
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Table 2 - Assocations between Urinary Sulfate Excretion and Different Parameters in 

Univariable and Multivariable Regression Analyses

Sulfate excretion*
Univariable Multivariable

St. Beta P-value St. Beta P-value
Demographics
Female gender -0.27 <0.001 -0.03 0.002
Age (years) -0.11 <0.001 -0.05 <0.001
BSA (m2) 0.34 <0.001 0.02 0.11
BMI (kg/m2) 0.15 <0.001
Waist circumference (cm) 0.19 <0.001
Systolic blood pressure (mmHg) -0.005 0.69 -0.04 <0.001
Diastolic blood pressure (mmHg) 0.05 <0.001
Heart rate (bpm) -0.08 <0.001 -0.02 0.007
History of cardiovascular disease -0.03 0.007 -0.03 0.001
Diabetes 0.02 0.16 -0.02 0.09
Current smokers -0.15 <0.001 -0.06 <0.001
Alcohol consumption > 1 drink / day 0.06 <0.001 0.05 <0.001
Medication      
Anti-hypertensives 0.001 0.92  
Lipid lowering treatment 0.01 0.30  
anti-diabetic treatment 0.04 0.001  
Laboratory measurements
Total cholesterol (mmol/L) 0.01 0.26
HDL cholesterol (mmol/L) -0.08 <0.001 0.03 0.01
Triglycerides* 0.008 0.53
Glucose* (mmol/L) 0.06 <0.001 0.02 0.08
eGFR† (mL/min per 1.73 m2) 0.20 <0.001
CRP* (mg/L) -0.07 <0.001
Urinary albumin excretion* (mg/24 h) 0.12 <0.001 0.02 0.07
Urinary thiosulfate excretion* (µmol/24 h) 0.29 <0.001 0.09 <0.001
Urinary urea excretion (mmol/24 h) 0.74 <0.001 0.69 <0.001
Urinary creatinine excretion
(mmol/24 h)

0.59 <0.001

Urinary sodium excretion (mmol/24 h) 0.48 <0.001
Urinary potassium excretion (mmol/24 h) 0.50 <0.001

R2 of the model: 0.578

Values are presented as standardized beta values, meaning the number of standard deviations 
increase per increase of 1 standard deviation of urinary sulfate excretion. BSA, body surface area; 
BMI, body mass index; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate; 
hs-CRP, high sensitive C-reactive protein.

* log-transformed for analysis

† The eGFR was calculated according to the Chronic Kidney Disease Epidemiology collaboration 
equation (CKD-EPI) formula.
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Table 3 - Assocations between Urinary Thiosulfate Excretion and Different Parameters in 

Univariable and Multivariable Regression Analyses

Thiosulfate excretion*
Univariable Multivariable

St. Beta P-value St. Beta P-value
Demographics
Female gender -0.12 <0.001 -0.007 0.67
Age (years) -0.02 0.11 -0.02 0.24
BSA (m2) 0.16 <0.001 -0.04 0.009
BMI (kg/m2) 0.11 <0.001
Waist circumference (cm) 0.13 <0.001
Systolic blood pressure (mmHg) 0.03 0.03 -0.002 0.87
Diastolic blood pressure (mmHg) 0.05 <0.001
Heart rate (bpm) -0.02 0.21 0.02 0.06
History of cardiovascular disease 0.02 0.06 0.03 0.009
Diabetes 0.07 <0.001 0.07 <0.001
Current smokers -0.17 <0.001 -0.13 <0.001
Alcohol consumption 
> 1 drink / day

0.008 0.52 -0.006 0.64

Medication
Anti-hypertensives 0.03 0.006
Lipid lowering treatment 0.03 0.03
anti-diabetic treatment 0.05 <0.001
Laboratory measurements
Total cholesterol (mmol/L) -0.02 0.05
HDL cholesterol (mmol/L) -0.04 <0.001 0.007 0.64
Triglycerides* 0.01 0.26
Glucose* (mmol/L) 0.08 <0.001 -0.008 0.63
eGFR† (mL/min per 1.73 m2) 0.07 <0.001
CRP* (mg/L) -0.02 0.14
Urinary albumin excretion* (mg/24 h) 0.04 <0.001 -0.014 0.29
Urinary sulfate excretion*
(mmol/24 h)

