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ABSTRACT 

Aims: This study compares the WHO (2007) and the 
National Health Examination Survey (NHANES III) 
reference intervals and investigates the differences 
when applied on a Canadian cohort of older children 
and adolescents. Methods: We calculated height, weight 
and BMI z-scores of 4375 consecutive patients (1993 
female, 45.6%) aged 5 - 20 years attending outpatient 
clinics at a single tertiary care centre using reference 
data of the latest NHANES (III) survey and the WHO 
(2007) growth charts. To address age dependency, 
data was stratified into age groups. Results: Using the 
NHANES III reference intervals, medians of weight 
(+0.46), height (+0.29) and BMI z-scores (+0.46) were 
significantly non-zero. The WHO (2007) growth charts 
yielded medians of +2.05, +0.32, +0.53 for weight, 
height and BMI z-scores respectively, all significantly 
non-zero. When comparing both growth charts, Ca- 
nadian children had significantly different weight and 
BMI z-scores (p < 0.0001) with WHO growth charts 
whereas height z-score did not differ. Obesity rates 
(BMI z-score > 95th percentile) doubled from 8.6% to 
16.0%. A significant age dependency was observed 
with higher WHO (2007) weight z-scores (>7 years) 
and higher BMI z-scores (7 to 13 years) and no sig- 
nificant difference was observed for height z-scores 
across all age groups. Gender differences were ob- 
served for weight z-scores (>9 years) and BMI (males: 
9 - 11 years, p = 0.0118; 11 - 13 years, p = 0.0069) 
whereas no significant difference was found in height 
z-scores across all age groups. Conclusion: Our re- 
sults reveal substantial differences between both ref- 
erence populations and thus interpretation needs be 
done with caution, especially when labelling results as 

abnormal. 
 
Keywords: WHO; NHANES; Height z-Score; Weight 
z-Score; BMI z-Score; Bland & Altman Agreement; 
Obesity Rates 

1. INTRODUCTION 

Growth charts are essential to assess for failure to thrive, 
short stature or obesity. Over the years a number of 
growth charts have been developed to assess and monitor 
the general health and growth of children and adoles- 
cents. Until the arrival of the new WHO growth charts, 
the National Centre for Health Statistics (NCHS) growth 
charts based on the latest Health and Nutrition Examina- 
tion Survey (NHANES III) database have been used in 
Canada. The NHANES III include age-corresponding 
body mass index (BMI) smoothed z-scores, which are 
used for assessing obesity rates [1]. These charts were 
adopted by most countries in the world [2,3].  

The NHANES III reference database has been criti- 
cized for being sampled from the American population 
and its small number of breast-fed infants in its cohort [4]. 
To address these concerns, the WHO released new in- 
ternational growth charts for 8440 children aged birth to 
59 months in April of 2006 using an international popu- 
lation sampled from Brazil, Ghana, India, Norway, Oman 
and the USA [5]. Data were based on breast-fed popula- 
tion raised according to the recommended nutritional and 
health practices, taken to be the gold standard for chil- 
dren’s growth. These WHO growth charts have subse- 
quently been adopted for use worldwide for child growth 
assessment of children less than 60 months [3]. In 2007, 
the WHO released a new set of charts for monitoring the 
growth of older children and adolescents that had been 
updated and improved to address the growing epidemic 
of childhood obesity [6]. The WHO (2007) charts have 
been adopted by Canadian dieticians in Canada in place 
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of the NHANES III for assessment of children aged 5 to 
20 years [7]. 

We wished to study whether the obesity rates of chil- 
dren and adolescents would vary when comparing both 
growth charts. A direct comparison of the two growth 
charts for Canadian children aged 5 - 20 years remains 
elusive. Therefore, we compared height, weight and BMI 
z-scores for children aged 5 - 20 years obtained by using 
both the NHANES III and the WHO (2007) reference 
intervals in a convenient sample of a large Canadian pa- 
tient cohort.  

2. PATIENTS AND METHODS 

We performed a post-hoc analysis on a convenient sam- 
ple of 4375 patients (1993 females, 45.6%) aged 5 - 20 
years with a complete data set from a previous study on 
healthy weights of children attending Children’s Hospital, 
London Health Sciences Centre. Only patients with a 
complete dataset were included. The study was approved 
by the institutional ethics review board (Health Science 
REB #13746E). Patients were recruited consecutively 
between April 2007 to July 2009 in the Paediatric Emer- 
gency department in a number of ambulatory clinics 
(cardiology, endocrinology, gastroenterology, nephrology, 
neurology, orthopaedic surgery). 

