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ABSTRACT

Objective. To study the separate and combined effect of vitamin D receptor activator (VDRA)

treatment and dietary sodium restriction on residual albuminuria in non-diabetic patients with 

chronic kidney disease (CKD) receiving background treatment with angiotensin converting 

enzyme inhibition (ACEi) at maximum dose.

Setting. Nephrology outpatient clinics in the Netherlands.

Participants. 45 patients with non-diabetic CKD stage 1-3 (creatinine clearance >30 mL/min) 

and residual albuminuria >300 mg/24h despite fixed-dose ACEi (ramipril 10 mg/day) and well-

controlled blood pressure.

Interventions. All patients were treated during four 8-week periods, in random order, with the 

VDRA paricalcitol (2 µg/day) or placebo, each combined with either a low sodium diet (LS, target 

50 mmol Na+/day) or a regular sodium diet (RS, target 200 mmol Na+/day). All patients received 

fixed-dose ACEi throughout the study.

Main outcome measure. Albuminuria in 24-hour urine collections at the end of each study 

period.

Results. Mean urinary sodium excretion, a measure of dietary sodium intake, was 174 ± 64 

mmol Na+/day (≈4000 mg Na+) during the RS diet and 108 ± 61 mmol Na+/day (≈2500 mg 

Na+) during sodium restriction (P<0.001). During RS+placebo, albuminuria was 1,060 [778 to 

1,443] (geometric mean [95% confidence interval]) mg/day. In the intention-to-treat analysis, 

RS+paricalcitol provided a non-significant albuminuria reduction to 990 [755 to 1,299] mg/24h 

(-12.5% [-26.0% to 26.3%] (median [IQR]) vs. RS+placebo, P=0.2). Dietary sodium restriction in 

itself reduced albuminuria to 717 [512 to 1,005] mg/24h (-25.4% [-52.6% to -2.3%] vs. RS+placebo, 

P<0.001). The combination of paricalcitol and dietary sodium restriction provided the most 

pronounced albuminuria reduction to 683 [502 to 929] mg/24h (-31.7% [-55.0% to -0.9%], P<0.001 

vs. RS+placebo). Paricalcitol did not significantly reduce albuminuria beyond the effect of sodium 

restriction (P=0.6 LS+paricalcitol vs. LS+placebo). Paricalcitol did not affect blood pressure or 

creatinine clearance during either sodium diet, but both parameters were reduced by sodium 

restriction, compared with the RS diet. 

Conclusions. The combination of paricalcitol with moderate dietary sodium restriction 

provided the strongest reduction of residual albuminuria during fixed-dose ACEi; the effect was 

mainly driven by sodium restriction. Our findings underline the relevance of sodium restriction, 

possibly in combination with paricalcitol, to optimize residual albuminuria reduction in CKD 

patients on ACEi. 

Trial registration. Netherlands Trial Register NTR2898.
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INTRODUCTION

Chronic kidney disease (CKD) affects 8-16% of the global population.1 In CKD, the presence 

of albuminuria is associated with an increased risk of progressive renal function loss and 

cardiovascular complications.2-6 Pharmacological renin-angiotensin-aldosterone system (RAAS)-

blockade reduces albuminuria and blood pressure, subsequently retarding renal function 

loss and lowering the risk of cardiovascular morbidity and mortality in CKD.7-11 However, in a 

considerable proportion of patients, RAAS-blockade is unable to halt the progression of CKD. 

Residual albuminuria (or proteinuria), persisting despite optimally dosed RAAS-blockade, is 

strongly associated with adverse long-term renal and cardiovascular outcomes,12,13 and therefore 

considered a target for additional intervention. 

Dietary sodium restriction potentiates the albuminuria-lowering efficacy of RAAS-blockade 

in non-diabetic and diabetic CKD patients14-16, which has been associated with improved long-

term cardiorenal protection17,18. In addition, vitamin D receptor activator (VDRA) therapy may 

lower residual albuminuria during RAAS-blockade, as demonstrated in preclinical studies19,20 

and several small-to-medium-scale randomised controlled trials in CKD patients21,22. The 

renoprotective effect of VDRA therapy may at least in part be mediated by a direct inhibitory 

effect on the RAAS, by modulating prorenin gene expression23. Given the consistent finding that 

dietary sodium restriction potentiates the albuminuria-lowering efficacy of conventional RAAS-

blockade including angiotensin converting enzyme inhibition (ACEi)15 and angiotensin receptor 

blockade14, it seems plausible that sodium restriction would also potentiate the capacity of 

VDRA treatment to lower residual albuminuria. In line with this assumption, we recently found 

that dietary sodium restriction potentiates the antiproteinuric and renoprotective efficacy of 

VDRA treatment in a rat model of proteinuric nephropathy24, and that sodium intake modulates 

the inverse association between plasma vitamin D levels and the risk of developing increased 

albuminuria in the general population25. At variance, however, a post-hoc analysis of the VITAL 

trial22 as well as an earlier trial in non-diabetic CKD26 suggested that albuminuria patients with 

higher baseline dietary sodium intake had a stronger antiproteinuric response to VDRA treatment 

than those with lower baseline sodium intake. 

In the ViRTUE trial, therefore, we prospectively studied the separate and combined 

albuminuria-lowering effect of the VDRA paricalcitol and dietary sodium restriction during fixed-

dose RAAS-blockade, the current standard treatment, in non-diabetic patients with CKD. The 

trial compares residual albuminuria during four subsequent study periods in random order, with 

paricalcitol or placebo combined with either dietary sodium restriction (target 50 mmol Na+/

day) or a regular sodium diet (target 200 mmol Na+/day), all during fixed-dose ACEi. 

