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BMI Mobility and Obesity Transitions Among Children in Ireland

1.  Introduction
There has been much concern in recent years about rates of obesity and overweight among children and young adults, in Ireland and abroad.[footnoteRef:1]  Ireland for example has seen an ongoing campaign entitled Let’s Take On Childhood Obesity, One Step at a Time, co-ordinated between  Safefood and the Irish Department of Health, and a special action group on obesity (SAGO) has been formed.  International concern is reflected in the recent report from The Lancet (Swinburne et al, 2019).  There is also evidence that, in some countries at least, child obesity rates may have plateaued (Keane et al, 2014, Abarca-Gomez et al, 2017, Anderson et al, 2019). [1:  For the sake of brevity we will use the generic term “children” to indicate anyone aged less than 18, while fully acknowledging that height and weight differ systematically by age.  The three waves of data which we will be analysing include children aged 9, 13 and 17, the latter age being more accurately described as young adults.] 

Childhood obesity is a major cause for concern and has been described as the primary childhood health problem in developed countries (Ebbeling et al, 2002).  It may be linked to a variety of serious conditions including cardiovascular dysfunction, type 2 diabetes, pulmonary, hepatic, renal and musculoskeletal complications.  The clustering of cardiovascular risk factors, sometimes referred to as insulin resistance syndrome has been identified in children as young as 5 years of age (Young-Hyman et al, 2002).  In addition, there are also likely to be adverse effects on health related quality of life and emotional states (Olds et al, 2011).  Moreover, the effects of childhood obesity may last well beyond childhood.  There is evidence that should obesity continue into adulthood, then there are increased risk factors for further serious conditions.[footnoteRef:2]  For example, evidence from a British cohort suggests that being overweight in childhood increased the risk of dying from ischaemic heart disease in adulthood two fold over 57 years (Gunnell et al, 1998). [2:  For a comprehensive analysis of the health effects of obesity and overweight across all ages see GBD 2015 Obesity Collaborators, 2017.] 

Much of the literature on obesity at adult and childhood level has been cross-sectional in nature, analysing obesity at a given point in time and comparing its incidence across factors such as age, gender and socioeconomic status.  This paper provides similar findings but also extends the analysis to transitions over time for the same sample.  The availability of the nationally representative longitudinal dataset, Growing Up in Ireland (GUI) enables us to not only provide a snapshot of obesity at three different points in time for this sample (at 9, 13 and 17 years of age), but also to examine transitions into and out of obesity (and overweight), as defined by Body Mass Index (BMI).  
In analysing mobility and transitions between the different BMI categories we apply the methodology of much of the economics literature on inequality, poverty and income mobility.  For example, in poverty analysis, research in this area has moved on from just analysing snapshots at a given point in time and attention is now paid to examining movements of people in and out of poverty analysing the same individuals (see for example Jenkins and van Kerm,  2006, Grimm, 2007).  In the same way, we can examine movements in and out of obesity and overweight for the GUI sample. 
Employing this approach we can examine the extent to which obesity/overweight at this age can be regarded as a chronic condition which persists, or whether there is a degree of “churning” in the sense that children move in and out of states of overweight/obesity and we can also investigate how such churning differs according to observable characteristics such as gender and maternal education.[footnoteRef:3]  This has important welfare and policy implications: it seems reasonable to suggest that society may prefer a situation where children move in and out of obesity and hence each child only experiences obesity for a short period of time, compared to one where the same children are permanently obese.  This would certainly be the case if prolonged obesity can have scarring effects on mental or physical health.[footnoteRef:4]   [3:  In the main text we present the analysis stratified by gender.  In appendix C we reproduce the main tables by maternal education.]  [4:  For an analysis of the long term consequences of obesity employing the perspective of cumulative disadvantage see Ferraro and Kelley-Moore (2003).] 

From a policy perspective it is also important to know the extent to which children are mobile across BMI categories.  For example, a situation with very low mobility between categories is presumably more challenging in terms of moving children out of obesity and under such a scenario policy might focus more upon preventing children from entering obesity.
The remainder of the paper is laid out as follows.  In section 2 we discuss the measurement of obesity for children and review other work in this area for Ireland and elsewhere.  In section 3 we discuss our data and also provide summary statistics for GUI using a snapshot approach i.e. we treat the data as if it were three cross-sections and do not exploit its panel nature.  In section 4 we discuss different approaches to measuring mobility exploiting the longitudinal nature of the data and we present the results of this analysis in section 5.   Section 6 provides concluding comments.

