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A B S T R A C T   

Background and aims: In hemodialysis patients, monitoring 25-hydroxyvitamin D (25(OH)D) levels is recom-
mended. It is however unclear if monitoring 1,25-dihydroxyvitamin D (1,25(OH)2D) levels is interesting. 
Materials and methods: We repeatedly measured 1,25(OH)2D (DiaSorin Liaison analyser) and 25(OH)D (LCMS/ 
MS) concentrations in patients newly treated by active or native vitamin D to study the impact of such treatments 
on serum concentrations. 
Results: Ten patients were included in the native and 12 in the active vitamin D group. In the native group, a 
significant increase was observed between the baseline and the last 25(OH)D concentrations available (21.65 
[17.39;25.26] versus 33.49[28.60;40.30] ng/mL, p = 0.0059). The baseline and last available 1,25(OH)2D 
concentrations were not different (12.15[4.25;15.40] versus 11.35[9.72;21.85] pg/mL, p = 0.5566). In the active 
group, no difference was observed between the baseline and the last 25(OH)D concentrations (51.70 
[42.97;63.95] versus 50.89[42.02;64.49] ng/mL, p = 0.5186). The same observation was made for 1,25 (OH)2D 
concentrations (25.65[17.05;41.85] versus 28.70[23.36;43.73] pg/mL, p = 0.6221). Using a linear mixed model, 
a significant change over time was only observed in 25(OH)D serum levels for patients treated by with native 
vitamin D. 
Conclusion: Measuring 1,25(OH)2D levels in patients newly treated by active vitamin D does not seem useful in 
monitoring active vitamin D therapy.   

1. Introduction 

Both native (nutritional) and active vitamin D therapies are largely 
prescribed in hemodialysis patients to improve bone health and/or to 
prevent or treat hyperparathyroidism [1–4]. In hemodialysis patients, 
the international KDIGO (for “Kidney Disease Improving Global Out-
comes”) guidelines recommend to monitor 25-hydroxyvitamin D (25 
(OH)D) levels, even if the level of evidence is not high: “In patients with 
chronic kidney disease, we suggest that 25(OH)D levels might be 

measured, and repeated testing determined by baseline values and 
therapeutic interventions (2C).”[1]. Active vitamin D therapy should be 
prescribed to control hyperparathyroidism in hemodialysis patients 
[1,3]. However, there are no recommendations about the interest of 
monitoring 1,25-dihydroxyvitamin D (1,25(OH)2D) levels in this 
context. Even if 1,25(OH)2D concentrations are frequently measured in 
studies in hemodialysis [5,6], it is still unknown if such a measurement 
makes sense to guide therapy with active vitamin D, especially with 
calcitriol or alphacalcidol. In the current analysis, we repeatedly 
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measured both 1,25(OH)2D and 25(OH)D concentrations in patients 
newly treated by calcitriol or cholecalciferol to study the impact of such 
treatments on 1,25(OH)2D and 25(OH)D concentrations. If the impact of 
native vitamin D on 25(OH)D concentrations is well illustrated in the 
literature, our main goal was to study the impact of active vitamin D on 
1,25(OH)2D. 

2. Material and methods 

2.1. Patients 

From two different hemodialysis centers (Centre Hospitalier Uni-
versitaire du Sart Tilman, Centre Hospitalier Regional de La Citadelle, 
Liège, Belgium), we included adult patients newly treated by cholecal-
ciferol or calcitriol (or alphacalcidol). The indication and the choice of 
therapy were not the goal of the current study. Indication of starting 
therapy, initial drug dosage and potential adaptations were left to the 
discretion of the usual practitioners. Patients were excluded if they had 
the following characteristics: dialysis vintage less than one month, mean 
phosphate levels (i.e. mean of the last three results) > 2.1 mmol/L, mean 

calcium levels (i.e. mean of the last three results) > 2.57 mmol/L, lack of 
adherence, absence of contraception by women of childbearing age, 
pregnancy, hepatic failure, sarcoidosis, active tuberculosis disease and 
bowel inflammatory disease. 