PARICALCITOL AND SODIUM RESTRICTION TO REDUCE ALBUMINURIA
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MATERIAL AND METHODS 

Study design
We performed an investigator-initiated, multi-centre, randomised, double-blind, placebo-

controlled cross-over trial in five Dutch hospitals. Patients were included between January 2012 

and May 2014. Inclusion was concluded upon reaching the predefined sample size (see below); 

the last follow-up visit of the last patient took place in March 2015. The study was conducted 

according to the principles of the Declaration of Helsinki; the study protocol has been approved by 

the Medical Ethical Committee of the University Medical Centre Groningen, the Netherlands (METc 

2009.272) and has been registered in the Dutch clinical trial register (NTR2898). The rationale and 

study protocol of the ViRTUE study have been published previously.27 

Participants
We recruited stage 1–3 non-diabetic patients with CKD (creatinine clearance >30 mL/min) and 

residual albuminuria. Inclusion criteria were: residual albuminuria >300 mg/day despite single-

agent RAAS blockade, stable renal function (<6 mL/min decline in the previous year) with a 

creatinine clearance >30 mL/min, parathyroid hormone (PTH) values <1.5 times the upper limit 

of normal, serum calcium (adjusted for serum albumin) between 2.0 and 2.6 mmol/L, serum 

phosphate ≤1.5 mmol/L, and age over 18 years. Exclusion criteria were: diabetes mellitus, 

uncontrolled hypertension, hyperkalaemia (potassium >6.0 mmol/L), a cardiovascular event 

in the previous six months, heart failure NYHA III-IV, epilepsy, liver disease, active malignancy, 

a bowel disorder resulting in fat malabsorption, treatment with vitamin D analogue in the 

previous three months, regular use (>2 doses/week) of non-steroidal anti-inflammatory drugs, 

use of immunosuppressive treatment, digoxin or psychiatric medication, drug or alcohol abuse, 

incompliance with the study diet or study medication, pregnancy, or breast feeding.

Study design
Detailed information regarding the study protocol has been published previously.27 During a run-

in period, patients received standardised RAAS-blockade (10 mg ramipril/day). Existing treatment 

with other RAAS-blocking agents and diuretics (except for furosemide) was discontinued. 

During the run-in period, pharmacological antihypertensive therapy was optimized according to 

a predefined schedule to titrate blood pressure to <140/90 mmHg.27 If this target blood pressure 

was reached, patients were allowed to enter the study protocol. 

Patients were subjected to four subsequent treatment periods of eight weeks each. 

These study periods consisted of (i) the VDRA paricalcitol (19-nor-1,25[OH]
2
–vitamin D2, 2 μg/

day) combined with a regular sodium diet (target sodium intake 200 mmol Na+/day [≈4.8 g], 

i.e. the average sodium intake in the general population); (ii) paricalcitol (2 μg/day) combined 

with dietary sodium restriction (target sodium intake 50 mmol Na+/day, [≈1.2 g]), (iii) placebo 

combined with a regular sodium diet or (iv) placebo combined with dietary sodium restriction. 

To prevent systematic errors resulting from the cross-over design, the order of the treatment 

periods was randomised for each patient. Four different treatment sequences were defined.27 
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The study medication (paricalcitol or placebo) was provided by AbbVie. Placebo capsules had 

a similar appearance, smell and taste as compared with paricalcitol capsules. Randomisation 

was computer-generated by AbbVie. Patients received study medication containers labelled 

with a unique number representing the randomly allocated sequence, whereby all participants 

and involved investigators and care providers remained blinded to the study medication type 

(paricalcitol or placebo) throughout the entire study. Assignment of the treatment order was not 

disclosed until the study database was locked. The dietary intervention was open label.

At the start of the first dietary sodium restriction study period, patients received personal 

dietary advice from a dietician. Sodium restriction was achieved by replacing sodium-rich 

products with a low sodium product of the same product group, aiming for isocaloric intake 

with a similar balance among protein, carbohydrate and fat. Compliance to the sodium diet was 

monitored by measuring 24-hour urinary sodium excretion every 4 weeks, and patients were 

counselled to use this information. 

Four weeks after the start of each treatment period, serum albumin, calcium and PTH were 

measured for a safety analysis. In case of hypercalcemia (corrected serum calcium >2.60 mmol/L) 

or hypoparathyroidism (PTH <1.5 pmol/L), the dose of the study medication (paricalcitol 

or placebo) was reduced from two capsules to one capsule per day for the remaining study 

period(s). All patient-reported or observed adverse effects were recorded.

Primary and secondary endpoints
The primary end point of our study was albuminuria, measured in a 24-hour urine sample 

collected at the end of each study period. Secondary study endpoints were blood pressure, 

creatinine clearance, eGFR, urinary sodium excretion and plasma renin concentration at the end 

of each study period. 

Measurements
At the end of each 8-week treatment period, patients collected 24-hour urine samples, blood 

pressure was measured, and a blood sample was taken after overnight fasting.  Albuminuria 

was measured using a turbidimetric assay using benzethonium chloride (Modular, Roche 

Diagnostics, Mannheim, Germany). Blood pressure was evaluated during every outpatient clinic 

visit under constant conditions, at one-minute intervals for 15 min by an automatic device 

(Dinamap; DE Medical systems, Milwaukee, WI), with the patient in a semi-supine position. The 

mean of three readings were used for further analysis.27 Blood electrolytes, lipids, proteins, and 

urinary electrolytes were determined by using an automated multi-analyser (Modular, Roche 

Diagnostics, Mannheim, Germany). Plasma renin concentration was measured using a 2-site 

immunoradiometric assay (Beckman Coulter, Immunotech, Prague, Czech Republic). Dietary 

sodium intake was assessed from urinary sodium excretion in 24-hour urine samples. Creatinine 

clearance was calculated from creatinine concentrations in plasma and in 24-hour urine samples, 

and eGFR was calculated using the creatinine-based CKD Epidemiology Collaboration (EPI) 

formula28. Serum calcium was adjusted for hypoalbuminemia as follows: corrected calcium 

= serum calcium (mmol/L) + 0.023 * (40 – serum albumin [g/L]) if serum albumin < 35 g/L. 

