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ABSTRACT 

 

Background. The World Health Organization (WHO) published universal growth standards 

for children below five year of age in 2006. Traditionally, Swedish growth references have 

been used to monitor growth of children in Iceland, but it is not yet known how they 

compare to these reference charts.  

Materials. A total of 2128 longitudinal measurements of length or height, 2132 of weight 

and 2126 of head circumference between birth and four years of age were collected in 1996-

2000 from 199 healthy children (53% boys) recruited at Landspitali University Hospital. 

Measurements were converted to z-scores using the WHO growth standards and Swedish 

growth references for further analysis with mixed effects models. 

Results. Length or height, weight and in particular head circumference largely exceeded the 

WHO standards, with average z-scores that fluctuated between 0.5 and 1.5. Likewise the 



proportion of children with a z-score larger than 2 SD increased about 10-fold. Icelandic 

children were longer and heavier than their Swedish peers during the first six months of life, 

but differences were less pronounced thereafter. 

Conclusion. The growth of Icelandic children deviated significantly from the WHO growth 

standards. Although more comparable to the Swedish references, significant differences 

were found, suggesting that a national growth reference would be more appropriate. 
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KEY NOTES 

 

- Population variation in growth challenges the use of universal growth charts. 

- Data from Icelandic children aged 0 to 4 years were compared with the WHO universal 

growth standards and the Swedish growth charts that are in routine clinical use in Iceland. 

- The Icelandic children were taller and heavier compared with the WHO growth standards 

and with the Swedish references in early infancy. Differences were most pronounced for 

head circumference. 

 

 

BACKGROUND 

 

Monitoring the growth of children is a part of routine paediatric care. Because of population 

differences in childhood growth, population-specific growth charts are traditionally used as a 

reference. Such references show the growth of healthy children in a given geographical area 

at a given time point, and are usually periodically updated due to secular trends that reflect 

improvements in living conditions and health care (1).  

 

Under the assumption that all children grow alike under optimal environmental conditions, 

the World Health Organization (WHO) published universal growth standards based on data 



from six countries (2). Children in this study were breastfed and lived in well-off families, 

with a mother who did not smoke during or after pregnancy. 

 

Growth of children in Western and Northern European countries was shown to deviate from 

the WHO growth standards, also when using the same inclusion criterion (3). This questions 

the concept of a universal growth pattern and validity of the standards. Most studies found 

more pronounced differences for head circumference (3,4,5). Also, studies in clinical 

populations showed that up-to-date national growth references are superior to the WHO 

standards when diagnosing conditions that affect growth, like growth hormone deficiency 

and Turner syndrome (6,7). 

 

Swedish growth charts are traditionally used to monitor growth in Icelandic children. A 

growth study conducted in 1996-2000 showed that the height of Icelandic schoolchildren 

was similar to the existing Swedish references (8,9), but the data in children below four years 

of age were not analysed or published before. In the current study we aim at comparing 

growth in a cohort of 0-4 year-old Icelandic children with the WHO growth standards, as an 

international yardstick of growth of children, and with the locally used Swedish growth 

charts. 

 

 

METHODS 

 

Study population and data collection 

Longitudinal measurements of a convenience sample of 199 healthy newborns (53% boys) 

were collected in the study during 1996-2000. All children were born between February and 

December 1996 at Landspitali University Hospital which covered about 70% of all deliveries 

in Iceland during the study period. Approximately 8% of the children born at the hospital 

during this period were included. Inclusion criteria were full-term (37-42 weeks) single born 

healthy infants of Icelandic origin. The children were measured at the Pediatric out-patient 

clinic of the National Hospital of Iceland in Reykjavik with an interval of approximately 3 

months during the first two years of life, and every 6 months thereafter. All measurements 

were taken once using a standardized  technique by two paediatricians and two nurses 



working in teams of two. Supine length was measured up to two years of age with a 

Harpenden infant measurement table (Holtain Ltd, Crosswell, UK) and standing height with 

Harpenden stadiometer (Holtain Ltd, Crosswell, UK) thereafter. Both were measured and 

recorded to the nearest millimetre. Weight was measured to the nearest 10 g with a Seca 

digital infant weight scale (Seca, Hamburg, Germany) until age of 2, and thereafter to the 

nearest 100 g with a Seca digital personal scale (Seca, Hamburg, Germany). Head 

circumference was the maximal fronto-occipital circumference, measured to the nearest 

millimetre with a Lufkin W606PM tape (Apex Tool Group, Maryland, USA) placed just above 

the glabella. All available measurements were included in the analysis, but each child occurs 

only once in each age group. The feeding type, was recorded as breast, formula or mixed at 

each contact during infancy. Information on socio-economic or smoking status was not 

recorded. 