After obtaining a written informed consent, anthro- 
pometric measurements (height, measured by stadiome- 
ter) and chronological age (calculated from the differ- 
ence between the date of the appointment and the date of 
birth) were obtained as a clinical routine for patients at- 
tending the various clinics. Body mass Index (BMI) was 
calculated as the ratio of weight [kg] and the square of 
height [m]. BMI is age and gender dependent, therefore, 
age independent BMI z-scores were calculated using the 
methodology provided by the Centre of Disease Control 
(CDC) website with age and gender matched controls 
taken from the National Centre for Health Statistics 
(NCHS), United States. The most recent NHANES III 
database (1999-2002) was used as reference for all pa- 
tients [NCHS (National Center of Health Statistics)-2000 
CDC Growth Charts: United States (Accessed February 
16th, 2012, at http://www.cdc.gov/growthcharts/)]. These 
files contain the L, M and S parameters needed to gener- 
ate exact percentiles and z-scores. These parameters are 
the median (M), the generated coefficient of variation (S), 
and the Box-Cox transformation (L). To obtain z-scores 
of a given physical measurement, we used 

   L
z-score X M 1 L S   ,          (I) 

where L, M and S are the values from the appropriate 
table corresponding to the age of child in months. Simi- 
larly, we calculated the height and weight z-scores using 
the published Box-Cox transformations for these pa- 

rameters. BMI, weight and height z-scores were also 
calculated for the cohort of 4375 patients using the WHO 
(2007) growth charts by referring to the most recent 
WHO (2007) growth charts provided by the World 
Health Organization website  
(http://www.who.int/childgrowth/en/). 

Using GraphPad Prism software version 5.01 for Win- 
dows (GraphPad Software, San Diego, CA, USA), con- 
tiguous data were analysed for normal distribution using 
the Shapiro-Wilk normality test. Mean and standard de- 
viation were reported for normally distributed data, oth- 
erwise, median, 25th, 75th percentiles and range were 
given. Simple descriptive tests were employed using 
parametric tests for normally distributed data and non- 
parametric tests otherwise. We used the non-parametric 
Wilcoxon matched pair test for intra-patient and Mann- 
Whitney t-test for inter-patient not normally distributed 
variables. To assess the agreement between height, weight 
and BMI z-scores calculated using the WHO growth 
charts and the NHANES III reference intervals, we per- 
formed Bland & Altman analysis. A p-value of <0.05 
was considered statistically significant.  

3. RESULTS 

This study was a post-hoc analysis of all 4375 patients 
aged 5 - 20 years that were recruited into a larger healthy 
weights study at Children’s Hospital, London Health Sci- 
ences Centre. Parts of the study have been published 
elsewhere [8]. Median age was 11.8 years (range 5.09 - 
20.85 years, 1993 females = 45.6%), median height for 
the entire group of patients was 149.9 cm (range 78.0 - 
164.5 cm), median weight was 43.5 kg (range 10.9 - 
170.0 kg) and median BMI was 19.05 kg/m2 (range 
10.71 - 62.69 kg/m2). When calculated with reference to 
the NHANES III reference charts, median height z-score 
for the entire group of patients was +0.29 (25th percen- 
tile = −0.50, 75th percentile = 1.03, p < 0.0001, Wilcoxon 
signed rank test), median weight z-score was +0.46 (25th 
percentile = −0.27, 75th percentile = 1.20, p < 0.0001, Wil- 
coxon signed rank test) and median BMI z-score +0.46 
(25th percentile = −0.33, 75th percentile = 1.23, p < 
0.0001, Wilcoxon signed rank test). Z-score calculations 
with reference to the WHO (2007) growth charts for the 
entire group of patients revealed a median height z-score 
+0.32 (25th percentile = −0.48, 75th percentile = 1.06, p 
< 0.0001, Wilcoxon signed rank test), median weight z- 
score was +2.95 (25th percentile = +0.60, 75th percen- 
tile = 3.15, p < 0.0001, Wilcoxon signed rank test) and 
median BMI z-score +0.53 (25th percentile = −0.30, 75th 
percentile = 1.48, p < 0.0001, Wilcoxon signed rank test). 
When the entire group of patients was considered, the 
Mann-Whitney t-test revealed a significant difference in 
medians between z-scores calculated using the NHANES 
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III and the WHO III growth charts for weight (p < 
0.0001) and BMI z-scores (p < 0.0001). No significant 
difference was observed in the case of height z-scores (p 
= 0.1835).  

