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aBstract   
Background. In Belgium and the Netherlands, up to 40% of the children on dialysis is 
from non-Western European origin. Concerns exist whether immigrant children receive 
the same quality of care. We compared the choice of initial dialysis, post initial treatment 
and outcomes between immigrant and native children on dialysis. 

Methods. All children aged < 19 years on chronic dialysis in the Netherlands and Belgium 
between September 1st 2007 and May 1st 2011 were included. Immigrants were defined 
as children of whom one or both parents were born in non-Western European countries. 

Results. 79 of 179 included patients (44%) were immigrant children. Compared to native 
children, immigrant children were more often treated with hemodialysis (HD) instead of 
peritoneal dialysis (PD) as first dialysis mode (52% vs. 37% p=0.046). Before receiving 
a renal transplant, immigrants were on HD for median (range) 16.8 (0.6-106.0) months 
compared to 6.5 (0.1-.66.2) months in native children (p=0.003). Renal osteodystrophy 
was diagnosed in 34% of the immigrants vs. 18% of natives (p =0.028). The Incidence 
Rate Ratio for acute peritonitis during PD was 2.24 (p=0.032) for immigrants compared 
to native children. 

Conclusions. Immigrant children on dialysis are treated differently than natives, and their 
health outcomes are less favorable. 
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introduction
In the Netherlands and Belgium, a considerable proportion of the children treated with 
chronic dialysis is from non-Western European origin. Over the last decade, the relative 
number of non-Western immigrants in the Netherlands has grown from 9 to 11 % (1). 
Data on clinical management and outcomes of patients of migrant background are 
scarce. Yet, there is a growing awareness that there are considerable healthcare disparities 
between migrants and non-migrant West-European and American patients (2;3). Stronks 
et al. showed that the use of general practitioner care and the use of prescribed drugs was 
increased among immigrants compared to native adults (4). 

Culture associated misunderstandings between doctor and patient, but also language 
problems may lead to a different approach and subsequently to inequality in quality of 
care. For example, a Dutch study on asthma in children showed ethnicity and insufficient 
comprehension of the Dutch language to be important risk factors for uncontrolled 
asthma in children (5). The unfavorable influence of a migrant background may be even 
more important for highly complex modes of healthcare such as chronic renal replacement 
therapy in children, which makes great demands on the understanding and discipline of 
patient and caretakers. 

Little is known about the management and outcomes of immigrant children on chronic 
dialysis. We therefore compared the choice of initial dialysis, post initial treatment and 
outcomes between immigrant and native children treated with chronic dialysis. 

MEthods

Patients 
All children aged < 19 years who were treated with hemodialysis (HD) or peritoneal dialysis 
(PD) in the Netherlands and Belgium between September 1st 2007 and May 1st 2011 were 
included. Data were collected as part of the RICH-Q project (Renal Insufficiency therapy 
in Children - Quality assessment and improvement) (6). Follow-up data were available 
until May 1st 2011 or until transplantation, transition to adult care or death. We obtained 
ethical approval from the ethical boards of all participating hospitals and written informed 
consent from the parents of all participants and the participants themselves, if possible.

data collection procedures 
Data were collected from the medical records of the patients by trained local research 
nurses or by the participating pediatric nephrologists. The following  data were used: 
age, gender, primary cause of end-stage renal disease (ESRD), date of first chronic Renal 
Replacement Therapy (cRRT), first cRRT modality, waiting time on dialysis, country of 
birth from child and parents, and race as recorded by the parents , i.e. Caucasian, black, 
Asian or other. Primary causes of ESRD were classified into 7 categories; glomerulopathy, 
hemolytic uremic syndrome (HUS), urinary tract malformation, dysplasia, primary interstitial 
nephritis, tubular necrosis and other. The dialysis outcomes we recorded were blood values 
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of hemoglobin, phosphate, calcium, immunoreactive parathyroid hormone (iPTH), alkaline 
phosphatase and homocysteine, hypertension, medication prescription and bone disease 
at inclusion of the patients from 2007 till 2011. The peritonitis incidence, HD infections, 
and hospitalization were calculated for the period until May 1st, 2011.    

