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Abstract 

 

Background: Whilst both family structure and income have previously been indicated as being associated 

with body mass index (BMI), the extent to which the effect of family structure on BMI is mediated 

through income is incompletely understood. Taking the case of the United Kingdom, this study aims to 

investigate the association between family structure, defined in this study as whether children live in a 

one or two adult household, and childhood BMI, and whether this varies by child sex and with increased 

age. Secondly, the study aims to examine whether family equivalised income as a proxy for socio-

economic status, mediates the association between family structure and child’s BMI. 

Methods: This study uses data from the Millennium Cohort Study (MCS). Data from 7,478 children born 

between 2000 and 2001 in the UK at the ages of 3, 5, 7, 11, and 14 was used. Mediation analysis was 

used to consider, at each age, the extent to which the association between living in a one or two adult 

household and BMI was mediated through income overall, and stratified by sex. To assess the robustness 

of the mediation analysis estimates, we used both E-values, and multiple confounder adjustment. 

Findings: At ages 3 and 5, there was no direct or indirect effect of family structure mediated by income 

on BMI. From the age of 7 to 11, the overall proportion of the association mediated vastly increased, 

from 19.70% at age 7 up to 42.70% at the age of 11.  The E-values show that substantial unmeasured 

confounder associations would be needed to fully explain away the conclusions from the mediation 

analysis. Results remained significant when models were additionally adjusted for geographic region, 

main respondent’s (usually mother’s) highest educational attainment, and ethnicity. 

Interpretation: An increasing proportion of the association between family structure and BMI is 

mediated by income as children grow older. The study focuses on the mediating role of income between 

family structure and BMI using the available data as an empirical application of the potential impact of 

income as mediator in the causal pathway. 

 

Keywords family structure; children´s BMI; socioeconomic status; mediation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Jo
urn

al 
Pre-

pro
of



3 

 

Introduction 

The prevalence of childhood overweight and obesity is increasing globally, and has become a major 

public health issue. Overweight and obesity during childhood increases the risk of immediate health 

complications, as well as having long-term consequences for health and wellbeing in adulthood
1-3

, 

placing new and increased pressures on individuals, families and health and social care systems. 

Therefore, understanding factors that can have an important influence on childhood weight and possible 

preventative actions is needed.  

The ecological system theory
4
 highlights the importance of the environment for child outcomes. In this 

model the family has been identified as a core part of a child’s microsystem which immediately 

influences their development and outcomes. Recent research has focused on the association between 

family structure, specifically whether a child lives in a single parent household, and childhood overweight 

and obesity, suggesting a significant relationship
5-10

 or no effects
11,12

. Where significant associations have 

been found, frequently results indicate that living with a single adult increases the risk of childhood 

overweight and obesity.  

Whilst there is an evidence base on whether living in a single adult household is associated with 

childhood overweight and obesity, there has been less consideration of the possible mechanisms that 

could explain this relationship. Family structure may affect the risk of childhood overweight and obesity 

through various economic and social processes. Two-adult families, for example, tend to have a more 

stable economic situation than single-adult families leading to better access to extracurricular activities 

and healthier food
13

. Indeed Scharte et al.’s (2012)
10

 research among German children found that the the 

positive association between living with a single mother and poor health and overweight was attenuated 

when accounting for socio-economic factors, including income.  

Taking the case of the United Kingdom, this study aims to investigate the association between family 

structure, defined here as whether children live in a one or two adult household, and childhood body 

mass index (BMI), and whether this varies by child sex and with increased age at the age of 3, 5, 7, 11 

and 14 years. Secondly, the study aims to examine whether family equivalised income as a proxy for 

socio-economic status, mediates the association between family structure and child’s BMI using a 

potential outcomes based mediation approach
14

.  
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Methods 

Study design and participants 

The Millennium Cohort Study (MCS) data was used for this investigation. The MCS is an ongoing 

longitudinal study of children born between September 2000 and January 2002 in the United Kingdom. 

All births during this timeframe whose family could receive Child Benefit were eligible for inclusion in the 

MCS
15

. Child Benefit is a universal provision payable to parents or guardians from the child’s date of 

birth. 19,244 children (defined as cohort members) and their families were recruited into the MCS at 

baseline. The main respondent was the household member who answered the questions from the health 

visitor, and was either a parent or guardian of the cohort member. 