Furthermore, the agreement between weight, height 
and BMI z-scores obtained through the use of both 
NHANES III and WHO (2007) charts was investigated 
using the Bland & Altman analysis. Bland & Altman 
bias and standard deviation results are summarized in 
Table 1 for age groups.  

To investigate age dependency, the entire group of pa- 
tients was then stratified into age groups and a similar 
comparison within each age group was conducted for 
height, weight and BMI z-scores calculated by using 
both the NHANES III and the WHO (2007) growth 
charts (Table 1). Age classification revealed no signifi- 
cant age dependency for height z-scores across all age 
groups. By contrast, we observed a significant age de- 
pendency for weight z-scores starting at the age of 7 
years, and a significant age dependency of BMI z-scores 
from the age of 7 years to 13 years only with the higher 
medians obtained when using the WHO (2007) growth 
charts (Figure 1).  

Another way of looking at the data pertains to an as- 
sessment of how many patients would be classified as 
either below the 5th or over the 95th percentile with re- 
spect to either growth chart. The results of this analysis 
are given in Table 2. The biggest discrepancies between 
both growth charts were observed for the classification 
of patients above the 95th percentile (z-score of +1.96) 
for weight and BMI variables. Especially for weight, a 
much larger proportion of patients were labelled as above 
the 95th percentile using the WHO growth chart when 
compared to the CDC growth chart. By contrast, there 
was good agreement for height. With respect to below 
the 5th percentile (z-score of −1.96), discrepancies oc- 
curred with respects to underweight proportions. This 
time, the CDC growth charts labelled a larger number of 
patients as underweight than the WHO growth charts.  

Gender dependency was also investigated across all 
age groups by stratifying patients according to gender 
within each age group and a repeat of the above analysis 
was conducted for height, weight and BMI z-scores, (Ta- 
ble 3), calculated with reference to both the NHANES III 
and the WHO (2007) growth charts. Results revealed a 
significant difference between the medians of the weight  

 
Table 1. Comparison of NHANES III and WHO weight, height and BMI z-scores of 4375 Canadian children of a single tertiary care 
centre classified into age groups (*p-value = Mann Whitney parametric t-test p-value, *Bias (SD) = Bland & Altman agreement test 
bias and standard deviation values). 

Age group z-score N 
NHANES  

III P25 
NHANES 

III P50 
NHANES

III P75 
WHO P25 WHO P50 WHO P75 p-value Bias (SD) 

5 - 7 yrs 

Weight 

Height 

BMI 

694 

−0.31 

−0.42 

−0.39 

0.36 

0.35 

0.45 

1.11 

1.19 

1.21 

−0.28 

−0.55 

−0.34 

0.42 

0.27 

0.45 

1.26 

1.11 

1.31 

0.1687 

0.1961 

0.2308 

−0.16 (0.24) 

0.07 (0.15) 

−0.25 (0.46) 

7 - 9 yrs 

Weight 

Height 

BMI 

590 

−0.30 

−0.57 

−0.29 

0.49 

0.20 

0.52 

1.26 

1.03 

1.31 

−0.21 

−0.42 

−0.26 

0.61 

0.34 

0.60 

1.55 

1.19 

1.59 

0.0083 

0.0471 

0.0259 

−0.24 (0.22) 

−0.16 (0.09) 

−0.24 (0.31) 

9 - 11 yrs 

Weight 

Height 

BMI 

644 

−0.37 

−0.48 

−0.36 

0.41 

0.32 

0.48 

1.23 

1.09 

1.27 

−0.01 

−0.42 

−0.30 

0.80 

0.35 

0.64 

1.78 

1.21 

1.64 

<0.0001 

0.4081 

0.0038 

−0.46 (0.30) 

−0.07 (0.14) 

−0.27 (0.27) 

11 - 13 yrs 

Weight 

Height 

BMI 

706 

−0.29 

−0.44 

−0.28 

0.48 

0.35 

0.52 

1.25 

1.06 

1.30 

1.14 

−0.52 

−0.22 

1.99 

0.36 

0.69 

2.74 

1.13 

1.64 

<0.0001 

0.7468 

0.0027 

−1.49 (0.31) 