0.29 <0.001 0.19 <0.001

Urinary urea excretion (mmol/24 h) 0.26 <0.001 0.09 <0.001
Urinary creatinine excretion 
(mmol/24 h)

0.27 <0.001

Urinary sodium excretion (mmol/24 h) 0.19 <0.001
Urinary potassium excretion (mmol/24 h) 0.17 <0.001

R2 of the model: 0.107

Values are presented as standardized beta values, meaning the number of standard deviations 
increase per increase of 1 standard deviation of urinary sulfate excretion. BSA, body surface area; 
BMI, body mass index; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate; 
hs-CRP, high sensitive C-reactive protein.

* log-transformed for analysis.
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Associations of urinary sulfate with all-cause mortality

Median follow-up was 8.2 years (IQR: 7.7 - 8.8 years; 53972 person-years) in which 445 

subjects died. Of these, 120 subjects died because of cardiovascular causes.

In the lowest gender-stratified tertile of sulfate excretion, 220 out of 2279 (9.7%) 

subjects died, in the middle tertile, 122 out of 2280 (5.4%) died, while in the highest 

tertile, 103 out of 2280 (4.5%) participants died (log-rank test, P<0.001 Figure 1). When 

dividing all participants in survivors (n=6394) and non-survivors (n=445), the survivor 

populations consists of 2059 (32%) subjects from the lowest tertile, 2158 (34%) subjects 

from the middle tertile and 2177 (34%) participants from the highest tertiles of urinary 

sulfate excretion. The non-survivor population comprises 220 (49%) participants from 

the lowest tertiles, 122 (27%) subjects from the middle tertile, and 103 (23%) subjects 

from the highest tertile of sulfate excretion (χ2 test, P<0.001, Figure 1).

Figure 1 - Higher urinary sulfate was associated with significant survival benefit. Distribution 
of gender-stratified tertiles of sulfate excretion amongst survivors and non-survivors, showing 
a significant difference in tertile distribution (χ2 test, P<0.001). Kaplan–Meier curve for patient 
survival according to urinary sulfate excretion, showing a higher mortality rate in the lowest gender-
stratified tertile of sulfate excretion (log-rank test, P<0.001).
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Cox proportional hazard regression analyses for the association between urinary sulfate 

excretion and all-cause mortality are shown in Table 4 for continuous data (per doubling 

of sulfate excretion) and for gender-stratified tertiles of sulfate excretion. Higher levels of 

sulfate excretion were significantly associated with a lower risk of all-cause mortality, also 

after adjustment for potential confounders (age, sex, eGFR, albuminuaria, Framingham 

risk factors [SBP, BMI, smoking, diabetes mellitus, cholesterol], hs-CRP, alcohol use and 

urea excretion)(final model; HR 0.68, 95% CI: 0.55-0.83, P<0.001). In multivariable 

analyses, significant deviances from linear associations of urinary sulfate excretion with 

all-cause mortality were found (Pnonlinearity=0.04) (Figure 2).

Figure 2 - Association between urinary sulfate excretion and the risk of all-cause mortality. 
Associations estimated by Cox proportional hazard regression analysis, based on restricted cubic 
splines (Pnonlinearity=0.10 and 0.04 in univariable and multivariable analyses respectively). Median 
sulfate excretion (15.7 mmol/24 hours) is the reference standard. Grey area indicate the 95% 
confidence interval. Model is adjusted for age, sex, eGFR, albuminuaria, Framingham risk factors 
[SBP, BMI, smoking, diabetes mellitus, cholesterol], hs-CRP, alcohol use and urea excretion.
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In additional stratified analyses across different subgroups for the association between 

urinary sulfate and all-cause mortality, the hazard ratios were consistent (Figure 3). The 

only significant interaction was for subjects with preserved kidney function versus kidney 

impairment (Pinteraction: 0.009).