The sampling was a clustered, stratified design, which oversampled children living in areas of high 

poverty, or in areas with large ethnic minority populations. Details of the study design and sampling 

procedures have been published elsewhere
16

. Visits were conducted by trained interviewers employed 

by the National Centre for Social Research (NatCen), with an initial visit when the child was age 9 

months, with follow-up visits at ages 3, 5, 7, 11, and 14. These visitors collected information on the 

weight and height of the child, equivalised income, and the relationships of each individual in the 

household to the cohort member. 

In order to be included in our present analysis, all information for each of our included variables was 

required for wave 2 of the study, when the child was 3, up until wave 6, when the child was 14. In total, 

17,146 of the original 19,244 children who were enrolled in the MCS were still partaking by the age of 3. 

In order to be included in our final analysis population, full data on the variables of interest was required 

for each child, for all time points. Overall, 7,859 were excluded because they did not participate in all five 

waves. A further 356 were excluded due to missing information on family structure for one or more 

waves. Additionally, 1,311 were excluded because information on BMI was not complete. Finally, of the 

remaining 7,620 children, 142 were excluded because they did not have complete data on equivalised 

income. This resulted in a final sample size of 7,478 children who had complete information, at all time 

points, ensuring the same individuals were being compared over time. We additionally undertook 

analysis which adjusted for geographic region, highest educational attainment of the main respondent 

(usually the cohort member’s mother), and ethnicity. For this adjusted analysis, a further 20 children 

were excluded due to missing data for one or more of the adjustment variables. 

Exposure and mediator 
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The exposure family structure in this study refers to whether the child lives in a one or two adult 

household. For each cohort member, family structure was determined through questions asked about 

the main respondent’s relationship to the cohort member, and the relationship of other household 

members to the cohort member. The main respondent was asked how many household members lived 

in the same residence as the cohort member, and then questions on the relationship of each household 

member to the cohort member. From this, the number of adults in the household could be determined. 

A binary variable was created equal to one if there was one adult in the household, and zero if there 

were two or more adults in the household. 

Information on equivalised income was also recorded by the MCS, derived through questions on 

household resources. Equivalised income is a measure which considers the total income of a household 

after tax and other deductions, that is available for spending, or saving, divided by the number of 

household members. Each household member is weighted according to age, with the assumption being 

the spending capacity of household members differs by age. This division ‘equivalises’ the available 

income, in order to allow for comparability across different households
17-19

.  

Complex survey weights which accounted for unequal selection probability, non-response and attrition 

were applied
20

 to improve generalizability of the results. Standard errors took into consideration 

clustering within wards at the point of recruitment into the study.  

Outcomes 

The outcome for this analysis was childhood BMI.  Information on child weight and height at ages 3, 5, 7, 

11, and 14 was retrieved from the MCS. Children were weighed by MCS interviewers without shoes or 

outdoor clothing, and weight was recorded in kilograms to one decimal place. Height measurements 

were obtained by Leicester Height Measurement Stadiometer and recorded to the nearest millimetre
21

. 

The weight and height measurements were then used to calculate body mass index (BMI), which was 

used as a continuous measure in the outcome model. Overweight and obesity were reported for 

descriptive purposes and defined according to CDC growth chart percentiles. These cut points are sex 

specific, and so are reported separately for girls and boys, not overall
22

. Figure 1 shows via a directed 

acyclic graph (DAG) the hypothesized relationships between the exposure family structure, the mediator 

family income, the outcome child’s BMI, and the confounder age of the main caregiver at baseline.  

In addition to our overall analysis, we conducted an analysis which further adjusted for geographical 

region, main respondent’s highest educational attainment, and ethnicity as covariates. 
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Figure 1- DAG of the relationship between family structure and child’s BMI mediated by family income 

and considering the confounder age of the main caregiver at baseline  

 

Potential outcomes based mediation analysis 

To capture to what extent income mediates the association between family structure (living in a one or 

two adult household) and childhood BMI, we applied a mediation analysis approach built under the 

causal inference framework based on potential outcomes
14

. A series of mediation analyses were 

repeated cross-sectionally over time to show to what extend the mediating role of income changes as 

children grow older. For each child in the study population we denote with Y the outcome “child’s BMI”, 

with A the exposure “family structure”, with M the mediator “equivalised income”, and with C the set of 

baseline confounders including “age of the main caregiver at cohort member’s birth” for the single 

confounder adjusted analysis and additionally “geographic region”, “highest educational attainment of 

the main respondent”, and “ethnicity” for the multiple confounders adjusted analysis, with M(a) the 