PARICALCITOL AND SODIUM RESTRICTION TO REDUCE ALBUMINURIA
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Peripheral pitting oedema was assessed at the pre-tibia area of both legs by visual and manual 

examination and scored dichotomously (absent or present).

Statistical analysis
Based upon data from a previous study14, a sample size of 39 patients was calculated to detect 

a difference of 23% in albuminuria (log delta albuminuria −0.26) between HS+placebo and 

LS+paricalcitol with 90% power, considering a standard deviation of 0.5 for the log delta 

albuminuria.27 Assuming a dropout rate of 15%, we aimed to include 45 patients. The sample 

size calculation took into account that each patient serves as his own internal control, increasing 

statistical power.

Data are presented as mean ± SD in case of normally distributed data, geometric mean [95% 

confidence interval] for non-normally distributed data, and number (percentage) for nominal data, 

unless stated otherwise. The relative change in albuminuria between study periods is presented 

as median [interquartile range]. Variable distribution was tested with histograms and probability 

plots. P for differences between the four treatment sequences were assessed with ANOVA for nor-

mally distributed continuous data, Kruskal-Wallis test for non-normally distributed data, and the χ2 

test for nominal data. Data at the end of the run-in period were considered baseline values. To de-

termine the effect of treatment, we used linear mixed-effect models for repeated measurements, 

using the unstructured covariance structure with random intercept, and ‘centre’, ‘treatment period’ 

and ‘sequence’ as well as their interaction (‘treatment*sequence’) as fixed factors. Non-normally 

distributed variables were 2log transformed before entering the model. Linear mixed model anal-

ysis was used to investigate possible carryover effects: non-significant (P>0.05) effects of sequence 

and treatment*sequence were interpreted as indicating that carryover effects were absent.

For the primary analysis, all available data from all 45 patients were included (intention-to-treat 

analysis). As a per protocol analysis, we re-analysed the primary endpoint in a study population re-

stricted to those participants with ≥95% compliance to the study medication (assessed by count-

ing the returned paricalcitol capsules), for each treatment period. To account for missing data, we 

report the estimated (geometric) means obtained from the linear mixed modelling for this analysis. 

In another secondary analysis we addressed the compliance to the dietary sodium restriction by 

adding 24h urinary Na+ excretion (as a continuous variable) to the linear mixed model analysis.

A two-tailed P<0.05 was considered to indicate statistical significance. Statistical analyses 

were performed using SPSS 22.0 for Windows (IBM SPSS, Chicago, IL) and GraphPad Prism version 

6.01 for Windows (GraphPad Software, San Diego, CA).

RESULTS

Study population
Of 212 eligible patients, 68 patients gave written informed consent and were subsequently 

enrolled in the run-in period (Figure 1). During the run-in period, 23 patients discontinued 

the study. Of the 45 patients randomised, three patients were excluded during the study after 
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completion of at least one study period. Supplementary Table 1 shows the baseline characteristics 

of the 45 study participants after randomisation, according to the sequence of the study periods. 

All patients received background ACEi in a fixed dose throughout the study.

Figure 1. Trial profile of the ViRTUE study 

PARICALCITOL AND SODIUM RESTRICTION TO REDUCE ALBUMINURIA
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Primary efficacy analysis
During regular sodium (RS) diet combined with placebo treatment, residual albuminuria was 1,060 

[778 to 1,443] mg/24h, Figure 2A). In the intention-to-treat analysis, paricalcitol provided a weak 

and non-significant albuminuria reduction to 990 [755 to 1,299] mg/24h (-12.5% [-26.0% to 26.3%] 

vs. RS+placebo, P=0.2; Figure 3). Low sodium (LS) diet reduced albuminuria to 717 [512 to 1,005] 

mg/24h (-25.4% [-52.6% to -2.3%] vs. RS+placebo, P<0.001). The lowest albuminuria level was achieved 

by LS+paricalcitol, to 683 [502 to 929] mg/24h (-31.7% [-55.0% to -0.9%], P<0.001 vs. RS+placebo). 

Adjustment for blood pressure did not change the results.  Results were similar for the urinary albumin/

creatinine ratio (Table 1). Linear mixed model analysis indicated no carryover effects. 

Secondary and exploratory outcomes
Mean arterial pressure (MAP) was 95 [92-98] mmHg (mean [95% CI]) during RS+placebo (Figure 

2B). Paricalcitol did not affect MAP, neither during RS diet (95 [91-98] mmHg; P=0.8 vs RS+placebo), 

nor during LS diet (90 [87-93] mmHg; P=0.5 vs. LS+placebo). Dietary sodium restriction in itself 

reduced MAP to 90 [88-93] mmHg (P<0.001 LS+placebo vs RS+placebo). Treatment effects were 

similar for systolic and diastolic blood pressure (Table 1). 
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Percentage change is shown as individual data with median and interquartile range. Data for 
one participant with extreme values (+259%, -61% and +165%, respectively) are not shown.