Figure 3 - Associations between urinary sulfate excretion and all-cause mortality in different 
subgroups. Hazard ratios for all-cause mortality in different subgroups, showing consistent positive 
associations between sulfate excretion and survival. The only significant interaction was between 
subjects with preserved kidney function and kidney impairment (Pinteraction: 0.009).
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Normal lipids

No

Yes

1.61.8

Never

Current
Former

None/hardly ever

1 per day
<1 per day

Gender

BMI

eGFR

Albumin excretion

Blood pressure

Cholesterol

History of CVD

Smoking

Alcohol consumption

0.212

0.687

0.446

0.924

No

Yes

Diabetes

0.068

events
(death)

total
population (n)

6855445

3429122
3426323

2616135
4236310

6471411
32931

5858286
967157

4459141
2239303

4365228
2061186

6314336
31684

6249358
44186

197669
1904142
2908230

1739140
3274183
1778119
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Table 4 - Cox Regression Analyses for All-Cause Mortality, based on Urinary Excretion of 

Sulfate and Thiosulfate

Continuous  
Sulfate Excretion,  
per doubling

Gender-stratified tertiles of Sulfate excretion,  
mmol/24 h

♀: <12.0 
♂: <15.2

♀: 12.0 - 16.2 
♂: 15.2 - 20.8

♀: >16.2 
♂: >20.8

No. Of cases 445 220 122 103

Person-years 53,972 17,391 18,168 18,288

Model 1 0.65 (0.57-0.74) 
P<0.001

1.91 (1.53-2.39) 
P<0.001

1.00 
(Reference)

0.85 (0.64-1.09) 
P=0.18

Model 2 0.67 (0.58-0.76) 
P<0.001

1.55 (1.24-1.93) 
P<0.001

1.00 
(Reference)

1.11 (0.86-1.45) 
P=0.43

Model 3 0.63 (0.55-0.73) 
P<0.001

1.58 (1.26-1.97) 
P<0.001

1.00 
(Reference)

1.04 (0.81-1.34) 
P=0.76

Model 4 0.68 (0.59-0.79) 
P<0.001

1.46 (1.16-1.82) 
P=0.001

1.00 
(Reference)

1.08 (0.94-1.23) 
P=0.59

Model 5 0.68 (0.55-0.83) 
P<0.001

1.29 (1.00-1.65) 
P=0.05

1.00 
(Reference)

1.21 (0.90-1.61) 
P=0.20

Continuous 
Thiosulfate 
Excretion, 
per doubling

Gender-stratified tertiles of Thiosulfate excretion, 
µmol/24 h

♀: <0.98 
♂: <1.05

♀: 0.98 - 1.61 
♂: 1.05 - 2.13

♀: >1.61 
♂: >2.13

No. Of cases 445 172 140 133

Person-years 53,972 17,939 18,047 17,755

Model 1 0.93 (0.86-1.01) 
P=0.10

1.22 (0.98-1.53) 
P=0.08

1.00 
(Reference)

0.98 (0.77-1.24) 
P=0.86

Model 2 0.91 (0.84-0.99) 
P=0.03

1.25 (1.00-1.56) 
P=0.05

1.00 
(Reference)

1.07 (0.85-1.36) 
P=0.57

Model 3 0.91 (0.84-0.99) 
P=0.04

1.24 (1.11-1.39) 
P=0.06

1.00 
(Reference)

1.07 (0.85-1.35) 
P=0.56

Model 4 0.95 (0.87-1.04) 
P=0.24

1.17 (0.93-1.48) 
P=0.16

1.00 
(Reference)

1.13 (0.89-1.44) 
P=0.32

Model 5 0.97 (0.89-1.06) 
P=0.56

1.11 (0.88-1.39) 
P=0.38

1.00 
(Reference)

1.14 (0.89-1.45) 
P=0.30

Hazard ratios and 95% confidence intervals derived from Cox proportional hazard regression 
analysis, are presented. Model 1: crude model. Model 2: adjusted for age and sex. Model 3: 
model 2 with additional adjustment for eGFR and urinary albumin excretion. Model 4: model 3 
with additional adjustment for Framingham risk factors (systolic blood pressure, body mass index, 
smoking status, diabetes and total cholesterol). Model 5: model 4 with additional adjustment for 
high sensitive C-reactive protein, alcohol use and urinary urea excretion. ♀, women; ♂, men
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Associations of urinary thiosulfate with all-cause mortality

In the lowest tertile of thiosulfate excretion, 172 out of 2266 (7.6%) subjects died, while 

in in the middle tertile 140 out of 2285 (6.1%), and in the highest tertile 133 out of 2275 

(5.8%) participants died (log-rank test, P=0.09 Figure 4). When dividing all participants in 

survivors (n=6381) and non-survivors (n=445), the survivor populations consist of 2094 

(33%) subjects from the lowest tertile, 2145 (34%) subjects from the middle tertile and 

2142 (34%) participants from the highest tertiles of urinary thiosulfate excretion. The 

non-survivor population comprises 172 (39%) participants from the lowest tertiles, 140 

(31%) subjects from the middle tertile, and 133 (30%) subjects from the highest tertile 

of thiosulfate excretion (χ2 test, P=0.04, Figure 4).

