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Cross-sectional studies are carried out in large numbers of children of different ages (birth to adult height) 
evaluated over a short period of time. However, as pubertal growth differs according to age at pubertal 
growth spurt onset, cross-sectional data are not useful for evaluating pubertal growth and should only be 
applied to evaluate prepubertal growth and adult height. 

Pubertal growth spurt onset occurs between 8 and 13 years of age in girls and between 10 and 15 years 
in boys. Adult height is reached between 15 and 17 years of age in girls and 17 and 19 years in boys 
(Figure 1).

In longitudinal growth studies, the same children are followed from birth to adult height and age at 
pubertal growth spurt onset is clearly defined; thus, these studies yield actual data on pubertal growth. 
However, since they require long-term follow-up (20-22 years), they are difficult to conduct and tend to 
include low numbers of children.  

Introduction
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Our previous Spanish longitudinal growth study (1978-2000) presented pubertal growth reference data 
of 259 girls and 281 boys allocated to one of five 1-year-age-interval pubertal maturity groups (very-
early, early, intermediate, late and very-late) according to how old they were at pubertal growth spurt 
onset. 

However, owing to the low number of children in each pubertal maturity group, a new longitudinal 
growth study was started in Barcelona (Spain) in 1995 with the aim of recruiting a minimum of 100 
healthy non-obese millennial children of each sex in each of the five pubertal maturity groups. These 
children reached adult height between January 2012 and March 2017 and their data are presented 
herein.

Here you can find anthropometric reference values to evaluate growth from birth to adult height 
according to age at the pubertal growth spurt onset. The interpretation of results may be only performed 
by qualified health care professionals. The authors do not assume any responsibility for the interpretation 
of results arising from the use of these growth charts.
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Height, weight and pubertal development

Each child has its own “tempus” to start pubertal development, which is clearly defined by onset of the 
pubertal growth spurt.

In girls, pubertal growth spurt onset occurs between 8 and 13 years of age and in boys between 10 and 
15 years.

According to age at pubertal growth spurt onset, children were assigned to one of the following five 
1-year-age-interval pubertal maturity groups: very-early, early, intermediate, late and very-late. One 
hundred or more children of each sex were included in each group.

Mean birth length and mean adult height values for girls are similar among the five pubertal maturity 
groups and the same occurs in boys. However, height for age, growth velocity for age and weight-for age 
values differs during prepuberty (age < 8 years in girls and <10 years in boys) and are clinically pertinent 
during pubertal development.

Sexual characteristic development, and age at menarche and height gain from menarche to adult height 
in girls, differs among the five pubertal maturity groups.

Each of the five groups has its own pubertal development pattern.

These data suggest that individual pubertal growth should be evaluated with the corresponding pubertal 
maturity group pattern. 

Summary
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Body Mass Index (BMI) and Tri-ponderal Mass Index (TMI)

Mean BMI as well as TMI values, from birth to adult height, are similar among the five pubertal maturity 
groups for both sexes.

Mean BMI values from birth to adult height are similar between both sexes, and the same occurs for 
mean TMI.

This suggests that the differences observed in weight for age values among the five groups and among 
sexes, are mainly related to the corresponding differences in height for age values, which yields similar 
BMI values and similar TMI values.

BMI and TMI values of the whole population may be representative of the five pubertal maturity groups 
for both sexes.

Correspondence between centiles and Z-scores (SDS) values

The age distribution of each study variable by sex, in the whole population and in each pubertal maturation 
group, is charted as smoothed centile or Z-score (SDS) curves. The correspondence of mostly used 
centile and Z-score (SDS) values, in normally distributed variables, is illustrated in the following table.

Centile Cent. 2% Cent. 3% Cent. 5% Cent. 25% Cent. 50% Cent. 75% Cent. 95% Cent. 97% Cent. 98%

to SDS -2,05 SDS -1,88 SDS -1,64 SDS -0,67 SDS 0,00 SDS 0,67 SDS 1,64 SDS 1,88 SDS 2,05 SDS

SDS -2,5 SDS -2,0 SDS -1,5 SDS -1,0 SDS 0,0 SDS 1,0 SDS 1,5 SDS 2,0 SDS 2,5 SDS

to centile Cent. 0,6% Cent. 2,3% Cent. 6,7% Cent. 15,9% Cent. 50,0% Cent. 84,1% Cent. 93,3% Cent. 97,7% Cent. 99,4%
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Tables and Growth Charts

Barcelona Longitudinal Study 1995 - 2017
© Antonio Carrascosa. Diego Yeste. Mónica Fernández-Cancio. María Clemente. Antonio 

Moreno, all rights reserved.
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Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Height for age (cm) in girls for each of the five pubertal maturity groups and for whole population (mean ± SD)

