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Abstract

Aim: to document time trends in growth and nutritional status among Portuguese children from Lisbon, and their parents.

Subjects and methods: two growth surveys were carried out in Lisbon, Portugal in 1991 and in 2001 at the request of the Municipality of Lisbon.

The1991 sample is composed of 2018 children (992 boys and 1026 girls) and the 2001 sample is composed of 3591 children (1787 boys and 1804 girls).

The ages range from 4 to 11 years. The data from these surveys is compared with published data from 1971. Data on growth and nutritional status of the children and their parents were analysed. Nutritional status of the family-clusters is also documented. 

Results: There is an increase in the average height of the children between 1971 and 2001, but a more severe increase in overweight and obesity. Stunting in height is virtually  non-existent among the children, but leg stunting (leg length relative to height) is high. The main changes between 1991 and 2001 are towards a greater prevalence of overweight/obese family clusters and dual-burden family clusters (at least, one underweight member and one overweight/obese member).

Conclusions: In this biological survey article we present two growth databases that may be used in future studies. There is an urgent need of conducting a national growth survey in Portugal, including all age-groups, with stratified samples by district and ethnic diversity.
Background


Time trends in growth among Portuguese populations have only been described in adult male conscripts (Padez 2007; Sobral 1990), and 10-17 year old boys from a military boarding school in Lisbon (Cardoso 2008). Information about nutritional status shown on the Global Database on Child Growth and Malnutrition of the World Health Organization is limited to 7-9 year old children (Antunes et al. 1991; Padez et al. 2004; Sobral 1990; Teixeira Santos et al. 1978). Data focusing on the prevalence of stunting and underweight are not commonly reported in Portuguese groups.
Samples

Socio-historical characterization


Portugal is the most western country of continental Europe and has been, throughout the great part of the 20th century, one of the most isolated and undeveloped in Europe. Data from the United Nations (2008) show that throughout the first half of the 20th century Portugal had higher birth and fertility rates, lower Gross Domestic Product (GDP), lower per capita GDP, lower adult literacy, higher infant mortality rates, lower male and female life expectancy, higher population density, lower percentage of urban population in relation to the total population, and higher child dependency ratio when compared to the other western European countries. Positive changes in living conditions started to be noticeable during the 1960s (Barreto 1996, 2000) and kept improving after the military coup of 25th April 1974 that ended forty-eight years of a right-wing dictatorship. Following this revolution, advancements in health conditions and in socioeconomic and demographic indicators took place faster than in the previous 50 years (Cardoso 2008). In 1989 Portugal entered the European Union and this further accelerated improvements in the health ecology of the nation, but has also brought transitions in diet and physical activity. 


In recent years an epidemic of overweight/obesity (OW/OB) among Portuguese children and adults has been noted (Aires et al. 2007; Carvalhal et al. 2006; Ferreira and Marques-Vidal 2008; Lissau 2004; Marques-Vidal et al. 2006; Moreira 2007; Padez et al. 2004; Padez et al. 2009; Pereira and Mateus 2003; Santana et al. 2009; Yngve et al. 2007). However, no data have been published regarding the nutritional status of the families and the coexistence of stunting and/or underweight with OW/OB (dual burden family clusters) in the same household in Portugal.
Data collection


This report presents data on changes in height, weight, body mass index (BMI) and sitting height ratio (SHR) among 4-11 year old Portuguese children from Lisbon, measured in 1991 and 2001. Nutritional status of the children and their parents is also reported. 

We analyse data from two growth surveys carried out in Lisbon. The first is the NAPIL (Normas Antropométricas da População Infantil de Lisboa) conducted in 1991. The second is the RAPIL (Reavaliação Antropometrica da População Infantil de Lisboa) conducted in 2001. Data on height and weight from these two surveys are compared with data from a longitudinal survey conducted between 1971 and 1981 by Rosa (1983). Rosa collected longitudinal data but the published analysis is cross-sectional and we do not have access to the original data. Cross-sectional treatment of a longitudinal sample can cause cohort bias. However, because this survey covers the whole eighteen districts of continental Portugal and is unique in terms of reflecting growth parameters of the Portuguese population, we use it as a means of comparison with the NAPIL and RAPIL surveys. 


The NAPIL and RAPIL surveys aimed to characterise basic patterns of growth and development among 4 to 11 year old school-children from Lisbon. The surveys were requested by the Municipality of Lisbon and were conducted by the academic and technical staff of the Laboratory of Motor Development and Adaptation from the Faculty of Human Kinetics (Technical University of Lisbon). The project was approved by the Ethnics Committee of the Faculty of Human Kinetics. The use of the databases by the first author was approved by the Loughborough University Ethics Advisory Committee (Ref No:G09-P4).


The inclusion criteria were defined as: i) all children 4-11 years old living in Lisbon and their parents, ii) covering the greatest possible number of school catchment areas in order to include families from all socioeconomic backgrounds, iii) all children and parents who gave informed consent (written consent from the parents and verbal consent from the children). 


The NAPIL sample is composed by 2018 children (992 boys and 1026 girls). See tables 1 and 2 for descriptive details. The great majority of children are Portuguese of European ancestry (above 85%), there are about 10% of children of African origin and less than 5% are from Indian origin.


The RAPIL sample is composed of 3591 children (1787 boys and 1804 girls). See tables 1 and 2 for descriptive details. The great majority of children are Portuguese of European ancestry (around 77%), there are about 13.5% of children of African origin, and the rest of the sample is composed by very small groups of Indians, Gypsies, Euro-Africans, Asian (China) and East Timorese. Although small, the increased diversity in the ethnic composition of the 2001 sample should be noted.

INSERT TABLE 1 ABOUT HERE

INSERT TABLE 2 ABOUT HERE


Anthropometric data were collected using standardized techniques (Lohman et al. 1988). The technicians who performed the anthropometric assessment, both in the NAPIL and in the RAPIL surveys, were trained by the second and third authors during a 20-hour anthropometric course before the beginning of the fieldwork. During the duration of the fieldwork several control sessions were repeated to assure quality with measurements. Intra-and inter-error reliability tests for anthropometric measurements  were conducted.

The variables included are shown in table 3. The RAPIL survey has more anthropometric data than the NAPIL. For a small subsample in the RAPIL survey, hand and wrist x-rays were taken to determine bone age. 

Chronological age was determined based on the date of birth of the children (collected from their National Identity Cards) and on date of observation. Age was then converted into decimal age using the following formulas:

a) Decimal date of birth= 

(((Month of birth–1) x 30)+day of birth)/365+Year of birth

b) Decimal date of observation=

(((Month of observation–1)x30+day of observation)/365+Year of observation

c) Decimal age = decimal date of observation – decimal date of birth

INSERT TABLE 3 ABOUT HERE


Written questionnaires were sent to the parents. These included questions regarding: i) basic demographic data of the family, ii) ethnic background of the family (RAPIL only), iii) pregnancy and birth data regarding the child of interest, iv) child’s patterns of regular physical activity interest, v) child’s patterns of regular sedentary activities interest, vi) child’s sleeping habits (RAPIL only), vii) a food frequency questionnaire regarding child’s dietary habits (RAPIL only), vii) father’s self-reported height and weight,  and viii) mother’s self-reported height and weight.