Cox proportional hazard regression analyses are shown in Table 5, and revealed no 

significant associations between thiosulfate excretion and all-cause mortality (final model; 

HR 0.97, 95% CI: 0.89-1.06, P=0.56). No significant deviances from linear associations 

of urinary thiosulfate excretion with all-cause mortality were found (for multivariable 

analyses: Pnonlinearity=0.40)(Supplemental figure 1).

Figure 4 - Higher urinary thiosulfate was not associated with all-cause mortality. Distribution of 
gender-stratified tertiles of thiosulfate excretion amongst survivors and non-survivors, showing a 
borderline significant difference in tertile distribution (χ2 test, P<0.04). Kaplan–Meier curve for 
patient survival according to urinary thiosulfate excretion, showing no significant differences in all-
cause mortality amongst gender-stratified tertiles of thiosulfate excretion (log-rank test, P<0.09).
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Table 5 - Cox Regression Analyses for Cardiovascular Events, based on Urinary Excretion of 

Sulfate and Thiosulfate

Continuous 
Sulfate Excretion, 
per doubling

Gender-stratified tertiles of Sulfate excretion,  
mmol/24 h

♀: <12.0 
♂: <15.2

♀: 12.0 - 16.2 
♂: 15.2 - 20.8

♀: >16.2 
♂: >20.8

No. Of cases 504 213 151 140

Person-years 53,972 17,391 18,168 18,288

Model 1 0.87 (0.76-0.99) 
P=0.04

1.51 (1.22-1.86) 
P<0.001

1.00 
(Reference)

0.91 (0.72-1.15) 
P=0.43

Model 2 0.85 (0.74-0.98) 
P=0.02

1.29 (1.05-1.59) 
P=0.02

1.00 
(Reference)

1.10 (0.87-1.39) 
P=0.42

Model 3 0.81 (0.671-0.93) 
P=0.003

1.32 (1.18-1.46) 
P=0.01

1.00 
(Reference)

1.05 (0.83-1.32) 
P=0.70

Model 4 0.85 (0.74-0.98) 
P=0.02

1.22 (0.99-1.51) 
P=0.07

1.00 
(Reference)

1.01 (0.80-1.28) 
P=0.91

Model 5 0.91 (0.74-1.11) 
P=0.34

1.13 (0.90-1.43) 
P=0.29

1.00 
(Reference)

1.09 (0.84-1.41) 
P=0.51

Continuous 
Thiosulfate 
Excretion, per 
doubling

Gender-stratified tertiles of Thiosulfate excretion, 
µmol/24 h

♀: <0.98 
♂: <1.05

♀: 0.98 - 1.61 
♂: 1.05 - 2.13

♀: >1.61 
♂: >2.13

No. Of cases 503 176 166 161

Person-years 53,972 17,939 18,047 17,755

Model 1 1.05 (0.97-1.13) 
P=0.26

1.06 (0.86-1.32) 
P=0.56

1.00 
(Reference)

0.98 (0.79-1.22) 
P=0.88

Model 2 1.02 (0.95-1.10) 
P=0.62

1.07 (0.86-1.32) 
P=0.55

1.00 
(Reference)

1.05 (0.85-1.31) 
P=0.64

Model 3 1.02 (0.95-1.10) 
P=0.54

1.07 (0.86-1.32) 
P=0.56

1.00 
(Reference)

1.06 (0.85-1.32) 
P=0.59

Model 4 1.05 (0.97-1.14) 
P=0.20

1.02 (0.82-1.26) 
P=0.88

1.00 
(Reference)

1.08 (0.87-1.33) 
P=0.51

Model 5 1.17 (0.99-1.16) 
P=0.10

0.98 (0.79-1.21) 
P=0.84

1.00 
(Reference)