Age (years) Very-early         
n = 119

Early                  
n = 157

Intermediate       
n = 238 Late n = 127 Very-late        

n = 102

Whole 
population       

n = 743

0 49.6 ± 1.5 49.7 ± 1.8 49.8 ± 1.2 49.7 ± 1.1 49.4 ± 2.0 49.6 ± 1.6

1 75.1 ± 2.2 74.8 ± 1.8 73.7 ± 2.1 73.9 ± 2.4 73.8 ± 1.9 74.2 ± 2.1

2 87.1 ± 2.5 87.1 ± 2.1 85.4 ± 2.7 85.6 ± 2.7 85.4 ± 2.4 86.0 ± 2.6

3 96.2 ± 2.9 96.2 ± 2.5 94.3 ± 3.1  94.1 ± 3.0 93.3 ± 2.6 94.7 ± 3.0

4 103.8 ± 3.2 103.7 ± 3.2 102.7 ± 3.5 102.2 ± 3.6 101.3 ± 3.4 102.8 ± 3.5

5 111.0 ± 3.4 110.8 ± 3.4 109.6 ± 3.8 109.1 ± 3.9 108.1 ± 3.6 109.8 ± 3.8

6 118.0 ± 3.7 117.4 ± 3.7 116.1 ± 4.0 115.5 ± 4.1 114.4 ± 3.8 116.3 ± 4.0

7 124.3 ± 4.0 123.7 ± 3.9 122.1 ± 4.2 121.4 ± 4.3 120.3 ± 4.0 122.4 ± 4.3

8 129.8 ± 4.2 129.6 ± 4.1 127.9 ± 4.5 127.2 ± 4.5 126.1 ± 4.2 128.2 ± 4.5

9 136.6 ± 4.4 134.9 ± 4.3 133.4 ± 4.8 132.7 ± 4.8 131.5 ± 4.3 133.9 ± 4.8

10 145.1 ± 4.7 141.4 ± 4.4 138.4 ± 5.0 138.0 ± 5.0 136.6 ± 4.4 139.8 ± 5.5

11 152.2 ± 4.8 149.6 ± 4.6 144.8 ± 5.2 142.8 ± 5.2 141.5 ± 4.5 146.2 ± 6.2

12 157.7 ± 4.8 156.1 ± 4.8 152.7 ± 5.2 149.1 ± 5.4 145.8 ± 4.7 152.6 ± 6.4

13 161.0 ± 4.9 160.4 ± 4.9 158.4 ± 5.3 156.4 ± 5.7 151.5 ± 4.8 158.0 ± 6.0

14 162.8 ± 4.8 162.7 ± 5.1 161.9 ± 5.4 161.0 ± 6.0 158.4 ± 4.8 161.6 ± 5.5

15 163.6 ± 4.9 163.7 ± 5.2 163.6 ± 5.5 163.3 ± 6.1 162.4 ± 4.7 163.4 ± 5.3

16 164.2 ± 4.9 164.3 ± 5.3 164.5 ± 5.5 164.4 ± 6.2 164.1 ± 4.7 164.3 ± 5.4

17 164.4 ± 4.9 164.5 ± 5.3 164.7 ± 5.6 164.8 ± 6.3 164.6 ± 4.8 164.6 ± 5.4

18 164.4 ± 4.9 164.5 ± 5.3 164.8 ± 5.6 164.9 ± 6.3 164.8 ± 4.8 164.7 ± 5.4

Bold: height for age at pubertal growth spurt onset. SD: standard deviation. 

Girls. Height for age. Pubertal maturity groups
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Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth Velocity. Pubertal maturity groups

Growth velocity (cm/year) of girls for each of the five pubertal maturity groups and for the whole population 
(mean ± SD)

Age (years) Very-early        
n = 119

Early                 
n = 157

Intermediate       
n = 238

Late                   
n = 127

Very-late         
n = 102

Whole 
population       

n = 743

0-1 25.5 ± 2.1 25.1 ± 1.7 24.0 ± 1.7 24.4 ± 1.9 24.3 ± 1.6 24.6 ± 1.9

1-2 12.1 ± 0.8 12.3 ± 1.1 11.7 ± 1.2 11.7 ± 1.1 11.5 ± 1.1 11.8 ± 1.1

2-3 9.1 ± 0.6 9.1 ± 0.8 8.9 ± 0.8 8.5 ± 0.6 8.0 ± 0.4 8.7 ± 0.8

3-4 7.8 ± 0.6 7.9 ± 0.6 7.5 ± 0.6 7.5 ± 0.6 7.3 ± 0.4 7.6 ± 0.6

4-5 7.3 ± 0.5 7.1 ± 0.5 6.9 ± 0.5 6.9 ± 0.6 6.8 ± 0.4 7.0 ± 0.5

5-6 6.9 ± 0.5 6.6 ± 0.4 6.4 ± 0.5 6.4 ± 0.5 6.3 ± 0.4 6.5 ± 0.5

6-7 6.4 ± 0.6 6.3 ± 0.5 6.0 ± 0.5 6.0 ± 0.5 5.9 ± 0.4 6.1 ± 0.5

7-8 5.5 ± 0.6 6.0 ± 0.5 5.8 ± 0.5 5.7 ± 0.6 5.7 ± 0.4 5.8 ± 0.6

8-9 6.8 ± 0.5 5.3 ± 0.6 5.5 ± 0.5 5.5 ± 0.5 5.4 ± 0.4 5.7 ± 0.7

9-10 8.5 ± 0.9 6.4 ± 0.5 5.0 ± 0.6 5.3 ± 0.5 5.1 ± 0.4 5.9 ± 1.4

10-11 7.1 ± 0.7 8.2 ± 0.8 6.4 ± 0.6 4.8 ± 0.6 4.8 ± 0.4 6.4 ± 1.4

11-12 5.5 ± 0.7 6.5 ± 0.7 7.9 ± 0.7 6.2 ± 0.6 4.3 ± 0.4 6.4 ± 1.4

12-13 3.4 ± 0.6 4.3 ± 0.9 5.7 ± 0.8 7.3 ± 0.8 5.8 ± 0.5 5.3 ± 1.5

13-14 1.7 ± 0.5 2.3 ± 0.7 3.5 ± 0.7 4.6 ± 0.8 6.8 ± 0.8 3.6 ± 1.7

14-15 0.9 ± 0.3 1.0 ± 0.4 1.7 ± 0.5 2.3 ± 0.7 4.0 ± 0.7 1.8 ± 1.1

15-16 0.6 ± 0.2 0.6 ± 0.3 0.8 ± 0.4 1.1 ± 0.4 1.7 ± 0.6 0.9 ± 0.5

16-17 0.2 ± 0.1 0.2 ± 0.1 0.3 ± 0.3 0.4 ± 0.3 0.6 ± 0.4 0.3 ± 0.3

17-18 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.2 0.1 ± 0.1

Bold: growth velocity at the pubertal growth spurt. SD: standard deviation.
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Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Pubertal growth. Pubertal maturity groups

Pubertal growth in girls 

Pubertal maturity 
group 

Number 
of 

subjects

Age at 
onset of 
pubertal 
growth 

spurt (years)

Height at the 
beginning 
of pubertal 
growth      
spurt (cm)

Peak pubertal 
growth 

velocity (cm/
year)

Total 
pubertal gain 
of height (cm)

Adult height  
(cm)

Age at 
menarche 

(years)

Height 
gain from 
menarche 
(cm)

Very-early 119 8-9 129.8 ± 4.2 8.5 ± 0.9 34.6 ± 2.4 164.4 ± 4.9 11,4 ± 0,4 10,2 ± 1,8

Early 157 9-10 134.9 ± 4.3 8.2 ± 0.8 29.6 ± 2.5 164.5 ± 5.3 12,3 ± 0,3 7,4 ± 1,6

Intermediate 238 10-11 138.4 ± 5.0 7.9 ± 0.7 26.4 ± 2.4 164.8 ± 5.6 12,9 ± 0,3 6,9 ± 1,3

Late 127 11-12 142.8 ± 5.2 7.3 ± 0.8 22.1 ± 2.4 164.9 ± 6.3 13,6 ± 0,3 5,8 ± 1,5

Very-late 102 12-13 145.8 ± 4.7 6.8 ± 0.8 18.9 ± 2.1 164.8 ± 4.8 14,9 ± 0,5 4,3 ± 1,4