Calcitriol (or alphacalcidol) is mainly prescribed in patients with 
hyperparathyroidism or severe hypocalcemia, and most of them were 
thus already treated with native vitamin D. Vitamin D analogs are not 
available in Belgium. At the opposite, prescription of native vitamin D 
was dependent on 25(OH)D concentrations, and thus no patient newly 
treated by native vitamin D was already treated by active vitamin D. 

The goal of our study was to test the impact of cholecalciferol or 
calcitriol treatments on serum 1,25(OH)2D and 25(OH)D concentra-
tions. Both 1,25(OH)2D and 25(OH)D levels were measured at each 
dialysis session (thrice a week) in the first four weeks of treatment, then 
once a week (the first dialysis session of the week) from week 5 to week 
16, then once every 4 weeks (from week 16 to week 28). Each patient 
should thus theoretically have 1,25(OH)2D and 25(OH)D levels 
measured 28 times over a 28-week period. A first measurement (base-
line) was obtained before starting the treatment with vitamin D. 

Human subjects’ procedures were in accordance with the ethical 

Table 1 
Clinical, biological and dialysis-related characteristics of the population.   

Native vitamin D Active vitamin D P values All 

n ¼ 10 n ¼ 12   

Clinical parameters     
Age (years) 74.5 [65;82] 69.5 [52;75.5] NS 71.5 [60.0;79.0] 
Sex Ratio (% female) 30 % 30 % NS 30 % 
Ethnicity n (% of non-White) 0 (0) 2 (17) NS 2 (9) 
Dry weight (kg) 79 [64;87] 

N = 9 
70 [60;76]  NS 71 [63;83] 

N = 21 
Main diagnosis n (%) 

Glomerulonephritis 
Diabetes and/or Hypertension 
Polycystic disease 
Other  

1 (10) 
8 (80) 
1 (10) 
0 (0)  

2 (17) 
2 (17) 
2 (17) 
6 (50)  

NS 
0.0039 
NS 
0.0104   

3 (14) 
10 (45) 
3 (14) 
6 (27) 

Cardiovascular profile n (%) 
Diabetes 
Hypertension 
Tabagism 
Dyslipemia 
History of vascular disease  

4 (40) 
9 (90) 
3 (30) 
5 (50) 
6 (60)  

1 (8) 
9 (75) 
2 (17) 
7 (58) 
6 (50)  

NS 
NS 
NS 
NS 
NS  

5 (23) 
18 (82) 
5 (23) 
12 (55) 
12 (55) 

Biological parameters     
Baseline 25-hydroxyvitamin D (ng/mL) 16.77 [10.38;23.57] 51.70 [43.45;63.13] p = 0.0004 40.38 [18.57;55.10] 
Baseline 1,25-dihydroxyvitamin D (pg/mL) 12.15 [4.25;15.40] 25.65 [17.05;41.85] p = 0.0034 17.05 [12.50;27.10] 
Baseline parathormone (pg/mL) 

Median [P25-P75] 
235 [214–334] 
(n = 9) 

327 [240–425] NS 313 
[214;408] 

Baseline hemoglobin (g/L) 10.9 [10.6;11.4] 11.3 [10.6;11.5] NS 11.0 [10.6;11.4] 
Baseline calcium (mmol/L) 2.09 [2.00;2.19] 2.12 

[1.98;2.28] 
NS 2.11 [1.99;2.25] 

Baseline phosphate 
(mmol/L) 

1.55 [1.22;1.93] 1.78 [1.05;1.37] NS 1.55 [1.22;1.93] 

Baseline albumin (g/L) 38 
[32;39] 

40 
[38;42] 

NS 39 
[36;41] 

Therapeutic parameters 
(before inclusion)     

