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Abstract
Objective: To determine the relationship between nutritional status and dietary intake in patients with cystic fibrosis. 
Methods: Cross-sectional study involving 85 cystic fibrosis patients between 6 and 18 years of age. Dietary intake 
was evaluated by the 3-day diet record (weighing the food consumed). The outcome measures were the following 
nutritional status indicators: weight/height (W/H%) percentage, body mass index (BMI) percentiles, Z score for 
weight/age (W/A), Z score for height/age (H/A) and percentage of dietary intake compared with the Recommended 
Dietary Allowance (RDA). Results: The prevalence of well-nourished patients was 77.7%, using BMI above the 
25th percentile as the cut-off value, and the W/H% was above 90% in 83.5%. The mean dietary intake, evaluated 
in 82 patients, was 124.5% of the RDA. In the univariate logistic regression analyses, we found a significant 
association between the independent variable calorie intake and the Z score for W/A. The multivariate analysis, 
based on the Z score for H/A and adjusted for FEV1, methicillin-resistant Staphylococcus aureus colonization and 
number of hospitalizations, demonstrated that a 1% increase in the calorie intake decreases the chance of having 
short stature by 2% (OR: 0.98; 95% CI: 0.96-1.00). Maternal level of education showed a borderline association 
(p = 0.054). Conclusions: The prevalence of malnutrition was low in this sample of patients. The study model 
demonstrated an association between dietary intake and nutritional status. Dietary intake was a predictive factor 
of statural growth in patients with cystic fibrosis. 
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Resumo
Objetivo: Determinar a relação entre o estado nutricional e a ingestão dietética de pacientes com fibrose cística. 
Métodos: Estudo transversal com 85 pacientes com fibrose cística entre 6 e 18 anos de idade. A ingestão dietética 
foi avaliada pelo registro alimentar de 3 dias com a pesagem dos alimentos consumidos. Os desfechos avaliados 
foram os seguintes indicadores do estado nutricional: percentual da relação peso/estatura (%P/E), percentil do 
índice de massa corpórea (IMC), escore Z para estatura/idade (E/I) e peso/idade (P/I), e percentual de ingestão 
dietética comparada a Recommended Dietary Allowances (RDAs). Resultados: A prevalência de pacientes eutró-
ficos foi de 77,7%, considerando o IMC acima do percentil 25 como ponto de corte, e 83,5% estavam acima de 
90% do %P/E. A média de ingestão, avaliada em 82 pacientes, foi de 124,5% da RDA. Nas análises de regressão 
logística univariada, encontrou-se uma associação significativa entre a variável independente ingestão calórica e 
o desfecho escore Z E/I. O modelo de análise multivariado, elaborado a partir do desfecho escore Z E/I e ajustado 
para idade, VEF1, colonização por Staphylococcus aureus resistente à meticilina e número de internações hospita-
lares, demonstrou que um aumento de 1% da ingestão calórica em relação à RDA diminui em 2% a chance de ter 
déficit de estatura (OR = 0,98; IC95%: 0,96-1,00). A escolaridade materna demonstrou uma associação limítrofe 
(p = 0,054). Conclusões: Houve baixa prevalência de desnutrição nesta amostra. O modelo de estudo demonstrou 
evidências da associação entre a ingestão dietética e o estado nutricional, sendo esta ingestão um fator preditor 
de crescimento nesses pacientes. 

Descritores: Fibrose cística; Estado nutricional; Registros de dieta; Criança; Adolescente.
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The following patients were consecutively 
included: all CF patients (n = 88) aged between 
6 and 18 years, not colonized by Burkholderia 
cepacia and under outpatient treatment by the 
Pediatric Pulmonology team of the Hospital de 
Clínicas de Porto Alegre (HCPA, Porto Alegre 
Hospital de Clínicas), located in the city of Porto 
Alegre, Brazil. The inclusion criteria were as 
follows: having a clinical history of CF; having 
high levels of sodium and chloride in sweat; or 
the identification of two mutations. We excluded 
2 patients presenting terminal disease and 
1 patient due to the impossibility of obtaining 
written informed consent.

A chart with the following fields was used as 
a tool for data collection: date of birth; gender; 
maternal level of education; enzyme and vitamin 
supplementation; bacterial colonization; FEV1; 
and the number of hospitalizations since diag-
nosis. Pancreatic insufficiency was determined 
by evaluation of the use of pancreatic enzymes. 
Bacterial colonization was determined based 
on the evaluation of sputum samples collected 
during the preceding twelve months.