Strengths of the NAPIL and RAPIL databases


The NAPIL and RAPIL databases provide the most complete growth and nutritional assessment to date, in terms of the age range and number of biocultural variables surveyed, focusing on families from Lisbon. The surveys were conducted in the same years – 1991 and 2001 - as the National Census  (INE,1993, 2002). Therefore future research can embed Census data with the surveys data and expand the possibilities of analysis. 


In the present paper we compare NAPIL and RAPIL height and weight data with data obtained between 1971 and 1981 (Rosa 1983). These children were born both before and after the revolution. Children from the NAPIL survey in 1991 were born after the revolution but before Portugal entered the European Union. Finally, children from the RAPIL survey in 2001 were born after Portugal entered the European Union. Therefore, the basic assessment of growth parameters considered in this survey have historical, political and economic correlates which may help to explain the changes noted over time.

Limitations of the NAPIL and RAPIL databases


Questionnaires were completed at home. No interviews were conducted and no ethnographic work was done to confirm the information. Mother and father’s height and weight were self-reported.

To determine time trends in height and weight, we compared the raw data from NAPIL and RAPIL with national and district  mean reference data obtained longitudinally between 1971 and 1981 by Rosa (1983). 

Data management and statistical analysis


Here we focus only on three anthropometric measures: height, weight, and sitting height. From these, body mass index (BMI=weight(kg)/height2(m)) and sitting height ratio (SHR= sitting height/heightx100) were calculated.


The specific purposes of this paper are:


1. To document time trends in height and weight of the children between 1971 and 2001 and time trends in BMI and SHR of the children between 1991 and 2001.


2. To compare children’s NAPIL and RAPIL z-score values for height, weight, BMI and SHR against international references. The reference database used was the “Comprehensive metric references” provided by Frisancho (2008) which is based on the National Health and Examination Survey III, 1984-1992 (NHANES III) from the National Centre for Health Statistics (NCHS), USA.


3. To document time trends, between 1991 and 2001, regarding the prevalence of children’s chronic malnutrition (height stunting), underweight, overweight, obesity, and leg stunting. Child stunting was defined according to the World Health Organization (de Ónis et al. 2007) cut-off points of height-for-age below -2 standard deviations (SD) from the international mean references. Child underweight, overweight and obesity were defined according to the BMI cut-off points of Cole et al. (2000, 2007), which are age and sex specific. Child leg stunting was defined as SHR z-score above +2SD of the international references (Frisancho 2008). It should be noted that SHR gives a measure of the size of the trunk and head in proportion to total stature, meaning that a positive score indicates relatively shorter legs. 

4. To document time trends, between 1991 and 2001, on parental nutritional status (adult stunting, underweight, overweight and obesity). Adult stunting was defined as height-for-age below -2 SD from the international mean references. Adult underweight was defined as a BMI below 18.50, adult overweight was defined as a BMI between 25.00 and 29.99 and adult obesity was defined as a BMI equal of above 30.00 (http://apps.who.int/bmi/index.jsp?introPage=intro_3.html).


5. To document time trends, between 1991 and 2001, on the nutritional status of family clusters. For our purposes, a family cluster is defined as the child of interest and his/her parents. No information on other siblings was gathered. Family cluster nutritional status was defined according to Doak et al. (2005) and divided in four categories: i) dual burden cluster, in which there is at least one member who is OW/OB and one who is underweight, ii) underweight cluster, in which at least one member is underweight, iii) overweight cluster, in which at least one member is OW/OB and iv) normal, in which there is no member who is either underweight or OW/OB. The categorization of the family clusters was based on available data for the parents and child of interest only. Therefore, this classification could be different if other siblings were measured.

Results

1. Time trends in height, weight, BMI and SHR of the children


Tables 4 and 5 show the time trends in height, weight, BMI and SHR of the children. The time trends in height are significant and positive between 1971-81 and 1991 and between 1971-81 and 2001, in both 7-11 year old boys and girls. Regarding comparisons between 1991 (NAPIL) and 2001 (RAPIL), there are fewer significant time trends in height. Eight-to-eleven year-old boys and girls in 2001 are taller than their counterparts in 1991. In summary, time trends in height were strongest from 1971-81 to 1991, but have attenuated between 1991 and 2001. 


There is a positive time trend in weight in both sexes, in the age groups of 7-11 years between 1971-81 and 1991, 1971-81 and 2001.  No significant trends in weight for boys were found between 1991 and 2001. A significant positive trend in weight for 9- and 10 year-old girls between 1991 and 2001 is noted. 


No significant time trends for BMI and SHR, between 1991 and 2001, were registered.

INSERT TABLE 4 ABOUT HERE

INSERT TABLE 5 ABOUT HERE


Appendixes 1 to 4 show the means, standard deviations and percentiles for  height, weight, BMI and SHR of both NAPIL and RAPIL surveys.

2. Comparison of NAPIL and RAPIL results against international references


Figure 1 shows z-scores for height-for-age for boys and girls in 1991 and 2001. Boys in 1991, between ages 6 and 11, are significantly shorter than the references. Boys in 2001, between ages 4 and 8, are significantly taller than references, and boys 10-11 year old are significantly shorter. Girls in 1991, between ages 8 and 11 are significantly shorter than the references. Girls in 2001, between ages 5 and 8 are significantly taller than the references. Girls in 2001, between ages 9 and 11 are significantly shorter then the references.


In general, mean z-height values tend to diverge from the references with age (i.e. the older children are shorter).

INSERT FIGURE 1 ABOUT HERE


Figure 2 shows z-scores for weight-for-age for boys and girls in 1991 and 2001. Boys in 1991, between ages 6 and 11, and boys in 2001 between ages 8 and 11 are significantly lighter than the references. Girls in 1991, between ages 4 and 6 are significantly heavier than the references and between ages 8 and 11 old are lighter than the references. In 2001, girls between ages 4 and 6 are heavier than the references. 

INSERT FIGURE 2 ABOUT HERE


Figure 3 shows z-scores for BMI-for-age for boys and girls in 1991 and 2001. Boys in 1991, between ages 4 and 9, have significantly higher BMI values than the references. Boys in 2001, between ages 5 and 9, have significantly higher BMI values than the references. Girls in 1991, between ages 5 and 8, have higher BMI values than the references. Girls in 2001, between ages 6 and 9, have significantly higher values than the references.

INSERT FIGURE 3 ABOUT HERE


Figure 4 shows z-scores for SHR-for-age for boys and girls in 1991 and 2001. Both in 1991 and 2001, at all ages and for both boys and girls values of SHR are significantly higher than the references (11 year old girls in 1991 are the only exception not differing from the references). This means that these children, from 4 to 11 years of age have significantly shorter legs in proportion to total stature than the references.

INSERT FIGURE 4 ABOUT HERE

3. Prevalence of children’s chronic malnutrition (height stunting), underweight, overweight/obesity, and leg stunting. Changes between 1991 and 2001


Table 6 summarizes the nutritional status of the children based on height-for-age (stunted or not-stunted), BMI-for-age (underweight, normal-weight and overweight/obese), SHR (leg-stunted or not leg-stunted) and the combination of very short height-for-age and high BMI-for-age (dual-burden individual or not dual-burden individual).


There has been a significant decline in stunting between 1991 and 2001 which is a good indicator of health in general. However, there has been a significant increase of both underweight and overweight/obese children, between 1991 and 2001. Both in 1991 and 2001 about 10.5% of the children are leg stunted. No significant time changes occurred and this percentage is still higher than statistically expected. The percentage of dual-burden individuals is very small and it significantly declined between 1991 and 2001.