definitions
Immigrants were defined as children of whom 1 or both parents were born in non-
Western European countries. Natives were defined as children from Western European 
origin. The total number of months on dialysis was defined as the period between the 
first day of dialysis and May 1st 2011, the date of transplantation, the date of transition to 
adult care or the date of death. For the calculation of the estimated Glomerular Filtration 
Rate (eGFR) we used the updated version of the Schwartz formula: eGFR (ml/min/1.73m2) 
= 0.413*(Height in cm) / serum creatinine in mg/dl) (7). Hypertension was defined as 
the mean of at least 3 blood pressures > p95 of the Task Force Report normal values 
corrected for age and gender (8). Renal osteodystrophy was diagnosed by an experienced 
radiologist based on a hand X-ray. We made a distinction between incident patients, who 
were included in the RICH-Q database within 3 months after their first cRRT, and prevalent 
patients, who had been treated with dialysis for more than 3 months before inclusion in 
the RICH-Q database. 

statistical analysis 
For comparisons of categorical variables between immigrant and native patients we used 
the chi-square test or, in case of small expected cell counts, Fisher’s Exact test. Student’s 
T-test or Mann-Whitney U test was used for continuous variables when appropriate. 
Kaplan Meier survival analysis was used to analyze waiting time on dialysis until 
transplantation. To investigate the association between immigrant status and ROD logistic 
regression analysis was performed. A possible confounder was the time on dialysis before 
the inclusion of this study.  All analyses were performed using SPSS 18.0 for Windows 
statistical software. For the incidence rate of infection and hospitalization the number of 
new episodes per patient year at risk was calculated. The incidence rate ratio (IRR) was 
calculated to compare immigrants and natives. Hospitalization was analyzed separately in 
children < 4 years, because the hospitalization rate is on average higher in young children 
compared to children > 4 years. 

rEsults

characteristics and initial treatment
In total 179 children were included, of whom 79 (44%) were immigrant children. 
Characteristics of both groups, including native country of the parents of the children, are 
shown in Table 1. With respect to primary cause of ESRD, gender, age, eGFR at start of 
dialysis, percentage of prevalent or incident patients or poor condition as reason to start 
dialysis, no statistically significant differences were found. The first cRRT had been (HD) 
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in 52% and (PD) in 48% of the immigrant children vs. 37% and 63% of native children 
(p=0.046). 

For the prevalent patients, the median (range) duration of HD before inclusion was 
17.5 (3.8-63.4) months in immigrants vs. 8,2 (3.1-65,3) months for the native children 
(p=0.018). 

Table 1. Demographics and initial treatment of included native and immigrant children 
treated with chronic dialysis.

Immigrant, n = 79 (44%)
Native, n = 100 

(56%) p

Male 50 (63) 52 (52) 0.130a

Origin Morocco: 15
Turkey: 15
Surinam: 9

Asia: 5
Dutch Antilles / Caribbean: 3

Russia: 2
Africa (other): 15

Middle East (other): 15

Netherlands: 63
Belgium: 34
Germany: 1

Luxembourg: 1
United Kingdom: 1

-

Race 
Caucasian
Black
Asian
Mixed

42 (53)
25 (32)

7 (9)
5 (6)

97 (97)
0
0 

3 (2)

-

Initial treatment 
Age at start dialysis, years* 6.4 (0 – 17.0) 6.4 (0 – 18.5) 0.551b

eGFR (ml/1.73 m2) at start 
dialysis* 

7.4 (3.5-20.5) 7.5 (2.4-31.5) 0.687b

“Poor condition” as reason 
to start dialysis 

24 (30%) 36 (36%) 0.429a

First dialysis modality
HD
PD 

41 (52%)
38 (48%)

