
Volume 73  |  Number 3  |  March 2013      Pediatric ReseaRch 371copyright © 2013 International Pediatric Research Foundation, Inc.

ArticlesPopulation Studynature publishing group

Background: Records show that mean height in The 
Netherlands has increased since 1858. This study looks at 
whether this trend in the world’s tallest nation is continuing. 
We consider the influence of the geographical region, and of 
the child and parental education, on changes in height.
Methods: We compared the height of young Dutch people 
aged 0–21 y as determined on the basis of the growth study of 
2009, with the height data from growth studies conducted in 
1955, 1965, 1980, and 1997.
results: The analysis sample included 5,811 boys and 6,194 
girls. height by age was the same as in 1997. Mean final height 
was 183.8 cm (sD = 7.1 cm) in boys and 170.7 cm (sD = 6.3 cm) 
in girls. The educational levels of both children and their par-
ents are positively correlated with mean height. since 1997, 
differences between geographical regions have decreased 
but not vanished, with the northern population being the 
tallest.
conclusion: The world’s tallest population has stopped 
growing taller after a period of 150 y, the cause of which is 
unclear. The Dutch may have reached the optimal height distri-
bution. alternatively, growth-promoting environmental factors 
may have stabilized in the past decade, preventing the popula-
tion from attaining its full growth potential.

over the past decades, human height has increased in most 
industrialized countries. This trend has been the result 

of improvements in the nutritional, hygienic, economic, and 
health status of the populations in question (1). Such factors 
may allow disadvantaged individuals in particular to grow 
taller. However, we have not found any reduction in height 
variation (2). It appears that individuals benefit more or less 
equally from improvements in living conditions. Do we believe 
that we could all be giants if living conditions for humans were 
to improve further, or is there some maximum (and presumably 
optimal) population average beyond which our species will not 
grow, no matter how favorable the circumstances? Although 
being tall is often associated with being healthy, this may not 
always be the case. Taller adults have, for example, higher rates 
of several types of cancer (3). The question of whether there is 
a maximum population average is almost impossible to answer, 

but studies of trends in mean height and of height variations in 
tall populations could suggest a possible direction.

The Dutch population is the tallest in the world and has been 
well studied. Before 1955, population height in The Netherlands 
was estimated on the basis of data for conscripts, i.e., men, and 
nonrandom samples from the population. Between 1955 and 
1997, there were four large cross-sectional nationwide growth 
studies. These studies showed that young Dutch adults are among 
the tallest people in the world, with women measuring almost 
171 cm on average and men 184 cm on average in 1997 (4).

In The Netherlands, people have been getting taller since 
1858 (2,5). At that time, conscripts were an average of 163 cm. 
This indicates a height gain of 21 cm over a period of 140 y. In 
The Netherlands, as in most Northern European countries, the 
upward trend is slowing down significantly (2,6), and it even 
appears to be reversing in the United States (7).

This article presents new data about height from the Fifth 
Dutch Growth Study, which was carried out in 2009. The main 
research questions are: Is the 140-y trend of increasing height in 
the world’s tallest nation still continuing? If not, has there been 
a compression of height variation? Do geographical region and 
educational levels affect the development of mean height?

Results
The sample comprised of 10,030 children of Dutch origin and 
1,975 imputed cases, resulting in an analysis sample of 12,005 
children (5,811 boys and 6,194 girls) aged 0–21 y. Table 1 lists 
the numbers of children in each age group.

Height by age and sex was normally distributed, and there-
fore standard deviation scores (SDS) could easily be calculated 
as (height − mean height)/SD. Table 2 summarizes the mean 
and SD for height extracted from the height references, clas-
sified according to age and sex. Extended tables are available 
from the authors on request.

New growth diagrams were constructed for boys and girls 
aged 0–21 y, including 2.5, 2, 1, 0, −1, −2, −2.5, and −3 SD 
lines. The −3 SD line was added for practical reasons because 
the Dutch referral criteria require children with a height SDS 
of less than −3 SD to be referred for short stature. Figure 1a,b 
shows the new growth diagrams for boys and girls aged 1–21 y.  
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Similar growth diagrams were established for children aged 
0–15 mo and 0–4 y. Note that there is no visual evidence of the 
pubertal height growth spurt in the growth diagram for girls.