−0.02 (0.11) 

−0.22 (0.22) 

13 - 15 yrs 

Weight 

Height 

BMI 

773 

−0.13 

−0.55 

−0.29 

0.54 

0.31 

0.46 

1.24 

1.05 

1.25 

2.29 

−0.48 

−0.32 

2.89 

0.40 

0.55 

3.55 

1.14 

1.47 

<0.0001 

0.2134 

0.1059 

−2.37 (0.32) 

−0.07 (0.08) 

−0.13 (0.22) 

15 - 17 yrs 

Weight 

Height 

BMI 

650 

−0.14 

−0.50 

−0.19 

0.57 

0.23 

0.49 

1.21 

0.83 

1.15 

2.79 

−0.43 

−0.25 

3.41 

0.30 

0.51 

3.87 

0.82 

1.32 

<0.0001 

0.5605 

0.3475 

−2.87 (0.43) 

−0.03 (0.07) 

−0.10 (0.21) 

17 - 20 yrs 

Weight 

Height 

BMI 

318 

−0.36 

−0.59 

−0.46 

0.31 

0.14 

0.24 

1.08 

0.96 

1.00 

2.87 

−0.56 

−0.48 

3.44 

0.14 

0.26 

4.96 

0.93 

1.14 

<0.0001 

0.9905 

0.4076 

−3.15 (0.54) 

0.005 (0.05) 

−0.15 (0.26) 
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Figure 1. Change in weight, height and BMI z-score stratified by gender for children ranging in age from 5 years to 
20 years. 
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Table 2. The number of patients above the 95th (or below the 5th) percentile for both height and weight and both growth charts. 

Weight z-scores WHO > 95th percentile (z-score > +1.96) WHO ≤ 95th percentile (z-score ≤ +1.96) 

CDC > 95th percentile (z-score > +1.96) 414 0 

CDC ≤ 95th percentile (z-score ≤ +1.96) 1841 2120 

Height z-scores WHO > 95th percentile (z-score > +1.96) WHO ≤ 95th percentile (z-score ≤ +1.96) 

CDC > 95th percentile (z-score > +1.96) 302 11 

CDC ≤ 95th percentile (z-score ≤ +1.96) 43 4019 

BMI z-scores WHO > 95th percentile (z-score > +1.96) WHO ≤ 95th percentile (z-score ≤ +1.96) 

CDC > 95th percentile (z-score > +1.96) 376 0 

CDC ≤ 95th percentile (z-score ≤ +1.96) 325 3674 

Weight z-scores WHO < 5th percentile (z-score < −1.96) WHO ≥ 5th percentile (z-score ≥ −1.96) 

CDC < 5th percentile (z-score < −1.96) 44 76 

CDC ≥ 5th percentile (z-score ≥ −1.96) 0 4255 

Height z-scores WHO < 5th percentile (z-score < −1.96) WHO ≥ 5th percentile (z-score ≥ −1.96) 

CDC < 5th percentile (z-score < −1.96) 195 14 

CDC ≥ 5th percentile (z-score ≥ −1.96) 14 4125 

BMI z-scores WHO < 5th percentile (z-score < −1.96) WHO ≥ 5th percentile (z-score ≥ −1.96) 

CDC < 5th percentile (z-score < −1.96) 117 21 

CDC ≥ 5th percentile (z-score ≥ −1.96) 2 4235 

 
z-scores for females with higher median obtained using 
the WHO (2007) growth charts starting at the age of 7 
years. On the other hand, weight z-scores for males were 
significantly different with higher medians obtained 
through using the WHO (2007) growth charts starting at 
the age of 9 years. Interestingly, height z-scores were not 
significantly different across all age groups for both 
genders. Medians of BMI z-scores were not significantly 
different for females across all age groups and only sig- 
nificantly different for males from the age of 9 to 13 
years with the medians higher when calculated with ref- 
erence to the WHO (2007) growth charts.  

When the group of adolescent males and females (age 
13 - 20 years) was taken as whole and the Mann-Whit- 
ney nonparametric t-test was applied for comparison of 
weight, height and BMI z-score medians calculated using 
the NHANES III and WHO (2007) growth charts for 
both genders, results showed a significant gender differ- 
ence with regards height and weight z-scores. There was 
no significant difference for BMI z-scores between both 
genders when using both growth charts (Table 4). 