37 (37%)
63 (63%)

0.046a

Inclusion in RICH-Q
Age at inclusion (years)* 9.7 (0-17.8) 9.6 (0-18.7) 0.638b

RRT at inclusion 
HD
PD 

43 (53%)
36 (47%)

33 (33%)
67 (67%)

0.004a

Prevalent patients at 
inclusion 

46 (58%) 63 (63%) 0.516a

Duration of dialysis before inclusion, months*1

HD
PD

 17.5 (3.8-63.4) 
19.3 (4.1-77.5)

 8.2 (3.1- 65,3) 
10.6 (3.4-49.4)

0.018b

0.453b

Data are presented as n (percentage), * data are presented as median (range), a Chi2 test, 
b Mann Whitney U test, 1From start dialysis until inclusion for the prevalent patients), 
eGFR = estimated Glomerular Filtration Rate Schwartz. (Ref.2009), HD= hemodialysis, PD= 
peritoneal dialysis. 
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Post initial dialysis treatment
In table 2 the post initial dialysis treatment is compared between immigrants and native 
children. The median (range) total duration of HD was 16.8 (0.6-106.0) months in 
immigrants vs. 6.5 (0.1-66.2) months for the native children (p=0.003). For PD this was 
11.4 (0.2-88.3) vs. 13.6 (0.1-73) months (p=0.756). No significant differences were found 
between the 2 groups for the number of switches in therapy or the time on hemodialysis 
per week. For vascular access relatively more immigrant children on HD had a Cimino 
fistula (53%) instead of a central line compared to native children (33%), although this 
difference was not statistically significant (p=0.080).There were no significant differences 
in medication prescription. 

88 Children (33 immigrants and 55 native children) were transplanted during the 
follow-up period. Prior to transplantation the immigrant children spent more time on 
dialysis (median 30.2 (5.0 -99.0) months versus 15.0 (0.0-66.7) months, p=0.007). This is 
also shown in the Kaplan Meier analysis (Figure 1). 

Table 2. Comparison of clinical management after the start of dialysis.

Dialysis characteristics 
Immigrant 

N=79 
Native 
N=100 p

Total months on HD*1 
Total months on PD*1 

16.8 (0.6-106.0)
  11.4 (0.2- 88.3)

6.5   (0.1-66.2)
13.6  (0.1-73.3)

0.003b

0.756b

Duration of dialysis before first Tx*2  

(months) N=88
  30.2 (5.0- 99.0) 15. (0-66.7) 0.007b

Number of switches
HD to PD 
PD to HD 

10
14

7
15

0.712a

0.307a

Total hours on HD per week* 12 (3-24) 12 (3-24) 0.670b

Vascular access (at inclusion) 
Cimino fistula
Central lines 

23 (53%)
20 (47%) 

11 (33%) 
22 (67%) 

0.080a

Medication prescription (at inclusion) 
Anti hypertensive drugs 39 (52%) 61 (61%) 0.280a

> 2 anti hypertensive drugs 14 (25%) 12 (29%) 0.603a

Erytropoetin  68 (91%) 92 (92%) 0.790a

Calcium carbonate  39 (52%) 44 (44%) 0.359a

Phosphate binders  39 (52%) 51 (51%) 1.000a

Etalpha 60 (80%) 81 (81%) 1.000a

Growth hormone  25 (33%) 33 (33%) 1.000a

Prophylactic antibiotics on the exit site 17 (47%) 22 (35%) 0.242a

Data are presented as n (percentage), * data are presented as median (range), a Chi2 test, 
b Mann Whitney U test, 1From start dialysis until May 1st 2011 or until transplantation, 
transition to adult care or death. 2From start dialysis till first transplantation before May 1st 
2011, HD = hemodialysis, PD = peritoneal Dialysis, TX = transplantation            
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dialysis outcomes 
Table 3 shows a comparison of dialysis outcomes between immigrant and native children. 
No significant differences were found for hemoglobin, phosphate, calcium, iPTH, 
homocysteine and hypertension between the immigrant and native children. Prevalent 
immigrant patients had a median (range) alkaline phosphatase of 408 (84-1254) U/l vs. 
201 (33-1716) U/l for prevalent native children (p=0.043). 

