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Abstract

Introduction: Children with congenital heart disease (CHD) present a high percentage of undern-
utrition and the interpretation of their nutritional assessment is difficult. Objective: To describe the 
nutritional status of infants with CHD using two anthropometric classifications and compare them. 
Patients and Method: Non-concurrent cohort study. We studied children under 12 months under-
going cardiac surgery. We excluded preterm infants, small for gestational age, carriers of genetic 
syndrome or other disease with nutritional compromise. Demographic data, type of CHD, weight 
and height were recorded. Nutritional assessment was performed using WHO standards per health 
ministry criteria (HMC) and per an Integrated Anthropometric Classification (IAC), which defines 
undernutrition if height-for-age Z-score (ZT/E)≤-2 and/or weight-for-height (ZP/T)≤-2, risk of un-
dernutrition as ZP/T between -1 to -1,9, normal as ZP/T between -0.9 to +0.9, overweight as ZP/T 
between +1 to +1.9 and obesity as ZP/T≥+2. Results: 387 interventions were included, 219 (56.6%) 
were males, median age 3.1 months (IQR:0.4;6.4). A 26.4% presented short stature. Using HMC 
classification 55 subjects presented two diagnoses by overlap of ZP/E and ZP/T, although with IAC 
there was no overlap. Comparing HMC with IAC, a difference was found in undernutrition, 28.9% 
versus 38.5% (p = 0.001), risk of undernutrition 27.4% versus 16.3%(p = 0.01) and obesity 4.9% ver-
sus 3.3% (p = 0.03) respectively. Correlation was found between ZP/E and ZP/T, r = 0.6(p < 0.001) 
and between ZP/E and ZT/E, r = 0.6 (p < 0.001). Conclusions: Children with CHD have a high per-
centage of undernutrition and short stature. Using the same anthropometric measurements IAC did 
not present overlapping diagnoses and detected more undernutrition. P/E is useful as screening, but 
insufficient in chronic undernutrition.
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Introduction

The nutritional assessment in a child that presents 
chronic malnutrition by deficit is a challenge in pedia-
trics since there are no unified standards for its classifi-
cation and interpretation1,2.

The weight gain and linear growth of children with 
chronic malnutrition are involved. The anthropome-
tric indicator weight-for-age (W/A) is useful in the 
diagnosis of malnutrition by deficit or undernutrition 
due to it being a sensitive indicator, especially in ages 
of fast growth, detecting changes in the weight veloci-
ty. This is one of the reasons why Chilean Ministry of 
Health (MINSAL) promotes it use in the nutritional 
assessment of children younger than one year3,4. Fur-
thermore, the height-for-age indicator (H/E) reflects 
the duration of malnutrition, being the most impor-
tant indicator in the nutrition monitoring of children 
with chronic malnutrition (stunting)1,5. Another im-
portant anthropometric indicator is the weight-for-
height (W/H), which is independent of age and height 
compromise. It describes the current nutritional state 
both from excess and deficiency5,6. In this context, an 
integrated anthropometric classification, made accor-
ding to the concept published in 1972 by Waterlow et 
al, would be useful to evaluate more precisely the nu-
tritional status of these patients5.

MINSAL’s current recommendation for the nu-
tritional evaluation of children younger than 1 year, 
is to use the weight-for-age indicator (W/A) for the 
malnutrition (undernutrition), malnutrition risk and 
appropriate weight diagnosis, the weight-for-height 
(W/H) for overweight (overweight and obesity), and 
the height-for-age (H/A) for the diagnosis of short sta-
ture (when the H/A is equal or lower than -2DS). It is 
important to point out that the H/A is not included in 
the diagnosis of deficiency or excess of weight (Table 
1).

Congenital heart diseases (CHD) can cause mal-
nutrition and can compromise the linear growth of 
children7-9. Studies of children with CHD use diffe-
rent indicators to report the nutritional status, being 
the W/E the most used one, above the W/A, W/H and 
H/A indicators6-8,10. The importance of performing an 
Integrated Nutritional Evaluation, which includes the 
clinical history and a growth curve in the anthropome-
tric evaluation, is emphasized in Chilean regulations. 
Afterward, the evaluation must be referred to a nutri-
tional vigilance team for a more specialized attention. 
This evaluation does not detail a specific anthropome-
tric classification or a classification that differentiates, 
for example, severe acute malnutrition from chronical 
malnutrition4.

