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Abstrac t .  Nutri t ional  counselling is impor tan t  in the 
management  of children with chronic renal failure (CRF). 
In 1988, a controlled European  multicentre study was 
started to evaluate the effects of a low-protein diet on 
the progression of CRF in children. To assess the 
energy, macro- and micronutrient  intake, 4-day weighed 
dietary records were obtained f rom 50 children with low 
to modera te  CRF (creatinine clearance 65 to 15 ml/min 
per 1.73m 2) and from 93 healthy children. The mean 
energy intake was 90%-93% of the recommended  diet- 
ary allowance for Italian children in controls and 7 6 % -  
88% in CRF patients. The mean protein intake was 2 .1-  
3.1 g/kg per  day in controls and 1.6-2.7 g/kg per  day in 
CRF patients. Overall,  the energy intake was 10% and 
the protein intake 33% lower in CRF patients than in 
healthy children. Children with CRF consumed less cho- 
lesterol, calcium and phosphorus than healthy children. 
The lower spontaneous intake of energy, protein and 
other nutrients should be taken into account when plan- 
ning the nutrition of children with CRF. 
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Introduct ion 

Nutritional counselling plays an important  role in the 
management  of children with chronic renal failure (CRF) 
[4, 6, 18]. Animal  studies have suggested that protein- 
induced hyperperfusion and hyperfiltration in remnant  
nephrons could accelerate the rate of deterioration of 
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Abbreviations: CRF = chronic renal failure; RDA = recom- 
mended dietary allowance; RDA-I = recommended dietary 
allowances for the Italian population 

renal function while restricting protein intake delays the 
progression of renal failure [13, 19]. Da ta  supporting the 
beneficial effects of a low-protein diet in the t rea tment  
of non end-stage CRF are not yet conclusive [2, 3, 23, 
26]. This is especially true for children because of the 
risk of a negative influence on growth f rom a tow-protein 
diet and the low prevalence of low-to-moderate  CRF in 
children. 

We describe the spontaneous diet of 50 Italian CRF 
children who took part  in a European  multicentre study 
on the effect of a low-protein diet on the progression of 
CRF. The energy, m a c r o -  and micronutrient intakes of 
these patients were compared  with those of 93 healthy 
controls. 

Patients  and m e t h o d s  

CRF children 

The study group included 50 patients (41 boys and 9 girls), aged 3- 
17 years, who participated in the run-in period of the European 
Study Group for nutritional treatment of CRF in childhood be- 
tween March 1988 and December 1990. The protocol of this multi- 
centre study has been previously described in detail [30]. Briefly, 
criteria for entry into the study included an age ranging from 2 to 
18 years, and CRF with creatinine clearance ranging from 65 ml/ 
min per 1.73m z to 15 ml/min per 1.73m 2. Patients who already 
followed a strict low-protein diet were excluded from the protocol. 

In this study group the primary renal diseases were: (1) 
glomerular disease (2 cases); (2) uropathy, renal hypoplasia or 
dysplasia or oligomeganephronia (33 cases); (3) congenital and 
hereditary nephropathy (13 cases); (4) nephropathic cystinosis (2 
cases). The mean creatinine clearance during the study-period was 
44.6_+ 18.5, 40.7_+ 13.8, and 36.9 + 14.0ml/min per 1.73m 2 in 
age-group I (3.2-6.9 years), II (7.3-9.9 years) and III (10.5-17.2 
years), respectively. 

Control subjects 

The control group included 93 healthy children (48 males and 45 
females) aged from 3 to 12 years. These were subjects attending 



Age group n Age Weight Height H-SDS Body mass index 
(years) (kg) (cm) 

I C 33 4.6 • 0.7 18.5 + 3.2 107 + 6 0.4 + 1.3 16.0 + 2.0 
CRF 12 4.7 + 1.1 16.0 + 2.1 103 + 5 -0.5 + 1.2 15.1 _+ 1.6 

II C 29 7.5 + 1.2 27.2 + 5.0 126 + 7 0.5 + 1.3 17.2 + 2.1 
CRF 18 8.5 + 1.0 26.7 + 6.0 125 + 8 -0.6 + 1.3 16.9 + 2.7 

III C 31 9.7 + 0.8 38.2 + 6.8 140 + 9 0.9 _+ 1.4 19.4 • 2.5 
CRF 20 12.7 + 1.9 40.9 + 10.0 147 + 13 -0.7 • 1.1 18.8 • 2.8 