The incidence rate of peritonitis was 1.0 per patient year at risk for immigrant children 
and 0.41 per patient year at risk for native children (incidence rate ratio (IRR) [95% CI] 
2.4 [1.43-4.17]).  The incidence rates of HD exit site/ tunnel infections were comparable 
in both groups. 

Immigrant children > 4 years had a lower hospitalization rate compared to native 
children: 2.29 vs. 3.12 per year (IRR 0.73 [95%CI: 0.59-0.91]. Children treated with PD 
were more often admitted to the hospital than children on HD. Within both HD and PD 
treatment modalities the hospitalizations rates of immigrant and native children were 
comparable: for PD 3.34 and 3.33 per year, respectively, IRR 1.00 [95CI%: 0.79-1.26]) and 
for HD 1.97 and 2.56 (IRR 0.77 [95%CI: 0.58-1.03]). The number of days of hospitalization 
was not significantly different between the groups either above or below the age of 4 
years. 

Chapter 8 15

Table 4. Results of logistic regression analysis for renal osteodystrophy in 146 children treated with 

dialysis 

OR 95 % CI

Univariable model 
        Immigrant status 2.32 1.09- 4.95

Multivariable model 
Immigrant status 2.25 1.05-4.82 

Months on dialysis before diagnosed with ROD 1 1.00-1.01

Figure 1. Time on dialysis to first transplantation in immigrant children compared to native children, 

Kaplan Meier, Log Rank test p = 0.007. 

Figure 1. Time on dialysis to first transplantation in immigrant children compared to 
native children, Kaplan Meier, Log Rank test p = 0.007.
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Table 3. Comparison of the outcomes of dialysis between native children and immigrant children 
with end-stage renal disease.

Immigrants Native 

P value IRR [95%CI] Blood values (at inclusion) n Median (range) n Median (range) 

Hemoglobin  mmol/l
-Incident 
-Prevalent 

30
46

6.8 (4.1-8.7) 
6.9 (4.6-9.4) 

34
60

6.5 (3.6-8.2)
7.0 (3.5-9.0)

0.174b

0.871b

Phosphate mmol/l 
-Incident 
-Prevalent 

30
46

1.65 (1.02-3.16) 
1.68 (0.78-2.58) 

34
60

1.58 (0.82-2.96) 
1.68 (0.85-2.79) 

0.527b

0.831b

Calcium  mmol/l  
-Incident
-Prevalent

28
46

2.44 (1.25-3.24) 
2.45 (2.00-3.09) 

33
59

2.40 (1.89-2.76) 
2.43 (1.90-3.58) 

0.767b

0.481b

iPTH pmol/l 
-Incident
-Prevalent

29
44

14.9 (0.1-159) 
17.6 (0.3-158)   

28 
58

11.6 (0.1-121)
14.1 (0.4-176) 

0.534b

0.570b

Alkaline phosphatase U/l 
-Incident
-Prevalent

8
22

411 (71-  987)
408 (84-1254)

10
24

233 (  4-  825) 
201 (33-1716) 

0.324b

0.043b

Homocysteine umol/l 
-Incident
-Prevalent

 6
19

  9.5 (4.2-14.2)
10.6 ( 3.0-26.0) 

10
29

13.3 (5.3-30.7) 
12.1  (6.0-113) 

0.093b

0.217b

Hypertension1 
(at inclusion) 76 33 (43%) 4 45 (47%) 0.607
Bone disorder (at inclusion)
X ray hand: M0
Moderate or severe signs