The aim of this study is to describe the nutritional 
status of infants younger than one year with CHD, by 

using two different nutritional classifications and to 
make a comparison between them.

Patients and Method

We designed a non-concurrent cohort study. We 
included patients with CHD younger than 12 months 
who had undergone cardiac surgery (reparative or pa-
lliative) with extracorporeal circulation in the Hospital 
Clínico de la Pontificia Universidad Católica de Chile 
between January 2009 and December 2013. This me-
dical center is one of the national reference centers for 
the resolution of operable CHD on patients younger 
than 15 that is also included in the national program 
Explicit Health Guarantees (EHG), and patients refe-
rred from Private Health System with agreements with 
our institution.

Each of the cardiac surgical procedures performed 
during this period was analyzed. In patients who had 
undergone surgery more than once, the re-interven-
tions due to complications or that had an interval 
lower than 30 days were excluded.

We excluded patients with prematurity history 
(lower than 37 weeks of gestation), been small-for-
gestational-age and to have an associated genetic syn-
drome or another chronic disease that could affect the 
nutritional status.

Clinical and demographic data were registered: 
gender, age at the moment of surgery, CHD type, 
weight and height on the admission day. The value of 
the z-score, according to the WHO standards, for each 
anthropometric indicator was obtained by the Anthro 
v 3.2.2 program12.

The nutritional assessment was made according to 
two classification types: in accordance with the current 
MINSAL regulations: MINSAL criteria (MC) (Table 
1) and with an integrated anthropometric classifica-
tion (IAC), made according to Waterlow et al concepts 
(Table 2), assigning each patient or case the diagnosis 
according to the indicator suggested for each classifi-
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Table 1. Nutritional diagnosis by Ministry of Health  
classification

Nutritional diagnosis Z score 

Undernutrition W/A < -2

Undernutrition risk W/A between -1,9 to -1

Appropriate weight W/A between -0,9 to +0,9

Obesity risk W/H between +1 to +1,9

Obesity W/H > +2

Short stature H/A < -2
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Table 2. Nutritional diagnosis by Integrated Anthropometric Classification

Nutritional diagnosis Z score W/H Z score H/A

Chronic or secondary undernutrition: active or decompensated ≤-1
≤ -2

Chronic or secondary undernutrition: compensated -0.9 a +0.9

Chronic or secondary undernutrition: overcompensated ≥ +1

Acute undernutrition ≤ -2

> -2 
Undernutrition risk -1.9 a -1

Appropriate weight -0.9 a +0.9

Obesity risk +1 a +1.9

Obesity ≥ +2

Congenital cardiomiopathies and nutrition - C. Le Roy et al

Table 3. Principal diagnosis of congenital heart disease

Diagnosis of congenital heart disease. n    (%)

Ventricular septal defect 78   (20.2)

Hypoplastic left heart síndrome 74   (19.1)

Tetralogy of Fallot 48   (12.4)

Transposition of the great arteries 44   (11.4)

Others 38     (9.8)

Tricuspid atresia 20     (5.2)

Double-outlet right ventricule 18     (4.6)

Total anomalous pulmonary venous return 18     (4.6)

Aortic Coarctation 12     (3.1)

Pulmonary Atresia Septum Intact 11     (2.8)

Complete atrioventricular canal 10     (2.6)

Truncus arteriosus 7     (1.8)

Atrial septal defect 5     (1.4)

Valves abnormalities 4     (1)

Total 387 (100)

cation4,5. In those cases where there was a diagnosis su-
perposition according to the MC, in other words, that 
received simultaneously two nutritional diagnoses, the 
W/A indicator for the diagnosis assignation of mal-
nutrition (undernutrition) or malnutrition risk was 
prioritized, without taking into account the obtained 
W/H. When this superposition happened in children 
with ZW/A between -0.9 and +0.9, but with ZW/H > 
+1, the W/H value was prioritized, remaining the diag-
nosis of obesity riskor obesity, accordingly13.