Figure 2 shows the trend in the mean final height in boys and 
girls from 1955 to 2009. The figure illustrates that the upward 
secular trend in the mean final height of young Dutch adults 
has stopped. Mean final height was 183.8 cm (SD = 7.1 cm) in 
Dutch boys and 170.7 cm (SD = 6.3 cm) in Dutch girls. These 
heights do not differ significantly from the heights in 1997 
(184.0 cm for boys and 170.6 cm for girls). Figure 2 indicates 
that the pace of the increase in secular height over the years 
slowed down both in boys and girls, falling to almost zero in 
2009.

Figure 3 shows, for Dutch children aged 1–21 y, the height 
difference with respect to 1955 in 1965, 1980, 1997, and 2009 
for each age. The figure clearly shows an increase in height for 
the period 1955–1997, especially from the age of 4 y onward, 
with the increase being more marked in boys than in girls. This 
figure also shows that the secular trend has stopped since 1997, 
not only for final height but also for all ages, with the 1997 and 
2009 lines being a close match for all ages. There is only a small 
difference in height at the ages of 11–13 y in boys and girls 
and at the age of 15 y in boys. These differences are more pro-
nounced in boys (0.7–1.2 cm) than in girls (0.4–0.5 cm). This 
may indicate slightly earlier puberty.

Figure 4 presents the mean height SDS of Dutch children 
aged 0–21 y by geographical region, level of child education, 
and level of parental education in 1997 and 2009, corrected for 
each of the two other factors. Variation across the geographi-
cal regions has lessened since 1997. The mean height SDS 
in the north and in the south are closer to the overall mean 
(Figure 4a). The mean height SDS in the north of the country 
is still significantly higher than that in the south (difference = 
0.22 SDS; P < 0.001) and the major cities (0.12 SDS; P = 0.018). 
This means that 21-y-old boys and girls from the north are on 
average 1.6 and 1.4 cm taller, respectively, than those from the 
south. Figure 4b,c shows that, in 2009, as in 1997, mean height 
SDS increased in line with the educational levels of children and 
their parents. Since 1997, mean height SDS has not changed 
significantly. Nevertheless, the mean height SDS of children 
with lower levels of education was significantly lower than that 

table 1. Number of observations per age and sex in the Fifth Dutch 
Growth study 2009

Age (y) Boys (n) Girls (n)

0–1 999 992

1–2 536 543

2–3 343 349

3–4 311 308

4–5 138 184

5–6 187 214

6–7 161 210

7–8 202 224

8–9 226 246

9–10 233 254

10–11 318 367

11–12 280 287

12–13 255 294

13–14 196 235

14–15 256 307

15–16 245 265

16–17 163 178

17–18 205 179

18–19 180 185

19–20 166 158

20–21 137 165

21–22 74 50

total 5,811 6,194

table 2. Mean height and sD extracted from height references for 
boys and girls per age

Age (y)

