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Abstract

Background

Children with cystic fibrosis (CF) from socioeconomically deprived areas have poorer growth,
worse lung function, and shorter life expectancy than their less-deprived peers. While early
growth is associated with lung function around age 6, it is unclear whether improving early
growth in the most deprived children reduces inequalities in lung function.

Methods

We used data from the UK CF Registry, tracking children born 2000-2010 up to 2016. We
extended the interventional disparity effects approach to the setting of a longitudinally measured
mediator. Applying this approach, we estimated the association between socio-economic
deprivation (children in the least versus most deprived population quintile; exposure) and lung
function at first measurement (ages 6-8, outcome), and the role of early weight trajectories (ages
0-6) as mediators of this relationship. We adjusted for baseline confounding by sex, birthyear,
and genotype and time-varying intermediate confounding by lung infection.

Results

The study included 853 children, with 165 children from the least and 172 from the most
deprived quintiles. The average lung function difference between the least and most deprived
quintiles was 4.5% of predicted forced expiratory volume in 1 second (95% CI: 1.1 - 7.9). If the
distribution of early weight trajectories in the most deprived children matched that in the least

deprived children, this difference would reduce to 4% (95% CI: 0.57 — 7.4).
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Conclusion

Socio-economic deprivation has a strong negative association with lung function for children
with CF. We estimate that improving early weight trajectories in the most deprived children
would only marginally reduce these inequalities.

Keywords: cystic fibrosis, health inequalities, health disparities, socio-economic conditions,

deprivation, interventional disparity measures, interventional effects
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Introduction

Cystic fibrosis (CF) is a serious inherited condition affecting approximately 1 in 2,500 babies in
the UK and over 100,000 people worldwide 2. CF is a genetic disease caused by variants of the
CF transmembrane conductance regulator (CFTR) gene. Symptoms include the build-up of thick,
sticky mucus in various organs, in particular those of the respiratory and digestive systems.
There is no cure for CF and most people die prematurely from their disease through respiratory
failure. The median life expectancy for a baby born with CF in the UK in 2022 is 56 years®.
Nutritional management is an essential part of the multidisciplinary care people with CF receive
to preserve health and slow decline #. In the majority of people with CF mucus blocks the
passage of enzymes from the pancreas to the small intestine. In addition, an imbalance of the
secretion of bicarbonate and acid in the digestive system and reduced gastrointestinal motility all
lead to malabsorption and maldigestion of fat, protein, and fat-soluble vitamins*®. Thus,
achieving and maintaining good nutritional status and therefore healthy growth is difficult for
many people with CF and is further impacted by increased energy requirements due to infections
and worsening lung function®.

Child growth and nutritional status in early life as measured by weight-for-age, height-for-age,
and percent ideal body weight, are positively associated with lung function at age 6 for children
with CF and it has been suggested that interventions aimed at improving child growth and
nutrition in early life may improve later pulmonary function’. In children with CF diagnosed
within 6 months after birth and who were malnourished at diagnosis, weight-for-age
improvements to reach their birthweight percentile by age 2 is associated with improved lung
function at age 6, while maintenance of weight-for age, height-for age and BMI percentiles from

ages 2 to 6 has no strong additional effect on pulmonary function®.
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Children with CF from socio-economically deprived areas in the UK have worse outcomes than
those from more affluent areas® 1. They have lower nutritional status as measured by weight-for-
age, height-for-age, and BMI from infancy compared to children from less deprived areas. Lower
lung function is also evident in children from more deprived areas as soon as this can be
routinely measured at around age 6°. Although there is some evidence from other countries that
these inequalities, the unfair differences in outcomes between children with CF from socio-
economically more and less deprived backgrounds, may widen with age*>*3, no evidence has
emerged that this is the case in the UK*. Therefore, understanding the pathways that lead to
inequalities in lung function at age 6 is crucial to identifying potential targets for interventions
that could reduce inequalities in CF across the life-course.

