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logistic regression to estimate the odds ratio (OR) and 95% confidence intervals (Cl) of receipt
of MMR vaccination by residential mobility, adjusting for sex, ethnicity, number of children in the
household, household composition, area-level deprivation, and local government area of residence.

Results

We included 150,949 children (51.0% boys) of whom 127,958 (84.8%) had received a first MMR
vaccination and 22.3% had more than one GP-recorded address. Compared to children with one GP-
recorded address, children with multiple GP-recorded addresses were at higher risk of not receiving
their first MMR vaccination by 24 months of age. Those with two GP-recorded addresses had a
54% increased likelihood (OR: 0.46; 95% Cl: 0.44,0.48), and those with three or more GP-recorded
addresses a 68% increased likelihood (0.32; 95% Cl: 0.29,0.36), compared to those with one.

Conclusions

Children who change address in early life are less likely to be protected against measles and other
infections. Measles outbreaks in the UK have been in urban areas with high residential mobility and
low MMR vaccine uptake suggesting the need for review of the immunisation status of children
newly registered with GPs.
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Introduction

Measles is one of the most contagious infectious diseases,
with a reproduction number between 12 and 18 [1]. Measles,
mumps, and rubella (MMR) vaccination is the most effective
public health measure to prevent measles infection, and whilst
children are eligible for the first dose of the vaccine at 12
months in the United Kingdom (UK) [2], the health service is
failing to vaccinate children on time. Coverage for first MMR
vaccination (MMR1) between 12 and 24 months of age in the
UK is around 89% [3]. The north-east London (NEL) region
has the lowest coverage in the UK at around 80% [3], well
below the 95% recommended to achieve herd immunity. This
low coverage is likely to have contributed to almost 2,563
laboratory confirmed cases of measles in England, the majority
in London, in the first ten months of 2024 [4]. It has been
hypothesised that children who move home frequently are less
likely to receive vaccinations.

A child's home environment may affect their health
and development through a variety of factors; the social
and economic stability of the environment, the quality of
the physical space, and the household members sharing
and shaping use of the environment [5-15]. A growing
body of literature suggests that residential mobility during
childhood may be associated with adverse health and
educational outcomes throughout childhood, adolescence and
into adulthood [16].

It has been shown that children who have moved home
at least twice in the first year of life were more likely to
attend hospital for ear, nose and throat infections, injuries,
gastroenteritis, asthma, influenza, and dental conditions [8].
There is mixed evidence about the association between
residential mobility and receipt of childhood vaccinations.
Researchers found children in England were less likely to
have received the MMR1 vaccination by three years of
age, if they had moved home twice or more, compared to
not moving, between the ages of nine months and three
years [11]. Similarly, in Canada, the likelihood of being
incompletely immunised by age seven was greater in children
who had moved residence two times or more, compared to
those who had moved one time or less [17]. Conversely, a
study investigating childhood immunisation rates in Wales,
UK showed no differences between children experiencing
residential mobility or not [10].

Given these conflicting findings and the lack of studies
focused in urban areas with high residential mobility, we
examined associations between residential mobility in an
ethnically diverse, disadvantaged population with low MMR1
vaccine uptake. We hypothesised that children experiencing
changes in address in the first 24 months would be less
likely to receive the MMR1 vaccination between 12 and
24 months of age, compared with those without residential
mobility.

Methods

Study design and setting

We carried out a retrospective longitudinal study using primary
care electronic health records (EHRs) from all general practices

(GP) in seven geographically contiguous areas in NEL: Barking
& Dagenham, City & Hackney, Havering, Newham, Redbridge,
Tower Hamlets, and Waltham Forest. The study protocol
can be found in supplementary file 1 and the Reporting
of studies Conducted using Observational Routinely-collected
health Data (RECORD) Statement in supplementary
file 2.

Study population

We defined the cohort as children registered with a NEL GP
on their second birthday between 15¢ January 2016 and 30"
October 2021. These children would have been eligible to
receive their MMR1 vaccination between 12 and 24 months
of age between 1% January 2015 and 30" October 2021.
Children could enter the cohort at any point between birth
and their second birthday.

Data sources

Pseudonymised data were provided from the NEL Discovery
Data Service which receives daily primary care EHR data
from all GPs in NEL. Demographic and clinical data were
extracted for children ever registered with a NEL GP and
included children who may have died or left the area. Data
were extracted on 23'4 November 2021 and included all clinical
events up to 15 November 2021. All data were extracted
and managed according to UK National Health Service (NHS)
information governance requirements [18].

Data processing

Every addressable location in Great Britain is assigned
a Unique Property Reference Number (UPRN). UPRNs
identify a place of residence at a granular level, identifying
individual properties, for example houses or flats within a
block or building shell. UPRNs are allocated to GP-recorded
addresses using the validated AddreSS MatchInG to Unique
Property Reference Numbers (ASSIGN) algorithm [19], and
pseudonymised into Residential Anonymised Linkage Fields
(RALFs) within the Discovery Data Service, using a study-
specific encryption key. We have previously described the
process for identifying household members at a point in time
[20, 21].

We identified 167,790 children born between 1% January
2014 and 30" October 2019 and with a single ‘regular’ (as
opposed to temporary) NEL GP registration on their second
birthday, with at least one RALF. We excluded 1,744 children
with a poor-quality RALF match, and 4,315 with a RALF
associated with a non-residential building. We further excluded
2 with unknown sex or implausible address dates. We retained
only those living with at least one adult aged 18-100 years
(figure 1). Our final study sample comprised 150,949 children
(90.0%). Characteristics of those excluded from the study
sample can be found in supplementary file 3 table 1.

We extracted sociodemographic, household and geographic
data for each child, together with — for each child — all clinical
events relating to MMR1 procedures. We derived a proxy date
of birth by assigning day of birth to the first day of the week
using the calendar week and year of birth.
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Figure 1: Study sample
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Primary outcome

We defined timely MMR1 vaccination as receipt of the
MMR1 vaccination between 12 and 24 months of age.
This is consistent with the Cover of Vaccination Evaluated
Rapidly (COVER) measures in place during the study
period [3]. We identified MMR1 vaccination using a pre-
specified list of clinical Systematized Medical Nomenclature
for Medicine (SNOMED) terms (supplementary file 3 table 2).
In accordance with the UK Health Security Agency guidelines
[2], MMR1 vaccinations given before 12 months of age were
ignored, and in these analyses, follow-up was censored at
24 months, however some children may have received their
vaccination after this age.

Final study sample

n=150.949

Main exposure

The main exposure was residential mobility during early
childhood, defined as the number of GP-recorded addresses
in the child’s EHR, as identified by unique residential RALFs
between their earliest GP registration and either their MMR1
vaccination date or second birthday. We assumed that children
with periods of time without a NEL GP registration were living
elsewhere and added one to the count of RALFs for each period
of greater than 30 days when a child was not registered with
a NEL GP. Similarly, we added one to the count of RALFs for
children who were aged greater than 60 days old when they
first registered with a NEL GP. Residential mobility (number
of RALFs) was categorised into one, two, three or more (see
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Figure 2: Counting general practice-recorded addresses as unique Residential Anonymised Linkage Fields (RALFs)
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figure 2). 2,345 (1.6%) of 150,949 children had at least one
unregistered period lasting more than 30 days (2,294 had one
unregistered period, 51 had two or more). Unregistered periods
of more than 30 days ranged from 31 to 657 days, with a
mean length of 113.5 days (standard deviation: 100.7) and
median length of 74 days (interquartile range: 44,146). We
assume that 24,943 (16.5%) of 150,949 children moved into
NEL during the period of follow-up — they were aged more than
60 days old at the time of their first NEL GP registration. The
age at first GP registration ranged from 0 to 778 days, with
a mean age of 226.4 days (standard deviation: 171.9) and a
median age of 169 days (interquartile range: 78,336).

Covariates

We included individual-, household-, and area-level characteri-
stics as covariates. Individual-level characteristics included
the child’'s sex and ethnic background, classified using the
NHS 1641 categorisation: White British, White Irish, Other
White, Chinese, White & Asian, White & Black African,
White & Black Caribbean, Other Asian, Other Mixed,
Other, Bangladeshi, Indian, Pakistani, Black African, Black
Caribbean, and Other Black [22].

Household-level characteristics included the number of
children living in the household and household composition.
Both were defined on the date of the child’'s second birthday.
The number of children in the household was defined as
the total number of people (including the cohort child) aged
under 18 years sharing the same RALF as the cohort child
on the cohort child’s second birthday. We categorised this
into: one, two, three, four or more. We categorised household
composition using a modified Harper and Mayhew method

[23] by counting the number of household members in three
age brackets: 0-18 years (children), 19-64 years (working age
adults) and 65 or older (older adults) and grouping into:
working-aged adults with children; a single working age adult
with children; other.

Area-level characteristics included local authority of the
child's GP and area-level deprivation. We used the 2019
Income Deprivation Affecting Children Index (IDACI) at decile
level [24], linked using the 2011 Lower layer Super Output Area
(LSOA) of the child’s home address. An LSOA has an average
population of 1,500 people or 650 households. The IDACI
score measures the proportion of children under 16 in low-
income households for an area. IDACI deciles were collapsed
into quintiles from most to least deprived.

Statistical analyses

We explored variation in the proportion of children receiving
a MMR1 vaccination by residential mobility and other
covariates, and described the differences in the proportion
of children receiving the MMR1 vaccination by 24 months
of age. We also explored variation in residential mobility by
the covariates. We conducted binary logistic regression to
estimate the crude and adjusted odds (odds ratio [OR] and
95% confidence interval [Cl]) of a timely MMR1 vaccination
by residential mobility, using a stepwise approach to adjust for
individual-, household-, and area-level covariates. We present
OR (95% CI) of a timely MMR1 vaccination in four models:
1) Univariable; 2) Adjustment for individual-level factors (sex
and ethnic background); 3) Adjustment for individual- and
household-level factors (number of children in the household
and household composition); 4) Adjustment for individual-,
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household-, and area-level factors (IDACI quintile and local
authority).
All analyses were conducted using Stata (MP/17.0).