Whole population 743 8-13 - - - 164.7 ± 5.4 12,9 ± 1,1 7,0 ± 2,3

Mean ± standard deviation.
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Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Weight for age. Pubertal maturity groups

Weight for age (kg) in girls for each of the five pubertal maturity groups and for whole population (mean ± SD)

Age (years) Very-early        
n = 119

Early                 
n = 157

Intermediate       
n = 238

Late                   
n = 127

Very-late       
n = 102

Whole 
population      

n = 743

0 3.3 ± 0.4 3.3 ± 0.5 3.3 ± 0.4 3.3 ± 0.4 3.2 ± 0.4 3.3 ± 0.4

1 9.9 ± 0.9 9.9 ± 0.7 9.6 ± 0.8 9.6 ± 0.6 9.5 ± 0.7 9.7 ± 0.8

2 12.6 ± 1.1 12.6 ± 0.9 12.1 ± 1.1 12.1 ± 0.9 12.0 ± 1.0 12.3 ± 1.0

3 14.9 ± 1.3 14.8 ± 1.3 14.3 ± 1.3 14.2 ± 1.0 13.9 ± 1.2 14.4 ± 1.3

4 17.3 ± 1.6 16.9 ± 1.5 16.5 ± 1.7 16.0 ± 1.5 16.0 ± 1.6 16.6 ± 1.7

5 19.9 ± 2.2 19.3 ± 1.9 18.8 ± 2.2 18.2 ± 1.8 18.1 ± 1.8 18.9 ± 2.1

6 22.8 ± 2.6 22.0 ± 2.4 21.2 ± 2.7 20.6 ± 2.2 20.6 ± 2.3 21.4 ± 2.6

7 26.1 ± 3.4 25.1 ± 3.2 24.0 ± 3.4 23.2 ± 2.7 23.1 ± 3.0 24.3 ± 3.4

8 29.8 ± 4.0 28.6 ± 3.9 27.1 ± 4.1 26.2 ± 3.4 25.9 ± 3.6 27.5 ± 4.1

9 34.1 ± 4.6 32.2 ± 4.6 30.3 ± 4.8 29.3 ± 4.1 28.7 ± 4.0 30.9 ± 4.8

10 39.2 ± 5.4 36.2 ± 5.1 33.9 ± 5.5 32.7 ± 4.8 32.0 ± 4.9 34.8 ± 5.7

11 44.7 ± 6.4 41.3 ± 6.1 38.1 ± 6.4 36.4 ± 5.6 35.5 ± 5.8 39.2 ± 6.8

12 49.2 ± 6.6 46.5 ± 6.3 43.0 ± 6.6 40.7 ± 6.1 39.0 ± 6.3 43.8 ± 7.2

13 53.1 ± 6.4 51.0 ± 6.5 47.9 ± 6.8 45.7 ± 6.5 43.4 ± 6.9 48.4 ± 7.3

14 55.3 ± 6.0 53.9 ± 6.5 51.2 ± 6.9 49.7 ± 6.5 48.2 ± 7.0 51.7 ± 7.0

15 56.6 ± 6.1 55.7 ± 6.4 53.3 ± 6.5 52.6 ± 6.3 51.5 ± 6.7 54.0 ± 6.6

16 57.4 ± 6.2 56.5 ± 6.3 54.5 ± 6.6 54.1 ± 6.5 53.5 ± 6.6 55.2 ± 6.6

17 57.9 ± 6.0 56.9 ± 6.3 55.1 ± 6.6 54.7 ± 6.5 54.6 ± 6.5 55.8 ± 6.5

18 58.1 ± 6.0 57.1 ± 6.1 55.4 ± 6.5 55.0 ± 6.6 54.9 ± 6.5 56.0 ± 6.5

Bold: weight values at the onset of pubertal growth spurt. SD: standard deviation.
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Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. BMI and TMI.

Body Mass Index (BMI) for age and Tri-ponderal 
Mass Index (TMI) for age in girls (mean ± SD)

Age (years) BMI                   
n = 743

TMI                                 
n = 743

0 13.2 ± 1.4 26.6 ± 2.2

1 17.6 ± 1.0 23.7 ± 1.5

2 16.5 ± 1.0 19.2 ± 1.3

3 16.0 ± 0.9 16.9 ± 1.1

4 15.6 ± 1.2 15.2 ± 1.2

5 15.6 ± 1.3 14.3 ± 1.3

6 15.8 ± 1.4 13.6 ± 1.3

7 16.2 ± 1.7 13.2 ± 1.4

8 16.7 ± 1.9 13.0 ± 1.4

9 17.2 ± 2.1 12.8 ± 1.5

10 17.7 ± 2.2 12.7 ± 1.5

11 18.2 ± 2.4 12.5 ± 1.6

12 18.7 ± 2.4 12.3 ± 1.5

13 19.3 ± 2.4 12.2 ± 1.5

14 19.8 ± 2.2 12.3 ± 1.4

15 20.2 ± 2.1 12.4 ± 1.4

16 20.4 ± 2.1 12.4 ± 1.3

17 20.6 ± 2.0 12.4 ± 1.3

18 20.7 ± 2.0 12.5 ± 1.3

SD: standard deviation.
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Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Very-early (n=119) 

Early (n=157)

Intermediate (n=238)

Late (n=127)

Very-late (n=102)

Whole popula�on (n=743)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
45

50

55

60

65

70

75

80

85

90

95

100

105

110

115

120

125

130

135

140

145

150

155

160

165

170

Le
ng

th
/H

ei
gh

t 
(c

m
)

Age (yr)

Girls. Lenght/Height. Median values. Pubertal maturity groups



20

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Very-early (n=119) 

Early (n=157)

Intermediate (n=238)

 Late (n=127)

Very-late (n=102)

Whole popula�on (n=743)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

  (
cm

/y
r)

Age (yr)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Girls. Growth velocity. Median values. Pubertal maturity groups



21

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

W
ei

gh
t 

(k
g)

0

5

10

15

20

25

30

35

40

45

50

55

60

Very-early (n=119) 

Early (n=157)

Intermediate (n=238)

 Late (n=127)

Very-late (n=102)

Whole popula�on (n=743)

Age (yr)

Girls. Weight. Median values. Pubertal maturity groups



22

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

10

11

12

13

14

15

16

17

18

19

20

21

22

23

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

B
M

I (
kg

/m
2 )