2.  The Measurement of Obesity in Children and Adolescents
The most common measure of obesity used for adults is derived from body mass index (BMI). BMI is obtained by dividing weight (in kilos) by height (in metres) squared.  The World Health Organisation suggests a threshold BMI of 25 for “overweight”, a threshold of 30 for “obesity” and a threshold of 40 for “severely obese”. 
There is criticism of BMI as a measure of obesity with some authors suggesting that other measures such as total body fat, percent body fat and waist circumference are superior measures of fatness (see Burkhauser and Cawley, 2008).   A recent review compared different metrics and techniques for measuring obesity (Adab et al, 2018).  While acknowledging that techniques such as dual measure x-ray absorbiometry and imaging may provide the best measure of the amount and distribution of adipose tissue, such techniques are also viewed as cumbersome and expensive and have no standardized thresholds for increased health risks.  Other anthropometric measures such as waist circumference, waist:hip and waist:height ratio are highly correlated with BMI and have a similar strength of association with risk of cardiovascular disease.  Their conclusion, while acknowledging the deficiencies of BMI, was that “Overall BMI is the most accepted measure [of obesity] among children, parents and healthcare staff” (Adab et al., 2018).  It is also the case that pretty much all of the alternative anthropometric measures suggested are  not available in large-scale, nationally representative datasets.  Thus we will use BMI as our indicator for obesity in this paper, while bearing in mind that the nature of the analysis presented here could also be applied to many of the alternative anthropometric measures of obesity were they available.
There is, however, one additional issue which must be taken into account when using BMI to measure obesity in children.  While the BMI thresholds for adults have general acceptance and do not differ by age or gender, the same is not true for children, where BMI can change substantially with age and gender.  For example, at birth median BMI is around 13, this increases to 17 at age 1, decreases to 15.5 at age 6 and increases to 21 at age 20 (Cole et al, 2000).  Cole et al (2000) provide a set of obesity/overweight cutoff points for BMI for childhood based upon international data and which they suggest should be used for international comparisons.  They obtain these by drawing centile curves which pass through the adult cut-off points at age 18 and which then can be traced back to provide “equivalent” cut-off points for different ages and genders.  The cutoffs are obtained by averaging data from large nationally representative surveys from Brazil, Great Britain, Hong Kong, the Netherlands, Singapore and the US, with in total nearly 200,000 observations aged from birth to 25.
The cutoffs are provided at half-yearly intervals.  Thus for the first wave of our data, the vast majority of children are aged 9.  Assuming that age is distributed uniformly within the cohort of 9 year olds, it seems appropriate to take the cut-off for age 9.5.  Similarly for waves 2 and 3 of our data (who are mostly 13 and 17 year olds respectively) we use the cut-offs for ages 13.5 and 17.5.  For the very small numbers of children who were aged 8 or 10 in wave 1 we use thresholds of (8.5, 10), (12.5, 14) and (16.5, 18) respectively for waves 1-3 and these cutoffs are presented in Table 1.  These cutoffs have also been used in previous studies which have analysed child obesity using GUI e.g. Layte and McCrory (2011).
We now review some of the evidence concerning childhood obesity in Ireland and elsewhere.  Perry et al (2009) showed that weight for children in Ireland had increased disproportionately compared to height, thus leading to a rise in BMI, over the period from the late 1940s to the early 2000s.  Their figures come from three cross sectional studies held in 1948, 1970 and 2002 and show that average BMI for 9 year old boys actually fell from 16.5 in 1948 to 16.1 in 1970 but then rose to 18.4 in 2002.[footnoteRef:5]  For girls the corresponding figures were 16.1 in 1948, 16.6 in 1970 and 18.4 in 2002.  Average BMI  for 13 year old boys rose steadily from 17.4 in 1948 to 20.3 in 1970 and then 24.4 in 2002, while the corresponding figures for girls were 19.0, 20.7 and 23.9.  Apart from the fall in BMI for 9 year old boys between 1948 and 1970 these figures all show steady rates of increase.  Unfortunately, we only have access to the average BMI figures and so we can not calculate what fraction lay above obesity/overweight thresholds. [5:  We discuss 9 and 13 year old results only as these ages correspond to the ages in waves 1 and 2 of GUI. Results for 17 year olds were not available in the Perry et al study.] 

Turning now to more recent results, Keane et al (2014) provide a comprehensive review of  evidence concerning trends and prevalence of primary school aged children in Ireland, covering the period from 2002 to 2012.  After carefully reviewing a number of studies, they confined their analysis to 14 studies which met their inclusion criteria.  Sample sizes ranged from 204 to 14036 and the setting was either the home or the school.  They detected a small significant declining trend in obesity prevalence over time when national and regional studies were combined.  However, neither national nor regional studies on their own revealed a declining trend and no trend was evident either in studies of overweight.  They also detected a consistently higher prevalence of obesity amongst girls compared to boys.  Overall, the study concluded that while rates of childhood obesity and overweight in Ireland were high, they did appear to be stabilizing.  A more recent update provided by Jennings (2018) which built upon the Keane et al study confirmed these trends. 
These findings for Ireland regarding trends in obesity are consistent with results from a number of other developed countries.  Abarca-Gomez et al (2017) find that the rising trends in childhood and adolescent obesity have plateaued in many countries and this echoes earlier work by  Olds et al (2011) who presented evidence from nine, mostly high-income, countries (Australia, China, England, France, the Netherlands, New Zealand, Sweden, Switzerland and the US) suggesting no change in the unweighted average of obesity prevalence in these countries over the period 1995 to 2008.  Within this overall average however, rates of change differed by gender, age, socioeconomic status and ethnicity.
In terms of where Ireland stands relative to other European countries, Spinelli et al (2019) provide evidence on severe obesity (defined as a BMI for age which is at least 3 Z scores relative to the 2007 World Health Organisation growth reference median) amongst boys and girls aged 6-9 using data from the World Health Organisation Childhood Obesity Surveillance Initiative.  Their results suggest a broad European divide (with some exceptions), whereby obesity is lower in northern Europe and higher in the southern Mediterranean countries such as Spain, Italy, Greece and Malta.  Ireland is fairly typical amongst north European countries with rates similar to Norway and Sweden and less than half the rates observed in Italy and Spain.
In terms of adolescent obesity rates, the OECD present data on self-reported overweight and  obesity for 29 OECD countries for 15 year olds for 2013-14 (OECD, 2017).  Ireland is exactly at the OECD average of 15.5%, and again it is possible to determine a broad north-south divide, within Europe at least.  The US and Canada respectively are the two highest ranked countries.
Thus overall, Ireland appears to be pretty typical in terms of developed/OECD countries in terms of both snapshot cross-sections and also in terms of how trends appear to be evolving over time.
Studies which explicitly examine mobility are less prevalent.  The study which most closely resembles ours in terms of methodology is Millimet and Tchernis (2015).   Similar to this paper, they borrow from the literature on income mobility to analyse changes in anthropometric measures for a longitudinal sample of US children aged from kindergarten to middle school (around 13).  They employ a variety of measures and find that overall mobility in BMI (both upward and downward) is highest at start of kindergarten and also at start of middle school.  They also find heterogeneity by race, gender and age, factors which we also investigate (with the exception of race as the racial/ethnic homogeneity of our sample does not permit investigation of this issue).  Our study has the advantage of being able to investigate mobility for older children (aged 13 to 17)
Van Cleave et al (2010) also document changes over six years in a number of conditions, including obesity, for three cohorts of US children aged between 2 and 8 and report substantial changes in the prevalence of chronic conditions.  For obesity, between 30 and 40 per cent of children who reported obesity at the beginning of the period also reported at six years later.
Daouli et al (2015) employ a different methodology to analyse dynamics of obesity amongst a sample of young US adults from the period 1985-2010.  They examine parametric and non-parametric hazard models of exiting from obesity and find negative duration dependence.  Thus the probability of exiting from obesity after one wave ranges between 30 and 38 per cent (depending upon whether or not unobserved heterogeneity is controlled for), while the probability after seven waves falls to between 3 and 10 per cent.
To our knowledge there are no studies of mobility/persistence applying our approach to Irish data.  Jabakhanji et al (2018) analyse BMI trajectories across three waves of the GUI Infant cohort examining BMI at ages 9 months, 3 years and 5 years.[footnoteRef:6]  However this study does not examine mobility per se in the sense of calculating mobility indices etc.  Similarly, McCrory et al (2019) looked at trajectories using pooled data from the GUI infant and child cohorts as well as comparable data from Portugal and the UK.  Once again, however, mobility per se was not analysed. [6:  There are two cohorts in the GUI study.  The infant cohort includes children born in 2008-2009, while the child cohort includes children born in 1997-1998.  The analysis in this paper is of the child cohort.] 

