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ABSTRACT 

Malnutrition is associated with an increased risk 
of morbidity and mortality, and may case an 
undesirable effect on the growth and develop- 
ment in children. There have been several re- 
ports about the prevalence of malnutrition in 
hospitalized children, but reports about malnu- 
trition in a large number of healthy children are 
quite limited. The aim of this study was to eva- 
luate the prevalence of likelihood of malnutrition 
in Japanese healthy children. We retrospectively 
reviewed data of height and weight at a regular 
health check in 7517 healthy children (age 3 - 17; 
3747 boys, 3770 girls) during 2008 and 2010 in 
Nara city, Japan. The data were evaluated using 
Waterlow classification, i.e., weight-for-height 
(W/H) and height-for-age (H/A). The prevalence 
of under-nutrition, as estimated by the values of 
W/H less than 90% and H/A less than 95%, were 
20.1% and 8.3%, respectively, and this prevalence 
of malnutrition risk tended to vary substantially 
with age. The peak levels of the prevalence were 
found to be at around 12 years old for both 
sexes in W/H, and at around 11 years old for 
boys and at around 10 years old for girls in H/A. 
We have clearly demonstrated the existence of 
certain percentages of the likelihood of malnutri- 
tion at different ages in healthy children. These 
findings suggest that when we want to evaluate 
the nutritional status using Waterlow classifica- 
tion in hospitalized children, we should be care- 
ful by taking such reference values into account. 
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1. INTRODUCTION 

Malnutrition is a state in which a deficiency or excess 

of nutrients may increase morbidity or mortality. Several 
investigators have reported on malnutrition and a risk of 
under-nutrition such as wasted or stunted condition or 
overweight in both hospitalized general patients [1-3] 
and those with specific disorders [4,5]. Since under- 
nutrition and disease interact with each other adversely, 
adequate and prompt nutritional supports are required. 
There are several methods for evaluating a patient’s 
nutritional status, including anthropometric measure- 
ments, dietary intake, biochemical parameters, and 
resting energy expenditure [6-8]. In hospitalized children, 
there is a good chance to use all of these measures; 
however, in healthy children, especially as a large cohort, 
it is difficult to perform these methods, except for 
anthropometric measures. Among several anthropometric 
measures, height-for-age (H/A) and weight-for-height 
(W/H) have been widely used in various clinical settings. 
H/A and W/H were first presented by Gomez et al. in 
1956 [9] and by Waterlow in 1972 [10], respectively. 
Later, Waterlow put the two measures together and 
defined H/A as an indicator for chronic nutritional status 
and W/H as an indicator for acute nutritional status [11]. 
Therefore, both measures are often called “Waterlow 
classification” in the literature. Waterlow classification 
has been widely used in hospitalized children for 
evaluating nutritional status on admission and to track 
changes over time during hospitalization [1,2,5,12]. 
However, there are very few large-scale studies on the 
H/A and W/H scores in healthy children. The reference 
values are potentially important for adequate assessment 
of sick children in comparison with a healthy population. 
Therefore, in this study, we tried to determine the 
reference values and an incidence of malnutrition among 
healthy children at 3 - 17 years of age in a large cohort of 
more than 7000 participants.  

2. MATERIAL AND METHODS 

2.1. Participants 
*The authors declare that we have no conflicts of interest of any kind in 
regard to the work presented here. To gain permission for the use of data obtained at an 
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annual health check, we first sent a letter to 30 randomly 
selected principals of senior high schools, junior high 
schools, elementary schools, or kindergartens in Nara 
city between 2008 and 2010. Due to the restrictions on 
the use of personal information, we obtained consent 
from approximately 60% of the principals. We went to 
those schools to collect the data on a paper basis and in 
total enrolled 7517 healthy children (3747 boys and 3770 
girls) aged 3 to 17 years old in this study (Table 1). 
Health checks were performed in April or May every 
year and were done by school teachers or school nurses 
who were well trained. Body weight was measured to the 
nearest 0.1 kg, and height was measured to the nearest 
0.1 cm. At the same time, we recorded each subject’s 
birth date to calculate respective standard weight and 
height. 