In this study we were interested in examining how unequal growth and nutrition in the first 6
years of life can explain inequalities in lung function (when first measured around age 6)
between groups of children from areas with different levels of socio-economic deprivation in the
UK CF population. More specifically, we estimated the association between socio-economic
deprivation at birth and lung function at first measurement between ages 6-8, and the extent to
which this could be reduced if we were to intervene to improve the weight trajectories, as
markers of growth and nutrition, in the most deprived children such that they have the same
distribution as those in the least deprived children.

To estimate the effects of interest, we build on recent developments in the causal inference
literature that have led to the definition of “interventional disparity effects”*® and extend this

approach to the setting with a longitudinally measured mediator.



1871ZIMNZIDBPXZOBBAROATOAEIDYIASALLIAIPOOAEIEAHION/AD AUMY

TXOMADUOIAXYOHISABZIYTCA+BYNIOITWNOTIZTARYHARSHNAUG Aq wapida/woo:mm| sfeuinoly:dny wolj papeojumoq

§202/0¢/T0 uo

Methods

Data Source

We used data from the UK CF Registry, which has been collecting information since the 1990s
and is estimated to cover 99% of the current UK CF population?®. It records data from
comprehensive annual reviews of individuals with CF, including assessments of lung function,
nutritional status, and the microbiology of respiratory tract secretions since the previous review.
Demographic details, including socio-economic status, are also documented. Our dataset
includes follow-up data up to the end of 2016.

Setting and Participants

We included children who were born after 2000, were diagnosed by newborn screening, had at
least one lung function measure between ages 6-8 years and at least one weight measurement
between birth and <7 years of age, i.e. before or at the same time as the lung function measure.
We excluded individuals who did not have complete data on sex, genotype, year of birth and
socio-economic conditions.

Outcome, exposure, mediator, and confounders

Figure 1 shows for the outcome, exposure, mediator and confounders, their assumed
relationships and when they are measured. Our outcome of interest was the first available lung
function measurement taken between age 6 and up to but excluding age 9 (i.e. between ages 6-8)
given by percent of predicted forced expiratory volume in one second (%FEV1) based on Global
Lung Function Initiative reference equations, which adjust for sex, age, height and ethnicity'’.

%FEV1 is treated as a continuous variable.
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Our exposure of interest was socio-economic conditions at birth. Measures of individual socio-
economic conditions are not available in the UK CF Registry. As a proxy for socio-economic
conditions at birth, we used the Index of Multiple Deprivation, a relative measure of deprivation
at small-area level linked to first home-address postcode recorded in the registry. This index
combines information on income, employment, health, education, access to services,
crime/safety and environment/housing*®-2%. Since the domains differ between England, Wales,
Scotland, and Northern Ireland, we calculated country-specific Index of Multiple Deprivation z-
scores!! to obtain a comparable measure of deprivation across these regions. All children were
included in the study, but our main interest was the difference in outcome between children in
the highest and lowest quintile of deprivation (see eAppendix; http://links.lIww.com/EDE/C210
for details). We therefore converted z-scores to quintiles.

Our mediator of interest was weight measured at annual review visits from birth up to but
excluding age 7 as a proxy for growth and nutrition. We used weight-for-age z-scores based on
the UK WHO reference?? as a continuous variable. BMI percentile is the most appropriate
measure of nutrition in children with CF however it cannot be used in children under 2 years of
age as no reference values are available in this age group 2. BMI might also mask the effect of
stunting because height is adjusted for. For these reasons we used weight-for-age z-scores in this
study.

Confounders were identified based on our assumed causal relationships between socio-economic
conditions, weight, and lung function, and their common causes (Figure 1). We included sex
(male/female), birthyear (continuous) and genotype (categorical: number of F508del alleles —
0,1,2. F508del is the most common mutation in CF and people with two copies of F508del have

generally the most severe and those with no F508del copy the least severe disease). Respiratory
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infection may be a time-varying confounder of the mediator—outcome relationship affected by
the exposure®. We only considered infection by Pseudomonas aeruginosa, the most common
cause of infection in the UK CF population under study?*. At any annual review visit, it is
recorded whether an infection with P. aeruginosa had been present since the last annual review
visit.