In the next section we discuss the GUI data in more detail and present some summary statistics on a cross-sectional basis.  We then discuss different approaches to measuring mobility and transitions before moving on to our core results.

3.  Data
Our data comes from the first three waves of the GUI 9 year old child cohort.  This tracks the development of a cohort of children born in Ireland in the period November 1997-October 1998 (see Williams et al, 2009).  The sampling frame of the data was the national primary school system, with 910 randomly selected schools participating in the study.  Weight was measured to the nearest 0.5 kg using a medically approved flat mechanical scales and children were advised to wear light clothing.  Height was measured to the nearest mm using a height measuring stick.
In all, the original sample in wave 1 consisted of 8568 children.  Observations for where there were not valid height and weight measures were dropped, leaving a sample size from wave 1 of 8136.  These children were then re-surveyed at ages 13 and 17 for the second and third waves.  Since we wish to follow trajectories of BMI over the three waves, we choose to use a balanced panel i.e. only those observations who appear in all waves.  That reduces the sample size to 5757.  When we then once again drop observations where valid height and weight observations are not available in waves 2 and 3 the final sample reduces to 5487 (2702 boys and 2785 girls).
In making these adjustments the issue of attrition arises.   Attrition in surveys such as GUI is rarely random and this is confirmed in Murphy et al (2018) who show that attrition tends to be higher for those with lower maternal education and also a lower score or non-completion of the Drumcondra Reasoning Test taken at age 13.  Correspondingly the data was re-weighted so that the sampling weight in the balanced panel which we analyse is the product of the original sampling weight for wave 1 and the attrition weights which took account of subsequent non-random attrition.  
There is one final adjustment we make to the data which facilitates our analysis.  As the obesity and overweight thresholds for BMI change (since the sample grows older) a simple comparison of BMI can be misleading.  Consequently we analyse normalized BMI figures, where BMI is divided by the appropriate overweight/obesity threshold.  Thus for example, suppose we are comparing obesity between the two waves.  A normalized BMI of 1.1 indicates that the child had a BMI which was 1.1 times the relevant threshold for their age and gender.  This facilitates comparisons across age and gender where these thresholds differ.
In terms of the results which follow, we present results for the sample as a whole and we also stratify the analysis by gender, with further stratification provided by maternal education in appendix C).  Our choice of these stratifying variables is motivated by the fact that obesity and overweight levels frequently differ by gender.  There is also a well-established socio-economic gradient (see Madden, 2017).  Our choice of maternal education as the measure of socioeconomic status is motivated by our belief that it is likely to be more accurately measured than other contending variables such as income or social class.  In addition, there is also a long-standing literature on the relationship between health and education and it seems likely that critical decisions about diet and exercise for children will either be taken by or at least heavily influenced by maternal education.[footnoteRef:7] [7:  Murasko (2013) finds that race, gender and socioeconomic status are important correlates for BMI for a sample of US children.  Given the relatively limited degree of ethnic diversity in GUI stratification by ethnic group would produce cell sizes too small for analysis.] 

In Table 2 we present, by gender, the mean values for BMI normalized to thresholds for overweight and obesity for waves 1-3.  The results show very little change between waves 1 and 2 but there are signs that obesity picks up somewhat in wave 3.  The increase is slightly more pronounced amongst males rather than females but the level of obesity remains higher for the latter.  Overweight rates remain the same or even fall slightly.  This is consistent with a story between waves 2 and 3 whereby there are transitions up through the weight categories but since it is not possible to transition into a higher weight category than obesity, the fraction who are obese increases.  We examine these transitions in more detail in subsequent sections.
In Table 3 we present these results (for both genders) by education level of the principal carer (in nearly all cases the mother).  We break down the sample into four education categories: (1) completion of lower secondary schooling (2) completion of secondary schooling (3) obtaining a post-secondary school diploma or cert and (4) completion of third level education.  We choose to present these results by maternal education level in wave 1.  While there is some change in maternal education levels between waves 1 and 3, it is relatively minimal and by fixing on wave 1 maternal level we ensure that it is the same sample of observations in each category for each wave.  Taking males and females together, as Table 3a shows there is a clear socioeconomic gradient, particularly for obesity.  The nature of the gradient changes slightly in wave 2 with obesity for the lowest level of maternal education rising while obesity rates for other education levels are unchanged or else fall slightly.  In wave 3 the gradient between the lowest level of education and subsequent education levels is not quite so steep but this reflects higher rates of increase in obesity rates amongst intermediate levels of education.  Obesity for those with the highest level of maternal education stays pretty much unchanged over the three waves and at a low level of just over 2%. 
To summarise before we turn to analyse mobility explicitly: obesity showed little change between waves 1 and 2, apart from increases for those with the lowest levels of maternal education.  Wave 3 saw a continued rise for those with the lowest maternal education and it was accompanied by increases for those with intermediate levels of maternal education.  By wave 3 a clear socioeconomic gradient was evident for both genders.  Overweight rates showed much less change and also showed little evidence of a socioeconomic gradient.  We now turn to analyse the transitions which underly these developments, first of all explaining the methodology employed.