Sensitivity analyses

We repeated all analyses without adding one more to the count
of addresses for children who were aged greater than 60 days
old when they first registered with a NEL GP (figure 2 example
9) or for each period of greater than 30 days when a child was
not registered with a NEL GP (figure 2 examples 6 and 7). We
also repeated all analyses on a sub-sample of 109,711 children
born between 15% January 2014 and 20" March 2018 and
therefore eligible to receive their MMR1 vaccination between
12 and 24 months of age between 1°¢ January 2015 and 20"
March 2020. The receipt of MMR1 vaccination among these
children is expected to be unaffected by the 2019 Coronavirus
(COVID-19) pandemic. Results of both sensitivity analyses are
presented in the supplementary material.

Patient and public involvement

Patients and the public were not involved in the design of this
research.

Results

Our sample of 150,949 children (51.0% boys) was ethnically
diverse (30.8% White [White British, White Irish and Other
White], 8.2% Black [Black African, Black Caribbean and
Other Black], 21.4% South Asian [Bangladeshi, Indian and
Pakistani]; table 1). Overall, 127,958 of 150,949 (84.8%;
95% Cl: 84.6,84.9) children received their MMR1 vaccination
between 12 and 24 months of age. The majority (n=117,156;
77.6%) of children had only one GP-recorded address before
either their MMR1 vaccination or second birthday, 21.0%
(n=31,769) had two, and 1.3% (n=2,024) had three or more
(the complete distribution of changes in GP-recorded address
can be found in supplementary file 3 table 3).

Almost one third of children were single-children (31.8%),
and most (73.9%) lived with at least two working age adults.
The majority (78.1%) lived in areas in the two most deprived
IDACI quintiles.

The proportion receiving a MMR1 vaccination by 24
months of age varied by residential mobility (table 2). The
proportion of children with two (75.5%; 95% ClI: 75.0,76.0) or
three or more GP-recorded addresses (68.7%; 66.7,70.7) were
less likely to have received their MMR1 vaccination by their
second birthday, compared with those with one GP-recorded
address (87.6%; 87.4,87.7). The proportion of children with
a MMRI1 vaccination by 24 months of age was higher than
average among children from White British, Chinese, White
& Asian, Other Asian, and South Asian ethnic backgrounds,
and lower than average among those from White Irish, Other
White, White & Black Caribbean, Other, and Black ethnic
backgrounds. The proportion vaccinated by 24 months was
also higher than average among children living in households
with one or two children, and lower among those living with a
single adult. Across the seven local authorities, the proportion
of children receiving their MMR1 vaccination by 24 months of

age ranged from 75.8% (City & Hackney) to 89.9% (Havering
and Tower Hamlets).

The proportion of children with three or more GP-recorded
addresses was higher than average among those from White
Irish and Other White, Black African and Other Black ethnic
backgrounds (table 3). Residential mobility also varied by
the number of children in the household and household
composition. The proportion of children with three or more
GP-recorded addresses was higher among those living in
households with four or more children or with a single
adult.

In univariable analyses, children with two (OR: 0.44; 95%
Cl: 0.43,0.45) or three or more GP-recorded addresses (0.31;
0.28,0.34) were less likely than those with only one to receive
their MMR1 vaccination by 24 months of age (figure 3 and
supplementary file 3 table 4). In each iteration of the stepwise
modelling process, adding individual-, household-, and area-
level covariates marginally attenuated this association. In
the fourth model (adjusting for individual-, household-, and
area-level covariates) the likelihood of receiving a MMR1
vaccination by 24 months of age was 54% lower among
(compared to 56% in univariable analyses) those with two
GP-recorded addresses, and 68% lower among those with three
(compared to 69% in univariable analyses), compared to those
with only one GP-recorded address.

Sensitivity analyses

In sensitivity analyses not adjusting for periods without a
GP registration, 94.4% of children had only one GP-recorded
address before their MMR1 vaccination or second birthday,
5.4% had two, and 0.2% three or more (supplementary file
3 table 5). The proportion of children receiving their MMR1
vaccination by 24 months of age varied by residential mobility
(supplementary file 3 table 6). Children who had two, or three
or more GP-recorded addresses were less likely to have received
their MMR1 vaccination by their second birthday, compared
with those with one (81.3%; 95% Cl: 80.5,82.1; 74.5%;
68.9,79.4; 85.0%; 84.8,85.2; respectively). After adjustment
for individual-, household-, and area-level covariates, children
with two, or three or GP-recorded addresses were less likely
than those with only one to receive their MMR1 vaccination
by 24 months of age more (OR: 0.74; 95% Cl: 0.69,0.79; 0.45;
0.33,0.62) (figure 4 and supplementary file 3 table 7).

Results were similar in sensitivity analyses restricted to
children eligible for their MMR1 vaccination before the
COVID-19 pandemic (supplementary file 3 tables 8-10).
After adjustment for individual-, household-, and area-level
covariates, children who had two, or three or more GP-recorded
addresses were less likely than those with only one to receive
their MMR1 vaccination by 24 months of age (OR: 0.45; 95%
Cl: 0.43,0.47; 0.33; 0.29,0.38) (figure 4 and supplementary file
3 table 10).

Discussion

Summary of key findings

To our knowledge, this is the first study in an urban, mobile,
and ethnically diverse population to examine MMR1 receipt by
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Table 1: Sample characteristics

All children
n % 95% CI!
MMR? status
No MMR between 12 and 24 months 22901 15.2 15.1,15.4
MMR between 12 and 24 months 127958 84.8 84.6,84.9
Number of GP-recorded addresses®
1 117156 77.6 77.4,77.8
2 31769 21.0 20.8,21.3
3 or more 2024 1.4 1314
Sex
Male 77036 51.0 50.8,51.3
Female 73913 49.0 48.7,49.2
Ethnic background
White British 27492 18.2 18.0,18.4
White Irish 324 0.2 0.2,0.2
Other White 18617 12.3 12.2,12.5
Chinese 936 0.6 0.6,0.7
White & Asian 1533 1.0 1.0,1.1
White & Black African 1142 0.8 0.7,0.8
White & Black Caribbean 1157 0.8 0.7,0.8
Other Asian 4497 3.0 29,31
Other Mixed 3206 2.1 2.1,2.2
Other 6442 4.3 4244
Bangladeshi 14350 9.5 9.3,9.6
Indian 8062 5.3 5.2,56.,5
Pakistani 9878 6.5 6.4,6.7
Black African 7130 4.7 46,4.8
Black Caribbean 1421 0.9 0.9,1.0
Other Black 3800 25 24,26
Missing 40962 27.1 26.9,27.4
Number of children in the household*
1 48049 31.8 31.6,32.1
2 48020 31.8 31.6,32.1
3 27978 18.5 18.3,18.7
4 or more 26902 17.8 17.6,18.0
Household composition®
Adults with child(ren) 111529 73.9 73.7,74.1
Single adult with child(ren) 25253 16.7 16.5,16.9
Other 14167 9.4 9.2,9.5
IDACI quintile®
1 - most deprived 61779 40.9 40.7,41.2
2 56157 37.2 37.0,37.4
3 21491 14.2 14.1,14.4
4 8300 5.5 5.4,5.6
5 - least deprived 3191 2.1 2.0,2.2
Missing 31 0.0 0.0,0.0
Local authority
Barking 19376 12.8 12.7,13.0
City & Hackney 19589 13.0 12.8,13.1
Havering 18264 12.1 12.0,12.3
Newham 26315 17.4 17.2,17.6
Redbridge 24162 16.0 15.8,16.2
Tower Hamlets 21029 13.9 13.7,14.1
Waltham Forest 22214 14.7 14.5,14.9

1Confidence interval. 2Measles, mumps and rubella vaccination status. 3General practice. “Number of people aged 0-17.9 years
sharing the same address on the date of the child’s second birthday. ®*Household composition defined on the date of the child’s
second birthday. 62019 Income Deprivation Affecting Children Index quintile.
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Table 2: Sample characteristics by first measles, mumps and rubella (MMR) vaccination status