INSERT TABLE 6 ABOUT HERE

4. Parental nutritional status (adult stunting, underweight, overweight and obesity)


Table 7 shows indicators of nutritional status of the mothers and fathers and the differences in prevalence between 1991 and 2001. The prevalence of adult stunting decreased significantly between 1991 and 2001, in both males and females. There are no changes in BMI indicators between 1991 and 2001 among the mothers. Among the fathers there are significantly increases in the rates of OW/OB between 1991 and 2001. The prevalence of dual-burden mothers (i.e. mothers who are simultaneously stunted in height and  OW/OB) decreased significantly, being virtually inexistent in 2001.  Among the fathers, the prevalence of dual burden individuals did not change between 1991 and 2001, but overall there are more dual-burden men than women in these surveys. See also appendixes 5 and 6 for further information on nutritional status of the parents.

INSERT TABLE 7 ABOUT HERE

5. Nutritional status of the family clusters


Table 8 shows the nutritional status of the family clusters, and the differences in prevalence between 1991 and 2001.


The percentage of OW/OB family clusters is 58.9% in 1991 and 59.4% in 2001. The percentage of dual burden family clusters is 6.2% in 1991 and 8.7% in 2001. The changes between time points are towards a greater prevalence of OW/OB, in which at least one member is OW/OB, and dual burden clusters in which at least one member of the cluster is underweight and one member is OW/OB.

INSERT TABLE 8 ABOUT HERE

In summary, despite the Portuguese being the shortest people in Europe (Padez, 2002), adult stunting is not a major concern among the mothers. However, it is a major concern among the fathers as 9.1% in 1991 and more than 6% in 2001 are below -2SD from the mean references. Overweight and obesity is the major problem of this adult sample. Among the mothers no differences in nutritional status have occurred between 1991 and 2001. Among the fathers, there was a significant increase in the prevalence of overweight and obesity between 1991 and 2001. In 2001 almost 60% of the fathers were OW/OB. The percentage of dual burden mothers, ie. stunted in height and OW/OB, is very small (3.8% in 1991, and 1.9% in 2001). This  is higher among the fathers. A greater prevalence of OW/OB family clusters (58.9% in 1991, and 59.4% in 2001) and dual-burden family clusters (6.2% in 1991, and 8.7% in 2001) is also noted.

Comment


This report shows the main trends of growth and nutritional status of Portuguese children from Lisbon, and their parents, between 1991 and 2001. Data on height and weight of these samples is also compared with averages from a national longitudinal study conducted between 1971 and 1981, providing an analysis on the growth status that spans over 40 years. The samples show some increase in height through time, but a more severe increase in overweight and obesity. However, both NAPIL and RAPIL participants are very short legged and this proportionality issue constitutes a cumulative adverse factor that further complicates the problem of short stature and OW/OB.  Deurenberg et al. (2002) show that relative leg length and frame size can influence BMI values independent of body fatness. Some of the OW/OB in the Portuguese samples may be due to this effect. Body composition data available in the NAPIL and RAPIL may be used to test for this effect.  

A national growth survey, including all age-groups, with stratified samples by district and ethnic diversity, is required to characterize all of Portugal. Interviews with parents, ethnographic observation of children and adults, and more direct assessment of physical activity should accompany future biological surveys of specific groups in order to better understand the biocultural interactions that are in action in Portugal.


Requests for accessing the databases may be sent to the second author (Isabel Fragoso, ifragoso@fmh.utl.pt).
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Figures

Figure 1. Z-scores for height-for-age for boys and girls in 1991 and 2001. Reference database from Frisancho (2008). One-sample t-test was used to compare results against references. Asterisks denote: *p< 0.05, ** p< 0.01, ***p<0.001
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Figure 2. Z-scores for weight-for-age for boys and girls in 1991 and 2001. Reference database from Frisancho (2008). One-sample t-test was used to compare results against references. Asterisks denote: *p< 0.05, ** p< 0.01, ***p<0.001

[image: image2.png]I 1991

Boys

2001

1,00~

—.—

Girls

-
L )
L
L
L
.
—ar

—
——

& 2 & & & & <
S S s E = s E

(SIEAJ23u] 22UBPIUOD %,GE PUE SUEaLL) JYBIOM Joj S81005-Z

050~

.00~

Age - categorical




Figure 3. Z-scores for BMI-for-age for boys and girls in 1991 and 2001. Reference database from Frisancho (2008). One-sample t-test was used to compare results against references. Asterisks denote: *p< 0.05, ** p< 0.01, ***p<0.001
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Figure 4. Z-scores for SHR-for-age for boys and girls in 1991 and 2001. Reference database from Frisancho (2008). One-sample t-test was used to compare results against references. Asterisks denote: *p< 0.05, ** p< 0.01, ***p<0.001
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Tables

Table 1. Sample characterization by sex, age and survey

	
	Ages
	1991(NAPIL)
	2001 (RAPIL)
	Total

	Boys
	4

5

6

7

8

9

10

11
	
	
	

	
	
	45
	63
	108

	
	
	45
	86
	131

	
	
	163
	212
	375

	
	
	181
	316
	497

	
	
	224
	380
	604

	
	
	202
	281
	483

	
	
	103
	270
	373

	
	
	29
	179
	208

	
	Total
	992
	1787
	2779

	Girls
	4

5

6

7

8

9

10

11
	
	
	

	
	
	35
	66
	101

	
	
	60
	67
	127

	
	
	156
	226
	382

	
	
	193
	354
	547

	
	
	214
	364
	578

	
	
	228
	325
	553

	
	
	104
	223
	327

	
	
	36
	179
	215

	
	Total
	1026
	1804
	2830

	Grand total
	2018
	3591
	5609


Table 2. Sample characterization by ethnic group. Counts (percentages)

	
	Ethnic group
	Boys
	Girls

	1991 - NAPIL
	European
	874 (88.1%)
	867 (84.5%)

	
	African
	72 (7.3%)
	106 (10.3%)

	
	Indian
	46 (4.6%)
	53 (5.2%)

	
	Total
	992 (100%)
	1026 (100%)

	2001 - RAPIL
	European
	1378 (77.1%)
	1399 (77.5%)

	
	African
	234 (13.1%)
	266 (14.7%)

	
	Indian
	29 (1.6%)
	24 (1.3%)

	
	Gypsy
	19 (1.1%)
	28 (1.6%)

	
	Euro-African
	35 (2.0%)
	18 (1.0%)

	
	Asian
	4 (0.2%)
	1 (0.1%)

	
	Others
	5 (0.3%)
	3 (0.1%)

	
	Not reported
	83 (4.6%)
	65 (3.6%)

	
	Total
	1787 (100%)
	1804 (100%)

	
	Grand total
	2779
	2830

	
	N= 5609
	
	