Spirometry was carried out in order to 
measure FEV1, the parameter most commonly 
used to quantify the obstructive respiratory 
defect typical in CF. Flow-volume curves were 
carried out with a Master Screen spirometer 
(Jaeger, Würzburg, Germany), using the Zapletal 
et al. table for the predicted values.(7) Spirometry 
was always conducted by the same rater, and the 
quality was evaluated by the attending physician 
based on the analysis of the curves.

Dietary intake was evaluated with a food 
registry maintained over three nonconsecutive 
days, which involved the weighing of the foods 
consumed. A scale with maximum capacity of 2 kg 
and minimum gradations of 25 g was provided 
for food weighing. In order to measure liquids, 
a plastic beaker with a capacity of 600 mL and 
minimum gradations of 10 mL was provided. The 
patient or legal guardian was trained to correctly 
fill out the three-day food registry.(8) The survey 
was conducted referring to two nonconsecu-
tive week days and one weekend day, and all 
the home preparations were registered, with the 
proper ingredients used, in addition to the quan-
tity of oil used by the family per month. The 
calculation of the food registry was carried out 
using the software Decision in Nutrition Support 

Introduction

Malnutrition is a leading cause of mortality 
in children, youths and adults with cystic fibrosis 
(CF) and is associated with the progression of 
the disease. The factors that contribute to the 
perpetuation of the impaired nutrition status 
can be related to the increase in nutritional need 
and the decrease in food intake, as well as to 
greater dietary deficiencies.(1)

The increase in the energy requirements, 
the decrease in intake and the greater dietary 
deficiencies are related to the deterioration of 
pulmonary function, anorexia, vomiting, pancre-
atic insufficiency, chronic inflammatory activity, 
biliary complications and intestinal complica-
tions, resulting in a loss of lean body mass and 
impaired immune function.(2)

The recommendation of daily energy intake 
is based on the elevation of energy expenditure 
presented by these patients. It is known that 
CF patients require at least 120-150% of the 
energy intake established in the Recommended 
Dietary Allowances (RDAs) of 1989.(3) There is 
no indication of the percentage of that greater 
need, since it depends on the degree of intes-
tinal absorption and the metabolic rate.(2)

Despite the advances in clinical and nutri-
tional treatment, the Cystic Fibrosis Foundation, 
which compiles the data of American CF 
patients, reported that 15.7% and 16.3% of 
these patients presented values lower than the 
5th percentile for weight and height, respec-
tively, in 2004.(4) In 1993, the Latin-American 
Cystic Fibrosis Registry demonstrated that over 
50% of the patients were below the 3rd percen-
tile for weight and that 46.7% of the patients 
were below the same percentile in relation to 
height for age.(5)

The pattern of dietary intake in CF patients 
seems to be directly related to their growth 
and to nutritional status. However, height can 
also be related to survival in these patients.(6) 
This study aimed to determine the relationship 
between nutritional status and dietary intake of 
CF patients aged 6-18 years and treated at a 
referral center in Brazil.

Methods

This was a cross-sectional study. Data were 
collected between July of 2004 and December of 
2005, during routine CF outpatient follow-up. 
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studied factors with outcomes that represented 
nutritional status (W/H%; Z score for H/A; Z 
score for W/A; and BMI percentile). Variables 
that presented p ≤ 0.25 were included in the 
multivariate model. The level of significance 
was set at 5%, and the analyses were carried 
out using the Statistical Package for the Social 
Sciences, version 12.0 (SPSS Inc., Chicago, IL, 
USA).

The study was approved by the Research Ethics 
Committee of the Postgraduate and Research 
Group of the HCPA (Project no. 03-389). The 
necessary resources for the purchase of scales 
and the plastic beakers were provided by the 
Research Incentive Fund.