No MMR between 12 and 24 months MMR between 12 and 24 months
n % 95% CI' n % 95% CI!
All 22991 15.2 15.1,15.4 127958 84.8 84.6,84.9
Number of GP-recorded addresses?
1 14581 124 12.3,12.6 102575 87.6 87.4,87.7
2 7777 24.5 24.0,25.0 23992 75.5 75.0,76.0
3 or more 633 31.3 29.3,33.3 1391 68.7 66.7,70.7
Sex
Male 11890 154 15.2,15.7 65146 84.6 84.3,84.8
Female 11101 15.0 14.8,15.3 62812 85.0 84.7,85.2
Ethnic background
White British 2873 10.5 10.1,10.8 24619 89.5 89.2,89.9
White Irish 78 24.1 19.7,29.0 246 75.9 71.0,80.3
Other White 3916 21.0 20.5,21.6 14701 79.0 78.4,79.5
Chinese 74 7.9 6.3,9.8 862 92.1 90.2,93.7
White & Asian 167 10.9 94,126 1366 89.1 87.4,90.6
White & Black African 166 145 12.6,16.7 976 85.5 83.3,87.4
White & Black Caribbean 234 20.2 18.0,22.6 923 79.8 77.4,82.0
Other Asian 478 10.6 0.8,11.6 4019 89.4 88.4,90.2
Other Mixed 512 16.0 14.7,17.3 2694 84.0 82.7,85.3
Other 1773 27.5 26.4,28.6 4669 72.5 71.4,73.6
Bangladeshi 1271 8.9 8.49.3 13079 01.1 90.7,91.6
Indian 927 11.5 10.8,12.2 7135 88.5 87.8,89.2
Pakistani 1153 11.7 11.1,12.3 8725 88.3 87.7,88.9
Black African 1111 15.6 14.8,16.4 6019 84.4 83.6,85.2
Black Caribbean 388 27.3 25.1,29.7 1033 72.7 70.3,74.9
Other Black 802 21.1 19.8,22.4 2998 78.9 77.6,80.2
Missing 7068 17.3 16.9,17.6 33894 82.7 82.4,83.1
Number of children in the household?
1 5828 12.1 11.8,12.4 42221 87.9 87.6,88.2
2 6530 13.6 13.3,13.9 41490 86.4 86.1,86.7
3 4483 16.0 15.6,16.5 23495 84.0 83.5,84.4
4 or more 6150 22.9 22.4.23.4 20752 77.1 76.6,77.6
Household composition*
Adults with child(ren) 16540 14.8 14.6,15.0 94989 85.2 85.0,85.4
Single adult with child(ren) 4397 17.4 16.9,17.9 20856 82.6 82.1,83.1
Other 2054 14.5 13.9,15.1 12113 85.5 84.9,86.1
IDACI quintile®
1 - most deprived 9165 14.8 14.6,15.1 52614 85.2 84.9,85.4
2 9277 16.5 16.2,16.8 46880 83.5 83.2,83.8
3 3091 14.4 13.9,14.9 18400 85.6 85.1,86.1
4 1197 14.4 13.7,15.2 7103 85.6 84.8,86.3
5 - least deprived 251 7.9 7.0,8.9 2940 92.1 01.1,93.0
Missing 10 32.3 18.3,50.3 21 67.7 49.7,81.7
Local authority
Barking 3244 16.7 16.2,17.3 16132 83.3 82.7,83.8
City & Hackney 4743 24.2 23.6,24.8 14846 75.8 75.2,76.4
Havering 1851 10.1 9.7,10.6 16413 89.9 89.4,90.3
Newham 3729 14.2 13.8,14.6 22586 85.8 85.4,86.2
Redbridge 3921 16.2 15.8,16.7 20241 83.8 83.3,84.2
Tower Hamlets 2132 10.1 9.7,10.6 18897 89.9 89.4,90.3
Waltham Forest 3371 15.2 14.7,15.7 18843 84.8 84.3,85.3

!Confidence interval. 2General practice. 3Number of people aged 0-17.9 years sharing the same address on the date of the child's
second birthday. *Household composition defined on the date of the child's second birthday. °2019 Income Deprivation Affecting
Children Index quintile.
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Table 3: Sample characteristics by residential mobility (the number of general practice-recorded addresses)

One Two Three or more
n % 95% CI! n % 95% CI! n % 95% CI!
All 117156 77.6 77.4,77.8 31769 21.1 20.8,21.3 2024 1.3 1.3,14
Sex
Male 59832 . 77.4,78.0 16176 21.0 20.7,21.3 1028 1.3 13,14
Female 57324 77.6 77.3,77.9 15593 21.1 20.8,21.4 996 1.3 13,14
Ethnic background
White British 22143 80.5 80.1,81.0 5027 18.3 17.8,18.7 322 1.2 1.1,1.3
White Irish & Other White? 13695 72.3 71.7,72.9 4884 25.8 25.2,26.4 362 1.9 1.7,2.1
Chinese 696 74.4 71.5,77.1 227 24.3 21.6,27.1 13 1.4 0.8,2.4
White & Asian 1210 78.9 76.8,80.9 299 19.5 17.6,21.6 24 1.6 1.1,2.3
White & Black African 844 73.9 71.3,76.4 280 24.5 22.1,27.1 18 1.6 1.0,2.5
White & Black Caribbean 857 74.1 71.5,76.5 282 24 .4 22.0,26.9 18 1.6 1.0,2.5
Other Asian 3586 79.7 78.5,80.9 857 19.1 17.9,20.2 54 1.2 0.9,1.6
Other Mixed 2411 75.2 73.7,76.7 738 23.0 21.6,24.5 57 1.8 14,23
Other 4630 71.9 70.8,73.0 1718 26.7 25.6,27.8 94 1.5 1.2,1.8
Bangladeshi 11385 79.3 78.7,80.0 2788 19.4 18.8,20.1 177 1.2 1.1,1.4
Indian 5873 72.8 71.9,73.8 2081 25.8 24.9,26.8 108 1.3 1.1,1.6
Pakistani 7721 78.2 77.3,79.0 2002 20.3 19.521.1 155 1.6 1.3,1.8
Black African 5336 74.8 73.8,75.8 1671 23.4 22.5,24.4 123 1.7 1421
Black Caribbean 1062 4.7 72.4,76.9 337 23.7 21.6,26.0 22 15 1.0,2.3
Other Black 2837 74.7 73.3,76.0 891 23.4 22.1,24.8 72 1.9 1.52.4
Missing 32870 80.2 79.9,80.6 7687 18.8 18.4,19.1 405 1.0 09,11
Number of children in the household®
1 37216 77.5 77.1,77.8 10195 21.2 20.9,21.6 638 1.3 12,14
2 37925 79.0 78.6,79.3 9503 19.8 19.4,20.1 592 1.2 1.1,1.3
3 21745 7.7 77.2,78.2 5860 20.9 20.5,21.4 373 1.3 1.2,15
4 or more 20270 75.3 74.8,75.9 6211 23.1 22.6,23.6 421 1.6 1.4,1.7
Household composition*
Adults with child(ren) 86675 . 77.5,78.0 23424 21.0 20.8,21.2 1430 1.3 12,13
Single adult with child(ren) 18842 74.6 74.1,75.1 5943 23.5 23.0,24.1 468 1.9 1.7,2.0
Other 11639 82.2 81.5,82.8 2402 17.0 16.3,17.6 126 0.9 0.7,1.1
IDACI quintile®
1 - most deprived 48016 .7 77.4,78.0 12889 20.9 20.5,21.2 874 1.4 1.3,1.5
2 43154 76.8 76.5,77.2 12237 21.8 21.522.1 766 1.4 13,15
3 16726 77.8 77.3,78.4 4493 20.9 20.4,21.5 272 1.3 1.1,1.4
4 6578 79.3 78.4,80.1 1629 19.6 18.8,20.5 93 11 09,14
5 - least deprived 2665 83.5 82.2,84.8 507 15.9 14.7,17.2 19 0.6 0.4,0.9
Missing 17 54.8 37.4,71.1 14 45.2 28.9,62.6 0 0.0
Local authority
Barking 14198 73.3 72.6,73.9 4900 25.3 24.7,25.9 278 1.4 1.3,1.6
City & Hackney 15426 78.7 78.2,79.3 3940 20.1 19.6,20.7 223 1.1 1.0,1.3
Havering 13792 75.5 74.9,76.1 4224 23.1 22.5,23.7 248 1.4 1.2,15
Newham 20403 77.5 77.0,78.0 5539 21.0 20.6,21.5 373 1.4 1.3,1.6
Redbridge 18640 77.1 76.6,77.7 5155 21.3 20.8,21.9 367 15 1.4,1.7
Tower Hamlets 16877 80.3 79.7,80.8 3879 18.4 17.9,19.0 273 1.3 12,15
Waltham Forest 17820 80.2 79.7,80.7 4132 18.6 18.1,19.1 262 1.2 1.0,1.3

1Confidence interval. 2White Irish and Other White combined due to small cells. 3Number of people aged 0-17.9 years sharing the
same address on the date of the child's second birthday. *Household composition defined on the date of the child’s second birthday.
Three generation and skipped generation households combined with other household compositions due to small cell sizes. 2019
Income Deprivation Affecting Children Index quintile. Missing category not reported due to small cell sizes.

residential mobility. After adjustment for covariates known to children with increased residential mobility. Compared with
be associated with MMR1 vaccination and residential mobility, children with just one address, children with two GP-recorded
we found a reduced likelihood of MMR1 vaccination among addresses were 54% less likely, and those with three or more,
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Figure 3: Odds ratios for measles, mumps and rubella vaccination by number of GP-recorded addresses, by 24 months of age
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68% less likely, to receive their MMR1 vaccination by 24
months of age.

Strengths and limitations

We used routine primary care EHRs available for an entire
population of children registered with all NHS general practices
in one region of London. These results highlight inequalities in
timely vaccination coverage, leaving children who experience
residential mobility more susceptible to measles infection.
Coding of routine childhood vaccinations by primary
care teams in NEL is facilitated by data entry templates
with standardised coding enabling high quality recording of
childhood vaccinations at the point of care. We developed and
validated a SNOMED code specification which we mapped to
Read code [25] and local system codes to ensure a maximally
sensitive search strategy for identifying MMR1 vaccinations.
We used robust statistical methods, including retrospective
longitudinal analyses, to investigate the association between

residential mobility and receipt of MMR1 vaccination. We
confirmed our results were not impacted by the COVID-19
pandemic in our sensitivity analyses.

We used a robust methodology to identify household
members on the second birthday. The ASSIGN algorithm has
been shown to match 98.6% of primary care patient addresses
to UPRNs [19]. We observed a marginally lower proportion of
children receiving the MMR1 vaccination between 12 and 24
months of age among those excluded from the study sample,
compared with those included. The explanation for this
remains unclear. We excluded children living in non-residential
households. It is possible that we included household members
who no longer live at their registered address due to a time
lag between a patients’ GP registrations, and a period of
time where a patient has moved on from an area but remains
registered with a GP. Hence, we may have overestimated the
true number of children in the household. On the other hand,
it is also possible we excluded children where it appeared they
did not live with any other adults/household members in cases
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Figure 4: Odds ratios for measles, mumps and rubella vaccination

by number of GP-recorded addresses, by 24 months of age,
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where other household members were not registered with a GP
at the time of the child’s second birthday.

Our cohort definition included children registered with a
NEL GP on their second birthday. By definition, this excluded
children who may have been registered with and vaccinated
by a NEL GP between 12 and 24 months of age, but who
subsequently moved out of NEL and were not captured in our
study sample, consequently excluding children experiencing
residential mobility from our sample. Whilst not perfect, this
approach enabled comparison of the characteristics of children
registered with a NEL GP on their second birthday who
did or did not receive MMR1 between 12 and 24 months
of age. Additionally, we excluded children with multiple GP
registrations, and those not living with any adults. It is
possible these children have a different experience of MMR1
vaccination, compared with children included in our study
sample.