1.07 (0.86-1.33) 
P=0.55

Hazard ratios and 95% confidence intervals derived from Cox proportional hazard regression 
analysis, are presented. Model 1: crude model. Model 2: adjusted for age and sex. Model 3: 
model 2 with additional adjustment for eGFR and urinary albumin excretion. Model 4: model 3 
with additional adjustment for Framingham risk factors (systolic blood pressure, body mass index, 
smoking status, diabetes and total cholesterol). Model 5: model 4 with additional adjustment for 
high sensitive C-reactive protein, alcohol use and urinary urea excretion. ♀, women; ♂, men
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Associations of urinary sulfate and thiosulfate with cardiovascular events

During follow-up, 504 cases of cardiovascular events occurred. Of these 504, 239 subjects 

suffered from myocardial infarction or ischemic heart disease, of which 36 participants 

died. Cerebrovascular event (including stroke) was present in 111 participants, of which 

4 subjects died.

Urinary sulfate excretion was associated with a reduced risk of cardiovascular events 

in Cox proportional hazard regression analysis (crude model: HR 0.87, 95% CI: 0.76-

0.99, P=0.04), which held true after adjustment for age, sex, eGFR, albuminuaria, and 

Framingham risk factors (SBP, BMI, smoking, diabetes mellitus, and cholesterol) (Model 4: 

HR 0.85, 95% CI: 0.74-0.98, P=0.02). Urinary sulfate lost its association after adjustment 

for hs-CRP, alcohol use and urea excretion (final model; HR 0.91, 95% CI: 0.74-1.11, 

P=0.34; Table 5).

Univariable of multivariable cox proportional hazard regression analysis for thio-

sulfate excretion and risk of cardiovascular events revealed no significant assocations 

(final model; HR 1.17, 95% CI: 0.99-1.16, P=0.10; Table 5).

Confounders vs. causal path analysis

In order to perform confounders analysis and causal path analysis, cox proportional 

hazard regression analysis was performed with adjustment for potential confounders 

(e.g. body size, protein and alcohol intake, drug usage) and potential variables in the 

causal path of H2S (e.g. eGFR, cholesterol, blood pressure, hs-CRP) separately.

Sulfate excretion is a beneficial predictor for all-cause mortality, hazard ratios and 

significance did not change after adjustment for potential confounders (Supplemental 

Table 2) or potential variables in the causal path. As a predictor for cardiovascular events, 

sulfate excretion lost its predictive properties after adjustment for smoking and alcohol 

use, with a further reduction after adjustment for drug use and urea excretion. In causal 

path analysis, sulfate lost its predictive properties after adjustment for hs-CRP (Table 6).

Urinary thiosulfate excretion did not have predictive properties for all-cause mortality 

of cardiovascular events. Additional adjustment for potential confounders (Supplemental 

Table 2) or causal path analysis did not change these properties considerably (Table 6).
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Table 6 - Cox Regression Analyses for All-Cause Mortality, based on Urinary Excretion of 
Sulfate and Thiosulfate, causal path analysis.