Height

Boys Girls

Mean sD Mean sD

0.0767a 54.4 2.3 53.7 2.3

0.2500 60.9 2.4 59.7 2.4

0.5000 68.0 2.5 66.4 2.5

0.7500 72.9 2.6 72.9 2.6

1.0000 76.7 2.7 75.0 2.8

1.2500 79.9 2.8 78.4 2.9

1.5000 82.8 2.9 81.5 3.1

1.7500 85.6 3.1 84.4 3.2

2.0000 88.4 3.2 87.1 3.3

3.0000 97.8 3.7 97.0 3.8

4.0000 105.5 4.2 104.9 4.2

5.0000 113.2 4.7 112.1 4.7

6.0000 119.9 5.1 118.8 5.1

7.0000 126.2 5.4 125.3 5.4

8.0000 132.5 5.8 131.3 5.8

9.0000 138.5 6.2 137.3 6.1

10.0000 143.7 6.6 143.5 6.5

11.0000 149.0 7.0 149.7 6.7

12.0000 155.2 7.6 155.7 6.9

13.0000 161.8 8.2 160.8 6.9

14.0000 168.5 8.3 164.5 6.9

15.0000 175.2 7.9 166.9 6.8

16.0000 179.1 7.6 168.3 6.7

17.0000 181.0 7.4 169.2 6.6

18.0000 182.4 7.2 169.7 6.5

19.0000 183.6 7.1 170.1 6.4

20.0000 183.8 7.1 170.5 6.3

21.0000 183.8 7.1 170.7 6.3
a0.0767 = 4 wk.
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of those with higher levels of education in 2009 (P = 0.003), 
whereas this difference was nonsignificant in 1997 (P = 0.438), 
indicating that 21 y olds with lower levels of education are on 
average 1.4 cm (boys) and 1.2 cm (girls) shorter than those with 
higher levels of education. At the age of 21 y, boys of lower-

educated parents are on average 0.8 cm shorter than those of 
higher-educated parents. For girls, this difference is 0.7 cm.

DIsCussION
This study shows that the height of Dutch children in 2009 is 
very similar to that in 1997. There was a slight increase in mean 
height in early puberty in boys and girls, indicating that they 
were taller at a younger age than in 1997. However, this did 
not affect the final height, as no significant differences in final 
height were seen as compared with 1997. There was no com-
pression of height variation observed.

It is remarkable that the secular height trend spanning 150 
y has come to an end, at least temporarily. The cause is not yet 
clear. Economic factors are not likely to be involved because 
gross domestic product in The Netherlands did not level off; 
indeed, it rose exponentially between 1920 and 2008 (8). We 
also looked at the course of the Life Situation Index (LSI) 
between 1974 and 2008. This index was established by The 
Netherlands Institute for Social Research to measure the prog-
ress of Dutch society using indicators that go beyond mere 
economic growth. The index incorporates indicators in eight 

a b

Figure 1. New Dutch growth diagrams, including height by age references for (a) boys and (b) girls aged 1–21 y.
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Figure 2. Mean final height in Dutch boys (filled circles) and girls (open 
circles) in 1955–2009.
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domains: health, sport, social participation (loneliness, vol-
unteering), cultural/leisure activities, housing, mobility, holi-
days, and possession of assets (9,10). The LSI rose substantially 
between 1974 and 2008. Between 1990 and 2008, the differ-
ences in LSI scores between socioeconomic classes decreased. 
This was mainly due to a higher rise in the LSI score for lower 
socioeconomic groups (9). A correlation between height 
and LSI has not been demonstrated, but one would expect 
a positive correlation, as with economic growth. The rise in 
LSI mentioned here and the reduction in the variation in LSI 
scores across socioeconomic groups do not therefore explain 
the break in the Dutch height trend. Children of parents born 
outside The Netherlands were excluded from the analyses. The 
so-called third-generation immigrants—those with parents 
born in The Netherlands but grandparents born outside The 
Netherlands—were not excluded. This group makes up an 
increasing proportion of the population in The Netherlands 
but is still relatively small. On the basis of data on the country 
of birth of the grandparents, only 4–5% of our study population 
were from the third generation. Although the third-generation 
immigrants may be partly accountable for the flattening of the 
Dutch growth trend, this group is too small to fully explain 
the stagnation in height. Moreover, children known to have a 

diagnosed growth disorder or who were on  growth-interfering 
medication were excluded from the sample. It is possible that 
some growth disorders and growth- interfering medication 
were not mentioned by a child or parent, or were not in the 
medical records and therefore were missed by the health-care 
provider. This could lead to an underestimation of mean height 
per age. However, we believe that even if we missed some chil-
dren, they would form only a very small part of the sample 
size per age. Moreover, the same method for inquiring about 
and exclusion of growth disorders and medication was applied 
in 1997. Therefore, it is unlikely that growth disorders and 
growth-interfering medication influenced the height differ-
ence between 1997 and 2009.