When analyzing the comparison between MC and 
IAC, were considered malnutrition or undernutrition 
in IAC both the acute malnutrition and chronic or se-
condary malnutrition, with its three classifications.

The statistical analysis was performed using the 
STATA v12.0 program. A descriptive statistic of the 
variables was made. For continuous variables, we use 
Shapiro Wilk test to assess distribution, determining 
that only W/H had a normal distribution. In the conti-
nuous variables, a Spearman correlation was used, and 
a McNemar test was performed to compare the nutri-
tional diagnosis frequencies according to the different 
classifications for the same subject. We considered a p 
value < 0.05 as statistically significant.

This study was approved by the Research Ethics 
Committee of the School of Medicine, Pontificia Uni-
versidad Católica de Chile. Certificate of Approval no 
14-032.

Results

During the study period, 1013 CHD surgeries were 
performed, 387 procedures (38.2%) complied with the 
inclusion criteria of this study.

From the 387 procedures, 49 children had more 
than one cardiac surgical intervention, each one being 
analyzed as the subject of study. The most common 
diagnosis in the patients that had undergone more 
than one surgical procedure was the Hypoplastic Left 
Heart Syndrome (HLHS) (46.6%).

219 patients were male (56.6%) with an average age 
of 3.1 months (RIC: 0.4;6.4).

Table 3 shows the diagnosis of studied children’s 
CHD. The most common CHD were ventricular sep-
tal defect 78 (20.2%), Hypoplastic left heart síndrome 
(HLHS)74 (19.1%) and Tetralogy of Fallot 48 (12.4%).

By analyzing each one of the anthropometric in-
dicators, an average for the z-score for W/A (ZW/A) 
was found, -1.2 (RIC: -2.2, -0.2) and z-score for W/H 
(ZW/H), -0.5 + 1.6. The z-score for H/A (ZH/A) had 
an average of -1.2 (RIC: -2-0,-0.4), presenting short 
stature in 102 patients (26.4%).
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When evaluating the presence of short stature ac-
cording ZW/A, it was found that the 55.4% of the chil-
dren with ZW/A ≤ -2 had short stature, 30.2% of the 
children with ZW/A between -1.9 and -1, and only 5% 
of the children had ZW/A between -0.9 and +0.9.

55 patient showed two nutritional diagnoses simul-
taneously, by using the MC’s criteria. Regarding the fi-
nal nutritional diagnosis according to the MC, the un-
dernutrition diagnosis of children with ZW/A ≤ -2 was 
accepted, thus there was a diminish of 6 patients in the 
diagnosis of obesity risk, for the diagnosis of undern-
utrition risk (ZW/A between -1 and -1.9) there was a 
4 patients diminish and 2 in obesity, for the diagnosis 
of appropriate weight, 29 patients that had obesity risk 
diagnosis were diminished and 14 patients that had 
obesity diagnosis (Table 4).

The details of the nutritional diagnosis according 
to the IAC are in table 5.

There was no diagnosis superposition by perfor-
ming this classification.

The comparison between the nutritional diagno-
sis by using two classifications, MC and IAC, showed 
differences in the undernutrition diagnosis (28.9% vs 
38.5%, p = 0.001), undernutrition risk (27.4% vs 16.3, 
p = 0.01) and obesity (4.9% vs 3.3%, p = 0.03), respec-
tively (Figure 1).

A positive correlation between ZW/A and ZW/H 
(r = 0.6 [p < 0.001]), and also between ZW/A and 
ZH/A (r = 0.6 [p < 0.001]).

Discussion

Our medical center had a progressive increase in 
the number of cardiac surgical procedures performed 
annually, associated with a significant reduction in 
the operatory mortality14. The undernutrition state is 
known factor of cardiac surgical mortality and morbi-

Table 4. Nutritional diagnosis by Ministry of Health classification

Initial nutritional diagnosis 
n

Superposition of nutritional diagnosis Final nutritional diagnosis 
n    (%)n Anthropometric indicator o

Undernutrition 112 112   (28.9)

Undernutrition risk 106 106   (27.4)

Appropriate weight 161 29
14

ZP/T entre +1 a +1.9
ZP/T ≥ +2

118   (30.5)

Obesity risk   42   4
  6

ZP/E entre -1 a -1.9
ZP/E ≤ -2

32     (8.3)

Obesity   21 2 ZP/E entre -1 a -1.9 19     (4.9)

Total 442 55 387 (100)
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Figure 1. Comparison of Nutritional Diagnoses by Ministry of Health classifi-
cation (MC) and  Integrated Anthropometric Classification (IAC). *p < 0.05.