Results

The sample comprised 85 patients, and 55.3% 
were male, with a mean age of 11.2 ± 3.2 years. 
Ages ranged from 6.0 to 17.5 years. Of those 
85 patients, 39 (45.9%) were from Porto Alegre 
or its greater metropolitan region, 17 (20.0%) 
were from the northeast region of the state 
(Rio Grande do Sul), and the remaining patients 
were from other regions of the state. Pancreatic 

System of the Paulista School of Medicine(9) and 
by comparison with the RDAs.(3)

The anthropometric evaluation took place 
during the medical visit, after written informed 
consent had been given by the parents or legal 
guardians. Weight and height were always 
measured by the same rater, who used standard-
ized techniques. Weight was obtained with the 
patient wearing only a standard hospital gown, 
with an electronic scale (Filizola, São Paulo, 
Brazil) with maximum load of 150 kg and varia-
tion of 50 g. Height was measured using a Sanny 
stadiometer (American Medical do Brasil, São 
Bernardo do Campo, Brazil) affixed to a wall. 
Patients wore no shoes or hair accessories and 
stood with their heels together, back against the 
anthropometer, arms relaxed at their sides and 
head in the vertical position, looking straight 
ahead. While the evaluated patient inhaled, 
the horizontal bar was lowered to the highest 
point of the head. Arm circumference (AC) was 
measured at the midpoint of the non-dominant 
arm using a flexible non-elastic tape measure. 
Triceps skinfold thickness (TST) was measured 
at the midpoint of the non-dominant arm using 
a skinfold caliper (Harpenden; British Indicators, 
Burguess Hill, UK). Mid-arm muscle circumfer-
ence (MAMC) was calculated using the following 
equation: 

MAMC (cm) = AC − TST (mm) × 0.314. 
All values were compared with the criteria 
established by Frisancho.(10)

The nutritional parameters used were the Z 
score for weight and age (W/A) and height and 
age (H/A), in accordance with the National Center 
for Health Statistics, body mass index (BMI) 
percentiles and the weight/height percentage 
(W/H%), calculated by dividing the current 
weight and the percentile weight corresponding 
to the height × 100. These last two parameters 
were used because they are nutritional indica-
tors recommended in two consensuses,(11,12) in 
which the cut-off values for nutritional failure, 
nutritional risk and malnutrition, respectively, 
were established at lower than 90% of W/H%, 
BMI between the 10th and 25th percentiles and 
BMI below the 10th percentile.

In the data analysis, frequencies, means and 
medians of the dependent and independent 
variables were calculated. Univariate logistic 
regression analysis was also used between the 

Table 1 - Indicators of the nutritional status and 
dietary profile of cystic fibrosis patients treated at a 
specialized clinic in the south of Brazil.

Indicators of the nutritional status 
(n = 85)

Values

BMI, percentile 45.1 ± 26.5
Weight/height, % 100.4 ± 13.0
Z score for weight/age −0.27 ± 1.2
Z score for height/age −0.24 ± 1.1
Evaluation of body compositiona

TST < 5th percentile 9 (10.6)
TST > 5th percentile 76 (89.4)
MAMC < 5th percentile 14 (16.5)
MAMC > 5th percentile 71 (83.5)
Total 85 (100.0)

Dietary profile (n = 82)
Calories in relation to RDA, % 124.5 ± 34.5
Carbohydrates, % 55.3 ± 8.7
Proteins, % 14.6 ± 3.9
Lipids, % 29.9 ± 6.8

BMI: body mass index; TST: triceps skinfold thick-
ness; MAMC: mid-arm muscle circumference; and RDA: 
Recommended Dietary Allowance. Data presented as mean 
± SD or as n (%). aBody composition evaluated according 
to the criteria devised by Frisancho.(10)
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24.7% of those presented mucoid P. aeruginosa. 
The mean FEV1 was 84.1 ± 24.4%. The median 
number of hospitalizations was 5, with an inter-
quartile range from 2 to 11.

According to the four indicators of nutri-
tional status evaluated in our study, all means 
were within the normal nutritional status range, 
demonstrating the appropriate nutritional status 
observed in our sample (Table 1). In our study, 
16.5% of the patients presented a W/H% equal 
to or lower than 90%, 14.1% presented a BMI 
between the 10th and 25th percentiles, and 8.2% 
presented a BMI below the 10th percentile.

Measurement of the TST revealed that the fat 
reserve was depleted in 10.6% of the patients. 
There was depletion of muscle mass, as esti-
mated by measurement of the MAMC, in 16.5% 
of the patients (Table 1).

The mean percentage of caloric intake, eval-
uated in 82 patients, was 124.6% of the RDA. 
The proportion of patients who presented an 
energy intake greater than 120% of the RDA 
was 51.7% (Table 1).

Figure 1 shows that the median BMI among 
patients who had a caloric intake greater than 
120% of the RDA was at the 56th percentile, 
compared with approximately the 35th percen-
tile for those who ingested less than the RDA of 
calories.