We made some assumptions about residential mobility
during periods of time when children were not registered with
a NEL GP. We added one to the count of addresses for children
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aged greater than 60 days old when their first GP registration
started, assuming these children had moved into NEL from
elsewhere. Similarly, we added one to the count of addresses
for each period of more than 30 days when a child was not
registered with a NEL GP between their first registration and
second birthday/date of MMR1 vaccination. We did not have
information about the child’s place(s) of residence during
these time periods and have assumed they lived elsewhere.
We conducted sensitivity analyses without this adjustment, as
we recoghise it is possible unregistered periods are a result of
administrative delays in registration. Whilst the magnitude of
the effect of residential mobility was not as great, the direction
of the effect remained the same, where children with two or
more GP-recorded addresses were less likely to receive their
MMR1 vaccination by 24 months of age.

EHRs are a source of routinely-collected administrative
data, and do not provide information about the motivation
for moving home. Linkage to other data sources, such as
the Census, could provide additional information, for example
about property tenure, which could aid interpretation of
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residential mobility. This was not in the scope of this
study.

Whilst our study has focused on receipt of the MMR1
vaccination by 24 months of age, it is important to recognise
that some children may receive a delayed vaccination after 24
months of age, and a second dose, now due at approximately
18 months of age, is essential for full protection [2]. Additional
research investigating receipt of delayed vaccinations and the
second MMR vaccination by age five years would further
our understanding and improve identification of children with
increased measles susceptibility.

Comparison with existing literature

Our finding supports research in Canada which found the
likelihood of being incompletely immunised by age seven was
greater in children who had moved residence two times or
more, compared to those who had moved one time or less. It
is hypothesised that increased residential mobility may inhibit
the development of long-term relationships with GPs and other
healthcare workers, as well as bringing additional logistical
barriers to vaccination which may arise due the chaos and
competing priorities of residential instability [11].

Our estimates of residential mobility are considerably lower
than those estimated from a nationally representative sample
of children participating in the Millennium Cohort study
[12, 26], although this difference is likely explained by the use
of a longer follow-up period (up to age five years) in these
studies.

Our findings are not consistent with evidence from
the same national UK cohort, which found no difference
in parentally-reported MMR1 immunisation status at three
years of age among children who moved between birth and
three years of age compared to those who did not move
[11]. Similarly, in Wales it was reported that moving home
frequently did not increase the odds of not being immunised
when compared to not moving home [10]. As well as looking
at coverage, they also reported that residential mobility did
not impact on the timeliness of the receipt of vaccinations
by 13 months of age. It is possible that we identify a
different association between residential mobility and MMR1
vaccination due to differences in our study populations and
definitions of timeliness. In NEL, the population is highly
mobile, ethnically diverse and disadvantaged, with historically
low uptake of MMR1 vaccination.

More broadly, our findings support other studies exploring
the relationship between residential mobility and adverse
health outcomes. For example, a study in New Zealand
reported higher risk of potentially avoidable hospitalisations
among children with higher residential mobility in the first 24
months of life [7], and in Wales, researchers found increased
incidence of hospitalisations for infectious diseases and asthma
among those with two or more moves [8].

Implications for research, policy and practice

Our research has contributed to a growing body of
evidence around the home environment and subsequent health
behaviours and outcomes. Managing the health care needs of
children in mobile population groups is a challenge, especially
when moving between different healthcare providers. It is
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possible that residential mobility leads to a lack of continuity
in primary care, and is a potentially contributing factor to
incomplete immunisation status [27]. However, not all address
changes will result in a change of GP and we did not look at
change in registered GP with residential mobility so cannot
make this inference. It is possible that residential mobility,
and the consequential administrative process of changing GP,
may result in delayed vaccination. We were unable to explore
change in registered GP with residential mobility.

As well as the direct impact of residential mobility, it is also
likely that residential mobility is associated with unobserved
characteristics which lead to lower vaccination rates.
Residential mobility may arise as a consequence of opposing
socioeconomic circumstances. For some, residential mobility
may indicate financial insecurity as families navigate short-
term rental accommodation and perhaps more precarious
housing, yet for others, residential mobility may signify
improved financial security as families move towards home
ownership [26]. It remains that residential mobility is driven
by a range of factors including changes in employment,
partnerships, family size and composition, and housing
tenure [28]. Whatever the motivation for moving home, we
estimate a population attributable risk percentage of 18.4%
(supplementary file 3 table 11). This means that if no children
experienced a change in address, 18.4% more children would
be expected to receive a MMR1 vaccination by 24 months of
age, assuming a causal association.

Measles vaccination may currently receive less priority
in a health care system facing multiple challenges and
clinical priorities [29]. The need for targeted public health
interventions around routine childhood vaccinations has
been recognised internationally [30, 31]. In England, a
2023-2024 national catch-up campaign by the UK Health
Security Agency vaccinated more than 50,000 children aged
15 months to five years against MMR1 [32]. There is
strong evidence to support the effectiveness of primary care
led quality improvement programmes to improve vaccine
uptake [33]. National measures to tackle these inequalities
include NHS England’s Quality and Outcomes Frameworks to
incentivise timely routine childhood vaccinations in primary
care [34].

While there is technical guidance for the registration of new
patients [35], good practice guidance on what happens once
the patient is registered has not been developed. Consequently,
the process for documenting and managing the registration
process, and any clinical review of new patients, varies from
GP to GP. Where residential mobility results in a change of GP
practice, at the very least, a desktop patient review should be
conducted to check vaccination status. Where GPs have the
capacity to offer in-person new patient health checks, a focus
on vaccinations would identify children overdue for any routine
primary vaccinations. In practices where new patient health
checks are not offered, opportunistic conversations about
vaccinations with caregivers during children’'s consultations
for other issues might remind and/or encourage caregivers
to make vaccination appointments. It is however important
to recognise that opportunistic conversations should only be
instigated by staff with appropriate training and should align
with the GP practice strategy. It's possible that published good
practice guidance on the GP registration process could begin to
standardise this process to ensure that the vaccination status
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of all children is checked as early as possible after registration,
to improve the timeliness of vaccination receipt.

As well as new registration checks, an emphasis on
making appointments as accessible as possible could facilitate
vaccination uptake. We found that residential mobility in NEL
is more common in the most deprived areas, and among
households with a single adult or many children. These
families may face several barriers to accessing vaccination
appointments, including juggling employment and childcare,
with limited time to make and attend appointments for
multiple children. Increasing the availability of flexible, mobile
services could facilitate vaccination uptake among those most
likely to experience residential mobility. A pilot was launched
in January 2026 to trial provision of vaccinations during
routine health visitor visits - this model of care may be a step
towards flexible, mobile services that are required by families
facing barriers to accessing routine vaccination appointments
[36]. Qualitative research focusing on understanding the
implications of residential mobility for children and their
families could highlight how services might be adapted to
better suit the needs of those experiencing residential mobility.

Conclusion

MMR1 vaccination coverage in NEL is well below the 95%
recommended to achieve herd immunity. This is particularly
important given the recent rise in measles cases in London.
Our study adds important new evidence about the impact
of residential mobility on MMR1 vaccination coverage. This
provides further evidence to prioritise targeting those at
greatest risk, to achieve herd immunity and prevent measles
outbreaks.
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Supplementary file 1 — Study protocol

Preliminary title

Residential mobility and receipt of measles, mumps and rubella
vaccination: analysis of linked primary care electronic health
records in a disadvantaged London region

Writing group

Nicola Firman, Laura North, Milena Marszalek,
Marta Wilk, Ana Gutierrez, Rhodri Johnson,
Carol Dezateux

Objective

To examine the association between residential mobility,
assessed by the number of general practice (GP)-recorded
addresses in the first two years of life, and receipt of MMR
vaccination by age two years.

Study design

Retrospective longitudinal cohort study

Background

Measles is the most contagious disease, with a reproduction
number between 12 and 18 [1]. Measles, mumps, and rubella
(MMR) vaccination is the most effective public health measure
to prevent measles infection, and while children are eligible
for the first dose of the vaccine at 12 months in the United
Kingdom (UK) [2], we are failing to vaccinate children on time.
Coverage in the UK, that is the proportion of children receiving
the vaccination between 12 and 24 months of age, is around
89% [3]. The north-east London (NEL) region has the lowest
coverage in the UK at around 80% [3], well below the 95%
recommended to achieve herd immunity. This low coverage is
likely to have contributed to almost 2,563 laboratory confirmed
cases of measles in England, the majority in London, in the
first ten months of 2024 [4]. It has been hypothesised that
children who move home frequently are less likely to receive
vaccinations.

A child’s home environment may affect their health and
development, through the social and economic stability of
the environment, the quality of the physical space, and
the household members sharing and shaping use of the
environment [5-15]. A growing body of literature suggests that
residential mobility during childhood may be associated with
adverse health and education outcomes throughout childhood,
adolescence and into adulthood [16].

It has been shown that children who have moved home at
least twice in the first year of life were more likely to attend
hospital for ear, nose and throat infections, epilepsy, injuries,
gastroenteritis, asthma, influenza, and dental conditions [8].
There is mixed evidence about the association between
residential mobility and receipt of childhood vaccinations. No
difference in the rates of coverage of childhood immunisations
among children living in Wales and experiencing residential
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mobility, compared to those who did not. Similar findings have
been reported in England, where researchers found children
were less likely to have received the first MMR vaccination
by three years of age, if they had moved home twice or more,
compared to not moving, between the ages of nine months and
three years [11]. Conversely, in Canada, the likelihood of being
incompletely immunised by age seven was greater in children
who had moved residence two times or more, compared to
those who had moved one time or less [17].