4.  Measuring Mobility: Methods
This section of the paper explicitly examines mobility in (normalized) BMI.  There are a number of different concepts of mobility which can be analysed: we can look at absolute mobility (the extent of changes in BMI) or relative mobility (effectively looking at changes in rank of BMI but independent of the size or sign of those changes).  We can also choose to concentrate on mobility in specific directions, upward or downward.
In addition to choosing between different types of mobility we may also wish to distinguish between mobility in different parts of the BMI distribution.  A move between, say, the 40th and 50th percentiles may have little consequence in terms of health outcomes, since BMI at both percentiles is below the key obesity/overweight thresholds.  That may not be the case for a move between the 80th and 90th percentiles.  Thus we will look at mobility in the overall distribution of BMI but we will also look at mobility across key thresholds, those associated with overweight and obesity and towards the upper end of the distribution.  Note while acknowledging the important issue of low BMI and underweight we will not be explicitly examining mobility in this region of the distribution.
Finally, in terms of how precisely we analyse mobilty there are a number of approaches.  As a starting point it can be useful to employ graphical analysis, as this is often the easiest way to capture the broad sense of what is going on and this analysis can be supplemented by regression analysis.  We will also employ transition and mobility matrices as these provide information on transitions between quintiles and across thresholds.  Graphs and/or matrices are very useful in giving an overall sense of developments but they may not work so well when comparisons need to be made or distributions need to be ranked, for example in terms of mobility by gender, or by maternal education or indeed in terms of transitions between waves 1 and 2 and then between waves 2 and 3.  Hence we also calculate specific mobility indices, in some cases explicitly derived from the transition and mobility matrices, and these indices have the advantage that they can provide a clear ranking when making such comparisons.  The disadvantage of course, and this applies to their use in areas such as inequality and poverty also, is that different specific indices may give different answers to any given question.  We will look at mobility in general and also at specific parts of the distribution and we will also make comparisons for different subgroups (defined by gender and maternal education).  For the most part of the analysis we will focus on mobility between waves 1 and 3.  At the end of the results section however we will review whether mobility differed during the sub-periods from wave 1 to wave 2 and from wave 2 to wave 3.
4.1 Graphical Analysis
The primary graphical approaches we employ are Mobility Curves as used by Bratberg et al (2017) to examine inter-generational mobility in income although we apply them to intra-generational BMI.  Versions of these curves were also employed by Chetty et al (2014) in their influential work on income mobility in the USA and they are a useful graphical tool to provide an insight into such mobility.  
The first such curve we examine is the rank mobility curve.  This captures positional mobility and can show how such mobility changes across the distribution of BMI.  In what follows we will discuss mobility in the context of changes between waves 1 and wave 3.  Suppose the fractional BMI rank for observation i in period t is denoted by .  Then the rank mobility curve, employing the notation of Bratberg et al (2017) is given by
 .	(1)
Thus this curve plots out the change in fractional rank between wave 1 and wave 3, using wave 1 as the counterfactual with no change.  An alternative specification is 
	(2)
which simply plots the fractional rank in wave 3, given the counterfactual of no mobility i.e. rank stays as it was in wave 1.  
Rank based mobility curves are popular in income mobility analysis as they are less prone to measurement error.  It is arguable that measurement error is less likely to be a factor in BMI measurement in GUI and hence it is also possible to draw curves based on actual (normalized) BMI.  Thus we can plot the change in normalized BMI (both actual and absolute) against rank giving us
	(3)
 	(4)
As mentioned already, we are not indifferent to where in the overall distribution of BMI mobility is observed, hence we also analyse mobility specifically towards the top of the BMI distribution.  Nor are we indifferent to the direction of mobility.  Apart from the relatively small number of cases where BMI levels are so low as to reflect underweight, in general we have a weak preference for downward rather than upward mobility.  We employ the term “weak” preference as we may be indifferent between upwards or downwards movements in BMI as long as the key overweight and obesity thresholds are not crossed.  Where such thresholds are crossed however, from a health policy perspective then presumably there is more concern over upward mobility i.e. movements into overweight or obese categories.
Continuing our graphical analysis, as an initial indicator of upward mobility Fields (2000) suggests applying stochastic dominance to changes in BMI (in his application it was applied to income changes).  This is particularly useful in examining upward mobility by gender or education.  The sample is arranged in increasing order of BMI change, from negative to positive.  Dominance of one distribution over another (e.g. females compared to males) is then observed if the percentage below any given degree of change is smaller for females than for males, or if the BMI change cut-off for each given percentage grouping is higher in one distribution than another.  This can be inspected by comparing the cumulative distribution functions (CDFs) of BMI changes by gender or maternal education.
4.2. Regression Based Analysis
The next approach we consider is regression-based analysis, starting off with simple rank-rank regressions as suggested by Acciari et al (2019) in their recent analysis of intergenerational income mobility in Italy.  A simple regression of the form  gives the rank-rank slope measuring the correlation between a child’s rank in wave 3 and their rank in wave 1.  Acciari et al (2019) also suggest a simple index of mobility at the top of the distribution.  Simply run the above regression for the top 10% and also for the bottom 90% and take the ratio of the slopes i.e. top mobility (TMR)=.  The higher is this ratio, then the greater is persistence in BMI at the top of the distribution.  
In addition to the rank-based regressions we also carry out quantile regressions of log BMI evaluated at the median and the 90th percentile including also the interquartile regression coefficient.  This provides some evidence on the key issue of whether mobility is higher at the upper end of the distribution, an area presumably of greater interest to policy-makers.

4.3 Transition and Mobility Matrices
Transition and mobility matrices can provide a clear non-parametric picture of mobility and transitions.  In the case of a transition matrix the sample is probably most typically broken down into quantiles.  Each row represents the proportion in a given quantile in period 0 and the column represents the proportion in period 1.  A lack of mobility is reflected in high values along the main diagonal, indicating that most people stayed in the same quintile.  Thus a summary measure of mobility which has been suggested by Shorrocks (1978) is   where m refers to the dimensionality of the transition matrix (5 when we break the sample into quantiles) and Tr(M) is the trace of the transition matrix, M.  This provides an index whose lower bound is clearly zero (since the proportion along the main diagonal would be unity for each quintile) and whose upper bound is  , since in this case the entry for each element along the main diagonal is zero.
While these indicators of mobility in BMI are of interest, given the focus on obesity in this paper we are also concerned with transitions above and below the key overweight/obesity thresholds, rather than simply between quantiles.  Thus a mobility matrix which examines movements across these thresholds may also be of interest and in a similar fashion a Shorrocks index can be calculated.
A criticism which has been made of the Shorrocks index is that it is sensitive only to transitions which arise along the main diagonal.  An alternative index which takes account of all changes in BMI and not just those along the main diagonal is provided by Fields and Ok (1999).  When measuring mobility in BMI between two dates t and t+1 this index is given by .  This is the non-directional version of the index as it is independent of the direction of change.  There is also a directional version given by .  
To summarise, the combination of graphical, regression-based and matrix-based analysis provide a comprehensive examination of mobility and persistence in BMI at different parts of the distribution.  We now turn to the results of this analysis.