Table 2 presents the association between 
caloric intake and nutritional status, evalu-
ated through the dependable variables W/H%, 
BMI percentile, Z score for H/A and Z score for 
W/A, based on the analysis of the univariate 
logistic regression. The indicators of nutri-
tional status studied were dichotomized, using 
malnutrition cut-off points in accordance with 
the CF consensuses(11,12) and the World Health 
Organization.(13) In the crude analysis, there 
was a significant association between the inde-
pendent variable caloric intake and the Z score 
for H/A outcome.

The multivariate analysis model was devel-
oped based on the Z score for H/A outcome, since 
an association between this outcome and caloric 
intake was observed in the crude analysis. Based 
on the hypothesis that caloric intake is associ-
ated with growth, independent variables which 
had p ≤ 0.25 in the crude analysis with the Z 
score for H/A were included. Therefore, using the 
Z score for H/A dichotomized in normal nutri-
tional status and abnormal nutritional status 

insufficiency was present in 87.1% of patients. 
Vitamin supplementation was used regularly by 
97.6% of the patients. The nutritional supple-
ments used regularly by these patients comprised 
glucose polymers and a hypercaloric liquid 
diet (1.5 kcal/mL); 65.9% of the patients used 
one or more oral supplements, and 9.4% were 
receiving nocturnal supplementation through 
gastrostomy.

The mean number of years of maternal 
education was 9.0 ± 3.8, and 34% of the mothers 
presented less than 9 years of schooling. As for 
the presence of bacterial colonization in the 
preceding year, 74.1% of the patients presented 
Staphylococcus aureus, 18.8% of those presented 
methicillin-resistant S. aureus (MRSA), 52.9% of 
those presented Pseudomonas aeruginosa, and 
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Figure 1 - Box plot of the distribution of the sample 
presented as follows: medians of the body mass index 
(BMI) percentile in relation to caloric intake that is 
lower or higher than the Recommended Dietary 
Allowance (RDA) for patients with cystic fibrosis 
(120% of the RDA).

Table 2 - Univariate logistic regressions between the 
indicators of nutritional status and the percentage of 
caloric intake adjusted for the Recommended Dietary 
Allowance in cystic fibrosis patients. 

Caloric intake 
adjusted for the RDA

OR (95% CI) p

Weight/height, % 0.99 (0.98-1.01) 0.66
Z score for height/age 0.97 (0.96-0.99) 0.019
Z score for weight/age 0.99 (0.97-1.00) 0.31
BMI, percentile 0.99 (0.98-1.01) 0.37
BMI: body mass index; and RDA: Recommended Dietary 
Allowance.
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BMI after 5 years of follow-up.(15) In the present 
study, similar data were found. For example, the 
mean Z score for W/A and H/A, respectively, was 
−0.27 ± 1.16 and −0.24 ± 1.07.

In the present study, depletion of fat reserve 
and depletion of muscle mass were found in 
10.6% and 16.5% of the patients, respectively. 
In a study carried out in Florianópolis, Brazil, 
involving 13 patients between 2 and 20 years of 
age, 46.1% of the patients presented depletion 
of muscle mass.(16) The analysis of body composi-
tion in CF patients is justified due to the chronic 
state of catabolic stress or malnutrition related 
to pulmonary exacerbations which adversely 
affect energy balance and protein metabolism, 
principally affecting the body protein reserve.

Good adherence to the nutritional treat-
ment in this sample can also be observed in 
the energy intake. The mean intake of the 82 
evaluated patients was 124.56% of the RDA, 
and the mean distribution of the nutrients 
was as follows: 14.6% proteins, 29.9% lipids 
and 55.2% carbohydrates. One study involving 
adolescents revealed that boys and girls with 
normal growth consumed a mean of 110% of 
the RDA.(17) Another study demonstrated that the 
nutrient intake in patients with CF was similar 
to those recommended for the age and gender.
(18) One group of authors found a mean energy 
intake of 117% of the RDA and percentage of 
nutrients of 35.7% lipids, 47.9% carbohydrates 
and 15.2% protein; only 40% of the patients 
reached the recommended 120% of the RDA.
(19) The percentages of macronutrients found in 
the present study are within the standard range 
recommended for the population in general, 
indicating a balance in the distribution of the 
diet. However, the contribution of foods rich in 
fat could be slightly higher at the expense of 
carbohydrates.