Continuous Sulfate Excretion,  
per doubling

Continuous Thiosulfate Excretion, 
per doubling

  All-cause 
mortality

Cardiovascular 
events

All-cause 
mortality

Cardiovascular 
events

No. Of cases 445 504 445 503

Person-years 53,972 53,972 53,972 53,972

Model 1 0.66 (0.58-0.76) 
P<0.001

0.82 (0.71-0.95) 
P=0.008

0.91 (0.84-0.99) 
P=0.04

1.01 (0.94-1.09) 
P=0.70

Model 2 0.62 (0.54-0.72) 
P<0.001

0.80 (0.69-0.93) 
P=0.003

0.92 (0.84-1.00) 
P=0.05

1.02 (0.94-1.10) 
P=0.64

Model 3 0.62 (0.54-0.72) 
P<0.001

0.79 (0.68-0.92) 
P=0.003

0.91 (0.84-1.00) 
P=0.05

1.03 (0.95-1.11) 
P=0.53

Model 4 0.63 (0.54-0.73) 
P<0.001

0.83 (0.72-0.96) 
P=0.01

0.92 (0.85-1.01) 
P=0.07

1.02 (0.94-1.10) 
P=0.61

Model 5 0.66 (0.56-0.76) 
P<0.001

0.90 (0.77-1.06) 
P=0.21

0.91 (0.83-1.00) 
P=0.05

1.06 (0.97-1.15) 
P=0.19

Hazard ratios and 95% confidence intervals derived from Cox proportional hazard regression 
analysis, are presented. Model 1: adjusted for age, sex and body surface area. Model 2: model 
1 with additional adjustment for eGFR and urinary albumin excretion. Model 3: model 2 with 
additional adjustment for dyslipidemia (total cholesterol and high-density cholesterol). Model 4: 
model 2 with additional adjustment blood pressure status (systolic blood pressure and diastolic 
blood pressure). Model 5: model 2 with additional adjustment for high sensitive C-reactive protein.

 
Discussion

In this large cohort, based on the general population, lower urinary sulfate excretion was 

associated with increased all-cause mortality and risk of CVD. These associations remained 

significant after adjustment for potential confounders. The association between sulfate 

excretion and risk of CVD lost significance after adjustment for hs-CRP. No associations 

were found between urinary thiosulfate excretion and all-cause mortality or risk of CVD.

Several mechanisms could underlie the associations between urinary sulfate excretion 

and reduced risk of all-cause mortality and CVD. Since sulfate excretion was determined 

in the urine, it might depend on renal function. In our study, higher eGFR is indeed 

associated with higher urinary sulfate excretion (Table 1), in accordance with previous 

studies, focusing on the association between urinary sulfate and renal function.19,26 Renal 

function is associated with a reduced risk of all-cause mortality and CVD.27,28 These data 
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underscore the importance of adjustment for eGFR. In our study, after adjustment for 

eGFR in the Cox proportional hazard regression analysis, sulfate was still a significant 

determinant for survival and cardiovascular events.

The dietary dependency of sulfate excretion is the second possible mechanism 

explaining the associations between urinary sulfate excretion and reduced risk of all-cause 

mortality and CVD. Subjects with a high-protein diet have a reduced risk of cardiovascular 

events.29-31 For the present study, the sulfur-containing amino acids (i.e. cysteine, methionine) 

are of particular interest. Higher dietary intake of cysteine is associated with a reduced risk 

of stroke,32 and dietary supplementation with cysteine derivate N-acetylcysteine in addition 

to other hypertensive therapies, reduces blood pressure and endothelial activation.33,34  

On the contrary, plasma cysteine levels were reported to have a U-shaped relation,35 a 

positive relation,36 or no relation at all37 with risk of cardiovascular disease. Dietary addition 

of methionine lowered blood pressure in hypertensive rats.38,39 In humans, however, higher 

intake of methionine was associated with increased systolic and diastolic blood pressure.40 

Taken together, protein intake, and in particular sulfur-containing amino acid intake is of 

importance in determination of cardiovascular risk. These data underline the importance of 

adjustment for protein intake in Cox proportional hazard regression analyses.

In conformity with the significance of dietary intake, it has been reported that H2S 

levels were reduced in germ-free mice.41 This suggests that dietary intake of sulfate or 

sulfur-containing amino acids can be a source for exogenous H2S production by various 

species of sulfate-reducing bacteria in the gut.

Last, and most interestingly, sulfate can be a reflexion of the endogenous production of 

H2S. Lower endogenous H2S bioavailability is associated with higher blood pressure and 

diabetes,42 and exogenous administration of H2S has been reported to be protective in 

cardiac injury,8-10 stroke,11 and atherosclerosis.6,12-14 Additionally, exogenous administered 

and endogenous produced H2S can extend lifespan of worms.43,44 This supports our 

hypothesis that the gasotransmitter H2S, either produced endogenously, or after exogenous 

administration, has protective properties in survival and cardiovascular disease.

From previous research, H2S is known to be involved in inflammation,9,45,46 blood pressure 

regulation,9,47,48 lipid metabolism,49,50 and renal function or proteinuria.45,51,52 Therefore, 

separate confounders’ adjustments and causal path analysis were performed. Thiosulfate 

excretion did not possess predictive properties at all. Urinary sulfate excretion is independently 

associated with a reduced risk of all-cause mortality. Interestingly, the predictive properties of 

urinary sulfate excretion for cardiovascular events were lost after adjustment for hs-CRP. This 
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indicates that the beneficial association between urinary sulfate excretion and cardiovascular 

events could be determined by interference of H2S with the inflammatory pathway. 