Given these conflicting findings and the lack of studies
focused in urban areas with high residential mobility, we
examined associations between residential mobility in an
ethnically diverse, disadvantaged population with low MMR
vaccine uptake. We hypothesised that children experiencing
residential mobility in the first 24 months would be less likely to
receive the first MMR vaccination between 12 and 24 months
of age, compared with those without residential mobility.

Target and observed population

The target population is all children living in north-east London
(NEL) and eligible to receive their first MMR vaccination
between 1% January 2015 and 30'" October 2021. The
observed population is all children registered with a NEL
general practitioner (GP) on their second birthday between 15¢
January 2016 and 30" October 2021. These children would
have been born between 15¢ January 2014 and 30" October
2019.

Data

Pseudonymised data will be provided from the NEL Discovery
Data Service (DDS) which receives primary care electronic
health record data on a daily basis from all general practices
in NEL. Demographic and clinical data will be extracted
for children ever registered with a NEL general practitioner,
including children who may have died or left the area. Data
extracts will include all clinical events up to 30" October 2021.

Unique property reference numbers

Linking people to place has become increasingly important
in understanding the contexts of health inequalities. One
method of doing this is by using Unique Property Reference
Numbers (UPRNs) which are 12-digit unique identifiers for
every addressable location in Great Britain [18]. UPRNSs are
now mandated in data collection across the public sector,
acting as an address standardiser and a household identifier
[19]. Every addressable location in Great Britain is assigned
a UPRN by Ordnance Survey and local authorities. UPRNs
identify a place of residence at a more granular level than lower
super output area (LSOA) or postcode, identifying individual
properties, for example houses or flats within a block or
building shell.

The open source AddreSS MatchInG to Unique Property
Reference Numbers (ASSIGN) algorithm has been developed
by colleagues in the Clinical Effectiveness Group (CEG) and
Endeavour Health Charity for use with National Health Service
(NHS) recorded patient addresses. The algorithm provides
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an accurate and validated method for assigning UPRNSs,
by matching GP-recorded addresses to those documented
in AddressBase Premium (ABP), Ordnance Survey's Great
Britain property gazetteer database.

Since  UPRNs are a proxy address identifier, they
are considered identifiable. However, their format enables
pseudonymisation using encryption keys. Encrypted UPRNs
are recorded as Residential Anonymised Linkage Fields
(RALFs). RALFs are de-identified and are therefore usable in
this research without disclosure of place of residence [20].

Discovery data service

The DDS brings together health-related data at the individual
level, for a defined residential population for the purposes
of population-based decision support to benefit health. The
service contains the primary care records of people who have
been registered with a NEL GP since 2014. The data are
submitted by healthcare providers of primary, secondary and
urgent care services and are updated in near real time. The
DDS has collected data in NEL since 2014, and continues to
receive coded data using nationally recognised Systematized
Nomenclature of Medicine clinical terms (SNOMED CT), as
well as system-specific codes relating to the software systems
provider e.g. Egton Medical Information Systems (EMIS) and
SystmOne.

In addition to clinical data, the ASSIGN algorithm has
been deployed in the DDS database, identifying UPRNs for
98.6% of GP-recorded patient addresses [18]. UPRNs and
their associated metadata are retained in DDS. This process
is repeated in near real time as new patient addresses enter
the DDS. UPRNSs are pseudonymised into RALFs within DDS,
using a study-specific encryption key. Data flow into NEL DDS
began in 2014 and the database contains only address records
that were current for a registration at that point in time and
address changes since then.

Ethics

This study work analyses routinely acquired de-identified data.
Access to primary care data is enabled by data sharing
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agreements between the DDS and NEL GP and Barts NHS
Trust data controllers. The Discovery Programme Board has
approved data access by the REAL Child Health programme.

Information governance

All data will be extracted and managed according to UK NHS
information governance requirements [21].

Cohort definition

All children registered with a NEL GP on their second birthday
between 1% January 2016 and 30'" October 2021 will be
eligible for inclusion.

Exclusion criteria

Children will be excluded from the cohort if they:

e Do not have a regular GP registration in NEL on their
second birthday

e Do not have a residential RALF on their second birthday

e Have more than one regular GP registration on their
second birthday

e Have unknown sex

e Are living without any other household members aged
0-100 years on their second birthday

e Are living with more than nine other people on their
second birthday

e Are not living with any one aged 18-100 years on their
second birthday
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Variables of interest

Outcome variable

Table 1: Outcomes of interest

Variable
MMR status

Description

A binary variable indicting if the child has received their first MMR vaccination between 12 and 24 months of
age. The SNOMED clinical code specification can be found in table 2.

Table 2: Systemized Nomenclature of Medicine (SNOMED) — Clinical Terms for first measles, mumps and rubella vaccination
procedures

SNOMED concept ID Code description

38598009 Administration of measles and mumps and rubella vaccine

432636005 Administration of measles and mumps and rubella and varicella virus vaccine
713404003 Measles, mumps and rubella vaccination given (situation)

871909005 Administration of first dose of measles and mumps and rubella and varicella virus vaccine
150971000119104 [V]Measles-mumps-rubella (MMR) vaccination

308081000000105 First MMR (measles mumps and rubella) vaccination

505001000000109 Measles mumps rubella catch-up vaccination

571591000119106 Administration of live attenuated measles mumps and rubella vaccine
1037251000000100 First MMR vaccination given by other healthcare provider

82314000 Rubella vaccination*

50583002 Mumps vaccination*

47435007 Measles vaccination*

Events recorded in the primary care electronic health record using another clinical coding system (e.g. Read v2 or EMIS local codes)
have been mapped to relevant SNOMED codes within the Discovery Data Service. This ensures that searching the database using
SNOMED codes captured all events regardless of the clinical coding system used. Codes for separate measles, mumps, and rubella
vaccinations were included to account for historic use of separate component codes in general practices using Vision or SystmOne
software, where vaccinations got recorded as separate components, even if they were administered as one vaccine.

17
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Explanatory variable

Table 3: Explanatory variable of interest

Variable

Description

Residential mobility A discrete count of unique RALFs between birth (or earliest NEL registration) and either second birthday or

MMR vaccination date. Periods of no GP registration in NEL lasting more than 30 days will be counted as
one additional RALF. An additional RALF will also be counted for children whose first NEL GP registration
starts when they are aged >60 days old. Categorised into: 1, 2, 3 or more.

See figure 1.

Example 1

Example 2

Example 3

Example 4

Example 5

Example 6

Example 7

Example 8

Example 9

Figure 1: Counting residential anonymised linkage fields
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|
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Multiple RALFs with >30 day gap ‘
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!Measles, mumps and rubella. ?Residential anonymised linkage fields.
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Covariates
Table 3: Covariates
Variable Description
Sex General Practice-recorded sex as coded in the cohort child’'s GP registration, either:
1. Male
2. Female
Ethnic background General Practice-recorded ethnic background as coded in the cohort child's GP registration
categorised into the NHS 16+1 groups:
1. White British
2. White Irish
3. Other White
4. Chinese
5. White & Asian
6. White & Black African
7. White & Black Caribbean
8. Other Asian
9. Other Mixed
10. Other
11. Bangladeshi
12. Indian
13. Pakistani
14. Black African
15. Black Caribbean
16. Other Black

Number of children in the A categorical count of the number of children (aged 0-17.9 years) resident in the household on the

household child’s second birthday. Categorised into: 1, 2, 3, 4 or more.

Household composition Household composition on the child’s second birthday, derived by calculating age for each household
member. A modified Harper and Mayhew [22] method for categorising household composition will
be used, counting the number of household members in three age brackets: 0-17 years (children,
inclusive), 18-64 years (working age adults, inclusive) and 65 or older (older adults). Household
composition will be comprised of the following categories:

1. Family with child(ren) (one or more children with two or more working age adults and no older
adults)

2. Single adult with child(ren) (one or more children with one working age adult and no older
adults)

3. Three generation (at least one child, at least one working age adult and at least one older
adult) or skipped generation (at least one child and one older adult but no working age adults)

4. Other

Income Deprivation Affecting The 2019 Income Deprivation Affecting Children Index quintile associated with the lower layer super

Children Index (IDACI) output area (LSOA) where the property resided at on second birthday is located will be linked to
each child’s record. IDACI decile will be linked based on 2011 LSOA as recorded in the cohort child's
GP record and concatenated into quintiles.

Local authority Local authority associated with the cohort child’s home address on their second birthday:

1. Barking & Dagenham
City & Hackney
Havering

Newham

Redbridge

Tower Hamlets
Waltham Forest

No o~ eDN
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Statistical analyses

Analyses will be performed using Stata/MP 17 (StataCorp
LP):

1. Summary statistics to describe the demographic
characteristics of children in the study sample, as well
as the proportion by MMR vaccination status and
residential mobility.

2. Descriptive statistics to illustrate the proportion (and
95% confidence intervals) of children with and without
MMR vaccination, by residential mobility and other
covariates.

3. Descriptive statistics to illustrate the proportion (and
95% confidence intervals) of children experiencing
residential mobility, by covariates.

4. Binary logistic regression to estimate univariable odds
ratios (and 95% confidence intervals) for MMR
vaccination by residential mobility.

5. Binary logistic regression to estimate multivariable
odds ratios (and 95% confidence intervals) for MMR
vaccination by residential mobility, using a stepwise
approach introducing individual-, household-, and area-
level covariates.

Sensitivity analyses

Sensitivity analyses will be conducted and reported in the
results section. Tables and figures will be included in the
supplementary material.

1. Repeat all analyses without adding RALFs for children
who were aged greater than 60 days old when they first
registered with a NEL GP or for each period of greater
than 30 days when a child was not registered with a NEL
GP.

2. Repeat all analyses on a cohort of children registered
with a NEL GP on their second birthday between 15t
January 2016 and 20" March 2020. The receipt of
MMR vaccination among these children is expected
to be unaffected by the 2019 Coronavirus (COVID-19)
pandemic.