4. DISCUSSION 

Not unexpectedly, we found that the results of our cohort 
of real patients differed markedly depending on which 

tool (or growth chart) was used to assess the patients. As 
predicted, there were marked differences with weight 
z-scores, but surprisingly only minimal differences for 
height z-score. As weight z-scores were very different, 
the differences in BMI z-scores were expected.  

The second important finding that originates from 
these results is that classification of abnormal are dra- 
matically affected by the choice of the assessment tool. 
The proportion of obese patients based on the BMI 
z-score (above the 95th percentile) increased from 376/ 
4375 (8.6%) to 701/4375 (16.0%). This means a dou- 
bling of the obesity rates with the application of WHO 
growth charts.  

The effects were much less dramatic when assessing 
short stature and a BMI below the 5th percentile. For 
children under the 5th percentile for weight, a larger 
number of children (120 rather than 44) would be quali- 
fied as underweight when applying the CDC growth 
charts.  

The differences are not that surprising. A comparison 
of the two growth charts was performed by both de Onis 
[9] and Grummer-Strawn [10] and clearly showed dif- 
ferences of the two growth charts, especially for younger 
children. Mei et al. have demonstrated an age-depend- 
ency [11]. Only a few studies have actually compared the 
results from the two differe t growth charts in actual  n 
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Table 3. Comparison of NHANES III and WHO weight, height and BMI z-scores of 4375 Canadian children of a single tertiary care 
centre stratified by gender (*p-value = Mann Whitney parametric t-test p-value, *Bias (SD) = Bland & Altman agreement test bias 
and standard deviation values). 

Age group z-score Gender N 
NHANES 

III P25 
NHANES 

III P50 
NHANES 

III P75 
WHO P25 WHO P50 WHO P75 *p-value *Bias (SD)

5 - 7 yrs 
Female 
Male 

339 
335 

−0.45 
−0.20 

0.29 
0.45 

1.07 
1.15 

−0.43 
−0.16 

0.30 
0.55 

1.20 
1.33 

0.4517 
0.2214 

−0.13 (0.23)
−0.18 (0.24)

7 - 9 yrs 
Female 
Male 

272 
318 

−0.34 
−0.25 

0.37 
0.55 

1.10 
1.39 

−0.19 
−0.21 

0.55 
0.69 

1.34 
1.70 

0.0383 
0.0722 

−0.23 (0.14)
−0.24 (0.27)

9 - 11 yrs 
Female 
Male 

283 
361 

−0.54 
−0.23 

0.16 
0.55 

1.05 
1.41 

−0.18 
0.14 

0.62 
0.93 

1.53 
1.89 

0.0001 
0.0001 

−0.46 (0.29)
−0.46 (0.31)

11 - 13 yrs 
Female 
Male 

297 
409 

−0.36 
−0.25 

0.47 
0.50 

1.26 
1.19 

1.11 
1.15 

1.92 
2.00 

2.75 
2.74 

0.0001 
0.0001 

−1.49 (0.29)
−1.49 (0.33)

13 - 15 yrs 
Female 
Male 

327 
446 

−0.10 
−0.18 

0.56 
0.53 

1.20 
1.33 

2.21 
2.35 

2.75 
2.99 

3.32 
3.70 

0.0001 
0.0001 

−2.25 (0.24)
−2.46 (0.34)

15 - 17 yrs 
Female 
Male 

308 
342 

−0.19 
−0.10 

0.43 
0.65 

1.08 
1.41 

2.50 
3.21 

2.97 
3.72 

3.53 
4.22 

0.0001 
0.0001 

−2.64 (0.35)
−3.08 (0.40)

17 - 20 yrs 

Weight 

Female 
Male 

167 
151 

−0.37 
−0.34 

0.32 
0.27 

0.99 
1.14 

2.53 
3.39 

3.03 
3.82 

3.53 
4.31 

0.0001 
0.0001 

−2.82 (0.35)
−3.51 (0.48)

5 - 7 yrs 
Female 
Male 

339 
355 

−0.50 
−0.32 

1.19 
0.51 

1.10 
1.26 

−0.60 
−0.48 

0.12 
0.45 

1.05 
1.13 

0.4572 
0.2372 

0.03 (0.17)
0.11 (0.10)

7 - 9 yrs 
Female 
Male 

272 
318 

−0.55 
−0.58 

0.07 
0.33 

0.90 
1.08 

−0.41 
−0.50 

0.25 
0.43 

1.07 
1.24 

0.0733 
0.2523 

−0.20 (0.09)
−0.12 (0.08)