 

Data analysis 

All measurements of length or height, weight, BMI and head circumference were converted 

to z-scores using the WHO growth standards (2) and the Swedish reference (9). Descriptive 

statistics are presented in the tables as the mean z-score, standard deviation (SD), and 

proportion of children with a z-score below -2 SD and above +2 SD. Mean z-scores and 

proportions are listed in the text with a 95% confidence interval. If the reference curve 

matches the population under study, we expect a mean z-score of 0, a standard deviation of 

1, and a proportion of the observations above +2 SD or below -2 SD of 2.3% each. The mean 

z-score can also be interpreted as a mean difference between the sample and reference 

population, expressed as a number of standard deviations. Global differences between the 

study population and growth references were analysed with linear mixed-effects models 

with subject ID as a random factor. Data were analysed in R version 3.5 (R development Core 

Team, Vienna, Austria, 2018). Linear mixed effects models were estimated with the nlme 

package in R. 

 

Ethical considerations 

This study complies with declaration of Helsinki and was approved by the Ethics Committee 

of Landspitali University Hospital. 

 



RESULTS 

 

In total 2128 measurements of length or height, 2132 of weight and 2126 of head 

circumference from 199 children (53% boys), were included into the analysis. The pattern of 

z-scores by age was for both growth references remarkably similar in boys and in girls (Figure 

1). Data from boys and girls were therefore combined for further analysis, but sex specific 

data are provided as a supplementary table (Table S1).  

 

The length or height of Icelandic children was overall 0.62 (0.52 – 0.72) SD above the WHO 

standards (p < 0.001), but differences were up to 1.25 SD during the first 15 months and 

down to 0.3SD thereafter (Table 1). Likewise, the percentage of children above 2SD 

fluctuated between 15.7% at birth and 2.5% by the end of the study period. Differences 

were smaller compared to the Swedish references, with an overall mean (95% CI) z-score of 

0.37 (0.27 – 0.47, p < 0.001), and similar age patterns (Figure 1, Table1).  

 

The Icelandic children were overall 0.65 (0.55 – 0.75) SD heavier when compared with the 

WHO standard (p < 0.001), but age specific means fluctuated between 0.32 and 0.92 SD 

(Table 1). Weight was more comparable with the Swedish reference (mean 0.09 SD, -0.02 – 

0.20 SD, p = 0.1), but larger during the first months (up to 0.74 SD) than thereafter (down to 

-0.2 SD) (Table 1). The overall mean BMI z-score was 0.43 (0.33- 0.53, p < 0.001) relative to 

the WHO standard, and -012 (-0.23 – -0.01, p = 0.03) relative to the Swedish reference. 

There was however considerable age variation (Figure 1, Table 1). 

 

The head circumference of Icelandic children was considerably larger compared to the WHO 

growth standard, with an overall mean z-score of 1.30 (1.17 – 1.43, p < 0.001). This 

phenomenon was fairly consistent across all age groups (Figure 1, Table 1). The proportion 

of children with a z-score above +2 SD was up to 10 times larger than expected (Table 1). The 

overall mean head circumference z-score was 0.39 (0.26 – 0.52) compared to the Swedish 

reference (p < 0.001), with some differences according to age (Figure1, Table 1). Up to 13.7% 

of heads were above 2SD but this number was much smaller (down to 1.6%) by the end of 

the study period (Table 1).  

 



All except 3 children were breastfed at birth (98.5%). By the age of 3 months 168 children 

(85.3%) were breastfed, of whom 116 (58.2%) exclusively, and by the age of 6 months 126 

children (64.2%) were breastfed, of whom 25 (12.6%) exclusively. The mean (SD) duration of 

any breastfeeding was 0.47 (0.30) years, but only 0.18 (0.17) years for exclusive 

breastfeeding. 

 

 

DISCUSSION 

 

In the present study we found that length, weight and particularly head circumference of 

Icelandic children exceeded the WHO growth standards. Differences were much smaller 

when compared with the Swedish growth charts, especially after the first year of life. The 

observed differences in head circumference, height and weight/BMI in children aged 0-1.5 

years, should be acknowledged, and suggests a need for growth references for Icelandic 

children.  