Table 5. Nutritional diagnosis by Integrated Anthropometric 
Classification

Integrated Anthropometric Classification n      (%)

Chronic or secondary undernutrition: 
active or decompensated 

    36     (9.3)

Chronic or secondary undernutrition: 
compensated 

    48   (12.4)

Chronic or secondary undernutrition: 
overcompensated 

    18     (4.7)

Acute undernutrition     47   (12.1)

Undernutrition risk      63   (16.3)

Appropriate weight   130   (33.6)

Obesity risk     32     (8.3)

Obesity     13     (3.3)

Total 387 (100)
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dity, thus performing an accurate nutritional diagnosis 
is essential to elaborate the adequate treatment and to 
reduce the incidences. The nutritional state of children 
that will undergo surgery on a national level has not 
been studied until now, and this article is the first one 
that will describe it.

Children with operable CHD can present under-
nutrition due to many factors, such as: type or phy-
siopathology of the CHD, cyanosis, pulmonary hyper-
tension or cardiac insufficiency, the age at the moment 
of the surgery, being small-for-gestation-age or low-
birth-weight, having a genetic syndrome or another 
non-cardiac severe disease, frequent hospitalizations 
and inadequate oral intake due to anorexia, dyspnea or  
diminished gastric volume due to hepatomegaly that 
causes early satiety6,10,15,16. Many of these factors cannot 
be reversed, even with the adequate medical treatment, 
thus, it is difficult to achieve a similar growth in healthy 
children.

A quarter of the studied children had short statu-
re; this number is very higher than the one registered 
in Chilean children that assist to the public health 
network (2%)17, but it is quite similar to internatio-
nal publications of children with CHD, where older 
children and children in different phases were also 
included6,8. It is important to remember that there is 
a number of children that were considered in two op-
portunities, since there was an analysis for each inter-
vention and not for each patient during the studied 
time, which can be increasing the number of children 
with short stature, considering that these children 
have a CHD with a recognized compromise of their 
nutritional status.

In relation to the other anthropometric indicators 
(ZW/A and ZW/H), no publications where only ad-
dress children younger than one year were found, but 
it is possible to compare the nutritional evaluation per-
formed by the MC in our patients with Chilean chil-
dren that assist to the Chilean public health network. 
This comparison highlights a great difference in the 
diagnosis for malnutrition by malnourishment, whe-
re the national numbers are significantly lower to the 
ones found in children with CHD, between 0.3% and 
1.4% vs 28.9% in this studied group, and for undern-
utrition risk, between 2.6% and 4.7% vs 27.4% respec-
tively. Being an inverse situation in the diagnosis for 
obesity risk, between 9.4% and 26.4% in children from 
general population vs 8.3% of children with CHD, and 
for obesity, between 2% and 9.1% vs 4.9%, respecti-
vely17.

The nutritional diagnosis superposition, by using 
MC, is one of the results of most importance in this 
investigation, situation that happened in patients who 
had a ZW/A corresponding to appropriate weight or 
deficiency, but that also had ZW/H which diagnosed 

them with malnutrition due to excess, which also crea-
tes confusion at the moment of interpreting the nu-
tritional diagnosis. This explains the high number of 
children with short stature in the sample, thus, at the 
moment of classifying only by W/A, there will children 
with excessive weight for their height, even though by 
having a W/A in malnutrition by malnourishment or 
appropriate weight. This conflict does not occur when 
the IAC’s criteria are used since it uses the ZH/A and 
ZW/H to make a nutritional diagnosis.