9 - 11 yrs 
Female 
Male 

283 
361 

−0.48 
−0.47 

0.32 
0.34 

1.08 
1.09 

−0.57 
−0.35 

0.24 
0.47 

1.04 
1.25 

0.6173 
0.1205 

0.03 (0.12)
−0.16 (0.08)

11 - 13 yrs 
Female 
Male 

297 
409 

−0.23 
−0.36 

0.29 
0.40 

0.99 
1.16 

−0.61 
−0.36 

0.29 
0.43 

1.00 
1.26 

0.9462 
0.6452 

0.01 (0.12)
−0.05 (0.09)

13 - 15 yrs 
Female 
Male 

327 
446 

−0.65 
−0.51 

0.18 
0.43 

0.98 
1.17 

−0.52 
−0.47 

0.26 
0.53 

0.99 
1.29 

0.4078 
0.3015 

−0.08 (0.07)
−0.06 (0.09)

15 - 17 yrs 
Female 
Male 

308 
342 

−0.60 
−0.47 

0.18 
0.25 

0.74 
0.91 

−0.57 
−0.39 

0.18 
0.38 

0.72 
0.95 

0.9930 
0.4079 

−0.10 (0.60)
−0.05 (0.07)

17 - 20 yrs 

Height 

Female 
Male 

167 
151 

−0.64 
−0.51 

0.002 
0.23 

0.95 
0.97 

−0.61 
−0.49 

0.01 
0.23 

0.93 
0.92 

0.9341 
0.9401 

−0.01 (0.03)
0.02 (0.06)

5 - 7 yrs 
Female 
Male 

339 
355 

−0.39 
−0.40 

0.43 
0.48 

1.22 
1.21 

−0.39 
−0.30 

0.40 
0.54 

1.25 
1.39 

0.7457 
0.1653 

−0.19 (0.46)
−0.31 (0.46)

7 - 9 yrs 
Female 
Male 

272 
318 

−0.43 
−0.21 

0.35 
0.64 

1.15 
1.40 

−0.35 
−0.20 

0.45 
0.74 

1.37 
1.74 

0.1552 
0.0664 

−0.20 (0.20)
−0.28 (0.38)

9 - 11 yrs 
Female 
Male 

283 
361 

−0.54 
−0.31 

0.37 
0.59 

1.14 
1.41 

−0.45 
−0.23 

0.51 
0.74 

1.43 
1.85 

0.0924 
0.0118 

−0.22 (0.20)
−0.31 (0.31)

11 - 13 yrs 
Female 
Male 

297 
409 

−0.30 
−0.25 

0.46 
0.53 

1.35 
1.28 

−0.30 
−0.15 

0.56 
0.72 

1.66 
1.64 

0.1253 
0.0069 

−0.17 (0.21)
−0.26 (0.22)

13 - 15 yrs 
Female 
Male 

327 
446 

−0.28 
−0.30 

0.55 
0.43 

1.24 
1.26 

−0.38 
−0.27 

0.56 
0.54 

1.42 
1.51 

0.6623 
0.0803 

−0.07 (0.23)
−0.18 (0.20)

15 - 17 yrs 
Female 
Male 

308 
342 

−0.19 
−0.18 

0.44 
0.67 

1.00 
1.37 

−0.29 
−0.17 

0.39 
0.64 

1.10 
1.58 

0.9615 
0.2320 

−0.06 (0.22)
−0.14 (0.18)

17 - 20 yrs 

BMI 

Female 
Male 

167 
151 

−0.48 
−0.46 

0.24 
0.23 

0.98 
1.01 

−0.53 
−0.45 

0.24 
0.23 

1.14 
0.92 

0.6626 
0.4486 

−0.15 (0.32)
−0.14 (0.15)
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Table 4. Genderdescriptive statistics of the NAHNES III and WHO weight, height and BMI z-scores for adolescent (age 13 - 20 
years) (*p value = Mann Whitney t-test probability). 