Figure 3.   Percentage change in residual albuminuria 
compared to RS+placebo in ViRTUE study patients; intention-
to-treat analysis 
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Figure 2.  Effect of sodium restriction and paricalcitol on albuminuria and blood pressure in 
ViRTUE study patients; intention-to-treat analysis

(A) Albuminuria and (B) mean arterial pressure during regular sodium diet or dietary sodium restriction in combination with paricalcitol (2 microgram/
day) or placebo. Albuminuria is shown as geometric mean (95% CI) and blood pressure is shown as mean (95% CI). P value shows treatment effect by 
linear mixed modelling with centre, treatment, sequence and the interaction treatment*sequence as fixed factors.
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Creatinine clearance was 101±41 mL/min during RS+placebo (Table 1), and was not significantly 

changed by paricalcitol (97±38 mL/min; P=0.2). Sodium restriction induced a reduction in 

creatinine clearance, both during placebo (91±38 mL/min; P=0.01 vs. RS+placebo) and during 

paricalcitol (90±35 mL/min; P=0.004). Paricalcitol did not influence creatinine clearance beyond 

the effect of dietary sodium restriction (P=0.7 vs. LS+placebo). 

Both during RS and during LS diet, paricalcitol increased serum phosphate and urinary 

calcium excretion, consistent with the known effects of paricalcitol on calcium and phosphate 

metabolism (Table 1). During dietary sodium restriction, paricalcitol also increased serum 

calcium. Dietary sodium restriction decreased body weight and plasma sodium, and increased 

plasma renin and albumin concentrations, consistent with a reduction of extracellular volume. 

Paricalcitol did not affect these parameters (Table 1). 

Table 1. Clinical parameters during four treatment periods; intention-to-treat analysis

Regular sodium diet Sodium restriction diet
Placebo Paricalcitol Placebo Paricalcitol

N= 44 N= 44 N= 43 N= 43
Plasma
Hb, mmol/L 9.0 ± 0.9 9.0 ± 0.8 9.1 ± 0.9 9.0 ± 0.8
Sodium, mmol/L 140.6 ± 2.3 140.1 ± 2.0 139.8 ± 2.4* 140.4 ± 2.4‡
Potassium, mmol/L 4.3 ± 0.4 4.2 ± 0.4 4.3 ± 0.4† 4.4 ± 0.5†
Calcium, mmol/L 2.35 ± 0.11 2.37 ± 0.10 2.37 ± 0.13 2.41 ± 0.15*‡
Phosphate, mmol/L 0.94 ± 0.17 0.98 ± 0.16* 0.94 ± 0.14 1.00 ± 0.15*‡
Creatinine, µmol/L 110 ± 32 112 ± 32 113 ± 31 120 ± 35*†‡
eGFR, ml/min/1.73m2 68 ± 25 67 ± 24 67 ± 24 63 ± 25*†‡
Albumin, g/L 38 ± 5 39 ± 5 40 ± 4* 40 ± 4*
Total cholesterol, mmol/L 5.2 ± 1.2 5.2 ± 1.2 4.9 ± 1.0*† 5.1 ± 1.2‡
HDL cholesterol, mmol/L 1.4 ± 0.4 1.4 ± 0.4 1.3 ± 0.4*† 1.3 ± 0.4
LDL cholesterol, mmol/L 3.1 ± 0.9 3.0 ± 1.0 2.9 ± 0.7* 3.1 ± 0.90
Renin, pg/mL 42.9 [30.9-59.5] 45.3 [32.5-63.1] 61.3 [44.6-84.2]*† 66.5 [48.4-91.4]*†
Urine
Creatinine, mmol/24h 14.7 ± 3.9 14.5 ± 3.8 13.8 ± 3.7* 14.4 ± 3.4‡
Sodium, mmol/24h 170 ± 61 178 ± 68 104 ± 59*† 111 ± 63*†
Urea, mmol/24h 419 ± 128 416 ± 132 383 ± 120* 404 ± 118
Potassium, mmol/24h 78 ± 25 80 ± 25 81 ± 26 82 ± 24
Calcium, mmol/24h 2.4 ± 2.0 4.5 ± 3.3* 2.2 ± 2.4† 3.9 ± 2.9*‡
Phosphate, mmol/24h 32.4 ± 9.5 33.8 ± 13.3 30.4 ± 13.2 31.5 ± 9.9
Albuminuria mg/24h 1,060 [778-1,443] 990 [755-1,299] 717 [512-1,005] 683 [502-929]
Proteinuria, g/24h 1.4 [1.0-1.8] 1.3 [1.0-1.6] 1.0 [0.7-1.3]*† 0.9 [0.7-1.2]*†
Albumin/creatinine ratio 75 [55-101] 71 [53-94] 54 [39-75]*† 49 [36-66]*†
Creatinine clearance, mL/min 101 ± 41 97 ± 38 91 ± 38* 90 ± 35*
Other
Systolic blood pressure, mmHg 129 ± 14 128 ± 14 123 ± 12*† 122 ± 12*†
Diastolic blood pressure, mmHg 77 ± 9 78 ± 11 74 ± 9*† 74 ± 9*†
Mean arterial pressure, mmHg 95 ± 10 95 ± 11 90 ± 9*† 90 ± 9*†
Heart rate, bpm 65 ± 10 66 ± 10 65 ± 10 65 ±10
Body weight, kg 90 ± 17 89 ± 17 88 ± 18*† 87 ± 17*†
Compliance, % 95 ± 7 97 ± 6 97 ± 5 97 ± 4
Data are presented as mean ± SD or geometric mean [95% CI] for normally or skewed distributed data, respectively. P value shows treatment effect 
by linear mixed modelling with centre, treatment, sequence and the interaction treatment*sequence as fixed factors.
*P< 0.05 versus placebo on regular sodium diet 
†P<0.05 versus paricalcitol on regular sodium diet
‡P<0.05 versus placebo on sodium restriction diet