H-SDS, Standard deviation score for height 

Table 2. Energy and protein intakes in 
healthy (C) and CRF children Age groups Energy Protein 

(Kcal/kg) (% RDA-I) (g/kg/day) (% RDA-I) 

I C 81 -+ 15 90 + 17 3.1 + 0.8 200 + 50 
CRF 88 + 17 88 + 21 2.7 + 0.6 152 + 34 ** 

II C 67 + 13 93 • 15 2.5 + 0.5 189 + 49 
CRF 65+15 82-+ 8"* 2 . 2 + 0 . 6 "  144+32"* 

III C 51 -+ 12 93 -+ 12 2.1 + 0.5 177 + 31 
CRF 48 + 14 76 + 24 ** 1.6 + 0.5 ** 107 + 38 ** 

* P < 0.01; ** P < 0.05 

% 

Subjects 

school in Ancona who took part in an educational dietary pro- 
gramme between February and June 1989. 

Nutritional data collection and analysis 

Dietary information was obtained by a 4-day weighed dietary 
record. This procedure was performed once by healthy children 
and every 2-3 months over a period of 6 months by CRF children. 
One weekend was included in the 4-day period for both groups so 
as to provide the most representative data on the habitual food in- 
take. Each food item was weighed and recorded by the parents or 
by the dietitian. Plate waste was also recorded. 

Individual daily energy and nutrient intake was calculated 
using a previously described computer program [5]. The data bank 
on the composition of food was up-dated with more than 500 items 
[14, 17, 27]. The composition of commercial food was supplied by 
the manufacturers. The following food characteristics were stored 
in the data bank: energy, energy distribution between macronut- 
rients, protein, animal/vegetable protein ratio, lipids, polyunsatu- 
rated and saturated fatty acids, polyunsaturated/saturated fatty 
acid ratio, cholesterol, cholesterol-saturated fatty acid index [15], 
carbohydrates, sucrose, fibre, potassium, calcium, phosphorus, 
magnesium, iron, and zinc. The energy and nutrient intake of each 
subject was compared with the 1989 recommended dietary allo- 
wances for the Italian population (RDA-I); such recommenda- 
tions are similar to those of other Western countries [16]. 

Statistical analysis 

Anthropometric indices were compared with the Tanner growth 
standards [28]. Results were expressed as mean and SD. Statistical 
analysis included the Student-t-test and one-way analysis of var- 
iance. The relationship between the mean energy and protein in- 
take was evaluated by linear regression analysis. 

R e s u l t s  

Table  1 shows the demographic  and  an th ropomet r i c  data 
of the subjects divided into three  age-groups.  
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Table 1. Anthropometric data of healthy (C) and CRF children 

Energy intake (% RDA-I) 

Fig. 1. Individual energy intakes in healthy ( . . . .  ) and CRF chil- 
dren ( ) 

The m e a n  energy and pro te in  intakes  of C R F  and 
control  chi ldren are shown in Table  2. No significant 
difference was found  be tween  the percentage  R D A - I  
energy in take  of control  males and  females.  The energy 
in take  of the C R F  chi ldren was about  10% lower than  
the controls (Fig. 1). Compared  with controls ,  the C R F  
chi ldren had a lower pro te in  in take,  ei ther  per  kg/real  
body  weight or percentage  R D A - I ,  the percentage  dif- 
ference be tween  the control  and  C R F  chi ldren being 
about  33% (Fig. 2). The  an imal /vege tab le  p ro te in  ratio 
was ca. 2 in all groups. In  C R F  pat ients ,  a corre la t ion 
( r = 0 . 6 5 )  was found  be tween  the percentage  R D A - I  
energy and  percentage  R D A - I  pro te in  intake.  One-way  
analysis of var iance for the energy and pro te in  in take  of 
C R F  chi ldren showed: (1) no statistical difference be- 
tween the consecutive rounds  of the survey (absence of 
" t ra in ing effect");  and  (2) no statistical difference re- 
lated to the origin of pat ients  (North,  Middle  or South 
Italy, respectively).  
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Fig. 2. Indiv idual  p ro t e in  in takes  in hea l thy  ( . . . .  ) and  C R F  chil- 
d ren  ( ) 