Manuscript preparation

The STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) guidelines will be followed.
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Supplementary file 2 — The RECORD statement - checklist of items, extended
from the STROBE statement, that should be reported in observational studies

Item No.

STROBE items

Location in
manuscript where
items are reported

RECORD items

Location in
manuscript where
items are reported

Title and abstract

Introduction
Background rationale

Objectives

Methods
Study Design

Setting

Participants

Variables

Data sources/
measurement

Bias

(a) Indicate the study's design
with a commonly used term in the
title or the abstract (b) Provide in
the abstract an informative and
balanced summary of what was
done and what was found

Explain the scientific background
and rationale for the investigation
being reported

State specific objectives, including
any prespecified hypotheses

Present key elements of study
design early in the paper

Describe the setting, locations,
and relevant dates, including
periods of recruitment, exposure,
follow-up, and data collection

(a) Cohort study - Give the
eligibility criteria, and the sources
and methods of selection of
participants. Describe methods of
follow-up

Case-control study - Give the
eligibility criteria, and the sources
and methods of case
ascertainment and control
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Supplementary file 3 — Additional tables and figures

Table 1: Sample characteristics of those excluded from the study sample (column percentages)

Included in the study Excluded from the
sample (n=150,949) study sample (n=16,841)
n % 95% CI! n % 95% CI!
MMR? status
No MMR between 12 and 24 months 22991 15.2 15.1,15.4 2788 16.6 16.0,17.1
MMR between 12 and 24 months 127958 84.8 84.6,84.9 14053 83.4 82.9,84.0
Number of GP-recorded addresses?
1 117156 77.6 77.4,77.8 8001 475 46.8,48.3
2 31769 21.0 20.8,21.3 1651 9.8 9.4,10.3
3 or more 2024 1.4 13,14 78 0.5 0.4,0.6
0 or unable to determine 0 7111 422 41.5,43.0
Sex
Male 77036 51.0 50.8,51.3 8652 51.4 50.6,52.1
Female 73913 49.0 48.7,49.2 8188 48.6 47.9,49.4
Unknown 0 1 0.0 0.0,0.0
Ethnic background
White British 27492 18.2 18.0,18.4 2578 15.3 14.8,15.9
White Irish 324 0.2 0.2,0.2 35 0.2 0.2,0.3
Other White 18617 12.3 12.2,12.5 2240 13.3 12.8,13.8
Chinese 936 0.6 0.6,0.7 91 0.5 0.4,0.7
White & Asian 1533 1.0 1.0,1.1 114 0.7 0.6,0.8
White & Black African 1142 0.8 0.7,0.8 119 0.7 0.6,0.8
White & Black Caribbean 1157 0.8 0.7,0.8 122 0.7 0.6,0.8
Other Asian 4497 3.0 29,31 438 2.6 24,29
Other Mixed 3206 2.1 2.1,2.2 363 2.2 1.9,2.4
Other 6442 43 4244 1144 6.8 6.4,7.2
Bangladeshi 14350 9.5 9.3,9.6 1600 9.5 9.1,10.0
Indian 8062 53 5.2,5.5 807 4.8 455.1
Pakistani 0878 6.5 6.4,6.7 1056 6.3 5.9,6.6
Black African 7130 4.7 4.6,4.8 856 5.1 485.4
Black Caribbean 1421 0.9 0.9,1.0 210 1.2 1.1,1.4
Other Black 3800 2.5 2426 546 3.2 3.0,3.5
Missing 40962 27.1 26.9,27.4 4522 26.9 26.2,27.5
IDACI quintile®
1 - most deprived 61779 40.9 40.7,41.2 7632 45.3 44.6,46.1
2 56157 37.2 37.0,37.4 6509 38.6 38.0,39.4
3 21491 14.2 14.1,14.4 2001 11.9 11.4,12.4
4 8300 55 54,56 554 3.3 3.03.6
5 - least deprived 3191 2.1 2.0,2.2 137 0.8 0.7,1.0
Missing 31 0.0 0.0,0.0 8 0.0
Local authority
Barking 19376 12.8 12.7,13.0 636 3.8 354.1
City & Hackney 19589 13.0 12.8,13.1 4521 26.8 26.2,27.5
Havering 18264 12.1 12.0,12.3 820 4.9 46,52
Newham 26315 17.4 17.2,17.6 5572 33.1 32.4,33.8
Redbridge 24162 16.0 15.8,16.2 1303 7.7 7.3,8.2
Tower Hamlets 21029 13.9 13.7,14.1 2129 12.6 12.1,13.2
Waltham Forest 22214 14.7 14.5,14.9 1860 11.0 10.6,11.5

!Confidence interval. °Measles, mumps and rubella vaccination status. 3General practice. *Number of people aged 0-17.9 years
sharing the same address on the date of the child’s second birthday. *Household composition defined on the date of the child's
second birthday. 2019 Income Deprivation Affecting Children Index quintile.
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Table 2: Systemized Nomenclature of Medicine (SNOMED) — Clinical Terms for first measles, mumps and rubella vaccination

procedures

SNOMED concept ID

Code description

38598009
432636005
713404003
871909005
150971000119104
308081000000105
505001000000109
571591000119106
1037251000000100
82314000
50583002
47435007

Administration of measles and mumps and rubella vaccine
Administration of measles and mumps and rubella and varicella virus vaccine
Measles, mumps and rubella vaccination given (situation)
Administration of first dose of measles and mumps and rubella and varicella virus vaccine
[V]Measles-mumps-rubella (MMR) vaccination
First MMR (measles mumps and rubella) vaccination
Measles mumps rubella catch-up vaccination
Administration of live attenuated measles mumps and rubella vaccine

First MMR vaccination given by other healthcare provider

Rubella vaccination*
Mumps vaccination*
Measles vaccination*

Events recorded in the primary care electronic health record using another clinical coding system (e.g. Read v2 or EMIS local codes)
have been mapped to relevant SNOMED codes within the Discovery Data Service. This ensures that searching the database using
SNOMED codes captured all events regardless of the clinical coding system used. *Codes for separate measles, mumps, and rubella
vaccinations were included to account for historic use of separate component codes in general practices using Vision or SystmOne
software, where vaccinations were recorded as separate components, even if they were administered as one vaccine.

Table 3: Distribution

of changes in general practice-recorded addresses

Number of GP-recorded addresses!

n % 95% ClI!
1 108569 80.3 80.1,80.5
2 24950 18.5 18.2,18.7
3 1550 1.1 1.1,1.2
4 140 0.1 0.1,0.1
5 12 0.01 0.0,0.01

!General practice.
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Table 4: Binary logistic regression models estimating odds ratios for measles, mumps and rubella vaccination by 24 months of age

Number of GP- Number of GP- Number of GP-
recorded recorded addresses + recorded
Univariable addresses + individual- and addresses + individual-,
individual-level household-level household-, and area-level
characteristics characteristics characteristics
OR! 95% CI> OR! 95% CI> OR! 95% CI? OR! 95% CI?
Number of GP-recorded addresses?
1 (reference) 1 1 1 1
2 0.44 0.43,0.45 0.47 0.45,048 0.47 0.45,0.49 0.46 0.44,0.48
3 or more 0.31 0.28,0.34 0.33 0.29,0.36 0.33 0.30,0.37 0.32 0.29,0.36
Sex
Male (reference) 1 1 1 1
Female 1.03 1.00,1.06 1.03 1.00,1.07 1.04 1.00,1.07 1.04 1.00,1.07
Ethnic background
White British (reference) 1 1 1 1
White Irish 0.37 0.28,0.48 0.39 0.30,0.51 0.41 0.31,0.53 0.44 0.34,0.57
Other White 0.44 0.42,046 0.47 0.44,049 047 0.44,0.49 0.50 0.47,0.53
Chinese 1.36 1.07,1.73 1.44 1.13,1.84 1.35 1.06,1.72 1.37 1.08,1.75
White & Asian 0.95 0.81,1.13 0.97 0.82,1.15 0.95 0.80,1.12 1.00 0.85,1.19
White & Black African 0.69 0.58,0.81 0.73 0.61,0.86 0.77 0.65,0.92 0.82 0.69,0.97
White & Black Caribbean 0.46 0.40,0.53 0.48 0.41,0.56 0.50 0.43,0.58 0.53 0.45,0.61
Other Asian 0.98 0.89,1.09 0.99 0.89,1.10 1.07 0.96,1.18 1.14 1.02,1.27
Other Mixed 0.61 0.55,0.68 0.64 0.58,0.71 0.64 0.58,0.72 0.70 0.63,0.77
Other 0.31 0.29,0.33 0.32 0.30,0.35 0.39 0.36,0.41 0.49 0.45,0.52
Bangladeshi 1.20 1.12,1.29 122 1.14,1.31 1.38 1.29,1.49 1.33 1.23,1.44
Indian 0.90 0.83,0.97 0.96 0.89,1.04 0.97 0.90,1.05 1.08 0.99,1.17
Pakistani 0.88 0.82,0.95 0.90 0.84,0.97 1.06 0.99,1.15 1.18 1.09,1.27
Black African 0.63 0.59,0.68 0.66 0.61,0.71 0.77 0.71,0.83 0.83 0.77,0.90
Black Caribbean 0.31 0.27,0.35 0.32 0.28,0.36 0.34 0.30,0.39 0.39 0.34,0.44
Other Black 0.44 0.40,0.48 0.45 0.42,050 0.52 0.48,0.57 0.57 0.52,0.62
Number of children in the household*
1 (reference) 1 1 1
2 0.88 0.84,0.91 0.82 0.79,0.86 0.82 0.78,0.86
3 0.72 0.69,0.75 0.66 0.63,0.69 0.66 0.63,0.70
4 or more 0.47 0.45,0.48 0.44 0.42,0.46 0.46 0.44,0.49
Household composition®
Adults with child(ren) (reference) 1 1 1
Single adult with child(ren) 0.83 0.80,0.86 0.81 0.77,0.84 0.81 0.77,0.85
Other 1.03 0.98,1.08 0.88 0.82,0.93 0.87 0.82,0.93
IDACI quintile®
1 - most deprived (reference) 1 1
2 0.88 0.85,0.91 0.92 0.88,0.96
3 1.04 0.99,1.08 1.08 1.02,1.15
4 1.03 0.97,1.10 1.15 1.05,1.25
5 - least deprived 2.04 1.79,2.33 1.67 1.42,1.97
Local authority
Barking 0.82 0.78,0.86 0.91 0.85,0.97
City & Hackney 0.52 0.49,0.54 0.61 0.58,0.65
Havering 1.46 1.38,1.55 1.39 1.29,1.50
Newham (reference) 1 1
Redbridge 0.85 0.81,0.89 0.71 0.67,0.76
Tower Hamlets 1.46 1.38,1.55 1.15 1.07,1.25
Waltham Forest 0.92 0.88,0.97 0.91 0.86,0.97