Treatment with calcium-based chelators (%) 6 (60) 9 (75) NS 15 (68) 
Treatment with non-calcium-based chelators (%) 2 (20) 7 (58) NS 9 (41) 
Treatment by cinacalcet (%) 1 (10) 1 (8.3) NS 2 (9) 
Treatment by active vitamin D 

n (%) 
0 0 NS 0 (0) 

Treatment by native vitamin D n (%) 0 11 (92) <0.0001 11 (50) 
Dialysis parameters     
Dialysate Calcium 1.25 or 1.5  2 vs 8 10 vs 2 0.0039 12 vs 10 

High Flux or low flux membrane 9 vs 1 9 vs 3 NS 18 vs 4 
Catheter or fistula 4 vs 6 8 vs 4 NS 12 vs 10 
Hemodialysis or hemodiafiltration 9 vs 1 9 vs 3 NS 18 vs 4 
Dialysis vintage 

(months) 
9 [1;26] 26 [12;51] NS 19 [7;46] 

Dialysis time per week 
(minutes) 

240 [210;240] 240 [240;240] NS 240 [229;240]  
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standards of the Helsinki Declaration of 1975. Our study has been 
approved by the Ethic Committee of Liège University Hospital and it is 
registered with a Belgian clinical trial number (B707201317596). All 
patients provided written informed consent before entering the study. 

2.2. Analytical methods 

Routine chemistry analytes (calcium, phosphate, albumin, pre- 
albumin and bicarbonates) as well as haemoglobin were measured 
locally, but with the same analytical methods. Parathormone, 1,25 
(OH)2D and 25(OH)D measurements were all centralized in the Clinical 
Chemistry Department of CHU Sart Tilman, accredited against the ISO 
15189. Samples were stored at − 80 ◦C until determination by batches. 
Third generation (1–84) parathormone and 1,25(OH)2D [7] were 
measured on the DiaSorin Liaison analyser, with coefficients of variation 
(CV) < 8 %. 25(OH)D was determined with a validated LCMS/MS [8]. 
The method presented a CV < 5 %. 

2.3. Statistical methods 

Most data were not normally distributed (Shapiro-Wilk test) and 
variables were thus expressed as median with interquartile range [IQR]. 
A Mann-Whitney test was used for comparison of variables between 
groups. First, we simply compared, in the two groups, the baseline 1,25 
(OH)2D and 25(OH)D concentrations with the last concentrations 
available with a Wilcoxon test. Then, to account for the intra-individual 
correlation of longitudinal data, linear mixed models were fitted to 
assess the changes of 25(OH)D and 1,25(OH)2D over time, with time 
defined as fixed variable and individuals as random effect. Missing data 
were imputed using linear interpolation. Statistical analyses were per-
formed with R 4.2.0 (R foundation for statistical analysis, Vienna, 
Austria). 

3. Results 

Ten hemodialysis patients were included in the native vitamin D arm 
and 12 in the active vitamin D arm. Patients characteristics (clinical, 
biological and dialysis parameters) are described in Table 1. In each 

group, there was 30 % of women and median age was similar. Most 
characteristics were not different between the two groups, keeping in 
mind that the measurement of the intraindividual variation of 1,25 
(OH)2D and 25(OH)D concentrations associated with newly prescribed 
vitamin D therapies was the goal of the study. 

As expected by protocol (11 patients in the active group were already 
treated by native vitamin D at inclusion), the median 25(OH)D con-
centration at baseline was significantly higher in the group newly 
treated by active vitamin D compared to patients newly treated by 
native vitamin D. In the group previously treated by native vitamin D, 
the median 1,25(OH)2D concentration at baseline was also significantly 
higher (Table 1). 

During the follow-up, there were 25 (8.1 %) lacking values for 1,25 
(OH)2D concentration and 25 (8.1 %) values for 25(OH)D in the active 
vitamin D arm. In this group, one patient died after week 20. In the 
native vitamin D arm, there were 28 (9.1 %) lacking values for 1,25 
(OH)2D concentration and 28 (9.1 %) values for 25(OH)D. In this group, 
two patients deceased at week 5 and 13. 