potential mediator income when the exposure family structure A is set to a, and finally with Y(am) the 

potential outcome child’s BMI when the exposure family structure A and the mediator income M are set 

to a and m. We can define the natural direct effect (NDE) of family structure on child’s BMI comparing 

the potential outcomes for the two exposure levels A=a (one adult household) and A=ã (two adult 

household)  for a fixed level M=M(ã) of the mediator income, and the natural indirect effect (NIE) 

comparing the potential outcome child’s BMI for differing income levels M=M(a) and M=M( ã) and a 

fixed family structure level of A=a. For the single confounder adjusted analysis when the age of the main 
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caregiver at cohort member’s birth C is set to c the conditional NDE, the NIE, and the TE can be identified 

as  

 

E[NDE|c]=E[Y(a, M(ã ))|c]- E[Y( ã, M(ã ))|c]  

E[NIE|c]=E[Y(a, M(a))|c]- E[Y(a, M(ã))|c] and 

E[TE|c]=E[Y(a) – Y(ã )|c]=NDE+NIE. 

 

 

The NDE and NIE of family structure on child’s BMI can be identified under the assumptions that there 

are no unmeasured confounders of the relationships between family structure and child’s BMI, income 

and child’s BMI, and family structure and income, and there is no income and child’s BMI confounder 

affected by family structure. We estimated the NDE and NIE via structural equation modeling
23

 using 

STATA version 13. We also calculated the proportion mediated (PM) by income as  

 

�� =
���

   ��� + ���       
 

 

which shows the extent to which the effect of family structure on child’s BMI is due to the effect of the 

mediating role of income
24

. The analyses are stratified by children's sex and repeated cross-sectionally at 

ages 3, 5, 7, 11, and 14 and an interaction term between family status and income was considered
25

. 

When the interaction between exposure-mediator is present, the mediation approach based on the 

potential outcome framework leads to different NDE and NIE estimates showing that traditional 

mediation approaches
26

, which rely on the key assumption for the identification of NDE and NIE in the 

model specification used, are not suitable for the identification of the effects
27

. For the single confounder 

adjusted analysis E-values were calculated to give the minimum strength of the unmeasured confounder 

associations necessary to totally nullify the NDE and the NIE of the family structure on child’s BMI. 

Finally, we adjusted for additional confounders to assess whether results remained stable. Confounders 

included were geographic region (south of England or elsewhere), the main respondent’s highest 

educational attainment (degree level or below), and ethnicity (white, or other as self-reported by the 

main respondent). Geographical region in particular we believed could influence both family structure, 

and childhood BMI in the UK context. The north-south divide in health inequalities known to exist in the 

UK means poorer health outcomes, including higher rates of obesity, persist to a greater extent in the 
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north than the south
28

. Small numbers in subcategories led to the decision to use variables categorized 

as binary. 

Results 

 

Characteristics of the analytical sample 

A total of 7,478 children with information available for all the variables used in the analysis were 

included in the study. In Table 1 the characteristics of the children at the ages of 3, 5, 7, 11, and 14 years 

are reported, separately by whether they lived in a one or two adult household. The distribution of the 

characteristics changes slightly over time within children but there are pronounced differences between 

family structure type, with the most likely change being children moving from being in a two adult to a 

one adult household. The predicted mean and 95% CIs for BMI according to age and family structure are 

plotted and displayed in Figure 3 together with the estimated probabilities of overweight and obesity by 

age and family structure (Figure 1A to Figure 2B). For the analysis adjusted for multiple confounders, an 

additional 20 children (total sample 7,458) were excluded due to missing data for one or more of the 

adjustment variables. 

TABLE 1 & FIGURES 1-3 HERE 

 

TABLE 2 HERE 

 

Potential outcomes based mediation analysis 

Table 2 reports the results from the potential outcomes-based mediation analysis approach with single 

confounder adjustment, under which income is not used as a covariate in the outcome regression model, 

but treated as a mediator. Additionally, an interaction between family structure and equivalised income 

is included in the outcome model. The model is run overall, and stratified by sex. The analysis is 

performed cross-sectionally over time at children’s age of 3, 5, 7, 11, and 14 years. The results indicate 

that the NDE of family structure on child’s BMI is insignificant (p-value >0.05, with the exception of 

overall analysis at age 14 and analysis performed in girls at age 11). However, the NIE of family structure 

is significant (p-value <0.05) overall at ages 7, 11 and 14, and for boys and girls separately at ages 11 and 