10dds ratio. 2Confidence interval. 3General practice. *Number of people aged 0-17.9 years sharing the same address on the date of
the child's second birthday. >Household composition defined on the date of the child’s second birthday. °2019 Income Deprivation
Affecting Children Index quintile.
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Sensitivity analysis 1: Analyses without adding RALFs for children who were
aged greater than 60 days old when they first registered with a NEL GP or for
each period of greater than 30 days when a child was not registered with a NEL
GP

Table 5: Residential mobility, assessed by the number of general practice-recorded addresses, without adjustment for unregistered
periods

All children
n % 95% CI!
Number of GP-recorded addresses?
1 142562 94.4 94.3,94.6
2 8124 5.4 5.2,5.5
3 or more 263 0.2 0.2,0.2

!Confidence interval. 2General practice.

Table 6: Residential mobility, assessed by number of general practice-recorded addresses, by first measles, mumps and rubella
(MMR) vaccination status

No MMR between 12 and 24 months MMR between 12 and 24 months

n % 95% CI! n % 95% CI!

All 22991 15.2 15.1,15.4 127958 84.8 84.6,84.9
Number of GP-recorded addresses?®

1 21406 15.0 14.8,15.2 121156 85.0 84.8,85.2

2 1518 18.7 17.9,19.5 6606 81.3 80.5,82.1

3 or more 67 25.5 20.6,31.1 196 74.5 68.9,79.4

!Confidence interval. 2General practice.
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Table 7: Binary logistic regression models estimating odds ratios for measles, mumps and rubella vaccination by 24 months of age

Number of GP- Number of GP- Number of GP-
recorded recorded addresses + recorded
Univariable addresses + individual- and addresses + individual-,
individual-level household-level household-, and area-level
characteristics characteristics characteristics
OR! 95% CI> OR! 95% CI> OR! 95% CI? OR! 95% CI?
Number of GP-recorded addresses?
1 (reference) 1 1 1 1
2 0.77 0.73,0.81 0.77 0.72,0.82 0.75 0.71,0.81 0.74 0.69,0.79
3 or more 0.52 0.39,0.68 0.47 0.35,0.64 0.46 0.34,0.63 0.45 0.33,0.62
Sex
Male (reference) 1 1 1 1
Female 1.03 1.00,1.06 1.03 1.00,1.07 1.04 1.00,1.07 1.04 1.00,1.07
Ethnic background
White British (reference) 1 1 1 1
White Irish 0.37 0.28,0.48 0.37 0.28,0.48 0.38 0.29,0.49 0.41 0.31,0.53
Other White 0.44 042,046 044 0.42,046 0.44 0.42,0.47 0.47 0.45,0.50
Chinese 1.36 1.07,1.73 1.36 1.07,1.73 1.28 1.00,1.62 1.28 1.01,1.64
White & Asian 095 0.81,1.13 096 0.81,1.13 0.94 0.79,1.11 0.99 0.83,1.17
White & Black African 0.69 0.58,0.81 0.69 0.58,0.82 0.74 0.63,0.88 0.79 0.66,0.93
White & Black Caribbean 0.46 0.40,0.53 0.46 0.40,0.54 0.48 0.41,0.56 0.51 0.44,0.59
Other Asian 0.98 0.89,1.09 0.98 0.89,1.09 1.06 0.96,1.18 1.13 1.02,1.26
Other Mixed 0.61 0.55,0.68 0.62 0.56,0.68 0.62 0.56,0.69 0.67 0.61,0.75
Other 0.31 0.29,0.33 0.31 0.29,0.33 0.37 0.35,0.40 0.45 0.42,0.49
Bangladeshi 1.20 1.12,1.29 121 1.13,1.30 1.38 1.29,1.48 1.32 1.23,1.43
Indian 0.90 0.83,0.97 0.90 0.83,0.97 0.91 0.84,0.99 1.02 0.94,1.10
Pakistani 0.88 0.82,0.95 0.89 0.82,0.95 1.05 0.97,1.13 1.16 1.08,1.25
Black African 0.63 0.59,0.68 0.63 0.59,0.68 0.74 0.69,0.80 0.81 0.75,0.87
Black Caribbean 0.31 0.27,0.35 0.31 0.28,0.35 0.34 0.30,0.38 0.38 0.33,0.43
Other Black 0.44 0.40,0.48 0.44 0.40,0.48 0.51 0.46,0.55 0.55 0.50,0.60
Number of children in the household*
1 (reference) 1 1 1
2 0.88 0.84,0.91 0.83 0.80,0.87 0.83 0.79,0.87
3 0.72 0.69,0.75 0.66 0.62,0.69 0.67 0.63,0.70
4 or more 0.47 0.45,0.48 0.44 0.41,0.46 0.45 0.43,0.48
Household composition®
Adults with child(ren) (reference) 1 1 1
Single adult with child(ren) 0.83 0.80,0.86 0.79 0.75,0.82 0.79 0.75,0.83
Other 1.03 0.98,1.08 0.90 0.85,0.96 0.90 0.85,0.96
IDACI quintile®
1 - most deprived (reference) 1 1
2 0.88 0.85,0.91 0.92 0.88,0.96
3 1.04 0.99,1.08 1.08 1.02,1.14
4 1.03 0.97,1.10 1.17 1.07,1.27
5 - least deprived 2.04 1.79,2.33 1.77 1.50,2.08
Local authority
Barking 0.82 0.78,0.86 0.88 0.83,0.94
City & Hackney 0.52 0.49,0.54 0.64 0.60,0.68
Havering 1.46 1.38,1.55 1.33 1.23,1.43
Newham (reference) 1 1
Redbridge 0.85 0.81,0.89 0.71 0.66,0.75
Tower Hamlets 1.46 1.38,1.55 1.17 1.08,1.27
Waltham Forest 0.92 0.88,0.97 0.93 0.87,0.99

10dds ratio. 2Confidence interval. 3General practice. *Number of people aged 0-17.9 years sharing the same address on the date of
the child's second birthday. >Household composition defined on the date of the child’s second birthday. 62019 Income Deprivation
Affecting Children Index quintile.
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Sensitivity analysis 2: Analyses on a sub-sample of 109,711 children born
between 1st January 2014 and 20th March 2018 and therefore eligible to receive
their first MMR vaccination between 12 and 24 months of age between 1st
January 2015 and 20th March 2020. The receipt of MMR vaccination among
these children is expected to be unaffected by the 2019 Coronavirus (COVID-19)
pandemic

Table 8: Pre-Coronavirus pandemic sample characteristics

All children
n % 95% CI'
MMR? status
No MMR between 12 and 24 months 15647 14.3 14.1,145
MMR between 12 and 24 months 94064 85.7 85.5,85.9
Number of GP-recorded addresses?
1 84940 77.4 77.2,77.7
2 23329 21.3 21.0,21.5
3 or more 1442 1.3 1.2,1.4
Sex
Male 55847 50.9 50.6,51.2
Female 53864 49.1 48.8,49.4
Ethnic background
White British 20668 18.8 18.6,19.1
White Irish 226 0.2 0.2,0.2
Other White 13571 12.4 12.2,12.6
Chinese 708 0.6 0.6,0.7
White & Asian 1163 1.1 1.0,1.1
White & Black African 834 0.8 0.7,0.8
White & Black Caribbean 866 0.8 0.7,0.8
Other Asian 3404 3.1 3.0,3.2
Other Mixed 2331 2.1 2.0,2.2
Other 4637 4.2 41,43
Bangladeshi 10703 9.8 9.6,9.9
Indian 6100 5.6 5.45.7
Pakistani 7570 6.9 6.8,7.1
Black African 5466 5.0 495.1
Black Caribbean 1086 1.0 09,11
Other Black 2977 2.7 2.6,2.8
Missing 27401 25.0 24.7,25.2
Number of children in the household?
1 34501 31.4 31.2,31.7
2 35015 31.9 31.6,32.2
3 20454 18.6 18.4,18.9
4 or more 19741 18.0 17.8,18.2
Household composition®
Adults with child(ren) 81167 74.0 73.7,74.2
Single adult with child(ren) 18521 16.9 16.7,17.1
Other 10023 9.1 9.0,9.3
IDACI quintile®
1 - most deprived 45041 41.1 40.8,41.3
2 40686 37.1 36.8,37.4
3 15544 14.2 14.0,14.4
4 6069 5.5 5.45.7
5 - least deprived 2346 2.1 2.1,2.2
Missing 25 0.0 0.0,0.0
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Table 8: Continued

Local authority

Barking 14089 12.8 12.6,13.0
City & Hackney 14201 12.9 12.7,13.1
Havering 13228 121 11.9,12.3
Newham 19190 17.5 17.3,17.7
Redbridge 17566 16.0 15.8,16.2
Tower Hamlets 15353 14.0 13.8,14.2
Waltham Forest 16084 14.7 14.5,14.9

1Confidence interval. 2Residential anonymised linkage fields. 3Number of people aged 0-17.9 years sharing the same RALF on the
date of the child’s second birthday. “Household composition defined on the date of the child's second birthday. °2019 Income
Deprivation Affecting Children Index quintile. ®Measles, mumps and rubella vaccination status. “No measles, mumps and rubella
(MMR) vaccination recorded in the child's electronic health record between 12 and 24 months of age.
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Table 9: Pre-Coronavirus pandemic sub-sample characteristics by first measles, mumps and rubella vaccination status

