
Supplemental table 1. Baseline characteristics after matching with haemodialysis patients 1 

only 2 

NHD: nocturnal haemodialysis; HD: haemodialysis; BMI: body mass index; ESRD: end-stage renal disease; CRP: 3 

C-reactive protein; Hb: haemoglobin; ESA: erythropoiesis-stimulating agent; DDD: defined daily dose; GFR: 4 

glomerular filtration rate, mean of urea/creatinine clearance, 0 when residual diuresis < 100ml/24h. Means ±SD, 5 

medians (IQR) or proportions are reported where appropriate. 6 

 NHD (n=84)* HD (n=84)* 
Standardized 
mean difference 

Demographics    

Age (yr) 57.3 ±12.9 57.1 ±15.0 0.01 
Male (%) 67 66 0.02 
Height (cm)  172.7 ±11.8 170.4 ±9.5 0.21 
BMI (kg/m

2
) 25.8 ±5.4 25.7 ±4.9 0.01 

Medical history    

Dialysis vintage (yr) 2.3 (0.8–4.8) 2.3 (1.2–4.5) < 0.01 
Cause of ESRD (%) 
    Glomerulonephritis 
    Interstitial nephritis 
    Cystic kidney disease 
    Congenital, other 
    Renovascular 
    Diabetes mellitus 
    Multi system disease 
    Other 
    Unknown 
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Current smoker (%) 21 21 0.01 
Comorbidities (%)  
    Diabetes mellitus  
     Cardiovascular disease 

 
20 
32 

 
19 
32 

 
0.02 
0.02 

Active transplant waitlist status (%) 31 31 0.01 

Phosphate control    

Phosphate (mmol/l) 1.70 ±0.51 1.69 ±0.52 0.02 
Different phosphate binding agents 1.41 ±0.70 1.42 ±0.64 0.02 
Vitamin D usage (%) 84 73 0.28 

Hypertension control    

Systolic blood pressure (mmHg) 143.5 ±22.7 144.8 ±21.0 0.06 
Diastolic blood pressure (mmHg) 79.1 ±13.5 79.5 ±11.7 0.03 
Different antihypertensive agents 1.20 ±1.14 1.19 ±0.95 0.01 

Nutritional status / inflammation   

Post-dialysis weight (kg) 76.6 ±15.9 74.8 ±15.1 0.12 
Creatinine (µmol/l) 854 ±264 956 ±260 0.39 
Albumin (g/l) 40.6 ±3.0 40.7 ±3.7 0.03 
CRP (mg/l) 5.0 (2.3–13.1) 4.1 (1.4–10.1) 0.01 
Cholesterol (mmol/l) 3.8 ±1.0 3.8 ±1.1 0.03 

Anaemia control    

Hb (mmol/l) 7.1 ±0.8 7.4 ±0.7 0.32 
ESA dose (DDD) 8.3 (4.4–13.3) 6.7 (4.4–13.3) 0.07 
ESA resistance index 
(DDD/Hb/kg/week) 0.02 (0.01–0.03) 0.01 (0.01–0.02) 0.02 
Ferritin (µg/L) 226 (110–485) 320 (170–592) 0.24 
Transferrin saturation (%)** 13 (8–26) 26 (19–32) 0.48 
Use of iron supplementation (%) 85 84 0.02 

Dialysis treatment parameters and residual kidney function   

Residual diuresis > 100ml/24h (%) 48 49 0.02 
Residual GFR (ml/min) 0.0 (0.0–4.6) 0.0 (0.0–2.4) 0.27 
Central venous catheter (%) 4 4 0.02 
Weekly dialysis sessions 3.0 ±0.7 3.0 ±0.1 0.03 
Weekly dialysis hours 11.6 ±2.2 11.6 ±1.1 0.03 



* median 168 (IQR 166–172) matched cases per dataset.   7 



Supplemental table 2. Baseline characteristics after matching with haemodiafiltration 8 

patients only 9 

NHD: nocturnal haemodialysis; HDF: haemodiafiltration; BMI: body mass index; ESRD: end-stage renal disease; 10 