 

The Icelandic children had, in particular, a large head circumference when compared with 

the WHO. The methodology in the current study was comparable with that from the WHO 

Multicentre Growth Reference Study (10), using the same anatomical landmarks with a non-

stretch measurement tape placed just above the eyebrows (glabella) and the largest 

protuberance at the back of the head. All measurements in the Icelandic growth study were 

taken by experienced health care professionals, so the data were presumed to be of high 

quality. Although head sizes were closer to the Swedish references, the head circumference 

was still significantly larger during the first year of life in both sexes, but differences 

disappeared thereafter. However, the fairly large decrease relative to the Swedish growth 

charts implies that a worryingly increase in head circumference could be partly ablated when 

using this as a reference to monitor head growth in Icelandic children. Crossing one 

percentile channel (0.67 SD) on the chart between 0.5 and 1 year of age would actually 

mean that the child crosses approximately two percentile channels compared to its peers. It 

has been documented before that significant population differences in head circumferences 

exist (3,4,11,12). Routine monitoring of head circumference is particularly important during 

the first year of life, in order to detect children with a pathologically increased head growth 



(as seen in children with an increased intra-cranial pressure, for instance), or children with 

microcephaly. Although crossing of centiles can be detected regardless the chart being used, 

it becomes harder when children are on average tracking downward, as is the case for the 

Swedish reference charts. Also, erroneously misclassifying heads as being too large (as is the 

case for the WHO standards) can be problematic, and may lead to unnecessarily worries and 

clinical investigations. This has recently been acknowledged in Norway, where the guidelines 

have been revised, and now recommend the national reference for head circumference 

instead of the WHO growth standards (13).  

 

The differences in height, weight and BMI were smaller than for head circumference, but still 

on average above 0.5 SD in early infancy. In the WHO Multicentre Growth Reference Study 

no site differences were larger than 0.5 SD, and most were less than 0.2 SD, which was 

considered as minor (14). Differences relative to the WHO growth charts in Western 

populations are usually attributed to feeding practices, but studies in breastfed children 

have repeatedly demonstrated that this does not explain all observed difference. This 

suggests a persistent influence of the genetic background or involvement of environmental 

factors not covered in the WHO growth study (3,15). The rate of breastfeeding in the 

Icelandic children, although below that in the WHO Multicentre Growth Reference Study, 

was above the breastfeeding rate found in Sweden in the 1970s (16).  

 

Although our data were originally collected in the years 1996-2000, this is closer to the WHO 

Multicentre Growth Reference Study window, i.e. 2001-2004, than a recent study would be. 

Regarding the applicability of our results to contemporary Icelandic children, there is no 

reason to believe that size differences would have become smaller over time, at least not in 

children born of parents of Icelandic origin. The Swedish references are based on 

longitudinal data of children from Gothenburg who were born between 1970-75 (9). 

 

The strengths of this study was the robust methodology used and the relatively high degree 

of homogeneity of the study population when the data were collected. A limitation is to 

some extent the age of the data. However, it is worth noting that our findings regarding the 

head circumference, length and weight relative to the WHO growth standards, have been 

observed in other populations before. Another limitation is the number of children in the 



study, however, this is compensated by the number of measurements performed on each 

child. Although the dataset is robust enough to make comparisons, higher number of 

children should be included for estimating reference charts. 

 

 

CONCLUSION 

 

Icelandic children from birth to four year of age, were found to be taller, heavier and, in 

particular, with a larger head circumference when compared with the WHO growth 

standards. Age dependent differences are also present when compared with the locally used 

Swedish growth references, especially during the first year of life. Neither reference curve 

seems optimal to monitor growth in Icelandic children which suggests the need for a 

national growth reference based on the local population.  
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Table 1. Length or height (HAZ), weight (WAZ), BMI (BMIAZ) and head circumference (HCAZ) 

z-scores of Icelandic children compared to the WHO growth standard (2) and the Swedish 

growth references (8) (mean z-scores, SD and percentage below -2 SD (P<-2) and above 2 SD 

(P>2). 