5.  Mobility/Persistence - Results
In this section we discuss our results following application of the methods outlined in section 4.
5.1 Graphical Analysis - Results
Figure 1 presents the RM* curve, showing the plot of change in rank between waves 1 and 3 against rank in wave 1, while figure 2 shows the RM curve with rank in wave 3 plotted against rank in wave 1.  In both cases we present the results by gender.  For these graphs the data is organized into 50 “bins” per gender with each bin taking the value of the average of the observations for that bin/gender.  We also present the best fit for each relationship.  The RM* plot is clearly downward sloping, but it is noticeable that for males the fit appears to be linear, while for females it is convex, being steeper at the lower ranks, but flatter at higher ranks.  This suggests greater relative mobility for lowly ranked females, but less mobility (and hence greater persistence) at higher ranks, precisely that part of the distribution where presumably policy-makers would like to see movement out of obesity.
Figure 2 shows that the RM curve is clearly upward sloping, but again it is interesting to note that a linear specification works best for males while for females the best fit is (mildly) convex.  Thus while there is some mobility, in the sense that rank in wave 1 is not a perfect predictor of rank in wave 3, mobility is limited.  By and large those observations that are highly ranked in wave 1 will also be highly ranked in wave 3.  However, for females the association between ranks is less (in the sense that the RM curve is more shallow) at lower ranks, but greater at higher ranks.
Overall then, figures 1-2 indicate that there certainly is some mobility in ranks for normalized BMI.  However, rank in wave 1 is still a good predictor for rank in wave 3.  However, perhaps of most interest is that mobility is less (and hence persistence greater) at higher ranks for females suggesting that it may be more difficult for females to move out of the higher BMI range than males. 
Figures 3 and 4 show the BMImob and BMIabsmob curves respectively, again by gender.  It is important to remember that in this instance it is the change in normalized BMI which is on the vertical axis and not the change in rank.  Again in figure 3 we see a clear negative relationship suggesting a compression of the distribution, in the sense that those who are ranked lower tend to have greater increases in normalized BMI, while the higher ranked observations show reductions in normalized BMI.  Again, there is a non-linearity for one of the genders but this time it is for males.  However, this is entirely consistent with the graphs in figures 1 and 2.  The non-linearity for males reflects greater reductions in BMI for the higher BMI males and hence greater mobility out of obesity.  The corollary is relatively greater persistence at high BMI levels for females.  
In figure 4 we see how the absolute change in normalized BMI varies with rank in wave 1.  The relationship here is clearly quadratic for both genders.
Turning now to the Fields approach of examining stochastic dominance, figures 5a-5b show the CDF for BMI change (between waves 1 and 3) by gender.  In figure 5a we show the CDF for all changes, both positive and negative.  Careful inspection shows that stochastic dominance does not apply, as the CDFs cross, around about zero.  For decreases in BMI for the most part the curve for females lies above that for males i.e. for any given decrease in BMI the fraction of females with greater decreases is larger than males.  However, when we look at positive BMI changes, the CDF for females lies below that for males.  Thus for any given increase in BMI, say of 0.2, the fraction of females whose BMI change was smaller than this is less than the fraction of males whose BMI change was smaller.  In figure 5b we focus on the top of the distribution showing BMI changes for the 80th percentile and above i.e. those who could be reasonably regarded as at risk of moving into overweight and obese categories.  The curves clearly suggest dominance for females at the upper end of the distribution with larger increases in BMI than males.[footnoteRef:8] [8:  The difference between the CDFs is borderline significant at 95%.  To economise on space we do not show the graph, with confidence interval, for this difference but it is available on request from author.] 

Summarising so far, it seems to fair to say that the graphical analysis indicates that while some mobility is present, it is relatively limited.  Highly ranked observations in wave 1 tend also to be highly ranked in wave 3.  For the overall distribution it is challenging to discern any major differences by gender.  However there does appear to be evidence of greater persistence/less mobility for females at the upper end of the distribution.   We now turn to the regression based analysis.
5.2 Regression Based Analysis - Results
We start off by discussion the results from the simple rank-rank regressions of Acciari et al.  Results for transitions between waves 1 and 3 are presented in Table 4a (with results for persistence between waves 1/2 and 2/3 in Tables 4b and 4c).   Overall persistence as represented by the β coefficient for the total sample is around 0.63 with no real difference by gender.  Persistence in the top 10% of the distribution is greater (and hence mobility is less) than elsewhere with a ratio of  of 1.8, but this is not statistically significant  The results for top mobility by gender however show considerably more relative persistence at the top for females with a TMR coefficient of 3.04, which is statistically significant at the 99% confidence level.  The coefficient for males is calculated at 0.299 but is not statistically significant.[footnoteRef:9]  [9:  Statistical significance was tested via the creation of an interaction term between the independent variable of fractional rank in wave 1 and being in the top 10% in wave 1.  The result presented for significance is the test for the null that that the coefficient on this term is zero.] 

Finally, Tables 4d-4f show the results from quantile and interquartile regressions of log normalized BMI in wave 3 on log normalized BMI in wave 1.  The results show the coefficients evaluated at the 50th and 90th percentiles and the difference between the two coefficients .  A positive interquartile coefficient thus indicates relative greater persistence (and hence less mobility) at the 90th compared to the 50th percentile.  Table 4d shows that persistence at higher quantiles is greater for the sample as a whole, with an interquartile coefficient of 0.093.  However the coefficient for females is more than twice that of males, indicating that results here are consistent with those from Table 4a. 
To summarise the results from graphical and regression based analysis: we see that there clearly is some mobility in BMI over the three waves.  In general mobility acts to compress normalized BMI with increases generally observed for lower ranked observations and decreases observed for higher ranked observations.  The regression based analysis also confirms the graphic analysis indicating less mobility for females at higher levels of BMI.[footnoteRef:10]   [10:   In appendix C we carry out the rank-rank and interquartile regressions by gender and  maternal education. The coefficients on the rank-rank regressions are qualitatively similar except perhaps for females whose mothers have the highest level of education.  Between waves 1 and 3 it seems that the rank-rank relationship is not as strong as for other types.  The interquartile regressions suggest that the weaker relationship for this group (females with highest educated mothers) is mainly a phenomenon towards the upper end of the distribution. I am grateful to an anonymous referee for suggesting this.
] 

We now see if these results are also reflected in analysis using transition and mobility matrices.
5.3 Transition and Mobility Matrices - Results
Before examining the matrices in detail, we first of all simply examine how many moves across BMI categories are observed.  Figure 6 shows the total number of moves, regardless of direction, between BMI categories (normal, overweight and obese) by fraction of the sample over the three waves.  Thus if someone moves from normal to overweight between waves 1 and 2, and then again moves into the obese category in wave 3 this counts as 2 moves.  Similarly someone who was in the normal category between waves 1 and 2 but then moved from normal to obese between waves 2 and 3 would also count as two moves.  We see that over 70% of the sample do not move category at all.  21% make one move over the three waves while about 8% make two moves.   Note that as we measure obesity as a binary variable, some of these moves between categories may reflect small absolute changes in normalised BMI e.g. from 0.99 to 1.0.  In future analysis we hope to examine mobility using measures of obesity which also take account of how far individuals are above the obesity threshold (for analysis of the incidence of obesity using such measures see Madden, 2017).[footnoteRef:11] [11:  I am grateful to Diego Zambrotta for discussion on this point.] 