14, confirming that a sizeable portion of the association between family structure and child’s BMI is 

explained by the mediating role of income. The PM clearly shows the importance of income as a 

mediator, overall, and for boys and girls separately in later childhood and adolescence. The role of family 

Jo
urn

al 
Pre-

pro
of



9 

 

structure mediated by income on child’s BMI appears to be stronger in girls. The E-values show that 

overall and at age of 14, to explain away the NDE of family structure on child’s BMI an unmeasured 

confounder association greater than or equal to 1.97 would be necessary. For boys the association 

should be greater than 1.93 and for girls greater than 2. To cancel away the NIE of family structure on 

child’s BMI the confounder association needed is weaker but still over 1 (1.46 overall, 1.37 and 1.52 for 

boys and girls respectively). To fully explain away the TE, stronger unmeasured confounder associations 

would be needed (2.28 overall, and 2.16 and 2.39 for boys and girls respectively). 

In addition to reporting E-values, we undertook an analysis in which we adjusted for additional potential 

confounders to assess whether this changed the conclusions. In this analysis, we adjusted for 

geographical region, highest educational attainment of the main respondent, and ethnicity (see table 3). 

Results showed that the proportion of the association between family structure and child’s BMI 

mediated by income was considerable after the additional confounding adjustment. 

 

Discussion 

This study aimed to understand the mediating role of income in the association between family structure 

and childhood BMI. We used mediation analysis to avoid potentially inaccurate interpretations which 

could occur when standard regression models are used in isolation. Our results indicated that there is no 

significant direct or indirect effect of family structure, in this analysis defined as whether the child lived 

in a one or two adult household, on child’s BMI before the age of 7. However, as children grow older, the 

association between family structure and child’s BMI increases, and is mediated through income. The 

mediating effect of income increases up until children are 11 years old for both girls and boys. The high 

PM through income remains when children are 14, but does not appear to increase overall and for boys. 

It is possible that the PM remains stable after age 11, a finding which would require further research 

using future data collected for the MCS to confirm. In line with the significance of the estimates from the 

mediation analysis, the E-values increase approximately at each increase in age. Consistent with the 

mediation analysis results, the highest unmeasured confounder associations necessary to completely 

cancel the NDE, the NIE, and the TE estimates, correspond to older ages. The multiple confounders 

adjusted analysis, which included variables on geographic region, main respondent’s highest educational 

attainment, and ethnicity in the model, demonstrated that the indirect effect of family structure 

mediated through income was significant at older ages, and represented a reasonable proportion of the 

total effect of family structure on childhood BMI. 
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It has been consistently found that there is an inverse association between income and BMI, in particular 

development of overweight and obesity, in the UK
29

. The mechanism behind why this is the case could 

relate to the availability of particular food types within a given geographical area
30

, with lower income 

areas tending to have greater access to fast-food outlets and poorer access to healthier foods. For 

example, access to chain supermarkets in which fresh produce is available is statistically significantly 

associated with lower BMI amongst adolescents in the US
31

, indicating that ease of access and 

convenience can play a role in how children consume food, and what they eat. Focusing poor quality 

food with low nutritious value and high calorie content in areas with higher levels of deprivation can 

result in some geographical regions creating a more obesogenic environment than other, usually more 

affluent areas. Additionally, past research has highlighted the larger proportion of lone adult families in 

areas with higher levels of deprivation and lower mean incomes
32

relative to areas with less deprivation 

and more financial resources. Living in areas of higher deprivation could link to obesity due to the 

availability and more widespread advertisement of food with high calorie content. Previous research has 

indicated that food cues such as advertising can affect childhood BMI two years later
33

, indicating that 

the response to an obesogenic environment could be delayed. The effect on the younger children may 

therefore not manifest until they are older, and may explain why there is no indirect effect of family 

structure through income when the children in this study were 3 and 5 years old.  