There will always be some differences in, for example, the 
genetic background and socioeconomic status in a given 
population, leading to height variations. Given that the Dutch 
are the tallest people in the world, and that they are no longer 
growing taller, we could hypothesize that the mean height of 
the population has reached the maximum possible. It could 
be that the distribution of population characteristics in The 
Netherlands, including environmental factors, is the “best” 
achievable at the country level, leading to a mean population 
height of 184 cm for boys and 171 cm for girls.
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Figure 3. Height increase since 1955 by age in Dutch (a) boys and (b) girls in 2009 (solid line), 1997 (striped line), 1980 (dotted line), and 1965 (gray 
striped lines).
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Alternatively, growth-promoting environmental factors may 
have stabilized in the past decade, preventing the Dutch from 
fulfilling their full growth potential. We could hypothesize that 
current lifestyles have a negative effect on height. Komlos (11), 
who looked at differences in height and BMI between Dutch 
and US children, also suggested this. Where insufficient food 
intake may have led to stunting decades ago, easy access to 
food/fast food nowadays leads to unhealthy eating habits. For 
example, the high consumption of milk in The Netherlands, 
which has been linked to tallness (12), declined over the past 
decade from 63 l per capita per year in 2000 to 60 in 2010 (13). 
Unhealthy eating habits may lead to inadequate nutrient intake, 
which may result in lower height. Furthermore, an unhealthy 
diet in combination with less energy expenditure due to a sed-
entary lifestyle leads to an increase in overweight and obesity, 
a phenomenon that has also been observed in Dutch children 
(14). Higher BMI is associated with earlier onset of matura-
tion and menarche, which, in turn, are related to lower height 
(15,16). If our hypothesis is valid, adopting healthier lifestyles 
(including healthier diet and more activity) could result in the 
reemergence of the positive height trend in the future.

No pubertal height growth spurt can be observed in the growth 
diagram for girls. This is due to the fact that Dutch growth studies 
are cross-sectional studies. These growth diagrams are suitable 

for monitoring child height over time, but one should bear in 
mind that these charts do not fully represent how an individual 
child typically grows.

Only children with both parents born in The Netherlands 
were included. The selection of children of Dutch decent may 
complicate comparisons of height/final height between coun-
tries because some countries include all ethnic groups in their 
data. On the basis of data for other ethnic groups in the dataset 
of the Fifth Dutch Growth Study, we estimated an adjusted final 
height that includes other ethnic groups. The adjusted mean 
final height would be 183.8 − 0.4 = 183.4 cm in boys and 170.7 
− 0.3 = 170.4 cm in girls. These numbers are an estimate of final 
height for all children living in The Netherlands, irrespective of 
ethnicity. As the differences between the Dutch and the non-
Dutch groups are substantial, separate growth references were 
constructed for children of Moroccan and Turkish decent, the 
two largest minorities in The Netherlands. These will be pre-
sented elsewhere.

We found that the height difference between the north and 
the south of The Netherlands has diminished since 1997. This 
was seen irrespective of child and parental educational levels. 
This change could be explained by factors such as fewer health 
inequalities or changes in national motility, in other words 
more migration between geographical regions. However, we 
found no evidence indicating a reduction of health inequali-
ties between these regions, and there have been no major shifts 
in motility in The Netherlands since 1997 that could explain 
the phenomenon (17). Random sampling variation between 
the 1997 and 2009 study may have contributed to the smaller 
north–south difference. However, both studies were nationally 
representative. The study population of the Fifth Dutch Growth 
Study was large and randomly selected, and advanced imputa-
tion techniques were carried out for underrepresented groups 
to obtain a representative sample. Although we do not have a 
firm explanation for the reduction in height inequality between 
the north and the south of The Netherlands, the 1.6 cm (boys) 
and 1.4 cm (girls) difference in 21 year olds seem very plausible 
because they are similar to the 2 cm north–south difference 
found in a large Dutch study based on self-reported growth 
data (18).