Statistical methods

Rationale and effects of interest

We were interested in estimating the association between socio-economic conditions at birth
(high versus low) and lung function at first measurement (between ages 6-8) and the extent to
which it can be explained by early weight trajectories. Figure 1 illustrates the assumed causal
relationships between socio-economic conditions, weight, first lung function measurement and
their common causes, including baseline and time-varying confounders of the mediator—outcome
relationship that are also affected by exposure (intermediate confounders), and latent variables,
which are assumed present but not observed.

Deprivation at birth as measured by the Index of Multiple Deprivation is multi-factorial and
determined by a number of historical factors, and it is difficult to conceive of a single
intervention (specifically one that would satisfy the consistency condition?®-27) that could
plausibly be implemented for subsets of the CF population and could shift this exposure.
However, one can conceive of interventions that could be implemented to influence weight gain
for children with CF, which is downstream of the effect of socio-economic conditions at birth
and also related to lung function at around age 6. This motivates defining our effects of interest
in terms of interventional disparity effects, which are a variant of interventional effects?®2°. They

are based on the ideas of counterfactual disparity measures by VanderWeele & Robinson®® and
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Naimi et al®! and were formally defined in the context of multiple mediators by Micali et al*®,
Interventional disparity effect measures define the indirect effects in terms of the effect on the
expected outcome in the exposed group if we could intervene on a mediator so as to shift the
mediator distribution in the exposed to that in the unexposed; direct effects are defined in terms
of the association that would remain between exposure and expected outcome if we could
intervene on a mediator so as to shift the mediator distribution in the exposed to that in the
unexposed. In our context, this enables us to estimate how the association between socio-
economic conditions at birth and lung function at first measurement between ages 6-8 would
change if we could intervene on weight trajectory up to age six. In contrast to interventional
effects, interventional disparity measures do not give a causal interpretation to the estimate of the
effect of the exposure on the outcome. To ensure this is clear, we will refrain from using the
term ‘direct effect’ throughout the rest of the article and will rather refer to it as ‘residual
association’.

We further extend the approach of interventional disparity measures by considering a
hypothetical intervention on a longitudinal mediator trajectory. This is similar to the extension of
interventional effects to incorporate time-varying exposures and mediators3233,

Let X be the exposure of interest, here socio-economic conditions at birth. We are interested in
the contrast between those born in the least and most deprived quintiles of the population. Let X
= 0 indicate that children were born in the least deprived quintile and X = 1 indicate that children
were born in the most deprived quintile. Let Y be the outcome (first lung function measurement
at age [6-9)) and C the vector of baseline covariates (sex, year of birth, genotype). Let M: be a
time-varying mediator (weight) and L a time-varying confounder of the mediator—outcome

relationship affected by the exposure (infection), where t denotes age. The complete set of

10
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mediator measurements up to age T, when the outcome is measured, is denoted M =

(My, ...,My) and similarly L = (L4, ..., L7). Let M¥ denote a random draw from the distribution
of mediator trajectories in those where X=x and C=c. For justification of conditioning the draws
on C, see Supplementary Material. The interventional disparity measure residual association
(IDM-RA) is the difference in the expected lung function between children from the least and
most deprived quintiles, if the weight trajectories of all children were randomly drawn from the
distribution of those observed in the least deprived children within strata of baseline
confounders, standardized to the distribution of baseline confounders across both groups of

children. Formally:
IDM — RA = Z (E[vy(MQ)|Xx =0,€ =] —E[Y(MJ)|X =1,C = ¢)]}P(C = ¢)

The interventional disparity measure indirect effect (IDM-IE) is the difference in expected lung
function amongst the most deprived children if we were to randomly draw their weight
trajectories from the distribution of these in least deprived children versus if we were to
randomly draw their weight trajectories from the distribution of these in the most deprived
children, again standardized to the distribution of baseline confounders across both groups of

children. Formally:
IDM — IE = Z (E[y(MQ)|Xx =1,C=c]—E[Y(MD|X =1,€ = )]}P(C =)

Finally, the total adjusted association (Adj-TA) is the difference in expected lung function
between the least and most deprived children standardized to the distribution of baseline

confounders across the two groups of children. Formally:
Adj —TA = z {E[Y|X =0,C=c]—E[Y|X=1,C=c]}P(C=c)
C
=IDM — RA+ IDM — IE

11
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In all the estimands corresponding integrals and densities are used for continuous C.