An interesting finding of this study is the seemingly differential effect of family structure and income on 

childhood BMI by sex. For girls, the effect of family structure before consideration of income as a 

mediating factor is much more evident than is the case for boys (see Figures 1A-2B). Additionally, for 

girls the increase in proportion of the total effect of family structure mediated by income followed a 

clearer pattern as the cohort member grew older relative to boys, with larger differentiation in BMI 

according to family structure in older ages. The reasons for this are incompletely understood, however 

there is evidence to suggest families tend to monitor the weight and healthy eating of girls to a greater 

extent than boys, who are often provided with more calorific foods
34,35

. Past studies have indicated 

parents recognise their child is overweight more frequently if the child is female relative to male
34

, 

possibly due to body ideals of thinness that are applied to girls to a greater extent than boys
36

. If the 

family has the financial resources to access healthier food and lives in a more affluent, generally less 

obesogenic environment, the protective effect on BMI may therefore be stronger for girls than for boys 

due to greater familial intervention, and the resources to apply a less calorific diet to daughters. This 

could partially explain the greater differences between those families with and without such resources 

for girls, relative to boys.  
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Strengths and limitations 

 There are a number of limitations to this study. Calculations of equivalised income rely on accurate 

reports of financial resources by the main respondents in the survey, in this instance usually the cohort 

members’ mother. If income is not accurately reported, it will impact on the reliability of the measure of 

the mediator. Moreover, the mediation approach used strongly relies on the assumption that there are 

no unmeasured confounders of the exposure-outcome, mediator-outcome and exposure-mediator 

relationships, and there is no mediator-outcome confounder affected by the exposure. Additionally, with 

this work we aimed to show with an empirical application the potential role of income as mediator 

between family structure and child’s BMI and consequent risk of overestimating the direct effect of 

family structure on children’s health, attempting to answer the question “Does family structure cause 

obesity or is it income?”. In our application the use of all potential confounders is complicated by several 

issues such as the fact that some confounders are not available for all the time points of interest, and the 

fact that over time, variables which are confounders for one point are potential mediators for a different 

time point. These complications would affect the causal DAG of interest in such a way that is difficult to 

have a suitable adjustment method. Consequently, we decided to focus our research question only on 

the mediating role of income between family structure and child’s BMI using the available data as a mere 

empirical application of the potential effect on the results, and reporting the E-values to gain an 

understanding of the robustness of the estimates to potential unmeasured confounders. We added an 

additional analysis which includes as potential confounders geographical region, highest educational 

attainment of the main respondent, and ethnicity which showed that the proportion of association 

between family structure and child’s BMI mediated by income was considerable even after the 

additional confounding adjustment.  

Despite these limitations, there were several strengths of using the MCS. The MCS is a nationally 

representative probability sample intended, after weighting, to represent the general population of 

children born in 2000 and 2001 in the UK. The repeated measures nature of the sample allows for the 

same children to be followed for their entire childhood up until the age of 14, enabling us to study the 

effect of family structure and equivalised income at each age group and to show how this has an impact 

on health consequences. Self-reported measures of BMI are recognized as frequently being inaccurate 

and often underreported
37

. In this study, BMI measurements were taken by trained visitors, increasing 

the internal validity of the results. Moreover, in this study we used a potential outcomes mediation 

approach which, by avoiding the use of the mediator variable in the outcome model as done by other 
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approaches, reduces the risk of introducing bias in the TE estimate. Namely, when the mediating role of 

a variable is not identified and the variable is used for adjustment in the outcome model, we encounter 

the risk of interpreting the association between the exposure and the outcome as the TE when it actually 

represents only the NDE.  

Conclusion 

Childhood overweight and obesity is becoming a growing public health concern in the UK. Whilst several 

studies have considered the association between family structure and childhood overweight and 

obesity
10

, research on the mediating role of income in this relationship remains relatively under 

investigated. This study provided evidence that a higher proportion of the effect of family structure on 

child’s BMI is mediated through income as the child grows older. Future perspectives could provide more 

nuance to our understanding of the association between family structure and childhood BMI by 

considering the precise nature of the relationships between adults and children within a given 

household. Understanding the links between childhood BMI, family structure and income will aid the 

design of public health interventions to tackle overweight and obesity in childhood.  
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Appendix  

Table 1A 

  Included (n(%)) Excluded (n(%)) 

Age 3     

One adult household 926 (10.6) 211 (12.4) 

Two adult household 6552 (89.4) 1242 (87.6) 

Mean BMI (SE) 16.4 (0.0) 16.7 (0.1) 

Mean equivalised income (SE) 392.2 (8.5) 377.2 (13.3) 

Mean age of caregiver when CM born (SE) 29.9 (0.1) 30.2 (0.2) 

Age 5     

One adult household 1103 (13.1) 256 (15.7) 

Two adult household 6375 (86.9) 1223 (84.3) 