We now analyse these moves in more detail.  To avoid information overload, we present summary statistics from the matrices in the main tables while in appendix A we present the actual matrices upon which the summary statistics are based and we also present tests of statistical significance for differences between the indices.  Thus in Tables A1-A7 we look at a sequence of transition matrices of normalised BMI by quintile.  For example in Table A1, the top left entry in the matrix is 0.52.  This reveals that of the population who were originally in the bottom quintile of normalised BMI,  52% of that group stayed in this quintile, 25% moved up the next highest quintile, while 3% moved all the way up to the highest quintile.  A lack of mobility is reflected in high values along the main diagonal, indicating that most people stayed in the same quintile.  
Calculation of the Shorrocks mobility index,   , for the transition matrices between waves 1 and 3 in Table 5a show very little variation across gender with values ranging between 0.74 and 0.76[footnoteRef:12] indicating that mobility as measured by transitions across the overall distribution of BMI between waves 1 and 3 shows little variation. [12:  Tables showing the tests for statistical significance for pairwise comparison of the Shorrocks transition and mobility indices are given in appendix A.] 

Results for the mobility matrix which examines movements across the obesity and overweight thresholds are presented in Tables A8-A14 while Table 5a presents the Shorrocks index for these matrices (which we label “Shorrocks mobility” rather than “Shorrocks transition”).
The data in Tables A8-A14 are “row proportions” by BMI category.  Thus if we look at the first row of Table A8, which gives this information for the sample as a whole, we see that of those who were non-overweight/obese in wave 1, 86% were still in that category in wave 3, 12% had moved into overweight and 2% become obese.  The second row tells us that of those who were overweight in wave 1, 44% were still overweight in wave 3, 40% had moved down to non-overweight/obese, while 17% became obese.  
Note that the figures in Tables A8-A14 represent proportions.  Thus while 17% of those who were overweight in wave 1 moved on to become obese in wave 3, this only represents a flow of less than 4% of the total sample (since just under 20% of the sample in wave 1 were overweight).  Thus when interpreting these figures, while proportional mobility may appear relatively “high”, the absolute numbers making the transition, particularly in and out of obesity, may not be so high.
Nevertheless, it is still interesting to see if any pattern is observable by gender.  A comparison of Tables A9 and A10 immediately shows one critical difference by gender.  We see from Table A9 that of those males who were obese in wave 1, only 33% remain obese in wave 3.  Thus the transition rate out of obesity is quite high for males with two-thirds of them making the change.  Contrast this with Table A10 for females, where of those who were obese in wave 1, 55% remain obese in wave 3.  There is thus considerably less mobility out of obesity for females compared with males.  Transition rates into obesity show little difference by gender although those for males are marginally higher.
This difference is also reflected when looking at the Shorrocks mobility indices in Table 5a.  For mobility across the whole of the BMI distribution we see that the index for females is 0.76, while that for males is 0.74.  However, when we look at mobility into and out of overweight and obesity we see that females show much less mobility with an index of 0.56, compared with a male index of 0.71 and this difference is statistically significant.  As we have seen from Tables A9 and A10 this is driven by lower mobility out of obesity.  Thus while females exhibit marginally more mobility across the whole of the distribution, for mobility at the top of the distribution across the critical obesity thresholds mobility is less for females and this is entirely consistent with the results from the regression and graphical analysis where persistence at the top of the distribution is higher for females than males.[footnoteRef:13] [13:  We also carried out this analysis where we split the sample into only two categories obese/overweight and the rest and thus looked at mobility across only one threshold and the results in appendix A are qualitatively very similar.  I am grateful to an anonymous referee for suggesting this.] 