Age (yr)

Very-early (n=119) 

Early (n=157)

Intermediate (n=238)

 Late (n=127)

Very-late (n=102)

Whole popula�on (n=743)

Girls. BMI. Median values. Pubertal maturity groups



GROWTH CHARTS 
WHOLE POPULATION



24

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Centiles 

Whole population (n = 743)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

 3%  10%  25%  50%  75% 90%  97%

Le
ng

th
/H

ei
gh

t 
(c

m
)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



25

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Z-scores (SDS)

Whole population (n = 743)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

Le
ng

th
/H

ei
gh

t 
(c

m
)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



26

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Centiles

Whole population (n = 743)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

 3%  10%  25%  50%  75% 90%  97%

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)



27

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Z-scores (SDS)

Whole population (n = 743)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)



28

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. BMI and TMI. Centiles

Whole population (n = 743)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

B
M

I (
kg

/m
2 )

Age (yr)

 3%  10%  25%  50%  75% 90%  97%

9

11

13

15

17

19

21

23

25

27

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

BMI

 3%  10%  25%  50%  75% 90%  97%

TM
I (

kg
/m

3 )

Age (yr)

8

10

12

14

16

18

20

22

24

26

28

30

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

TMI



29

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. BMI and TMI. Z-scores (SDS)

Whole population (n = 743)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

B
M

I (
kg

/m
2 )

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

Age (yr)

9

11

13

15

17

19

21

23

25

27

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

BMI

TM
I (

kg
/m

3 )

Age (yr)

8

10

12

14

16

18

20

22

24

26

28

30

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

TMI



GROWTH CHARTS 
VERY-EARLY MATURERS



31

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Centiles

Very-early maturers (n = 119)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

 3%  10%  25%  50%  75% 90%  97%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

Le
ng

th
/H

ei
gh

t 
(c

m
)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



32

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Z-scores (SDS)

Very-early maturers (n = 119)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

Le
ng

th
/H

ei
gh

t 
(c

m
)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



33

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Centiles

Very-early maturers (n = 119)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)

 3%  10%  25%  50%  75% 90%  97%

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18



34

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Z-scores (SDS)

Very-early maturers (n = 119)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)



GROWTH CHARTS EARLY MATURERS



36

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Centiles

Early maturers (n = 157)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

 3%  10%  25%  50%  75% 90%  97%

Le
ng

th
/H

ei
gh

t 
(c

m
)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



37

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Z-scores (SDS)

Early maturers (n = 157)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

Le
ng

th
/H

ei
gh

t 
(c

m
)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



38

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Centiles

Early maturers (n = 157)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

 3%  10%  25%  50%  75% 90%  97%

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)



39

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Z-scores (SDS)

Early maturers (n = 157)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)



GROWTH CHARTS INTERMEDIATE MATURERS



41

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Centiles 

Intermediate maturers (n = 238)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

 3%  10%  25%  50%  75% 90%  97%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

Le
ng

th
/H

ei
gh

t 
(c

m
)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



42

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Z-scores (SDS)

Intermediate maturers (n = 238)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

Le
ng

th
/H

ei
gh

t 
(c

m
)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



43

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Centiles

Intermediate maturers (n = 238)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

 3%  10%  25%  50%  75% 90%  97%

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)



44

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Z-scores (SDS)

Intermediate maturers (n = 238)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)



GROWTH CHARTS LATE MATURERS



46

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Centiles 

Late maturers (n = 127)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

 3%  10%  25%  50%  75% 90%  97%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

Le
ng

th
/H

ei
gh

t 
(c

m
)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



47

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Z-scores (SDS)

Late maturers (n = 127)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

Le
ng

th
/H

ei
gh

t 
(c

m
)

W
ei

gh
t 

(k
g)

Age (yr)

Age (yr)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Length/Height (cm)

Weight (kg)

Le
ng

th
/H

ei
gh

t 
(c

m
)

W
ei

gh
t 

(k
g)



48

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Centiles

Late maturers (n = 127)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

 3%  10%  25%  50%  75% 90%  97%

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)



49

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Growth velocity. Z-scores (SDS)

Late maturers (n = 127)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

-2.5 SDS -2.0 SDS -1.0 SDS 0.0 SDS 1.0 SDS 2.0 SDS 2.5 SDS

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G
ro

w
th

 V
el

oc
ity

 (c
m

/y
r)

Age (yr)



GROWTH CHARTS VERY-LATE MATURERS



51

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Centiles 

Very-late maturers (n = 102)

Birthdate: .............../.............../...................
Name: ...............................................................................................
............................................................................................................

 3%  10%  25%  50%  75% 90%  97%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

10

60

50

70

80

90

100

110

120

130

140

150

160

170

180

190

120

130

140

150

160

170

180

190

0

10

20

30

40

50

60

70

80

Weight (kg)

Age (yr)

Age (yr)

W
ei

gh
t 

(k
g)

W
ei

gh
t 

(k
g)

Le
ng

th
/H

ei
gh

t 
(c

m
)

Length/Height (cm)

Le
ng

th
/H

ei
gh

t 
(c

m
)



52

© Antonio Carrascosa, Diego Yeste, Mónica Fernández-Cancio, María Clemente, Antonio Moreno, All rights reserved.

Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Girls. Height and Weight. Z-scores (SDS)
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Girls. Growth velocity. Centiles

Very-late maturers (n = 102)
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Boys. Height for age. Pubertal maturity groups

Height for age (cm) in boys for each of the five pubertal maturity groups and for whole population (mean ± SD)