Mean BMI (SE) 16.2 (0.0) 16.6 (0.1) 

Mean equivalised income (SE) 412.0 (8.1) 416.7 (12.7) 

Mean age of caregiver when CM born (SE) 29.9 (0.1) 30.2 (0.2) 

Age 7     

One adult household 1239 (14.9) 275 (16.5) 

Two adult household 6239 (85.1) 1205 (83.5) 

Mean BMI (SE) 16.4 (0.0) 17.0 (0.1) 

Mean equivalised income (SE) 452.6 (8.3) 380.9 (10.1) 

Mean age of caregiver when CM born (SE) 29.9 (0.1) 30.2 (0.2) 

Age 11     

One adult household 1483 (18.7) 308 (18.5) 

Two adult household 5995 (81.3) 1172 (81.5) 

Mean BMI (SE) 18.9 (0.0) 19.6 (0.1) 

Mean equivalised income (SE) 479.5 (6.4) 486.5 (11.3) 

Mean age of caregiver when CM born (SE) 29.9 (0.1) 30.2 (0.2) 

Age 14     

One adult household 1609 (20.5) 349 (22.2) 

Two adult household 5869 (79.5) 1131 (77.8) 

Mean BMI (SE) 21.2 (0.1) 21.3 (0.2) 

Mean equivalised income (SE) 475.9 (6.6) 477.3 (11.1) 

Mean age of caregiver when CM born (SE) 29.9 (0.1) 30.2 (0.2) 

*1809 children are excluded and shown in this table in the excluded column due to missing information for 

one or more variables included in the model. Data missing by definition for at least one variable, for at least 

one time point so numbers do not add up to 1809 at all waves. 
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Table 1- Demographic characteristics of study population 

  One adult household Two adult household Total 

Age 3       

Total 926 (10.6) 6552 (89.4) 7478 

Least deprived income quintile 20 (2.8) 1527 (27.8) 1547 (25.1) 

Second least deprived income quintile 43 (6.2) 1578 (26.5) 1621 (24.4) 

Mid quintile 92 (11.4) 1463 (22.5) 1555 (21.3) 

Second most deprived income quintile 233 (26.3) 1267 (15.4) 1500 (16.5) 

Most deprived income quintile 538 (53.2) 717 (8.9) 1255 (12.7) 

Mean BMI 16.3 (16.2-16.5) 16.4 (16.4-16.5) 16.4 (16.4-16.5) 

Mean equivalised income 181.6 (171.1-192.0) 417.2 (410.6-432.7) 392.2 (386.0-398.5) 

Mean age of main carer when cohort member born 26.6 (26.2-27.1) 30.3 (30.2-30.5) 29.9 (29.8-30.1) 

Overweight (girls) 772 (22.7) 107 (21.7) 879 (22.6) 

Overweight (boys) 752 (22.9) 89 (19.4) 841 (22.5) 

Obese (girls) 293 (8.7) 41 (8.0) 334 (8.7) 

Obese (boys) 383 (11.0) 42 (8.4) 425 (10.7) 

Age 5       

Total 1103 (13.1) 6375 (86.9) 7478 

Least deprived income quintile 37 (4.4) 1535 (29.1) 1572 (25.9) 

Second least deprived income quintile 63 (7.6) 1585 (26.6) 1648 (24.1) 

Mid quintile 158 (16.9) 1396 (21.6) 1554 (21.0) 

Second most deprived income quintile 306 (28.2) 1196 (15.5) 1502 (17.2) 

Most deprived income quintile 539 (43.0) 663 (7.2) 1202 (12.0) 

Mean BMI 16.2 (16.1-16.4) 16.2 (16.2-16.3) 16.2 (16.2-16.3) 

Mean equivalised income 224.8 (215.0-234.6) 440.2 (433.7-446.7) 412.0 (405.8-418.1) 

Mean age of main carer when cohort member born 27.4 (26.9-27.8) 30.3 (30.2-30.5) 29.9 (29.8-30.1) 

Overweight (girls) 850 (25.9) 157 (24.5) 1,007 (25.7) 

Overweight (boys) 911 (28.4) 148 (26.0) 1,059 (28.1) 

Obese (girls) 320 (9.3) 62 (10.1) 382 (9.4) 

Obese (boys) 382 (11.2) 53 (9.5) 435 (11.0) 
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Age 7       

Total 1239 (14.9) 6239 (85.1) 7478 

Least deprived income quintile 46 (5.2) 1545 (30.3) 1591 (26.5) 