The energy distribution between macronutrients was 
in controls 16.2% from proteins, 34.3% from lipids, and 
49.5% from carbohydrates and in CRF subjects 13.2% 
from proteins ( P <  0.01), 36.1% from lipids ( P <  0.05), 
and 50.7% from carbohydrates. Tables 3 and 4 show the 
mean intakes of lipids, carbohydrates and micronu- 
trients. 

Figure 3 expresses the percentage of subjects who are 
statistically at risk from nutrient deficiency (less than 
66% of the recommended intake). 

Discussion 

The adequacy of the diet in CRF children has usually 
been checked against the recommended daily allowance 
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(RDA), i.e. the levels of intake of nutrients that carry a 
low risk of inadequacy to the healthy individual. How- 
ever this approach may be misleading when it entails 
that energy and nutrient intakes of healthy subjects cor- 
respond to the RDA. For example, the evaluation of an 
energy intake lower than the RDA in a group of patients 
should take into account that many nutritional surveys 
have also found similarly low energy intakes in healthy 
individuals [20, 21]. In the present study the food intakes 
of CRF children were compared with those of control 
subjects studied by the same technique. 

Overall, the characteristics of the diet of our 93 con- 
trol subjects were similar to those reported by others in 
healthy children from Western countries [11, 20, 21]. 
The finding of a mean energy intake lower than the 
RDA-I (by about 10%) might be unexpected in a popu- 
lation with a high prevalence of overweight. This con- 
firms previous studies which showed a negative gap be- 
tween the observed and the recommended energy intake 
of infants, children, and adolescents [10, 20]. The RDA-I 
are formulated for people with a moderate physical 
activity while a sedentary life-style is common in Italian 
children. Studies of food intake are, however, subject to 
errors since a tendency to underrecord is a potential 
problem of the weighing technique [1, 25]. For nutrients, 
the most striking findings in controls were: (1) the high 
intake of animal protein; (2) the high intake of fat and 
cholesterol with a low polyunsaturated/saturated fatty 
acid ratio due to high consumption of animal fat; and (3) 
the marginal intake of calcium, iron and zinc. 

Compared with healthy controls, the energy intake of 
the CRF children was slightly lower, especially in the 

Table  3. Lipid  and  ca rbohyd ra t e  in takes  in hea l thy  (C) and  C R F  chi ldren  

A g e - g r o u p s  Lipids  C a r b o h y d r a t e s  

To ta l  Choles te ro l  P/S CSI Tota l  Sucrose  
(g) (mg) (g) (g) 

Fibre  
(g) 

I C 56 -+ 16 244 -+ 116 0.2 _+ 0.i 31 _+ 10 192 _+ 44 32 _+ 13 
CRF 66 • 19 173 _+ 92 0.22 _+ 0.07 28 _+ 14 189 _+ 59 27 _+ 7 

II C 67 _+ 16 292 -+ 100 0.19 +- 0.05 36 _+ 10 235 _+ 42 41 +_ 16 

C R F  59 _+ 12 176 -+ 50 ** 0.22 + 0.08 27 _+ 7 ** 230 _+ 55 44 _+ 19 

III C 71 _+ 13 340 _+ 135 0.18 _+ 0.04 41 + 11 240 _+ 51 35 -+ 16 

C R F  68 -+ 11 250 -+ 125 * 0.27 -+ 0.13 ** 32 i 11 ** 245 _+ 54 31 + 17 

11_+5 

10_+4 

14_+4 

15_+6 

15 + 3  

14_+4 

* P < 0.01; ** P < 0.05 
P/S, P o l y u n s a t u r a t e d ] s a t u r a t e d  fat ty acid rat io;  CSI,  cho les te ro l  s a tu ra t ed  fat ty  acid index  

Tab le  4. Mic ronu t r i en t  in take  

A g e - g r o u p s  K M g  Ca  P Fe Z n  
(mg) (rag) (rag) (rag) (rag) (mg) 