It is remarkable that the difference in mean height SDS for 
children with lower and higher education levels has increased 
since 1997. This suggests that the inequality associated with 
education has increased. We found no explanation for this 
in the literature of national registries. It should be noted that 
there have been no significant changes in the mean height SDS 
in any of the categories since 1997. Monitoring this trend is 
important because larger height differences can be a sign of 
increasing health inequalities.

The upward secular height trend has slowed in most Northern 
European countries (2,6). Conscript data show that height in 
Danish and Norwegian men remained stable between 2000 
and 2009, and an earlier study based on self-reported data from 
Dutch adults also indicated that the secular increase in height 
had come to a halt (18–20). Despite the stagnating secular 
trend, the Dutch are still the tallest people in the world, followed 
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directly by the Danish, who are reported to have a mean height 
of 183.7 cm (men) and 168.6 cm (women), and the Norwegians, 
with averages of 182 cm (men) and 169 cm (women) (21,22). 
Pineau et al. (23) found boys in the Dinaric Alps to be 1.5 cm 
taller than their Dutch counterparts, whereas girls reach heights 
similar to their Dutch counterparts. Although this study looks 
at a region rather than a country, and corrects boys’ height for 
growth after the age of 17 y, it indicates that young adults from 
this region in Eastern Europe are also tall. In fact, men in the 
Balkans were already among the tallest in Europe in the 19th 
century (11). Future studies of population height are expected 
to reveal whether the maximum mean population height is 
indeed 184 cm for boys and 171 for girls. The new Dutch refer-
ence charts are available at http://www.tno.nl/growth.

MetHODs
Data Sources
Data for the earlier Dutch growth studies were collected in 1955, 
1965, 1980, and 1997 and published elsewhere (2,24–26). The Fifth 
Dutch Growth Study was a cross-sectional study that collected data 
for a representative sample of children aged 0–21 y in The Netherlands 
between May 2008 and October 2009. The sample was stratified by 
region (regions of Municipal Health Services), sex, and age in line with 
national distributions (27). Until the age of 4 y, measurements were per-
formed during regular periodical health examinations in 28 Well Baby 
Clinics at the ages of 1, 2, 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, and 45 mo. 
Between the ages of 4 and 8 y, children were measured at 23 Municipal 
Health Service offices during two regular preventive health assessments 
performed at the ages of ~5.5 and 7.5 y. From the age of 9 y onward, 
children were invited personally by the Municipal Health Services after 
being selected in an age- and sex-stratified random sampling procedure 
from the registers of the Municipal Register Office. Furthermore, we 
conducted measurements at randomly selected primary and second-
ary schools, at two colleges and two universities across the country, 
and at a national youth festival. The collection was supplemented by 
data from two recent large, high-quality studies performed by trained 
staff at primary schools in Amsterdam (Municipal Health Services in 
Amsterdam) and at a vocational education institution in the east of 
The Netherlands (Deltion College Zwolle/OPOZ VU-Windesheim). 
Random samples from these data (n = 270 and n = 342, respectively) 
were added to the data for this study.

Ethics Statement
Data collection for growth studies is a part of routine youth health care 
in The Netherlands and is not regarded as medical research. Before the 
measurement, oral consent was obtained from each child (and from 
the parent when children were younger than 16 y). Cooperation, or 
lack thereof, was recorded on the questionnaire. Data were analyzed 
anonymously. The Medical Ethics Review Board of Leiden University 
Medical Center approved the study and the manner in which consent 
was obtained.

Exclusion Criteria
Exclusion criteria for the Fifth Dutch Growth Study were similar to 
those for the previous Dutch growth studies: children with diagnosed 
growth disorders and those on growth-interfering medication were 
excluded (2.4% of the total population). Children with one or two par-
ents born outside The Netherlands (28) were excluded from the analy-
ses presented in this article. Results with respect to children of Turkish 
and Moroccan origin will be described elsewhere.

Measurements
Trained health-care professionals carried out the standardized mea-
surements. Infant length was measured to the nearest 0.1 cm in the 
supine position until 2 y of age. From 2 y of age onward, standing 
height was measured to the nearest 0.1 cm. The children’s demographic 

characteristics were obtained from the parents or from adolescents 
themselves by health-care professionals using a questionnaire.