The IDM-IE captures the entire effect of socio-economic deprivation on lung function via weight
including any effect from deprivation to infection to weight to lung function. However, it does
not include any effect of deprivation on lung function via infection if this is not also mediated by
weight. For justification of this see Supplementary Material.

Assumptions required for estimation using registry data

We estimate the estimands specified above using UK CF Registry data. This requires several
assumptions: 1. no interference, 2. consistency, 3. positivity, and 4. no unmeasured confounding
of the mediator—outcome relationship. For explanations of assumptions 1-3 in this context, see
eAppendix; http://links.lww.com/EDE/C210. The fourth assumption of ‘no unmeasured
confounding of the mediator—outcome relationship’ includes both baseline and time-dependent
confounders as measured confounders. We include sex, genotype and year of birth as baseline
mediator—outcome confounders, and P. aeruginosa infection as a time-dependent confounder.
However, we are not able to control for development in utero, which we believe could confound
the relationship between weight and lung function (Figure 1) but for which we do not have proxy
measures in the registry data. We will assess the implications of this in the discussion.

As we do not aim to estimate the causal effect of the exposure on the outcome, the assumptions
required for identifiability of these effects are weaker than for other causal mediation
estimands®®. In particular, we do not have to assume no unmeasured confounding of the
exposure—outcome relationship.

Assuming all four conditions are met, we can identify the effects of interest from the observed

data (eAppendix; http://links.lww.com/EDE/C210).

12
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Estimation

Full details of the estimation procedure are given in the eAppendix;
http://links.lww.com/EDE/C210. We provide an overview here. We discretized time and
assumed that one weight and infection measure per year were recorded as is the guideline in the
UK. Our discrete time intervals ran from one birthday up to but not including the next birthday.
For example, measurements recorded after a child’s sixth birthday but before they turned 7, were
labelled as measurements at age 6. We used Monte Carlo simulation to estimate the effects of
interest!>2°. This required a number of parametric models to be specified: (1) for the expected
outcome Y conditional on exposure, mediator at ages 0-6, baseline confounders and time-varying
intermediate confounders at ages 0-6; (2) for the distribution of the intermediate confounder L; at
each age 0-6 conditional on exposure, baseline confounders, mediator value at the previous age
and previous intermediate confounder value; and (3) for the distribution of the mediator M; at
ages 0-6 conditional on exposure, previous mediator value, baseline confounders and
intermediate confounder value at the same age. We fitted these models to data from all children
in the study. See Supplementary Material for the detailed model specification and goodness of
model fit.

For each individual i in the least and most deprived groups, random values were drawn from the
fitted distributions for the mediator Mt and the intermediate confounder L; at each age t=0,...,6
sequentially, conditional on baseline confounder values c;, previous mediator and intermediate
confounder values, and X=0,1. The expected outcome was then sampled for each individual
based on the fitted distribution for Y, conditional on their baseline confounder values ci, X=0,1,
and the previously generated draws m¢ and | for t=0-6. The above process was repeated 1200

times to obtain 1200 draws of the mediators, intermediate confounders, and outcome Y (under

13
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X=0,1) for each individual. We chose the number of repetitions (1200) to render negligible the
Monte Carlo error at two decimal places. We then averaged the conditional mean outcomes to
give the standardized means of the potential outcomes, which we then inserted into the equations
for the IDM-RA, IDM-IE, and Adj-TA to estimate the effects of interest. We used non-parametric
bootstrap (1,000 bootstrap samples) for variance estimation.