CRP: C-reactive protein; Hb: haemoglobin; ESA: erythropoiesis-stimulating agent; DDD: defined daily dose; GFR: 11 

glomerular filtration rate, mean of urea/creatinine clearance, 0 when residual diuresis < 100ml/24h. Means ±SD, 12 

medians (IQR) or proportions are reported where appropriate. 13 

 NHD (n=84)* HDF (n=84)* 
Standardized 
mean difference 

Demographics    

Age (yr) 58.8 ±11.3 57.7 ±14.8 0.08 
Male (%) 66 65 0.01 
Height (cm)  173.3 ±11.4 170.7 ±10.4 0.23 
BMI (kg/m

2
) 25.7 ±5.1 25.7 ±4.6 0.01 

Medical history    

Dialysis vintage (yr) 2.3 (0.8–4.8) 1.9 (1.0–3.8) 0.06 
Cause of ESRD (%) 
    Glomerulonephritis 
    Interstitial nephritis 
    Cystic kidney disease 
    Congenital, other 
    Renovascular 
    Diabetes mellitus 
    Multi system disease 
    Other 
    Unknown 
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Current smoker (%) 20 19 0.02 
Comorbidities (%)  
    Diabetes mellitus  
     Cardiovascular disease 

 
22 
34 

 
24 
33 

 
0.05 
0.03 

Active transplant waitlist status (%) 29 31 0.04 

Phosphate control    

Phosphate (mmol/l) 1.70 ±0.51 1.72 ±0.55 0.02 
Different phosphate binding agents 1.39 ±0.75 1.39 ±0.63 < 0.01 
Vitamin D usage (%) 85 61 0.56 

Hypertension control    

Systolic blood pressure (mmHg) 142.5 ±22.0 144.6 ±21.4 0.10 
Diastolic blood pressure (mmHg) 78.4 ±13.3 79.3 ±12.4 0.07 
Different antihypertensive agents 1.29 ±1.22 1.16 ±0.94 0.11 

Nutritional status / inflammation   

Post-dialysis weight (kg) 76.9 ±15.0 74.8 ±14.6 0.15 
Creatinine (µmol/l) 858 ±263 918 ±264 0.23 
Albumin (g/l) 40.5 ±3.0 40.5 ±3.6 0.02 
CRP (mg/l) 5.0 (2.3–13.1) 4.0 (1.6–10.4) 0.04 
Cholesterol (mmol/l) 3.8 ±1.0 3.8 ±0.9 0.01 

Anaemia control    

Hb (mmol/l) 7.1 ±0.8 7.4 ±0.8 0.37 
ESA dose (DDD) 8.0 (4.4–13.3) 8.0 (3.3–13.3) < 0.01 
ESA resistance index 
(DDD/Hb/kg/week) 

0.01 (0.01–0.03) 0.01 (0.01–0.03) 0.02 

Ferritin (µg/L) 226 (110–478) 266 (160–553) 0.21 
Transferrin saturation (%)** 13 (8–26) 24 (19–31) 0.46 
Use of iron supplementation (%) 87 88 0.05 

Dialysis treatment parameters and residual kidney function   

Residual diuresis > 100ml/24h (%) 48 51 0.06 
Residual GFR (ml/min) 0.0 (0.0–4.6) 0.3 (0.0–2.8) 0.18 
Central venous catheter (%) 3 3 0.03 
Weekly dialysis sessions 3.0 ±0.7 3.0 ±0.1 0.01 
Weekly dialysis hours 11.7 ±2.3 11.6 ±1.1 0.07 



*median 168 (IQR 164–170) matched cases per dataset.   14 



Supplemental table 3. Effect estimates in the matched nocturnal haemodialysis (NHD) and haemodialysis (HD) cohorts, and difference 

between the matched NHD and HD cohorts (CRP 36 months, ESA resistance index 12 months, all other outcomes 48 months) 

 

 

 

 

 

 

 

 

 

Effect estimates are presented with 95% confidence intervals 

CRP: C-reactive protein; ESA: erythropoiesis-stimulating agent 

*CRP and ESA resistance were modelled with a gamma distributed log link function. Hence, the (exponentiated) coefficients should be interpreted multiplicatively, i.e. as a ratio. 