Our study has several limitations. First, the cohort is from a single center and contains 

almost only Caucasians. Therefore, these results may not be completely representative 

to other populations. Furthermore, the data in this cohort are observational, and it is 

therefore not possible to prove causality between sulfur metabolites and outcomes.

Strengths of our study are the long duration of follow-up and the large number of  

subjects. The extensive information of subject characteristics, allowing for extensive ad-

justment for potential confounders is another important feature of this cohort. The use of 

24-hour urine, and solid associations also after adjustment for multiple potential confounders, 

and in stratified analysis, endorses the robustness and reliability of our findings.

Conclusion

In this general population-based cohort, urinary sulfate, but not thiosulfate, excretion is 

associated with a reduced risk of all-cause mortality and cardiovascular disease. Sulfate lost its 

predictive properties for risk of cardiovascular disease after adjustment for hs-CRP, indicating 

that the inflammatory pathway accounts for the beneficial effects of sulfate. Our results are 

in accordance with the supposition that the gasotransmitter H2S has protective properties in 

cardiovascular disease.
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Supplemental Table 1 - Baseline Characteristics According to Gender Stratified Tertiles of 
Thiosulfate Excretion among 6855 Subjects of the PREVEND Study

Gender-stratified tertiles  
of Thiosulfate

Overall  
(n = 6855)

Tertile 1  
(n = 2266)

Tertile 2  
(n = 2285)

Tertile 1  
(n = 2275)

P-value

Urinary thiosulfate excretion 
(µmol/24 h)

1.27  
[0.89-2.37]

♀: <0.98 
♂: <1.05

♀: 0.98-1.61 
♂: 1.05-2.13

♀: >1.61 
♂: >2.13

Demographics
Women, n (%) 3429 (50) 1134 (50) 1141 (50) 1137 (50) 1.0
Age (years) 53.4±12.1 53.7±12.3 53.8±12.0 52.8±12.0 0.009
BSA (m2) 1.93±0.20 1.91±0.20 1.93±0.19 1.95±0.20 <0.001
BMI (kg/m2) 26.8±4.4 26.4±4.3 26.6±4.2 27.3±4.6 <0.001
Waist circumference (cm) 92±13 91±13 92±12 94±13 <0.001
Systolic blood pressure 
(mmHg)

126±19 127±19 126±19 126±19 0.90

Diastolic blood pressure 
(mmHg)

73±9 73±9 73±9 73±9 0.73

Heart rate (bpm) 68±10 69±10 68±10 68±10 0.63
History of cardiovascular 
disease (%)

4.8 5.1 4.0 5.3 0.08

Smoking status (%) <0.001
Never 29.1 26.3 27.6 33.7 ...
Former 28.1 36.6 45.3 46.6 ...
Current 42.8 37.1 27.2 19.7 ...
Alcohol consumption (%) <0.001
None/hardly ever 26.3 28.6 22.6 27.8 ...
Up to 1 drink/day 47.8 46.2 49.2 47.9 ...

 >1 drinks/day 25.9 25.2 28.2 24.3 ...

Medication
Anti-hypertensives, n (%) 1409 (21) 459 (21) 492 (22) 453 (21) 0.008
Lipid lowering treatment, 
n (%)

590 (9) 203 (9) 200 (9) 186 (8) 0.02

anti-diabetic treatment, 
n (%)

234 (4) 58 (3) 81 (4) 94 (4) <0.001

Laboratory measurements
Total cholesterol (mmol/L) 5.4±1.1 5.4±1.0 5.5±1.1 5.4±1.1 0.09
HDL cholesterol (mmol/L) 1.2±0.3 1.2±0.3 1.3±0.3 1.2±0.3 0.001
Triglycerides 1.12  

[0.81-1.62]
1.14  
[0.83-1.61]

1.11  
[0.80-1.62]

1.11  
[0.81-1.63]

0.44

Glucose (mmol/L) 4.8  
[4.4-5.3]

4.8  
[4.4-5.3]

4.8  
[4.4-5.3]

4.8  
[4.4-5.4]

0.65

eGFR*
(mL/min per 1.73 m2)