Duplicate entries and missing data

In some cases, children had multiple measurements in a year, for example if they moved between
clinics. In these cases, we selected the data from the visit closest to the child’s next birthday that
had complete data on weight and infection status.

We used multiple multivariate imputation by chained equations®* to impute data if weight and
infection status were missing for any years (10 imputed datasets). See eAppendix;
http://links.lww.com/EDE/C210 for the imputation model specification and goodness of fit. We
applied the estimation algorithm to each imputed dataset and pooled point estimates across all 10
datasets. To estimate the 95% confidence intervals, we applied standard multiple imputation
procedures® using the variance estimated across bootstrap samples as approximation of the
within imputation variance®®. See eAppendix; http:/links.lww.com/EDE/C210 for full details.
Sensitivity Analyses

Lung function is measured with considerable error, due to natural day-to-day variation and
measurement error. In a sensitivity analysis we used all available lung function data up to age 12
for individuals in the study population and fitted a linear mixed effects model with random
intercept and random slope adjusted for sex, genotype, year of birth and deprivation quintile.

Based on this model we predicted lung function at age 6 for all individuals which we used as an

14
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alternative outcome. This also explores the sensitivity of the results to the variability in the time
point of outcome measurement.

Due to the relatively small sample size, the parametric models specified for the estimation
procedure did not include interaction terms or higher-order terms but we conducted a sensitivity
analysis, where we included interaction terms between deprivation and all covariates in the
parametric models (1)-(3) described above.

Ethical Considerations

NHS research ethics approval (Huntingdon Research Ethics Committee 07/Q0104/2) was
granted for the collection of data into the UK CF Registry. The CF Registry committee approved
the use of anonymised data in this study.

Results

Study population

In our population, 853 children met the eligibility criteria (Figure 2) including 165 in the least
deprived quartile and 172 children in the most deprived quintiles (Table 1).

Only 139 individuals (16%) had complete weight data across all ages (15% and 16% in the least
and most deprived quintiles, respectively) (Tablel). 766 individuals (90%) had three or more
measurements, including 154 (93%) and 155 (90%) individuals from the least and most deprived
quintiles, respectively. Missing measurements were primarily due to missing review visits,
although a small number of review visits (87) did not record weight data (18 and 17 in the least
and most deprived quintiles of children, respectively). Amongst the observed data, children in
the most deprived quintile were on average slightly lighter than those in the least deprived

quintile across almost all ages 0-6 (Table 1, Figure 3). The proportion of children ever

15
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diagnosed with Pseudomonas was similar across deprivation quintiles; the same was the case for
mean age at first infection.

There was a social gradient in lung function at first measurement. Mean lung function was
93%FEV1 (SD: 14) and 89 %FEV1 (SD: 18) in the least and most deprived quintiles,
respectively (mean difference 4.6, 95% CI: 1.2-7.9 %FEV1).

Estimated total adjusted association and interventional disparity measures

The estimated total adjusted association (Adj-TA), given as the average difference in lung
function between the least and most deprived quintile of children, was 4.5 percentage points
(95% CI: 1.1-7.9) (Table 2). The estimated interventional disparity measure indirect effect (IDM-
IE) via weight trajectories at ages 0-6 was 0.53 percentage points (95% CI: -0.64-1.7). This is the
estimated amount by which lung function would increase on average in children from the most
deprived quintile of the population if their early weight could be improved to have the same
distribution as that of children from the least deprived quintile of the population. The estimated
interventional disparity measure residual association (IDM-RA) was 4 percentage points (95%
Cl: 0.57-7.4). The difference in lung function at first measurement between children from the
least and most deprived quintiles of the population would therefore be on average 4 percentage
points (95% CI: 0.57-7.4) even if the weight at ages 0-6 was comparable between the least and
the most deprived quintiles of children.

Sensitivity analyses

The Adj-TA, IDM-RA, and IDM-IE from the sensitivity analyses are given in Table 2. The results

are similar to the main results.