  

 NHD  
 

HD 
 

NHD vs HD  

Hypertension control ∆ p ∆ p p 

Systolic blood pressure (∆ mmHg) 0.67 (-1.92; 3.26) 0.61 -1.08 (-3.49; 1.33) 0.38 0.33 

Diastolic blood pressure (∆ mmHg) -0.67 (-2.08; 0.74) 0.35 -0.85 (-1.95; 0.25) 0.13 0.84 

Different antihypertensive agents 
    (odds ratio < 2 types) 

2.80 (0.97; 8.02) 0.06 1.15 (0.67; 1.97) 0.61 0.14 

Phosphate control ∆ p ∆ p p 

Phosphate (∆ mmol/l) -0.03 (-0.09; 0.02) 0.26 -0.02 (-0.06; 0.03) 0.45 0.66 

Different phosphate binding agents  
    (odds ratio < 2 types) 

1.73 (1.01; 2.98) 0.05 1.03 (0.76; 1.40) 0.85 0.09 

Nutritional status / inflammation ∆ p ∆ p p 

Albumin (∆ g/l) 0.30 (-0.15; 0.74) 0.19 -0.49 (-0.86; -0.13) 0.01 0.01 

CRP (ratio*) 0.98 (0.91; 1.06) 0.62 1.09 (0.95; 1.25) 0.21 0.21 

Post-dialysis weight (∆ kg) 0.19 (-0.74; 1.13) 0.69 -0.38 (-1.16; 0.40) 0.34 0.34 

Anaemia control ∆ p ∆ p p 

ESA resistance index (ratio*) 0.79 (0.64; 0.97) 0.03 1.25 (1.04; 1.50) 0.02 < 0.01 



Supplemental table 4. Effect estimates in the matched nocturnal haemodialysis (NHD) and haemodiafiltration (HDF) cohorts, and difference 

between the matched NHD and HDF cohorts (CRP 36 months, ESA resistance index 12 months, all other outcomes 48 months) 

 
 
 
 
 
 

 

 

 

 

 

 

 

Effect estimates are presented with 95% confidence intervals 

CRP: C-reactive protein; ESA: erythropoiesis-stimulating agent 

*CRP and ESA resistance were modelled with a gamma distributed log link function. Hence, the (exponentiated) coefficients should be interpreted multiplicatively, i.e. as a ratio. 

  

 NHD   HDF  NHD vs HDF  

Hypertension control ∆ p ∆ p p 

Systolic blood pressure (∆ mmHg) 1.09 (-1.69; 3.86) 0.59 -1.99 (-4.10; 0.12) 0.07 0.09 

Diastolic blood pressure (∆ mmHg) -0.65 (-2.16; 0.86) 0.40 -1.70 (-2.81; -0.59) < 0.01 0.26 

Different antihypertensive agents  
    (odds ratio < 2 types) 

2.36 (1.03; 5.42) 0.04 1.10 (0.57; 2.10) 0.78 0.11 

Phosphate control ∆ p ∆ p p 

Phosphate (∆ mmol/l) -0.03 (-0.09; 0.03) 0.31 -0.01 (-0.05; 0.04) 0.82 0.51 

Different phosphate binding agents  
    (odds ratio < 2 types) 

1.79 (1.02; 3.12) 0.04 1.23 (0.84; 1.81) 0.29 0.29 

Nutritional status / inflammation ∆ p ∆ p p 

Albumin (∆ g/l) 0.29 (-0.23; 0.80) 0.28 -0.46 (-0.90; -0.02) 0.04 0.03 

CRP (ratio*) 1.00 (0.92; 1.08)  0.94 1.02 (0.91; 1.15) 0.80 0.80 

Post-dialysis weight (∆ kg) 0.07 (-0.87; 1.01) 0.89 -0.08 (-0.90; 0.74) 0.85 0.82 