Variable Definitions
The sample was divided into five geographical regions: North (Friesland, 
Groningen, Drenthe), East (Overijssel, Gelderland, Flevoland), West 
(Noord-Holland, Zuid-Holland, Utrecht – not including the four major 
cities), South (Zeeland, Noord-Brabant, Limburg), and the four major 
Dutch cities (Amsterdam, Rotterdam, Utrecht, and The Hague). The 
educational level of the child was determined at the time of measure-
ment. If an adolescent older than 15 y had left the educational system, 
the highest completed education was recorded. The educational level of 
the parents was defined as the educational level of the highest educated 
parent and broken down into low, middle, high, and unknown (29). For 
the purposes of data cleaning and the comparison of height changes 
between 1997 and 2009, SDS were calculated for each age using the 
1997 height references (2,30).

Statistical Analyses
Data were cleaned using descriptive statistics that included fre-
quency tables, contingency tables, and scatter plots. Outliers, defined 
as values more than +5 SDS or less than −5 SDS, were checked for 
data entry errors and corrected wherever possible. If no correction 
was possible, these measurements were considered erroneous and 
defined as missing. The distributions for child and parental educa-
tional levels and for geographical regions were compared with the 
national distributions (31) to check for representativeness. We used 
the multivariate imputation by chained equation method (32,33) 
to correct for educational levels or geographical regions that were 
underrepresented. The imputation model was based on age, sex, 
height SDS, weight SDS, waist SDS, hip SDS, parental height, birth 
weight, ethnicity, socioeconomic status score (34), educational levels 
of the children and parents, and geographical region. Passive imputa-
tion was performed on the interactions between age and region, age 
and all SDS, age squared, and age squared and all SDS. There was no 
adjustment for the transition from length to height measurements, 
given that the age of the transition from length to height measure-
ment differs from child to child in daily practice. Length and height 
were smoothly joined.

SDS reference values for height by age in 2009 were calculated using 
the LMS method (35). For these calculations, the data of 146 children 
aged 22–25 y were added to the dataset to obtain stable-fit results at 
the age of 21 y. These subjects were excluded from further analysis. The 
LMS method calculates three smooth curves representing skewness (L 
curve), the median (M curve), and coefficient of variation (S curve) to 
establish SDS lines. L values of 1 indicate normality, and smaller values 
represent progressively greater skewness. The M curve is the 0 SDS 
line or 50th centile curve. The S curve defines the coefficient of varia-
tion, and when multiplied by 100, it can be interpreted as a percentage. 
The smoothing parameters (effective degrees of freedom) for the L, 
M, and S curves were chosen by creating worm plots: local detrended 
quantile-quantile plots of the SDS of the reference samples across 16 
age groups (36). A log transformation was applied to the age axis. The 
curves were fitted as cubic splines. Finally, estimates were made of the 
age-related SDS reference values for height in 2009.

Differences in mean heights between the samples of 2009, 1997, 
1980, 1965, and 1955 were computed for each age group. “Mean 
height” in this article refers to the 50th percentile of the reference 
charts, unless otherwise indicated. Children from the 2009 study with 
a birth weight of <2,500 g were not excluded from the comparisons 
because their inclusion has only a slight effect on mean height by age 
and because, as in 1997, they were included in the calculation of the 
height references.

Multivariate analysis (ANOVA) was conducted to assess the associ-
ations and trends for the demographic variables (geographical region, 
child educational level, and parental educational level) with height 
SDS in 2009 and differences between 1997 and 2009. Consequently, 
the values were corrected for the effects of the other two factors.

R version 2.9.0 (R development core team, Vienna, Austria) with 
the GAMLSS package (37) was used for imputation and for estimating 

http://www.tno.nl/growth
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the height SDS reference values. All other statistical analyses were 
performed in SPSS version 17.0 for Windows (SPSS, Chicago, IL).
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