16
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Discussion

We assessed the relationship between socio-economic conditions at birth and lung function at
first measurement in children with cystic fibrosis (CF) in the UK, and the extent to which early
inequalities in lung function can be explained by differences in weight trajectories from birth.
We estimated that inequalities in early lung function would only be marginally reduced (4
%FEV1 (95% CI: 0.57-7.4) versus 4.5 %FEV1 (95% CI: 1.1-7.9)) if early weight trajectories
could be improved for children from the most socio-economically deprived backgrounds.

To address this question, we extended the framework of interventional disparity effects to the
setting of a longitudinal mediator and time-varying intermediate confounder. This allowed us to
separate the association between socio-economic conditions and lung function into the effects via
distinct, longitudinally measured pathways, but without giving a causal interpretation to the
estimate of the effect of the exposure. It therefore requires weaker assumptions than more
commonly used mediation methods, and may help gain insights in other areas of health
inequalities research and social epidemiology where the consistency and no-unmeasured
confounding (of the exposure and mediator and or/outcome) assumptions are often not
satisfied13",

Strength and Limitations

A strength of this study is that it uses the UK CF Registry data, which collects data on 99% of
the current CF population. We excluded just under 200 children because of missing data; the
majority of these (156) had no lung function measurement primarily because their first lung
function measurement had not yet been taken at the end of our follow-up in 2016. We are
therefore confident that the exclusion of individuals with missing data did not lead to bias and

that our study population is representative of the UK CF population of children born 2000-2010.
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The data used in this study are recorded systematically at clinical review visits for the purposes
of reporting and research and are therefore more reliable than many observational datasets.
Measurement error in lung function is, however, nevertheless likely to be non-negligible. This
error is non-differential and would therefore not be expected to lead to biased estimates®®. We
also conducted a sensitivity analysis where we used longitudinally collected lung function data to
get an estimate of the error-free measure at age six. As expected, the results agreed with the
results from our main analysis.

The major limitation of this study is that our results rely on untestable assumptions, namely, “no
interference”, “consistency” and “no unmeasured confounding of the mediator—outcome
relationship”. In our setting, the “no interference” assumption states that the lung function of
one child is not affected by the weight trajectory of another. This is plausible especially as
children with CF are encouraged to not meet in person to prevent cross-infections. The second
assumption, consistency, makes assumptions about the hypothetical intervention that would shift
the weight distribution in the most deprived children. We can imagine here a potentially complex
intervention that could combine financial support with aspects of higher levels of training,
engagement and support from dieticians for children from socio-economically deprived
backgrounds and their families. The consistency assumption states that this intervention would
not change the outcome for those children whose weight trajectory was set to the trajectory that
was actually observed. However, it is conceivable that stronger engagement and more support
for more deprived families would improve several other factors which may lead to improved
lung function, such as clinic attendance and self-confidence in other aspects of CF care as well as
reduced parental stress and improved mental health. Therefore, although we did not find any

evidence that a hypothetical intervention on weight would substantially reduce inequalities in
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lung function, it may have positive effects beyond any direct effects on weight. Finally, we had
to assume no unmeasured confounding of the mediator—outcome relationship. According to our
assumed causal relationships (Figure 1), it is plausible that development in-utero impacts early
weight and lung development and there is some evidence that supports that birthweight (but not
gestational age) is associated with lung function at age six**“°. Unfortunately, the UK CF
registry has only recently started collecting data on birthweight and there was no proxy in the
dataset that could be used to assess the impact of ignoring development in-utero in our analysis.
However, as the effect of growth in-utero would have positive effects on early growth and lung
function, then any hypothetical intervention on weight after birth would likely have even less of
an impact than our estimated effect.