PARICALCITOL AND SODIUM RESTRICTION TO REDUCE ALBUMINURIA
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Adverse effects
Nine patients developed hypercalcemia during paricalcitol treatment, and in five of these 

patients hypercalcemia was also present during placebo treatment. Hypercalcemia during a 

safety control visit led to a dose reduction in five patients: two during RS+paricalcitol and three 

during LS+paricalcitol. Severe orthostatic complaints required tapering of antihypertensive 

medication in one patient during LS+paricalcitol. Mild orthostatic complaints, not necessitating 

drug withdrawal, occurred in two patients on RS+placebo and one patient on paricalcitol+RS, 

and in ten patients on LS+placebo and four patients on LS+paricalcitol. These and all other 

reported adverse effects possibly or probably related to treatment are listed in Supplementary 

Table 2.

Compliance 
We assessed compliance to the diet by 24-hour urinary sodium excretion and compliance to 

study medication from counting returned capsules. Mean urinary sodium excretion was 174 ± 64 

mmol Na+/day (approximately 4000 mg Na+/day or 10 g NaCl/day) during the two study periods 

on the RS diet, and 108 ± 61 mmol Na+/day (approximately 2500 mg Na+/day or 6.2 g NaCl/day; 

P<0.001 vs. RS diet) during the two LS periods. Compliance to the pharmacological intervention 

was similar among the four treatment periods (Table 1). 

Per protocol analysis
The primary endpoint was re-analysed in participants with ≥95% compliance to the study 

medication, assessed per study period. Supplementary Table 3 shows the main clinical 

parameters during the four treatment periods of participants in the per protocol analysis. Here, 

estimated albuminuria was 1,177 [715 to 1,939] mg/24h during RS+placebo. During RS diet, 

paricalcitol provided a non-significant albuminuria reduction to 1,082 [666 to 1,756] mg/24h 

(-15.0% [-27.7% to 31.8%]; P=0.3 vs. RS+placebo). In contrast, dietary sodium restriction in 

itself reduced albuminuria to 804 [489 to 1,321] mg/24h (-28.5% [-52.2% to 1.6%]; P<0.001 vs. 

RS+placebo), and the combination of paricalcitol and dietary sodium restriction further reduced 

albuminuria to 690 [417 to 1,143] mg/24h (-42.4% [-57.4% to -5.0%]; P=0.04 vs. RS+placebo). 

Paricalcitol significantly reduced albuminuria beyond the effect of sodium restriction (P=0.035 

LS+paricalcitol vs. LS+placebo). Similar results were observed when considering the urinary 

albumin/creatinine ratio (Supplementary Table 3). During regular sodium diet, but not sodium 

restriction diet, paricalcitol treatment resulted in a small but significant reduction in MAP 

(P=0.045; Supplementary Table 3). Additional adjustment for urinary sodium excretion did not 

materially influence the results on residual albuminuria, but the effect of paricalcitol during 

regular sodium intake on MAP was no longer significant (P=0.07).
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DISCUSSION

The main aim of this study was to prospectively study the separate and combined effect of 

paricalcitol and dietary sodium restriction to lower residual albuminuria during fixed-dose 

single-agent RAAS-blockade in non-diabetic patients with CKD. Optimal albuminuria reduction 

was achieved by the combination of dietary sodium restriction and paricalcitol. Although in the 

intention-to-treat analysis paricalcitol did not significantly reduce albuminuria beyond the effect 

of sodium restriction, this effect was observed in a per protocol analysis restricted to patients with 

≥95% compliance. Our prospective data refute the previously raised suggestion that albuminuria 

reduction by paricalcitol is optimal during high sodium intake.  

The capacity of paricalcitol to reduce albuminuria or proteinuria has been demonstrated 

in several trials among different CKD populations.22,26,29-33 Two previously published reports 

based on post-hoc analyses from clinical trials suggested that paricalcitol provides stronger 

albuminuria reduction in patients with higher baseline sodium intake.22,26 This was interpreted 

as related to suboptimal RAAS-blockade efficacy during high sodium intake26, and consequently 

paricalcitol was suggested to be a suitable add-on to RAAS-blockade for patients on high 

sodium intake22. Our prospective intervention is at variance with the latter suggestion, as the 

lowest albuminuria was achieved by the combination of paricalcitol and sodium restriction 

(Figure 2A). Our results are consistent with several clinical studies showing that sodium intake 

potentiates RAAS-blockade,14-16,34,35 as well as with recent data from a prospective study in a rat 

model of proteinuric nephropathy24. In this study, combined treatment with paricalcitol and 

an ACEi reduced proteinuria, renal inflammation, glomulerosclerosis and interstitial prefibrotic 

changes during low sodium, but not during high sodium intake.24

Dietary sodium restriction reduced residual albuminuria during single-agent RAAS-blockade, 

in line with previous studies.14-16 Paricalcitol in itself provided only a mild further reduction of 

residual albuminuria beyond dietary sodium restriction, in contrast with hydrochlorothiazide, 

which further reduced residual proteinuria beyond the effect of sodium restriction and 

angiotensin receptor blockade in a previous study.14 The effect of paricalcitol added to sodium 

restriction was stronger and reached statistical significance in a per protocol analysis restricted 

to patients with >95% compliance to study medication. A possible explanation for the relatively 

small effect of paricalcitol on albuminuria during ACEi and sodium restriction could be the 

substantially lower albuminuria elicited by sodium restriction in itself. Residual proteinuria 

during sodium restriction was relatively low compared with other trials in non-diabetic CKD 

patients treated with paricalcitol26,31, suggesting that the efficacy of ACEi combined with LS diet 

may have diluted the residual treatment effect of paricalcitol. Furthermore, it should also be 

taken into consideration that our study had a run-in period to optimize RAAS-blockade and 

antihypertensive treatment, because we were interested in the effect of add-on paricalcitol on 

residual albuminuria during optimal treatment. 