85±15 86±15 85±15 86±14 0.10

CRP (mg/L) 1.4 
[0.6-3.1]

1.4  
[0.7-3.1]

1.3  
[0.6-3.0]

1.5  
[0.6-3.1]

0.06
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Supplemental Table 1 - Continued

Urinary albumin excretion 
(mg/24 h)

8.7  
[6.0-16.3]

8.8  
[5.8-16.2]

8.2  
[5.9-16.0]

9.2  
[6.4-16.6]

<0.001

Urinary sulfate excretion 
(mmol/24 h)

15.7  
[12.0-20.3]

14.2  
[10.3-18.4]

15.5  
[12.1-19.9]

17.7  
[13.7-22.2]

<0.001

Urinary urea excretion 
(mmol/24 h)

367±125 234±116 375±122 393±129 <0.001

Urinary creatinine 
excretion (mmol/24 h)

12.5±3.7 11.7±3.5 12.4±3.6 13.3±3.8 <0.001

Urinary sodium excretion 
(mmol/24 h)

146±61 133±55 151±63 154±64 <0.001

Urinary potassium 
excretion (mmol/24 h)

69±24 62±22 72±24 71±25 <0.001

Values are presented as mean ± standard deviations or median with IQR. BSA, body surface area; 
BMI, body mass index; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate; 
hs-CRP, high sensitive C-reactive protein.

* The eGFR was calculated according to the Chronic Kidney Disease Epidemiology collaboration 
equation (CKD-EPI) formula.

Supplemental Table 2 - Cox Regression Analyses for Prediction of Subjects All-Cause Mortality, 
based on Urinary Excretion of Sulfate and Thiosulfate, adjusted for potential confounders 

Continuous Sulfate Excretion,  
per doubling

Continuous Thiosulfate Excretion,  
per doubling

All-cause 
mortality

Cardiovascular 
events

All-cause 
mortality

Cardiovascular 
events

No. Of cases 445 504 445 504

Person-years 53,972 53,972 53,972 53,972

Model 1 0.66 (0.58-0.76) 
P<0.001

0.82 (0.71-0.95) 
P=0.008

0.91 (0.84-0.99) 
P=0.04

1.01 (0.94-1.09) 
P=0.70

Model 2 0.62 (0.54-0.72) 
P<0.001

0.80 (0.69-0.93) 
P=0.003

0.92 (0.84-1.00) 
P=0.05

1.02 (0.94-1.10) 
P=0.64

Model 3 0.67 (0.58-0.78) 
P<0.001

0.88 (0.76-1.01) 
P=0.08

0.96 (0.88-1.04) 
P=0.30

1.06 (0.98-1.15) 
P=0.15

Model 4 0.67 (0.58-0.78) 
P<0.001

0.89 (0.76-1.03) 
P=0.11

0.95 (0.87-1.04) 
P=0.27

1.06 (0.98-1.15) 
P=0.14

Model 5 0.64 (0.52-0.79) 
P<0.001

0.90 (0.73-1.11) 
P=0.31

0.98 (0.90-1.07) 
P=0.67

1.08 (0.99-1.17) 
P=0.07

Hazard ratios and 95% confidence intervals derived from Cox proportional hazard regression 
analysis, are presented. Model 1: adjusted for age, sex and body surface area. Model 2: model 
1 with additional adjustment for eGFR and urinary albumin excretion. Model 3: model 2 with 
additional adjustment for smoking status and alcohol use. Model 4: model 3 with additional 
adjustment for drug use (antihypertensive drug usage, antidiabetic drug usage and statins usage). 
Model 5: model 4 with additional adjustment for urinary urea excretion.
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Supplemental figure 1 - Association between urinary thiosulfate excretion and the risk of all-
cause mortality. Associations estimated by Cox proportional hazard regression analysis, based on 
restricted cubic splines (Pnonlinearity=0.08 in univariable analysis and Pnonlinearity=0.40 in multivariable 
analysis). Median thiosulfate excretion (1.27 μmol/24 hours) is the reference standard. Grey 
area indicate the 95% confidence interval. Model is adjusted for age, sex, eGFR, albuminuaria, 
Framingham risk factors [SBP, BMI, smoking, diabetes mellitus, cholesterol], hs-CRP, alcohol use 
and urea excretion.
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