Our analysis further relies on the correct specification of the regression models used in the
estimation procedure. Due to the small sample size, we did not include interactions and higher
order terms in our models for the main analysis. However, we did conduct a sensitivity analysis
in which we included interactions between our exposure and all covariates in the models. This
did not substantially change our results although the uncertainty around estimates was increased.
A further potential limitation of the study is the use of the area-based Index of Multiple
Deprivation rather than an individual measure of socio-economic conditions. Some children
living in the most deprived areas may be from affluent families and vice versa. Neighborhood-
level deprivation is a relevant target for public health action. However, in further work analyses
should also be undertaken at individual level, for example by linking family income or maternal
education to the CF Registry data or collecting these data in the registry. Finally, there are
differences in socio-economic conditions between countries, for example people in Wales are on

average more deprived than those in England. Our current approach using withing country
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deprivation z-scores does not take this into account and therefore our analysis may be subject to
exposure misclassification bias. However, approximately 75% or our study population is from
England. Therefore, we expect this bias to have only a small effect if any. Other approaches that
make the comparison of deprivation scores between countries possible, for example by Abel et al
41 require data that we did not have available in the UK CF Registry.

Comparison with other studies and implications for further research and clinical practice
Weight in the first years of life has been shown to be strongly associated with later lung function
in children with CF"842-%° which has led to the development of CF clinical practice guidelines
for nutrition management*®. However, this is the first study that we are aware of that has looked
at the role of early weight in the generation of socio-economic inequalities in lung function in
CF. Although optimal nutrition is undoubtedly important, we found that reducing inequalities in
early weight would likely only have a marginal effect on inequalities in later lung function.
Other factors that may lie on the pathway from socio-economic conditions to lung function have
previously been studied, including the prescription of antibiotics®, exposure to environmental
tobacco smoke*’*8, and age at diagnosis*!. However, it remains unclear what drives inequalities
in early lung function and further research is needed. There is anecdotal evidence that the
regularity of clinic attendance may display a social pattern due to barriers that more socio-
economically deprived families face regarding transportation and the ability to take time off
work. Also, engagement with the clinical care team and health literacy of parents from more
deprived backgrounds may be lower than in less deprived families and may have a role to

play***C. In addition, environmental factors and living conditions need further consideration.
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In the absence of well understood mediators of early inequalities, policy and practice should
focus on addressing upstream drivers of child health inequalities °*. Our results also highlight
that it is important for the clinical care team of children with CF to be mindful of families’
circumstances and focus on optimizing care and support for children with CF from the most
deprived backgrounds. This involves paying special attention to the children’s respiratory health
independent of their growth and nutrition.

Conclusion

There is a strong association between socio-economic conditions at birth and early lung function
for children with CF and we estimated that this would only be marginally reduced if early weight
trajectories could be improved for children from the most deprived backgrounds.

The methods developed and applied here may also help to give insights into the generation of

inequalities in other conditions.
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Figure captions

Figure 1: Assumed causal relationships between socio-economic conditions at birth, early weight
as marker of growth and nutrition, first lung function measurement and their common causes
including baseline and time-varying confounders of the mediator-outcome relationship that are
also affected by exposure, and latent variables, which are assumed present but not observed
(ellipses).

Figure 2: Derivation of the study population.

Figure 3: Weight for age z-scores by age and Index of Multiple Deprivation (IMD) quintile as

given in Table 1.

29



§202/0¢/T0 uo

1871ZIMNZIDBPXZOBBAROATOAEIDYIASALLIAIPOOAEIEAHION/AD AUMY

TXOMADYOINXTOHISABZIy10+eyNIOITWNOIZTARY HJ9GHNQYg Ag wapida/wod mm| sjeusnol;/:diny woly papeojumoq

Tables

Table 1: Demographics and clinical characteristics of the study population stratified by

deprivation quintile.