Second least deprived income quintile 113 (11.1) 1578 (28.1) 1691 (26.0) 

Mid quintile 181 (17.1) 1361 (20.6) 1542 (20.1) 

Second most deprived income quintile 350 (27.6) 1064 (13.5) 1414 (15.6) 

Most deprived income quintile 549 (39.1) 691 (7.5) 1240 (12.2) 

Mean BMI 16.6 (16.5-16.8) 16.4 (16.3-16.4) 16.4 (16.3-16.5) 

Mean equivalised income 269.0 (257.1-280.1) 484.9 (477.0-492.0) 452.6 (446.1-459.2) 

Mean age of main carer when cohort member born 28.1 (27.6-28.5) 30.3 (30.1-30.4) 29.9 (29.8-30.1) 

Overweight (girls) 724 (22.0) 169 (25.7) 893 (22.5) 

Overweight (boys) 680 (20.8) 145 (23.9) 825 (21.2) 

Obese (girls) 256 (7.4) 69 (10.9) 325 (8.0) 

Obese (boys) 281 (8.0) 57 (9.0) 338 (8.1) 

Age 11       

Total 1483 (18.7) 5995 (81.3) 7478 

Least deprived income quintile 3 (0.3) 1768 (39.9) 1771 (32.5) 

Second least deprived income quintile 57 (4.9) 1752 (31.0) 1809 (26.1) 

Mid quintile 441 (34.5) 1177 (15.5) 1618 (19.1) 

Second most deprived income quintile 548 (36.0) 708 (7.1) 1256 (13.3) 

Most deprived income quintile 434 (24.3) 590 (5.5) 1024 (9.0) 

Mean BMI 19.4 (19.2-19.7) 18.8 (18.7-18.9) 18.9 (18.8-19.0) 

Mean equivalised income 300.9 (295-4306.5) 520.5 (515.8 -525.2) 479.5 (474.9-484.1) 

Mean age of main carer when cohort member born 28.9 (28.5-29.2) 30.2 (30.0-30.3) 29.9 (29.8-30.1) 

Overweight (girls) 779 (24.3) 251 (31.9) 1,030 (25.7) 

Overweight (boys) 822 (25.8) 233 (30.9) 1,055 (26.8) 

Obese (girls) 285 (8.6) 102 (12.5) 387 (9.4) 

Obese (boys) 335 (10.1) 106 (14.3) 441 (10.9) 

Age 14       

Total 1609 (20.5) 5869 (79.5) 7478 
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Least deprived income quintile 17 (1.6) 1962 (43.2) 1979 (34.7) 

Second least deprived income quintile 122 (10.5) 1784 (30.8) 1906 (26.6) 

Mid quintile 484 (34.8) 1059 (14.4) 1542 (18.6) 

Second most deprived income quintile 545 (31.8) 552 (6.9) 1097 (12.0) 

Most deprived income quintile 441 (21.3) 512 (4.7) 953 (8.1) 

Mean BMI 21.8 (21.5-22.1) 21.1 (21.1-21.2) 21.2 (21.1-21.3) 

Mean equivalised income 307.6 (301.9-313.3) 519.2 (514.4-524.0) 475.9 (471.2-480.5) 

Mean age of main carer when cohort member born 29.2 (28.9-29.5) 30.1 (29.9-30.3) 29.9 (29.8-30.1) 

Overweight (girls) 753 (24.6) 280 (31.6) 1,033 (26.1) 

Overweight (boys) 736 (23.8) 225 (26.6) 961 (24.4) 

Obese (girls) 348 (11.0) 144 (16.2) 492 (12.1) 

Obese (boys) 285 (8.9) 120 (14.7) 405 (10.1) 
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Table 2- Mediation analysis for the effect of family structure on children’s BMI with family income as mediator adjusted for a single confounder 