65 22 (34%) 83 15 (18%) 0.028a

Infection Immigrants Native IRR [95%CI] 
Number of Peritonitis 
episodes/ patient year PD 

34 1.0 60 0.41 - 2.44 [1.43-4.17]

Number of HD exit site/ 
tunnel infection / patient 
year HD 

46 0.34 33 0.45 - 0.75 [0.38-1.50]

Hospitalization
Total number of 
hospitalizations / patient 
year  
Age < 4 years 
Age > 4 years 
HD 
PD 

79 2.72

4.34
2.29
1.97
3.34

100 3.71

5.49
3.12
2.56
3.33

- 0.73 [0.62-0.87]

0.79 [0.60-1.03]
0.73 [0.59-0.91]
0.77 [0.58-1.03]
1.00 [0.79-1.26]

Days of hospitalization 
per year  
All ages  
<4 years
>4 years 

73

18 (0-282)
35 (7-282) 
12 (0-162) 

88

12 (0-196)
22 (0-196)
10 (0-158) 

0.427 b

0.228b

0.422b

Data are presented as n (percentage), * data are presented as median (range), a Chi2 test, b Mann 
Whitney U test, HD = Hemodialysis, PD = Peitoneal Dialysis, IRR = incidence rate ratio, 95%CI = 95% 
Confidence interval.
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Signs of renal osteodystrophy were present in 22 immigrant children (34%) vs.15 
native children (18%) (p=0.028) at inclusion. The OR for having ROD [95% CI] for the 
immigrant status resulting from the univariable logistic regression analysis was 2.32 
[1.09– 4.95]. Adjustment for duration of dialysis before diagnosis of ROD did not change 
the OR (table 4).

Six children (3%) died during the follow up period, 3 immigrant children and 3 native 
children. Four children (two in each group) died of intercurrent diseases, one of Wilm’s 
tumors, one of congenital heart disease and two due to withdrawal of treatment because 
of multiple co-morbidities. Two children (one in each group) died of complications of the 
treatment of the underlying kidney disease, one of pulmonary hypertension and one due 
to a complication of a central line. 

discussion 
We found important differences in the management of immigrant children on dialysis 
as compared to native children, and less favorable health outcomes.  We will discuss the 
reasons for these differences and formulate areas for further research.

Immigrant children receive more often HD as first mode of cRRT instead of PD 
compared to Dutch and Belgian native children, and spend more time on dialysis prior to 
transplantation. In an earlier study on transplantation policy and outcomes in immigrant 
patients of the same cohort we found that immigrants less often received donor kidneys 
from a living related donor than post-mortem transplantations, contrary to native patients 
(Tromp et al, submitted for publication). This explains the longer time spent on dialysis 
prior to transplantation in immigrant patients.

Kidney transplantation  is considered to be the most optimal cRRT for children with 
ESRD (9). As second best most pediatric centers recommend PD instead of HD in children 
because of its social advantages (10). PD permits a normal lifestyle by allowing children 
to attend school full time with fewer dietary and fluid restrictions compared to HD. In 
addition, obtaining vascular access for HD in children can be challenging (11). Therefore 
it is remarkable that the immigrant children in our study received predominantly HD, 
especially considering the relatively long period on dialysis prior to transplantation. It is 
not clear from our data if the decision for HD in immigrants has predominantly been a 
physicians’ or a patients’ choice. Physicians may have been reluctant to offer a home 

Table 4. Results of logistic regression analysis for renal osteodystrophy in 146 children 
treated with dialysis.