1=least 2 3 4 5=most | Overall
deprived deprived
n 165 164 180 172 172 853
Male (%) 95 (58 76 (46) 89 (49) 79 (46) 94 (55) | 433(51)
F508 class (%)
Heterozygous 72 (44) 74 (45) 72 (40) 67 (39) 67 (39) | 352 (41)
Homozygous 77 (47) 74 (45) 91 (51) 90 (52) 86 (50) | 418 (49)
other 16 (10) | 16(10)| 17(9) 15(9) 19 (11) 83 (10)
Cohort 2007-2010 (%) 107 (65) | 110(67) | 120(67) | 115(67) | 115(67) | 567 (67)
First measured lung function 93 (14) 91 (14) 91 (15) 89 (17) 89 (18) 91 (16)
mean (SD)
Age at first lung function measure
(%)
6 138 (83) | 142 (86) | 152(84) | 136(79) | 143 (83) | 711(83)
7 24 (15) | 18(11) | 23(13) | 32(19) | 25(15) | 122(14)
8 3(2) 4(2) 5(3) 4(2) 4(2) 20 (2)
Ever diagnosed with 98(59) | 105(64) | 108 (60) | 101(59)| 95(55) | 507 (59)
pseudomonas (%)
Age at first pseudomonas 28(1.6) | 3.2(1.7) | 3.0(1.8) | 3.0(2.7) | 29(1.7) |3.0(1.7)
diagnosis mean (SD)
Number of years with missing
weight data (%)
0 25 (15) 25 (15) 30 (17) 31 (18) 28 (16) | 139 (16)
1 65 (39) 62 (38) 60 (33) 56 (33) 61 (36) | 304 (36)
2 44 (27) 51 (31) 38 (21) 41 (24) 43 (25) | 217 (25)
3 20 (12) 12 (7) 27 (15) 24 (14) 23 (13) | 106 (12)
4-6 11(7) 14 (9) 25 (14) 20 (12) 17 (10) | 87 (10)
Weight z-scores mean (SD)
atage [0-1) -0.35 -0.54 -0.50 -0.45 -0.66 -0.49
(1.2) (1.5) (1.5) (1.4) (1.4) (1.4)
atage [1-2) 0.32 0.40 0.40 0.27 0.08 0.30
(0.88) (1.1) (1.0) (0.89) (1.1) (1.0)
atage [2-3) 0.10(0.92) | 0.26(0.95) | 0.37(0.92) | 0.17(0.88) | 0.14(1.1) | 0.21(0.96)
at age [3 -4) 0.11(0.92) | 0.11(0.97) | 0.18(0.97) | 0.09(0.94) | -0.04 (1.1) | 0.09 (0.97)
at age [4 -5) -0.17(0.97) | -0.00(1.1) | 0.03(1.0) |-0.07(0.93) | -0.17(1.1) | -0.08 (1.0)
at age [5 -6) -0.07 (0.95) | -0.08 (1.0) | -0.03 (0.98) | -0.15(1.0) | -0.14(1.1) | -0.09 (1.0)
at age [6 -7) -0.08 (0.96) | 0.01(1.1) | -0.00(0.98) | -0.03(1.0) |-0.18(1.2) | -0.06(1.1)

SD=Standard deviation.
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Table 2: Estimated total adjusted association and interventional disparity measure direct and

indirect effects. In sensitivity analysis 1 we used predicted lung function at age 6 rather than

observed lung function as outcome; in sensitivity analysis 2 we included interaction terms

between deprivation and all covariates in the models for weight, infection and lung function.

Main analysis

‘ Sensitivity analysis 1

‘ Sensitivity analysis 2

Point estimate (95% confidence interval)

Total adjusted association | 4.5(1.1-7.9) 43(1.7-7) 4.4 (0.95-7.9)
Interventional disparity 0.53 (-0.64 — 1.7) 0.47 (-0.46 — 1.4) 0.23 (-1.6 —2.1)
measure indirect effect

(IDM-IE)

Interventional disparity 4(0.57-7.4) 3.9(1.2-6.5) 4.2 (0.43-7.9)

measure residual
association (IDM-RA)
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Figure 1
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Figure 2

All children in UK CF Registry born between
January 2000 and December 2010 and
diagnosed by newborn screening

N= 1052

l

At least one lung function measurement
between >=6 and <9
N=896

|

Complete data on sex, year of birth,
genotype and socio-economic status
N=869

l

At least one annual review visit < 7 years
of age
N=854

1

At least one weight measurement
between birth and < 7 years of age
N=853
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Figure 3
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