Age (years) Very-early         
n = 110

Early                 
n = 139

Intermediate     
n = 225

Late                  
n = 133

Very-late        
n = 103

Whole 
population       

n = 710

0 50.2 ± 0.9 50.3 ± 1.1 50.0 ± 1.0 50.0 ± 1.1 49.8 ± 1.2 50.0 ± 1.1

1 76.4 ± 2.0 75.7 ± 2.9 75.3 ± 1.9 75.2 ± 2.2 75.1 ± 2.2 75.4 ± 2.2

2 88.8 ± 2.5 87.9 ± 3.3 86.9 ± 2.4 87.1 ± 2.7 86.9 ± 2.4 87.3 ± 2.7

3 97.9 ± 2.5 96.8 ± 3.6 95.6 ± 2.9  95.6 ± 2.9 95.3 ± 2.7 96.0 ± 3.0

4 105.4 ± 4.1 104.4 ± 4.2 103.5 ± 3.5 103.1 ± 4.0 102.7 ± 3.4 103.8 ± 3.9

5 112.6 ± 4.4 111.4 ± 4.5 110.4 ± 3.7 109.9 ± 4.2 109.6 ± 3.5 110.7 ± 4.1

6 119.3 ± 4.8 118.2 ± 4.7 116.8 ± 4.0 116.3 ± 4.5 116.0 ± 3.7 117.2 ± 4.4

7 125.7 ± 5.1 124.5 ± 4.9 123.0 ± 4.2 122.4 ± 4.7 122.1 ± 3.9 123.5 ± 4.6

8 131.9 ± 5.4 130.7 ± 5.2 128.9 ± 4.4 128.2 ± 5.0 127.9 ± 4.2 129.4 ± 4.9

9 137.8 ± 5.7 136.5 ± 5.4 134.5 ± 4.7 133.7 ± 5.1 133.2 ± 4.4 135.1 ± 5.2

10 143.3 ± 6.0 141.9 ± 5.6 139.8 ± 4.9 138.9 ± 5.3 138.3 ± 4.6 140.4 ± 5.4

11 150.2 ± 6.2 147.0 ± 5.8 144.9 ± 5.1 143.9 ± 5.5 143.1 ± 4.8 145.7 ± 5.8

12 160.0 ± 6.4 153.8 ± 5.9 149.7 ± 5.3 148.8 ± 5.6 147.6 ± 5.1 151.6 ± 6.9

13 167.5 ± 6.4 163.0 ± 6.2 156.4 ± 5.6 153.4 ± 5.8 152.1 ± 5.3 158.2 ± 7.9

14 172.9 ± 6.4 170.3 ± 6.3 165.2 ± 5.9 160.1 ± 5.8 156.3 ± 5.5 165.1 ± 8.1

15 175.7 ± 6.3 174.5 ± 6.3 171.9 ± 5.9 168.4 ± 5.9 162.7 ± 5.6 171.0 ± 7.2

16 177.1 ± 6.3 176.8 ± 6.3 175.4 ± 5.8 173.7 ± 6.0 170.1 ± 5.5 174.9 ± 6.3

17 177.7 ± 6.3 177.7 ± 6.4 176.8 ± 5.8 176.4 ± 6.2 174.8 ± 5.4 176.7 ± 6.0

18 177.9 ± 6.3 178.0 ± 6.4 177.3 ± 5.7 177.3 ± 6.2 177.1 ± 5.4 177.5 ± 5.9

19 177.9 ± 6.3 178.1 ± 6.4 177.5 ± 5.7 177.5 ± 6.2 177.5 ± 5.4 177.7 ± 5.9

Bold: height for age at pubertal growth spurt onset. SD: standard deviation.
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Boys. Growth velocity . Pubertal maturity groups

Growth velocity (cm/year) of boys for each of the five pubertal maturity groups and for the whole                                
population (mean ± SD)

Age (years) Very-early         
n = 110

Early                 
n = 139

Intermediate     
n = 225

Late                  
n = 133

Very-late         
n = 103

Whole 
population       

n = 710

0-1 26.2 ± 1.9 25.5 ± 2.2 25.2 ± 1.5 25.2 ± 1.8 25.3 ± 2.1 25.4 ± 1.9

1-2 12.3 ± 0.8 12.1 ± 0.9 11.6 ± 1.1 11.9 ± 1.1 11.7 ± 0.8 11.9 ± 1.0

2-3 9.1 ± 0.5 9.0 ± 0.5 8.7 ± 0.8 8.4 ± 0.7 8.4 ± 0.4 8.7 ± 0.7

3-4 7.7 ± 0.6 7.5 ± 0.6 7.5 ± 0.6 7.4 ± 0.5 7.5 ± 0.3 7.5 ± 0.5

4-5 7.1 ± 0.5 7.1 ± 0.6 6.9 ± 0.5 6.8 ± 0.5 6.8 ± 0.5 6.9 ± 0.5

5-6 6.7 ± 0.5 6.7 ± 0.6 6.5 ± 0.5 6.4 ± 0.5 6.4 ± 0.4 6.5 ± 0.5

6-7 6.4 ± 0.5 6.3 ± 0.5 6.2 ± 0.5 6.1 ± 0.4 6.2 ± 0.4 6.2 ± 0.5

7-8 6.2 ± 0.5 6.2 ± 0.5 5.9 ± 0.5 5.9 ± 0.6 5.8 ± 0.5 6.0 ± 0.5

8-9 5.9 ± 0.6 5.8 ± 0.5 5.6 ± 0.5 5.5 ± 0.5 5.3 ± 0.4 5.6 ± 0.5

9-10 5.5 ± 0.6 5.5 ± 0.5 5.3 ± 0.4 5.2 ± 0.5 5.1 ± 0.4 5.3 ± 0.5

10-11 7.0 ± 0.7 5.1 ± 0.5 5.1 ± 0.5 5.0 ± 0.5 4.8 ± 0.4 5.3 ± 0.9

11-12 9.7 ± 1.0 6.7 ± 0.7 4.8 ± 0.6 4.8 ± 0.5 4.5 ± 0.5 5.9 ± 1.9

12-13 7.6 ± 0.7 9.2 ± 1.0 6.7 ± 0.8 4.6 ± 0.6 4.5 ± 0.4 6.6 ± 1.9

13-14 5.4 ± 0.7 7.3 ± 0.9 8.8 ± 0.9 6.7 ± 0.7 4.2 ± 0.5 6.9 ± 1.8

14-15 2.8 ± 0.8 4.2 ± 0.7 6.7 ± 0.8 8.3 ± 0.8 6.5 ± 0.6 5.9 ± 2.0

15-16 1.4 ± 0.5 2.3 ± 0.5 3.4 ± 0.6 5.4 ± 0.9 7.4 ± 0.5 3.8 ± 2.0

16-17 0.6 ± 0.3 0.8 ± 0.3 1.4 ± 0.5 2.7 ± 0.6 4.7 ± 0.5 1.9 ± 1.4

17-18 0.2 ± 0.1 0.3 ± 0.2 0.6 ± 0.3 0.9 ± 0.3 2.3 ± 0.4 0.8 ± 0.7

18-19 0.0 ± 0.0 0.1 ± 0.1 0.1 ± 0.1 0.2 ± 0.2 0.3 ± 0.3 0.1 ± 0.2

Bold: growth velocity at the pubertal growth spurt. SD: standard deviation.
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Boys. Pubertal growth. Pubertal maturity groups