2.2. Waterlow Classification 

The Waterlow classification measures of W/H and 
H/A are calculated according to the following formula: 
W/H= [observed weight/standard weight (for the same 
age and height and sex)] × 100, and H/A= [observed 
height/standard height (for same age and sex)] × 100 [11]. 
We used the official Japanese children’s anthropometric 
data for children age 5 and over published by the Minis- 
try of Education, Culture, Sports, Science and Technol- 
ogy [13], and for those age 4 and under published by the 
Ministry of Health, Labor and Welfare [14], as the stan- 
dard weight and height. The criteria for the diagnosis of  
 

Table 1. Number of participants 

Age (years) Total (n) Boys Girls 

3~ 729 376 353 

4~ 794 403 391 

5~ 568 286 282 

6~ 468 239 229 

7~ 389 199 190 

8~ 385 196 189 

9~ 308 156 152 

10~ 303 153 150 

11~ 370 184 186 

12~ 740 358 382 

13~ 609 294 315 

14~ 490 238 257 

15~ 493 239 254 

16~ 374 184 190 

17~ 492 242 250 

All ages 7517 3747 3770 

malnutrition were for W/H, <70% severe, 70% - 80% 
moderate, 81% - 90% mild under-nutrition, and ≥110% 
overweight, and for H/A, <85% severe, 85% - 89% 
moderate, and 90% - 95% mild under-nutrition. Differ- 
ences between the prevalence of malnutrition among 
different age groups were examined using a population 
proportion test (SPSS ver.19). p values less than 0.05 
were considered significant.  

3. RESULTS 

3.1. Prevalence of Children at Risk for  
Malnutrition  

The prevalence of children at risk for malnutrition ac-
cording to Waterlow classification is summarized in Ta-
ble 2. Among our study subjects, 1513 (20.1%) and 624 
(8.3%) children were found to be at some grade of mal-
nutrition based on the evaluation of W/H and H/A, re-
spectively. Of the former 1513 children, 10 (0.1%), 177 
(2.4%), and 1326 (17.6%) children were at levels of se-
vere, moderate, and mild under-nutrition, respectively. 
On the other hand, of the latter 624 children, none, 24 
(0.3%), and 600 (8.0%) children were at levels of severe, 
moderate, and mild under-nutrition, respectively. Eight 
hundred and nine (10.8%) children were assessed as be-
ing overweight. 

3.2. Change in the Prevalence of Children at 
Risk for Malnutrition with Age 

Figure 1 indicates the prevalence of children at risk 
for under-nutrition with age. The prevalence at any 
grades of under-nutrition by W/H tended to reach their 
peaks at the age of 12 in both sexes. Actually, 121 
(33.8%) boys and 141 (36.9%) girls were found to be 
under-nourished at 12 years old. When we compared the 
prevalence of under-nutrition at 12 years old with other 
ages, the differences were statistically significant. In the 
measure of H/A, the prevalence of under-nutrition was 
highest at the age of 11 years for boys (30; 16.3%) and 
10 years for girls (25; 16.7%). 

4. DISCUSSION 

The assessment of nutritional status is pivotal in the 
pediatric field for dealing with both healthy and sick 
children. In studies of children on hospital wards, a var- 
ied number of patients was diagnosed to be malnour- 
ished depending upon the definition of malnutrition and 
the method of nutritional assessment [1-5]. In the present 
study, the definition of malnutrition in cluded both un- 
der-nutrition (underweight) and over-nutrition (over- 
weight). Without the comprehension of healthy chil- 
dren’s nutritional status for c mparison, it is difficult to  o
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Table 2. Comparison of the distribution of participants as judged by W/H and H/A. 