Being cross-sectional, the present study only 
suggests associations. It is impossible to estab-
lish a cause-and-effect relationship between 

(greater than −1,28), we included the following 
variables in the model: caloric intake adjusted 
for the RDA; maternal level of education; colo-
nization with MRSA; FEV1; age; and number of 
hospitalizations. This logistic regression model, 
in accordance with the Hosmer-Lemeshow 
goodness-of-fit test, showed the adjusted chi-
square statistic to be 5.57 (p = 0.7).

As can be seen in Table 3, the 1% increase, 
in relation to the RDA, in caloric intake (when 
adjusted for age, FEV1, colonization with MRSA 
and number of hospitalizations), decreases the 
chance of height deficit by 2% (OR = 0.98; 
95% CI: 0.96-1.00). Maternal level of educa-
tion seems to influence the nutritional indicator 
related to growth, that is, having a mother who 
has had more years of schooling seems to have 
a protective effect on the nutritional indicator 
related to growth. However, in the multivariate 
analysis, this association remained only border-
line significant (p = 0.054).

Discussion

The nutritional parameters in this sample 
can be compared with those of the patients 
treated at CF centers in developed countries(4) 
due to the low prevalence of malnutrition, even 
if those parameters are evaluated using the strict 
criteria established by the CF consensuses and 
considering the socioeconomic conditions of 
a developing country. It is supposed that such 
findings can be related to the multidisciplinary 
management of a referral center, as observed in 
one study.(14) A study conducted in the United 
States and involving 22,714 CF patients showed 
a tendency toward improvement of the nutri-
tional status with age in these patients in the 
last decade.(4)

Data from the United Kingdom Cystic 
Fibrosis Registry revealed that the mean Z score 
for the weight of boys up to 10 years of age 
was between −0.25 and −0.5; after that age 
bracket, there was a decrease in the BMI. Girls 
presented a Z score of −0.5; with a drop in the 

Table 3 - Final model multivariate logistic regression, relating the Z score for height/age outcome with caloric 
intake and maternal level of education.

Variable Beta (standard error) Wald test p OR (95% CI)
Caloric intake adjusted for the RDA −0.019 (0.010) 3.96 0.046 0.98 (0.96-1.00)
Maternal level of education −0.16 (0.08) 3.72 0.054 0.85 (0.72-1.00)
RDA: Recommended Dietary Allowances. Final model adjusted for age, FEV1, methicillin-resistant Staphylococcus aureus 
and number of hospitalizations.
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food intake and the impairment of the nutri-
tional status.

In the crude analysis, caloric intake was asso-
ciated only with the nutritional indicator Z score 
for H/A. The height deficit for the age can repre-
sent the presence of intrauterine malnutrition or 
the chronic presence of malnutrition.(20) There 
is evidence that, in CF patients, the decrease in 
height is more important to determining survival 
than is the decrease in weight for height.(6,21) The 
effect of low height on survival can be influenced 
by the lack of growth in a period of life during 
which there is normally significant growth and 
pulmonary development.(6)

In the multivariate analysis, adjusted for 
MRSA bacterial colonization, age, number of 
hospitalizations and VEF1, a low level of maternal 
education presented a borderline association 
with height deficit. In a study of the relation-
ship between maternal caregiving capacity and 
malnutrition, it was observed that a low level of 
maternal education doubled the risk for malnu-
trition.(22) One group of authors observed that 
less privileged CF patients presented greater 
impairment of pulmonary function and nutri-
tional status, as well as a 3.65 times higher 
risk of death.(23) Another recent study demon-
strated that patients of higher socioeconomic 
status presented a 40% lower risk of death when 
compared with patients of lower socioeconomic 
status.(24)

However, in the multivariate model, caloric 
intake was a predictive factor of height in CF 
patients: when adjusted for age, MRSA bacterial 
colonization, VEF1, number of hospitalizations 
and maternal level of education, greater caloric 
intake was associated with a lower risk of 
malnutrition due to height deficit. One study 
demonstrated a significant increase in the Z 
score for H/A after a nutritional intervention, 
through which CF patients reached a caloric 
intake of 132% of the RDA.(25)

The importance of nutritional status in CF 
patients is well-known and has been widely 
documented. The present study shows evidence 
of the association between caloric intake and 
nutritional status, indicating that dietary profile 
is a predictor of height in these patients.
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