OR 95 % CI

Univariable model 
        Immigrant status 2.32 1.09- 4.95
Multivariable model 

Immigrant status 2.25 1.05-4.82 
Months on dialysis before diagnosed with ROD 1 1.00-1.01
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dialysis program in this particular group of patients, fearing communication problems or 
culture-related misunderstandings that may lead to complications of the therapy. Apart 
from the specific hazards of PD such as peritonitis, which is to a large extent related to 
the quality of self-care by the patient and caretakers, center HD provides more regular 
control on all aspects of care such as blood pressure control, intake of medication and 
dietary regime due to the obliged regular hospital visits. On the other hand, a lack of 
self-confidence and a relatively strong belief in the expertise of the medical staff may 
influence immigrant caretakers and patients to opt for a more center controlled therapy. 
Clinical factors, such as abdominal co-morbidity may also be a motivation to choose HD 
instead of PD as preferred cRRT modality. However, our results show no difference in the 
conditions reported as motive to start dialysis between the immigrant and native children.  

Immigrant children who were treated with PD had more frequently peritonitis episodes 
than native children. This is remarkable given the relatively small number of immigrant 
patients on PD as compared to HD, which suggests a positive selection for this modality. 
The incidence rates of HD exit site/ tunnel infections were comparable in both groups, 
but immigrant children have a higher prevalence of Cimino fistulas over central lines. 
This might be related to a different policy followed in immigrant and native children with 
respect to vascular access, Immigrant patients were less often scheduled for living related 
donor transplantation and consequently more often prepared for a post-mortem donation 
with a longer expected time on HD. This may have motivated physicians to choose more 
often for a Cimino fistula in immigrant patients. The hospitalization rate was lower in 
immigrant children > 4 years than in native children of the same age. This is explained by 
the fact that immigrant children receive more HD than native children. In both immigrant 
and native children, those on PD were equally more often admitted than patients on HD. 
This can be explained by the fact that the children on HD are monitored more regularly 
and that for example antibiotics can be given during the HD treatment session instead of 
during admission in the hospital.  

Renal Osteodystrophy (ROD), which is associated with longer long duration of chronic 
kidney disease, is a major clinical problem in young adults with pediatric ESRD (12). To 
detect ROD bone biopsy remains the ‘gold standard’ investigation. Its invasive nature and 
the need for specialized processing and interpretation limits the use of bone biopsy in 
clinical practice (13). Hand X-ray is non invasive and has a high specificity (92%) for the 
detection of ROD bone features (14). Because the prevention of ROD consists of a strict 
diet and medication, adherence to both dietary and medication advises are essential. We 
found that ROD was more prevalent in immigrant children, which is in line with the higher 
levels of Alkaline Phosphatase that we found in immigrants. The higher prevalence of ROD 
was not caused by a longer duration of dialysis prior to the inclusion of the study. It could 
be that the immigrant children were less compliant before they developed ESRD, and that 
the ROD consequently was already present at the start of dialysis. It is difficult to assess the 
compliance of a patient. We found no indication of non-adherence in surrogate outcome 
markers for prevention of ROD such as iPTH, phosphate and medication dosage of 
phosphate binders and Vitamin D derivates. Yet, the 2 major adverse outcomes measured 
in this study, i.e. peritonitis incidence and ROD, share a common important feature, which 
is that prevention of these 2 complications depends heavily on therapy adherence of 
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the patient.  We think it is necessary to create awareness for these important treatment 
differences and negative outcomes in immigrant children. This might be improved by 
more specialized and adjusted care and attention for this special group of patients. 

A limitation of this study is the exclusion of children who had been transplanted before 
the start of the RICH-Q registry. The inclusion of patients in the RICH-Q project started 
in September 2007. Only children that were treated with dialysis were included in the 
present study. Children who had been transplanted before this date were not included. 
This probably has resulted in an overrepresentation of children who are not suitable for 
(pre- emptive) transplantation. Therefore the percentage of immigrant children in this 
study is higher than in the general population. 

In conclusion, immigrant children receive more often HD as first cRRT treatment 
instead of PD, and stay longer on dialysis before transplantation. With respect to health 
outcomes, important differences exist between the immigrant and native children in 
domains that require strict adherence to therapy, such as peritonitis and ROD prevention. 
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