Finally, the results for the Fields-Ok indices for the distribution as a whole and also for the top 20% and the results are presented in the four right-hand columns of Tables 5a-c.  The non-directional indices show relatively little variation by gender.  However in the directional indices there is some evidence of a gender difference for females,  especially in results for the top 20%.  In general the results for these indices are negative, confirming that BMI tends to fall for those at the top end of the distribution.  The fall is less,  or to put it another way, persistence seems to be higher for females.  For example in Table 5a the value of the Fields-Ok directional index for the top 20% between waves 1 and 3 is -0.068 for males but -0.041 for females.  This difference is statistically significant as evidenced in Table A16.
Results for Wave 1-2 and Wave 2-3 Transitions
Our results so far have all discussed mobility between waves 1 and 3 i.e. between when children were 9 to when they were 17.  However, given that we have three waves of GUI it is possible to examine whether mobility differs according to the stage of adolescence.  Thus we can examine mobility between waves 1 and 2 (when children go from aged 9 to aged 13) and between waves 2 and 3 (when children go from aged 13 to age 17).  This is potentially important from a policy perspective, since if we observe very low mobility, say between waves 2 and 3, then it implies that measures to address mobility might be better focussed at a younger age when it appears that mobility is more fluid.  We do not present the graphical analysis as it is difficult to perceive differences from wave to wave merely by eye-balling the graphs.  Instead we concentrate on Tables 4-6 and the indices which summarise mobility.  
Tables 4a-4c provide the rank regressions for all the transitions and also the measure of mobility at the top of the distribution.  Table 4a shows that the overall rank regression coefficient for mobility over the whole period is about 0.63 and Tables 4b and 4c show that overall mobility varies very little by wave as the regression coefficients from waves 1 to 2 and waves 2 to 3 are practically identical.  However, in looking at overall mobility we see that mobility was relatively greater for females between waves 1 and 2, but relatively greater for males between waves 2 and 3.  Looking at mobility at the top of the distribution relative to the rest of the distribution, again it is less for females than males.  Care must be taken in looking at the TMR index for wave by wave transitions.  Recall that a value of the index above unity indicates less mobility at the top relative to elsewhere in the distribution.  While the TMR for females falls from 2.67 to 1.83 (in terms of the wave to wave transitions), since overall mobility for females fell over time, top level mobility may rise relative to mobility elsewhere but still fall in an absolute sense.
In terms of the interquartile regressions in Tables 4d-4f, we see that the phenomenon of less mobility at the top (especially for females) is mainly manifest in regressions between waves 1 and 3.  There is greater persistence across the whole of the distribution between waves 1 and 2.  Between waves 2 and 3 persistence falls but by a greater degree at the median compared to the 90th percentile.  There is no difference in terms of the interquartile coefficient by gender, but overall persistence is higher for females. 
We now turn to the mobility indices in Tables 5a-5c.  For mobility over the whole of the distribution and for the whole sample, there is little difference in terms of the two wave to wave transitions.  Looking at mobility across the key BMI thresholds, the gender difference whereby there is less mobility for females is also apparent in the wave by wave transitions.  In terms of the Fields-Ok index, the greater persistence at the top of the distribution for females seems to be mainly a wave 2-wave 3 phenomenon.  
To summarise: looking at the total sample, overall mobility does not seem to differ that much when examining transitions between waves 1 and 2 and between waves 2 and 3.  Bearing in mind the complications of comparing absolute and relative  regression coefficients in Tables 4a-4f, the gender difference whereby there is less mobility at the top of the distributions for females is also generally apparent for both transitions.  This pattern is also evident when looking at the Shorrocks indices in Tables 5a-5c and the top quintile persistence figures in Tables 6a-6c.  Overall mobility is pretty much the same for both sets of transitions, but there is evidence of a clear gender gap when looking at mobility at the top of the distribution with lower mobility for females and an indication that the lack of mobility for females at the top of the distribution is more pronounced when looking at the wave 2 to wave 3 transition.  
Results for Principal Carers
One final piece of analysis worth mentioning is how the various measures and indices of mobility for the study children compare with those of their principal carers.  While it is interesting to see how mobility amongst the study children differs by gender and by maternal education, there is also a sense that these measurements are in a vacuum and it is useful to have another comparison group.  In appendix B we replicate the relevant tables for the birth mothers in GUI and we observe in all cases that mobility for the mothers is lower (for the sake of brevity we only present results for wave 1 to wave 3 transitions).  Thus while the coefficient on the rank regressions is in the region of 0.63 for the children, Table B1 shows it is around 0.77 for the mothers.   Similarly Table B2 shows that the coefficients for the quantile regressions are generally higher than for the children, although relative persistence does not differ too much between the 90th and 50th percentile.  Similarly, the Shorrocks mobility index is around 0.75 and 0.62 for the transition and mobility indices respectively for the children, but Table B3 shows that the corresponding figures for the mothers are 0.61 and 0.48.  The Fields-Ok index also shows lower values of mobility for mothers compared to children.


5.  Conclusions
In this paper we have examined BMI mobility across a representative sample of Irish children.  We have seen that, relative to a parallel sample of adults, mobility amongst children is considerably higher.  We have also examined mobility towards the top of the BMI distribution, where health concerns are most relevant.  Again we see that mobility is higher than amongst adults, but also that there seems to be a gender difference.  Mobility towards the top of the distribution appears to be lower (and hence persistence higher) for girls than for boys.  Finally, we looked at mobility across different stages of adolescence, what we labelled early and later adolescence and found that by and large there was not too much difference with some tentative evidence that the lack of mobility at the top of the distribution for girls was slightly more pronounced for the transition between ages 13 and 17.
The tentative policy conclusions which can be drawn from this analysis is that while ideally children would not make the transition into obesity/overweight, there seems to be sufficient mobility that neither obesity or overweight are absorbing states.  Mobility out of them is possible, though there is also evidence that mobility out of obesity is more problematic for females and also that it is more difficult in late rather than early adolescence.  Our analysis here has focussed mainly on detailing the pattern of transitions.  In future work we plan to examine what observable characteristics are associated with such transitions which would hopefully inform where obesity policy might be directed. 
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Table 1: Age and Gender Specific Cutoffs for Overweight and Obesity from Cole et al (2000)
	
	Male
	Female

	Age
	Overweight
	Obese
	Overweight
	Obese

	8.5
	18.76
	22.17
	18.69
	22.18

	9.5
	19.46
	23.39
	19.45
	23.46

	10.5
	20.20
	24.57
	20.29
	24.77

	12.5
	21.56
	26.43
	22.14
	27.24

	13.5
	22.27
	27.25
	22.98
	28.20

	14.5
	22.96
	27.98
	23.66
	28.87

	16.5
	24.19
	29.14
	24.54
	29.56

	17.5
	24.73
	29.7
	24.85
	29.84

	18.0
	25.0
	30.0
	25.0
	30.0



Table 2: Normalised BMI by gender, waves 1-3 (standard errors in italics).
	
	Overall
	Male
	Female

	
	W1
	W2
	W3
	W1
	W2
	W3
	W1
	W2
	W3

	BMIOB
	0.762
0.002
	0.748
0.002
	0.778
0.003
	0.756
0.003
	0.742
0.003
	0.772
0.003
	0.768
0.004
	0.755
0.004
	0.785
0.004

	BMIOV
	0.917
0.003
	0.917
0.003
	0.935
0.003
	0.909
0.004
	0.908
0.004
	0.927
0.004
	0.926
0.004
	0.926
0.004
	0.943
0.005

	Obesity Rate
	0.055
0.004
	0.054
0.004
	0.072
0.005
	0.043
0.005
	0.041
0.005
	0.064
0.007
	0.067
0.007
	0.068
0.007
	0.081
0.008

	Overweight Rate (not incl. obese)
	0.195
0.007
	0.200
0.008
	0.198
0.007
	0.173
0.010
	0.192
0.010
	0.181
0.010
	0.218
0.011
	0.208
0.011
	0.216
0.011




Table 3: Normalised BMI, Obesity, Overweight by education of principal carer, waves 1-3 (standard errors)
	
	Wave 1
	Wave 2
	Wave 3

	Lower Secondary
	
	
	

	BMI Norm Ob
	0.781
0.006
	0.773
0.006
	0.803
0.007

	BMI Norm Ov
	0.940
0.007
	0.948
0.008
	0.964
0.008

	Obesity %
	0.087
0.01
	0.107
0.01
	0.117
0.01

	Overweight %
	0.219
0.017
	0.218
0.017
	0.220
0.017

	Complete Secondary
	
	
	