I C 1557 _+ 366 155 + 44 639 +_ 216 939 _+ 205 7.2 + 2.6 5.6 + 1.4 
C R F  1769 _+ 526 152 + 45 516 _+ 214 779 + 246 * 6.3 + 1.8 5.0 _+ 1.5 

II C 2047 _+ 566 196 + 54 692 _+ 234 1060 _+ 227 8.7 + 2.5 6.2 _+ 1.3 

C R F  1889 + 561 167 + 52 505 + 191 ** 808 + 196 ** 7.8 _+ 2.0 5.5 + 1.2 

III C 2115 + 409 199 + 44 760 _+ 213 1168 _+ 209 9.8 +_ 2.7 6.9 + 1.6 
C R F  1930 + 453 166 + 38 ** 454 + 168 ** 915 + 255 ** 8.5 + 1.8 6.0 _+ 1.9 

* P < 0.01; * P < 0.05 
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Fig. 3. Adequacy of individual energy and nutrient intakes in CRF 
children 

older children, but the difference was not noticeable 
when the mean daily energy intake is expressed per kg 
body weight since CRF children were also stunted. The 
lower energy intake of the CRF patients is evident f rom 
the mean percentage R D A - I  and f rom Fig. 1. Recently, 
surprisingly similar percentage R D A  energy intakes 
were reported in a North American multicentre study on 
82 children with mild-to-moderate CRF [29]. The causes 
of reduced food intake in our CRF children are not 
clear. These patients frequently reported a lower level of 
physical activity than control children, a finding that 
could account for a reduced energy requirement.  Anor-  
exia, a common symptom of CRF, could also play a role 
in the reduced energy intake. Growth retardation in 
CRF children has been related to the low energy intake 
[7, 22]. On the other hand the spontaneously reduced 
food intake could represent  a form of adaptation to a 
growth which is impaired because of non-nutritional fac- 
tors. 

The average diet of children in developed countries 
tends to supply an excess of protein. Patients with CRF 
on conservative t reatment  who are not on controlled 
diets are reported to have similarly high protein intakes 
[12]. We found that protein intake was significantly 
lower in CRF children than in controls, especially in 
older children. Although the intake data were collected 
before any specific nutritional counselling was given, it 
should be noted that the centres participating in this study 
are specialized departments  where patients often arrive 
after a diagnosis has already been made.  The subjects 
could therefore have already received some dietary ad- 
vice (by the family doctor, mass-media,  etc.), the true 
"spontaneousness" of their diet thus being reduced. Treat- 
ment  of CRF with a low protein diet is deep-rooted 
among doctors in Italy because of some pioneer Italian 
reports [9]. On the other hand the lower protein intake 
of CRF children could well be related to a spontaneous 
avoidance of protein-rich food such as meat  or dairy pro- 
ducts. 

As regards other  nutrients,  it is worth  noting (1) 
the lower cholesterol intake in CRF children which is 
probably related to reduced consumption of foodstuffs 
of animal origin. The reduced atherogenicity of the diet 

of these patients is of interest considering that hyper- 
lipidaemia is a common finding in CRF [24]; (2) the 
lower phosphorus intake in the CRF children also ap- 
pears to be a consequence of reduced protein intake; 
(3) the low-to-marginal intake of calcium, iron and zinc 
in the CRF children which is more  evident when the pro- 
portion of patients with a critically low ( <  66% RD A -I )  
intake is considered ra ther  than the mean  values of 
the group. The deficient calcium intake is supposed to 
be overcome by pharmacological supplementat ion (not 
considered in the present intake data). The marginal in- 
take of iron, which could be associated with iron malab- 
sorption and chronic blood loss f rom the gastro-intesti- 
nal tract [8], could contribute, at least in some cases, to 
the anaemia present  in many CRF patients. 

In conclusion, this study shows that the diet of Italian 
children with CRF has some distinctive features such as 
the lower energy and protein intakes. The characteriza- 
tion of the diet of these patients enables the individua- 
tion of areas of nutritional inadequacy and represents 
the basis for dietary intervention strategies. 
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