Anaemia control ∆ p ∆ p p 

ESA resistance index (ratio*) 0.80 (0.65; 0.97) 0.03 1.25 (1.03; 1.52) 0.02 < 0.01 



Supplemental table 5. Effect estimates per year in the propensity score matched nocturnal haemodialysis (NHD) and 

haemodialysis/haemodiafiltration (HD/HDF) cohorts, and difference between the propensity score matched NHD and HD/HDF cohorts (CRP 36 

months, ESA resistance index 12 months, all other outcomes 48 months), adjusted for cause of end-stage renal disease**.  

 
 

 

 

 

 

 

 

 

     

Effect estimates are presented with 95% confidence intervals 

CRP: C-reactive protein; ESA: erythropoiesis-stimulating agent 

*CRP and ESA resistance were modelled with a gamma distributed log link function. Hence, the (exponentiated) coefficients should be interpreted multiplicatively, i.e. 

as a ratio. 

 NHD 
 

HD/HDF 
 

NHD vs HD/HDF 

Hypertension control ∆ p ∆ p p 

Systolic blood pressure (∆ mmHg) 0.54 (-1.81; 2.90) 0.65 -1.09 (-3.14; 0.95) 0.30 0.31 

Diastolic blood pressure (∆ mmHg) -0.74 (-1.96; 0.48) 0.24 -1.04 (-2.03; -0.06) 0.04 0.71 

Different antihypertensive agents 
    (odds ratio < 2 types) 

2.30 (1.15; 4.58) 0.02 0.94 (0.53; 1.67) 0.84 0.08 

Phosphate control ∆ p ∆ p p 

Phosphate (∆ mmol/l) -0.04 (-0.09; 0.02) 0.20 0.00 (-0.05; 0.05) 0.94 0.31 

Different phosphate binding agents 
    (odds ratio < 2 types) 

1.85 (1.13; 3.04) 0.02 0.98 (0.66; 1.46) 0.93 0.08 

Nutritional status / inflammation ∆ p ∆ p p 

Albumin (∆ g/l) 0.29 (-0.14; 0.73) 0.19 -0.45 (-0.85; 0.06) 0.03 0.01 

CRP (ratio*) 0.97 (0.90; 1.05) 0.51 1.02 (0.91; 1.14) 0.77 0.55 

Post-dialysis weight (∆ kg) 0.09 (-0.74; 0.93) 0.83 -0.14 (-0.89; 0.61) 0.71 0.68 

Anaemia control ∆ p ∆ p p 

ESA resistance index (ratio*) 0.76 (0.63; 0.92) < 0.01 1.22 (1.00; 1.48) 0.05 < 0.001 



**Hazard ratio for mortality in the NHD cohort adjusted for cause of end-stage renal disease: 0.65 (95% CI 0.28; 1.53, p = 0.33). 

  



Variables used in the propensity score model:  

The following covariates were used in the propensity score model: age, sex, dialysis vintage, active transplant waitlist status, residual diuresis, 

history of cardiovascular disease, diabetes, smoking status, body mass index, blood pressure, number of antihypertensive agents, phosphate, 

number of phosphate binding agents, cholesterol, albumin, CRP, use of iron supplementation, ESA resistance, weekly dialysis hours, and 

central venous catheter as vascular access. 



Complete (unmatched) NHD cohort from switch to follow-up 

In the complete NHD cohort (n = 159), the 4-year course of clinical parameters was similar to the matched NHD cohort (n = 100). Improvements 

in two parameters in the complete cohort exceeded the matched cohort: phosphate decreased significantly (-0.05 [95% CI -0.08; -0.03] mmol / 

year, p < 0.01 and albumin increased significantly (0.35 [95% CI 0.16; 0.54] g/l/year, p < 0.01) compared with baseline, whereas they were not 

significantly different from baseline when the patients who could not be matched were left out. 