  
NDE P-value E-value*** for 

point estimate 

NIE P-value E-value for 

point estimate 

Total 

effect 

P-value E-value for 

point estimate 

Proportion 

Mediated 

All 

 Age 3 -0.13 0.38 1.31 0 0.88 1.04 -0.13 0.35 1.32  - 

 Age 5 -0.04 0.77 1.16 0.04 0.06 1.16 0 1.00 1.01  - 

 Age 7 0.23 0.13 1.44 0.06 0.02 1.18 0.29 0.05 1.51 19.70% 

 Age 11 0.58 0.15 1.60 0.43 0.00 1.48 1.02 0.01 1.93 42.70% 

 Age 14 1.23 0.01 1.97 0.46 0.00 1.46 1.68 0.00 2.28 27.10% 

 Boys 

 Age 3 -0.07 0.74 1.2 0 0.91 1.05 -0.07 0.74 1.20 

 Age 5 -0.02 0.92 1.11 0.04 0.19 1.16 0.02 0.92 1.11 

 Age 7 0.11 0.59 1.28 0.06 0.09 1.19 0.17 0.39 1.37 33.80% 

 Age 11 -0.12 0.84 1.22 0.40 0.00 1.46 0.27 0.65 1.36  - 

 Age 14 1.14 0.08 1.93 0.33 0.00 1.37 1.46 0.02 2.16 22.30% 

 Girls 

 Age 3 -0.2 0.33 1.44 -0.01 0.80 1.06 -0.21 0.30 1.45  - 

 Age 5 -0.05 0.79 1.18 0.04 0.14 1.17 -0.01 0.97 1.07  - 

 Age 7 0.35 0.11 1.58 0.06 0.16 1.18 0.41 0.05 1.64 13.65% 

 Age 11 1.24 0.02 2.09 0.46 0.00 1.5 1.70 0.00 2.47 27.26% 

 Age 14 1.29 0.06 2 0.56 0.00 1.52 1.85 0.00 2.39 30.15%   

*Outcome model adjusted for age of main caregiver when cohort member was born including the interaction between family structure and income. In the causal 

mediation approach income is treated as mediator and not as covariate in the outcome model. 

**BMI was used as a continuous measure in the outcome model. 

***E-values give the minimum strength of confounder associations needed to explain away the effect of the exposure family structure on the outcome children’s BMI. 

 

 

 

Table 3- Mediation analysis for the effect of family structure on children’s BMI with family income as mediator adjusted for multiple confounders 
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  NDE P-value NIE P-value Total effect P-value 

Proportion 

mediated 

All 

 Age 3 -0.15 0.33 0.01 0.68 -0.14 0.34  - 

Age 5 -0.04 0.75 0.02 0.36 -0.03 0.84  - 

Age 7 0.23 0.14 0.02 0.51 0.24 0.10 6.2% 

Age 11 0.60 0.14 0.23 0.00 0.83 0.04 27.6% 

Age 14 1.25 0.01 0.31 <0.001 1.56 0.00 19.8% 

Boys 

 Age 3 -0.09 0.66 0.01 0.80 -0.09 0.68  - 

Age 5 -0.03 0.90 0.02 0.43 0.00 0.99  - 

Age 7 0.09 0.68 0.01 0.68 0.10 0.62 13.5% 

Age 11 -0.17 0.79 0.18 0.11 0.01 0.98  - 

Age 14 1.22 0.07 0.14 0.19 1.36 0.04 10.6% 

Girls 

 Age 3 -0.20 0.33 0.01 0.61 -0.19 0.35  - 

Age 5 -0.04 0.81 0.01 0.54 -0.03 0.87  - 

Age 7 0.37 0.10 0.02 0.66 0.38 0.07 4.4% 

Age 11 1.29 0.02 0.27 0.01 1.56 0.00 17.3% 

Age 14 1.24 0.07 0.45 <0.001 1.70 0.01 26.7% 

*Outcome model adjusted for age of main caregiver when cohort member was born, income and family structure interaction, geographic region, ethnicity, and main 

respondent's highest educational attainment. In the causal mediation approach income is treated as mediator and not as covariate in the outcome model.  

**BMI was used as a continuous measure in the outcome model. 
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Figure 1A – Probability of overweight or obese by age and family structure - Girls 

 

*Overweight or obese is defined as 85
th

 percentile for BMI according to sex specific CDC growth charts 
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Figure 1B – Probability of overweight or obese by age and family structure - Boys 

 

*Overweight or obese is defined as 85
th

 percentile for BMI according to sex specific CDC growth charts 
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Figure 2A – Probability of obesity by age and family structure - Girls 

 

*Obesity is defined as 95
th

 percentile for BMI according to sex specific CDC growth charts 
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Figure 2B – Probability of obesity by age and family structure - Boys 

 

*Obesity is defined as 95
th

 percentile for BMI according to sex specific CDC growth charts 
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Figure 3 – Predicted mean BMI by age and family structure 

 

*BMI is defined as a continuous measure. 
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