The reduction in albuminuria by paricalcitol was not accompanied by changes in blood 

pressure in our study, suggesting that the albuminuria-lowering effect of paricalcitol is due to 
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intrarenal, rather than systemic effects. Experimental studies have shown that VDRA treatment 

exerts direct protective effects on podocytes36, negatively regulates the RAAS by suppressing 

renin production37-40, and has anti-inflammatory and anti-fibrotic effects19,41,42. These effects could 

either alone or, most likely, in combination explain the anti-albuminuric effect of VDRA in addition 

to RAAS-blockade observed in our study. Although add-on paricalcitol did not influence systemic 

plasma renin, it might have reduced intrarenal renin. Paricalcitol provided a small reduction 

in mean arterial pressure during the regular sodium diet in the per protocol analysis, but this 

significance was lost after additional adjustment for urinary sodium excretion, suggesting that 

the effect on blood pressure was explained by variations in sodium intake. The absence of an 

antihypertensive effect of paricalcitol is in accordance with a recent meta-analysis showing that 

neither paricalcitol nor other vitamin D analogues are effective in lowering blood pressure.43 

Both sodium restriction and paricalcitol were well tolerated. The most common adverse 

effects were mildly symptomatic hypotension (sodium restriction) and hypercalcemia 

(paricalcitol). Creatinine clearance was significantly reduced by the dietary sodium restriction. 

This decline was reversible and therefore probably reflects a reduction of glomerular pressure. It 

has been shown that a reduction in renal function during initiation of RAAS-blockade predicts 

a slower rate of long-term renal function decline.44,45 These data suggest that the initial fall in 

renal function in response to antihypertensive therapy reflects renal protection, but whether 

this is also true for the effect of dietary sodium restriction on top of RAAS-blockade has not 

been established. Paricalcitol also increased serum creatinine and (consequently) decreased 

creatinine-based eGFR, creatinine clearance was not influenced by paricalcitol treatment on 

either sodium intake. An increase in serum creatinine without altering the true GFR has been 

reported previously for paricalcitol46, and may be related to an effect on muscle metabolism. 

A limitation of our study is the limited exposure time to paricalcitol, precluding conclusions 

on the effect of paricalcitol and dietary sodium restriction on long-term clinical outcomes. The 

length of treatment periods was based on previous studies with paricalcitol demonstrating 

maximum albuminuria reduction at 4-6 weeks after treatment initiation.22,30 Furthermore, the 

sample size is relatively small. Third, our study was performed in a selection of highly motivated 

patients under well-controlled and intensive treatment, limiting the generalizability of our 

findings. On the other hand, major strengths of our study include the cross-over design with 

participants serving as their own internal control, the documentation of sodium intake by 24-

hour urinary excretion and the prospective intervention design to investigate the influence of 

sodium intake on the renoprotective efficacy of add-on paricalcitol. 

In conclusion, this study prospectively demonstrates that optimal reduction of residual 

albuminuria during single-agent RAAS-blockade by paricalcitol can be achieved when combined 

with dietary sodium restriction in non-diabetic patients with CKD. The capacity of moderate 

sodium restriction to potentiate the antiproteinuric effect of conventional RAAS-blockade 

has been associated with cardiorenal protection in both diabetic18 and non-diabetic17 CKD. 

Future studies should address whether reduction of residual albuminuria by the combination 

of paricalcitol and dietary sodium restriction may further enhance cardiorenal protection in 

addition to conventional RAAS-blockade.
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What is already known on this topic
•  In patients with chronic kidney disease (CKD) single-agent renin-angiotensin-aldosterone 

system (RAAS) blockade, with an angiotensin converting enzyme (ACE) inhibitor or an 

angiotensin receptor blocker (ARB), reduces the amount of residual albuminuria, an important 

risk factor for renal function loss and cardiovascular disease

•  Vitamin D receptor activation (VDRA) may reduce residual albuminuria beyond the effect of 

ACE inhibitor or ARB treatment

•  Two previous post-hoc analyses suggested that the albuminuria-lowering effect of VDRA 

treatment is more prominent during a high sodium diet than during a low sodium diet; 

oppositely, a recent preclinical study suggested that VDRA treatment is more effective during 

a low sodium diet

What this study adds
•  The VDRA paricalcitol reduces residual albuminuria during a low, but not during a liberal 

sodium diet, in CKD patients on standardised background ACE inhibition and optimized 

blood pressure control

•  Moderate sodium restriction seems to impact residual albuminuria more strongly than VDRA 

treatment in itself; the strongest reduction was achieved by combined treatment
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Supplementary Table 1. Baseline characteristics per treatment sequence