Pubertal growth in boys

Pubertal      
maturity group 

Number of 
subjects

Age at onset of 
pubertal growth 
spurt (years)

Height at the 
beginning 
of pubertal 
growth spurt 

(cm)

Peak pubertal 
growth velocity 
(cm/year)

Total pubertal 
gain of height 

(cm)

Adult height  
(cm)

Very-early 110 10-11 143.3 ± 6.0 9.7 ± 1.0 34.6 ± 2.3 177.9 ± 6.3

Early 139 11-12 147.0 ± 5.8 9.2 ± 1.0 31.1 ± 2.5 178.1 ± 6.4

Intermediate 225 12-13 149.7 ± 5.3 8.8 ± 0.9 27.8 ± 2.0 177.5 ± 5.7

Late 133 13-14 153.4 ± 5.8 8.3 ± 0.8 24.1 ± 2.2 177.5 ± 6.2

Very-late 103 14-15 156.3 ± 5.5 7.4 ± 0.5 21.2 ± 1.3 177.5 ± 5.4

Whole 
population 710 10-15 - - - 177.7 ± 5.9

Mean ± standard deviation.
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Boys. Weight for age. Pubertal maturity groups

Weight for age (kg) in boys for each of the five pubertal maturity groups and for whole population  
(mean ± SD)

Age (years) Very-early        
n = 110

Early                  
n = 139

Intermediate     
n = 225

Late                  
n = 133

Very-late       
n = 103

Whole 
population      

n = 710

0 3.4 ± 0.3 3.4 ± 0.4 3.3 ± 0.4 3.4 ± 0.3 3.3 ± 0.4 3.4 ± 0.4

1 10.5 ± 0.9 10.3 ± 1.0 10.2 ± 0.9 10.2 ± 0.8 10.0 ± 0.8 10.2 ± 0.9

2 13.2 ± 1.3 13.0 ± 1.3 12.8 ± 1.2 12.7 ± 1.0 12.4 ± 1.2 12.7 ± 1.2

3 15.7 ± 1.5 15.3 ± 1.8 15.1 ± 1.6 14.7 ± 1.2 14.5 ± 1.4 15.0 ± 1.5

4 17.7 ± 1.9 17.4 ± 2.1 17.0 ± 1.7 16.8 ± 1.8 16.7 ± 1.8 17.1 ± 1.9

5 20.1 ± 2.4 19.8 ± 2.8 19.2 ± 2.1 19.0 ± 2.1 18.8 ± 1.9 19.3 ± 2.3

6 23.0 ± 3.0 22.5 ± 3.4 21.7 ± 2.7 21.4 ± 2.6 21.2 ± 2.4 21.9 ± 2.9

7 26.2 ± 3.8 25.5 ± 3.9 24.5 ± 3.2 24.2 ± 3.2 24.0 ± 3.0 24.8 ± 3.5

8 29.7 ± 4.5 28.7 ± 4.6 27.7 ± 3.8 27.3 ± 3.9 27.1 ± 3.6 28.0 ± 4.2

9 33.9 ± 5.5 32.5 ± 5.4 31.1 ± 4.6 30.6 ± 4.7 30.4 ± 4.3 31.6 ± 5.0

10 38.3 ± 6.3 36.4 ± 6.2 34.7 ± 5.3 34.0 ± 5.3 33.9 ± 4.9 35.3 ± 5.8

11 43.3 ± 7.1 40.3 ± 7.2 38.4 ± 6.0 37.6 ± 6.0 37.3 ± 5.7 39.2 ± 6.7

12 49.1 ± 7.9 45.2 ± 7.6 42.3 ± 6.6 41.4 ± 6.9 41.0 ± 6.4 43.6 ± 7.5

13 55.1 ± 8.4 51.3 ± 8.2 47.5 ± 7.3 45.6 ± 8.0 45.1 ± 7.2 48.7 ± 8.5

14 60.6 ± 8.6 57.7 ± 8.7 54.3 ± 8.0 50.9 ± 8.4 49.2 ± 7.6 54.6 ± 9.0

15 64.4 ± 8.6 62.1 ± 8.9 59.7 ± 7.8 57.1 ± 8.7 54.4 ± 7.5 59.6 ± 8.8

16 66.6 ± 8.5 65.1 ± 8.5 63.5 ± 7.8 61.8 ± 8.5 60.1 ± 7.5 63.5 ± 8.4

17 68.2 ± 8.2 67.1 ± 8.5 65.8 ± 7.7 64.8 ± 8.4 64.2 ± 7.6 66.0 ± 8.1

18 69.3 ± 7.9 68.2 ± 8.4 66.9 ± 7.4 66.3 ± 8.3 66.7 ± 7.5 67.4 ± 7.9

19 70.0 ± 7.7 69.0 ± 8.3 67.8 ± 7.3 67.2 ± 8.2 68.3 ± 7.6 68.3 ± 7.8
Bold: weight values at the onset of pubertal growth spurt. SD: standard deviation.
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Boys. BMI and TMI.

Body Mass Index (BMI) for age and Tri-ponderal 
Mass Index (TMI) for age in boys (mean ± SD)

Age (years) BMI                    
n = 710

TMI                        
n = 710

0 13.4 ± 1.2 26.8 ± 2.3

1 17.9 ± 1.1 23.7 ± 1.6

2 16.7 ± 1.1 19.2 ± 1.4

3 16.2 ± 1.1 16.9 ± 1.2

4 15.9 ± 1.2 15.3 ± 1.3

5 15.8 ± 1.3 14.2 ± 1.2

6 15.9 ± 1.5 13.6 ± 1.3

7 16.2 ± 1.6 13.1 ± 1.3

8 16.7 ± 1.8 12.9 ± 1.4

9 17.3 ± 2.0 12.8 ± 1.5

10 17.9 ± 2.2 12.7 ± 1.5

11 18.4 ± 2.4 12.6 ± 1.6

12 18.9 ± 2.5 12.5 ± 1.6

13 19.4 ± 2.5 12.3 ± 1.6

14 19.9 ± 2.5 12.1 ± 1.6

15 20.3 ± 2.3 11.9 ± 1.4

16 20.7 ± 2.2 11.9 ± 1.3

17 21.1 ± 2.1 12.0 ± 1.2

18 21.4 ± 2.0 12.1 ± 1.2

19 21.6 ± 2.0 12.2 ± 1.2
SD: standard deviation.
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Boys. Height and Weight. Centiles
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Boys. Height and Weight. Z-scores (SDS)
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Boys. Growth velocity. Centiles

Whole population (n = 710)
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Boys. BMI and TMI. Centiles

Whole population (n = 710)

Birthdate: .............../.............../...................
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Tables and Growth ChartsBarcelona Longitudinal Study 1995 - 2017

Adult height and BMI at adult height in recent 
cross-sectional growth studies. 