Table 3. Anthropometric variables included in both surveys

	Anthropometric variables
	Surveys

	Height
	NAPIL and RAPIL

	Weight
	NAPIL and RAPIL

	Sitting height
	NAPIL and RAPIL

	Thorax length
	RAPIL

	Upper limb length
	NAPIL and RAPIL

	Upper Arm length
	RAPIL

	Leg length
	NAPIL and RAPIL

	Tight length
	RAPIL

	Bi-acromial breadth
	NAPIL and RAPIL

	Transverse chest breadth
	RAPIL

	Antero-posterior chest breadth
	RAPIL

	Bi-cristale breadth
	RAPIL

	Bi-throchanterion breadth
	NAPIL and RAPIL

	Humerus breadth
	NAPIL and RAPIL

	Femur breadth
	NAPIL and RAPIL

	Xyphoide circumference
	NAPIL and RAPIL

	Abdominal circumference 
	NAPIL and RAPIL

	Arm circumference
	NAPIL and RAPIL

	Arm circumference in contraction
	NAPIL and RAPIL

	Thigh circumference
	RAPIL

	Calf circumference
	NAPIL and RAPIL

	Thorax skinfold
	RAPIL

	Chest skinfold
	RAPIL

	Mid-axilar skinfold
	RAPIL

	Subscapular skinfold
	NAPIL and RAPIL

	Abdominal skinfold
	NAPIL and RAPIL

	Suprailiac skinfold
	NAPIL and RAPIL

	Triceps skinfold
	NAPIL and RAPIL

	Biceps skinfold
	RAPIL

	Calf skinfold
	NAPIL and RAPIL

	Tight skinfold
	RAPIL


Table 4. Time trends in height, weight, BMI and SHR for boys. Means (standard deviations). a) refers to the entire Portuguese sample between 1971 and 1981 (Rosa 1983), b) refers to the Lisbon sample between 1971 and 1981 (Rosa 1983), c) refers to 1991 NAPIL data, d) refers to 2001 RAPIL data. One-sample t-tests for comparisons in height and weight between the samples by Rosa (1983) and our samples (NAPIL and RAPIL) Factorial ANOVA for comparisons between all data in 1991 and 2001

	Age

	Boys
	
	4
	5
	6
	7
	8
	9
	10
	11

	
	Height (cm)
	a) 1971-81: national data

b) 1971-81: Lisbon data

c) 1991: NAPIL

d) 2001: RAPIL
	---

---

105.32 (5.79)

106.92 (5.06)
	---

---

112.63 (5.91)

114.04 (5.19)
	---

---

118.12 (5.23)

120.08 (5.59)
	117.7 (5.6)

119.6 (5.2)

123.37 (6.29)
125.54 (5.94)
	122.2 (5.7)

124.1 (5.8)

129.05 (5.54)

131.23 (6.58)
	127.6 (6.1)

129.0 (5.9)

133.77 (6.10)

136.04 (6.20)
	132.7 (6.2)

134.2 (6.2)

137.21 (6.14)

140.05 (7.06)
	137.7 (6.5)

138.7 (6.0)

141.64 (5.38)

146.08 (8.12)

	
	
	p
	c=d
	c=d
	c=d
	a<c**, a<d**

b<c**, b<d**

c=d
	a<c**, a<d**

b<c**, b<d**

c<d*
	a<c**, a<d**

b<c**, b<d**

c<d*
	a<c**, a<d**

b<c**, b<d**

c<d*
	a<c**, a<d**

b<c*, b<d*

c<d*

	
	Weight (Kg)
	a) 1971-81: national data

b) 1971-81: Lisbon data

c) 1991: NAPIL

d) 2001: RAPIL
	---

---

17.69 (3.06)

17.79 (3.51)
	---

---

20.37 (4.33)

20.72 (4.15)
	---

---

22.80 (4.01)

23.47 (5.36)
	21.8 (3.3)

23.7 (3.8)

24.93 (5.13)

26.50 (6.20)
	23.8 (3.8)

25.5 (4.6)

27.94 (5.00)

29.74 (7.45)
	26.5(4.4)

28.0 (4.9)

31.10 (6.58)

32.74 (7.53)
	29.3 (5.1)

31.1 (5.9)

33.28 (8.07)

34.57 (8.69)
	32.2 (5.7)

33.6 (6.5)

37.60 (9.25)

39.53 (9.59)

	
	
	p
	c=d
	c=d
	c=d
	a<c**, a<d**

b<c*, b<d**

c=d
	a<c**, a<d**

b<c**, b<d**

c=d
	a<c**, a<d**

b<c**, b<d**

c=d
	a<c**, a<d**

b<c*, b<d*

c=d
	a<c*, a<d**

b<c*, b<d**

c=d

	
	BMI

(Kg/m2)
	1991: NAPIL

2001: RAPIL
	15.83 (1.58)

15.45 (2.10)
	15.91 (2.22)

15.85 (2.41)
	16.26 (2.18)

16.14 (2.74)
	16.27 (2.36)

16.66 (2.80)
	16.70 (2.33)

17.08 (3.11)
	17.25 (2.69)

17.56 (3.16)
	17.52 (3.14)

17.44 (3.16)
	18.60 (3.65)

18.36 (3.37)

	
	
	p
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	
	SHR

(%)
	1991: NAPIL

2001: RAPIL
	55.67 (1.79)

55.97 (1.73)
	54.75 (1.96)

55.33 (1.66)
	54.24 (1.57)

54.64 (1.38)
	53.85 (1.62)

54.00 (1.44)
	53.04 (1.51)

53.46 (1.44)
	52.57 (1.70)

52.81 (1.48)
	52.20 (1.60)

52.20 (1.80)
	51.64 (1.53)

51.95 (1.89)

	
	
	p
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns


*p<0.001, **p<0.0001

Table 5. Time trends in height, weight, BMI and SHR for girls. Means (standard deviations). a) refers to the entire Portuguese sample between 1971 and 1981 (Rosa 1983), b) refers to the Lisbon sample between 1971 and 1981 (Rosa 1983), c) refers to 1991 NAPIL data, d) refers to 2001 RAPIL data. One-sample t-tests for comparisons in height and weight between the samples by Rosa (1983) and our samples (NAPIL and RAPIL) Factorial ANOVA for comparisons between all data in 1991 and 2001

	Age

	Girls
	
	4
	5
	6
	7
	8
	9
	10
	11

	
	Height (cm)
	a) 1971-81: national data

b) 1971-81: Lisbon data

c) 1991: NAPIL

d) 2001: RAPIL
	---

---

104.38 (5.08)

104.93 (5.26
	---

---

111.29 (4.68)

113.03 (5.97)
	---

---

117.99 (5.72)

119.92 (5.57)
	117.0 (6.1)

117.4 (4.9)

122.51 (6.08)

124.39 (6.33)
	121.8 (6.6)

122.1 (6.0)

128.14 (5.91)

130.77 (6.45)
	126.4 (6.3)

127.3 (6.1)

133.56 (6.54)

135.98 (6.49)
	132.0 (6.5)

133.6 (6.3)

137.99 (6.92)

141.84 (7.09)
	138.2 (7.1)

138.9 (6.9)

142.39 (6.62)

147.29 (7.83)

	
	
	p
	c=d
	c=d
	c=d
	a<c**, a<d**

b<c**, b<d**

c=d
	a<c**, a<d**

b<c**, b<d**

c<d**
	a<c**, a<d**

b<c**, b<d**

c<d*
	a<c**, a<d**

b<c**, b<d**

c<d**
	a<c*, a<d**

b<c*, b<d**

c<d*

	
	Weight (Kg)
	a) 1971-81: national data

b) 1971-81: Lisbon data

c) 1991: NAPIL

d) 2001: RAPIL
	---

---

17.50 (3.66)

16.70 (2.59)
	---

---

20.04 (3.85)

19.47 (3.79)
	---

---

22.28 (4.47)

23.44 (5.74)
	21.6 (3.7)