  W/H*    

  Severe** Moderate** Mild** Overweight Normal Total 

H/A* Severe 0*** 0 0 0 0 0 

 Moderate 0 1 1 5 (0.1) 17 (0.2) 24 (0.3) 

 Mild 1 18 (0.2) 105 (1.4) 72 (1.0) 404 (5.4) 600 (8.0) 

 Normal 9 (0.1) 158 (2.1) 1220 (16.2) 732 (9.7) 4774 (63.5) 6893 (91.7) 

 Total 10 (0.1) 177 (2.4) 1326 (17.6) 809 (10.8) 5195 (69.1) 7517 (100) 

*W/H and H/A indicate weight-for-height and height-for-age, respectively; **“Severe”, “Moderate”, and “Mild” indicate under-nutrition; ***Numbers in paren-
theses indicate percentages. 

 

 

Figure 1. Changes in the prevalence of under-nutrition and overweight in W/H and H/A scores with 
age (a) W/H (weight-for-height) in boys and girls and (b) H/A (height-for-age) in boys and girls 
moderate under-nutrition( ), mild under-nutrition ( ), normal ( ), overweight ( ). 

 
accurately perform a nutritional assessment of hospi- 
talized children. Moreover, a recent global increase in 
both obesity and thinness urges us to evaluate the nutria- 
tional status in a general child population [15-17]. Based 
on this notion, we attempted to examine the nutritional 
status by using Waterlow classification in more than 
7000 healthy children.  

Since Waterlow classification is expressed as a per-
centage, it is easy for physicians to understand the results 
of the assessment if they become familiar with the crite-
ria for the diagnosis of malnutrition. In addition, the 
measurement of both H/A and W/H can differentiate 

acute and chronic malnutrition. A disadvantage of Wa-
terlow classification is that the collection of reference 
data of the standard height for the same age and sex, and 
standard or ideal weight for the same age and height and 
sex are essential. The WHO growth chart is widely used 
for such reference data [18]. Considering the difference 
of standard height and weight among children in various 
countries, it is desirable for each country to use their own 
standard for evaluating Waterlow scores. Furthermore, 
W/H can be underestimated, when the sample’s height 
deviates from the median of the reference population [5]. 
Therefore, additional measures such as body mass index 
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(BMI) z-scores [19,20] and mid-arm circumference [21] 
should be combined for more accurate evaluation of the 
nutritional assessment. 

There are two major findings in the present study. 
First, we have demonstrated that the prevalence of un- 
der-nutrition (severe + moderate + mild) in healthy chil- 
dren was 8.3% by H/A and 20.1% by W/H. On the other 
hand, the prevalence of overweight was 10.8% by W/H. 
However, the overlapping rate of under-nutrition in H/A 
and W/H was approximately only 1.6%. This fact may 
indicate, as presented initially by Waterlow et al. [11], 
the nature of these two types of under-nutrition is distinct. 
Second, from the point of age, both measures had their 
peaks of the number of subjects at risk of under-nutrition 
around 10 - 12 years old. In children, height and weight 
increases linearly with age during early childhood before 
the take-off of the pubertal growth spurt [22]. The im-
balance between height and weight at puberty may cause 
an apparent increase of particularly under-nutrition as 
judged by W/H. 

Our present study has several limitations. First, ap- 
proximately half of the school principals did not agree to 
disclose student data, which may be a bias in the sam- 
pling. Second, this study was restricted to Nara city. Of 
note is that Nara is a provincial town with a population 
of 360,000 located in the middle region of Japan．The 
prevalence of child obesity has been shown to vary 
among different areas in Japan [23]. Therefore, to gener-
alize our findings, additional studies to examine children 
in other areas should be performed. Finally, although the 
main purpose of the present study was to establish the 
reference values in healthy children by Waterlow classi- 
fication, other nutritional assessments should be com- 
bined to make the diagnosis of malnutrition more accu- 
rately. Waterlow presented the criteria necessary for es-
tablishing a reference value. These include 1) a well- 
nourished population, 2) sample numbers of at least 200 
individuals in each age and sex, 3) a cross-sectional 
study, and 4) clear and reproducible sampling proce- 
dures [11]. We believe the present study fulfills most of 
these criteria. Therefore, in spite of the limitations de- 
scribed above, the results in the present study are robust 
enough for general use. When physicians want to attempt 
nutritional assessment in hospitalized children, our data 
may indicate the importance of including the age factor 
for accurate evaluation.  
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