Variable Gender N Median 25th% 75th% p-value 

CDC weight z-score 
Female 
Male 

802 
938 

0.4530 
0.5327 

−0.1976 
−0.1814 

1.117 
1.302 

0.0259 

CDC height z-score 
Female 
Male 

802 
939 

0.1423 
0.3295 

−0.6183 
−0.4969 

0.8458 
1.015 

0.0095 

CDC BMI z-score 
Female 
Male 

802 
939 

0.4326 
0.4275 

−0.2947 
−0.3127 

1.096 
1.259 

0.5784 

WHO weight z-score 
Female 
Male 

802 
939 

2.897 
3.495 

2.408 
2.816 

3.465 
4.062 

<0.0001 

WHO height z-score 
Female 
Male 

802 
939 

0.1908 
0.3776 

−0.5675 
−0.4277 

0.8351 
1.058 

0.0017 

WHO BMI z-score 
Female 
Male 

802 
939 

0.4063 
0.5200 

−0.3776 
−0.2792 

1.227 
1.484 

0.0623 

 
patient populations, such as Mei et al. did in 10,844 chil- 
dren who participated in the California Child Health and 
Development study [12]. In that study, it was clearly 
shown that the choice of the growth chart would affect 
referrals for failure to thrive. Another, much smaller 
study on 337 Brazilian children, also less than five, iden- 
tified a higher number of underweight children [13]. 
However, these studies only addressed young children. 
We only found a few studies that performed the same 
analysis in children aged 5 - 19. A study of 20,605 
school children in 11 low-income countries demonstrated 
differences predominantly in the prevalence of thinness 
rather than wasting [14]. A Pakistani study of 1860 chil- 
dren demonstrated a higher proportion of over-nutrition 
when using the WHO growth charts, while thinness was 
lower [15]. The Pakistani study came to the conclusion 
that the WHO charts more adequately assessed the chil- 
dren because the z-scores were closer to zero. Kulaga et 
al. studied a Polish cohort using both the CDC and the 
WHO as well as a local growth chart and also found sig- 
nificant differences [16]. Presumably, the population of 
Canada with its high prevalence of obesity is different 
[8]. We are unaware of similar studies among G8 coun- 
tries. Our study fills the gap and provides an analysis of 
older children. The extent of the differences is astound- 
ing: Application of the WHO growth charts would dou- 
ble the already high obesity rates among Canadian chil- 
dren and adolescents aged 5 - 20. 

The intention of the developers of the WHO reference 
intervals has merit, and many organizations push for the 
implementation of these growth charts, recognizing that 
they are derived from standardized breast-fed children 
[7]. Unfortunately, the breastfeeding rate with exclusive 
breastfeeding up to 6 months of age in Canada is appall- 
ingly low. Canadian breast feeding rates are high at ini- 

tiation of breastfeeding, but drop to undesirably low rates 
by 6 months: A recent study found breastfeeding inten- 
tion (90.0%) and initiation (90.3%) rates to be high, al- 
though exclusive breastfeeding rates at 6 months after 
birth (14.4%) were much lower than desirable [17,18]. 
The question remains whether the different development 
in non-breastfed children should be considered abnormal. 
Of course, more effective national strategies to improve 
breastfeeding rates in Canada have to be developed. 
More importantly, the application of the new WHO 
growth charts will lead to a significantly higher propor- 
tion of children and adolescents being obese, thereby 
increasing the already high rate of childhood obesity in 
Canada. This has potential implications on the health 
care system. Also, the rate of underweight children will 
change, as we have clearly demonstrated, and the effect 
of this remains to be studied.  

The study has several limitations. We used a conven- 
ient sample of hospital patients, not population data. We 
did not adjust for ethnicity, which is an important deter- 
minant of growth [19]. However, the population in South 
Western Ontario is largely Caucasian [8]. Further, the 
healthy weight study was not designed for the analysis of 
this question. We performed a post-hoc analysis on a po- 
pulation that reflects a “real-life” population. As outlined 
above, the magnitude of the differences between both 
growth charts has not previously been demonstrated. As 
such, we recommend using caution while interpreting 
results obtained by using both reference growth charts, 
especially when labelling results as abnormal. 

5. CONCLUSION 

In conclusion, WHO and NHANES III reference inter- 
vals provided for rather differing results when applied to 
a Canadian convenience sample of a tertiary care hospi- 
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tal. The differences varied by age, and the differences are 
most probably confounded by nutrition and activity. The 
rate of childhood obesity doubles when applying the 
WHO reference intervals. The user has to be very aware 
of these differences. We need additional studies to assist 
the paediatricians in the decision making process of 
whether or not to intervene because of abnormal z-scores. 
The ramifications of these differences are totally under- 
studied. 
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