22.2 (3.9)

24.43 (4.83)

25.47 (6.05)
	23.5 (3.7)

24.9 (4.6)

28.39 (6.21)

29.32 (7.44)
	26.3 (4.9)

27.3 (5.2)

30.65 (7.18)

33.26 (8.83)
	29.4 (5.8)

31.5 (6.7)

33.42 (7.24)

37.27 (9.53)
	33.0 (6.5)

34.6 (7.0)

37.38 (10.69)

40.52 (9.92)

	
	
	p
	c=d
	c=d
	c=d
	a<c**, a<d**

b<c**, b<d**

c=d
	a<c**, a<d**

b<c**, b<d**

c=d
	a<c**, a<d**

b<c**, b<d**

c<d*
	a<c**, a<d**

b<c**, b<d**

c<d**
	a<c*, a<d**

b=c, b<d**

c=d

	
	BMI

(Kg/m2)
	1991: NAPIL

2001: RAPIL
	15.92 (2.57)

15.11 (1.57)
	16.08 (2.33)

15.16 (2.07)
	15.91 (2.38)

16.18 (3.05)
	16.17 (2.21)

16.31 (2.85)
	17.17 (2.77)

16.98 (3.23)
	17.04 (2.99)

17.80 (3.63)
	17.42 (2.89)

18.35 (3.68)
	18.20 (3.88)

18.52 (3.58)

	
	
	p
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	
	SHR

(%)
	1991: NAPIL

2001: RAPIL
	55.82 (1.87)

55.80 (1.97)
	55.00 (1.62)

54.90 (1.65)
	53.87 (1.65)

54.27 (1.51)
	53.53 (1.59)

53.62 (1.43)
	52.79 (1.54)

53.08 (1.37)
	52.58 (1.80)

52.61 (1.36)
	51.60 (1.52)

52.06 (1.51)
	51.26 (1.62)

51.66 (1.68)

	
	
	p
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns


Table 6. Summary of children’s nutritional status. N (%). Chi-square results

	N=5609
	Height-for-age
	BMI-for-age
	SHR-for-age
	Dual-burden

individual

	
	Stunted
	Not stunted
	Underweight
	Normal-weight
	Overweight

 or obese
	Leg-stunted
	Not leg-stunted
	Yes
	No

	1991
	144 (7.1%)
	1874 (92.9%)
	250 (12.4%)
	1355 (67.1%)
	413 (20.5%)
	207 (10.4%)
	1793 (89.6%)
	17 (0.8%)
	2001 (99.2%)

	2001
	146 (4.1%)
	3445 (95,9%)
	541 (15.1%)
	2245 (62.5%)
	805 (22.4%)
	375 (10.5%)
	3204 (89.5)
	9 (0.3%)
	3582 (99.7%)

	Chi-square
	p= 0.0001
	p=0.001
	p=ns
	p=0.002


Table 7. Summary of parental nutritional status. N(%). Chi-square results

	N= 3663
	
	Adult height
	Adult BMI
	Dual burden

individual

	Mothers
	
	Stunted
	Not stunted
	Underweight
	Normal-weight
	Overweight
	Obese
	Yes
	No

	
	1991
	68 (3.8%)
	1729 (96.2%)
	62 (3.5%)
	1049 (58.9%)
	478 (26.8%)
	193 (10.8%)
	44 (2.5%)
	1732 (97.5%)

	
	2001
	36 (1.9%)
	1830 (98.1%)
	45 (2.5)
	1061 (59.0%)
	485 (27.0%)
	208 (11.6%)
	17 (1.0%)
	1768 (99.0%)

	
	Chi-square
	p=0.001
	p=ns
	p=0.0001

	Fathers
	1991
	148 (9.1%)
	1482 (90.9%)
	6 (0.4%)
	783 (50.1%)
	647 (41.4%)
	128 (8.2%)
	82 (5.2%)
	1480 (94.8%)

	
	2001
	100 (6.3%)
	
	5 (0.3%)
	602 (40.7%)
	689 (46.6%)
	184 (12.4%)
	60 (4.1%)
	1419 (95.9%)

	
	Chi-square
	p=0.004
	p=0.001
	p=ns


Table 8. Summary of family-cluster nutritional status. N (%). Chi-square results
	
	Normal cluster
	Underweight

cluster
	Overweight cluster
	Dual-burden cluster

	1991
	485 (26.4%)
	156 (8.5%)
	1082 (58.9%)
	114 (6.2%)

	2001
	462 (23.4%)
	166 (8.4%)
	1171 (59.4%)
	172 (8.7%)

	Chi-square
	p=0.01


Appendix 1. Mean (M), standard deviations (SD) and percentiles of height, by age for males and females of 3 to 11 years, in 1991 and 2001

	HEIGHT (cm)

	
	
	
	
	
	Percentiles

	Age group (years)
	Mean age (years)
	N
	M
	SD
	5th
	10th
	15th
	25th
	50th
	75th
	85th
	90th
	95th

	Males 1991

	4.0-4.9
	4.53
	45
	105.32
	5.79
	94.46
	96.88
	98.25
	101.35
	106.00
	109.95
	111.44
	114.00
	114.44

	5.0-5.9
	5.56
	45
	112.63
	5.91
	103.40
	104.18
	104.93
	110.00
	113.00
	116.00
	117.11
	119.40
	124.92

	6.0-6.9
	6.59
	163
	118.12
	5.23
	109.42
	111.92
	112.96
	114.60
	118.20
	121.90
	122.80
	124.72
	127.22

	7.0-7.9
	7.49
	181
	123.37
	6.29
	113.00
	114.52
	117.26
	119.65
	123.50
	128.15
	130.07
	131.10
	133.07

	8.0-8.9
	8.56
	224
	129.05
	5.54
	120.25
	122.20
	123.20
	125.00
	129.00
	132.66
	135.25
	136.55
	138.00

	9.0-9.0
	9.45
	202
	133.77
	6.10
	124.02
	126.50
	127.29
	129.68
	133.10
	137.55
	139.27
	141.97
	143.94

	10.0-10.9
	10.37
	103
	137.21
	6.15
	127.20
	129.56
	130.80
	132.50
	136.90
	141.60
	144.26
	145.44
	148.40

	11.0-11.9
	11.40
	29
	141.64
	5.38
	132.65
	134.50
	135.50
	137.85
	141.80
	144.65
	146.45
	147.00
	153.70

	Males 2001

	4.0-4.9
	4.54
	63
	106.92
	5.06
	99.92
	100.44
	101.12
	102.90
	106.30
	110.60
	111.92
	112.84
	115.06

	5.0-5.9
	5.55
	86
	114.04
	5.19
	105.13
	108.44
	108.92
	111.08
	113.70
	117.43
	119.49
	120.20
	122.96

	6.0-6.9
	6.56
	212
	120.08
	5.59
	111.63
	112.90
	114.10
	116.15
	120.15
	123.78
	126.20
	127.10
	128.87

	7.0-7.9
	7.50
	316
	125.54
	5.94
	116.19
	118.47
	119.70
	121.65
	125.40
	129.18
	132.35
	133.43
	135.22

	8.0-8.9
	8.49
	380
	131.23
	6.58
	120.70
	123.30
	124.82
	126.43
	130.80
	135.58
	138.69
	139.90
	142.30