  



Data on iron storage parameters, iron doses and residual function: 

Ferritin levels were median 226 (IQR 112–437) and 316 (IQR 182–604) µg/L in the NHD and HD/HDF cohorts at baseline, respectively. In the 

NHD cohort, ferritin levels increased significantly over time (ratio per year 1.23, 95% CI 1.12; 1.34, p < 0.001), while they did not change 

significantly in the HD/HDF cohort (ratio per year 0.99, 95% CI 0.93; 1.06, p = 0.81). The increase in the NHD cohort was significantly different 

from the HD/HDF cohort (ratio of difference per year 1.24, 95% CI 1.11; 1.38, p < 0.001, supplemental figure 1). Transferrin saturation levels 

were mean 20 ±16 (median 13, IQR 8–25) and 28 ±13 (median 25, IQR 18–31) % in the NHD and HD/HDF cohorts at baseline, respectively. In 

both the NHD cohort (-0.28%/year, 95% CI -2.17; 1.60) and HD/HDF cohort (-0.77%/year, 95% CI -1.92; 0.38) transferrin saturation did not 

change significantly over time. There was no significant difference in change over time between the groups (difference 0.48%/year, 95% CI -

1.73; 2.70, p = 0.67, supplemental figure 2).  

Iron doses in the matched NHD cohort were median 50 (IQR 25–100) mg/week at baseline, 50 (IQR 25–100) at 12 months, 50 (IQR 33–50) at 

24 months, 50 (IQR 33–50) at 36 months and 50 (IQR 25–100) at 48 months.  

As a post-hoc analysis, we adjusted for ferritin levels in the analysis of ESA resistance; the associations between NHD and ESA resistance over 

time remained numerically similar. ESA resistance tended to increase in the HD/HDF cohort (ratio per year 1.20, 95% CI 0.96; 1.49, p = 0.11), 

and decreased significantly in the NHD cohort (ratio per year 0.69, 95% CI 0.55; 0.87, p < 0.01). This difference was significant (ratio per year 

0.58, 95% CI 0.41; 0.81, p < 0.01). 



Residual urine production was present (≥100 mL/24h) in 49% of the (matched) NHD cohort at baseline, and in 25% at 12 months, 20% at 24 

months, 20% at 36 months and 9% at 48 months. This was similar to the complete NHD cohort (45% at baseline, 26% at 12 months, 23% at 24 

months, 9% at 48 months). 

  



 

Supplemental Figure 1. Ferritin levels in 

nocturnal haemodialysis versus 

haemodialysis/haemodiafiltration.  

Ferritin (µg/L) in propensity score matched 

nocturnal haemodialysis (NHD, dark line) and 

haemodialysis/haemodiafiltration (HD/HDF, light 

line) patients over the course of 48 months. NHD 

compared to baseline p < 0.001; NHD vs HD/HDF 

p < 0.001. 95% confidence intervals are shown. 

Number of NHD / HD/HDF patients available for 

analysis at 0 months: 100/100; 12 months: 57/74; 

24 months: 35/51; 36 months: 20/34; 48 months: 

11/22.  



Supplemental Figure 2. Transferrin 

saturation in nocturnal haemodialysis versus 

haemodialysis/haemodiafiltration. 

Transferrin saturation (%) in propensity score 

matched nocturnal haemodialysis (NHD, 

dark line) and 

haemodialysis/haemodiafiltration (HD/HDF) 

patients, over the course of 48 months. NHD 

compared to baseline p = 0.77; NHD vs 

HD/HDF p = 0.67. 95% confidence intervals 

are shown. Number of NHD / HD/HDF 

patients available for analysis at 0 months: 

44/100; 12 months: 26/74; 24 months: 17/51; 

36 months: 9/34; 48 months: 6/22. 