	BMI Norm Ob
	0.761
0.004
	0.745
0.004
	0.775
0.004

	BMI Norm Ov
	0.914
0.004
	0.913
0.004
	0.930
0.004

	Obesity %
	0.050
0.006
	0.040
0.005
	0.065
0.007

	Overweight %
	0.197
0.012
	0.217
0.012
	0.207
0.012

	Diploma/Cert
	
	
	

	BMI Norm Ob
	0.755
0.004
	0.736
0.004
	0.767
0.004

	BMI Norm Ov
	0.909
0.005
	0.902
0.005
	0.921
0.005

	Obesity %
	0.044
0.008
	0.033
0.005
	0.058
0.009

	Overweight %
	0.186
0.014
	0.174
0.013
	0.170
0.013

	Third Level
	
	
	

	BMI Norm Ob
	0.739
0.004
	0.724
0.004
	0.755
0.003

	BMI Norm Ov
	0.889
0.005
	0.887
0.005
	0.907
0.004

	Obesity %
	0.022
0.005
	0.023
0.005
	0.025
0.004

	Overweight %
	0.157
0.014
	0.156
0.015
	0.163
0.014




 
[bookmark: _Hlk41380665]Table 4a: Rank-rank regressions, wave 1 to wave 3
	
	Dependent variable: fractional rank in wave 3

	
	Total
	Male
	Female

	Rank, Wave 1
	0.629***
(0.014)
	0.629***
(0.020)
	0.628***
(0.019)

	TMR
	1.805
	0.299
	3.046***

	N
	5487
	2702
	2785



Table 4b: Rank-rank regressions, wave 1 to wave 2
	
	Dependent variable: fractional rank in wave 2

	
	Total
	Male
	Female

	Rank, Wave 1
	0.746***
(0.011)
	0.776***
(0.015)
	0.719***
(0.017)

	TMR
	1.950**
	1.160
	2.670***

	N
	5487
	2702
	2785



Table 4c: Rank-rank regressions, wave 2 to wave 3
	
	Dependent variable: fractional rank in wave 3

	
	Total
	Male
	Female

	Rank, Wave 2
	0.736***
(0.012)
	0.707***
(0.018)
	0.764***
(0.015)

	TMR
	1.932**
	1.713
	1.834**

	N
	5487
	2702
	2785



Table 4d: Interquartile range regressions (0.9-0.5), wave 1 to wave 3
	Dependent variable: Log normalised BMI, wave 3

	
	Total
	Male
	Female

	Log BMI, Wave 1, q50
	0.678***
(0.012)
	0.646***
(0.018)
	0.698***
(0.017)

	Log BMI, Wave 1, q90
	0.771***
(0.023)
	0.698***
(0.034)
	0.824***
(0.031)

	Log BMI, Wave 1, q90-q50
	0.093***
(0.026)
	0.053**
(0.027)
	0.126***
(0.026)

	N
	5487
	2702
	2785




Table 4e: Interquartile range regressions (0.9-0.5), wave 1 to wave 2
	Dependent variable: Log normalised BMI, wave 2

	
	Total
	Male
	Female

	Log BMI, Wave 1, q50
	0.875***
(0.010)
	0.881***
(0.014)
	0.868***
(0.015)

	Log BMI, Wave 1, q90
	0.852***
(0.018)
	0.847***
(0.026)
	0.851***
(0.027)

	Log BMI, Wave 1, q90-q50
	-0.023
(0.016)
	-0.033
(0.025)
	-0.018
(0.025)

	N
	5487
	2702
	2785



Table 4f: Interquartile range regressions (0.9-0.5), wave 2 to wave 3
	Dependent variable: Log normalised BMI, wave 3

	
	Total
	Male
	Female

	Log BMI, Wave 2, q50
	0.744***
(0.010)
	0.706***
(0.015)
	0.766***
(0.013)

	Log BMI, Wave 2, q90
	0.797***
(0.017)
	0.756***
(0.023)
	0.823***
(0.022)

	Log BMI, Wave 2, q90-q50
	0.053***
(0.015)
	0.050**
(0.021)
	0.057***
(0.021)

	N
	5487
	2702
	2785


***=p≤0.01, **=0.01p≤0.05, *=0.05<p≤0.1
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Table 5a: Mobility indices, wave 1 to wave 3
	
	Shorrocks
Transition
	Shorrocks
Mobility
	Fields-Ok
Non-D
	Fields-Ok
Direct
	Fields-Ok
Non-D
Top 20%
	Fields-Ok
Direct
Top 20%

	Total 
	0.75
	0.62
	0.099
	0.021
	0.124
	-0.053

	Males
	0.74
	0.71
	0.096
	0.020
	0.124
	-0.068

	Females
	0.76
	0.56
	0.101
	0.022
	0.123
	-0.041



Table 5b: Mobility indices, wave 1 to wave 2
	
	Shorrocks
Transition
	Shorrocks
Mobility
	Fields-Ok
Non-D
	Fields-Ok
Direct
	Fields-Ok
Non-D
Top 20%
	Fields-Ok
Direct
Top 20%

	Total 
	0.664
	0.518
	0.084
	-0.019
	0.102
	-0.059

	Males
	0.643
	0.587
	0.080
	-0.020
	0.102
	-0.059

	Females
	0.688
	0.470
	0.087
	-0.019
	0.102
	-0.060



Table 5c: Mobility indices, wave 2 to wave 3
	
	Shorrocks
Transition
	Shorrocks
Mobility
	Fields-Ok
Non-D
	Fields-Ok
Direct
	Fields-Ok
Non-D
Top 20%
	Fields-Ok
Direct
Top 20%

	Total 
	0.672
	0.498
	0.093
	0.040
	0.095
	0.006

	Males
	0.672
	0.577
	0.093
	0.040
	0.094
	-0.009

	Females
	0.677
	0.441
	0.093
	0.041
	0.095
	0.019






 


Figure 1: Change in normalised BMI rank mobility curve – wave 1 to wave 2
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Figure 2: Normalised BMI Rank mobility curve – wave 1 to wave 3
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Figure 3: Normalised BMI Mobility curve – wave 1 to wave 3
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Figure 4: BMI Absolute Mobility Curve
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Figure 5a: Upward mobility dominance by gender
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Figure 5b: Upward mobility dominance by gender, 80th percentile and above
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Figure 6: Total number of moves between BMI categories
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