Among patients newly treated by native vitamin D, seven were 
treated by cholecalciferol 25,000 U once a week and three by 25,000 U 
once every-two weeks (mean weekly dose of 12,250 U). This dosage 
remained constant during the follow-up. Among patients treated by 
active vitamin D, five patients were treated by calcitriol 0.5 µg thrice a 
week (taken at the end of the dialysis session), one patient got calcitriol 
0.25 µg thrice a week, two patients got calcitriol 0.25 µg once a day, two 
patients got alphacalcidol 0.25 µg once a day, and two patients received 
alphacalcidol 1 µg thrice a week (after dialysis session) (mean weekly 
dose of 1.58 µg). Among these patients, one subject stopped his treat-
ment at week 24, and two got a larger dose (doubled) at week 11 and 16. 
The treatment dosage was not modified in all other subjects. 

In the group of patients newly treated by native vitamin D, a sig-
nificant increase was observed between the baseline 25(OH)D concen-
tration and the last 25(OH)D concentration available in each patient 
(21.65 [17.39;25.26] versus 33.49 [28.60;40.30] ng/mL, p = 0.0059). In 
the same group, the median baseline 1,25(OH)2D concentration and the 
median last 1,25(OH)2D concentration available were not different 
(12.15 [4.25;15.40] versus 11.35 [9.72;21.85] pg/mL, p = 0.5566). In 
the group of patients newly treated by active vitamin D, no difference 

Fig. 1. Comparison of 25-hydroxyvitamin D (left) and 1,25-dihydroxyvitamin D (right) concentrations between baseline values and last results available in patients 
newly treated by native (upper) and active vitamin D (lower). 
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was observed between the baseline 25(OH)D concentration and the last 
25(OH)D concentration available in each patient (51.70 [42.97;63.95] 
versus 50.89 [42.02;64.49] ng/mL, p = 0.5186). In the same group, the 
median baseline 1,25 (OH)2D concentration and the median last 1,25 
(OH)2D concentration available were not different (25.65 [17.05;41.85] 
versus 28.70 [23.36;43.73] pg/mL, p = 0.6221). These results are shown 
in Fig. 1. 

Then, we assessed the changes of 25(OH)D and 1,25(OH)2D using a 
linear mixed model. In patients treated with active vitamin D, neither 
the serum levels of 25(OH)D nor 1,25(OH)2D were significantly 
changing over the time (p 0.97 and 0.27 respectively). In patients 
treated with native vitamin D, there was no significant change over time 
in the 1,25(OH)2D serum level (p = 0.99), in contrast, 25(OH)D serum 
level significantly increased over time, with a slope of 0.06 ng/ml per 
day (p = 0.003) (Table 2). Graphically, we noticed on the scatter plot 
two distinct periods in the evolution of serum levels of 25(OH)D over 
time (Fig. 2). The optimal cut-off was got after 30 days, with a slope of 
0.22 ng/ml per day (p = 0.001) in the first 30 days of treatment with 
native vitamin D, and no further significant change after the 30th day of 
treatment (slope 0.01, p = 0.185) (Fig. 3). 

4. Discussion 

Hemodialysis patients are prone to 25(OH)D and 1,25(OH)2D de-
ficiencies, which themselves will enhance the development of secondary 
hyperparathyroidism. Such deficiency is also associated with a higher 
risk of mortality [3–5,9,10]. In hemodialysis patients, KDIGO guidelines 

suggest that 25(OH)D levels might be measured, and repeated testing 
determined by baseline values and therapeutic interventions but there is 
no recommendation for measurement of 1,25(OH)2D [1]. In the current 
analysis with repeated measurements, we confirmed that a treatment 
with native vitamin D will, as expected, lead to a significant increase in 
25(OH)D levels [2,10,11]. With a very close monitoring (measurement 
at every dialysis session), we can show that 25(OH) levels rise after the 
first month of therapy to reach a plateau thereafter, at least when 
cholecalciferol was given at 25,000 once a week or every-two weeks. 
Our methodology did not allow us to know if this drug dosage was 
sufficient in every patient to reach the target level and/or to control 
hyperparathyroidism. Interestingly, we did not confirm data from other 
authors who suggested that native vitamin D treatment in hemodialysis 
patients was associated with a significant increase in 1,25(OH)2D serum 
level [4,10,12–15]. On the other hand, even if our sample is too low to 
draw conclusions, the baseline 1,25(OH)2D concentrations in patients 

Table 2 
Slopes over time in the different linear mixed models.  