	9.0-9.0
	9.49
	281
	136.04
	6.20
	126.00
	127.92
	129.46
	131.70
	136.10
	140.00
	142.50
	144.00
	146.50

	10.0-10.9
	10.42
	270
	140.05
	7.06
	129.66
	131.40
	132.67
	135.00
	139.65
	144.50
	148.04
	148.98
	151.05

	11.0-11.9
	11.49
	179
	146.08
	8.12
	134.50
	136.30
	137.80
	140.50
	145.60
	150.60
	153.00
	157.20
	162.40


	Females 1991

	4.0-4.9
	4.51
	35
	104.38
	5.08
	95.20
	97.88
	99.00
	100.00
	104.50
	109.00
	109.86
	110.58
	113.04

	5.0-5.9
	5.53
	60
	111.29
	4.68
	100.25
	105.51
	106.16
	107.70
	112.05
	115.33
	116.09
	116.59
	116.89

	6.0-6.9
	6.61
	156
	117.99
	5.72
	108.57
	110.47
	111.56
	114.28
	117.55
	121.38
	124.09
	125.69
	128.09

	7.0-7.9
	7.47
	193
	122.51
	6.08
	113.17
	115.04
	116.30
	118.15
	122.40
	126.45
	129.06
	130.66
	132.86

	8.0-8.9
	8.52
	214
	128.14
	5.91
	118.48
	120.50
	122.10
	123.95
	128.45
	132.00
	134.43
	136.00
	137.98

	9.0-9.0
	9.48
	228
	133.56
	6.54
	123.56
	125.70
	127.04
	128.75
	132.90
	138.38
	141.07
	143.03
	144.46

	10.0-10.9
	10.41
	104
	137.99
	6.92
	126.38
	128.50
	130.65
	133.78
	137.75
	143.18
	145.85
	146.20
	149.28

	11.0-11.9
	11.45
	36
	142.39
	6.61
	132.47
	135.27
	136.32
	138.33
	140.90
	145.53
	149.18
	152.84
	156.28

	Females 2001

	4.0-4.9
	4.56
	66
	104.93
	5.26
	94.16
	98.37
	100.20
	101.78
	105.20
	108.43
	110.48
	111.44
	113.23

	5.0-5.9
	5.57
	67
	113.03
	5.97
	105.00
	106.26
	107.00
	109.40
	112.90
	115.70
	117.96
	119.20
	122.42

	6.0-6.9
	6.59
	226
	119.92
	5.58
	111.74
	113.00
	114.21
	116.28
	119.65
	123.03
	125.50
	126.62
	129.77

	7.0-7.9
	7.50
	354
	124.39
	6.33
	114.58
	117.00
	117.95
	119.50
	124.10
	128.53
	130.75
	132.70
	134.95

	8.0-8.9
	8.49
	364
	130.77
	6.45
	120.43
	122.70
	123.90
	126.10
	130.80
	135.40
	137.43
	138.95
	141.48

	9.0-9.0
	9.51
	325
	135.98
	6.49
	125.60
	128.06
	129.00
	131.70
	136.00
	140.40
	142.91
	143.88
	146.30

	10.0-10.9
	10.50
	223
	141.84
	7.09
	130.34
	132.94
	135.16
	137.50
	141.70
	146.50
	150.00
	151.32
	153.46

	11.0-11.9
	11.48
	179
	147.29
	7.83
	135.10
	136.90
	139.50
	141.50
	147.40
	153.00
	156.50
	158.30
	160.00


Appendix 2. Mean (M), standard deviations (SD) and percentiles of weight, by age for males and females of 3 to 11 years, in 1991 and 2001

	WEIGHT (kg)

	
	
	
	
	
	Percentiles

	Age group (years)
	Mean age (years)
	N
	M
	SD
	5th
	10th
	15th
	25th
	50th
	75th
	85th
	90th
	95th

	Males 1991

	4.0-4.9
	4.53
	45
	17.69
	3.06
	13.00
	14.00
	14.90
	15.50
	17.50
	19.75
	21.05
	22.40
	23.00

	5.0-5.9
	5.56
	45
	20.37
	4.33
	14.30
	15.00
	15.45
	17.25
	20.00
	22.50
	24.55
	28.70
	29.50

	6.0-6.9
	6.59
	163
	22.80
	4.01
	17.00
	18.00
	19.00
	20.00
	22.00
	25.00
	27.00
	29.00
	31.00

	7.0-7.9
	7.49
	181
	24.93
	5.12
	18.55
	19.50
	20.00
	21.50
	24.00
	27.50
	29.35
	32.00
	35.00

	8.0-8.9
	8.56
	224
	27.94
	5.00
	21.00
	22.25
	23.00
	24.50
	27.00
	30.43
	33.13
	35.00
	37.38

	9.0-9.0
	9.45
	202
	31.10
	6.58
	22.00
	24.00
	25.00
	26.08
	30.05
	35.00
	37.00
	39.00
	44.93

	10.0-10.9
	10.37
	103
	33.28
	8.07
	24.02
	25.50
	26.00
	27.50
	32.00
	37.00
	40.40
	43.40
	49.76

	11.0-11.9
	11.40
	29
	37.60
	9.25
	26.00
	28.50
	29.00
	30.75
	35.50
	43.00
	49.00
	53.00
	59.00

	Males 2001

	4.0-4.9
	4.54
	63
	17.79
	3.51
	13.00
	13.70
	14.80
	15.50
	17.00
	20.00
	21.00
	22.60
	25.80

	5.0-5.9
	5.55
	86
	20.72
	4.15
	16.18
	17.00
	17.03
	18.00
	20.00
	22.00
	24.00
	24.50
	27.80

	6.0-6.9
	6.56
	212
	23.47
	5.36
	17.00
	18.00
	19.00
	20.00
	22.00
	25.50
	28.50
	31.35
	35.00

	7.0-7.9
	7.50
	316
	26.50
	6.21
	19.00
	20.50
	21.00
	22.00
	25.00
	29.50
	32.00
	35.50
	37.00

	8.0-8.9
	8.49
	380
	29.74
	7.45
	21.00
	22.00
	22.50
	24.50
	28.00
	34.00
	37.00
	40.00
	43.48

	9.0-9.0
	9.49
	281
	32.74
	7.53
	22.55
	24.50
	25.65
	27.50
	31.50
	36.00
	40.00
	43.00
	48.45

	10.0-10.9
	10.42
	270
	34.57
	8.69
	24.00
	25.50
	27.00
	28.50
	33.00
	38.50
	42.50
	46.00
	53.25

	11.0-11.9
	11.49
	179
	39.53
	9.59
	28.00
	29.00
	30.00
	32.50
	37.00
	45.50
	49.50
	54.00
	60.00


	Females 1991

	4.0-4.9
	4.51
	35
	17.50
	3.66
	12.00
	12.80
	13.50
	14.50
	17.50
	20.00
	21.00
	23.00
	25.20

	5.0-5.9
	5.53
	60
	20.04
	3.85
	14.53
	15.10
	16.50
	17.00
	20.00
	21.38
	24.00
	25.90
	28.48

	6.0-6.9
	6.61
	156
	22.28
	4.47
	14.96
	17.35
	18.00
	19.50
	22.00
	24.88
	26.73
	28.00
	31.00

	7.0-7.9
	7.47
	193
	24.43
	4.83
	18.00
	19.00
	20.00
	21.00
	24.00
	27.00
	28.50
	29.80
	33.30