This IAC is based on concepts already published re-
lated to the nutritional evaluation with a more critical 
perspective of children with malnutrition by chroni-
cal malnourishment, principally, due to them having 
a more severe chronical disease and that is currently 
informally used in specialized attention in pediatric 
nutrition5. There are more specific diagnoses in this 
classification, such as active chronic undernutrition, in 
other words, children with height compromise whose 
nutritional status is deficient for weight-for-height and 
chronically malnourished children over-compensated, 
in other words, their energy input is excessive in the 
management of nutritional recovery. This is why an 
accurate nutritional diagnosis can guide us in the ener-
gy requirements of each child, especially when there is 
evidence that both in malnutrition by malnourishment 
and excess grant higher morbility16,18.

The IAC does not specify children with CHD, thus, 
this classification is useful in in different disease with 
height compromise.

A significant difference in the assignation of ex-
treme diagnosis, found by comparing the nutritional 
diagnosis between both classifications, such as under-
nutrition, undernutrition risk, and obesity. The IAC 
diagnosed more undernutrition, while the MC diag-
nosed more undernutrition risk and obesity. The hig-
her number of undernutrition is explained, partially, 
by the inclusion of the chronical malnutrition diagno-
sis, defined as ZH/A < -2, in other words, short sta-
ture that is not included in the MC evaluation, which 
gives a more severe nutritional diagnosis since it is a 
reflection of chronic or secondary malnutrition that 
it has also been studied that in children with CHD it 
may not be fully recovered over time, despite specific 
medical treatments or a posterior cardiac surgical in-
tervention7-9,19.

Care should be taken when using the short statu-
re, secondary and chronic undernutrition diagnosis, 
which can be solved by performing an integrated nu-
tritional diagnosis and observing the H/A curves of 
each child with history of small-for-gestation-age, low-
birth-weight, prematurity, height of the parents, ethni-
city, number of previous hospitalizations, received nu-
trition support, which has been studied as low growth 
factors and malnutrition in children with CHD, but 

Congenital cardiomiopathies and nutrition - C. Le Roy et al
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that were not discussed in this investigation, which is 
also one of the limitations of this study6,7,10,15.

The W/A is considered among the national guides 
for operable CHD as criteria in the decisions of some 
cardiac surgeries, and that has also demonstrated to be 
a good indicator of higher risk in post-surgical morbi-
dities11,16. As a nutritional indicator, the W/A is useful 
as a screening tool in malnutrition by malnourish-
ment, and there was also a mild correlation of ZW/A 
with ZH/A and ZW/H, however, these results might 
be insufficient for the undernutrition diagnosis in chil-
dren with chronical malnutrition by deficit. Only one 
diagnosis is being made for both classifications with 
the anthropometric measurements at the right mo-
ment, it is always important to meticulously evaluate 
the growth curves and the clinical history for signs of 
changes in the growth curves described in the MC4.

The main objective of this investigation is to com-
pare both anthropometric classifications, this is reason 
why all cardiac surgical interventions, performed du-
ring the studied period, were included even is the same 
patients had two different interventions in its first year 
of life, which is probably in children with HLHS sin-
ce they require a series of programmed interventions 
during their life, palliative surgeries in phases. Regar-
ding this, the frequency of different nutritional diag-
nosis according to each cardiopathy was not analyzed, 
considering that 12.7% of the sample had undergone 
surgery two or more times.

This investigation’s contributions are: making a 
description of the nutritional status of children with 
operable CHD, propose a classification of the nutri-
tional status using the same anthropometric measu-
rements that are performed habitually, but that can 
produce adequate and specific diagnosis, and less con-
fusing at the moment of interpretation of the anthro-
pometric indicators and that guide the nutritional sup-
port management.

Due to the high percentage of malnutrition by 
deficit if this group, an adequate nutritional support 
should be considered in the EHG in order to diminish 

this acute and chronic malnutrition in children with 
CHD. To conclude, children with CHD in our cen-
ter present a significant percentage of undernutrition 
and short stature before the surgery. The IAC uses the 
same anthropometric measurements but gives more 
information of the nutritional status without genera-
ting diagnosis superposition, which would create less 
confusion during the interpretation of anthropometric 
indicators that would allow a better nutritional mana-
gement in each child.
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