Treatment Variable Slope over time (Change per day) p-value 

Active 25(OH) vitamin D − 1.3.10-3 ng/ml per day  0.97 
Active 1,25(OH)2 vitamin D 0.02 pg/ml per day  0.27 
Native 25(OH) vitamin D 0.06 ng/ml per day  0.003* 
Native 1,25(OH)2 vitamin D 5.1.10-5 pg/ml per day  0.99  

Fig. 2. Scatter plot and linear regression modeling the evolution of serum levels of: A. 25(OH) vitamin D in the group of patients treated with native vitamin D. B. 
1,25(OH)2 vitamin D in the group of patients treated with native vitamin D. C. 25(OH) vitamin D in the group of patients treated with active vitamin D. D. 1,25(OH)2 
vitamin D in the group of patients treated with active vitamin D. 

Fig. 3. Evolution of serum levels of 25(OH) vitamin D in the group of patients 
treated with native vitamin, and linear regression modeling prior to 30 days of 
treatment and after 30 days of treatment. 
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already treated by native vitamin D were higher than in patients non- 
treated by this therapy. In our study, it might be hypothesized that the 
dosage and/or duration of native vitamin D treatment was not high 
enough to induce a significant increase in 1,25(OH)2D concentrations 
after native vitamin D therapy. 

As confirmed by our results, we did not expect an effect of calcitriol 
or alfacacalcidol on the 25(OH)D levels. More interestingly, we have 
also shown that treatment with such therapies was not accompanied 
with significant increases in 1,25(OH)2D serum level. So, monitoring 
1,25(OH)2D serum level in hemodialysis patients treated by active 
vitamin D is useless. The main explanation is probably the very short 
half-time of these drugs. Some authors have also argued that 1,25 
(OH)2D was acting by an autocrine or paracrine mode with a possible 
local action, not well reflected by blood concentrations [10]. Regarding 
this absence of effect, we must emphasize that the methods used in this 
study to measure 25(OH)D and, and still more, 1,25(OH)2D present a 
high sensitivity and should thus be able to quantify a significant increase 
in the concentration of both metabolites. 

Our study must be analyzed in the light of its limitations. First, the 
sample size in each treatment arm was limited. Yet, we must emphasize 
that we focused on intra-individual variations in each arm. The differ-
ences in clinical characteristics between the two arms are however 
small, and more importantly not relevant regarding the goal of our 
research. Moreover, even if the number of patients was limited, samples 
and measurements were closely repeated, meaning that 25(OH)D and 
1,25(OH)2D levels were determined 28 times each in every patient with 
a low rate of missing values. Second, the follow-up was relatively short 
(28 weeks). As already evoked, it is possible that some effects of treat-
ment could impact 25(OH)D or 1,25(OH)2D levels after a longer period. 
In the same view, we were not able to study the potential effect of 
seasonal variations of 25(OH)D. Third, the absence of any effect of 
calcitriol or alfacalcidol on 1,25(OH)2D levels we observed could be 
different with larger, longer, and/or more frequent dosage. 

5. Conclusions 

We confirmed that monitoring 25(OH)D is a good practice in he-
modialysis patients newly treated by native vitamin D. At the opposite, 
measuring 1,25(OH)2D levels in patients newly treated by active 
vitamin D does not seem useful in monitoring active vitamin D therapy, 
at least during the first 28 weeks of treatment. These results should be 
confirmed in a larger population. 
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