	8.0-8.9
	8.52
	214
	28.39
	6.21
	20.38
	22.00
	23.00
	24.00
	27.00
	31.50
	34.00
	36.00
	40.18

	9.0-9.0
	9.48
	228
	30.65
	7.18
	22.73
	23.46
	24.00
	26.00
	29.00
	34.88
	39.00
	40.00
	42.83

	10.0-10.9
	10.41
	104
	33.42
	7.24
	22.85
	24.75
	26.00
	28.23
	33.00
	38.00
	40.00
	41.75
	45.50

	11.0-11.9
	11.45
	36
	37.38
	10.69
	25.13
	27.35
	28.00
	31.00
	34.00
	41.28
	53.45
	57.00
	59.98

	Females 2001

	4.0-4.9
	4.56
	66
	16.70
	2.59
	13.00
	13.85
	14.00
	15.00
	16.50
	18.00
	19.00
	19.80
	21.00

	5.0-5.9
	5.57
	67
	19.47
	3.79
	15.50
	15.90
	16.60
	17.00
	18.00
	21.00
	22.90
	24.10
	27.80

	6.0-6.9
	6.59
	226
	23.44
	5.74
	17.00
	18.00
	19.00
	20.00
	22.00
	25.00
	28.00
	30.65
	35.80

	7.0-7.9
	7.50
	354
	25.47
	6.05
	18.38
	19.00
	20.00
	21.00
	24.00
	29.00
	31.00
	34.00
	37.13

	8.0-8.9
	8.49
	364
	29.32
	7.44
	20.50
	21.50
	22.38
	24.00
	28.00
	33.00
	37.00
	39.25
	43.88

	9.0-9.0
	9.51
	325
	33.26
	8.83
	22.50
	24.00
	25.00
	27.00
	31.00
	38.00
	42.00
	44.70
	50.00

	10.0-10.9
	10.50
	223
	37.27
	9.53
	24.10
	27.00
	28.50
	30.00
	35.50
	42.00
	46.20
	49.00
	56.00

	11.0-11.9
	11.48
	179
	40.52
	9.92
	28.00
	28.50
	30.00
	34.00
	39.00
	45.50
	50.00
	53.50
	59.00


Appendix 3. Mean (M), standard deviations (SD) and percentiles of BMI, by age for males and females of 3 to 11 years, in 1991 and 2001

	Body mass index (BMI=weightkg/height2m)

	
	
	
	
	
	Percentiles

	Age group (years)
	Mean age (years)
	N
	M
	SD
	5th
	10th
	15th
	25th
	50th
	75th
	85th
	90th
	95th

	Males 1991

	4.0-4.9
	4.53
	45
	15.83
	1.58
	13.78
	14.44
	14.59
	14.86
	15.31
	16.99
	17.79
	18.19
	18.41

	5.0-5.9
	5.56
	45
	15.91
	2.22
	12.65
	13.33
	13.99
	14.07
	15.40
	17.21
	18.60
	19.03
	20.66

	6.0-6.9
	6.59
	163
	16.27
	2.18
	13.43
	13.95
	14.26
	14.63
	15.82
	17.47
	18.60
	19.45
	20.62

	7.0-7.9
	7.49
	181
	16.27
	2.36
	13.27
	13.67
	14.24
	14.73
	15.91
	17.33
	18.25
	19.05
	20.61

	8.0-8.9
	8.56
	224
	16.70
	2.33
	13.64
	13.87
	14.54
	15.10
	16.34
	17.90
	19.14
	19.67
	21.37

	9.0-9.0
	9.45
	202
	17.25
	2.69
	13.53
	14.34
	14.71
	15.38
	16.68
	18.67
	20.20
	20.94
	22.09

	10.0-10.9
	10.37
	103
	17.52
	3.14
	13.67
	14.14
	14.73
	15.36
	17.15
	18.74
	20.44
	21.17
	23.30

	11.0-11.9
	11.40
	29
	18.60
	3.65
	13.62
	14.88
	15.25
	15.45
	17.66
	21.77
	23.52
	24.52
	25.54

	Males 2001

	4.0-4.9
	4.54
	63
	15.45
	2.10
	12.46
	13.26
	13.82
	14.17
	15.19
	16.56
	17.33
	17.73
	19.06

	5.0-5.9
	5.55
	86
	15.85
	2.41
	13.26
	13.59
	13.75
	14.21
	15.62
	16.61
	17.59
	17.90
	19.57

	6.0-6.9
	6.56
	212
	16.14
	2.74
	13.32
	13.58
	13.85
	14.31
	15.49
	16.68
	19.31
	20.37
	21.78

	7.0-7.9
	7.50
	316
	16.66
	2.80
	13.25
	13.75
	14.24
	14.83
	16.13
	17.76
	19.29
	20.43
	22.36

	8.0-8.9
	8.49
	380
	17.08
	3.11
	13.33
	13.86
	14.31
	14.86
	16.48
	18.77
	20.17
	21.25
	22.88

	9.0-9.0
	9.49
	281
	17.56
	3.16
	13.63
	14.21
	14.63
	15.37
	16.93
	19.08
	20.96
	22.24
	23.23

	10.0-10.9
	10.42
	270
	17.44
	3.16
	13.54
	14.06
	14.74
	15.36
	16.87
	18.90
	20.12
	21.84
	24.36

	11.0-11.9
	11.49
	179
	18.36
	3.37
	14.36
	14.79
	15.08
	15.82
	17.36
	20.69
	22.37
	23.50
	24.68

	Females 1991

	4.0-4.9
	4.51
	35
	15.96
	2.57
	11.39
	12.82
	13.57
	14.41
	15.66
	17.25
	18.89
	20.27
	21.57

	5.0-5.9
	5.53
	60
	16.08
	2.33
	12.99
	13.61
	14.05
	14.50
	15.41
	17.47
	18.36
	19.57
	21.35

	6.0-6.9
	6.61
	156
	15.91
	2.38
	11.87
	13.21
	13.60
	14.39
	15.75
	17.13
	18.57
	19.09
	19.66

	7.0-7.9
	7.47
	193
	16.17
	2.21
	13.36
	13.81
	14.21
	14.64
	15.68
	17.31
	18.33
	19.24
	20.20

	8.0-8.9
	8.52
	214
	17.17
	2.77
	13.41
	14.37
	14.79
	15.42
	16.64
	18.57
	19.79
	21.00
	22.41

	9.0-9.0
	9.48
	228
	17.04
	2.99
	13.64
	14.17
	14.40
	15.01
	16.19
	18.47
	20.14
	21.53
	23.23

	10.0-10.9
	10.41
	104
	17.42
	2.89
	12.99
	13.98
	14.67
	15.52
	17.09
	18.80
	20.32
	21.19
	22.88

	11.0-11.9
	11.45
	36
	18.20
	3.88
	13.90
	14.90
	15.04
	15.48
	16.53
	20.68
	22.91
	24.26
	27.40

	Females 2001

	4.0-4.9
	4.56
	66
	15.11
	1.57
	12.92
	13.18
	13.66
	13.92
	14.94
	16.13
	16.99
	17.08
	17.45

	5.0-5.9
	5.57
	67
	15.16
	2.07
	12.55
	13.05
	13.18
	14.00
	14.82
	16.22
	17.36
	17.73
	18.95

	6.0-6.9
	6.59
	226
	16.18
	3.05
	12.54
	13.35
	13.73
	14.29
	15.57
	17.19
	19.06
	20.35
	23.23