Treatment sequence*
Characteristics A (n=9) B (n=12) C (n=12) D (n=12)
Age, years 54.5 ± 15.8 53.2 ± 16.3 52.6 ± 10.7 46.9 ± 10.4
Male sex, n (%) 7 (78) 8 (67) 10 (83) 8 (67)
White ethnicity, n (%) 9 (100) 12 (100) 12 (100) 12 (100)
Body mass index, kg/m2 29.2 ± 4.8 26.6 ± 3.2 28.2 ± 4.5 28.5 ± 5.9
Renal diagnosis
   IgA nephropathy, n (%) 1 (11) 4 (33) 2 (17) 2 (17)
   Focal segmental glomerulosclerosis, n (%) 3 (33) 2 (17) 1 (8) 2 (17)
   Membranous nephropathy, n (%) 2 (22) 2 (17) 1 (8) 3 (25)
   Hypertensive nephropathy, n (%) 1 (11) 0 (0) 2 (17) 1 (8)
   Other/Inconclusive, n (%) 2 (22) 4 (33) 6 (50) 4 (33)
Season
   Winter, n (%) 1 (11) 3 (25) 4 (33) 3 (25)
   Spring, n (%) 2 (22) 4 (33) 3 (25) 1 (8)
   Summer, n (%) 3 (33) 4 (33) 4 (33) 8 (67)
   Autumn, n (%) 3 (33) 1 (8) 1 (8) 0 (0)
Medication use†
   ACE inhibitor, n (%) 9 (100) 12 (100) 12 (100) 12 (100)
   β-blocker, n (%) 2 (22) 2 (17) 4 (33) 4 (33)
   Calcium channel blocker, n (%) 1 (11) 5 (42) 5 (42) 3 (25)
   α-blocker, n (%) 1 (11) 0 (0) 1 (8) 1 (8)
   Diuretic, n (%) 4 (44) 2 (17) 2 (17) 4 (33)
   Lipid lowering agent, n (%) 6 (67) 6 (50) 7 (58) 5 (42)
Systolic blood pressure, mmHg 126 ± 15 125 ± 9 125 ± 11 126 ± 9
Diastolic blood pressure, mmHg 77 ± 10 76 ± 6 77 ± 7 76 ± 9
eGFR (CKD-EPI), ml/min/1.73m2 73 ± 17 71 ± 30 65 ± 23 70 ± 23
Calcium, mmol/L 2.36 ± 0.12 2.35 ± 0.11 2.36 ± 0.09 2.36 ± 0.11
Phosphate, mmol/Lǂ 0.86 ±0.17 0.94 ± 0.14 0.87 ± 0.20 1.07 ± 0.11
Albuminuria, mg/24h 1,372 [822-2,290] 1,154 [654-2,037] 1,295 [783-2,143] 951 [561-1,612]
Urinary protein excretion, g/24h 1.59 [0.96-2.65] 1.45 [0.88-2.39] 1.56 [0.99-2.44] 1.19 [0.77-1.83]
Urinary sodium excretion, mmol/24h 173 ± 56 192 ± 25 160 ± 45 175 ± 104
Creatinine clearance, mL/min 106 ± 24 99 ± 43 99 ± 36 100 ± 47
* A= placebo-regular sodium diet, paricalcitol-regular sodium diet, placebo-sodium restriction diet, paricalcitol-sodium restriction diet; B= 
paricalcitol-regular sodium diet, placebo-regular sodium diet, paricalcitol-sodium restriction diet, placebo- sodium restriction diet; C= placebo-
sodium restriction diet, paricalcitol-sodium restriction diet, placebo-regular sodium diet, paricalcitol-regular sodium diet; D= paricalcitol-sodium 
restriction diet, placebo-sodium restriction diet, paricalcitol-regular sodium diet, placebo-regular sodium diet.
Data are presented as mean ± SD, geometric mean [95% CI], and number (percentage) for normally, skewed distributed data, and nominal data, 
respectively. Differences between the four sequences were assessed with ANOVA for normally distributed continuous data, the Kruskal-Wallis test for 
skewed distributed data, and the χ2 test for nominal data. ǂ P<0.05. † At the end of the run-in period, all patients were treated with ramipril 10 mg 
once daily, except for one patient who received ramipril 5 mg due to low blood pressure. In one patient, diuretic therapy was stopped during the study 
and later on resumed because of oedema. In another patient the calcium channel blocker was stopped due to symptomatic hypotension. All other 
non-study-related medication was kept stable during the study periods.
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Supplementary Table 2. Adverse effects possibly or probably related to treatment

Regular sodium diet Sodium restriction diet
Placebo Paricalcitol Placebo Paricalcitol
N = 44 N= 44 N = 43 N = 43

Laboratory
Hypercalcemia 
corrected calcium > 2.60 mmol/L 4 3 2 8

Hypoparathyroidism 
PTH < 1.5 pmol/L 0 2 0 2

Elevated liver enzymes 
ASAT > 40 U/L, ALAT > 45 U/L, GGT > 50 U/L 9 14 8 7

Anaemia 0 0 1 1
Acute-on-chronic kidney disease 0 0 0 1
Hyperkalaemia 
potassium > 5.0 mmol/L 2 3 4 5