  WHO2006 Swedish growth reference 

Age N Mean SD <-2 (%) >2 (%) Mean SD <-2 (%) >2 (%) 

HAZ, Length or height for age z-scores 

0 198 1.25 0.75 0 15.66 0.68 0.67 0 2.53 

0.25 197 0.75 0.77 0 6.09 0.69 0.75 0 4.06 

0.5 196 0.79 0.76 0 6.12 0.55 0.77 0 2.55 

0.75 192 0.73 0.85 0 7.29 0.44 0.85 0 4.17 

1 184 0.74 0.85 0 6.52 0.53 0.84 0 4.89 

1.25 180 0.75 0.9 0 6.67 0.56 0.89 0 5.56 

1.5 185 0.33 0.86 0 4.32 0.07 0.85 0.54 1.62 

1.75 177 0.3 0.86 0.56 3.39 0.12 0.85 0.56 2.26 

2 167 0.35 0.87 0 2.99 0.09 0.86 0 1.8 

2.5 156 0.34 0.83 0 2.56 0.12 0.84 0.64 1.92 

3 158 0.34 0.81 0 2.53 0.11 0.83 0.63 2.53 

3.5 121 0.32 0.8 0 2.48 0.12 0.83 0 2.48 

WAZ, weight for age z-scores 

0 198 0.92 0.68 0 8.59 0.5 0.66 0 0 

0.25 197 0.32 0.8 0 1.02 0.74 0.84 0 9.14 

0.5 196 0.47 0.89 0 4.59 0.36 1.00 0 6.12 

0.75 192 0.63 0.88 0 4.69 0.04 1.03 1.56 3.12 

1 184 0.71 0.84 0 6.52 -0.11 1.01 2.17 1.09 

1.25 180 0.73 0.8 0 6.11 -0.13 0.96 3.33 1.67 

1.5 185 0.78 0.8 0 7.57 -0.12 0.95 2.16 1.62 

1.75 177 0.75 0.81 0 5.08 -0.15 0.97 2.26 2.26 

2 167 0.69 0.81 0 4.79 -0.2 0.94 1.8 0.6 

2.5 156 0.59 0.82 0 3.85 -0.15 0.95 2.56 1.28 

3 158 0.55 0.8 0.63 4.43 -0.08 0.91 1.9 1.9 

3.5 121 0.47 0.74 0 2.48 -0.07 0.83 0.83 0.83 

BMIZ, BMI z-score for age z-scores 

0 198 0.41 0.73 0 2.02 0.15 0.79 0.51 2.02 

0.25 197 -0.13 0.9 2.54 1.02 1.04 0.90 0 15.23 

0.5 196 0.03 0.98 0.51 3.06 0.3 1.06 0.51 6.63 

0.75 192 0.29 0.89 0 2.08 -0.25 1.00 5.21 1.04 

1 184 0.4 0.85 0 1.63 -0.62 0.96 7.07 0 

1.25 180 0.43 0.85 1.11 2.78 -0.71 0.94 8.89 0 

1.5 185 0.84 0.82 0 8.11 -0.3 0.89 2.7 1.08 

1.75 177 0.82 0.83 0 7.34 -0.35 0.93 3.95 1.13 

2 167 0.68 0.85 0.6 3.59 -0.37 0.94 6.59 0.6 

2.5 156 0.52 0.88 0 3.85 -0.33 0.99 3.85 1.28 

3 158 0.48 0.86 0 4.43 -0.24 0.98 5.06 0.63 

3.5 121 0.38 0.8 0 2.48 -0.26 0.93 3.31 0.83 

HCZ, Head circumference for age z-score 

0 198 1.4 0.99 0.51 22.73 0.35 0.69 0.51 0 

0.25 197 1.08 0.97 0 17.77 0.83 0.95 0 13.71 

0.5 196 1.16 0.97 0 20.92 0.7 1.07 0.51 12.76 

0.75 192 1.22 1.01 0 20.83 0.45 1.07 1.56 7.29 

1 184 1.28 1.03 0 26.63 0.31 1.05 1.63 7.07 

1.25 180 1.31 1 0 26.67 0.29 1.03 2.22 4.44 

1.5 185 1.44 1 0 31.35 0.27 1.03 1.62 4.86 

1.75 177 1.48 0.95 0 32.2 0.33 0.99 0 4.52 

2 167 1.44 1 0 31.14 0.28 1.03 1.2 3.59 

2.5 156 1.31 0.95 0 26.28 0.23 1.00 1.92 2.56 

3 158 1.32 0.98 0 24.05 0.24 1.06 1.27 2.53 

3.5 121 1.23 0.94 0 20.66 0.19 1.05 1.65 1.65 

 



 

 

 

 

Figure 1. Mean SDS based on WHO growth standard (filled symbols) and the Swedish growth 

reference (open symbols) in boys (left) and girls (right) for length or height (HAZ), weight 

(WAZ), BMI (BMIAZ) and head circumference (HCAZ). 