Comparison with the present study

Adult height and body mass index (BMI) at adult height. Recent studies

Study
Boys Girls

Sample size (n) Height (cm) BMI (kg/m2) Sample size (n) Height (cm) BMI (kg/m2)
UK 1995       409 176.4 a 21.3 a    284 163.6 a 21.5 a

Germany 1995       - 179.8 -    - 167 -
Nederland 2000       226 184.0 ± 7.1 22.1    226 170.6 ± 6.5 21.9
Sao Paolo 2001          83 176.7 ± 6.2 -       44 164.9 ± 5.0 -
Sweeden 2002    1 849 180.4 ± 6.5 22.3 1 801 167.5 ± 6.0 21.8
Paris 2004          42 178.9 ± 5.3 21.3 ± 3.6       33 163.7 ± 8.2 20.5 ± 2.6
Belgium 2009       501 181.0 a 21.9 ± 1.9    609 166.6 a 21.8 ± 2.3
Argentina 2009       709 172.9 a 22.2 a    762 160.7 a 20.8 a

Hong Kong 2009       468 171.7 a 21.0 ± 3.3    453 158.7 a 20.0 ± 2.8
India 2009 10 496 170.4 a 21.1 a 8 170 157.3 a 21.1 a

Switzerland 2009 28 512 178.1 ± 6,5 22.9 ± 3.5    - - -
Spain 2010    1 551 177.5 ± 6.4 23.7 ± 3.3 1 619 164.1 ± 5.9 21.4 ± 2.8
Poland 2011       846 178.7 a 21.8 a 1 126 165.1 a 20.7 a

USA 2012       179 177.8 ± 0.8 b 25.2 ± 0.5 b    118 163.3 ± 0.7 b 25.5 ± 0.7 b

Barcelona 1995-2017       710 177.7 ± 5.9 21.6 ± 2.0    743 164.7 ± 5.4 20.7 ± 2.0

a: 50% centile; b: standard error of the mean; otherwise: mean ± standard deviation values.	 				  
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Mean adult height. Recent studies

Mean body mass index (BMI) at adult height. Recent studies
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web: http://www.millennialsgrowth.com

In the web ‘Millennials’s Growth’ we developed http://www.millennialsgrowth.com, you will find:

Design, Objectives and Results of the Study.
	
Summary of the Study.

Growth charts for length/height; growth velocity, weight, BMI and TMI from birth to adult height in 
both sexes, expressed as centiles and SDS calculated according to Cole’s LMS method.

Millennials’ growth App for Android devices: download from Google Play.

Millennials’ growth App for iOS (Apple Inc.): download from Apple Store.

Millennials’ growth anthropometric program for PC Windows. A download option for professional´s 
health care exclusive use, after registration.

Weight and length data of premature and at term newborns 26-42 weeks of gestation. Data also 
available at http://www.estudiosdecrecimiento.es.

Cross-sectional data of prepubertal children born from mothers of Africa and Latin America, recently 
evaluated in Catalonia (Spain).

All these options are free of charge.



Bibliography

102

Bibliography

1.	 Barton M. Screening for obesity in children and adolescents: US Preventive Services Task Force 
recommendation statement. Pediatrics. 2010;125(2):361-367.

2.	 Bau AM, Ernert A, Schenk L, Wiegand S, Martus P, Gruters A, et al. Is there a further acceleration in 
the age at onset of menarche? A cross-sectional study in 1840 school children focusing on age and 
bodyweight at the onset of menarche. Eur J Endocrinol. 2009;160(1):107-113.

3.	 Burton RF. Why is the body mass index calculated as mass/height2, not as mass/height3? Ann Hum Biol. 
2007;34(6):656-663.

4.	 Carrascosa A, Ferrandez A, Audi L, Sanchez E. Pubertal Growth and Adult Height According to Age at 
Pubertal Growth Spurt Onset: Data from a Spanish Study Including 540 Subjects (281 Boys and 259 Girls). 
London: Springer New York Dordrecht Heidelberg London; 2012.

5.	 Carrascosa A, Audi L, Fernandez-Cancio M, Yeste D, Gussinye M, Campos A, et al. Height gain at adult-
height age in 184 short patients treated with growth hormone from prepubertal age to near adult-
height age is not related to GH secretory status at GH therapy onset. Horm Res Paediatr. 2013;79:145-
156.

6.	 Carrascosa A, Fernandez JM, Fernandez C, Ferrandez A, Lopez-Siguero JP, Sanchez E, et al. Spanish 
cross-sectional growth study 2008. Part II. Height, weight and body mass index values in 32,064 
subjects (16,607 males and 15,457 females) from birth to adulthood. An Pediatr (Barc). 2008;68(6):552-
569.

7.	 Carrascosa A, Ferrandez A, Yeste D, Garcia-Dihinx J, Romo A, Copil A, et al. Spanish cross-sectional 
growth study 2008. Part I. Weight and height values in newborns of 26-42 weeks of gestational age. 
An Pediatr (Barc). 2008;68(6):544-551.

8.	 Carrascosa A, Yeste D, Moreno-Galdó A, Gussinyé M, Ferrández Á, Clemente M, Fernández-Cancio 
M. Body mass index and tri-ponderal mass index of 1,453 healthy non-obese, non-undernourished 
millennial children. The Barcelona longitudinal growth study. An Pediatr (Barc). 2018. doi: https://doi.
org/10.1016/j.anpedi.2017.11.018.

9.	 Carrascosa A, Yeste D, Moreno-Galdó A, Gussinyé M, Ferrández Á, Clemente M, Fernández-Cancio 
M. Pubertal growth of 1,453 healthy children according to age at pubertal growth spurt onset. 
The Barcelona longitudinal growth study. An Pediatr (Barc). 2018. doi: https://doi.org/10.1016/j.
anpedi.2017.12.016.

10.	Castilho LV, Lahr MM. Secular trends in growth among urban Brazilian children of European descent. 
Ann Hum Biol. 2001;28(5):564-574.

11.	Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to define thinness in children and 
adolescents: international survey. BMJ. 2007;335(7612):194.

12.	Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and 
obesity worldwide: international survey. BMJ. 2000;320(7244):1240-1243.