Hypokalaemia 
potassium < 3.50 mmol/L 0 2 0 0

Hyponatraemia 
sodium < 135 mmol/L 1 0 1 0

Hypophosphataemia 
phosphate <0.80 mmol/L 10 5 6 2

Hypocalcaemia 
corrected calcium <2.20 mmol/L 2 2 3 1

Elevated alkaline phosphatase 
ALP > 150 U/L 0 1 2 0

Worsening hypothyroidism 0 1 0 0
Rhabdomyolysis 0 1 0 0
Physical
Peripheral oedema 13 12 8 5
De novo atrial fibrillation 0 0 1 0
Foot drop 0 0 1 0
Peripheral artery occlusive disease (Fontaine IIB) 1 0 0 0
Reported adverse effects
Severe symptomatic hypotension 0 0 0 1
Mild symptomatic hypotension 2 1 10 4
Fatigue 1 5 3 7
Malaise 2 2 1 2
Headache 7 7 4 3
Vertigo 2 4 4 3
Visual complaint 1 2 0 1
Dry mouth 1 1 2 1
Itchiness 1 1 1 0
Skin complaint 2 0 0 1
Excessive sweating 0 1 0 0
Dyspnoea 1 2 1 0
Dry cough 3 4 2 1
Lower respiratory tract infection 1 0 1 1
Palpitations 0 0 2 1
Gastrointestinal complaints* 1 2 7 3
Pain 5 5 4 3
Myalgia 5 5 4 6
Muscle spasm or cramp† 3 0 1 2
Arthritis including gout 3 3 3 2
Bursitis 0 1 1 1
Micturition complaints including urinary tract infection 2 4 1 0
Erectile dysfunction† 1 0 0 0
Data represent numbers of patients with a particular adverse effect per study period. Some patients had more than one treatment-related adverse 
effect. * Gastrointestinal complaints including heartburn, dyspepsia, constipation and diarrhoea. † Two patients had complaints possibly related 
to ramipril (muscle pain and erectile dysfunction) and switched to another ACEi (enalapril 40 mg/day and fosinopril 10 mg/day,  respectively). 

Proefschrift Charlotte Keyzer.indd   76 19-09-15   16:07



77

Supplementary Table 3. Clinical parameters during four treatment periods; per protocol 
analysis

Regular sodium diet Sodium restriction diet
Placebo Paricalcitol Placebo Paricalcitol

N= 31 N= 34 N= 34 N= 32
Plasma
Hb, mmol/L 9.1 [8.8-9.4] 9.1 [8.9-9.4] 9.1 [8.8-9.4] 9.1 [8.8-9.4]
Sodium, mmol/L 140 [139-141] 140 [139-141] 140 [139-140] 140 [139-141]
Potassium, mmol/L 4.3 [2.7-5.9] 4.2 [2.5-5.9] 4.4 [2.6-6.1]† 4.4 [3.1-5.6]†
Calcium, mmol/L 2.35 [2.09-2.60] 2.37 [2.13-2.61] 2.36 [2.14-2.59] 2.41 [1.75-3.07]*
Phosphate, mmol/L 0.91 [0.85-0.98] 0.95 [0.90-1.01]* 0.93 [0.88-0.96] 0.97 [0.91-1.03]*
Creatinine, µmol/L 112 [85-140] 114 [86-141] 112 [85-139] 121 [93-149]*†‡
eGFR, ml/min/1.73m2 68 [59-76] 66 [58-74] 67 [59-75] 62 [53-70]*†‡
Albumin, g/L 39 [37-41] 39 [38-41] 40 [38-41] 40 [38-41]*
Total cholesterol, mmol/L 5.1 [4.7-5.5] 5.1 [4.7-5.6] 4.7 [4.3-5.1]*† 4.9 [4.5-5.4]†‡
HDL cholesterol, mmol/L 1.4 [1.2-1.5] 1.3 [1.2-1.5] 1.3 [1.1-1.4]*† 1.3 [1.2-1.4]
LDL cholesterol, mmol/L 3.0 [2.7-3.3] 3.0 [2.7-3.4] 2.8 [2.5-3.1] 2.9 [2.6-3.3]
Renin, pg/mL 44.0 [17.1-113.1] 48.6 [18.8-125.5] 60.3 [23.4-155.7]*† 62.7 [24.2-162.4]*†
Urine
Creatinine, mmol/24h 15.5 [14.2-16.9] 15.0 [13.8-16.3] 14.6 [13.3-15.8] 15.2 [14.1-16.4]
Sodium, mmol/24h 187 [164-210] 183 [163-202] 105 [88-123]*† 112 [96-129]*†
Urea, mmol/24h 446 [402-490] 427 [383-471] 401 [359-443]* 422 [382-462]
Potassium, mmol/24h 85 [76-94] 84 [75-93] 86 [76-97] 88 [77-98]
Calcium, mmol/24h 3.2 [2.5-3.8] 5.1 [4.1-6.1]* 2.6 [1.8-3.4]† 4.5 [3.6-5.5]*‡
Phosphate, mmol/24h 33.8 [30.6-36.9] 33.9 [29.9-37.9] 32.6 [27.4-37.9] 32.0 [28.8-35.2]
Albuminuria, mg/24h 1,177 [715-1,939] 1,082 [666-1,756] 804 [489-1,321]*† 690 [417-1,143]*†‡
Proteinuria, g/24h 1.5 [1.1-2.1] 1.4 [1.0-1.9] 1.1 [0.8-1.5]*† 1.0 [0.7-1.3]*†
Albumin/creatinine ratio 77 [54-109] 74 [52-103] 57 [40-81]*† 46 [32-67]*†‡
Creatinine clearance, mL/min 105 [88-121] 98 [85-111] 97 [83-110] 93 [81-104]*
Other
Systolic blood pressure, mmHg 129 [125-134] 125 [120-129]* 120 [116-125]*† 121 [116-125]*
Diastolic blood pressure, mmHg 79 [76-82] 77 [73-81] 74 [70-77]*† 74 [70-77]*
Mean arterial pressure, mmHg 96 [92-99] 93 [89-97]* 89 [86-93]*† 90 [86-93]*
Heart rate, bpm 65 [61-69] 66 [62-70] 66 [62-70] 64 [60-68]†‡
Body weight, kg 95 [89-101] 95 [89-100] 93 [87-98]*† 93 [87-98]*†
Data are presented as estimated mean [95% CI] or estimated geometric mean [95% CI] for normally or skewed distributed data, respectively. 
P value shows treatment effect by linear mixed modelling with centre, treatment, sequence and the interaction treatment*sequence as fixed 
factors.
*P< 0.05 versus placebo on regular sodium diet
†P<0.05 versus paricalcitol on regular sodium diet
‡P<0.05 versus placebo on sodium restriction diet
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