	7.0-7.9
	7.50
	354
	16.31
	2.85
	12.76
	13.47
	13.88
	14.31
	15.65
	17.65
	18.87
	20.45
	21.86

	8.0-8.9
	8.49
	364
	16.98
	3.23
	13.07
	13.75
	14.10
	14.62
	16.07
	18.58
	20.83
	21.75
	23.27

	9.0-9.0
	9.51
	325
	17.80
	3.63
	13.47
	14.04
	14.41
	15.17
	17.03
	19.77
	21.34
	22.31
	24.19

	10.0-10.9
	10.50
	223
	18.35
	3.68
	13.64
	14.29
	14.77
	15.58
	17.74
	20.44
	22.13
	23.44
	25.41

	11.0-11.9
	11.48
	179
	18.52
	3.58
	14.46
	15.09
	15.43
	16.19
	17.47
	20.13
	22.84
	23.77
	24.94


Appendix 4. Mean (M), standard deviations (SD) and percentiles of SHR, by age for males and females of 3 to 11 years, in 1991 and 2001.

The higher the value the shorter the legs – in this case the 5th percentile reveals relatively longer legs than the 95th percentile.

	Sitting height ratio (SHR= sitting heightcm/heightcm x 100)

	
	
	
	
	
	Percentiles

	Age group (years)
	Mean age (years)
	N
	M
	SD
	5th
	10th
	15th
	25th
	50th
	75th
	85th
	90th
	95th

	Males 1991

	4.0-4.9
	4.53
	45
	55.67
	1.79
	51.80
	53.18
	53.39
	54.70
	56.07
	56.87
	57.39
	58.04
	58.49

	5.0-5.9
	5.56
	45
	54.75
	1.96
	51.23
	51.86
	52.54
	53.12
	55.15
	56.46
	56.93
	56.98
	57.52

	6.0-6.9
	6.59
	161
	54.24
	1.57
	51.34
	52.04
	52.42
	53.16
	54.35
	55.46
	55.71
	56.10
	56.76

	7.0-7.9
	7.49
	176
	53.86
	1.62
	51.37
	51.70
	52.32
	52.73
	53.80
	54.84
	55.51
	56.18
	56.70

	8.0-8.9
	8.56
	224
	53.04
	1.51
	50.86
	51.22
	51.56
	52.07
	52.91
	53.99
	54.51
	54.99
	55.78

	9.0-9.0
	9.45
	198
	52.57
	1.70
	49.73
	50.48
	50.86
	51.66
	52.59
	53.67
	54.10
	54.71
	55.64

	10.0-10.9
	10.37
	103
	52.20
	1.60
	49.18
	50.18
	50.56
	51.10
	52.26
	53.23
	53.91
	54.31
	54.95

	11.0-11.9
	11.40
	29
	51.64
	1.53
	49.29
	49.93
	50.00
	50.49
	51.62
	52.56
	53.18
	53.65
	55.24

	Males 2001

	4.0-4.9
	4.54
	63
	55.97
	1.73
	53.01
	54.06
	54.21
	54.93
	55.97
	57.32
	57.78
	58.42
	58.71

	5.0-5.9
	5.55
	86
	55.33
	1.66
	52.32
	53.35
	53.70
	54.21
	55.54
	56.31
	56.95
	57.09
	58.01

	6.0-6.9
	6.56
	212
	54.64
	1.38
	52.10
	52.87
	53.28
	53.70
	54.65
	55.59
	55.96
	56.36
	57.00

	7.0-7.9
	7.50
	314
	54.00
	1.44
	51.44
	52.11
	52.52
	53.20
	54.06
	55.03
	55.46
	55.69
	56.26

	8.0-8.9
	8.49
	380
	53.46
	1.44
	51.12
	51.56
	51.96
	52.44
	53.40
	54.40
	55.06
	55.37
	55.96

	9.0-9.0
	9.49
	280
	52.81
	1.48
	50.10
	50.79
	51.28
	51.95
	52.90
	53.92
	54.32
	54.55
	55.08

	10.0-10.9
	10.42
	270
	52.20
	1.80
	49.56
	50.18
	50.46
	51.05
	52.25
	53.16
	53.62
	53.86
	54.56

	11.0-11.9
	11.49
	
	
	
	
	
	
	
	
	
	
	
	

	Females 1991

	4.0-4.9
	4.51
	34
	55.82
	1.87
	52.18
	52.67
	53.08
	54.43
	56.15
	57.07
	57.51
	58.02
	58.62

	5.0-5.9
	5.53
	59
	55.00
	1.62
	51.80
	52.54
	53.06
	53.63
	55.38
	56.07
	56.53
	56.95
	57.43

	6.0-6.9
	6.61
	154
	53.87
	1.65
	51.07
	51.95
	52.33
	52.91
	53.89
	54.86
	55.34
	55.89
	56.66

	7.0-7.9
	7.47
	193
	53.53
	1.59
	50.68
	51.42
	51.89
	52.51
	53.48
	54.58
	55.17
	55.69
	56.17

	8.0-8.9
	8.52
	213
	52.79
	1.54
	50.22
	50.85
	51.30
	51.97
	52.91
	53.75
	54.25
	54.56
	55.27

	9.0-9.0
	9.48
	226
	52.58
	1.80
	49.68
	50.29
	50.83
	51.43
	52.60
	53.62
	54.33
	54.74
	56.16

	10.0-10.9
	10.41
	104
	51.60
	1.52
	49.33
	49.98
	50.33
	50.68
	51.60
	52.63
	53.06
	53.40
	54.27

	11.0-11.9
	11.45
	36
	51.26
	1.62
	49.10
	49.55
	49.82
	50.14
	51.05
	52.09
	52.77
	53.35
	55.33

	Females 2001

	4.0-4.9
	4.56
	65
	55.80
	1.97
	52.97
	53.20
	53.78
	54.33
	55.83
	56.80
	57.38
	57.79
	59.36

	5.0-5.9
	5.57
	67
	54.90
	1.65
	52.13
	52.85
	52.99
	53.56
	55.11
	56.11
	56.87
	57.15
	57.51

	6.0-6.9
	6.59
	225
	54.27
	1.51
	51.84
	52.11
	52.51
	53.37
	54.36
	55.29
	55.74
	56.29
	56.61

	7.0-7.9
	7.50
	353
	53.62
	1.43
	51.17
	51.60
	51.97
	52.62
	53.60
	54.68
	55.06
	55.37
	55.83

	8.0-8.9
	8.49
	361
	53.08
	1.37
	50.94
	51.42
	51.77
	52.16
	53.01
	53.96
	54.47
	54.90
	55.33

	9.0-9.0
	9.51
	323
	52.61
	1.36
	50.46
	50.96
	51.28
	51.67
	52.67
	53.50
	54.12
	54.37
	54.89

	10.0-10.9
	10.50
	223
	52.06
	1.51
	49.76
	50.21
	50.55
	51.21
	52.10
	52.95
	53.60
	54.06
	54.58

	11.0-11.9
	11.48
	178
	51.66
	1.68
	48.70
	49.57
	49.95
	50.60
	51.65
	52.78
	53.28
	53.77
	54.45


Appendix 5. Time trend on maternal height, weight and BMI between 1991 and 2001
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Appendix 5. Time trend on paternal height, weight and BMI between 1991 and 2001
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