Bibliography

103

13.	Cole TJ. The LMS method for constructing normalized growth standards. Eur J Clin Nutr 1990;44:45-
60).

14.	Cole TJ. Weight/heightp compared to weight/height2 for assessing adiposity in childhood: influence 
of age and bone age on p during puberty. Ann Hum Biol. 1986;13(5):433-451.

15.	de Onis M, Lobstein T. Defining obesity risk status in the general childhood population: which cut-
offs should we use? Int J Pediatr Obes. 2010;5(6):458-460.

16.	Dietz WH, Bellizzi MC. Introduction: the use of body mass index to assess obesity in children. Am J 
Clin Nutr. 1999;70(1):123S-125S.

17.	Evans EW, Sonneville KR. BMI report cards: will they pass or fail in the fight against pediatric obesity? 
Curr Opin Pediatr. 2009;21(4):431-436.

18.	Ferrández A, Baguer L, Labarta JI, Labena C, Mayayo E, Puga B, Rueda C, Ruiz-Echarri M. Estudio 
longitudinal de niños españoles normales desde el nacimiento hasta la edad adulta. Fundación 
Andrea Prader. Gobierno de Aragón.  ARPI relieve impresores. Zaragoza 2005.

19.	Ferrández A, Carrascosa A, Audi L, Baguer L, Rueda C, Bosch-Castane J, et al. Longitudinal pubertal 
growth according to age at pubertal growth spurt onset: data from a Spanish study including 458 
children (223 boys and 235 girls). J Pediatr Endocrinol Metab. 2009;22(8):715-726.

20.	Fredriks AM, van Buuren S, Burgmeijer RJ, Meulmeester JF, Beuker RJ, Brugman E, et al. Continuing 
positive secular growth change in The Netherlands 1955-1997. Pediatr Res. 2000;47(3):316-323.

21.	Freeman JV, Cole TJ, Chinn S, Jones PR, White EM, Preece MA. Cross sectional stature and weight 
reference curves for the UK, 1990. Arch Dis Child. 1995;73(1):17-24.

22.	Fryar CD, Gu Q, Ogden CL. Anthropometric reference data for children and adults: United States, 
2007-2010. Vital Health Stat 11. 2012(252):1-48.

23.	Garcia-Cuartero B, Gonzalez A, Frias E, Arana C, Dias E, Tolmo MD. Assessment of the secular trend 
in puberty in boys and girls. An Pediatr (Barc). 2010;73(6):320-326.

24.	Gasser T, Sheehy A, Molinari L, Largo RH. Growth of early and late maturers. Ann Hum Biol. 
2001;28(3):328-336.

25.	Gelander L. Children’s growth: a health indicator and a diagnostic tool. Acta Paediatr. 2006;95(5):517-
518.

26.	Gussinyer S, Garcia-Reyna NI, Carrascosa A, Gussinyer M, Yeste D, Clemente M, et al. Anthropometric, 
dietetic and psychological changes after application of the “Nin@s en movimiento” program in 
childhood obesity. Med Clin (Barc). 2008;131(7):245-249.

27.	Hagg U, Taranger J. Height and height velocity in early, average and late maturers followed to the 
age of 25: a prospective longitudinal study of Swedish urban children from birth to adulthood. Ann 
Hum Biol. 1991;18(1):47-56.

28.	Kelly A, Winer KK, Kalkwarf H, Oberfield SE, Lappe J, Gilsanz V, et al. Age-based reference ranges 
for annual height velocity in US children. J Clin Endocrinol Metab. 2014;99(6):2104-2112.

29.	Kulaga Z, Litwin M, Tkaczyk M, Palczewska I, Zajaczkowska M, Zwolinska D, et al. Polish 2010 
growth references for school-aged children and adolescents. Eur J Pediatr. 2011;170(5):599-609.

30.	O’Connor EA, Evans CV, Burda BU, Walsh ES, Eder M, Lozano P. Screening for Obesity and 
Intervention for Weight Management in Children and Adolescents: Evidence Report and Systematic 
Review for the US Preventive Services Task Force. JAMA. 2017;317(23):2427-2444.

31.	Peterson CM, Su H, Thomas DM, Heo M, Golnabi AH, Pietrobelli A, et al. Tri-Ponderal Mass Index vs 
Body Mass Index in Estimating Body Fat During Adolescence. JAMA Pediatr. 2017;171(7):629-636.



Bibliography

104

32.	Roelants M, Hauspie R, Hoppenbrouwers K. References for growth and pubertal development from 
birth to 21 years in Flanders, Belgium. Ann Hum Biol. 2009;36(6):680-694.

33.	Scherdel P, Dunkel L, van Dommelen P, Goulet O, Salaun JF, Brauner R, et al. Growth monitoring as 
an early detection tool: a systematic review. Lancet Diabetes Endocrinol. 2016;4(5):447-456.

34.	Sorensen K, Mouritsen A, Aksglaede L, Hagen CP, Mogensen SS, Juul A. Recent secular trends in 
pubertal timing: implications for evaluation and diagnosis of precocious puberty. Horm Res Paediatr. 
2012;77(3):137-145.

35.	Tanner JM, Davies PS. Clinical longitudinal standards for height and height velocity for North 
American children. J Pediatr. 1985;107(3):317-329.

36.	Tanner JM, Whitehouse RH. Clinical longitudinal standards for height, weight, height velocity, weight 
velocity, and stages of puberty. Arch Dis Child. 1976;51(3):170-179.

37.	Tanner JM. Growth as a mirror of the condition of society: secular trends and class distinctions. Acta 
Paediatr Jpn. 1987;29(1):96-103.

38.	WHO Multicentre Growth Reference Study Group, Onis Md. WHO Child Growth Standards based 
on length/height, weight and age. Acta Paediatr. 2006;95(S450):76-85.

39.	Wikland KA, Luo ZC, Niklasson A, Karlberg J. Swedish population-based longitudinal reference 
values from birth to 18 years of age for height, weight and head circumference. Acta Paediatr. 
2002;91(7):739-754.

40.	World Health Organization. Growth reference 5-19 years. WHO 2017. www.who.int/growthref/
who2007_bmi_for_age/en.

41.	Yeste D, Betancourth S, Gussinye M, Potau N, Carrascosa A. Glucose intolerance in obese children 
and adolescents. Med Clin (Barc). 2005;125(11):405-408.

42.	Yeste D, Carrascosa A. Obesity-related metabolic disorders in childhood and adolescence. An Pediatr 
(Barc). 2011;75(2):135 e131-139.