No MMR! MMR?
n % 95% CI3 n % 95% CI3
All 15647 14.3 14.1,14.5 94064 85.7 85.5,85.9
Number of RALFs*
1 9804 115 11.3,11.8 75136 88.5 88.2,88.7
2 5436 23.3 22.8,23.8 17893 76.7 76.2,77.2
3 or more 407 28.2 26.0,30.6 1035 71.8 69.4,74.0
Sex
Male 8089 14.5 14.2,14.8 47758 85.5 85.2,85.8
Female 7558 14.0 13.7,14.3 46306 86.0 85.7,86.3
Ethnic background
White British 2114 10.2 9.8,10.6 18554 89.8 89.4,90.2
White Irish 52 23.0 18.0,28.9 174 77.0 71.1,82.0
Other White 2643 19.5 18.8,20.2 10928 80.5 79.8,81.2
Chinese 57 8.1 6.3,10.3 651 91.9 89.7,93.7
White & Asian 120 10.3 8.7,12.2 1043 89.7 87.8,91.3
White & Black African 119 14.3 12.1,16.8 715 85.7 83.2,87.9
White & Black Caribbean 162 18.7 16.2,21.4 704 81.3 78.6,83.8
Other Asian 357 10.5 9.5,11.6 3047 89.5 88.4,90.5
Other Mixed 349 15.0 13.6,16.5 1982 85.0 83.5,86.4
Other 1165 25.1 23.9,26.4 3472 74.9 73.6,76.1
Bangladeshi 864 8.1 7.6,8.6 9839 91.9 91.4,92.4
Indian 703 115 10.7,12.4 5397 88.5 87.6,89.3
Pakistani 867 11.5 10.8,12.2 6703 88.5 87.8,89.2
Black African 768 14.1 13.2,15.0 4698 85.9 85.0,86.8
Black Caribbean 267 24.6 22.1,27.2 819 75.4 72.8,77.9
Other Black 560 18.8 17.4,20.3 2417 81.2 79.7,82.6
Missing 4480 16.3 15.9,16.8 22921 83.7 83.2,84.1
Number of children in the household®
1 3976 115 11.2,11.9 30525 88.5 88.1,88.8
2 4440 12.7 12.3,13.0 30575 87.3 87.0,87.7
3 3042 14.9 14.4,15.4 17412 85.1 84.6,85.6
4 or more 4189 21.2 20.7,21.8 15552 78.8 78.2,79.3
Household composition®
Adults with child(ren) 11341 14.0 13.7,14.2 69826 86.0 85.8,86.3
Single adult with child(ren) 2965 16.0 15.5,16.5 15556 84.0 83.5,84.5
Other 1341 13.4 12.7,14.1 8682 86.6 85.9,87.3
IDACI quintile’
1 - most deprived 6158 13.7 13.4,14.0 38883 86.3 86.0,86.6
2 6361 15.6 15.3,16.0 34325 84.4 84.0,84.7
3 2116 13.6 13.1,14.2 13428 86.4 85.8,86.9
4 813 13.4 12.6,14.3 5256 86.6 85.7,87.4
5 - least deprived 189 8.1 7.09.2 2157 91.9 90.8,93.0
Missing 10 40.0 23.0,59.7 15 60.0 40.3,77.0
Local authority
Barking 2138 15.2 14.6,15.8 11951 84.8 84.2,85.4
City & Hackney 3149 22.2 21.5,22.9 11052 77.8 77.1,78.5
Havering 1251 9.5 9.0,10.0 11977 90.5 90.0,91.0
Newham 2601 13.6 13.1,14.0 16589 86.4 86.0,86.9
Redbridge 2797 15.9 15.4,16.5 14769 84.1 83.5,84.6
Tower Hamlets 1378 9.0 8.5,9.4 13975 91.0 90.6,91.5
Waltham Forest 2333 14.5 14.0,15.1 13751 85.5 84.9,86.0

INo measles, mumps and rubella (MMR) vaccination recorded in the child's electronic health record between 12 and 24 months
of age. 2MMR vaccination recorded in the child's electronic health record between 12 and 24 months of age. 3Confidence interval.
“Residential anonymised linkage fields (RALFs). *Number of people aged 0-17.9 years sharing the same RALF on the date of the
child’s second birthday. ®*Household composition defined on the date of the child’s second birthday. 72019 Income Deprivation
Affecting Children Index quintile.
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Table 10: Binary logistic regression models estimating odds ratios for measles, mumps and rubella vaccination by 24 months of age

Number of GP- Number of GP- Number of GP-
recorded recorded addresses + recorded
Univariable addresses + individual- and addresses + individual-,
individual-level household-level household-, and area-level
characteristics characteristics characteristics
OR! 95% CI> OR! 95% CI> OR! 95% CI? OR! 95% CI?
Number of GP-recorded addresses?
1 (reference) 1 1 1 1
2 0.43 0.41,045 0.46 0.44,048 0.46 0.44,0.48 0.45 0.43,0.47
3 or more 0.33 0.30,0.37 0.34 0.29,0.38 0.34 0.30,0.39 0.33 0.29,0.38
Sex
Male (reference) 1 1 1 1
Female 1.04 1.00,1.07 1.03 0.99,1.07 1.03 0.99,1.07 1.03 0.99,1.07
Ethnic background
White British (reference) 1 1 1 1
White Irish 0.38 0.28,0.52 0.42 0.31,0.58 0.44 0.32,0.61 0.48 0.35,0.67
Other White 0.47 0.44,050 0.5 0.47,054 0.50 0.47,0.54 0.55 0.51,0.59
Chinese 1.30 0.99,1.71 1.38 1.05,1.82 1.31 0.99,1.73 1.35 1.02,1.78
White & Asian 0.99 0.82,1.20 1.01 0.83,1.22 0.99 0.81,1.20 1.06 0.87,1.30
White & Black African 0.68 0.56,0.84 0.72 0.59,0.88 0.77 0.63,0.94 0.83 0.68,1.02
White & Black Caribbean 0.50 0.41,0.59 0.51 0.43,0.61 0.53 0.44,0.63 0.57 0.48,0.68
Other Asian 0.97 0.86,1.09 0.97 0.86,1.10 1.05 0.93,1.18 1.16 1.02,1.31
Other Mixed 0.65 0.57,0.73 0.67 0.59,0.76 0.68 0.60,0.77 0.74 0.66,0.84
Other 0.34 0.31,0.37 0.36 0.33,0.39 0.43 0.39,0.46 0.54 0.49,0.59
Bangladeshi 1.30 1.19,1.41 131 1.21,1.43 1.49 1.37,1.62 1.43 1.30,1.56
Indian 0.87 0.80,0.96 0.94 0.86,1.03 0.94 0.86,1.04 1.08 0.98,1.19
Pakistani 0.88 0.81,0.96 0.90 0.83,0.98 1.05 0.97,1.15 1.21 1.10,1.32
Black African 0.70 0.64,0.76 0.73 0.67,0.80 0.84 0.77,0.92 0.92 0.84,1.01
Black Caribbean 0.35 0.30,0.40 0.36 0.31,0.42 0.39 0.34,0.45 0.44 0.38,0.52
Other Black 0.49 0.44,0.54 0.51 0.46,0.56 0.58 0.52,0.65 0.64 0.57,0.71
Number of children in the household*
1 (reference) 1 1 1
2 0.90 0.86,0.94 0.84 0.80,0.89 0.84 0.79,0.89
3 0.75 0.71,0.78 0.67 0.63,0.71 0.67 0.63,0.71
4 or more 0.48 0.46,0.51 0.46 0.43,0.48 0.47 0.45,0.50
Household composition®
Adults with child(ren) (reference) 1 1 1
Single adult with child(ren) 0.85 0.82,0.89 0.84 0.79,0.88 0.83 0.79,0.88
Other 1.05 0.99,1.12 0.90 0.83,0.97 0.90 0.83,0.97
IDACI quintile®
1 - most deprived (reference) 1 1
2 0.85 0.82,0.89 0.92 0.88,0.97
3 1.01 0.95,1.06 1.08 1.01,1.16
4 1.02 0.95,1.11 1.16 1.04,1.28
5 - least deprived 1.81 1.55,2.10 1.66 1.37,2.01
Local authority
Barking 0.88 0.82,0.93 1.00 0.92,1.07
City & Hackney 0.55 0.52,0.58 0.65 0.61,0.70
Havering 1.50 1.40,1.61 1.49 1.36,1.64
Newham (reference) 1 1
Redbridge 0.83 0.78,0.88 0.71 0.66,0.76
Tower Hamlets 1.59 1.48,1.70 1.28 1.16,1.41
Waltham Forest 0.92 0.87,0.98 0.91 0.85,0.98

10dds ratio. 2Confidence interval. 3General practice. *Number of people aged 0-17.9 years sharing the same address on the date of
the child's second birthday. >Household composition defined on the date of the child’s second birthday. 62019 Income Deprivation
Affecting Children Index quintile.
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Table 11: Attributable risk percentagel

No MMR? between 12 and 24 months MMR? between 12 and 24 months Total
Number of GP-recorded addresses?
2 or more 8410 (a) 25383 (b) 33793 (a+b)
1 14581 (c) 102575 (d) 117156 (c+d)
Total 22991 (atc) 127958 (b-+d) 150049 (N)

LPopulation attributable risk (PAR)=(overall risk—risk among unexposed =((a+c)/N)-(c/(c+d)) = (22991/150949)-(14581/
117156)=0.028. Population attributable risk percentage (PAR%)=PAR/overall risk=((a+c/N)-(c/(c+d)))/((a+c)/N)=
0.028/(22991/150949)=18.4%. *Measles, mumps and rubella vaccination. 3General practice.
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